1/ 82 ALI GNMENT SYSTEM AND METHODS FOR LI THOGRAPHI C SYSTEMS USI NG AT LEAST
TWO WAVELENGTHS BACKGROUND OF THE | ION 1. Field of Invention [0001]
This invention relates to an alignne ystemfor a |ithographic
apparatus, and a lithographic apparatus having 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

ni cr o- devi ces. AV G NMBERTS YSTEM AND'METHODS BORSLITHOGRARHIGask patterns

are successively imged at a reci sely alianed Lt nto a substrate
such as a seni cond®¥ W%U@W&AEJJEQéBWﬁEWA%ngate may under go
physi cal and chem cal changes between the successive inmages that have been

aligned with each other. 4T, i romthe apparatus after
BIYKGRRAD TP THE INVENPON

It has been exposed with I'mage o east 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 nask pattern, and so

forth, while it t ed that the inmages of the further mask
pattern and the E’ig‘gé’ﬁ%‘%@ﬁ%sk patterns are positioned accurately with

respect to Cheat |east one already exposed inage on the substrate. To this
end, the |ithogrdpbgr] apparBiisinvestigr elkitciad anialipnment systegfoent system with

whi ch alignnment marks on the substrate.are aligned wigh respect to

al i gnment ndithegraphi¢ ARPaEUYs an Ggﬁﬁg@? 1G ¢ VS P’é?ﬁ%ﬁﬁgﬁ’ not only

be used for f . t f oth
s&\@ﬁ%ﬁlggﬁ'glggeiﬁ%ﬁgﬂ@%{zo% Righnhe§siedt thht@nraRiuet et ure of ot her

structures h '
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

P-0361.010



detail ed di mensions of the order of 1 mcroneter, or smaller. Exanples are
structures of integrated, or plenary, optical systens or guiding and
detection patterns of nmagnetic domai2f82menories, mcro-electronechanica
systens (MEMS), and structures of liquid crystal display panels. Also in
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 nmask pattern is

i maged in one shot. on an exposure area of the_s quently, the
substrate iéleﬁﬂﬁ‘gﬁlmﬁnts’r‘?nﬁg %@(9?5?8?4%10% B Sﬁ%ﬁf'?ﬁﬁyﬁgha a subsequent
exposure ar \ irhidal G DleHAEE optiba syREs Hediding aaddetettiorpr of ect i on

| ens syste%&gwétsﬁgﬁﬁ%& pat S’ern is.pi maged on&ta%e subsequent exposure
area. This patenesSmagnetiepleataitimenories, shicrosslpaienmeshaniel sy#emihe substrate

are provided with a ,mask patfern inmge.,. In a stepc -scan apparatus, the
above-npntidwslala@%ﬁqr?fé“rg§ 8&@%?51-315%?&138%3’ 8?"?1%\%1%9&0%? the mask pattern
is not i mageg 8 ARE of AN striblires/ ifa S P MaBE pafeaymast bellighedveryagi ng of

the mask pattern, the substrate is noved synchronouslé with the mask with
respect to tdseurpieby with respect syistages alraady hepqsedpriethorbsEdfy t aking the

Tt aposed par &1 APOEIRGes  oimedfhaidlif Gutafits B50 804 Sicopl ShpaRRs’
pattern is !d}%%&%-&ﬂ-&ﬁnw&elnadﬁé’ppiﬁ&;ﬁfardtﬁb@meﬁ’ﬁﬁkpaaémﬂsn has been
e

conpletely img I N an exposure area, a step is made to a subsequent
exposur e ar dmagél nassishbteonsanegnposuye preacd die wbstsateleSubsegisatlynthet he articl e:

"Sub-mcron 1:1 Optical ,Li.thography: b X r | azi ne

" Seni conductsyPeTat {Sé?‘i’\"é'fii‘ﬂﬂ'hqegp‘ﬂﬁg p‘?\/fﬂ%“}f’ﬁg@ﬁs“ﬁg% W%%F%%%E? US Pat ent

5,243, 195 di&?bﬁﬁ@&rgﬁ'@viﬂl%isﬁﬂdted iihdes Bienkkopatiinakiahe projsctivh dens wi th an
e

alignment system and intended for the manufacture of 1Cs. This, alignnent
syst em conprsystem and thé maskpattesh isgmaged on theisubsegrent EXPRSUFRAER-s OBt r at e

e et W rhSTEG L L s IR syl e povbla g (1
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
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aligning a substrate mark with respect to a mask mark via the projection

| ens P-0361.010 3/82 (TTL). Alignnent _via the projection |ens (on-axis
alignnment) is frequently wused in wa%@%nurent generation of optica

| i t hographi c appal ithographi c apparatuses and provides the advantage that
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 conpl exi tiyry PNaR¥hfest! Vid DR jeSitht @R onhakealighaesn) i fequendy f ficul t to
i nprove sufficiently to achieve the required reci si.on and, accuracy.
[0006] |n casedkintmany wirtent géneratioarcs gptiead llﬁlﬂgﬁf’ﬁ)llctﬁppéh@@%mcc conponent s

per unit of surface area af the substr é&nsql SHBL! er

di mensi ons &PP%IHB@%SMBW&%%@?@W?%S?‘?@ Y g%t?:ﬁ% ec?mretelg%?(rerrents are
i mposed on talﬁgnéd: GYovitH felipethiodach bihear Whes e off-ukis aligneemade. The
posi ti ons where the siuccessive masks are _inmaged on the su rate nust

t her ef or e bandthadis used, sherbasehny effset aydeserdbed 1n|US Paentry Y
ti | Cs with ' ' - ' : il
nave *To be tetateat aspodiln Hsbleer, Wi dhetdiinubd Gocfeds ORITR sA8F 1 0¥ 4

smal | er deVéoﬁigoﬁEﬁs &R ICHadd ithb encre&se livéongplpxivg bnakistalignalengsystents syst em
nmust be increased. On the other hand, stricter requirenments nust al so be

. g e

i nposed on halve pfdvan tebe difficultie impraversafficiently tp aclupye the dequited hi gher

nuneri cal apert.ur eaﬁ(ﬁlAc of the projection lens systemin the case of

decr easi ng |FHESQP aecupaed- depth of focus of this system decreases as the

NA increases. Singgosome i NRg®nhéctiod withithe aicneasingammtsr ef ele¢teondesi r ed

nar iy any. rashments DO LoSHERFRSS B UG DS oS AR SR e
oot 0, ot A5RRghs e BBRAAL, e ARBPEORRSAGNE arpol | 5 (he
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
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consecutive exposures with different mask patterns in the Iihographic
appar atus. However, this polishing process affects the accuracy of the
on-axis alignnent nethod. In this d, a grating is used as a substrate
alignment mark and the sub-beans diffracted in the first order by this
grating are used for P-0361.010 4/82 imaging the substrate mark on the nmask
mark. In this process, it is assuned that the substrate is aligned
correctly with respect to the nmask when the point of gravity of the
substrate grating mark is aligned with respect to the point of gravity of
the mask alingRRmeBibsiraleinddk®h 1SAREsN maltadn 86 prodéss Maglassiaibd  he | poi nt
of gravity for~each grating mark coincides with the geonetrical center of

t he grati ng.thiiahe sebsiratelise aligvied gooeatlyswitk respeat to e maskstheatthe pRiat i ng mar k

trical that, this alj t_nmethad | | i.able. |

S T ron. - tefereu; ke poRee SR Bimed M sIREC et 1.0

al i gnment ”g%ﬁﬁty(){?ﬂ?hﬁ%mugﬁﬁé&m.nm BEYEER{t ha€Becan@suihialbiasthe n t he
e

effective dept grooves of the substrate grating marks. Since the
si gnal st r engtiit affgravityrfor bachrgrating margieoincises sdthahe geametscaicentepplise grating

vari es periodical] ith the th of th 00 fr sing can
render grat i[g‘ﬁgm“és I'W\WHE’E’ é)rpchesgBq?gel%élg%éu%gigat%%g%&ggﬁﬁg‘g| y a weak
signal in Otﬁgﬁm‘i&%@ﬁsoﬁﬁkﬁﬁs hIpAGiEent MethodeChE RARel wlitble. Loiddiiorgss of the

alignnment systemin that there are cases when an expected alignnent
det ecti on cathastritnes precssidg eteppcentiibige toghangesgindhe alignamgt Markshi's can al so

lead to a decrease.in alignment precjsion if. VRak: o i g.used to

det ernmine t h’é“’lb‘ggigt‘{lgﬂg %@mgf%%r@atcgﬁ%ﬁeﬁ .H?E].}?e ab\f)ér%;@#ft%eal | evi at e
this probl emisvdsQfifesibiRate @RAing infarke VSihen@ie Riprbstrenthiofi nat e and det ect
the position of the alignment mark on the substrate. A However. the use of

|i ght sour cemonochsopariclaht seflectadrom such aphase evAtine ypees Regiodically ¢ he

spectrum e.g., .a ke a_ ar . | ' j.ons where the
< anal s at - boith O e Bl a e OCkss b S kiyel BBl ARSI TE
rogutst ntess apkHeRicablsinabnRicasition pdvide @ily blweaklsiggahiarithergades. dhist he
substrate.

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., a red 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
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SUMVARY [0007] It is thus an object of the present invention to provide an
alignnent systemfor a |ithographic ap aratus that has inproved alignnent
accuracy and/ or robustness. [0008] | #&r der to achieve this and ot her
objectives of this invention an alignnment systemfor a |lithographic
apparatus is provided wwth a P-0361. 010 5/82 source of alignment radiation
at a first wavel ength and a second wavel ength; a detection systemthat has
a first wavel ength channel arranged to receive alignnment radiation from an
alignment mark at the first wavel ength and a second wavel engt h channel
arranged to PRIt taA8 a sedondwavelenptht k at the
second wavel’ é&%?ﬁi”ﬁﬁéﬂ&? osl Pﬁgﬁhgg%tgh%éﬁﬁ%% aﬁﬁl t in com%?cat lon with

t he det ecti QBtestiod gmeni’ﬂmtlmssaﬁmbwa‘cm@ﬂmhmn@ mllg&’«dtprfé@é‘g%es i nf or mati on

fromthe first wavel ength chann or the,s channel or the
first and s@héh@emd ARk éﬁ‘ﬁ%ﬁ“gmlrﬁark@gﬁﬁqdﬁﬁ&‘%vﬁ gﬁggé{aerm ne a

posi tion of L ch9Rdef aRBnsadith k&teivali@htnentrédiaion/Boinahe ref erence
position on a sec d\'g 0 Jecck:lfq&%asegnggn t he t:o gﬁﬁ]d i nformati on. According
to anot her agipementaharkfat theisecomdtvwanelengthi anclmgoamndet@rppammstm% a source
of illumnation radiatiqn; a.substrate st dina

radi ation p&pmnaﬂnqqnpaww?éﬂwm%ﬁ% %{#ﬁ’r‘é@@?on source; a
reticle }9 g&%‘fﬁﬁ} n ERE R firdt \%ﬁiiéieﬂg@ﬂjbl%]h@lrbrﬁﬁé fecohd sai d

i1lum nation radiation et ween sai d | um nation source and said substrate

st age assenbk;wgleagﬂmhapmmmefﬁy@ndrmmda#@@&ng‘étmﬁl%m d reticle stage
assenbly and said ., substrat.e stage assenb d (System

arr anged pr SRmbiRatiog o determine g po B?ngg&ﬁabé%@fﬁ %ﬂs age as éecnbl y and said
reticle sta 1aa§é€d@%aere£a$osﬁbhgﬂrﬁ%e&oﬁy@jjms@amlmcmmeﬂ ce of
alignment radiation at a first wavel ength and a second wavel ength; a

det ecti on syiafoematibmt has a first
According to 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
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wavel engt h channel arranged to receive alignnent radiation from an
alignnment nmark at the first wavel en%th and a second wavel engt h channel

arranged to receive alignnent radi abf®n fromthe alignnent nmark at the
second wavel ength channel; and a position determning unit in

conmmuni cation with the detection system The position determ ning unit
processes information fromthe first and second wavel ength channels in
conbination to determne a position of the alignnent mark on a first
object relative to a reference position on a second object based on the

conbi ned i nf i I@x&!n' &'ais‘ﬁgh f&%ﬁ&ﬁrﬂ'gﬁmeﬁ% ste@GahEld tay@yh f rom said
radi ation pé?‘ﬁ]ﬁ%b lélj{ﬁlah%% ati E)n radi ation. \ I _t_hag( is P-0361.010 6/82
required is théraibseate gage assembli. adnasherfaspeet phidisinvepivaroddenem is able to
reach the substrate stage assenbly. Another aspect. of I's invention
provi des a methomef detechag ap algRmen| mar Qﬂﬁﬁﬂ{’sq‘?&f it jpclyd S{]bstrate t hat
includes il .;ﬁﬂhfa | Bemehi AAFRRh FBEdm ¥ AlRmindiRaTadihtiéd (harhasat i on
radi ation tﬁg agﬁég%aﬁl ast two different illum nation wavel engths;

det ecting i |at teaktrievol differentitlimminagion fwayeienpths;dleragting Hunigathomat a fir st

length of the at least two diff i || umi.nag j ths and
out putt ing dedipian B ahemens s pCs FRbpar g Bl bEd BT Dot ot on
from the al i ggoRpliiRlidaidh véﬁﬁ%ﬂﬂﬁ' andBYBLERY b Tir@fwiveRngth digasi t wo

different ilTumnation wavel engths and outputting a second wavel ength
signal ; and dbedcangrilhimigatiorpradiatipm frouf the lalignmgnt ata sgPRd based on the

first and secon vel engt.h signal.s. =k EF. THE DRAW NGS

[ 0009] Fig. \ﬁawef%m&%ijﬁﬁ?g“sﬁ&?%ﬁﬁ%’%’@%%@%ﬁ%“%ﬁg appar at us

accor di ng tO? WGP L oA WwaQblehfiB sighdE Bhd aaembiaiiyQ) pdsitipn of thdrows  an

enbodi nent o substrate alignnment mark; [0011] Fig. shows an enbodi nent

of a doubl e dignmenemarkihased orf the firpt apdispepnd Wayslength s a substrate mark
with respect to each other;

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;

[0012] 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;
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[0012] Fig. 4 is a schematic illustration of a lithographic apparatus that
has an off-axial alignment system according to an enbodinent of this

i nvention; [0013] Fig. 5 shows an enf&® nent of an off-axis alignment wunit
according to the invention; [0014] Fig. 6 shows a plate with reference
gratings used in an enbodi nent of the invention; P-0361.010 7/82 [0015]
Fig. 7 shows the deflection by the wedge elenents in an enbodi nent of the
i nvention; [0016] Fig. 8 shows an arrangenment of the first and second | ens
systens in the alignment unit according to an enbodi nent of the invention;
[0017] Fig. 9 sh seri 86n Bl #eSpedee ehndhtcidl anas t he
structure of def ﬁgﬁ%]ﬂon el gfin%'gftssﬁeﬁﬁqgegg?gnd ?nbodi meggt of the alignnent
uni t; [ 0018]entbogimérd of tHelinterdipas how t hi s seri es of wedge-shaped plates
defl ects a sub-beam [0019] Fig. 11 shows the positions of the sub-beans in

the plane of su wedge-sh d plate in an | | i gnment
unit in which aﬁlﬂgfﬂent ra@SSQ)WWW@%%%%@gP’%%?ﬁ%@%%@E?@[ 0020]

Fig. 12 ShO\égg %Uﬁﬁ(ﬂligﬁ&tmmnjﬁiwoﬁiﬂggarm@mwainﬁem of thetiivedmtibnp wavel engt hs
are used; | il%?]sFig. 13 shows a preferred beamsplitter for use in this
enbodi ment; [0022] Fig. 14 shows the positjon of the Iign nt unit with
respect to the prl@p¥8tion |Egsd mstfh@ﬂ%@%‘ﬁ’%ﬁee%ha{’%éﬁe Fqnse“f? shows an

exarpl  of ol ANEDb, 8. Mk bt il 3 BodAGcRnal of Bk depth for red

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;
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radi ation; [0024] Fig. 16 shows shift in aligned position of an asymetric

mar k versus mark depth along with Al i,ganent Signal Strength Digital

Wavel engt h Swit chi ng and Al i gnnent sioffifal st rength Variabl e Wavel engt h
Swi t chi ng approaches; P-0361.010 8/82 [0025] Fig. 17 shows Alignnment Signal
Strength Variable Wavel ength Switching weight factors for several val ues
of the MRT factor (selectable threshold). DETAILED DESCRI PTI ON [ 0026]

Met hods and devi ces according to this invention will now be described with
reference to particular enbodi nents by way of exanple. The broad concepts

of this inventionpgas not IHigi Tetotve AdignnentBigaal StysagthfVasisbley descri bed

enbodi nents. The invention wll be described, with f 0 an

al i gnment  syMeeslerigth Switrhing greighfactomsdansevagl VAR Qf&g%ﬁﬁﬁ&a{ﬁr on-axi s

(al so referre ~axijal ") and an off-axis ("off-axial") alignnent
e fredtlay i

system t hat us conmbi nation to obtain the ultimte alignnment of
a mask with respect to a substrate ("workpiece"). The axial alignnent
system nmay have a separate source of radiation to illum nate alignnent
mar ks, such as in through-the-lens (TTL) or through-the-reticle (TTR)

systens, or it may enploy the kAL t he exposure radiation.
The followi ng exanple w | MQE$¢B@s@m I n conbination with an
of f-axial system (OQAS) as an enbodi nent of this invention. Furthernore,

the invention envgsgens amMkineas afiddvicel bbgdiaphy thiymyentiontwillt have
refraction projection systens as well as to_other tlﬁ)es of |ithography

syst ens t hatnowsbe desoribest with veSerenes tepagiculas eaborBRant Y V&Y PLdi ati on t han

curent |y SRS pRiE Sl P i W G Bsec 1
char ged- par tdpeligich8pddcriBedmboRimféits.oThdinventiar willobe 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.
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beans that are inaged with nagnetic, electromagnetic, and/or electrostatic
I mgi ng optics. P-0361.010 9/82 [002%%% now descri be an |ithographic

apparatus that has an on-axis align t unit and ot her neasuring systens
as an exanple of a system that nmay incorporate an enbodi nent of the
instant invention. [0028] Fig. 1 shows diagrammtically the optical

el enents of an enbodi nent of such an apparatus for step-and-scan inmaging a
mask pattern on a substrate. This apparatus conprises, as its main
conponent, a projection colum incorporating a projection system PL.
Situated on one $#0bF]of thaVenoy describn as Jithagraphic appatatys thaihasanvH for a

mask MA in which the mask pattern C to be jmaged is A he mask
hol der is p&ntaxisfalignmgaiuntg mweaﬁu%%gﬁﬁg}s 3{1&6%&}{)/@ qlfg% Srur:%nged on the

other side o5 BE@HEEIALnRRine R F R Thithns iliinfoft age compr i ses a
r

substrate h aéler a substrate W provided with a photosensitive
| ayer. The mask pattern C nust be inaged a nunber of tines in_the
phot osensi ti ve | 40828] ever Fig.ilrshows diagtimmaticatly the epticabeleaigsof at e area Wi.

The substrate table is vable in the X and Y dir 1 t, after

i magi ng t he aﬁﬁg}bo%@%pﬂgqcﬁagapwg Sg?fbsﬁpr' déSC%éégé%gga%%ggﬂgﬁﬁ substrate

area can be QoshbhReCTHR dfarkiiecompliscaadstiaiin kOABGHeneprojzptiont us fur t her
|

conprises an umnation system ich is provided wt radi ati on source
LA, for examplemminkonpptating Bipoejestibm sysient Ple rSifugtsdongne gi &y lamp, a lens

system LS, a mirror RE and a conden %tq“T eGhispn beam PB
suppl i ed by FFHECHI Wﬁeﬁfﬁwﬁ@gﬁgmﬁrﬁ%ﬁﬁ% es @ﬁgm%gﬁ pattern C. This
pattern is ijREGAC Rybd MfigediProdidb@nThemasishsitens Pirt ofia anskstage r at e area of
the substrate W The projection |ens system ha exanpl

s, fo e, a
nmagni f i cat i dMTMA=substtate stage NEF iscarangegen theratheyside of t&e BFQyeciion’lens
diffraction-J Lo ted {iRggeL bt bhuBshAREkE" WH fof g subiate 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 Wy. 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.

10029] 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
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[ 0030] The apparatus is further provided with a nunber of measuring
systens, nanely a systemfor aligni ngo}she mask MA and the substrate Ww th

respect to each other in the XY plan 4n interferoneter P-0361.010 10/82
system for determ ning the position and orientation of the substrate hol der
and hence of the substrate, and a focus error detection systemfor
determining a difference between the focal or image plane of the
projection |l ens systemPL and the surface of the substrate W These
measuring systens are parts of servosystens which conprise electronic

si gnal - pr oceg§gieRfifor AetefRinigthe pbgiGon 4Rl ortnthtidniof elessubsirat@holded amds, Wi t h

whi ch the position and orientation of the substrate and the focusing can
be cor rect edhesice hf thefsubstratee anda foras sirghdatection spyemder dRferfHRINgdasur i ng

Sna B i n ¢ nThaebRE RAeD e Thed B7 SR PR REprBlectiiPics bAEIRRL | T 0
in Fig. 2, thfsge @ifdes offtie saBstetitd W.aTlidso megsarinigngstemb ate parts ofl t er nati vel y

be other marks such as squares or strips which are ggneral I y.o&%siecal |y
di st i ngui sheservosgstemp sthichsmpsisa gleaganic Figaalprogrssipg fnd PRl FFg

t wo- di nensi on .i.e. X A ddeRaFed!l ar directions,
for instanc®® %V%QBW%%@?%@M@%M%H %rrléﬁ%y be used in

conj uncti on wibkhate @b Bie foRiskE dad bexbaseted withweferantetd thy sigealsendi cul ar
directions, for instance the X and Y directions. The substrate W for
exanpl e a sesHppbiediby. thermeasypag $¥4te808. has at | east two al i gnnent marks, which
may be two-di nensional diffraction gratings, two of which, P1 and P2, are
shown in Fig. 1. rks Sélﬂn Hidin Sk EPLRGIoWb Sligemédte devi ce areas
on the substrate @Pg’rﬂg gr at%ﬁl rraér:lzﬁg Pl and P2 are pr e'.er ably inpl ement ed
as phase gr ainafkgMaad Maén thgmaxisk MAshows iMbedopiriget parteof Figfle Aghis y

TP e e ST G B GR HELHERL  pAD ehale  be

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, Py 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 Py 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
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[0032] Fig. 1 shows a special enbodinment of an on-axis alignment unit,
nanmely a double alignnent unit in \/\hhﬁ@ztwo alignnent beans b and b' are
used for aligning the substrate alig At mark P2 on the mask alignnent
mark M2, and for aligning the substrate alignnment mark P1 on the mask
alignment mark M, respectively. The beamb is reflected by a reflecting
P-0361. 010 11/82 elenment 30, for exanple a mrror, towards the reflecting
surface 27 of a prism 26. The surface 27 reflects the beamb towards the
substrate alignment mark P2 which sends a part of the radiation as beam b,
to the associlaherd 30pki ermnple avhintoe towardsithergBeasing syefagh? koOFPPRSMf or ned. A

reflecting el enent 11, r .. ex | e ris dire t Lakion that
passes by t - rfﬂ}el@“!\'ﬁ%?e %ﬁw&%&@?‘gﬁp"ﬁﬂﬁﬁ? EN%  the SuEs evaéﬂﬁ'g{eg%?rﬁ 13. [00331
The second 2?,1' il BindR SRS theSrabilibead BehubY, @ the 4ss66iated ndskvarrkls a

refl ector e projection |lens systemPL. This reflector sends the

beam b' to aMsebsedn imigefitheimasuPs iaéermed. dreflessingclemenddl. fRhi ch  surface
directs the beam Wnt.o the strate alian r I ' rk reflects
a part of tt%‘af’]ghﬁ 4 PiIYR: &“?‘“‘H‘Ee Egmn%aé%giegg%ﬁ%[@ rﬁ%ﬁtbﬁ%wggi@al i gnrent
mark M wher g afoh R8BS wf detdegormBr k P, is formed. The radiation of the beam
b'l passing through the mark M is directed by a reflector 11 towards a

radi ation sensitive detector 13' ﬁa&00341 Fig. 2 sho enbodi nent of one
of the two ident i8B3] subst The sscapd rlagnment peam pdis 5§ t%ﬂﬁ’s"embq%fti ngs, on a

| arger scal e%il, %%Edsg? l%\r%%%téﬂgg Eﬂnﬁ% pgoﬁ%ﬁoétf@fsyégﬁrpﬁ uPghs ddAdtsy P, .. Pl b,

Pl,, and PI, rve for alignment in the X
di rection angiibhelbeBm®’ Bed scebad reflebting sunthc@REof terprisnt 24, vdlichgnnent in the

Y direction. The two sub-gratings Pl, b andagl ,, have \ra g.iuati ng period of,
for exanpl e wsfagerdireets thedbeamy paiojthgsubsirate aljigpmentmagk Fa- Thisgpak; oo herj o
of, for exanple 17. i hRYb R RAE, B thE fRaST on of , for
exanpl e Zoon%ﬂgﬁtﬁ aﬁ%n%rrﬁhééﬁggﬁﬁgﬁ%-&g?guracy whi ch,l in .

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

the beam b’y 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, P13, Py c and P4, two of which, Py, and
P, 4, serve for alignment in the X direction and the two other ones, P, and Py ¢
serve for alignment in the Y direction. The two sub-gratings Pyp and P . have
a grating period of, for example 16 pm and the subgratings P; , and Py s have a
grating period of, for example 17.6 um. Each sub-grating may have a
dimension of, for example 200 x 200 pm. An alignment accuracy which, in
principle, is smaller than 0.1 um 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 pm.

[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
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principle, is smaller than 0. 1 pin can be achieved with this grating mark
and a suitable optical system By ngii ng different grating periods, the

capture range of the alignnent unit be enlarged. This range is, for
exanple 44 pm [00351 Fig. 3 shows the optical elenments of a, slightly
nodi fied, alignment unit in greater detail. The double alignnment unit
conprises two separate and identical alignnment systens AS, and AS2 which
P-0361 .010 12/82 are positioned synmetrically with respect to the optical
axis AA" of the projection lens systemPL. The alignment systemAS i is

associ ated wd Eosqﬁtﬁled@%eﬁﬁdaﬂffiMMremktoWe aptitat fvds A4’ gfithent system AS2 s
associated with the nbsk alignnent mark ML

1 . The, correspongdi el enments of
the two al i gmejeetion lepssysiesn Bk Wﬂwsﬁeﬁwgaﬁé‘sm@%\’@é mer al s,

t hose of the_syst.em AS2 i N ' R AH4,S¢ heeiheh wifkee f rom t hose
of the systéﬂ?%élﬁmfédggﬁvh%@%%&ﬁ%tgfs tlﬂe dystem ASL wi || now be
described, RsKWkhmast hive MAYTheconespindingeelementabf theswoalignmoentt he mask
mark M2 and, for “exanple, the substrate mark P2 is g{iﬁerm' neg§vvith this

system [ 003¥jtems aredangtedeiyithe samerefeence (ymsT e dosg B burce 1,
for exanple.a.Heli | ;25 gﬁr‘g{e | qﬁ\os%ldfm,@&npggm b. This beam is
refl ected tcpeflﬁgep s%%reéaé[lg "W’%“‘a egimﬂg%ll Itter 2. "The beamsplitter may
consi st of a semi-transparent mrror or a semtransparent prismbut is
preferably consti[0036€d by afEcitmciuacf thasysemiAS:wellaem bedaseripad, sm 2

preceding a ),/4 plate 3, in ich A is.th velen f beam b. The

proj ecti on lasryeell %?@’WHWPGE\SQ%@WLP%%?Hﬁhﬁ%n?s}gﬁrlg%lpwgag’gtﬁfon spot V,

having a di Aehie, ﬂ&LsuBEtEat@ﬁﬂﬁ{PoiE dbteFine@RvifiBissyleinr ate W This substrate
art fof the

reflects a p eam as beam bl towards the nask MA. The beam bl
traverses the projection Iens systemPL, which systeminmages the radiation
spot V on the nasje037Bef or eThewignoiest systean A ﬁ?fflﬁﬂﬁfé@r?‘ilia‘t‘ SqWffogr aphi ¢
appar at us, Igfg%%?a?rgﬁegﬁ#ﬁ&h%é&qgsdﬂIe&it%ngaﬁ_aﬁéﬂlﬂm&“% afHiOPedz@upl ed to

t he apparatu '
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
A/4 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 by 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.
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the station described in EP Patent Application 0 164 165, such that the
radi ation spot Vis |located on the s;ggg#rate mark P2. This mark is then

i maged on the nmask mark M2 by the b bl. Wth the magnification M of the
projection | ens system being taken into account, the dinension of the mask
mark M2 is adapted to that of the substrate mark P2 so that the inmage of
the mark P2 coincides accurately wwth the mark M2 when the two marks are
mutual |y positioned correctly. P-0361.010 13/82 [0038] On its path to and
fromthe substrate W the beans b and bl have traversed the 714 plate 3
twice, whose optifggdg)axi s iGn i pah t@agl fomahe Afbstrate Wighelbeamsbon of
pol ari zation of the l[inearly poﬁ)ari zed beam b com nagds%raf)m t he source 1.

i

The beam b1 apddshang traversad therw platy Jipviges Whase PRNGE! RN of
pol ari zat i 03’ 5‘3‘52 h‘B{f, ﬁ%r%&fo%tq?go%zzé\ﬂliéﬂ]oﬁﬁ? Hﬁ%wgﬁ)léﬂl%d%mdﬁﬁﬁé hat the

beam bl is € polarization splitti prism The use of the
pol ari zat i offrciR ktieldoiurtg 1pTherbehmm be patsinpthraughwhe Watphase thiea hes at e provi des t he

dvant f i mal di at A | i he al i b i nt
he T aal at | citcaRemotzolarrasan PRhfoRpd S0P R eBSTo BB D abaceod by
the ali gnm&*r}fnF %B{\]ﬁﬁé&mBgfﬁqﬁee%%a%nggmghgg}iﬁ' Pdydigreed ed, for exanple

by a further pri t owar di ation-sensitive detector
13. This detptdridatibssplittiig prisanin eonsbinatompwith the Mphplatsirovidengi ng, f or

exanpl e four separate radiatiqQn-sensitive areas,in.conf ) ith the

number of suAdvaRtAZS %m%faaﬁuﬁﬁ‘ .SS?fhe?ﬁgumgﬁtﬂﬂ%@‘wg%g%#t%e det ect or

areas are a ; CHPCLEE He mark M2 with the inmage of the
Lrﬂg?%igitﬁ?%fgﬂx & tﬂ&hl‘i’gr-x{ﬁ%t fstd

substrate ma Se signals can be processed electronically and used
for nmoving the mask and the substrate with respect to each other by neans
of driving systeni@039iot shdTie)beanuieipassesibyt the aligrpent srark Meds ngr k P

coincides w rtePIecEtgg b)rrrg Ii)lKlSIII\l/I 1 1/6\3‘%(1%&]1:[68{&'8} for e)?ziﬂlﬁg B 4 furihet réfflcrifig B

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.
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obtai ned. [0040] A beamsplitter 14 in the formof, for exanple a
partially transparent prismsplitti n%/g%port i on of the beam b, as beam b2

may be arranged between the prisml1l d the detector 13. The split beam
is incident via, for exanple two |l enses 15 and 16 on a tel evision camera
17 which is coupled to a nonitor (not shown) on which the alignnent marks
P2 and M2 are visible to an operator of the |ihographic apparatus. This
operator can then ascertain whether the two nmarks coi nci de and nove the
substrate W by neans of nmanipulators so as to cause the marks to coinci de.
P-0361. 010 14/82 (pA§AL] AnaArgestakly aslesteibed htrethbeforeforithd maksf or the marks

M2 and P2, the marks ML and P2 and the mar ks M d Pl can he .galigned with
respect to dﬂ@hﬂd)l’h@lemﬂllkél\éﬂ@& ﬁWﬁt‘fgﬁMS‘?d b‘aaﬁ%}ﬁat gl

| ast - menti oned_ t | fshﬁéd Rikd cul ars about the
constructiorfeﬁ’r?ﬁw hgﬁlﬂnpnnen%lgg rocec ure o the doubl e alignnent unit,

ref erence i qadtBfiéhtionedfvo & tsd, 778, 275, which is incorporated herein by
reference. [0043] The enbodi ment of the on-axis ali gnrrent unit shown in

Fig. 1 is particularly suitable for ap smwh OjECtIOI’l beam
PB having a shor[ﬂotmvel en o9y furthgr Eﬁga@ﬁgﬂ’r‘?rﬁ n%tﬂ’& agﬁlalgnment beam
havi ng a congi thﬁlt%&?aicelﬁﬁﬁdétdmsare used.

[ 0044] Si nce’ & "egp]!())r gﬁ}sﬁggg %ﬁ}nefs designed for the wavel ength of

t he proj ectlleuterhﬁéﬂ‘m&%s W‘hichesemomrmbhﬂrem/rberte tence.system PL i s used for
i magi ng the alignnment mar ks Pl P2 and ML and M2 on each ot her by rreans of

the alignment beam the su rate not be
situated in the p 09ﬂ£] of th W‘E@f’?‘eﬁﬁ?%n\?ﬁ?@‘nm ne mask lﬁ?l gnrrent
marks are S'#ga ?sgp Admﬁl@ fb{rﬁﬂﬂﬂmﬁusang\tm&mﬁﬂ@dmmmmfrom

whi ch di stanc€ de ends the di fference between the wavel ength of the

having a short wavelcngth for example 248 nm, and an alignment be:

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

=t

[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
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proj ection beam and the alignnent beam and the difference between the
refractive indices of the material of _the projection |lens elenents for the
two wavelengths. |If the projection b¥8f has a wavel engt h of, for exanple
248 nm and the alignnment beam has a wavel ength of 633 nm this distance
may be 2 mm Mreover, due to said wavel ength difference, a substrate
alignment mark is inmaged on a mask alignnent mark with a magnification
which differs from the desired magnification and increases with an

i ncreasi ng wavel ength difference. [0045] To correct for said differences,

the proj ect ijggy i GHdn eilya%ﬁdﬂﬂei'gm@ﬂﬁgjr eforAlenethit, an kignsne landoinr ect i on
| ens, 25. The correc%ion P-0361.010 15/82 lens i s _arranged,.at such a hei ght

in the proj ¢bt plane bEthe cotrectiondang the sefnbeamasef the differepd diraetionyt t ne

correction lens t sub- be of LRE e [RR tj geglers of the

al i gnnent beoo{ﬁ?rs\ﬂﬁwgﬂﬁlfsater%ﬁ’g]’ gﬁlggisﬂgtbg’%rggﬁ%g%{ﬁ {g’g’ednglrbg% gener at ed by
the di ffractdaBrapld bythé diffrhétaineatd dubbiae bligandnt nerke, sseibufficieatly |y separ at ed
to be able t© influénce these sub-beans separately and, on_the other hand,

this corr ectseparatedrie bhabledo inflyienesi these subfbeamn sepagiely Rad Anthe ofebn pbeam and

the mask pattern.image foryed with j.t..T. r L QN bsmPr ef erably

situated in 1498 tlbb\ﬁogr&Fn(B} ]gﬁ%h%sfa %&%}%iﬁggﬁ%nﬁﬁﬁgf@%@? gnt%'e I'f, as is

shown in  Fi g tRe nfale pRRi BRidedorh&hwitR &. iTheotreetiondensnis prefemably i n whi ch

the chief rays of the alignnent beans b and b' int eIrsect each other, then
t

this | ens casituptedis the Fougier plane efthe REPIERIIOR 1e0si systam b398 &hihoWigBa6] | f

desired, a wedge or a diff . L e%tich the ChicPiayd ofll f fraction
el enent maymﬁg' gr”ﬁ%ﬁ%n?ﬂ?{nﬁggﬁggwag@ LP%B)]ﬁei gnmecnt beaer’r( sy)goproxi mate to
an al i gnment ;R am¥Nitbeamybhand btiaferect ¢ah ottee ther thiviens catimwsedn Fig. 3,
alignment errors resulting fromunintentional phase differences within the

sel ect ed al i fpneeumecting jenmeALbeamSei ved by the detector 13 or 13' may be
prevent ed, which phase differences may occur if the
[0046] If desired, a wedge or a different 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 errors 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 Py and Py,
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 alignment 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.
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axis of symretry of the alignnment beam portions coming froma substrate
alignment mark is not perpendicular tllsghe mask plate, so that false
reflections nmay occur within this pl gt . An alignment unit provided with
such a deflection elenent is described in EP Patent Application O 467 445.
[0047] In addition to the global alignment marks P, and P2, shown in Fig.
1, which are used for aligning the entire substrate with respect to the
mask, referred to as global alignnent, the substrate may be provided wth
further alignment marks per device area so as to align each device area
separately with rgedskt to Thelimmsiphicapparatus filitbemepsiprises/a dcy® conpri se

aley min . . .
used, for cxempidstachonsi SrdsErogusk # Brvigfon sravracwe SRRLOBRE 7 2 & S0
that this r&%%géjgéliogla}?%{%?ﬁﬁﬂ{ PIe Gl stttk Rl ibdfae v [s0QHat thishe

| i hographic ap at u er conprises a focus error detection system for
det er m ni ng @eviktitinatah bo coréasd; ot dxampledst mpviag¢haprojecten lengpysteMmon | ens

system PL and the surface of e substrat t hat .t hi [ ati

be corr ﬁCt edalopgits @%&ﬁﬁ?gw- %@\H%ﬁ’ém{’h’@%gﬁféﬁﬁﬁrﬁ%ﬂlg egisﬂ‘?n eXd’ZI Io(rjlg |C? 2
axis, the Z | 45. i4S A meis 40, 41,
42, 43, 44, %E%hﬁi%’ﬁ%%gﬁgrﬁnge é?nmghﬁgfggﬁptﬁg?bshovm? which is

fixedly connficddiylcommetied tpthejpecieition lemssystoys t Bia refemence anmesthd8 nuneral 40
denotes a radi ati on source, for. ex

A S i !
focusing  beSFRORS 2 RARUOK IS, gorcﬁxﬁ'gacgao‘%g&é %sqgrn\évﬁfc ;ert\nglwg tgglfsgﬁgt ch :
substrate byb&énsﬁgfhﬁ%éd}ﬁiﬁife%@d‘&?a sﬂiﬁﬂa?%@%hfcﬁthb@ﬂﬁsﬁdtehwd he substrate is

di rected towar a retroreflector 44 bé e prism43. The el enent 44
reflects therdfieeting prism 42 Thebeam reflected &y hasubsate js drrceddguamls @r aver ses

the sane path viag reflections.on th ri at: dth
prism 42. [QW&"@}'&PHE’.T@i%@%%é%‘e@%&gg%ﬁaﬁrgﬁggg% Wﬁdgfle\ﬁé?inont ©
Z%St em 46 Vi ghapthRehindblVodce hpfif tlabers€ thoedthe path atrefiectitins eattherg el enent

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 bs’ 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 b, emitted by a radiation source 50 in the

form of a laser is split by a beam splitter 51 into a measuring beam bam and a
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This detection systemconsists of, for exanple a position-dependent
detector, or of two separate detectiﬂg The position of the radiation spot
formed by the beam b3 on this syst ?s 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

|'i thographic apparatus is provided with a nulti-axis interferoneter

system US Rafefétice bedh byl Gle draqiridpamam reycieeaveflecting side faveddofi ng axes and
US Patent 4,737,283 describes a systemwith three neasur.ing axes. In Fig.
1, such an ithcelﬂbsgﬂ@m@@@W@#‘éﬁhﬁ@ﬂﬁqt%mﬁ%‘%gﬁmﬁ C‘gﬁb‘mﬁ}%ans of the
el ements 50,, 51 | He¥m mua[' is, the X axis, is
shown. A beat?ﬁaﬂifpilﬁeﬁ&ggﬁﬁymyaﬁegﬁ}cgt | onqélg%rce SOét?%ODtaﬁ% formof a |aser
is split by Riubefer®Rfotéamnphla corher cuberThe interyith ofitheteombineddeamP- 0361. 010
17/ 82 reference beam b4,r. The geasutéi gg E’gam re@g[.}es a.r I%ﬁti ng side
face 54 of ismeeasypd withadletrstaasd, 4d e 4ispReeMERy BANE Fae R g beamis
conbi ned by f.he.. ' ' WAL siohhlesft ed by a
stationary rﬁngfﬁ@:{%P?&#tgpogéawya%%%%? cubg.elé‘ﬁl'%iemi %?ensi ty of the
conbi ned beagis desectorpad atsh ani inbtantadenus position 8f thishbldérganbepl acenent, in
this case in the X direction, of the substrate hol der WH can be derived

fromthe out‘éﬂj@“@ﬂ%al of this detector, and al so an instantaneous
position of this holder can be determ ned. [0051] As is diagrammatically

shown in Fig. 1, 1 intergggqﬂgéﬁfmﬁ,iﬁgﬂ showndfResdntied for the sake of
simplicity by onewglgg]nal S53, y and the si gnal S Sl:rfe%nd S 13 of _the double

al i gnment ~ uninterferemetepdigmads, representsidfanthe sakscefsimplicityrt onssignal 8§53 exanpl e a
m cr oconput er, I ch proce S ai | ghal Sisgnal s SAC for an
actuator AC ¢ ‘;QQW@E Sﬂ%?él%;ﬁ‘ﬂgf ﬁgtt:gouﬁiegal%nﬁieﬁﬂllﬁtoé}é afplicd 1§

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 stationary 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
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hol der is noved in the XY plane via the substrate table WI. [0052] Wth an
i nterferoneter system which has not only the X neasuring axis shown in
Fig. 1 but also a Y neasuring axis ad@8ossibly a third neasuring axis,
the positions of, and the nutual distances between, the alignment marks
P1, P2 and ML, M2 can be fixed in a system of coordinates defined by the
stationary interferoneter systemduring the initial, or global, alignnent
of the mask and the substrate with respect to each other. This
interferoneter systemis also used for noving the substrate table very

accur at el y, i e SmBPEESHREnbR wits HeRRlbrkiidganévapline opRar at us SO as

to be able step very dccurately froma first 1C area to a second |IC
area. [0053]subftrate.s Thémtire maskring. thd substrate mushsiandpil withgesgeeittds is a

st ep-and-scan apparatus, in which,fhe nmask and the, s r nmust be noved
synchr onous| SAcBQFER “‘E‘%P’;S’J"t?f‘%f’ﬁl%h"tgfm‘lsﬁgc W&é,’%&t‘{gtf‘t‘éejsg’%&ﬁtﬁhgen devi ce area,
the mask ieeliGi? 18 dnd theQR6jetidretsdah o inbSufchBMmc@n@nt £t i on. Wth
the magnifi A5 on M of” the proj ection | ens system being taken into
account, t hithe FradRAthe aprdios sRsimmowided withta speonshinterfesmarier SYSER.- t he

correspondi ng .nmpvenent of the substrate,, Then,at Q‘aéj( the substrate
nust stand s 1PP‘Gﬁr}%ﬂmgﬁ%%?thSmp’élgﬁsﬂg%?lﬁglP&géplér:gﬁp‘r 0j ection and both
must be movegyph v £SRARE flRtibh8s tHerednRaid 50) 5153, 5/aidesY. ek t he

proj ection beam To neasure the novenent of the nmask, the apparatus nust

be provided signdis fromahe mask interfaremetes systensyrepresantediier thejsakedk or onet er

system conpri.ses the ele s.6Q. 61 . . _whi.ck a simlar
function as ?Wﬁﬁﬁ%ﬁ%ﬁﬁ@%“ P‘%g ﬁgggpe{lﬁg%%g{éds@él %%{ﬁ}i?om t he mask
i nt er f er onet gpusy YRR thé RNIAREHIE BomPired Mthahkeortdspordingbignals froby a si gnal

S63 in Fig. 1, are applied to the signal -processing, unithg SPU i n which
these si gnal theanbstatmiptersromptersystea. ol anthie heasrgriaingd ybether t he

substrate interfer S ; | g6k Whet her the
mask and the%ﬁf‘%é%ﬁearﬁﬁwbae&t ‘Aé&;c}g%} Egstlﬁ%g@(?@lon 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 X, Yy 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] Xo-MX, =0 (1)
[0056] Yo -M Y, =0 (2)
[0057] Dow—Por= 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.
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synchronously. [0054] If the positions in the X and Y directions of the
mask are represented by Xr, Yr and i&gfe of the substrate by X, Y., and

the rotation about the Z axis by co and then the follow ng conditions
are satisfied when the mask and the substrate are correctly positioned

Wi th respect to each other: [0055]Xw - M Xr = 0(1) [0056]Y.-M Yr=Q2)
[0057]07.w - Vz.r = 0(3) [0058]in which Mis the magnification of the
projection | ens system It has been assuned that the nask and the substrate
nove in opposite directions. If these elenents nove in the sanme direction,
the minus sign [go@sedi ng N ascérain alhether thescicdniditivns davabetnimetyibpl aced by a

plus sign. P-0361.010 19/82 [0059] To ascertain whether these conditions

have been mds suffigient @a%WM@WeWWFWfE’é&e Mﬁ%ﬁ%ﬁ%yst em f or

t he substratge an t I have three neasuring axes. [00601
B8 bRl el BEL.

However, the % system preferably neasures not only
X, Yw and i pzw but also rp~ w and cpy,,w, i.e. it is able to neasure the
tilts about the X0060]s and Héweevérake subsira@aaterigrometey susted preferablibst r at e

i nterferoneter systemthe sk . interferoneter,system ma SO0 not only

measur e Xr, Measuigg nphonly %%@QS’LW%‘&%@?&YW¢X-'W'é‘ﬁdltllsp%lﬁ,lea{f'o be able to

nmeasur e Suc%éﬁsh{%th@ii%t&%ﬂ?ﬁkx isfahd Qe iagis. MBSk interferonmeter system may
0

be used, or a ¢conbl nati on a three-axis interferoneter systemfor
determ ning Xr, Yr and cozy and other sensors such as capacitive sensors
for the cp,r and [@061] neasuhsategredo thopbsaty intpeferomgter system thecoy . w and cow

32? eé[ i O:]/r Sé@te%@%me&%ﬁ%ﬁ%m ISQE-MS%M ﬁtgthoxﬁ)p Grcalife &, ¥.15d12C Bht 88 OF
measure @,, and ¢, To be able to measure such tilts of the mask, a five-axis
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 g,,, measurements.

[0062] If X, Yws @xwr @y,w ad @z and Xy, Yr, @on @rn @yr
and, with the aid of the focus error detection system, Zy, and Zs, 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,-2, =0 (4)
[0064] M. @zw- @xr=0 (3)
[0065] M @yw-@yr=0 (6)
[0066] The on-axis alignment unit, described with reference to

Fig. 3, for mutually 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
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positions along the Z axis of the substrate and the mask can be neasured,
it can be ascertai ned whether not only the conditions (1), (2) and (3) are
nmet, but also the conditions: [0063?9&.2 Z. - Zr = 0(4) [0064]Mrp,w - co,r
= 0(5) [0065]M cpy.w - cPyr = 0(6) [0066] The on-axis alignnment unit,
described with reference to Fig. 3, for nutually aligning a mask alignnment
mar k and a substrate alignment mark with respect to each other has been
found to be emnently suitable for both stepping and step-and-scan

| i hogr aphi ¢ apparatuses with which images having line wdths up to a given

m ni mal val Lh%c&faﬁng%&r%ddeM%gastwimead% potilats dstai as feurasg of novel
technologies 1n the | C manufacture and P-0361. 010 20/ 82 decreasing |line

Wi dths in t hediretbékitywif ithe knoa alignpephunitare sendepteda VhenagAugins then d
reliability of t) nown alignnment unit, a o : 3 cing the
line wi dth, ltﬂﬁew'gﬁ?’g‘}ﬁ%?&m’&&gﬁff’%‘&?y H}Eéib%ée’ﬁ%%%gh%w&?ﬁg“sai d CwP

process, asyyuRLk BemaleRidsid Rtoagstdiin teebstis pratihg natlasd that tar k so t hat

the alignment procedure in which the first-order sub-g ans are used
becones  unralignaishepropsiueinevhichtherfirsisordgr sib-beamg drcyse S@%ﬂﬂlﬁavi ng one

wavel ength, strict uirenments.. | t he

grating grodg’éghaaie't 8&05?1-? g’ﬁﬁ%ﬁ?% @%@@@Qaﬁ@é@%ﬁ@%@ﬁm y be net
W th increasii@ redliifements thivst bk dbdsed dhlthobepth ofthe praingersoveant the sol ved by
maki ng use of an off-axis alignment unit for aligni_ ra%%téhe substrate mark

and by usi nelighinghtmark: sdichgeguirssmants can qaly bemebhw M8y a diffraction
order which i@. i gher than 1, in the alignnment. Here it will be understood
that refererd8¥%¥ the sub-beams with a diffraction order hi gher than 1
may in sone instances include the sub-beans with respective negative

di ffraction order[pp6Dr exanpllef these problems can be solved by making use of

an off-axis alignment unit for aligning the substrate mark and by using
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
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-3d order and -5 h order). Since the alignnment of the substrate mark no
| onger takes place through the proj ﬁgfg'&on | ens system there will be

greater freedomto wuse nore sub-bea particul arly hi gher-order
sub-beans. Since the resolving power of the alignnment unit increases with
an increasing order nunber of the sub-beans, the accuracy of the alignnent
can be enhanced consi derably. Since notably the higher-order sub-beans are
determ ned by the edges of the substrate grating mark and, as conpared
with the center of the grating, these edges are less influenced by said

CMP process RBgkdaighs themaentionsCandeqaédntlyQit is i neyusmy tymedsurdisiggalat i ng, the
probl em of asymretry in the grating mark is |arge el.i m nated. Moreover,

: |y
it is al so pospitedes bubthephase mepsurementsaigh prsrmorgicopventipralip thesene
wavel ength sa th the r e ts inposed on the depth of the grating
Wt el S HEMEL

grooves can onsiderably. [0068] As will be el ucidated
hereinafter, the diffraction orders are separated fromeach other by
optical el ements [pp69]he al iBipneista schematiR: DRSEatdHOF 2 1itlkEraptor di ng to the

i nvention. Consequently, it I.s not necessary, to_neasure signal anplitudes
but the phas®stearibathayvanf-ais dlignmeat fysfeam.c %‘éﬁﬁta?‘ﬁﬁ’iiﬁ“%"ﬁ“‘tg%@‘ ki nds of

techni ques can . b : y br iffurh t matdslddglgation of a
| i t hographi ghassfvgtsglrfrr?%n%f{rgﬁg@na@g? - axi Saﬁ%ﬁfl hment system The off-axis
al i gnment  sygiffefent Wageléngohss futlexamplefa red disat angia gt@erf laseri (Bativlasensi ng

[ t k t ot di ff t I th f I d
o oroon | ascHlomistean sligent ReHbNRGAL Snapeeary SHEREERRAER, o Ty "
simult aneousﬂsyﬁh%%gcrl E@%ﬁ‘%@‘%‘%&“ﬂﬁ @i_g_gp[tea@hmesm aien det ect or

channel s (e.g., nne a green channel). O course if one were
t o toggl e beghanatl).wal edursgif bae wesptedoggle hetween waytiengthy genesially at one woul d

W Uhi n the seebgregverkitscoae ot reievegpRaree P nERe LERh 81 £ avel ngth

channel s ar e [ BitR Q4 RicBRIdSEPIARIH thdkéopeiof i irAent@dn. HAgnals 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 Py. A parallel alignment beam b having a wavelength A incident
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position determning unit PDU is in conmmunication with the detectors that

I ncl ude at | east one wavel ength channel for the at |east two different
wavel engths, e.g., at |east one red EH8hnel and at |east one green channel .
The position determining unit PDU may be a hard-w red special purpose
device performng particular functions or it may include a programuable
conputer that is programred to performthe desired functions. In addition,
it may be a separate unit fromthe SPU illustrated in Fig. 1 or it may be
i mpl enmented through software in the SPU. The position determning unit PDU
processes gpqpal tfgqm@ﬂ% GhtolafintHeP Bf sublbdahi ckivaditg\ae biffegéh channel s, or
both signals to&gﬂﬁ r, to 8etern1ne the position of the alignment mark

bei ng det ectagles RHADOhcF).to Ehei rormakorhidagrating; whigh ppgles aw dsfingdh of f - axi s
alignment unit according taQ an.enbodi ment of this invention. Many
structural bWé%E§P¥¥P8ﬁ5%$'?ﬂﬂH§ht systems described here are simlar or the
same as those described in U S. Patent No. 6,297,876, the entire content
of which is incqpgprated hgxrginpMpy reference. The substr@e mark, in the
formof a grating, 1is denoted by P1. A parallel alignment beam b having a
wavel ength X incident P-0361.010#22/82 on this grating is split up into a
nunber of sub-beans extending at different angles an (not shown) to the
normal on the grapjsg, whic I . j BNinftRE akdP grating
formul a: [0071] gbﬁﬂﬂ = N.Aakggg;§ﬁf§%§$?§&k@?@?ﬁ N |s€the g&%fraction

or der nunbe@ﬁmmkﬁhkﬂe grating period. [0073] The path of the sub-beans
reflected by the grating incorporates a lens systemLi which converts the

different directions of the_ sub-beans at angles an,into di.fferent
positions u" of tIMEEY sub- bEMERAtR HF'S‘C Subbedms refiEcted by B gréting

incorporates a lens system L; which converts the different directions of the

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

plane 73 :
[0074] U =fi.on (8)
[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
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plane 73 : [0074]Jun = fl an(8) [0075]where fl is the focal |ength of |ens
systemLlI. [0076]In this plane, mea(r;z%/gie provi ded for further separating

the different sub-beans. To this en plate may be arranged in this

pl ane, which is provided with deflection elements in the formof, for
exanple wedges. In Fig. 5 the wedge plate is denoted by WEP. The wedges
are provided on, for exanple the rear side of the plate. A prism 72 can
then be provided on the front side of the plate, with which an alignnment
beam coming fromthe radiation source 70, for exanple a He-Ne | aser can be
coupl ed i nt edpbenglé s@thiaeai optihl sefdrationpofitberdifferent belobeamesient t he 0- or der
sub-beam from reaching the detectors. The nunber of wedges corresponds to
t he nunber @btaingdh- beanms which is to be used. In the embodi ment shown,
there are six wedges per dinension for the plus orders so that the

sub- beans can be &W up t ' | ed Betind e wddlgeal | gnnent .
Al wedges have é i ferentﬁﬁ@gg%ﬁgg %%%%a%e angl e so €'itm%at an opti nmal
separation @faté.hidiehs sysemi irsages teanarkiBs in tistplaneed refesmeeplaf second | ens

t L2 i d behi th | at.e. Thi ' th
mark Py in R g BeArsrce et deoaise s ubeant Yohid B QeRabaRa 1008 | ¢
plate, al | syBlermBcifug SfcoMpaitdBastslbeats tiiughahenergepiicane. - Since

nt Sub-Dpea t

the differe rough the wedge plate are deflected at different

angl es, t he ardefestetion differdng angles, shenimpganformed by thegyubrheamsaeashsi ti ons in
t he reference pl ane.. These positions X. ~are di : n=f2 . Y 9
[0079] in weiff G%qugl%gl'é‘ﬁg?sféfeﬁ?cﬁ'ml%ﬁsses st °eq‘5?¥‘i"’%9g‘§§+3 ted by Ay h<(a :

wedge pl ate.

[0079] in which vy, is the angle at which a sub-beam is deflected
by the wedge plate.
[0080] At these positions, reference gratings Ggo — Ggs 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 Ggo — 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.
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[ 0080] At these positions, reference gratings (B0 - (®6 can be provided,
as is showmn in Fig. 6. A separate de ‘ﬁg or 90-96 is arranged behind each
of these reference gratings. The out% signal of each detector is
dependent on the extent to which the imge of the substrate grating P,
coincides with the relevant reference grating. Hence, the extent of
alignnent of the substrate grating, and thus of the substrate, can be
measured with each detector 90-96. However, the accuracy with which the
measur enent takes place is dependent on the order nunber of the sub-beam

used; as this org 908T]nunbeflii't]ﬁrtb&tmg%nestehef(aﬁfcamaﬁybrdesslgnsdmemr In Fig. 6,
it has been assuned i

or the sake of si I|C|ty tf;ﬁ I reifeirzlgnce gratings
0 - 06 ha:oamdmdsémlgmm Adiffrgetiongra %quj%?ﬂ‘? 1&‘6‘@% grating
peri od of - each J5abLAR-haoAIRR) Gk bR ¢i#fdasy BBt 9f3 te, associ ated

sub- beam As arger grating per| od is smaller and
a smal | er aleMms%:ﬁarsaﬁammlﬂebmm ueaﬁﬁ@meaesembgmomsu H|thert0
only one set of diffractiaon orders has been a{l((:o:lfél de ed. As,is, known,

di ffracti on gyating imgge.drens first imagrpfithe gratiges m +l?y e bepfbH sub- beams
al so sub- bea BB%E@%@ 0 25 a" agéLls érrn I?‘)ﬁﬁleﬂ%ﬂ&hzbﬂﬁrp' us orders

and the mntPg ol ans can be“use rmthe grating inmage, i.e.

a first i magab®eahb foiglyahd go farthk Hos theor rmmkidn;and e -1 otdemdb-bﬁammr der
sub-beans jointly, a second image is

sub- beans | diotvedges aerd tebefused, fut Hﬂéi‘e'?ﬁél”g] Pia%‘? ‘HE‘Fh ﬁﬂﬁp?WQteszr or der
sub- beans &hmﬁa%gﬁ]hdlf}gr%ﬂ%?%gﬂ §$ gﬁﬁgdedbdf Ehe%&ﬁﬁm@ BF fesedubPbeaf§n Whi ch

conpensat e R rences can be provided at the positions of
these sub- b&ﬁéfplahﬂofﬂb@qﬂlgapht@fl‘hnhmmmﬂges bt fer thietpliss ardsrswedéts, both for
the plus orders and for the mnus orders re required for the orders 2-7.
[ 0082] Fig. themmwrﬂ%rﬁégeme‘éf%ém %f’ﬁez ?unctlonl ng of the wedges of

t he enbodi nent of Fig. 5. In the nore schenatlc Fig. 6, the first |lens
system LI and theggggiond | emg, Filfik@ifed hofd Sedriphe samtiodingyofdayy | i nes.

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
Ggg. Also the sub-beams b(+i) and b(-1) 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.
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For clearness sake only the sub-beans of the first orders b(+1) and b(-1),
the sub-beans of the seventh order 2&¢%% and b(-7) and the sub-beans of
anot her order b(+i) and b(-i), for é le 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-beans b(+7) and b(-7) are
deflected in parallel directions and converged by the second | ens system
on one reference grating 6. Al so the sub-beans b(+i) and b(-1) are

defl ected by the §83%i at ed Figmdbews #ie mefdrr82 positiorsawith redpectito &t | ons and

converged on one reference rating G 1., Th fkr t der sub-beans are not

defl ect ed andlage ef thsmark &eandihe re Ee@%éfﬁtn’&glpg"ﬁ% @s?gﬁ?g‘?\“séﬁﬂe%ference

grating (P3.{B i ' of each
(AL R B 8o Tt

diffraction o substrate grating mark Pl is
formed on t héocablengthd| antl thesf systencis agnagddray a distanee finfisorh tamplaseof the rade  of

the avail abl e radi ation. P-0361. 25182 [ 0083 i g. shows the preferred
posi tions, WK E:‘b&lpnq %’Sﬁ%ﬂ.l &%@ ‘é? ‘2’111 aﬁ%hﬁ?’?“%ﬁ%@ ref erence
grat i ng P! at Bions Blpallbto MRRUPHEIBO" Linitahd: BRFedfe i dag] €nOLNS o

t hese | ens systens. ens stemhas a focal length fl and this system
i s arranged aystem dnd therseeorid leds systetrhis eghia nefiof Htwherehyes ks the focahe | ens

system LI deflects, the chief rays of the sub-beans in. directions parallel
to the optic%qngi@fsthﬁﬂfc.‘mé‘%é‘say "t‘ﬁn%@eﬁg‘?’iﬁ@@ngrf‘ﬂ%g ?lia{]eéf a'l'r@%edag%tem and
the second | gﬁ eéé’ﬁtt%ﬂxiﬂfes%%&ﬂilewsﬁs{ent AZinne paibetweenthé hoo feasal 1 ength

of the secon ns system The reférence grating plate is arranged at a

di stance f2 Systems the chizf tayd of dresubsbeamsare/paraliel ichide patical Beis\R@nhthehe t wo

| ens systens the chief rays of. the sub:beans are parallel to the optical
axis 00", thBOSIB%%PEt:hShvegggPﬁ %ﬂb‘ﬁtlﬁahte is not critical. [0084] In order
that in the enbodinment of Fig. 5 the plus- and m nus order sub-beans of
the same diffract {go84pr der & erddethaciit e embodiniehadf Fig. 5 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, preferably 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.
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they can be correctly superposed by the second | ens systemon the

associ ated reference grating, stringent requirenents are to be set to the
mutual quality of the two associate 6‘%@dges. These quality requirenents
relate to the quality of the inclined faces of the wedges and to the wedge
angl es. [0085] To lessen said requirenents and to release the tolerances
of the alignnment unit, preferably use is nmade of the structure of

defl ection el enents shown in Fig. 9. Instead of one discrete wedge for each
sub- beam a nunber of, for exanple three, wedge plates 190, 191, 192, which

are comon tGodlJer St aPOREP suchPdsitivR dn operding B prérens 18apeb-bpantis ve view and
Fig. 9 a side view of the wedge plates. The wedge_ an I .e. the angle

le, 1.
bet ween t he ingigent dneeneopeniegting plases wiH apebedetlecter by &his plate.p| at e 192 t he
angl e between the face 192a and the face 192b , are different for the

three plates. toli\m?@ t he pbg?tgmgftg{oﬁglfa{gﬂz?%% m})ﬁ% ; iihas a wedge angl e

whi ch is opposi t hose™0 ates are provided

Wi th a numbesncintel) &3 HiESord %9, operinys. 20Al§hofirshbidehsidr-beasisown in Fig. 8.
These openings are arranged at positions where sub-heans a]gig L nci dent on
the rel evantengbanters zprapasnings and u/md deflnrisddty anyof th Platee I BgcR position an

opening is present, |f suh- i | i"%%ﬁ' LBbSehi i@ Plate it
will not be 8?‘1"@&?‘8&%@ etqﬂ%}gpgﬁﬂeeoi%%%@m lélj%hﬂkagﬂg krﬂlgugh tlﬂe pl ates a
sub- beam wi | deflefied ®ol feqight B¢ kit fireysiater] 90WSubsequéntlysthis@nbpeatnas f i r st or der
sub-beans encounters zero openings and is not .deflected by any of the
plates. |n Rieflecgdoner panaler angls dhthedet pFinally this subReagy PaSEES sub- beans i s
shown. This sub- LS L | g furth ' ate 190.
Subsequent |y ggﬁ%@%@tgé%@?ﬁggﬁégéﬁéﬂer a sﬁ?ﬁfﬁgﬂgfcﬁq the left.
Fi nal 'y t hi sSE&Wackhefiiegas-beans themambhr effopepings agd de®rder of ithe patgie 192 so

openi ngs. anchikb sesharents s PSR diferPnt RO 1R KT A PR Coont ts
different fromihasebeddieaebilGenshs A Brent directions. It will be clear

that with a combination of three plates 23 = § 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. 5 and 6, sub-beams with an
order number of 1 to 7 are used so that seven reference gratings Goo — 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 Geg — G4, 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
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so that the sub-beans are all deflected in different directions. It wll be
clear that with a conbination of th#.ﬁg%pl ates 23 = 8 different deflection

directions can be realized. As a pa f sub-beans of the sanme diffraction
order is deflected by the same wedge plates, the risk that these sub-beans
are not deflected in parallel directions is mnimzed. [0087] In the
enbodi nent of Figs. 5 and 6, sub-beans with an order nunber of 1 to 7 are
used so that seven reference gratings (B0 - (P6 are necessary for the
alignment in the X direction. For the alignnent in the Y direction, seven
sub- beans Mayherlgsaingori@n haogebérind ofi 8.8 pmeasds stiawrt indfig. 6.eThrathere gratings
@8 -- G104, as is shown in Fig. 6. A second series of %ﬁgltﬁ/ee wedges is
e

then ar r angaefesmee gratingsibavesinky ene gatingpepaq; which ofresppn nbodi nent of
Fig. 5. Int ' ' . ondwih'al pesiodlof 1 Hffof MEdge pl ates
i's then arré%gﬁﬂgﬁﬁ{a%%%?ﬁ@@?ﬁ%ng%gﬁeam bgflgc?le or behind the first
series of wedpara giatifg PyHlledcaprreraigs ef #4 gnodsspdisted witidh¢ grating he
sub-beans in Y-directigns. The substrate nmark may be the mark shown in

Fig. 2 or otﬂi@kﬂl?f)ggﬁfmﬂa&m@&m@%‘a-, mar ks provi ded al ong the scribe
lines. For the first-order sub-beans, a simlar reference grating may be
used with four 41Ng porp,i SRR of EC R JAa\6ethR sdbdehmg period of 8.0
.Lm while the tW]OSGLOI%éR@Z%%Z ofheor g%ati ng portions have a period of
8.8 mas is Islingrthe higheq order niimberdrb deflectest by dacleflegtionickgentave only one

grating period which corresponds to the. relevant diff.r | on order of the
grating porttb{ﬂ%hmeclﬁfgésﬁf’élgféogfwcv% ({)}stsrn(ﬁﬂlgccs %S'Hngftg%ééeati ng Pl. The
capture ran%ﬁh%ﬁgﬁﬁf&%@ﬁ@ﬂ%&ﬂ&q&eﬁ@m formitimPingbptidal. 2 i s

t hen mai nt ai ne n the ‘enbodi nent of Figs. 5 and 6, the sub-beans
havi ng t he hibgtrationsdn dee gratmgienages. e Thias aycal egepsor@hydhs | on el enent s

t hr ough theeglél,%[ est vg gl eﬂSﬁ%‘mﬂa&hﬁdﬁﬁ%&ﬁ%%?fe‘:&ac,';’gﬁ@@%?geynder sone

ci rcunst anc exa m ni m zi ng
opti cal alternately 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 Py 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
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aberrations in the grating i mges. That may al so be the reason why the
sub- beans with an ascendi ng order nuggﬁ& are deflected by the wedges
alternately at a positive angle and & négative angle, as is shown in Fig.
6. [0089] The m ni num 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 substrate mark Pi can be determ ned by neans of conputer
simul ations. Such simulations have proved that, for exanple an alignnment
error of 150 nm which remains when a first-order sub-beamis used can be
reduced to 2@nihninthehsamentioned anidethe glignrherd beamn mestsd forfedample | n principl e,

th i mb i det ect ed. | i by th
i i o 1 nt AP MAAE e Yurtaps ShoyBes S otiosiS o GRRLARE Y 1"
aperture of fnﬁﬁe Eﬂ?-%a%ﬁ?ﬁ&fmﬁtlit lﬂeats,f&ekénﬂﬂ_e@mly tweh§ ofithéseraifacesof t he

sub- beam f or ne y a diffraction grating quick decreases wth an

i ncrease of Hhke wtalecflactionboss isfa fabios of fevr inetheroff-axds alignment pyit.dhe 3 sub- beam
is inversely_proportional to the square of the or u of this

sub- beam Fo?'oégéé[}m‘?ﬂté}‘ gf’a‘gﬁflf‘y AhfS Wgﬁfrﬁ?r@ﬁglg%§qiésm hus appr oxi mat el y
1/50 of that s @fnnfnt béatt 1Othe Sh-aisaipaaAeht diie i ntensity |oss due to

refl ections ergone by an alignment beam when traversing the off-axis

alignnent unit is, however, considerably snmaller than when it traverses an

on-axi s al i gnnent [0098B61. 01The pgnerical aparturg NAuyehichythe optiealiS¥HE™ unit, the
| t b t f i : Rj
ohi oh T of | ecthdr usbbat B RhrbeaiRIA Y ifabich S8 G Blerby: ACED OF

neets, for exanple only twenty of these surfaces. |If the total reflection
loss is a factor of four in the off-axis alignnent unit, the 7-order

al i gnnment sub- beam may have as much intensity as a 1l-order alignnent beam
in the on-axis alignoent unit. [0091] The nuner.i cal ert { NA" whi ch the
optical system LI92b nust have to pass a ﬁﬁlﬂi&m th g(ﬁiffraction
order of N is given by: P

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

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

[06094] 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
dx 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
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[0092] NA =sin (N . L (10) P [0093] For a 7-order sub-beamand a substrate
grating mark wth a grating period g~ 16 mand a wavelength ). = 544 nm
the desired nunerical aperture is ag%,%xi mately 0.24, which is a very
accept abl e 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 enmbodinent of Fig. 6.
The di nensions of this plate, hence the image field of the second | ens
system are determined by the dinension dl of the reference gratings and
their nutualg dth&txamaeerdzfoﬂémamplmhtsUHrmvlﬂmplastmﬂﬂsth@mawé13 for exanple,

bothOZmnsothat t he di nsi on dx ,and Y,
the plate Rameigrred $0 weAFeRNGtOR FC F’r@awﬁ%m'z ?é?Bﬁg glp;gi;[ Im(;'?ZI 3f3

mm [ 0095] a‘b?z angéffel Xegﬁgg?%léﬁﬁs Bﬁ?m%maqg'oﬂEﬁIn ﬂfatﬁirglayé'dmlfls be made of

gl ass or qu quartz plate. This structure shows a high
degree of stmbtetial wmcliﬂeyenmm@dwdrm; feﬂ exomple m@m@zo‘ﬂbs&ram diAbgadnt

P-0361. 010 29/ 82 synt he mat
t hat case i tremarkedy ’é‘ﬁt@i"i %ﬁd‘ﬁ‘if"'tgé'r E’%ﬁéﬁ f‘ﬁf’?’if gﬂget @8?%&%2&&%&@%2' SZ:' (S:Z i Inn
opti cs, a@eﬂhﬁ%us@@%ﬁeﬂ@&ﬂﬂs&ét& %hgk{s%r%d phigesafther deflsttibni N one run

|nath|nl this mterial, which I's applied to, for exanple a
quart z substelaments Amyaierahemgltlvelpmwh as rﬁl Qﬁpmmﬁn&%ﬁféf]@"%ﬂ’ges

pref erably wedge pl.ate ravi ded nin ﬁﬁﬂmu]e st ead of

di screte wedeReord ‘? B%‘ep'bﬁé"t@é’re We?osﬂggﬁg t?qgenff)mﬁ I:Iajments £F1naty be

al ternativel é’n‘dﬁt‘ﬁfbﬂ tﬁ*t%%'&eﬁﬁ ol rdifdcA0d index Ghrddtion $n e nwhéridl obalplate,one or der
IS used. Furt er nor e ossible to use deflection struyctures

constit ut ed wmchqoattmmsre@frovlétd Sonaxamplatiesmeansaf den wplantati9ne naterial of a
pl ate, which patterns are provided, for exanple by neans of ion

ibgpl antation. [OORghef N Ordﬁxrorha'at}la%tt tdo¥rindent ROGREmER VBRI S have to

imposed on the groove depth of the substrate mark, alignment radiation having
two wavelengths, for example 633 nm and 532 nm, is preferably used. Use
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,
however, 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
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| nposed on the groove depth of the substrate mark, alignnment radiation
having two wavel engths, for exanple &gg nmand 532 nm is preferably used.
Use can be made of the fact that thg gles at which the alignnent grating
defl ects the sub-beanms and the positions which these beans occupy in the
rear focal plane of the lens systemLl is dependent on the wavel ength, as
Is apparent fromthe expressions (7) and (8). In principle, the orders for
the different wavel engths can be distinguished fromeach other. Wthout
further nmeasures, however, a given order, for exanple the second order of
the first wavgleengteach ¢thas whidh iswye wothe difédrews angles of ineidgnest of thtie second and

third orders of the secand vel ength (532 ng). To separ the orders of
the di ffere_riitllgﬂWﬁmelPe@H@t‘Wg‘ @gm%ffgqreqtgyﬂ%egagﬁs.oﬁge,angﬁs g’?ﬂ’rﬁ‘% ensured t hat
the beams wijfnblieq Jinihfgal pURIHE SA BoréVefi ANmlanErdts odbirfigg ent angl es

on the substrate grating . For t ase where seven diffraction orders
are used, t hiueso Hefotusing effects 'dhen usingiwpo watelengthh e Patewidd in the rear

focal plane of the |lens systemLl. _No there i first - shaped
pattern of plsflestionlemenss st ‘ir’?(ﬁ”“fsﬁ@e&\fal?ﬁtﬁ‘r@n(se S@%@P? i%Sht%% irst

wavel engt h - Ofserallanast iRALAESAQfisPas Weidga4s wedzed 65 for the
di fferent o?ﬂg'rgl’oagﬁt eeégboné wavel ength. As is shown by rrg(ggr?s of the
doubl e ar r owniil bt lised; enthat insfeadtiof)6 wedge-haped platesswelye of sudrplaes wi t h

P- 0361. 010 30182 respect to each other, which is due to the different

angl es of iMBPYPREYESDT the alignment beans with the different wavel engths.
These angl es should be mintained as mniml as possible so as to prevent

alignment errors [@agw i ng AGégerd MefiRilioe B thdalpdringait svithven usi ng two
wavel engths, the plate with deflection elenments pust of c%hjrlgq? be adapt ed
|

to the situawacitengthsiis ilbisrased imFigriy. Imthis Kigi the ratesense npme ia, that
e e RS e e RSP TP Pl o ©
al ternative fiQf aligitnent beimirdMaving talfirktmavelength A, for example 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 2, 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,

L, (L1, L2*), 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
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wavel engths is illustrated in Fig. 12. In this Fig., the reference nuneral
160 denotes a pol arization-sensitixgvgﬁam splitter. This beamsplitter

receives a first alignment beamb g a first wavelength X1, for
exanple 633 nm from a He-Ne |aser, and having a first direction of

pol ari zati on and passes this beam to the substrate alignment mark P1.
Incident on this beamsplitter is also a second alignnent beam b5 which
has a second wavel ength A2, for exanple 532 nm and conmes froma YAG | aser
precedi ng a frequency doubl er. The beam b5 has a direction of polarization
whi ch is perpeE@rs90-86 (30296 and @fadidiidnzearne 70420 whede behm ibeam b5 i s
reflected to the substrate mark P1. It haswlchelgs ensured that the chief
rays of the coeplaginio thedypsmayia 2 FERRINEPTER frci/dd by the beam splitter so
that these beanms will be passed as one beamto the mark Pl. After
reflection by th k, thes ' hlgrierithe beam
splitter. A sepi‘r)?i%;.l ali gﬁ:&gﬁ?%ﬁlﬁ%aﬁgﬁfi%ﬁ?‘gﬂiﬁﬁgﬁg? flor _%ach of these
beans. Each yn@fwhdi€iaa spedidland préferradikiat iof hevemsplienifilds usede Biives, via the
beam splitter, the sub-beans of the different diffracti o(r%lar ders com ng
fromthe sutheamspliftergpmaprises 3 polarizalign-sansuive bramp Spliting PESM 0§ sypstrate

Cub: boas, e R B g AT EERA2 AL LEGR: BRdnIb MPing ©1 T

sub- beans, ed Wt eference to Fig. 5. To this end,
each unit i sfifféreni wWeebletigttham doenisg frpst seardes, not kilywi, late indicatef bya wedge pl at e

VEEP ( V\EF' d Fig. 9 ' dge- sh | at | at i th
r ef egence) g?tgkkﬁ%gs mﬂoléh@a S;{Ehggtﬁﬁg&ﬁﬁeegg&ﬁ?@gé‘?‘dﬁoﬁ@%? ef'gc'?o\rMs 90- 96
(90" - 96) - and, ol 4l At b SRYEL Grpcidhh ARG HoRA T TirtwRudl gl nt 0 ¢ he

systemvia a COUleI ng prirsm . [0098] Fig. 13 shows part of an
embodi ment  aéflédied by a gefleetor 213 varddbe polariaatiqresenaitive heamyspidinged ki nd of

beansplitter 160 _is ysed, This_. beanspldt 0 i .
pol ari zat i orf2¥&Rd PR %%é@p@?ﬁ?%@qc&ﬁflﬁwgm g"ﬁar the grating plate 211
and a refl ecl af pj1dhe HifiatRaeRedtddbpi dediingdrknad sphiff fpeinent wavel ength and
com ng from Sour ces, not shown, ar€ indicated by i

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 by; 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 b2 leaving the plate 211 has a
polarization direction which is rotated over 90° with respect to the polarization
direction of the original beam by;. The beam bz 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 bys. 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

P-0361.010



thick Iines and the beans reflected by the grating mark Pl by thin lines.
The beans blo and bll have the sanme_pgl arization direction. The first beam
blois reflected by a reflector 21534/8%ar ds t he pol ari zati on-sensitive
beamsplitting layer 213 in the prism210. This |layer reflects the beam
blo towards the grating mark Pl. The radiation reflected by the grating
mark 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 elenments and

detectors V"U}r&ﬂic@ﬂ?es@ﬁéaxﬁ;@ﬁﬁbi&é? ThesamkholdsHoPAE béhas bpaadd, batale b1l is
reflected by the reflector 216 towards the beamsplitting |ayer 213 which

reflects theodsiimmof twanartk Bithe quarter-wave plate 212. After the beam bll
has passed this plate it is reflected by the reflective |ayer 212 at the

backsi de of this , SO t i t hr ough the
plate 211. The belﬁhf@‘iz I eﬁﬁﬁemﬁ%ﬁgﬁggéfgﬁ' ﬁzgﬁﬁgﬁ]@olﬁar :I?gt lon direction
which is rotiﬁ,]gl%gl IOM 1§Ere?&aWytah-aﬁQ§pmﬁeélﬂhé bearp eplitter 226 and thediraténg i on of t he
original beam bll. The beam bl2 can pass the beam spli t&]@%gﬂﬁl ayer 213 and

reach the grmakdy, aseshiewpin Fighd3s Ehlsahaﬁé‘l?a}déﬁlo@é]t@d%gq is al so
i ndi cat ed by ? gy%eamr fq[rjt@et“;lg"ﬁ %avfslehgﬁ]st?f&

beam spl i ttlst,'llﬁ raverses WI ce t guartér-wave plate 211

and final | ym sefle@fek Deinfd sépardidisecond Rhs 2fsterholg ndsshoka iadSpdidat ed structure
of wedges and detectors, not shown in Fig. 13. It is only for clearness

sake that memagmel:sssatyhe reflected beans bl6é and bl7 are represented as
spatially separated beans; in P-0361.010 32/82 practice these beans

coi nci de. The sa ds fof, mibb@infines dkddritld dbbee thgosi tion of the
mark P1. [00100] n@ﬂ%e enbod‘h%glri#s Fi gls 12 and 13 the first |lens

system LI |sd@é@¢@@@lﬁ[mn§ed&mgﬂgfmhhmmmf¢ren®®m1@§l ilm practice1 6 and t he
grating mark P1, as shown in ) theg\gigd't advant age

that only onkoOwesgb Weh@ﬁéhesvgqr%qﬁe,gatﬁgé&;&nalgro?grﬁggl{l of different
wavel engt hs. er:éngd 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 L2
for one of the beams b5 and b7 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.
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the refl ected beans separate second | ens systens L2, not shown in Fig. 13,
remai n necessary. [00101] In the different enbodi mnents descri bed above the
detectors are arranged directly behi Rd/&2he reference gratings. In practice
however, behind the reference gratings a bundle of imaging fibers nay be
arranged whi ch i mage each of reference gratings and the superposed i mage of
the 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

bet ween the inmgee163y "ed Phert AR diffbreBegisBibilfties bEusing fhervaribugi ffracti on
orders can be decreased and heat generated by signal anplifiers and

el ectroni ¢ platentersignals. oA staganaychst madeayith theraligrment bygnsaof i ¢ and the

appar at us. so the .radiat.ion [ itions renote
fromthe al %HB‘P‘#I a‘m'ﬁe“‘%?nbd Rrﬂée%$m§§% %@y@;&%\&g%gﬁ@%&&? ed to the unit
by an il um pa ke BBt Subkéduendy, thesighilsofnhy détbetolsembocimekr at ed by the

radi ation sources can be kept away fromthe a}j I gnrent unt'bt 8)2-,(1 t he
| i hogr aphi ¢ with hessegend-pden sibrbeamspaybe ysed fertier slignmeht heRtheecond | ens

system L2 for one. of e . & Ml 4 1 Ng

refl ector mai}glf?is Ofa@?g%%gtgpst%g%ﬂ)ﬁ%(?‘fvgﬁgh é;&%gﬁr?%ﬁh%? E{nﬁ? Isﬂage%g%{:é)wards a

caner a whi chior bQ@efil@faligihéRit, andeonfotthr Thizrmay chmsinae ¥4 ouglas theage of t he

substrate mark to an ggerat or of_ .the apparahua. P- 361&8%8 33/ 82 [00103]
el €

There are difubehreams ysedstilbhavesspiicient injensiy ¢ 2 ctor signals. A
start may be with the alignnment by neans of the first-order sub-beans
by processin "signals of the detectors associated w th these

sub- beans. Subsequently, the signals of the detectors associated wth the
second- or der sub-[08404] nay Aeotheeposkibility istemsedbn therreengnitionghatthe si gnal s
of the det ecf or . a50C1 21 Sl obASs hThirdish dPhe SYBerREBFBLERY Do used
diffraction orders when given process layers 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 alignment 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 pattern 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
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for even finer alignnent, and so forth. This may continue as |ong as the
sub- beans used still have sufficient,i %ensity to be detected in a reliable
manner. [00104] Another possibility Pé@ ased 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 the
substrate. In that case, a direct choice of the preferred orders may be
made for the alignment. Under circunstances, said possibilities may al so
be conbi ned. [00105] Hitherto, only the alignment of the substrate with
respect to asutapparsaighsaligingmenieas destiitsed in il Bitemtef,25letfflemayr bt i ngs has
been described. Wth the sane alignnment unit also the position of the
substrate H&Pdler or table can be determined. To that end this hol der or
table is provided wth an alignnent mark simlar to the substrate

al i gnment mark. ( e.g., s AHEHCALE ABning tht WRkK phedn satematical ly in
Fig. 4) The posi tllﬁg%%(}f theAéﬁtggl:tﬁrdgiﬁe tf}lol der ngark V\A':[g respect to the
reference i nregfeet @l thgsutsahteuable is the dst afithe imsage sefos upis desonded 8% t he

substrate nmark with respect to t ubstrate hol der,.mark .i t hen known. To
be able to fﬁo;zeﬁewlﬁm%wrﬁ&ﬁo“@rﬁﬁ- i‘i‘s‘fq&i‘é‘%%ﬁ“baég Wﬁ%ﬁ?ﬁés substrat e,
a further ”%ﬂaang{aﬁﬁgmeahéop@gﬁ?ﬁ@ﬂ YditeABh % cbﬁe%poaﬁaﬂgmammsmeof t he

mask pattern espect e substrate holder or table. For this
further neasforenemarkinthesnbsiratetablei gmfhantablen b detgetor may de aReged ef er ence

to Figs. 1, 2 .and 3 y be ysed, with I ch. nask mar lgned with
respect to neghind refg%@%%giﬁaf%“%rfé&? r‘%&%&ﬂaﬁse{ih@' L@%ﬁ%‘?“l&ﬁa i gnment
uni't as sNowpalyiafd g clebtfic 03 O theTiiiRscaide, i mapestimok aniels gnment uni t
as described In atent 4,251,160 may be used. [00106] Anot her

possi bi ity infended fori fog exdreplewslibrpting ar on-okis Rlisnreery apit which pReraghst r at e
A e R

from that of the projection radiation, or for checking the image quality 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 ofthe 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
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| maged by nmeans of projection radiation on a corresponding and transm ssive
reference mark in the substrate tabl ?ygzn this table, a detector nay be
arranged behind the reference mark for converting the radiation passed by
the reference mark into an electric signal. In the first instance, this

I mmge sensor unit is intended 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 checking the image quality of the inmage formed by the projection |ens
system and f alignmens unit irgthisi ditestion. ghee Xslide abbe substigiedaflsis BOWEVEToccur, but

it | ' t| :1e] ' ' t W th t
o the subst feeeeapeiba inpedis bR KIREE Lol en FRBAmRR R I 1 | PDPEC

descri bed i ”celrﬁlﬁéleaiiht&ﬂwﬁéﬁbs&ltﬁcaﬁrbe?lmgeaS:EdismncaJaiﬂ25 mopiomitheg i n
reflection may be alternatively used for aligning a mask mark w th respect
to a subst r aopticahatis ofitheprojension lensgyptemn. it SPAWRYER i bed in US Pat ent

5,144,363, operates wth.anre ' aht e RAdGGREPri ses a
relatively | mﬁ#érl?ﬁﬁé%g@%\éﬁ%ﬂ?éE’mg%gg{r&?er&]t@he mar ks}gt di fferent
angl es and phia6l itsopaei agks 001 A pdrtombsweeatiedroptiicrlenssysteonand ar e
provided in a sensor plate which is aréggg&ad bet wee | ection |ens

| CI | t he pr,0
system and t the subsirase is#tspageawhigh istgceupye SSPralecy 'Gﬁﬁfhéaccordi ng to

t he invention |10 IO h¥hk AliSnmeRGSdiatidh. STHENI t Must  be
arranged as gg}s%}naa'rsl?egcs?slg?@?% sBﬁ!'gQ%ﬂsebf;‘tgm elémgf theasubstrate table and
requires a buligihéin begadeineidention the substratealt adistancadx foar theragisd?Q’ f or

example 0.3. In practice, the length_of t Y .slid t he .substrate table

appr oxi mat el Whickrdigangs,is thus.fof F@‘&éﬂ?gﬁmqufer%;ﬁ;et“g%&e whi ch the

| i hogr aphi ¢ @H{?ﬁﬁ?&#ﬁo@ﬁﬁ_ﬂ@%l%@%ﬁﬂ&ﬁg shie. XD p6sitidf)2hédafreteran 8- i nch
sO tha

substrate, ereis little roomfor building in the P-0361.01 0
35/ 82 al i gnmefithewone withirt Whish diersubttieams withethx differens diffractien erdefst r at e t abl e

] oot ol GRS BT o R e 2
di stance of 22,810 {HeQifnicfRal 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 holder, 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
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optical axis of the projection Iens system This is shown very
diagrammatically in Fig. 14 which Sh?&% a part of the projection |ens
system PL and its optical axis 00'. %ortion-betmeen the projection | ens
system and the substrate is a space which is occupied by the projection
beam and the arrows marked b indicate sub-beans of the alignnent

radi ation. The alignnent beamis incident on the substrate at a distance
dx fromthe axis 00 which distance is thus, for exanple 25 nm The
reference CS denotes the critical position for the avail able building
space. At thhgshasg §thdsh subbeatel imafiet aan bealighddewitio respedt thalignimdng h t he

sub-beans with the different diffracti ordersa gf s'tuat.tﬁghis equal to
the di st ancemnarks phgesybsirateheldenqrtable Afigr he sphtrafe. fogetael Wihdhee o

nuneri cal apenrtun r R [ ARENLRE ofl aqngsi@igﬂn@ny@me of 32 mm
for said di O#gggsg%ﬁ(fl%egnet grp?éﬁhgnceytﬁe’?e uired vertical space at the
| ocation of f8ds iobelfigned wikhirsspect ta thessabstrasbhelderogarks whishitakes oghact i ce.

However, this vertical space may not be conpletely avail afjl e t hat case,
two of f - axi s2 SI17igHAENAS UHPE SPRAISIUSSOTPEGIGH s&ﬂ”ﬁ?@%%@%@ﬁ agl{rzrlet rically

with respec m@ﬁggﬁ%@&s@rﬁ%&eﬁhg@@& 60¥ Aifst JutRihie iR the fiBjestibist r at e

[ 001071 As the o axis alignment unit is arranged in
the proj ect i gticcd s¢ovnd subbtpate is being ineasueeskan g measurentent piatipedthe on  system

and the substrate holder, of the lithogyaphic aratus. With the
i ncreasi ng daFRASHPYLAS @é?@i&ra‘}‘@sscoﬂ%‘a?rﬁ@yﬂﬂ&?‘i t@%?a:eqnaqq%g{a Wlsnd t hus
conpri si ng \!}}Rﬁ@n%'s g&ﬁ@%&&%@miﬁ; TheQlighmemm@ittused fc®dur e becones
nore and nore I me-consum ng. The throughput of these apparatuses

t her ef or e t eméssutiag stition foxsbigning houbstfate mads witkrespect 40 @ sybsfate) ¢ has al r eady
been proposed to add. to_.sych an ar.at us l:ng station. In
this stati onDQIAer PYEig PISF?I'&{?%Y\?“Pﬁgg&gmn?ﬁé%&?@&%ng ; g%@'ect ion, of a

substrate is nmeasured before this wafer is brought in the projection
columm, or proj ecfgoepsist at i ABeorliidgtid eriPirY¥eftion) i (RSitidA offeasur i ng station
substrate marks can be aligned with respect _to al ignrrent

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 grocves 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,
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mar ks on the substrate holder or table. After the substrate, together with
the hol der has been placed in the pr%% ction system only a mask alignnent
mark needs to be aligned with respeé? fo t he substrate hol der mark, which
takes only a short tinme. As in the apparatus, conprising a separate
measuring station and projection station, during the illumnation of a
first substrate in the projection station a second substrate is being
measured in the nmeasurenent station, the throughput of this apparatus is
considerably larger than in an apparatus w thout a separate neasurenent

station. The,alGnGRinadid aliss@sbnt Mafiwith Beedlaserngatdasat waweleogthal i gni ng a
substrate rrgorﬁg w'th respect to a substrate holder mark is preferably an
of f-axi s al iafi638mim andst gueembaserdwyingenayelangfhof 881 According to this
i nvention, the position of an alignnment mark can be determ ned utilizing

information from vel the . ﬁgiﬂﬁ ; LifRasystem As noted
above, alignnent @M@gubswgt{;ﬂ@%%‘h nuPaclglg}rlgﬁi often perfornmed by
det er mi ni ng QA&idn S alibnMbAnAR depthfer uhwbd aid green aferovavelengthses of
grooves formed in or on the substrate. For exanple, the a{l)rétgnmant mar k may

be a phase Neteitmey there aneiregions ingwieh the signal strengthy 2t ope ¥ eIEREHAT t om porti ons
of the grooves have a phase diff ] CRIRE ' reflected
fromtop porst“gﬁtﬁgmg]fy ﬁ‘ﬁ&%ﬁ%&%‘%%ﬁ%&?gﬂ%‘ﬁg‘ (t)%t | caﬁav%%?gm??r%t h di fference
bet ween the ol ihecrell sipahlirengitich avundll 5@ nneat slightly lessrideelgoedy changes

during processing of the device gn the substrate. Such rocessi ng nmay
result in chsaweggsompareddo giefgreqn %Méﬁ%f@%@“ﬁa‘g‘ﬁgﬁegﬂ due to

processing stensys iaki O M rdPShal séngiRt BT i &l over
t he grating. S“ﬁﬁ@“’l#%ﬁ%@?&%ﬁ@%ﬁ% Stg(?%%és?t}cﬁ a mark ﬁlgag a nﬂi mum when
the depth of ofeippBiaBM@R thay basettiet dlighment process bawhichesersignadt i ve wavel engt h
in resist. This may result_in a | gss_or, ge radi ng. of an al 'Wnt si gnal
for a gi vensieengdrigsmenges, KhigapproachpfsvalC t]%séi agi%'é‘b% S}Ter%& evfces. One
approach t o, SQl\Rudhil SRRt $o Mibthdr itiFhiatiey Whaeelahdtgmigpbe Mark on the
substrate wit onea{ﬁlll%%{r?en %P%lﬁ]{ig that has at |east two vgave_l engths (see Fig.
12) . For exapgiéreed tB-a8 28ignfibnOSignal 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.

[060110] 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, STL. Alignment Signal Strength Digital Wavelength
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37/82 one may illum nate an alignment mark with a red |laser that has a
wavel ength of 633 nmand a green |laser having a wavel ength of 532 rim
[00109] Fig. 15 illustrates alignne lgzgnal strength as a function of an
alignment mark depth for such red and green | aser wavel engths. Note that
there are regions in which the signal strength at one wavel ength is
substantially stronger than the signal strength at the other wavel ength.
For exanple, the red signal strength at around 150 nm or slightly |ess,
is relatively strong conpared to the green signal strength. In contrast,

the green sisgR@hingSr AN WSadan BB ALEd (O thatl® WillDdepth imgaberwegniis0ative to the
red signal strength. In one approach, one may base th glld.f nment process

on whi cheverand 260 am, buttheseds a discontinuisy iptermeidte befygen & ching from

a signal corre i to.one illum ' : er

il u?ri nati ng® W;B%‘Ir}'gﬁ@ﬁﬁ %ﬂlgm%m PP%*P%‘??%%?%&@W%%@‘%@% Strength
Di g: tal Y\a\é%ﬁlﬂg%iﬁv@\ﬁﬁhﬁﬁﬁrﬁ@'aQE in AGSEMBinuohs) saddearchanierdig. 16dlc i s

i mpl emented I n

e SPU and/or Posjtion, Determining Unit jllustrated in
Figs. | and illusatesen embogdimentin whighshe sighalehgmiboty }JFY‘QFHM 8FFrjfh
Swtching | eads to i.nprove i maNE T LHAhdd gant ranges of
mar k dept hs_togeﬁhetrﬁ? g&gmaﬁ}%sﬂ{&ﬁgﬂg%ag%ﬁ engt J&%rgﬁ{l eﬁ?el ative signal
strength w tifgh@emgeiforfaiter-al ac@naey. fok\idymmettib enaskowith afark dépt i nventi on
the signal strength can al so be the absol ute signal. stren r the
nodul ati on cHafKing betwepk 159 aﬁfb?oQﬂmﬂWe‘“fﬂ%P%?m&ﬂ‘Rq‘PﬁH Sggiﬂ?ﬁ‘gosi gnal .
Aecor di 1ot 0ty LA ne EHAARET THIRIAKEIRAE, G 18hisanRnt acoracy and

ain

preci sion ma 0 by conbining intormation fromboth signals at the
two di ffer enfeipm\fattongioduceAhd hogem shifyin dtgned ipositions, but thisalwxanpl e of red

and green illum nation wavel engths. fram conveni entl vai l.abl e | asers, the
br oad concéﬂ‘FOfB'PfaE%th‘FSﬁ\PéﬁtPPBﬁmi %@@\e‘ﬁipf’%‘ G?b“fﬁéﬁ%oglﬂfgr val ues of the
wavel engt hs. ' Em%ﬁ inb lsipBhY sieRsthl havigdh bignifitand dogiribaion posi ti on of
asymmetric a‘f%%%r%ﬁltw%rg S a§ asﬁlnc'tio% of _th% diteggith of the alignnent
mark. The asymeimtconracyrofitee ¢ombined digned position Totreohle o sapbingheas cvp,

et chi ng, 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 signais 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
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resi st spinning, STI. Alignnent Signal Strength D gital Wavel ength P-0361
.010 38/ 82 Switching or ASSDW5 can be used for marks with depth range
between 150 and 200 nm but there i39/82discontinuity internediate between
150 and 200 nm in which the shift in alignnment position goes froma

maxi mum positive value to a negative mninumvalue in a discontinuous,
sudden change. Fig. 16 also illustrates an enbodi nent in which the signals
from both wavel engths are used together to determ ne the position of the
al i gnnment mark. To enhance the alignnent performance and accuracy for
asymmetric r kK i fgaﬁ,lé S'Pééﬂ L hdor@0 nm t he

i nformation egénth\g%z%ﬂdbm gn‘é‘ﬁs tsrglgﬁi%ﬁ %Agjﬁmrggfé%apsel engths are

conbi ned. ThMasimaatRelativeTresholdMRE fastedwhish snaybei sglectefl dytthe uses r educe t he
range in shift in aligned positjons, but_ thi 0_ . ncorporat t he use of
a portion oflnghiscmbpdimeat thesweightng fe@rstor F%cﬁl %thﬁ%md\ﬁﬁégf%ﬁﬁ %Fsvmth
virtually nq_si . ] a significant contribution to the

i naccur acy af %Fﬁgﬁé‘%%ﬁ%?@e}gﬁgﬁ’}“gﬁgf&ﬂ%%’si tion. To be able to conbine the
positional information for inproved positioning performance w thout | osing
performance in accuracy, an extra paraneter is.ysedsgp_the all cul ati on.
[00111] The signal fromthe two differen{MRdvel) A 51 conbined in
many ways within the scope ek S dnvention. Gadéomd |V Rdhe  position
determ ning unit uses inf or%ltg?l?r?%ﬂr%?ﬂ signals fMRfi+he two wavel ength
channel s, taken sm@ﬁﬂnti ally in parallel. In enbodi nents of t@i}

i nvention, the position determning unit also uses a_sel ectabl e paraneter.
In some cases, the signals in one vvavel@il}gi-glf_ annébrmay Hey deened
unreliable or inaccurate relative to the othe 55‘9,,0,.“953&9 that the system
sel ects to use only the noBeightfdcals.e or—nost rgte-stgmal. | n other
cases, the signals nay be conbined to provide Q‘VEZF rmnation of the
position of j : ; : nefihoshrfeendd fof thehe i nventi on,
t he wei ght f%%?grﬁgén%g?&%é%ﬁdr%g?#ggéﬁggﬂaslﬁg %tﬂbt he two vvavel,er;?t hs are
taken to be (gelfitiveg réfteetioity of the materials on the wafer surface to ensure an optim

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

formula:
WRG,pen 555
. reen Teen — 1
. (MRT+1) ( Green SSGreen +WRRed i SSRed }
WeightFactory,,,, = MRT -1
(12)
WR,. . -SS
+1)- Red Red -1
. (MRT ) [WRGrnn : SSGrcen +WRRad ' SSRﬂd
WeightFactory, ; = 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 O 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 SSgeea is the signal strength for the green signal and SSreq is the
signal strength for the red signal. The variabie WRgreen is the relative wafer
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the neasured signal strength at the first wavelength and the neasured
signal strength at the second wavel i&&%h In addition, the weight factors

according to this enbodinent of the ention, that will be referred to as
Alignment Signal P-0361.010 39/82 Strength Vari abl e Wavel ength Swi tchi ng or
ASSWAS, al so depend on a Maxi mum Rel ative Threshold MRT factor which may
be selected by the user. In this enbodinent, the weighting factors for
each of the red and green signals is expressed by the follow ng fornula:
Wi ght FactorG _ (MRT + 1) SSGreen SSGeen + SSRed MRT-1 [00113] (11)

Wi ght Fact orf@gectivity ¥b¥Tthe gigen vaSeBhEthdviBfresfecCrocereidrente At WRri isI n an

extens!on to this enbodinent the signal strength.is corrected for the
(relative) rtberaativepvafor isflegtivity fgx geired g’aﬁ*"'ﬁﬂ%‘éw\ﬁéﬁﬁw‘é‘l}??me to ensure an

opti mal corrb'tna ion of the wavel ength channels, as is expressed by the

fol |l ow ng ISR E: (MRT + 1) WRG een SSGeen -1 WightFactorGeen r
WRG een SSG een +WRRed SSRed MRT-1 (12) WightFactorR d = &]II\/RT+1) ~ WRRed
SSRed --1 [00115] Fig. 17 illustrates the weight factors according to this

embodiment of the invention for several different values of the Maximum
Relative Threshold factor MRT. Notice that when the weight factor of one
wavelength channel reaches a value of 1, only that wavelengths is used to
determine the position of the alignment mark, as the corresponding weight
factor for the other wavelength is 0. In the case where the Maximum Relative
Threshold factor goes to infinity, both wavelengths are always used to
determine the position of the alignment mark. However, for finite values of
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. Thereisa
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
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W "Geen SSGeen +WRRed SSRed MRT -1 [00114] In addition, the weight
factors are nodified in the cases V\/q_ﬁ?gzt hey exceed a value of 1. |If they
exceed a value of 1, they are set equ to 1. In addition, the weight
factors are not permtted to becone negative. In other words, if either
wei ght factor is calculated to be less than O fromequation 11, it is set
to be equal to 0. In equation 11 or 12, the Maxi mum Relative Threshold
factor MRT may be selected by the user (MRT > 1). The variable SSg is the
signal strength for the green signal and SSRd is the signal strength for
the red si gnal detdiieining thefasitiodR the slignhment miek, beferecdfiaatipn0dahe 010 40/ 82

reflectivity for the green wavel ength with respect .to.a referegnce and WRed
is the rel apieight faetad Wﬁ@;}P’é’@fI?ﬁt g"‘f “ﬁ’@g%@%ﬁ}@"’éﬁﬁﬂgwgﬂwrespect to
a reference - b -i e O isf AEdter ha@ecording to
this enbodi rrfeec{ns?&g#ﬁivﬁdgd%ﬁv%%ﬁggﬁ% Oé@gg\?;teﬁrera%%di flgglr gn? vtal ues of the

Maxi mum Rel afnial e the MR ofadtof,therothe Might Katorder theaed signal is thoseriqght f act or

of one wavel ength channel ache val ue of 1, only.that el engths is

used to det bf Bl tQ E@Iﬁééﬁ"‘i&’@ﬁv%sht i‘%oratlfj’fg’r‘?r%‘?ﬁ“ sh@'lﬂifsc S V\@\"@orrespondi ng
ight fact ] ' t he Maxi

wel g ac Qé%ap]g(f ﬁér{iesﬁh%gé\g@wt%gﬁfwgﬂm §tfenigth ofthé BReR 3AalMMIGIded t he Maxi mum

Rel ative Thr act or inTinity, both wavel engths are al ways
used to det by thensigriahetrexeth of the resf sigimd issgreagemtban onequal toHbeMRTF, for finite

val ues of the Maxi mym Rel ative Threshqld factor,.there are regLons in

whi ch a si gn&ctef e’gﬂﬁ/‘”ﬁ‘ﬁ t%@m{ﬁg%;&sgq 1§ §9y4l 19,499 apgﬁlfe‘flg ne the

al i gnment  Mapke Gy thﬁzggéeﬂ%gd%apis‘#ﬁﬁﬁ:lp@ﬂ%’ls Qillé BeiiseQin abblutel gnal s is used
lon ©

to determ ne the posi the alignment mark. In addition, there are
i nt er medi at e threghiotthinstead whihe [discussga edlativiertbreshadd tbupihie prefgrradtoase conbi ned
in order to determ ne the position. . of . i ek, . Xi mum
Rel ative Thr @38 ﬁﬁ?"&m? ?EF%PIC&%I‘:WIQ%@H wittf e R4 TftsndTB 6 inditiscl”

security on alignment marks with low reflectivity. On marks with low

reflectivity the relative signal 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
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maxi mum val ue allowed for the ratio of the signal strength fromthe

wavel ength channel with the highest signal strength to the other signal
strength to use the conbination of b 2wavel engt h channels to determ ne
the position of the alignment mark. If the ratio is larger than the MRT (a
threshol d), the channel with the |owest 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 determi ne the position of the
alignment mark. Notice fromequation 11 that the sumof the red and green
wei ght fact | B1i e Si i SRiveldieih Switchide Fikes gdodnal
strengt hs isﬂl%ﬁe(r'oéhﬁ’n tﬁilggﬁggtg%ﬂggln?;nﬁg vvavel_g%hgth W tghﬁthe@r?igghest

si gnal st r engsiits for aseninetti aligameat aasks, buhitunss is pet limaktgdtodhat; he si gnal

strengths to_the actor to. identi the ¢ . [ one of the

two wavel engWTEH%‘gmagcm al§o gpggegﬂ%%sym%ﬁg?igbgg er"‘Err"ﬁH lrtléljﬁgﬂt he

posi tion of Hl}ii:@'dm&ﬁ%g&x. ik bBESe 6f habHidia iwap offAISVEWSueughd factors
a 11. exanp

wi th formul For | e, when the signal strength of the red signal

di vi ded by t laegesiagwant cftrebahie Informatinn agcempared ghilE cpss AW S han or

equal to the factor, then the L ght fact ignal is
chosen to b¥ ﬁﬂﬁquwt?e(’ﬁwg?blﬁﬁﬂ%\ﬁﬂ%l%i tug‘%gf:%}o%&%rohﬁﬁggreen si gnal
s chosen t ordighlcqitbahatoh @960 suidichehiit. when the si gnal strength of the
green signal divided by the signal strength of the red signal is greater
than or equal to the MRT factor, then the weight factor for ﬁage red signal
is equal to zero HMd1The welmease anyeffants besveenbepogigpn detgramed 8 equal to 1.

It is possible to use,an,a t | o] di scussed
relative thr bg’tftgf;td‘,va‘ﬁtlﬁngm&ls&g}l%ragﬁjg{reweogﬁ{bg d(t'}tse ﬁ{gﬁ btg%fétfpgdt hreshol d in
conbi nati on watdleAfiB chatinel éxigts,ipoesblyahosetidy drifcofthe schsosarurity on
alignment marks with |ow reflectivity. On with low reflectivity the
rel ative si giarcuratecalipration of ManyHer ¥yt ﬁgw B’Eqquesﬁegr%{ in the

specified Naﬁ%&;\;fﬁ;ﬁ%{@%b}’@ﬂ%%ﬁﬁ%g?uﬂwh&@&&ieﬁw;wh%h%ﬁbhiﬁ%r ength of

t he wavel eng owest sign strength may indicate that the
al i gned 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 s0

that the preferred first wavelength is used until the ratio of the signal strength
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position of this wavel ength channel is unreliable and unfit to use for the
al i gnnment mark position determ nati 041_,.[, %00116] Fig. 16 illustrates an
exanple of the shift in aligned pos $on as a function of the al i gnnent
mark depth for Alignnment Signal Strength Variable Wavel ength Sw tching
based on this enbodi nent of the invention as contrasted with a Alignnent
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
wavel ength occurs. Notice the reduced range in shift in aligned position
for Ali gnners e sebedd Wwivelingthhwitl/egspedi ke thésimlabstgnpthSWfithe prefagreds conpared to

th f Ali t Si | . Strength Digital | it chi d th
o aded ¢ r andiwvoCIRER RSO ke R i BEold HaehRia8- BWE00 m i t he
exanpl e illuyst r%élﬁ%vé,r?%@nge is]t?ansfemhiffot‘ﬁhm(’égfjstt\bﬁ/eﬁgﬂi todked &cbmsi tion of the

wavel engt h HER st gnal  streng most) O7is never used to
det erm ne t ReaveRajth Makiag thdsecaind gmmg@ﬂﬁaﬁﬁenm@aﬂﬂﬁwh-rﬁnk. Al i gnment

Signal Strength Variabl e_Wavel engt h tcgil ive? od ,resylts for
asymmetri ¢ aeduganthetprohabiliy og%ﬂ“t‘i tp e&g‘isé VY pdhe et 1 nproved
¢ SR : . . o E .
Park dopt . aigpBeRCHShAGENS felBp PR he furiber ORI B K s

mar kK dept h. cause o cient way of AS to use a |arger
amount of r elvemRlrther.N e prdferenceamnabsoizr toumsfeored firomorsewayelongdDies,  whi | e

not using the unreliable information he use, qf | arger of
reliabl e i nftae atker WAvelengdyon obergrounds, reﬁ@ﬂ@kﬁ?#‘fﬂ%@iﬁ%@@se any
of fsets between the position determned by the first wavel ength channel

and the position [ﬁﬁ%ﬁﬂm neds houh thes ¥eni facesrig tengssvrgannel exi sts,
possi bly caused by drift of the sensors or inaccurate calibration or in

any ot her wambolBfantds givebyleguagions htiaed 12 ppcilimited YPavGAMBIRIZOWS shows an
unwant ed sudd ue Afljlna?ldma{(]rglr}liélwumtvc U zeI‘or, e 05 X@l\égﬂ)@ BE{H Vet her

wavel engt h. ¥
are 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
“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.
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[00118] In another enbodi nent, instead of providing a gradual position
transition when switching between nuh#@gle wavel engt h channel s, the

frequency of wavel ength switching is uced, hence providing a nore stable
use of the detection systemwhile switching capabilities are stil

possible. This is especially useful to automatically adapt to sl ow changes
in the | C manufacture process, such as agi ng of conmponents or tuning of

| ayer thickness. In one enbodi nent, one of the wavel engths is marked as
the preferred wavel ength and switching to another wavelength is only
allowed if the r[@oizijof t hefasy ghekesesparangtis aod reldted witheacomsacylofngt h with
respect to the signal strength of the preferred wavel ength exceeds the

Rel ative Swithe pligmedipositien detEmingtipgs e PRFAMELE GG F“&\q\}é\\?s keeps one

wavel ength t he v ef ' | I of the
user defi neaco%@?ﬁcgn%@%%gméféra FH ug[‘%%th%&% ?ﬂgéd]a?g%égﬁglgg?t%ns are

det er mi ned Wigfal EXyecpiddbes padect whgiehan giank; the“minieptodns therstandaxdhi s

enbodi ment hysteresis is introduced 1of that the preferred first wavel ength
i s used unt ideviationof thealigned pesidonpfdi §WP%§?§E‘W‘SFQY@§§P‘6PS‘*E3/ 82 of the
second wavel ] : . ' itib® thé ef erred
first wavel ﬁ%&%&%&‘%&?‘ﬁ‘gﬁﬁ%@ﬁ%e é%m&t?%éﬁ' @%ﬁiﬂ%&%g{%t io RSTR. At that
nonment the prspfral @mdsel ratie’t Bitlsd Antedesighial dimidddebyf the selativedevad wfjnpise o t he
second wavel ength, meking._the second.wa elbgfégﬁh“the refgrr wavel engt h.
This reducedresidhgsnsptapmiof the rmeasuygdsighan v C 1N EAPE, & YGavel ength in

the next al Mﬂ?@ﬁ?ﬁ Bf‘é‘ﬁ:Wi§ErEfgﬁféq?ﬁlg@ém thiS Spietrifh, boeeraiynger of

wavel ength sw even furt preference can also be transferred
from one waveuRipishofiie baseérequéney; theVsigaal gnvelope”ds Maniange ofifgsignmabr exanpl e

based on historical data. [00119 t hough, t he I_ght i n the ASSVWS
enbodi ment i@“@g‘j’éh“w t@%ﬁ%ﬁ%"r@‘l’“ﬁ&ﬁngxﬂﬁ ‘aﬂb" (\?,iﬁ??{ne‘ﬁh?gﬁ%gl{l/ﬂe a maxi mum
val ue of 1 ajgidy dit HediRyak hectilt? ¥ e ahf18 bORuRAA RORATePhriglodnd hi S

invention are rmot limted to only that enbodinment. This inyenfion
envi si ons cothsidefenwr angle during the measurement; “order channels position offset” 1s

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. Ina
specific example, it may be implemented in the alignment system illustrated in
Figs.3,5,7,12and 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
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information fromthe plurality of wavel ength channels in a variety of ways.
The weighting factors in equations 1 d 12 depend on the signal strength
and include a sel ectabl e Maxi mum Rel ative Threshold factor. One may sel ect
wei ghting factors which depend on other neasurable quantities w thout
departing fromthe scope of this invention. The preferred wavel ength

enbodi nent al so depends on the signal strength and includes a sel ectable
Rel ative Switch Threshold Ratio. One nay select transition requirenents

whi ch depend on other neasurable quantities without departing fromthe
scope of t Hiase L/Qvpnts foncommonafngwith ethenpquipmeniand/os imerfagintger i nput

paraneters, such as "ntc", "mnirepro", "signal to noise ratio", "signal
shape", "si d‘ﬁ"ghusé’ﬁ?/el ope , “"focus", "tilt", "order channels position
of fset", "wavel ength channels position offset”, "shift between segnents”

and/ or "coarse-fippg1si t i OR HRGhdolRiknt, sighekTobieyen diffracdbmeatersn wi t h user
I nput paraneters, can enhance the performance. P-0361.010 44/82 [04121]
Many of thessaybe detetted for zach ofsheXeandt¥p pesidonscand farcgach of thedwoy) i gned

position determ nation.,, The par ter " | . fggﬂl‘ | rrelation
coef fi ci ent ‘V%"}]Iled’éqsr?rg}ﬂ??o %ﬁepﬁ%ﬁgﬁ n'a%%e 6@3&11%% reélgﬁ%lﬁggﬁltghe si gnal
expect ed f OrgapheRpadr@fut dfferdil WRVEleABhK may e combibed apeoddingso thie st andar d

devi ation of the aligned position of different sections o gortions of an

al i gnnent neazentionend citherdi siagle arler prmukiply erders aed panals e osition; the
"signal t i i 0" ji.s the f] ' t ive | evel
of bose  admstondiirSinaipp of et ot AhATRlngdbibebrttes E wERL V| BVE

shape" is thgctofsdantbievtebe dRwemield per brler siparatedy.e frequencies in this
spectrum generally at nultiples of the base frequency; the "signal

envel ope" is variance of the signal strepngth during the nmeasurenent; the
"focus" is the of {0884l n vvamp‘??&‘ﬁ’rﬂfm‘aﬂfg%ﬁ&“f W&r&ﬁ%@?é‘%ﬁf‘fﬂe&he "tilt"
i's the angle,be }n\ﬁﬁgﬂy-m Vadi€hs RP Heasi@fents 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 the 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
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
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the detector angle during the neasurenent; "order channels position offset”
Is the nmeasured difference in align%ﬁl osition of the various channel s of
one wavel ength; the "wavel ength channel™s position offset” is the nmeasured
difference in aligned position of the various wavel ength channels; the
"shift between segnents" is the neasured difference in aligned position of
the various segnents of a multi segnented alignnment 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
posi ti on basmguoparamétegyfoete weight fasersio thengnid ealculatidns. €oidesidpalase. [ 00122]
The al i gnment system accaqrdi to th urrent inventian be i npl enment ed
in a varietymﬁﬁﬁ%@?ﬁﬁﬁﬁﬁ °§H§8P§?ﬁ§€§?ﬁ$ﬁn%n“EE%B??& Sé?&%%ﬁ@?Fit may be
| mpl ement ed w&eﬁd%ﬁwﬁgam%x%emﬂdléMﬁy%@meh1igﬁhﬁﬁtm§Fk 5 7, 12 and
anpl e,

13. In this ex e alignment systemhaS a position determning unit.
In general, pdsitigodst¢rmomativat pomrorthogpnakity tandaKr Yoexpansioredifigrenge atewi r ed

speci al purpose conpone r.may . be rogr bl e..co nent.. .ln a

pr ogr anmabl eb?f-ﬁinﬂe,as ﬁ%og%‘g%ﬁ"&ﬁg?@ M aﬁﬂ?@’?ﬂﬁ#ﬁgé‘?ﬁé‘% menory
and data st o206, dfdhukloPldbtipiby dt'if Anihhadlebeaini ng uni t wi |
P-0361. 010 45/82 have 1/0 ports forf communi cating wth other equi pnent
and/ or i nt er determmigation dstthess eleformpOoris2ed generally muelnissuthaethe, signal s for

and Tor cachibmRRL TR PoYET ISR 00 T SPRR e hends BEfhe o™ ' O™

i nformation Eromishandirerétbreldithe @AfRratirg Of tHeubafed, tiefediperatavéas engt hs nay
be conbi ned a cordln? to this invention and either a single order or

mul ti pl e or deel costeelledmanddhaseforrthe iwaier expasian ¢an bgatsed A3 HEEANEE BX t he mark.
I n cases usi nmul tiple. order t h |- det er m ned
per order se raﬁflérﬁfr‘}.)(’f[etaﬁ :‘rfzj%fﬁéﬂ% & %%mgilg@]d%%&ﬁhéﬁ%' ﬁg%drrgﬁlt% h’rr‘L}alrﬁk may be
determ ned approach permits one to calculate an optimum grid in one step without

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
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on a mark-by-mark basis as the nmeasurenents are perforned, resulting in one
al i gned position per alignnent mark. @h%grnatively, i nput paraneters such
as the above noted i nput paraneters rmay be obtained for all alignment
marks on the wafer and then the grid calculation nmay be performed w t hout
calculating an aligned position per alignment nmark. This permts one to
gather data from a plurality of alignnent nmarks so that the relative
signal strength, or other input paraneters, between different alignment
marks on the wafer can be taken into account. The aligned positions are
wei ght ed i n tieengionds desrdbadawitlorefersarcertpats ushin appriatnsfortienyandiseadpr esent s

St engt n af o MBRRLST8 R Beyeoh Bl tor SRR BRE 5 Boh BithRG .71 Ro
grid cal cul atrjopfhead it f1ié Bm@tad tietedd.| TR invamidiEmaPbs AlfyrRivelydised igli vi dual

wavel engt hs or a conbination of wavel engths. The weight factor is
det er ni ned byuehan appazatys/or Flagnfartusing dniggratedopr pleparyoptealissigems. par anet er

par anters oot e Rb HRcthe A dARelE A Shain WiGRE S PO oy
"non- or t hogonr@stdlline display paiehs fin Film rHlagneae BoS, MBMES dvdés| elexmagsi on. " Al l

t hese paraneters give an indication of the accuracy of the aligned

posi ti on det diheErarhiconparats gray nok eplyihsran opicaapparamsggavhich the 46/ 82 i nput
paranmeters fqr . Wﬁiﬂ i J td . jd residuals
are the devig?%%ﬁ%”#ronﬂ%ﬁ%gﬁégéSkgg&gﬁF%%ﬁgﬁﬁﬁﬁéﬁbﬁﬁggF@?%é%hto the fitted
waf er grid, tshstsmieamgpticahpgdction lek syhemand alsacin apparhtue imvhiphrteeit mar k
position deternination; non-orthogonality and X-Y expansion difference are
bot h measur ePreectionbegeris a chargedrpagticleheainsugh as gy ¢legtsen beam,anden g

resi dual s be : u r i mar k
position detbgﬁ%aa??(oﬁayas t hg&ﬁ%%?%?%ao?ﬁgéﬁsﬁ%g@%ne efr:eg?llf?/&r%quﬁiﬁ ess than
t he al i gnnenih ebartdon pensisystem icesedaGenesa]ly ahe ivehéon mapbessaiini S a neasures

f th [ d theref f the t t f. th , thi
? errper6at 5;(ga3§15§i?1gasgstems \ewrltﬁ wci'lrigi'l 811agcs gavixelgeeerryasm%ledegails muest I\;\é,aI’oerrrncd. 'S
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wel |l controlled and therefore the wafer expansion can be used as a neasure
for the accuracy of the alignnent g 2position determ nation. In
addition, this approach permts one calculate an optimumgrid in one
step without calculating the individual aligned positions per alignnment
mark, offering nore flexibility in conbining the various input paraneters
of the nmeasured alignnent marks on the wafer and the extra grid paraneters
menti oned above. [00126] In an extension to this enbodinent it is useful to
determ ne an optimumgrid per wafer, the variation of the input paraneters
per alignmeWE @lUAIMind t he i nput paraneters per wafer can be used as extra
i nput paraneters. The use of historic data gives an indication of
variations in processi.ng being t orary fluctuatjons or.a long term
trend. The vari at -og-“@*‘gg@ﬁ%‘ﬁygﬁﬁn:fﬁgf éﬁ?ﬁﬂpbﬁi@pﬁm‘h‘gt%@r@%t a typically
stored on current |ithography apparatuses, while batch to batch variation
may be obtai ned Wi {furde bf dligninnBadiafith ARG & fidt 9RRERnERALE @lse¢AdC)
apparatus. Historic data can be stored for  individual wavel engths or a
conbi nati on whvelengti;engt hs. [00127] Since the nunerous systens descri bed
above use coherent alignnent radiation sources, the phase nodul ation

techni ques descrihed in U S Patent No ﬂm# IR sed in
conmbi nation with ?H@e%tipﬁsgﬁgn}f@msﬂl&f‘ f}'ilresfgg\ﬁef}er%n%gcen ?lre cgl%?teount of the

U S. Patent pRejve @é@lﬁﬂenﬁ%i&t&)ﬂf’fﬁﬁxﬁbﬂ alipoReEm onak atsaiefist wabglengther ence in
its entirety. The P-0361.010 47/82 invention iis described wth reference to

its use in apphs second wavelengsh chanackarmanged toagreive dligmanent sdiation on a
substrate for_.manuf i I j not nmean that it is limted
thereto. The® %Fﬁ?%&nﬁ{rf’!élg Sﬁﬁ?@ﬁ‘é’%{g&% ’S@%d in such an apparatus for
manuf acturing integrated, or plenary, optical systens, guidance and

det ection patt er ng pbsitiondgasiiningdmitin comenmicaten with shidgletegtionr yst al | i ne

di splay panels, thin-filmmagnetic heads, MEMS devices, etc. The

| i hogr aphi ¢ &{$f&at us may not only be an optical apparatus, in which the

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
channe!, 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.

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.
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projection beamis a beam of el ectromagnetic radiation and the projection
systemis an optical projection |ens @Y@i{ em but also an apparatus in which
the projection beamis a charged- par e beam such as an el ectron beam
an ion beamor an X-ray beam in which an associated projection system
for exanple an electron lens systemis used. Generally, the invention may
be used in inmaging systens with which i nages having very small details
nmust be forned. P-0361.010 48/82 WE CLAIM 1. An alignment systemfor a

| i t hographi ¢ apparatus, conprising: a source of alignnent radiation having
a first wavel engt i Anchlignmentsystemmreeddéngybitjaim 1dsthersin said sgureedh conpri si ng

a first wavel ength chanpel arranged t recei ve alignnent radi-ation from an
al i gnment mﬂ!@n&}eﬂééﬁd&tﬂn@{npﬂé‘?ﬁ@_r gﬁb?’ﬁe" q;cgegergté%%ga%%ﬁgﬁ&?ﬁ channel
arranged to &29@%&@5% 894004 1&&%31;%&&aiés9£ﬂiat§ﬁ1£saihlseétrﬂant mark at said

second wavel eng a position ermning unit in comrunication with
sai d detecti aavelayghem wherein said position determning unit processes
information fromsaid first and second wavel engt h channels in conbi nation

to determine a position of said alignment rk based on.one.. i nformation
fromsaid first vél“@ﬂ’é@@%éﬁﬁﬁcfgﬁ%ﬂ%?ﬁgﬁnén “fimc'%l g?\figoglgg%nd

wavel ength c i Q&iﬁ@ﬂ@:&sﬁﬁ&edk@&@.{%ﬂ&%ig& fhEter0tS ahid firétraptl sesvadsecond
wavel engt h channel s according to a relative strength of said alignnment

radi ati on detvaedlengthrhamiels thitdependaonatigna stiengths of spigifirstandisgeansk i on
detected at said second wavel ength. 2. An alignnent system according to
claim1, wheP@Y e%%ﬁal ition determining unit is constructed to process
said information fromsaid first and second wavel ength channel s by
wei ghting first apdagedipnthesi §RRhSadcomingmi oaini 1, vattergindaiddirstind wavel engt h
channels with factors that depend on a relative . .

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.

7. An alignment system according to claim 1, 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 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
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strength of said first signal to said second signal. 3. An alignnent system
according to claim2, wherein the We'éﬂ}@f% factor for said second wavel ength
f

channel is set to zero when a streng said first signal relative to
sai d second signal exceeds a predetermned threshold. P-0361.010 49/82 4.
An alignnent system according to claim1, wherein said source of alignnent
radi ati on conprises a first |laser that generates radiation at said first
wavel ength and a second | aser that generates radiation at said second

wavel ength. 5. An alignnment systemaccording to claim1l, wherein said

posi tion dejrdémsubiegmumistidifstomavelenptht edale ofisad diffragtiapardérasbors to said

first and second wavel ength channel s that depend .on sjignal strengths of
said first dngmsaeaidirstyl 1ag cal _S%%ﬁtegfqa&ﬁl,{g}ﬂmg%%%m accor di ng

to claim1, %%(}F%‘ﬂ#&aéﬁgﬁﬁlg&e’wel ength channel of said detection system

corresponds I st ction order sub-beamat said first
wavel engt h, said second wavel ength channel of said detection system
corresponds to asdid secbndivafelength cmnneliefrsaiidetdstiams piten gpaespendhd

wavel ength, and_said position determi ning unit determ nes,sal sition of
said ali gnn‘ﬁrﬂf%@‘gﬁ%é'é’ﬁtﬂ’r‘%ﬁ S@’a’bﬁa”i‘ F"r?fcig%ﬁ‘ian gggﬂan e‘faél:rfleg? ha@?gnal s with
a first pregisi®in ofderAib-BLd BRI sctdid RAVAEHAR Being dyfarbicallyn 1, wherein
said detection systemfurther conprises a third signal channel at said

first wavel eseidcteddrdedion prcersthgdnid substrate hadvniisrgonghb- beam at said first
wavel ength, and a fourth signal channel at said second wavel ength and a

second diffractio rder sub-beam at ,sai . and said
position determ m&nél1 G SISO %&gﬁﬁagﬁ%? gvr}]l\g,@e;(ﬂsagilﬁg&ﬁtxo@
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.

10. An alignment system according to claim 9, 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.

11. An alignment system according to claim 9, 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.

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
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al i gnment mark based on said first and second wavel ength signals with a
second precision that is nore preci s?ﬁ%n said first precision. 8. An

al i gnnent system according to claim erein said first wavel ength
channel of said detection systemcorresponds to a first diffraction

P-0361. 010 50/ 82 order sub-beam at said first wavel ength, a value of said
diffraction order sub- beamat said first wavel ength being dynamcally

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 wvaldersaiimeiphting factorsdicingsenpsincinghtpdiestighin a rangefroe 2P sai d
diffraction gager.srb:beanlat sai d second wavel ength being dynam cally

sel ect ed bas IEh“ﬁ‘BB@Ssing sai d substrate had undergone. 9. An alignnent
system according to claim?2, wherein said position determning unit
processes sai d i nfior gRtalipAméritGRiteM ddcordingitodRimIdcwhereingauk! engt h channel s
by further assigning a selectable paraneter to conbine information from
said first amiélbégg@t%%ﬂ%%ms% frpad sepond pavelengh signals 8t em accor di ng

to claim9, er ei n i sel I ig]}'ﬁ@t i nformati on from
said first \Aﬁ%ﬁngHBtsaﬁsf?Efnéfj%%ogﬁsﬁag&{e%ggj%wr3e errﬁﬁﬁaat i on when said
first wavel epgieBtivityosfadaid subbtsaté or & atatedfay o said elisaurat eadheofahiddirst
reliability. 11. An alignnment system according to claim9, wherein said

sel ectabl e pad seepndwaglengthfat es i nformation fromsaid first wavel ength
signal fromsaid position determ nation when said first wavel ength signal
fails to satisfy I . §.SH-01. if\id! 1 gnnent system
according to cl ai 216‘9?&%\%@@%&!%? edscg gg%tglcaeﬁmggfgﬁéﬁeer id; det erm ned
prior to sai selegsblgthireshoRbvaluensiagelative thieshdid, ellatiyane aselested #nueofor di ng to
claim9, wherejn said tEel ectable paraneter is determned after to said
assi gni ng safél g

17. An alignment system according to claim 14, wherein said
selectable threshold value is an absolute threshold.

18. An alignment system according to claim 16, 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.

19. An alignment system according to claim 2, 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.

20. An alignment system according to claim 19, 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.
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14. An alignnent system according to claim2, wherein said weighting
factors assigned to said first and second wavel ength signals that depend on
said first and second signal strengt ®&urther depend on a sel ectable
threshol d P-0361. 010 51182 val ue, said weighting factors being constrained
to be within a range fromzero to one, inclusive. 15. An alignnment system
according to claim 14, 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 reflectivity of said substrate or a
material on said QHbﬁhhﬁgﬁmé‘ﬁt s9ReM REordigdo Clalhtl9, Rhéteipagnd wavel engt hs.
16. An alignnent system according to claim 14, wherein said selectable

t hr eshol d vaweightisg factags assigned tohsadd fioit dnd sespnd waeelength sigppls@reed val ue of a
signal strength. 17. An_alignnent system according.o claim. wherein
said sel ect Ségqeﬂrsgél"hglpﬁsz\%gpqggnq g)égﬂe%@glgﬂ?lés P%feégq%qv&r s‘fé.ﬁrﬁn al i gnnent
system accor@,’gmeﬂgqhgilgﬂargag&io A&kimiséd &hiteMgl ghting factors assigned to
said first and second wavel ength signals that depend on said first and
second signal strengths further depend on a selectable absolute threshold
val ue. 19. An al i @2nmAnwligywenssystemacadrdingtto chiimilpwhereiihsaid ppsiden d wei ght i ng

factors assigned.to said first and second wavel engt L.anal assi gned
such that sg?tWt%%‘é?'E fiRd g(f AL isgl\ﬁaﬁ?%%%}%eng& ‘?)éllg'ral%s%s%{"?econd
wavel engt h  siceRdivavelSngth\ohainel igBiitel fael arGesst als fbmisaidl9, wherein
said weighting factors of said first and second wavel ength signals are

reassi gned fist and sesond wavelergth Abanpglsoyitnfgetersthatdapend op pdeast 08l over said
first wavel englfeonit §ilic SHSSAHESh theosel Bt MeSfrId RN SeS Botsihidp 9!

dom nating o
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
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wavel engt h signal when said weighting factors were previously assigned such
that said first wavel ength signal vvag referred over said second wavel ength
signal, leading to a hysteresis effe $/82p. 0361. 010 52/82 21. An al | ghrent
system according to claim19, wherein said weighting factors assigned to
said first and second wavel ength signals are reassigned such that said
second wavel ength signal is preferred over said first wavel ength signal
based on predetermned criteria. 22. An alignnent system according to claim
1, wherein said position determining unit is constructed to process said

i nformation fifpamentindrifsiin fe fatechhasewith despeated trijtdxpedtedipaditiorbasedi ght i ng
first and second signals fromsaid  fjrst and second wavel ength channel s

wi th fact or son alignmeap ek Beagiremesin the,e0arsedlast-abl e quantity sel ected from
the set of neasurable quantities consisting of ntc, mnirepro,

signal -to-noise rgfi ' | I - O¢ iohfihd t, oOrder
channel s positi onf%f&ﬁ%é?gﬁg?ﬁcﬁﬂg‘gﬁéfgﬂ%gﬁtﬁ?‘g#%?‘??S‘tg,hhg%i ft

bet ween segniBioss &8iEned Ry s fitshandesond wavelangitasignals anetselesied in he par anet er
ncc is a nultiple correlation coefficient indicating how well the neasured
si gnal r esentsicesianepswith g dafifragtionerderthatys dgtectgdy f ect al i gnnent mark,
mnirepro is a standard devi ation of the aligned position of different

sections or portigps W}ﬁ REQsSHEepENt, indicating the accuracy
of the aligned po%?’t‘ﬁg{rﬁl%?@ﬁ% to ns(’)i seﬁrat ois the fitted signal

divided by the relative |level of noise across the spectrumof the neasured
signal, whil e theasilnahatiinsysteins the rel ative |l evel of a few discrete
frequencies in this spectrum generally at nultiples of the base frequency;

th [ I I ' ' f.th . | st [ th
moasur enent & PHBUARGIAEE semo et § Feyn poRk B " e

measur enment , ah[bgohif}dm §aid ienidRedesysieai; ween the wafer angle and the
det ect or angIe uring the nmeasurenent, order channels position offset is

the neasured difference in ali ggled position of the )
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 arranged proximate at least one of said substrate

stage assembly and said reticle stage assembly,
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
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vari ous channel s of one wavel ength, the wavel ength channel s position of fset
is the nmeasured difference in alignegqgesition of the various wavel ength
channel s, the shift between segnents iIs the neasured difference in aligned
position of the various segnents of a nulti segnented alignment mark, and
the coarse-fine position deviation is the difference between the position
of the P-0361.010 53/82 alignnent marks in the fine phase with respect to
their expected position based on alignnent mark measurenents in the coarse
phase. 23. An alignnment system according to claim?2, wherein said weighting
factors assigned to sai®PopitiogdeteqainngyitincomEnuHetionigsiid are sel ect ed

I n accordance mﬁg@m@ﬁ&&%k&ﬁgtion order that is detected. 24. A

| i t hographi ¢ apparatus, conprising: an illumnation system a substrate
stage assenbly arranged in a radiation path of illumnation radiation from
sai d illum nati on vdestirsaid posison déterminiagainitgrecestes informatipedfrom said d

radi ati on pagh of ,sai d illgni ahion tadia%lon bet@gen,said i.l.lum nation
system and savt a0¢seqopd ave P@S& anels g cpmbipaipn iQ.detergHng 3 PPHHPR r anged

bet ween sai dof gfill Glignridd Afark BERARINOnE ¥ infS@hion 4ot Sl firstbARBleAs@e Tl y; and
an alignnent systeniarranged proximate at | east one of said subStrate

st age assenbicharmel infarmationt frarh saidtsacpndavavelenpth chameel andicembined | i gnment

system conpri.ses: .a urce.of alignnment radiation havin first wavel ength
and a secon&ﬁﬁ%%ﬁg‘l‘ﬂ?é‘g%ﬁ%@ggmﬁwggﬁg%ﬁﬁﬁwe ??(jg‘ﬁ'?g ©& wavel ength
channel  arr gsgee sftl@n%@@iﬂs%ﬁ afibhEBAE BdiafiGHiatdtNat sh MRS wavdlaipient mark at

said first wavel ength and a second wavel ength channel arranged to receive
to alignment radiation detected at said second wavelength.

25. A lithographic apparatus according to claim 24, 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.

26. A lithographic apparatus according to claim 25, wherein the
weight factor for said second channel is set to zero when a strength of said

first signal relative to said second signal exceeds a predetermined threshold.

27. A lithographic apparatus according to claim 24, wherein said
source of alignment radiation comprises a first laser that generates radiation at
a first wavelength and a second 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.
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alignment radiation fromsaid alignnment mark at said second wavel ength
channel ; and P-0361. 010 54/82 a positggR2determ ning unit in comrunication
with said detection system wherein said position determning unit
processes information fromsaid first and second wavel ength channels in
conbination to determne a position of said alignnment mark based on one of
i nformation fromsaid first wavel ength channel, information fromsaid
second wavel ength channel and conbined information fromsaid first and
second wavel ength channels according to a relative strength of said
alignnment radiation detected at said first wavelength to alignnent

radi ati on detected at said second wavel ength. 25. A |ithographic apparatus

according to clai 9924, 1iWBefaphie agﬁirﬂtus B@cﬂr&ih%'ib 9&%&‘2{0 \vﬁé}&n%gjdtﬁﬂsts

constructed to process sard information from sal I rst and second
wavel engt h chanelehgthishanmel ghsaihdetédtiontsysten coerespralds taya fitss diffractionsai d fi r st

and second wavel e h channel.s with factors that depend on the relative
strength of Qﬂﬁaswwgﬁﬁé Sfyagélf"%g%@econd signal . 26. A |lithographic
apparatus according to claim25, wherein the weight factor for said second

channel is set togzigkecondsmvelenphehahie] of saﬁ@ﬁ&ectfdrfsgr%teﬁi &i??@s?élﬂsat ive to
sai d second signal exceeds a predeterm ned threshold. 27. A 1ithographic

appar at us ac &t birsk diffractignagrdersab-beamrat said sedond wayealeogthoanda| i gnnent
radi ati on conprises a first |laser that generates radiation at a first

wavel ength and a ! Hﬂﬁt nera radi ation at .3 second
wavel engt h. 28. A§$l§?’ﬁ%89§§§t%c apﬁa@gﬂfﬁe cgrsgﬂ rPé’S{USncﬂ?ﬁ?lﬁ\ 24, wherein
said positi elgrieére ik bagd Wi shid frsCa@stol waveldhgftbsipails Wath@lfirsf actors to
said first and second wavel ength channels that depend on signal strengths
of said firsPreCHHd second wavel engt h signal s.
30. A lithographic apparatus according to claim 24, 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 signai 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.

31. 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, 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 wavelength, a value of said
diffraction order sub-beam at said second wavelength being dynamically

selected based on processing said substrate had undergone.
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P-0361. 010 55/82 29. A lithographic apparatus according to claim 24,
wherein said first wavel ength channeig@f said detection system corresponds
to a first diffraction order sub-beamat said first wavel ength, said
second wavel ength channel of said detection systemcorresponds to a first
diffraction order sub-beam at said second wavel ength, and said position
determning unit determnes said position of said alignnent mark based on
said first and second wavel ength signals with a first precision. 30. A

| i t hographi c apparatus _according to claim?24, wherein said detection
system further coRpr iskbhographic apparatymaccordipg frotlaim 23, whereinsaid  wavel engt h
and a second_di:f: Lon- order - R - ' . ngth, and a
fourth si gnapg%lﬁélﬁlﬁé[ﬁ%&nga@g pgé%%%%%%gv%ogﬁal% %%%%gﬂé@%g#? diffraction
order sub- beatooat warekingthchathelsehrefuethet d3sighing asledtablspdraméetedt er mi ni ng
unit determ nes,  said position of said .alignnment mark _based on said first
and second w&Y@bmsdriermaatieniram saidifirst and seeand wavelengthovignalat i s nore preci se
than said first precision. 31. A lithographic apparatus according to claim
24, wherein said Riraty; . : ' | system
corresponds to a P?'r?thtg%@gga%#aﬁg?%ﬁd%%&%lgig?ns%ﬁhgeglé%g |drst

wavel engt h, selecthble pafanetdr @lichidatesanformaticn flom saidfirsbwaveledgtls sigdalf | r st

wavel engt h bei ng dynam,. cally selected based on processing. said substrate
had undergong"o“hﬁbalg%ﬁl‘bo%‘i"ééﬁli“w&w&ﬁwfg‘ﬁbﬂﬂ\éqle”&h%}g%l falttction system

corresponds Sﬁtﬁgaagélé‘%ﬂblgh‘{f’fﬂﬁ??mli rder sub-beam at said second
ue o i

wavel ength, a v sal raction order sub-beam at said second
wavel engt h being dynam cally selected based on processing said substrate
had under gone. P-(036A lithogrépliie 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.

35. A lithographic apparatus according to claim 32, wherein said
selectable parameter is determined prior to said assigning said weights.

36. A lithographic apparatus according to claim 32, wherein said
selectable parameter is determined after to said assigning said weights.

37. A lithographic apparatus according to claim 25, 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.

38. A lithographic apparatus according to claim 37, 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.
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32. A lithographic apparatus according to claim25, wherein said position
determ ning unit processes said inf o‘ré%gi on fromsaid first and second

wavel engt h channel s by further assig a sel ectable paraneter to conbi ne
information fromsaid first and second wavel ength signals. 33. A

| i t hographi c apparatus according to claim 32, wherein said selectable
paraneter elimnates information fromsaid first wavel ength signal from
said position determ nation when said first wavel ength signal fails to
satisfy a selectable level of reliability. 34. A lithographic apparatus

accordi ng to cl ai3g, R1ihpeiphicupparatis asedrditieadchima7awherein said mi nat es
information fromsaid first wavel ength signal _from sai dtc%;)%'ht I O

det er mi nat i owlestable theeshold velue ismrelativigdhngsald ralatiyefq aseles YesPly a

sel ectabl e | evel ,of pr.ecision. 35. A lithographic apparatus according to
claim 32, %sgﬁrf%h sel ectabl e paraneter is determned prior to said
assigning said weights. 36. A lithographic apparatus according to claim 32,
wherein said sel4xtABtRgrphiyEpefanisacoadirgtortxim7 whetein séd d assi gni ng
said weights. 37. A lithaographic apparatus according to claim25, wherein
said wei ghtselegtablecthrashold yalugiean aksolug threshpldk  and second wavel engt h

signals that depend on said first and second signal strengths further

depend on a sel ecjabl u;hotgpz[ draf diBordfifpl f NEIIBL WherelPGli@r s _bei ng
T eah r

constrained to be W't ran romze to one, inclusive. 38. A

| i t hogr aphi owéiphtuigfautoreasighed wosatdfirst andwedand wheslenigth sighals thaéi ght i ng
factors assigned to said first and, second el.engt h si gnal t depend
on said fir Pﬁ%o%&!@ﬁﬁt@%ﬁﬁongﬁﬁmggtﬁgmfgﬁ@ﬂar‘? adﬁ?Feﬁ%gef lectivity
of said SUbS;{Hs & BFesfol ial on said substrate at each of said first
and second wave engt‘ﬁs. P-0361. 010 57/82 39. A lithographic apparatus

according to claim 37, wherein said i .
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.

43. A lithographic apparatus according to claim 42, 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.

44. A lithographic apparatus according to claim 42, 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.

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
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sel ectable threshold value is a relative threshold, relative to a selected
value of a signal strength. 40. A Ii#@@graphic appar atus according to

claim 37, wherein said selectable th old value is an absol ute
threshold. 41. A lithographic apparatus according to claim 39, wherein said
wei ghting factors assigned to said first and second wavel ength signal s that
depend on said first and second signal strengths further depend on a

sel ectable absolute threshold value. 42. A lithographi c apparatus
according to claim?25, wherein said weighting factors assigned to said
first and seapautityacletted fiom the getaif sncaserablespiangitied conmstingrodtmesai d fi r st
wavel ength signal is .preferred over, said secon vel engt h..signal. 43. A
11t hogr aphi ¢ TIBBEREY HIERERPRE FeHc, oieBrLaiaRe: SIEaksaY BIoRC. 074 ket | ng
factors of saihgndel ; pé@gtgl ' I i fodegned such
that said second e\!\%@éf@%’tﬁ%%ﬁ%l Iscggg%gﬁ%ggﬁgﬁsag%%ﬁ rst wavel ength
si gnal subsegegments andepassesfroprditiomdeiviatignh si gnal doni nating over said

first wavel ength signal when said weighting factors were previously
assi gned such that, sai i}é‘;i)rst wavel engt ferred over said

h,, Si |
second wavel engt h WRETGR e PAIBEIFTICE 5 H@icg%g?@m%ifc : €mha A

|'i t hogr aphi ¢ jAieginaiHéw Rl Heth&Bufed s§dnai f@s&ﬁ’blemﬁrsag'ﬁm &Pebted i Ot i ng
factors assigned to said first and second wavel ength signals are
reassi gned spetfectiadignmantinarkcminiropes is|astandardsdeyinsioniof theralizaed ed over sai d

first wavel engt.h_si I d_on_ pr t erm [ |8, . A

| ithographic %8‘&8?8# gg%é%‘gg%gﬂ"ﬁgﬁ @O@fd"iﬁ %aféfln&%ﬂ Irlteél§£3§elmoc%§’posi tion

det er m ni ng Yfdikating theaGuradq of thel igAed peition: sighhl tbaeiseratid 8 thefided i rst  and
second wavel ength channel s that depend on at |east one neasurable

P- 0361. 010 58igal diyided by yhesielative deyel plonnisancrass theofpepEmf 45 e quantities

consi sting ofy NEged 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.

46. A lithographic apparatus according to claim 25, wherein said
weighting factors assigned to said first and second wavelength signals are
selected in accordance with a diffraction order that is detected.

47. A method of detecting an alignment mark on a substrate,

comprising:
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m nirepro, signal-to-noise ratio, signal shape, signal envel ope, focus,

tilt, order channels position offset vel ength channel s position offset,
shift between segnments and coarse-fﬁﬁgﬁgosition devi ati on, wherein the
parameter ncc is a nultiple correlation coefficient indicating how well

t he neasured signal resenbles the signal expected for a perfect alignnment
mark, mnirepro is a standard devi ation of the aligned position of
different sections or portions of an alignment neasurenent, indicating the
accuracy of the aligned position, signal to noise ratio is the fitted

si gnal divided byitddmitinglsaidiafigninemahark fwithodlipamear @dutivh ¢has hecatr um of the
measured signal, while the signal shape is the relative |level of a few

di screte frieasiéwedifferent illpminagpe wavelengthoneral |y at multipl es of the base
frequency; the signal envelope is variance of the signal strength during

t he measurenent, . I N fhSel .l f i ' t he

measur enent, the @%‘mﬁgwﬁ%&gﬁé‘f@aﬁb@%@éﬁ%ﬁg a\?\é egt ‘g‘ir%}% and the

det ect or angésad atueaspewd HiFfers slumitiidn wavelaigthscindunehstipmpsfitston of fset i s
the neasured difference in aligned position of the various channels of one
wavel engt h, Wwheelongiesigngli h channel s position offset is the measured
difference in aligned position of the various wavel ength channels, the

shift between seg Q&ﬁ]gi Al s ol SRCR al el sition of
t he various segrreﬁ%s 0 rgdl%ﬁﬁsglzsg{ﬁiggg{egﬁgnmgtﬁcgpk, a%clilg?ﬁe
coarse-fine phsidatdeasdewo diffecont iltuniinatichi i elangths andtompattingasesond t i on of
the alignnment marks in the fine phase with respect to their expected
posi tion baswavelgngth piggal; mar k measurements in the coarse phase. 46. A
| i t hographi c apparatus according to claim?25, wherein said weighting

factors assigned §Qes@hfhold fosltiontf sHiBGABAMYMAMBAR B i @edfsaiy €  sel ected
in accordance with a dif ' der that is detected. 47. A method of

raction or
det ecti ng anfist ivgmetemgth signkl, said second savelength signabandsa eqmbipatimeafl 010 59/ 82

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, 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,
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irradiating said alignment mark with alignnent radiation that has at | east
two different illum nation wavel engt hg(?lsget ecting radiation fromsaid
0

alignnment mark at a first wavel ength said at |east two different

i1lum nation wavel engths and outputting a first wavel ength signal;
detecting radiation fromsaid alignnment mark at a second wavel ength of
said at least two different illum nation wavel engths and outputting a
second wavel ength signal; and determ ning a position of said alignnent
mar k based on one of said first wavel ength signal, said second wavel ength
signal and a conbisaiskdetesting radiation from said alignmens onark absaid saegndh si gnal s

according to_a rel ativ trength of. A first v h.signal to said
second wavel é’FPd'Fﬁen gf“.sd aﬁ&ag[&w%?ﬁ%rggﬂolﬂu "é'.azlgp}%%agigﬁ&g% F%‘Hﬁ'éﬁﬁ mark on a
substrate acgefediifi®a firQ deffrattoriorder subtbeein Ht 94fAsbsunddvaveRngthvand Ng a first
signal strength of said first signal; and determi ning a second signal
strength of said second signal, wherein said determning a position of said
al i gnment nark bagaid defermimingisaid pesitigmer said o ignmon magdnbased ongaidl s conpri ses

hat depand R desd i eling s JofiphefieATRRRR MRS | 370, ©

detecting an aaﬁrhquaag‘ibnnark on a substrate according to claim47, wherein
said detecting radiation fromsaid alignnment mark at said first wavel ength

of said at least two different illum nation wavel engths conpri ses detecting
a first diffracti ol o methodpb defecting:an alignment mark g BHbsHgeRccwdige 1. 010
60/ 82 said d | LAl | idtigh RORERM iﬁﬁﬂ%ﬂ aﬁgé’ cond
wavel engt h O?&g%'&gt R‘ﬁ]gg%%k@av]\gé | ergﬁ?al!llrl?um na%ll on vvg%/ne entg;t S

conpri ses ddirstovaveipngthf ofrsaid alidaktr tawt different diamisationbvesveleagthsai d second

wavel ength, and . . . . .
g comprises detecting a second 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 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
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said determning said position of said alignment mark based on said first
and second wavel ength signals conpri 2@?& determ ning said position with a

first precision. 50. A nethod of det g an alignnent mark on a substrate
according to claim49, wherein said detecting radiation fromsaid
alignment mark at said first wavel ength of said at |east two different

I 1lum nation wavel engt hs conpri ses detecting a second diffraction order
sub-beam at said first wavelength, said detecting radiation fromsaid
alignment mark at said second wavelength of said at |east two different

i |1 um nat i onsa@dEfraftiinedacubbeanat salé seohd Ravelesgh dbeimgdiyhamivally on or der
sub- beam at said second wavel ength, and said determ ning said position of
said ali gnmwemﬁ@s%@éﬁr%ﬁsswséldﬂ pigate Badiurdeeantg wavel engt h si gnal s
conprises determning said position wt h a second precision that is nore

[ h id
preci se than sai i'ﬁ\%etﬂé;?%&ét%ﬁng k%a%%%%ggﬁl%l I gnment

mark on a substra € accor erel n sai

radi ation fr@nolsiai 48, alhiegsineaid datanhmmg a;pmmtlolf(bfrsaid aligumieatmauk lm[sed;al d at
| east two different illum nation wavel| engt hs COEEIPI .ses detecting a

diffraction @ﬁéﬂéﬁi ﬁssﬁlan@)éf‘éﬁpﬁfwag%lp@gthﬁ VBEHaar SREDPHSESASSIGRINGd of saj d
diffraction tabl épﬁaﬁ@émﬁo io %tgﬁd Bondynam cal l'y

sel ect ed base on processi ng sal %strate ha ergone, and said
det ecti ng r adiaedlergh kigoals.sai d al i gnrrent mark at said second wavel ength of
said at least two different illum nation wavel engt hs conprises detecting a

diffraction order _sub-be sai d secand alue of P-0361.010
61/ 82 said di ffraéf' gﬁn‘?}ﬁ&f’ %Tf'ﬂg%aﬁg"@wdnirg(?g WM‘F cﬁn ei ng
dynami cally éﬁ&&ﬁfsf%e?éﬁ@lm&@eleé@mewaﬁm&@hﬁuﬁa&ﬁhf@mtlb@ﬁomdergone 52.
A et hod of tecting an alignment mark on a substrate according to claim
48, wherei n sad fird stazelengthsignal foorsisaidpesisionsigiegminiatign #ban s#idfitstbased

wavelength signal fails to satisfy a selectable level of reliability.

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.
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on said first and second wavel ength signals further conprises assigning a
sel ect abl e paraneter to conbi ne inf or%z on fromsaid first and second
wavel ength signals. 53. A nethod of 8 cting an alignnent mark on a
substrate according to claimb52, wherein said sel ectabl e paraneter
elimnates information from said first wavel ength signal fromsaid
position determ nation when said fast wavelength signal fails to satisfy a
sel ectable level of reliability. 54. A nethod of detecting an alignnent
mark on a substrate according to claimb52, wherein said sel ectable

par amet er el i m na#ieA mrttadnaftdetzotifig amaligmaent friarlson aswbstrateggchordingnal from
said position determ nation when saig first. vel ength signal .fails to
satisfy a sdP&limpewhesgd saj Weighting fagfprs %?g\éﬁﬁﬁlfgg“&ﬁ“%gﬁcgﬂgi ng an

al i gnment [ | gn said

sel ect abl e%&g@g&ﬁéﬂ%ﬁ%@%@eﬁggﬁ g??gipt{agdgéc?g&%gligggiﬁ%%ksai d weights.
56. A net hodustherctiepend dmg reflecavitygofhsait substrite ona matariad on aaid substatedi ng  to
claimb52, wherein sajd sel ectable arlagater is determ ned after said

assi gni ng st gacheeigaidirstand second waye etecting an alignment mark on a
substrate according to claim48, wherein said weighting factors assigned

to said first an%gee&ﬁ&s%%%ﬁﬂ%a“ﬂi nt mafiebn d SRR Osbceming first and

second signal strengt pend on a sel ectable threshold val ue,
sai d wei ght i togldimctTowhereai sajd seientable thireshdld valueds airelntive treshalde from zero to

one, inclusive., P-0361.01 2/ 82 38. method of detecting an alignnent
mark on a sdsgpwaf%aaéi‘g?%ﬂﬁ'wf%“%ﬁ?ﬁ?@‘- wherein said weighting factors
assigned to said first and second wavel ength signals that depend on said
first and second ) gRaeciid eietdafing hivblipmnerd apek dn asubstraed Aceotding ty of sai d

substrate or a material on said substrate at each of said fi rit and second
wavel engt hs. to claim 57, wherein said selectable threshold value is an absolute threshold.
61. A method of detecting an alignment mark on a substrate according
to claim 59, 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.

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.
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59. A nethod of detecting an alignnent mark on a substrate according to
claim57, wherein said selectable th g?ol d value is a relative threshold,
relative to a selected value of a siéﬁ strength. 60. A nethod of
detecting an alignment nmark on a substrate according to claimb57, wherein
said sel ectable threshold value is an absolute threshold. 61. A nethod of
detecting an alignnent mark on a substrate according to claimb59, 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 sel eg4all metiod of deectiny asdlignthentinark or52substratetabeaidimg det ect i ng
an alignnment mark on a substrate _accor,&igtng to cl ai.Hl 48, erei,n said

assi gni ng wée gleim fg, whereisrsaid assigping weighting faciosde s ﬁr%zf?ﬁls%?ﬁ?fih si gnal s
are assigned s ' kd: . | ' d over said
second \Navel“éat){g{%ﬂg%g%lgfs %ggéakskéﬁ r?gﬁglghﬁéip @??8?@?5"%%“%?%@%% mark on a
substrate actﬁéfeﬁémgverts@id(fh@dm\&&ngmﬁgﬂlbasediodpmie@ﬁtrriim@ldrimﬁa)rs to said
first and second wavel ength signals are reassi gned such that said second
wavel ength signal is preferred over said first wavel.e h sianal

subsequent to saifd feEiHed %@F%?ﬁgﬂrhiW&F%m%ﬁ%ﬁg%\ngo@%ﬂ%d first
wavel ength gj WhERLS AL lghting factors were previously assigned
such t hat széljgﬂﬁ]#st vva\éllg‘?de;nr%rg&ﬁﬂggsi gnal was preferred over said second
wavel ength signal, leading to a hysteresis effect. P-0361.01 0 63/82 64. A
nmet hod of det ect ideteraining & finstsignahsirergtbrof saidifissttsignab a#dcording to claim
62, wherein said assigning weighting factors to said first and second

wavel engt h signal s are .reassi gned such t Qi wavel engt h si gnal

is preferred ovéﬁtegal?m%?ﬁ%“t‘}%&é@ s%r&fl 'ngltfé'%glsg%o}gg& ori predet er m ned
criteria. 65. A nmethod of detecting an alignnment mark on a substrate

according to cl aiiBréif saidWetdinifi® APosiomof 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 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
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determining a first signal strength of said first signal; and determ ning a
second signal strength of said secondggggnal, wherein said determning a
position of said alignnment nmark based on said first and second wavel ength
signal s conprises assigning weighting factors to said first and second
wavel ength signals that depend on at | east one neasurable quantity
selected fromthe set of nmeasurable quantities consisting of ntc,

m nirepro, signal-to-noise ratio, signal shape, signal envel ope, focus,
tilt, order channels position offset, wavel ength channels position offset,

shift bet weanrigusghannels ghenecwavelaagth, the warslangdrchaanelsposition offset i n t he
paraneter ntg isS . CQr h. LORA: CO L Gl Lndl.cat i ng how wel |

t he neasured eiEﬁ%uﬁe@%ﬁ%esﬁtahghgf%?%ér}f&e@;&e]%t%eﬁo&%&dvgﬁh erfect alignnent
mar k, m ni r eRhhriess, heShivBawed@ghihisas thefmédiared|difiereske in@tighddon of
different sections or portions of an alignment neasurenment, indicating the
accuracy of wesitign pfheapous scgmentsHif gaanlt segmentedalignment mark, gad thet ¢ ed
signal divid A : Lye. | rum of the
reasured of o i oe PebifipEbbyifionty Be QlreRRLSRaBELPEE sbIREIBEME 1™ 0 o\,
discrete fraijp@mentebarkid the $iné phase rith regieetonthbly efpecrsd gositiondbasdd t he base
frequency; the signal envelope is variance of the signal strength during

t he neasur em@ptalignment mykyaeasuremgats da theaqoarsg phaseer hei ght during t he
measurenent, the tilt is the angle between the wafer angle and the

detector angle durgn , Qﬁ&p i Bingf fset is

t he nmeasured di ffglpé%}:féllgl&r?ﬁg’??gne oszl11 onh%?ﬁlt e %&@g@%&%&m 82 various
channel s of otelaisavB) whetin,saidnecighting factotsassigaediel saidfist sndsecodd set is the
measured difference in aligne osjition of the varjous wayel ength

channel s, thé"aé’ﬁ\r‘]’flgthﬁ&%gé%e %“i‘@ﬁ%ﬁ’ﬂ‘s“?%’% @%ma“lﬂ“fqr ?réﬁ?‘,[gsi n aligned
posi tion of Pgécﬁéﬁ.ri ous segnents of a nulti segnented alignnment mark, and
the 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 67. A method of determining an alignment grid on a substrate,

comprising

irradiating a plurality of alignment marks with alignment radiation that
has at least two different wavelengths;

detecting radiation from each of said plurality of alignment marks at a

first wavelength of said at least two different illumination wavelengths;

detecting radiation from each of said plurality of alignment marks at a

second wavelength of said at least two different illumination wavelengths; and

determining said alignment grid based on information from said

detecting at said first and second illumination wavelengths.

68. A method of determining an alignment grid according to claim 67,
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;
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on alignnment mark neasurenents in the coarse phase. 66. A nethod of
detecting an alignnment mark on a subshgﬁ?e according to claim48, wherein

said weighting factors assigned to sai irst and second wavel ength
signals are selected in accordance with a diffraction order that is
detected. 67. A nethod of determning an alignnent grid on a substrate,
conprising irradiating a plurality of alignnent marks with alignnent
radiation that has at |least two different wavel engths; detecting radiation
fromeach of said plurality of alignnment marks at a first wavel ength of
said at |east two tectiag sadiation from seidialignmentanask gt msecoad wavelengibr adi at i on

fromeach of ' | & G gnR e r engt h of
said at | east(ﬁf}% %?%@Fgﬂ%ﬂ?{epﬁ%hr% | @h V&m%\?féﬁ%tﬁ%?‘ﬁ%?&g%@ﬂgggﬁdni ng said
al i gnment griwaveksgth g9gnal;dndr mati on fromsaid detecting at said first and
second il lum nation wavel engths. 68. A nethod of determ ning an alignnent
grid according to ¢claim67,  wherein said detecting conprises detecting

radi ati on from an defsTRyRRE Aligameat grid parameters pased aniat leagrsald fighardnt mar ks at
a first wavelgpat hd.: east two different illum nation wavel engths
and outputting a%%%&%gsé%ggt h signal; P-0361.010 65/82 detecting

radi ation fromsaid alignment nark at a second wavel ength of said at |east
two different ill ui% nametrodwd deteemptitisamalienmenpgtid acuprding exclain 68avel engt h
signal; and termning. alignnment grid paraneters based on at |east said
first and s ‘Hc\ﬂmg’é’ﬁgth signals. 69. A method of determning an

alignment grid according to claim68, further conprising: determning a
first signal strengidm@fing ifidstsighaf stehghadfsa st 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 said first and second signal
strengths.

70. A method of determining an alignment grid according to claim 68,
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 wavelength signals comprises determining said alignment grid

parameters with a first precision.

71. A method of determining an alignment grid according to claim 70,

wherein said detecting radiation from said alignment mark at said first
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determ ning a second signal strength of said second signal, wherein said
determ ning alignnent grid paraneters ed on said first and second

wavel ength signals conprises assigning weighting factors to said first and
second wavel ength signals that depend on said first and second signal
strengths. 70. A nethod of determining an alignnment grid according to claim
68, wherein said detecting radiation fromsaid alignnment mark at said
first wavelength of said at |least two different illum nation wavel engths
conprises detecting a first diffraction order sub-beamat said first

wavel engt h, s*éﬁvaleag&@ftsmdgu teasti twoi differentgHumination Wayelengths pemprrises sai d
second wavel .h of said.at |least t different. i.llum nation wavel engt hs
conpri ses dé@%g{lﬁl%gs%? PF%@%%W&E&%@#W&SFNQWtMF’HCH&S ai d second

wavel ength, and said determ ning said alignment grid paraneters based on
said first and seggidudtedtng raIGoR fdn fad SliSaHRt infek adQiEidtbad Ng sai d
alignment grid paranmeters with a first precision. 71. A nethod of

det er mi ni ng avavelengiliaf saidgt legastdwedstitferant lﬁnmmaapnmﬂenmh@mnpﬁmi d

detecting radiat.J | i apmen rk. at..said.first P:0361.010 66/ 82
wavel engt h o% e%%flugé]%gécﬁgggﬁ’h%m na‘g? esl"lé'r?ggrplaf %Hliiﬁegt%gﬁ\’%fyggtgh&pis
conprises detecting a second diffraction order sub-beam at said first

wavel ength, said dsideRtermihifigshidbligindnt gfiv patathedrt B oh sa@Ificstdndsai d
second wavel ength of said at least tw ditferent illum nation wavel engths

conprises dé¢tcondwayelengtb signalsommrises desermining said aligwmenhgaid sai d second
wavel engt h, glqmﬁ ' t 1 4 sl i Nolgn ters based on
said first a sgéégn &%@@r@?ﬂﬁg#&%rssﬂco%‘%ﬁlge%%e ‘g?i?rﬁni ng said

al i gnment gr ipeecispar.aneters with a second precision that is nore precise
than said first precision. 72. A nethod of determning an alignnent grid

according to clai %6i method of determining an alignment grid according to claim 68,

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.

73. A method of determining an alignment grid according to claim 69,
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.

74. A method of determining an alignment grid according to claim 73,
wherein said selectable parameter eliminates information from said first

wavelength signal from said determination of said alignment grid parameters
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wherein said detecting radiation fromsaid alignment mark at said first
wavel ength of said at |east two di ffegeﬁgﬁ I1lum nation wavel engt hs
er

conprises detecting a diffraction or sub-beam at said first wavel ength,
a value of said diffraction order sub-beamat said first wavel ength being
dynam cally sel ected based on processing said substrate had undergone, and
said detecting radiation fromsaid alignnment mark at said second

wavel ength of said at |least two different illum nation wavel engt hs
conprises detectipg.a diffraction order sub-beamat said second

wavel engt h, avReR said fmst wayslength signal dailsyn satisfe p selegtabledenchof sai d second
wavel engt h b%ﬁ]%)-ﬂl;pnam cally selected based on processing said substrate
had under gone. é A net hod of determ ning an alignnment grid according to
claim69, wherein said determning alignment grid paranmeters based on said
first and second avehetgidofdegnmnining ai dlixgmeatsiid k&Reding § Aaine3,2

sel ect abl e paraneter., to conbine information fromsaid first and second

wavel engt h siiEeLa said selegtableinarpmetar eljianaates informagian flomysaidfirst gr i d accor di ng
to claim73, I Sal ) ar el in ' rmation from
said f : rst m‘%ﬁ\ygﬁg%{b I'l1ggﬂs%|l gﬁgﬂ%aﬁ%e?nggg?%'ﬁg%?géﬁa#gjf":ng#%&eé%tgfsi gnlrrent

grid paramet evienRaid¥ait WivklngBagnd €ailsyaisatisty b sélemablel@rbbhpretigioal fails to
satisfy a selectable level of reliability. 75. A nethod of determ ning an

[ i t id i t l.ai m 73, [ i i d |.ect abl t
Gl 1 i nat es i nf or mlBy GhAFHSM o SRarPInts an AUBATIBhEhaceDGHaE (G Ao T o
det er m nat i ORyHafeif 84id s@lkitdMERRtanttdrds P&%\E/@flﬁ%cfﬁﬁor R&0 ﬁﬁé@gé 'sﬁﬁt wavel engt h

signal fails to satisfy a selectable preci sion. met hod of
det ermi ni ng aveights.gnnent grid according to claim 73, wherein said
sel ectabl e paraneter is determned prior to said assigning said weights.

77. A nethod of d%tﬁarAmmg r&g o?ﬁct%l | i%méear:]ltal@r | %maé:r&f)arlc%lop(ﬁné t% c(ialugi %’73,
wherein said selectable parameter is determined after said assigning said
weights.

78. A method of determining an alignment grid according to claim 69,
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.

79. A method of determining an alignment grid according to claim 78,
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.

80. A method of determining an alignment grid according to claim 78,
wherein said selectable threshold value is a relative threshold, relative to a
selected value of a signal strength.
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wherein said selectable paraneter is determ ned after said assigning said
wei ghts. 78. A nethod of determ ning ggal i gnnent grid according to claim
69, 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 threshold value, said weighting factors
being constrained to be wthin a range fromzero to one, inclusive. 79. A
nmet hod of determining an alignnment grid according to claim 78, wherein
said weighting factors assigned to said first and second wavel engt h

signal s that deperftl-ohmsthod ofidetermining analigmnest gidpceording i ¢laim ¥8.t her
depend on a . J VL | cal e ljal on said substrate
at each of sadl} ré’ﬁ%%fgt*antggfseet@%% %@E‘F@ﬁ%ﬁ@&‘“@o‘ﬁiﬁ%@‘t hod of determ ning
an alignnment grid according to claim 78, wherein said selectable threshold
val ue is a rel ati 8. tAnetid of deteathiing/an iligninens gid adcettingtoidaiai 8@, si gnal
strength. P-0361.010 68/ 82 81. A nethod of determ ning an alignnment grid
accordi ng t o Yeagimseid weightingdaciors assigacd 1o spidiirat and seeand wavelength s an

absol ute thr 3 ;04 #"?ﬂﬂ l.d according
to cl ai m 80, %%ﬁﬁgﬁg?tﬁﬁggﬁdﬁmge%ﬁ{s?%%é ag{l%%lg'b %gtsrl %e og};g%pggt? Pﬂst and
second wavel arsgidotable apselut: thiesholdepled on said first and second signal
strengths further depend on a selectable absolute threshold value. 83. A

met hod of determ nj,ng, an.alignnment. grid gccording,to cl.aim g9, erein
sai d assi gni ng \A/elrg}htﬁfﬂ’ﬁﬂ’fogé)?g?e@ : _@*&’W‘ﬁﬁ‘b@@ _ t‘\/\g_@‘é‘?%th
signal's are &RkERQsidas ik Weighfih fididrS to Wﬁ}ﬁﬁﬂ&&cﬁh@%{/eléé%tﬁrefe”ed

over said second wavel engt I'gnal. 84. A nethod of determnihg an
al i gnment gr isignalscoe akisigped ouahl thatrsaigt¥irst wirenlerigth signal isnpriefgntedroyef act ors to

said first and.,eco wavel ength,signals are
said seconradwave en, gnal. g

84. A method of determining an alignment grid according to claim 83,
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.

85. A method of determining an alignment grid according to claim 83,
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.

86. A method of determining an alignment grid according to claim 68,
further comprising:

determining a first signal strength of said first signal; and

determining a second signal strength of said second signal,
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reassi gned such that said second wavel ength signal is preferred over said
first wavel ength signal subsequent t@go®ai d second wavel ength si gnal

dom nating over said first wavel ength signal when said weighting factors
were previously assigned such that said first wavel ength signal was
preferred over said second wavelength signal, leading to a hysteresis
effect. 85. A nethod of determ ning an alignnent grid according to claim
83, wherein said assigning weighting factors to said first and second

wavel ength signals are re %?I gned such that said second wave] ength si gnal
is preferred overWheriy spidrdsteripining lgnggﬂ@ﬂrawseéa %ﬁﬁdﬁpéa’é‘t #i ned

criteria. 86.,/4 Bk IE,%HEQQ to claim
68, further conpri sﬁﬁ%ﬁieggﬁsﬁf%ﬁdﬁﬁgl rstv si gna %c'ifengﬁ)l of said first

signal ; and dhtmﬂs&cmglwa&@xgﬂmlgmmmhtddpemgﬁhtmst@mdmaﬁ&ﬂﬂd si gnal ,
P-0361. 010 69/ 82 wheyein said determni alignnent grid paraneters based
on said firstduanity S§{§’é 5 dromm, they se tlﬁe"éPﬁglﬂ@a@%‘F\%ﬂ%@m%ﬁ;ﬁ’ng wei ghti ng

factors to s e n at
| aast one. moabiirepic] SenfidtmREQRT Ml AR, HePp R Bok obud BRPOREE
quantities cahanmfs papitain offset, wavelehgthwhanneds gstiontaffsen shift betwesam, si gnal
shape, signal envel ope, focys, tilt, order channels position offset,
wavel engt h cHSERENS apdeparsss ©P9sitAN deyigthion, pet ween segnments and
coarse-fine position deviation, wherein the paraneter ncc is a nmultiple

correl ation coeffighd&h thd ﬁghﬁ@&f Hﬁc%%i#leédﬁ“elﬁﬁﬁ%&éﬁﬁ:ﬁhgna' resenbl es

the signal expected for a " perfect alignnent mnirepro i s a standard
devi ati on of indieat'aig'lgweﬂellﬂmstineasuredcsﬁgrdl fesemblas ﬂ'mesmgnabmeoted;foral ons of an

alignment neasure | ndi,.cati.n the ccur [t d posi ti on,
signal to noﬂ?gre?t ‘igﬂmlegt'{l?f ’Fﬁ“Pf (50 Sﬁ%ﬁ%ﬂ%@&%@] lative |evel
of noise acrqmtfbﬁ%faﬂﬁeéﬂtueatﬁinsbhﬁomaﬁaéwneﬂlgﬁhﬁﬂ%eas%dﬁnt he si gnal

shape is the relative level of a few discrete
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.

87. A method of determining an alignment grid according to claim 69,
wherein said weighting factors assigned to said first and second wavelength

signals are selected in accordance with a diffraction order that is detected.
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frequencies in this spectrum generally at nultiples of the base frequency;
the signal envel ope is variance of thgmgsignal strength during the
measurenent, the focus is the offset in wafer height during the
measurenent, the tilt is the angle between the wafer angle and the
detector angle during the neasurenent, order channels position offset is
the nmeasured difference in aligned position of the various channels of one
wavel engt h, the wavel ength channel s position offset is the nmeasured

difference in aligped posit, of fhe varjous wavel ength channels, the
shift between seg nt%ﬁ?eghqdﬁ’gr&ﬁ@%&‘W’fWB ?9905{%3%&%% tion of
the various a@RERbipPking Witplat AU i AR Abn- nﬁﬂ&- e
coarse-fine positi onp(;ﬁel\ﬂgati gn |ls the%ggﬂyg‘l?saence’ﬁ% \;\'gré 0t e b%d;i tion of
t he al i gnmeX-Ynexpassiom diffegerice and plafes expdnsionrie dpesaid deteriigdtionfpect ed
posi ti on based. rﬁ?'n al i%ﬁnt mar k neasurenents in the coarse phase. 87. A
met hod of det®dRISAMED lignment grid according to claim®69, wherein
said weighting factors assigned to said first and second wavel ength
signal's are sel ectgrdifl oRAGEAANCRe MeldiviRyidh] fbAGhE RRaQEEE %ﬁﬁf& s
detected. P-0361.010 70/82 8é. A rr%t r?odvoi'tl 1éget er %hm ng an étlf gnmtent grid
accor di ng t o nerkpasiten to the fitthd waberigoidi somgrthogonalitytant 8aYtexpassiaf gri d

resi dual s, nagns.orthogo ity, an .X-Y expansion difference and wafer

expansi on in%f[}ﬁ%e%cﬁagegga‘bé?%??fﬁf%weg?o Qﬁ‘?}‘%‘ﬂpﬁﬁ’ﬁgﬁt Ve wherein grid
residual s ar @xpdhgionay hdidaQite of fHBxpARIGHRFIHE Bdfep] | gnmeNt  mark position to
the fitted wafer grid, non-orthogonality and X-Y expansion difference are

bot h neasures of the deformation of the wafer, and wafer expansion is a

nmeasure of the exB88nd} mathesd of Hetewmining angdignmentegrithaccordimtoctiatimbag an

al i gnment gri L cl aj urther..conpr.ising staring

i nformation romggglﬁlgh%ﬁgé%%ﬁtm@ﬁ%j%ﬁ% 1§Ia£1gm8 tﬂé%%%elg first
substrat e. 9Q@btatheddbh®fArsdbutdeher M ning an alignnent grid according to claim
89,

90. A method of determining an alignment grid according to claim 89,
further comprising retrieving said information from said alignment grid
parameters obtained for a first substrate in said determining alignment grid

parameters for a second substrate.
91. An alignment system for a lithographic apparatus, comprising:

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; and

a position determining unit in communication with said detection

system,
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further conprising retrieving said information fromsaid alignment grid
paraneters obtained for a first substyg82 in said determ ning alignnent
grid paraneters for a second substrate. 91. An alignnment systemfor a

| i t hographi ¢ apparatus, conprising: a source of alignnent radiation having
a first wavel ength and a second wavelength; a detection system conprising
a first wavel ength channel arranged to receive alignnent radiation from an
alignnment mark at said first wavel ength and a second wavel engt h channel
arranged to receive al.ignment..radiation from said.alignoent mark at said
second wavel engt h;w%ﬁ%fngmgg'gflf’% CIHERDITE Y RIOLRTPES “T‘%?“g‘@llﬁﬂ_#?@a?ﬂ n wth
sai d det ecti gitstndls8BndRvAV3RAgE BarrleiSia cokifbifiidn $0bsleRAnt b 0N det er mi ni ng
unit processes information fromsaid first and second wavel ength channels
i n combi nat i @Hgnwenigriskhasebomat least pymofiinforpration framedidfirsawavedesgth one of

information fromsaid first, wavel.engt channel , inforpation fromsaid
Isecond Wiavel gh@qlﬁf&h%gqéqonafﬁgn\émpﬁ@g W‘Wﬁf@ﬁﬁ’a‘#ﬁalﬁwlﬁpgﬁ?égmadfi r st :and
second vavel %ﬂﬁhﬁatfdiﬁﬁ’(b}ﬁ|s§id€fﬁ§t%ﬁis%nﬁ%ﬁelehﬁlhﬁ%hhﬂﬁels%&c@ﬂﬂﬁé&ooj sai d

alignment radiation detected at said first wavelength to alignnent

radi ati on detrdatesteenghafdaidatignuentradintionydétectedat said fadst wavederigtlsyst em
according to,claim9 erej i sitiqgn tecmning unit is
const ruct ed tt%almeé%g S 1) ‘:13%19%’&?8?"1?‘@6399}18#{35%\%88 irst and second

wavel engt h channel s by weighting first and second signals fromsaid first

and second wavel engt Ancipnfrhssysicidadcasting ® d1diat 91 eRRRgn 94id PosiAbrt i ve

strength of said first signal to said second signal. 93. An alignnment
syst em accor deeEninng YL} inconstrugied te prpcessssaitkingymation foay saidfirssandi second

wavel ength ¢ |, . . sald first signal
relative to E%BQSSW eajc‘:lglr?g% icéﬁuéfeﬁg@ceggggn% ;ﬁ)%séglg‘?éee?ﬂﬁéngéﬁﬁé From sm&

first and second wavelength channels with factors that depend on a relative

strength of said first signal to said second signal.

93. An alignment system according to claim 92, 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.

94. An alignment system according to claim 91, 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.

95. An alignment system according to claim 91, 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.

06. An alignment system according to claim 91, wherein said first
wavelength channel of said detection system corresponds to a first diffraction
order sub-beam at said first wavelength,
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threshold. 94. An alignnment systemaccording to claim91, wherein said
source of alignnment radiation corrpr';zga a first |laser that generates
a

radiation at said first wavel ength second | aser that generates

radi ati on at said second wavelength. 95. An alignnent systemaccording to
claim9l, wherein said position determning unit is constructed to assign
wei ght factors to said first and second wavel ength channels that depend on
signal strengths of said first and second wavelength signals. 96. An

al i gnnment system according to claim9l, wherein said first wavel ength
channel of said deiidsdcondwayslemmth channekgfaifdetestian system caitespoads i on  or der
sub- beam at said first wavel ength, P-036 .010d 72182 %?i ddsecond wavel engt h
channel of sW#iafugedifEadtign o F'g?rp' TR A Tand VVaCHE - A f fracti on order

sub- beam at sai d second wavel ength, and said position determning unit

determ nes said aédi&ﬁé@ﬁt&_&F&rﬁi}ﬁggﬁﬂjﬁ&eﬂﬁﬁisﬁisimaﬁ@m ghidtassd savel engt h

signals with a first” precision. _An alignment systemaccording to claim
91, wherein sad first disd secondwasslengthvsigoals math aclinspprieeisiong t hi rd si gnal channel
at said first wavelength and a second diffraction order sub-beam at said

first wavel engt h’?ﬁﬂﬂnf‘a}ifg@rﬁ&égg@i %%%ﬁ&ggﬁgiahﬁbls‘ghge&eﬁ%%d wavel engt h and

a second diffract secohd wavel ength, and said

posi tion det g&ibnYstbii furth& comprivesa thirddighlal gnmmdeltat gaid Girtased on  sai d
first and second wavel ength si%g_al s with a second precision IS nore

t hat
preci se t hanwawtlength pud a preend ditactiongrdersubibeam 4 said %t@ﬁ‘?@@ﬁ&‘r ding to
ST moL aherei g : 4
L AP FL P oy A BRI st o1t o

corr esponds cti1on am at sal Irs
wavel engt h,  grdépbitebéain &ahid sdedidr walelengtioradr sub-

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.

98. An alignment system according to claim 91, 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 wavelength, a value of said
diffraction order sub-beam at said second wavelength being dynamically

selected based on processing said substrate had undergone.

99. An alignment system according to claim 92, 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.
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beam at said first wavel ength being dynam cally sel ected based on
processing said substrate had undergg&g, and sai d second wavel ength
channel of said detection systemcorrésponds to a first diffraction order
sub- beam at sai d second wavel ength, a value of said diffraction order
sub- beam at said second wavel ength being dynamically selected based on
processi ng said substrate had undergone. 99. An alignnment system according
to claim92, wherein said position determining unit processes said
information fromsaid first and second wavel ength channels by further
assi gni ng a sel ectblAn pligramnt system accesnding to clpigt 89, vghereiR spidom sai d first

and second wayel th signals. P-0361. A Mol t system
accor di ng toseﬁéﬂ%W%?m%ﬁ%% a@gyﬁgr%agfoggfog{ggéd%ggaﬁ?? lee? el'l'm nat es

i nformation fpAEhdGioditioh delermiabe ROEN ssill Gitalwavbleagthsigndl fisits i on

determ nation when said first wavel ength signal falls to satisfy a

sel ect abl e | satiefy aofelectabledlev¢liof yeliabdity. An al i gnment system according to
claim99, wherein said selectable paraneter elimnates information from

said first wavel epgt h, signal  f L. d . | L4 ) j on when said
first wavel ength grfﬁag%ﬂﬁ?%mt%&ﬂéggog?@ggdéle eg?’%ﬁg‘flg\%ﬁ of precision.
102. An al i gqu@eibléyahnsteclitindies gnformationi from Said firstrwavelengthcsigmad| ect abl e
paraneter is determned prior to said assigni nag, Eeaig@ V\Eréfgatéfs 103. An

al i gnment  syHomsaispasitiondgteryinatign ywhey saiiiestygyeiengly st 8l e paraneter
I's determ ned_ afte ' WelalP said weights. 104. An alignnent
system accor%tl%%%l%gﬁeggﬁih%ﬁ%% said weighting factors assigned to
said first and second wavel ength signals that depend on said first and

second signal str &0yt As afignrhére sysiepeancbrdingdo sleim 8P awhereintsaideshol d val ue,

said weighting factors bei constrained to,be.wi.thin,a.r e fromzero to
one. inc |g usi tab%e parameter Psgdetenmned prior ?o said assigning said we:g%&g

103. An alignment system according to claim 99, wherein said
selectable parameter is determined after to said assigning said weights.

104. An alignment system according to claim 92, 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.

105. 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

reflectivity of said substrate or a material on said substrate at each of said first

and second wavelengths.

106. An alignment system according to claim 104, wherein said
selectable threshold value is a relative threshold, relative to a selected value of

a signal strength.
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105. An alignnent 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 streﬂ@’t‘gﬁs further depend on a reflectivity
of said substrate or a material on said substrate at each of said first

and second wavel engths. 106. An alignnent system according to claim 104,
wherein said selectable threshold value is a relative threshold, relative
to a selected value of a signal strength. P-0361.010 74/82 107. An

al i gnment system according to claim104, wherein said selectable threshold
val ue is an absol (e AbaREHREN systédB acddidial taElaRN 104 wetiepdin agidor ding to claim
106, wherein said weighting factors assigned to said first and second
wavel engt h sielpatable thiesholddeperisiamabseohiteithrgsheld. and second signal strengths
further depend on a selectable absolute threshold value. 109. An alignnent
system accor di ng claim 92 wherei ' ' ' S assigned to
said first and se]f:@ndl‘ﬁ}\ﬁ(}%ﬂ%%s%rﬁaﬁcﬁ@g}oemgg2%%&@%&%@ hat said first

wavel engt h siggffing facRir€4stighed todeed fifseantl seeomhvravelength eiggals tmtgnal . 110. An
alignnent system according to claim 109, wherein said \Ael%gqltq%%af actors of
said first adependonsaidfiastand serond siggabstengths fyrthes deprndn & t said
second wavel en i l. 1.8 preferred over said first wavel ength signal
subsequent t%’@é\'&&%@@ﬂ avﬁ\llé?\'/el engt h signal dom nating over said first
wavel engt h signal when said weighting factors were previously assigned such
that said first weyelgnglignményspdtemascardiag ¢o clain 82ewhereindagkcond wavel engt h
signal, leading to a hysteresis effect. 111. An aI]i njrent alziystem accordi ng
to claim 109wexgh@m&_fqet%a&§1g%#gm¢ ﬁb"’t $65PRA WAXCIETRY SIEJASAY first and
second wavel %Q%Elgd SNBSS afY first wavelength signal is preferred over said second

wavelength signal.

110. An alignment system according to claim 109, 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.

111. An alignment system according to claim 109, 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.

112. An alignment system according to claim 91, 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 at
least one measurable quantity selected from the set of measurable quantities

consisting of mcc, minirepro, signal-to-noise ratio, signal shape, signal
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reassi gned such that said second wavel ength signal is preferred over said
first wavel ength signal based on prﬁﬁggernined criteria. 112. An alignnent
system according to claim91, wherei id position determning unit is
constructed to process said information fromsaid first and second

wavel engt h channel s by weighting first and second signals fromsaid first
and second wavel ength channels with factors that depend on at |east one
nmeasurabl e quantity selected fromthe set of neasurable quantities
consisting of ncc, mnirepro, signal-to-noise ratio, signal shape, signa

P- 0361. 010 ZaJddpe Ptk ORI orded €lignnelsi pokitioarofifset, eheciemdth cpamielsi on of f set,
wavel engt h channel's position offset, shift betmeen_se%gents and

coar se-f i ne ppsition pffsetdshift betwean segmrents #nd qoarsgAingROPLICN JEWANAD. 1y ¢ pl e
correlation coefficient indicating how well the nmeasured signal resenbles

t he signal expect %f%ﬁ@}fapﬁﬁﬁét{fﬁefg%" g‘:@‘i‘g%mw&%mﬁ“nmwﬁo is a standard

devi ati on of the pPOSi erent sections or portions of an
al i gnment  ngafeRFERtw well B miadsired sighal msembles thesignahexpetted fer posi ti on,

signal to noise ratio is the fitted signal, divided he relative | evel
of noi se acpedfectiaignmgeionarkngHIeprRIs "rﬂ*’ﬁ@ﬁ'ﬁde‘gwéquﬁﬁéﬂf B}/e\/ﬂi‘igpﬁ‘ithe si gnal
shape is the rel at] I | S &Pm Qfenfshti N this
spectrum g@ﬁ@lﬁgplogﬁgf{er%%ﬁt%#eng?ﬁge bagatel rteigﬁ%ﬁ%y; t.hgmg‘iﬁ%al
envel ope i s jN@iEatR{paRe @fcutdey of gndigned pesite signal goisegatireis t, the
focus is the_o;{ag;qﬁh%mﬂﬁ@%tg%%gi9&;&%43%‘&23@%%%%% the tilt is the
angl e bet wstgn ! & g the
nmeasurenment, order . il | Ghlatie leh@l oTRFewWIdistrélef f erence in
il igPl Vi Tn gl ki Li3al

al i gned posi vari ou s of one wavel ength, the wavel ength
channel s pogidquencie¥ ihtkis spectrut) gemeraliyatanultiples of thedasy frequengyidBe posi ti on of

t he various wavel ength channel t he i ft betwe S i.s.the
measur ed di fsignaberveions 1%11"?1&%?10?‘5'8& e&E“‘t‘ﬁ’é‘“&g\[’]‘f %,E%%géé%%%htpg of a multi
segnent ed a'f;,gm@me cﬁ?s’ekmﬁﬁérﬁé?gn JAAE PR kA rdaei thotlt detheahglen is the

e e

di fference between t position of th ]
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.

113. An alignment system according to claim 92, wherein said
weighting factors assigned to said first and second wavelength signals are

selected in accordance with a diffraction order that is detected.
114. A lithographic apparatus, comprising:

an illumination system,
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alignment marks in the fine phase with respect to their expected position
based on alignnment mark neasurenents é? the coarse phase. 113. An

al i gnnent system according to cl ai m 82 wherein said wei ghting factors
assigned to said first and second wavel ength signals are selected in
accordance with a diffraction order that is detected. 114. A lithographic
apparatus, conprising: an illumnation system P-0361.010 76/82 a substrate
stage assenbly arranged in a radiation path of said source of illumnation
radiation; a reticle stage assenbly arranged in said radiati on path of said

source of illumnabitefe sash AsémByhenpalinsabdiagenpab ofisad sairde substr at e
stage assenbly; a projection systemarranged between said reticle stage

assenbl y anaf ilhwiidatierbradiatioe; st age assenbly; and an al i gnment system
arranged adj acent to said projection systemand proxinmate said substrate

2l Conment rad at FaRREoEg aiebbCRFRbA PRl FRUARIRpATT 58 SAECE T

det ection syFiiRih@eHeH fadiafion defwee baidavaice agd kaid hubstrate stager anged to recei ve
alignment radiation froman alignment mark at said first wavel ength and a
second wavelagsemtlyichannel arranged to receive alignment radiation from
said alignnment mark at said second wavel ength channel; and a position

sai d ali gnment ‘o d second  vavel eng ! osition
etermining unit 4 ReROINGal homgbh bluiRhdid el e b A usHabg navher ei n sa

position determ process ormation fro
said substrate stage assembly; and

an alignment system arranged adjacent to said projection system and

proximate said substrate stage assembly,
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 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
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first and second wavel ength channels in conbination to determ ne an
alignnment grid based on one of information fromsaid first wavel ength
channel, information from sai d secondB&vel ength channel and conbi ned
information fromsaid first and second wavel ength channels according to a
P-0361. 010 77182 rel ative strength of said alignnent radi ati on detected at
said first wavelength to alignnment radiation detected at said second
wavel engt h. 115. A lithographic apparatus according to claim 114, wherein
said position determning unit is constructed to process said information

fromsaid flfhe 8ieREHAAM ARNRHeRNAIRCRAARENE i RisOBalelendthT st and
second si gnzﬂ:lgﬁ{’?ro gnal Phlr gﬁ{c}ﬁgecond vvavelaenglgth channelésthvm'th factors
t hat depend tgali ntradisdonvdetatedagaid sefordavavelengdt si gnal to said second

signal. 116. A lithographic apparatus according to claim2115, wherein the

wei ght factor for said second channel is set to ze en_.a strength of

said first signdilr eﬁ]dﬁ"PB@PEG %F&%éﬁ%%ngit‘bﬁa}mig%‘%g@ sélrdedet er m ned

threshol d. 14g ioﬁ‘dlefemﬂﬂléf‘ﬁmfécﬁﬂﬁﬁfd’éd% pRGRSY Shidfdrthatibaiiiomidaid wher ei n
offt al'rgnmen

said sourc radiation conprises a first laser that generates
radi ati on atfirswankliseadndwvearelangtit ¢haanels by seighting fizg and serend gignalsat es

radi ati on at_a second velength, 118. A |it r aphi.c r accordi ng
to clai m 114romsuiddirst ag iSECOﬂgd'gﬁ"Fleaﬁ'%&@?‘é‘?eﬁﬁ Wfqﬁg"‘%ﬁf #h 3t ggﬁ%rqgﬁ{ﬁ%t ed to
assign weig : f st sibsd1 o 314 s&onaB@Endavel engt h channel s t hat
depend on s%ﬁ%@gﬁr@%ﬁ% of Ssallglgl f(i)rst and is;ggcond wavel engt h si gnal s.

119. A lithographic apparatus according to claim114, whereipn said first
wavel engt h channell6ofA eiograpbicepparatusageardingdo clais dpdehersinghe i ¢

diffraction order. sub-.beam at said first ' gnd wavel engt h
channel of s‘ﬁ?‘&htofé?t«%fqréﬁg]ﬁ%(f“aﬁhwq ésss&*r,\xzisé% t&@&é@; tlr?@ttﬁgfﬁir action order
sub-beam at §Rj oSk tQMve'®%8IdRBE3HH sigitlexceeds a predetermined threshold.
117. A lithographic apparatus according to claim 114, wherein said
source of alignment radiation comprises a first laser that generates radiation at
a first wavelength and a second laser that generates radiation at a second

wavelength.

118. A lithographic apparatus according to claim 114, 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.

119. A lithographic apparatus according to claim 114, 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.
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said position determning unit determnes said alignnment grid based on
said first and second wavel ength si g%@ with a first precision. P-0361.010

78/ 82 120. A lithographic apparatus rding to claim 114, wherein said
detection systemfurther conprises a third 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 wavel ength, and said
position determning unit determ nes said alignnent grid based on said
first and second Y eA ditgsghaphicappasatus dcbordingdo claimpd dcwhérein saltht i s nore
precise than said first precision. 121, A |lijhographic arat us accordi ng
to cl ai m 114det¢ghionSysfem, erfquE’PSMé‘Fgﬁ@“ﬁ} {lﬁgﬂaéﬁt sqid %gﬁl d detection
Syst em cor I egRaiht iid difithdtlon il Al Yeslilar SR FRAWEVBengd] 0 T 1St
wavel engt h, gg"\?é; e %?@asg%ﬁ%fjﬁr action order sub-beam at _sa[gtg first

wavel engt h baidwfouythaignabtHayndel sxd ed:ohdmdelengthpndaes@a:ndgilﬁabdo{subst rate
had under gone, and said second ;ﬁla_%%legng'éh channel of said detection system

corresponds Ofder siibrbeagy at gaid; b- beam at said second
wavel ength, a value of said diffraction order sub-beam at said second

wavel ength being %X@%U%iﬁ@dh&aﬁﬁh@%ﬂ%%ﬁﬂs@ﬂd@ﬁ sRemighd lsédlomsubst r at e

had undergone. 122. | thographi ¢ apparatus according to claim 115,
wher ei n sai dsaipfisst andsecdrnd sanelongthy signals withacseserdpreaision;thatds M on from

said first and , second. wavel ength channels by further assigning a
sel ectabl e pﬁﬁﬂﬁlﬁ%ﬁﬁp sf"(gvia“étcﬁfﬁ?lﬁgn'i nformation fromsaid first and second

wavel ength signals. 123. A lithographic apparatus according to claim 122,
wherein said sel ezt aRlEhdpspHi®iparatns accomimgstol oidiny el wherein said sai d fir st
wavel ength signal from sald position determ nation when Fai d first

wavel engt h sfiphwiav¢lgngth channekof said detection SEHeRISOTCIROPES Wt 1Sk j abi i ty.

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 wavelength, a value of said
diffraction order sub-beam at said second wavelength being dynamically

selected based on processing said substrate had undergone.

122. A lithographic apparatus according to claim 115, 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.

123. A lithographic apparatus according to claim 122, 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.

124. A lithographic apparatus according to claim 122, wherein said

selectable parameter eliminates information from said first wavelength signal
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124. A lithographic apparatus according to claim 122, wherein said

sel ect abl e paraneter elim nates inforﬂﬁﬁ#on fromsaid first wavel ength
signal P-0361.010 79/82 from said det nation of said alignnent grid when
said first wavelength signal fails to satisfy a selectable |evel of
precision. 125. A lithographic apparatus according to claim 122, wherein
said selectable paraneter is determned prior to said assigning said

wei ghts. 126. A lithographic apparatus according to claim 122, wherein said
sel ectabl e paraneter is determ ned after to said assigning said weights.

127. A lit hog¥oapkiié depmdinatisiSofaaridligni@nt grid Waemsald first waeelengthsai d
wei ghting factors assigned to said first and second wavel ength signal s that

depend on saistgnal fads tosptislyacsslegtabledayel of Presisiiths furt her depend on a

sel ectable threshold value, said weighting factors being constrained to be
within a range fr ' ' . ' : jjc appar at us
according to clai %9?‘2?15@\%%&9%}%@@%%#%;8& %‘%ﬁﬁd‘% ﬁ%é?gg%%%y’hgg%?gﬂgd to said
first and secelectablapatagiegdrtis détgrmdihead piartto saidpesigniog sadwetidlits.st and second
signal strengths further depend on a reflectivity of said substrate or a

material on said sybstrate at .each of said .first . and second wgvel engths.
156" 11 £ hogr aphi 26 a @S aRNIS AEEHaHh SCHIE I ST 152, JHeran shida o

sel ectable t &Q?‘g LS id 8 t@mﬁﬁédﬂ%ﬁ'éﬁ g,ﬂagﬁm ifle sdi@bRlighve to a selected
value of a E?lgna igtrengtﬁ. €;'L30. |th(())gr ap ilc ap?oar at ugél according to
claim 127, wherein said selectable threshold value is an absol ute
threshol d. 131. AIlR7i Adithegraphic appraatus accosding tai¢laign 1 5, thereim 83d, wherein
said weighting.factors assigned t. id. first and, second el engt h
signal s t hat “eBEdacAEsTEed i siid i dseoapdarRIREE RIREE £ ur't ner
depend on a gYRp&fllHNaRI fidPaM $k6hd fiERE SQesktNAfubtBer depend on a selectable

threshold value, said weighting factors being constrained to be within a range

from zero to one, inclusive.

128. 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
reflectivity of said substrate or a material on said substrate at each of said first

and second wavelengths.

129. A lithographic apparatus according to claim 127, wherein said
selectable threshold value is a relative threshold, relative to a selected value of

a signal strength.

130. A lithographic apparatus according to claim 127, wherein said
selectable threshold value is an absolute threshold.

131. A lithographic apparatus according to claim 129, 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.
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P-0361. 010 80/82 132. A lithographic apparatus according to claim 115,
wherein said weighting factors assigned to said first and second

wavel ength signals are assigned such¥Bhat said first wavel ength signal is
preferred over said second wavelength signal. 133. A lithographic
apparatus according to claim 132, wherein said weighting factors of said
first and second wavel ength signals are reassigned such that said second
wavel ength signal is preferred over said first wavel ength signal
subsequent to said second wavel ength signal dom nating over said first

wavel engt h si gnallB‘Q@Wliﬁﬁ%ﬁp}%iaﬁPﬁﬂaﬂﬂ ab@rdiag o ¥IRInG 1 P3, avliepeifilsyidassi gned such
that said first wavel ength Signal was preferred over said second wavel ength

si gnal , | eadieighting factoysstssigned to saidf first andisgaondavavelengy ugnaltargppar at us
di t laim 132 wh ' i d i ght i | dt i d
Frret and seeomeedRih i 3o engrplngni Rl Aot SRR, (° SEond

wavel engt h sj.gr itagf erred over said first wavel ength signal based on
pr edet er mi ned cﬁngeri%ﬁl%. A lithographic apparatus according to claim
114, wherein said position determining unit is constructed to assign

wei ght factors td33aiAllitiogeaphicapparstis deprdiag 4o elam Ao raseinsatdnat  depend on

at | east one Sugrtﬁgtloe 0%@%1%%%%%%%%‘?%3%%@ sfigr(;&lss:ﬁ% régssigtﬁ?(g ur abl e

quantities con Si -hol'se r si gnal

shape, si gnalyck B4ebAE Secoh@wavelehgthsignal id prcfercttboves kaid fivsti waveleng i set ,
wavel engt h channel s position offset, shift between ment s, and

) se
coar se-fi ne signat subsaqueat tossaidyneconthwpyglensthsigpal deminating Hver sald Hrsty | ¢ p) e
correlation coefficie hndi ' I TRASH Reieatdarh resenbl es
the signal e%pr ietngﬁl ?@éalédhggg%?é%{%&g{h%gﬁ%@htwﬁgﬁ, m ﬁlr r egrﬁo i's a standard
devi ati on ofhahQideidsowatklenpus sighalwafprefefrédovartsaidsecondngavelengtly t i ons of an
al i gnnent nmeasurenent, indicating the accuracy of the aligned position,
signal to novignalrleading toa hysteresis iiget.
134. A lithographic apparatus according to claim 132, 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.

135. A lithographic apparatus according to claim 114, 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 mec,
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

P-0361.010



signal divided by the relative |level of noise across the spectrumof the
P-0361. 010 81182 neasured signal, Mhépﬁzthe signal shape is the relative
| evel of a few discrete frequencies this spectrum generally at
mul ti pl es of the base frequency; the signal envelope is variance of the
signal strength during the neasurenent, the focus is the offset in wafer
hei ght during the neasurenent, the tilt is the angle between the wafer
angl e and the detector angle during the nmeasurenent, order channels
position offset is the neasured difference in aligned position of the

vari ous cha%@k&cefsifgmemwheem@mhaphes the velhtvigetel aif arfereldiscpedsi ti on of f set
Is the nmeasured difference in aligned position of the various wavel ength

channel s, t eequendies ipshipspastryny generally 8 myldplgeakihe basersquepe e i n al i gned

position of the various se f: ' libeIEHRR Hhe MBI K, and
t he coarse-s’fg“ﬂ]eerBISLquilsoY\arg’gg?éﬁhgﬁlgig‘%l%éétgi ﬁeggjineg@e%et weer the position
of the ali gpsaRAS tHERTHEL ihﬁwdf&%diihlduﬁh@&fe médstreneap et tilt is theengle expect ed
position based on alignment mark npeasurenents iﬂ t he coarsg ase. 136. A

| i t hogr aphi detissarthe wafes angle and therdstectosjapgle fyring e raeasuteney Tghti ng

factors assigned.t ' i asgf‘éﬁo&lﬁ ec{g%{, i 85Pd re selected
I n accordancf;gmelﬂﬁll gﬁgflnﬁfisg{:ﬁt%%ﬁgr er t gﬁt@ﬁ(l‘!ésain tit}:?iéé. 13%?1@A

| i t hogr aphi afipRAtahbEls of onpwassldgth, tenwavdlenginettanoels pysitiempffsetdsibst r at e
stage assenbly noveabl e between. a radi_atiotgtﬁgath of illunm.nation radiation
from said i [themepprsddifierence i aligged PREUYP H@?‘&c‘&%‘ﬁ%ﬁ%‘g h’a reticle stage

assenbl y ar(gageq. i) & ) @Rl fAbasSRicittblehtiiTiligh@ T adi ati on
bet ween sai (f% gsmh%a [ oﬁe@g%gé angqsgkdlgs%sbst rate stage assenbly; a
proj ecti on gysitiomof theargiods bepnvwmerofsanoitirseginchted glignyoent seaskiiaAngd thyd  sai d
substrate Stc%grese%snse%g?ilti%h déa\rrllgtion 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.

136. A lithographic apparatus according to claim 115, wherein said
weighting factors assigned to said first and second wavelength
signals are selected in accordance with a diffraction order that is

detected.
137. A lithographic apparatus, 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
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P-0361. 010 82/82 an alignnment system |l ocated in said neasurenent |ocation
Sso as to be proximate said substrat age assenbly when said substrate
stage assenbly is in said neasurene ocation, wherein said alignnent
system conprises: a source of alignnment radiation having a first wavel ength
and a second wavel ength; a detection systemconprising a first wavel ength
channel arranged to receive alignnent radiation froman alignnment nmark at
said first wavelength and a second wavel ength channel arranged to receive
alignment radiation fromsaid alignnment mark at said second wavel ength
channel ; and a pogj ligaments Rl Ioicigd inidid iMeaqueememiloationso us tobesai d
detection system wherein said position determ ning unit processes

i nf or mati on prowmatesaid sybsirate stagg assemtbhy wien 83id sRRSHALEHEAR SFSMBY Sonbi nat i on

to determ ne_a_posilt| | d alignment mark based on one of information
from said filpémsaésl‘l%ﬁbepﬁfmgtﬁ&a{lhnel , information from said second
wavel engt h channel and conbined information fromsaid first and second

wavel engt h channewhereionaidilix@nicat systehetahprises:st rengt h of sai d al i gnnent
radi ation detected at said first wavelength to alignnent radiation

detected at said second wavel ength. P-Q361.01 .0
a source of ali%nment raglagon gavmg 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.
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