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- ALI GNMENT SYSTEIVB AND IVETHCDS FOR LI THOGRAPHI C SYSTEMS BACKGROUND OF THE
| NVENTION 1. Field of Invention Q [0001] This inventi " 0 an

al i gnnent systemfor a |ithographic projection apparmmuuglm l@mmmm

| i thographi c projection apparatus having such an alignment,sstem and nore .
particularly to an alignment systemthat can detect the posrttion—of an

alignment mark using at | east two separate signals stantially
in parallel and/or detect the position of a nultl-t#mmmm“mmﬂﬂmmﬁ

Di scussion of Related Art [0002] Lithographic prolectlon paratuses are
essential conponents for the manufactlure of integrated CIrCUItS and/ or
other mcro- devices. Wth the aid of such an apparatus, a nunber of masks
having differ r C i i t ecisely -
a1 gned posi ¢ ACRESE SYSTE S A MATERODY EofR LIRS cRARIET s ° Lo
panel . The substrate nust undergoSYRFENSi red physical and chem cal

‘changes between the successive images that have been aligned with each
ot her. The substrate is renoved fromthe apparatus after it has been

exposed with a mask patt f j rgone the desired -
prgcess steps, the s-ubst55?’&‘9'3@’%‘?9:@3”%'#@‘?’83[5@0 expose it with an

i mmge of a second mask pattern, and so forth, while it nust be ensured
that the i'mages of the second nmask pattern and the subsequent mask
patterns arq posi ately with respect to the  substrate. To this
end, the Ilﬁhogrlﬂﬂ???gpgﬁg&§lon apparatus is provided with P-0362.010 2

an optical alignnment systemw th which alignnment nmarks on the substrate are
al.igned with resp@@01]tThisinvemtionrtlaratd an aligrinhent spstém for00XBpgraphict hographl c
a@p}a

nl
ratus m-’1¥0Jectlonoapp ltjues gr?deg llrfhograpﬂxc projection apparatus having such an

alignment system, and more particularly to an alignment system that can
detect the position of an alignment mark using at least two separate signals

detected substantially in parallel and/or detect the position of a multi-target

mark.

2. Discussion of Related Art -

[0002] Lithographic projection apparatuses are essential

components for the manufacture of integrated circuits and/or other micro-
‘devices. With the aid of such an apparatus, a number of masks having

Q . 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
must undergo the desired 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 a mask pattern,
and, after it has undergone the desired process steps, the substrate is replaced
in order to expose it With an image of a second mask pattern, and so forth,
while it must be ensured that the images of the second mask pattern and the
subsequent mask patterns are positioned accurately with respect to the

substrate. To this end, the lithographic projection apparatus is provided with
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manuf acture of 1Cs but also for the manufacture of other structures. having
detail ed di nensions of the order of 1 mcroneter, or smaller. Exanples are
structures of integrated, or plenary, optical systens or guiding and
detection patterns of nagnetic donmain nenories, mcro-electromechanica
systens (MEMS), and structures of liquid crystal display panels. Also in
the nmanufacture of these structures, imges of mask patterns nust be
aligned very accurately with respect to a substrate. [0004] The

| it hographi c projection apparatus nmay be a stepping apparatus or a

st ep- and-scan apparatus. |In a stepping2apparatus, the mask pattern is

i maged in one shot on an IC area of the substrate. Subsequently, the

substrate is _noved. with respect to th sk in _such wa hat a subsequent
IC area wilfnepica %Yﬂfﬁpéed’? geé?wfﬁewmgl%gﬁquéma@ﬁég Bt i on | ens
system and 1R ed®ith RidcetohlighmenBattks O thdasiubsequent 1C. area. This

process is repeated until all” IC areas of the substrate are provided with
a mask pattern iH93] | n aAditbpgraphic sppatatuppray artenly bhasebiovthenent i oned

st eppi ng proceduyre i o, f.ol Lowed, b t he Sk pattern i.s not inmaged in
" one shot, bu‘f‘a\‘/‘f%ﬁcm%ecifr{g!lsifﬁt ﬂﬁ?/to et’fmﬁtﬁ’?tﬂﬁ (if%zllﬁrﬁéu‘&'ref ﬁ@v‘ﬁﬁsk pattern,
the substr atgtiifed diRiAslosysIARE BreHSt ¥ mirbieteh for¥BaleMEXAmpRERRCt tO the
projection systemand the projection beam taking the nmagnification of the
- projection sYBICBWES Qﬁletegga@@gthl_ena(ysg?t,lcng)@ten}ngrtgapb@&@p ¢dtigh i mages of
‘consecutivel 0 . Sk . pat .S in an | C area.
"After the rra%al?%é%t@a éésa%rggl% Iﬁ%ﬁ%g%é éﬁl}é—e?e%gglgéqz;#@ggﬁ gy ea, a step is
_ ehto a suqmel M&nindlﬁ'uaﬁm.ofﬁquﬁb&y' sitﬁ:cﬁs;ﬂ&}ﬁpﬁﬂelsgﬁwoqgel@&lre is dﬁlscri bedh
i Qg #he article: "Sub-micron 1:1 Qptical_Lithography” by D.A. Mrkle in the
magazi ne " SeRAREAcHES fthese sHpetpieas imagss of IBPSI‘I\@%CTQS’G}“ b aligned vemy) |
P-0362. 010 %ccﬁﬂ%glviﬁ-lsx‘ef\}ﬁfcﬁgta RbdfRe 195 di scloses an optical |ithographic
proj ection apparatus provided wth an alignnment system and i ntended for the
[0004] The lithographic projection apparatus may be a stepping

~ apparatus or a step-and-scan apparatus. In a stepping apparatus, the mask
pattern is imaged in one shot on an IC area of the substrate. Subsequently, the
substrate is moved with respect to the maék in such a way that a subsequent IC
area will be situated under the mask pattern and the projection lens system and
the mask pattern is imaged on the subsequent IC area. This process is
repeated until all IC areas of the substrate are provided with a mask pattern -
image. In a step-and-scan apparatus, the above-mentioned stepping proc_édure

-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 patterh is imaged in an IC area. After the mask pattern has been
completely imaged in an IC area, a step is made to a subsequent IC area. A
possible scanning p'rbcedure 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.
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manuf acture of 1Cs. This alignnment system conprises an off-axis alignnment
unit for aligning a substrate alignment mark with respect to this alignment
unit. In addition, this alignnment system conprises a second alignnent unit
for aligning a substrate mark with respect to a mask mark via the
projection lens (TTL). Alignnent via the projection | ens (on-axis
alignnent) is frequently wused in many current generation of optical

| i t hographi c projection apparatuses and provides the advantage that the
substrate and the mask can be aligned directly with respect to each other.
Wien the off-axis alignnent method is 3used, the baseline offset as
described in US Patent 5,243,195 nust be taken into account. However, wth

t he continued dec int ' n s._on. | and t.he increase
in conplexity, on[@lgg al i g%eﬁ%tgnggg%‘g%?%s\?gﬂ%% %%%E‘Caﬁi‘h%faa‘i“ﬁi cult to

i nprove suf f pwjetibh wpparatas piovidedivith aeglipnhRnPsyeens aeinthded ke acy. [ 0006]
I n connection with the increasing nunber of electronic conponents per unit
of surface amepufgstureef ICspdhisalignment sysieny comprisghan effexisalignaentensi ons of

t hese conpon [Fale? ' [ ' .1 nposed on the
accur acyn\rf)vi tﬁrﬂmrghglﬁlﬁggéya g)j @%ﬁ“@%ﬁf@%ﬁgﬂﬁﬁﬁaﬁéﬁgﬁ%ﬁﬁ ns where the
successi ve nmusik sIneadditiomathéalighnichesystens toraprisesd Seconddigamentaunitefof | xed nor e
and nore accuiratel . In the manufacture of newgeneration ICs with snaller

line widt hs, 2igRengd sYhisrratsmagk sthaespegt toja maskgnakyiptheipipiegiandens | i n ot her
words, it muggrihe i i sl ler . é‘ﬁxﬁé' / t the
resol vi ng pomrqbﬁ@%rﬁagﬁ% tﬁeggé?ge%g%@{m%gﬁ |ncdrtglgzré:§8e t he ot her
hand, stri ctesediequny eneaitgeneratiombfSaptioel lithpgraphic projedtion appattess of the

sybstrate due to the reqyired hjgher nunerical aperture (NA) ., of the
proj ection | rgﬁ%mggavﬂ%geéh%éﬁ?ﬁ‘ﬂﬁgwéagfl?fg‘%ﬁkrfé“&?@!lﬁg‘?d The depth of
focus of thigirgy§ivim REsceads@sh 6me¥.hmisﬁtﬁm.aﬁﬁ%§m§hﬂ%etﬁ8m I mage field

P-0362. 010 4 curvature occurs at the desired relatively large imge field
of the proj eseflothe baseline offset as described in US Patent 5,243,195 must be taken

- into account. However, with the continued decrease in the size of components

on ICs and the increase in complexity, on-axis alignment systems have proven

to be difficult to improve sufficiently to achieve the require precision and -
accuracy.
[0006] In connection with the increasing number of electronic

components per unit of surface area of the substrate and the resultant smaller
~dimensions of these components, increasingly stricter requirements are
= imposed on the accuracy with which integrated circuits are made. The
C positions where the successive masks are imaged on the substrate must
therefore be fixed more and more accurately. In the manufacture of
new-generatiqn 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 systermn 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
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| ens system there is hardly any roomleft for unevenness of the substrate.
To obtain the desired flatness of the substrate, it has been proposed to
polish the substrate by the chem cal nechanical polishing (CMP) process
bet ween two consecutive exposures with different mask patterns in the

proj ection apparatus. However, this polishing process affects the accuracy
of the on-axis alignnent nethod. In this nethod, a grating is used as a
substrate alignment mark and Q the sub-beans diffracted in the first order
by this grating are used for imaging the substrate mark on the reticle
mark. In this process, it i's assuned that the substrate is al i gned
correctly with respect to the reticle when the point of gravity of the

Chect et cr o Bt QARER R PR I BT b0 el o e

poi nt of gr ajnt Yyste, théehs Baraly ang rosmn Hefe firuakdnes ofihd fibsgaen®obr i cal
center of the grating. However,:the CVMP process renders the substrate

grating mar kobtantherdesiied flatness ofithe subisiratealtihgnbrentronaspd e palishghe onger
ating e e . . . Sono i onger
T the 8 i gl vSine ceifica MdcRiicHAARRRL RovE) BRReGMBICING L0 Caanges

the effecti veordeqitive ekpdshees vttodiffefenomatihpatterisintiad progction agparmuks. . Ot her
processi ng steps and/or nmethods. often_ introduce different types of _
errors. For BRuRpeethis plishingprepescalifets the ge@sacyrof thson-axis gligygente al i gnnent

errors in a | ' i f ' t decrease in
'size and i ncﬁlgglgg%ﬂ@%ﬁ%@g% ‘?g‘agpé %ﬁl}ﬁ@? ?.I? (Eauggs?r Siaﬁgﬁ%?/w&%}#oagrﬂaphi C
ni ques t thersab-bearas diffradterdlimcthel finst oclier by ithip graviag asd usgd fi@nimagingur acy .

KtHout the inprovenent of alignment accuracy, inprovenents in resolution
cannot be ut MeISURREALG FackRR e gFHiclq Rerk: 1o W8 Bifesse D FSUTEY U Wene.
m cro- devi cegRirate §Salnta tsire IS WMt rdspéct tEHBREGICVhER the PONtI0p! and m nim ze
the nunber of substrates that have to be discarded during the manufacturing
process due gravdy ohhesnbstzate gratng magsis 2lignal with sigpegamythe point of

gravity of the reticle alignment mark. In that case it has been assumed that the

point of gravity for each grating mark coincides with the geometrical center of

the grating. Howe_ver,._thf;ﬁ_CMP, process renders the substrate grating mark . PR

asymmetrical so that this alignment method is no longer reliable. In addition,
the various processing steps contribute to changes in the ali gnment marks
including introducing asymmetries and changes in the effective depth of the
grooves of the substrate grating marks. Other processing steps and/or methods
_ often introduce different t'ypes of effor_s. For example, the Cu-darhascené
O process tends to introduce alignment errors in a random distribution across an
IC surface. With the decrease in size and increase in complexity of structures
built by lithographic techniques there is a continued demand to improve
alignment accuracy. Without the improvement of alignment accuracy,
improvements in resolution cannot be utilized. In addition, the increased
complexity of the micro-devices places greater demand for techniques to
control and minimize the number of substrates that have to be discarded

during the manufacturing process due to alignment errors.
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[0007] It is thus an object of the present invention to provide an
alignnent systemfor a |ithographic projection apparatus that has inproved
al i gnnment accuracy and/ or robustness. [0008] In order to achieve these and
ot her objectives of this invention an alignnment systemfor a |ithographic
apparatus is provided with a source of alignnent radiation; a detection
systemconprising a first detector channel and a second detector channel;
and a position determning unit in comunication with said detection
system The position determ ning unit processes information fromthe first
and second detector channels in conbifhation to determ ne a position of an
alignment mark on a first object relative to a reference position on a
second obj ect .based on the conbined _information. [0009] According to

anot her enbodi ment of this invent MMARY.. i t hogr aphi c projection

apparatus has a Zmiﬂfﬁ]e of iitliy{ﬁiugggif)ﬁj@ct][(ﬁﬁk@ﬁje%i irﬂzeﬁ?&?%o{;ﬁb@ﬂ§ ge

assenbl y arrange n ‘a radiation 0 e source o um nati on

radi ati on; aaligatieat sysehafie aditbegraphic projeotign dpparatul ehat ek igdprovedpat h  of the
. source of illum nation radi ation between the source and the substrate
stage assenbAlignmentacouEacy apd/oE 1abusRes r anged bet ween the reticle stage .

-~ assenbly and joggpubst ot £ast BAEnBPSHIN dia A fblLs bRl al | gnment

system "arranged adjacent to the projection systemand proximte the
subst rat e stiagenticasmahighmentdysteof for atitladgraphicapparitussy ptevidddasitiaa sour ce of

alignment radiatiqn;. a detection st.em conprising a fjrst detector
channel and %’“5‘&6’8&3%?@6?@?“0% fon syste C%E??‘P%ﬁﬁ’ﬂgtd@m% ng unit in

conuni cat i ofhakhdAndl AReRldRR R chayel; 3l a PaSitiBR At dktAMiALIA! i Ni ng uni t
pkotesses information fromthe first "and second detector channels in.

conbi nat i on ¢opnrdenieatinnritiasgid detectoon sybteam Thel pogitiordetemainingnnia first obj ect
relative to a ref er.e_ ce Positio n.a econ% obt'befc)é bal%?rg on the conbi ned
i nf or mat i on. PIORESE ‘Pﬁ’ﬁ‘ﬁ‘éﬁ n Er%]ttgﬁ?‘ﬁ%f}niﬁecﬁg g%tfc hpragne _

combination to determine a position of an alignment mark on a first object

relative to a reference position on a second object based on the combined

information.

[0009] -According to another embodiment of this invention, a Ce

lithographic projection apparatus has a source of illumination radiation; a

substrate stage assembly arranged in a radiation path of the source of

illumination radiation; a reticle stage assembly arranged in the radiation path

of the source of illumination radiation between the source and the substrate
Ci . stage assembly; a projection system arranged between the reticle stage .

assembly and the substrate stage assembly; and an off-axial alignment system

arranged adjacent to the projéction system and proximate the substrate stage

assembly. The off-axial alignment system has a source of alignment radiation;

- a detection system comprising a first detector channel and a second detector

channel; and a position determining unit in communigation with the detection

system. The position deterrhining unit processes information from the first

and second detector channels in combination to determine a position of an

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

P-0362.010



| ocated away from said radiation path of illumination radiation. AIII. t hat
is required is that alignnment radiation fromthe alignment systemis able
to reach the substrate stage assenbly. [0010] According to another '
enbodi ment of this invention, a nethod of aligning a workpiece for the
manuf acture of a mcrodevice includes formng a nulti-target alignnent
mar k on the workpi ece; scanning the nmulti-target alignment mark with an
al i ghment system having a plurality of detectors, wherein a first target
of the multitarget alignnment mark is adapted to be detected by a first
detector of the plurality of detectors6of the alignnent system and a
second target of the nulti-target alignnment mark is adapted to be detected
~froma second detector. of the plurality . .of detectaors. of t al i gnment
syst en receiz\‘ii‘tﬁ away frony Saé‘i]ij’ﬂgiuof‘lpdiii(i%ﬁﬁ“’i’i‘iag?n EP@E"é’@PoNQ‘?‘ailﬁe al i gnment
system -in rRIRRasR thet aliBfmbAtradiati G 86 (RE ali HEndh Sisterh X 4L tAklgnmeNt mark;
receiving a l%gecond Si Srigllgmfrdmliihe secondaa%}i?%ct oi eoriTl -tﬂg al 1 gnnment
system i nr edipounbstratastagesassemblyt he second target of the nulti-target

al ignment mark; a termning.a position aof the aligngent mark on the
~ wor kpi ece rel ativﬂﬁtl a pre 8?‘g'fli‘?'ﬂri%8“°t_i‘%“feé? C'B(S’giﬂ?lFH’rYCB'é%ﬂ on

i nformation feModt fealishingta woiElpREE RFEhe mdRdasture dfAdALEoRGKer di ng to anot her
embodi nent of this invention a nethod of capturing an alignnent mark on a
wor kpi ece f oincludes framirfgaemultistarget alignment oerek oo ¢henworkipiece; seerEng enent  r egi on

" includes forpin mul ti,-gratin alj gnnent rk.on,the workpiece; scanning
‘the multi- gr%‘%i“ﬂﬂgﬁi"ig&ii S ."eﬂrarpgrk Wﬂ?%’gﬁg”éili%ﬁ?iséﬂi‘ hg‘f}ggér?ii‘i‘i Png a

plurality of oftiteeedro) whersifllatfirsd tgef bff thé nitiGtargee SI0HEnH Alatl0BSdhped sai d

| -grating alignment mark; conparing a first substantially periodic

- signal from tothe cie?qcs,qd byt afirshdetetor ofdheplurality of detegjorsaif ithpatignmenar k from a
first one of e al i 5 . J i y periodic
Si gnal 1 om PRy and ageldnf e R BE kP B ek 2B SREY, PE T

second one odet¢dnel fromradecond detecti@tof thoplaraliaynof deledtas of tiendigameatpt ur e range

based on the conparing. The fjrst_grati an be
S systeiii? recei&ing a illrst signal frgm the i'iigst 8etector of the alignment system

in response to the first target of the multi-target alignment mark; receiving a
second signal from the second detector of the alignment system inyesponse t¢ . .. s
the second target of the multi-target alignment mark; and determining a
position of the alignment mark on the workpiece relative to a predetermined
reference position based on information from the first and second signals.
[0011] According to another _emb_odiment of this inventioii a

method of capturing an alignment mark on a workpiece for the ma_nufactlire of

a microdevice ‘within a measurement region includes forming a multi-grating
alignment mark on the workpiece; scanning the multi-grating alignment mark
with an alignment system having a plurality of detectors; selecting first and
second gratings from said multi-grating alignment mark; comparing a first
substantially periodic signal from the first grating of the multi-grating
alignment mark from a first one of the plurality of detectors to a second
substantially periodic signal from the second grating of the multi-grating’
alignment mark from a second one of the plurality of detectors; and

~ determining a capture range based on the comparing. The first grating can be
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P-0362.010 7 a diffraction-order-enhancing grating that enhances an order
greater than first order and the second grating can be a

di ffracti on-order-enhancing grating that enhances an order greater t han
first order. [0012] According to another enbodinent of this inventioon, an
alignment mark for use in the manufacture of a mcro-device has a first
target that has a first detection pattern; and a second target that has a
second detection pattern. The first target is adapted to be detected by a
first detector and the second target is adapted to be detected by a second
detector. [0013] According to another EBnbodi ment of this invention, a
diffraction-order-enhancing alignment mark for use in the manufacture of a

m cro- devi ce h a dif rac ion gratin attern that has a periodic pattern
Td & ube AR On AR b FOHPS B TR B R Sh (BB on. &
strength Of chder%hfm@gcsﬁd g.%aggeén Ué’é‘dﬁﬁﬁ&dﬁr&@ér-er{h% %Tératlﬁ‘gﬁ%d' ng to

anot her Iment of this~invention. .~. alignnment use in the
manuf acture anhara:cmmd;begraa&arl&mfasttmdget that has a detection pattern and

i t t t t hat h
nber 1 or o dovi dBOBlocossk AGOrE BF B SRR e o DRI B sard
m cro- devi cey e A0mARYdf Aklidife an@E%LtEI% SPESRRIEELGN s alfidee BRRAV NGS

[ 0015] Fig. 1 shows an enbodi nent of a step-and-scan projection apparatus
with the varthaitms adustudetectjos pattarmsand] DgLohd rrget tlmtbmcand enbodi nent of a.

substrate al f a doubl e
al i gnnment un‘i gpatgqrpgﬁ“rlﬁb g%ﬂg%tlls %%aﬂ%(‘edstﬂ%eélegéﬁgg tn@&?? it h respect -
to-eac h ot hegnd th@s&@ﬁcﬂt&é& 1§3adapt¢d to be detected by a second detector.

[0013] . According to another embodiment of this invention, a

diffraction-order-enhancing alignment mark for use in the manufacture of a
micro-device has a diffraction grating pattern that has a periodic pattern and a
- sub-pattern. The diffraction-order-enhancing grating enhances a strength of a
diffracted beam of non-zero order. |
[0014] . According to another embodiment of this inven_ti-o.n; Mmoo L s
alignment mark for use in the manufacture of a microdevice has a target that
has a detection pattern and a processing pattern. The processing pattern has a
structure that changes under micro-device processing in correspondence with

_changes to said micro-device during manufacture.

BRIEF DESCRIPTION OF THE DRAWINGS

[0015] Fig. 1 shows an embodiment of a step-and-scan

projection apparatus with the various measuring systems;

[0016] Fig. 2 shows an embodiment of a substrate alignment

mark;

[0017] Fig. 3 shows an embodiment of a double alignment unit

for aligning a mask mark and a substrate mark with respect to each other;
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[0018] Fig. 4 is a schematic illustration of a l|ithographic apparatus that.
has an off-axial alignment systemaccording to an enbodinent of this
invention; [0019] Fig. 5 shows an enbodi nent of an off-axis alignnment wunit
according to the invention; [0020] Fig. 6 shows a plate with reference
gratings used in an enbodi nent of the invention; [0021] Fig. 7 shows the
~deflection by the wedge elenents in an enbodi nent of the invention; [0022]
Fig. 8 shows a preferred arrangement of the first and second |ens systens
in the alignment unit according to an enbodi ment of the invention; [0023]
Fig. 9 shows a series of wedge-shaped $lates to be used as the structure
of deflection elenents in a second enbodi nent of the alignnment unit; O

[0024] Fig. 10l r at es ow Lt his, ser efl ec sub- beam [0025]
Fig. 11 shows thé%@l tion 81‘4{5??9309%3%%@% "‘It‘r‘?ntohél% PGt ¢ hi s plate in

an enbodi mi‘ra;) Ahtuls gat Rhd ﬁﬂ@ﬁﬂl&m‘l‘ﬁh%nméht‘é@dt&ﬁ 2B¢dr@iRBRA hn emBdiglchon Wi th two
wavel engt hs g used; [0026] Fig shows an enbodinent of the alignnent
unit in V\hlonfltlnsmemawl engths are used; [0027] Fig. 13 shows a preferred
beam splitter for use in this enbodinent; P-0362.010 9 [0028] Fig. 14

- shows the positi t he nt_ uni tth r [ 0j ection .

| ens and t he subgp?ﬁ] ; 3*2%%1%9&3““ bo gBeqt ?3@5&%"2 %@W@{ri c danmage
to ali gnneriﬁmrmédﬁ-au@u@tﬁd)m{:émohyngst en chem cal nechani cal polishing
(VVCIVP)

[0020] Fig. 6 shows a plate with reference gratings used in an

embodiment of the invention,;

[0021] Fig. 7 shows the deﬂeétion by the wedge elements in an

embodiment of the invention,;

[0022] Fig. 8 shows a preferred arrangement of the first and

second lens systems in the alignment unit according to an embodiment of the

invention;

[0023] Fig. 9 shows a series of wedge-shaped plates to be used
as the structure of deflection elements in a second embodiment of the
alignment unit;

_ [0024] Fig. 10 illustrates how this series deflects a sub-beam,;

[0025] Fig. 11 shows the positions of the sub-beams in the

plane of this plate in an embodiment of the alignment unit in which alignment

radiation with two wavelengths is used;

[0026] Fig. 12 shows an embodiment of the alignment unit in

which two wavelengths are used;

[0027] Fig. 13 shows a preferred beam splitter for use in this

~ embodiment;
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‘process; [0030] Fig. 16 shows alignnent errors due to the WCMP process as
a function of diffraction order of the detection channel; [0031] Fig. 17
shows the alignnment errors of Fig. 16, plotted a different way; [0032]
Fig. 18 shows fal se expansion errors due to the WCW and al um num

physi cal vapor deposition (A -PVD) process as a function of periodicity
for four sem conductor wafers; [0033] Fig. 19 shows false rotation errors
due to the WCWP and Al -PVD process as a function of periodicity for four

sem conductor wafers; [0034] Fig. 20 is a schematic illustration of X and
Y two-target - alignnent marks witten 9n scribe lines of a seniconductor
wafer; [0035] Fig. 21 illustrates output signals fromseven diffractive

order channel s f of t f - ax] i.gnment system
according to an gggg@?msnt %@' m@“{%&eﬁ‘fﬁ‘%ﬁ‘@ngﬁﬁﬁ“ghngylﬁ‘s a schematic
i Il ustrati orregectatoftheiprojeutioflensahd giersabstrawgr k, suitable for forming in
scribe lines of sem conductor wafers, according to an enbodinent of this

i nvention; P- 036&. 8%% 10 [519_037] Fiﬁi 23A-23D are.schematic, cross
sectional views dPYSYrti onstigs: 1d¥y 1A dlusHate s BmelinAaRagado gr at i ngs

sui tabl e forgs i { % . | : r &gps of this
i nventi on; [aélg\ﬁi]g'?ﬂttﬁ?laf.kg%@?ds&g p ?gggﬁbcgp@?ée}%?ﬁ} %@%Srﬁg;gm a S)stt ructure
of an alignmeotesgrati ng that has a processing structure; [0039] Fig. 25 is

a schematic illustration for explaining the concept of an alignnent
capture system arfgogft hod AEEOf ' gien SRR bIER nly-LREp  NVeNt i o

O process as a function of diffraction order of the detection channel,;

[0031] | Fig. 17 shows the alignment errors of Fig. 16, plotted a

different way;

[0032] Fig. 18 shows false expansion errors due to the W-CMP
and aluminum physical vapor deposition (Al-PVD) proéeSs as a function of

periodicity for four semiconductor wafers;

[0033] Fig. 19 shows false rotation errors due to the W-CMP |
and Al-PVD process as a function of periodicity for four semiconductor
wafers;

C) [0034] Fig. 20 is a schematic illustration of X and Y two-target

alignment marks written in scribe lines of a semiconductor wafer;

[0035] Fig. 21 illustrates output signals from seven diffractive .
order channels for one of two wavelengths in an off-axial alignment system

according to an embodiment of this invention;

[0036] Fig. 22 is a schematic illustration of a four-target
alignment mark, suitable for forming in scribe lines of semiconductor wafers,

according to an embodiment of this invention;
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[ 0040] Figs. 26A, 26B and 26C are schematic illustrations of nulti-target.
al i gnnment marks that have process specific targets according to an

enbodi ment of this invention; [0041] Fig. 27 is a schematic illustration of
a nulti-target alignnent mark according to anot her enbodi nent of this
invention; [0042] Fig. 28 illustrates a sem conductor processing system

according to an enbodi nent of this invention; and [0043] Fig. 29
illustrates processing quality control according to an enbodi nent of this
i nvention. DETAI LED DESCRI PTI ON [ 0044] Methods and devices according to
this invention will now be describedl@ith reference to particular

enbodi nents by way of exanple. The broad concepts of this invention are

not limted to onl hese specifi |y descri bed enbadi nents. _The

i nvention will breh’é%i]cri beﬁ%-&ﬁ"“éﬁéé.%gﬁniﬁc’ CPOSY SHCHARE VIS al i gnnent
system for it : sl : an on-axi s (al so
rgf erred to%)ggtm{g%fg? " %ﬁg&?ﬁﬁﬁfﬁ%ﬁﬁﬁgﬁﬂgwlgﬁ%}% I)'%Péézgﬁ 1?lgnment Xlsys'g em

t hat can be aligemientmedsiaceoading o éroboadiments of fles ewentiergl  al i gnment of a mask
Wi th respect to a substrate ("workpiece"). The axial alignnent system may

- have a separate e of radiagtion to illumnate alignnent marks, such as
' thr ough-t he-1 RUSITY) oRe R isagrtreveatreibinalng SRlE or T ey
enpl oy the %’fqﬁalig%aﬁt@sn@sm&thﬁsaw&%%ﬁgmdm{ei on. The follow ng exanple

will describe a TTL systemin conbination with an off-axial system (QAS)

as an enbodi nent of this invention. Furthernore, the invention envisions

“application to pH8983i t hogriapmp ispsekematicilustraioa for explaiing §1¢ proj ecti on

systens as I her [ t hat use shorter

w@bl engt hsv‘%'l ée@%ég%l?g%tﬁg%{e% %w%&&%tf #oa%llal?ﬁ%tﬁ&{%crc%dﬁ#f t;/;I;Banerrpl oyed, systens
whi ch use r entedimem ofdw iavertiohf r acti on i magi ng optics,

[0040] . Figs. 26A, 26B and 26C are schematic illustrations of
. multi-target alignment marks that have process specific targets according to an

embodiment of this invention;

- [0041] Fig. 27 is a schematic illustration of a multi-target

alignment mark according to another embodiment of this invention;

[0042] Fig. 28 illustrates a semiconductor processing system

according to an embodiment of this invention; and

_ Q [0043] Fig. 29 illustrates processing quality control according

to an embodiment of this invention.

DETAILED DESCRIPTION

[0044] Methods and devices according to this invention will
now be described with reference to particular embodiments by way of |
example. The broad concepts of this invention are not limited to only these

specifically described embodiments. The invention will be described with
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and/ or systens which use other types of radiation such as charged-particle
beans, e.g., electron beans that are inmaged with magnetic, electronagnetic,
and/or electrostatic imaging optics. Enbodinents of this invention al so
envision integrating the alignnent process of the |ithography systens with
ot her conponents of an Automated Process Control (APC) system such as a.
nmetrol ogy tool that is used to neasure the accuracy of an exposure of a

- photo- resist prior to further processing. [0045] W now describe an
optical lithographic projection apparatus that has an on-axis alignnment
unit and ot her nmeasuring systens as dh exanple of a systemthat may

i ncor porate an enbodi nent of the instant invention. [0046] Fig. 1 shows

di agrammatically the optical el enents qf enhodi ment ,of. such an
appar at us de%eé‘_%/“@S-t%?fH- S Pr%f‘é‘irﬁgora? ﬁi&’é‘?ﬁﬁ%&f? y_rFyStS_W tgats‘f}%lgﬁ"rsat e. This
appar at us C ok biS §5-ax@Ralbd RefERidYoCRRABP hnd fh HFAKRQ b@AxRr§362. 010 12

colum incorporating a projection systemPL. Situated above this systemis
a mask hol dadignivient systesn tratsdani uised whionibindtionrta oktaputhe event@lt o be i naged is

provi ded. The, mask hol der, i art of a sk staqge. M,, substrate stage WI
is arranged %’@PB\‘RP% é"B?%ﬁ%ﬁlP F"tﬁﬂeqtg%gs‘étir;g??rﬁ %ES‘_WFI‘?FS)' ﬁ&ﬁﬁé‘a onprises a
substrate holifigmelHykRin Mas AR 4 splrallY R shesdididdvoaliphafasensi tive |ayer.
The mask pattern C rrust be i maged a nunber of tinmes in the photosensitive

| ayer, ever yalignment marksiuth es arthraughahe-lgns (TThy erdhxgegh-theeretiglest rat e t abl e
is novable | he X and.Y directions so that. r..l [ 4.t mask
pattern in a’i t)isy%;?m?,erétrrgg}: erg;cﬂtgelf %%ﬁ?éenliaglla o%rgleg]%(%h&ggé %glsalhp :ﬂ:'oned under -
t he mask pattigy llowldd®4dinplewilbdusériid AT TL 4y étbiarin combinaties with anl | uni nati on
system which i-sa{)rovi ded with a radiation source LA, _for exanple a

Kr ypt on- Fl uceff-gxial getemmtQAPhasein esbodimentof s iyeption, FuHSmage: & Ls, a -
mrror RE aniqv&tﬁ)g%qsi@ﬁ)%g af)[ﬂﬂ:%ti&go ﬁb@olﬂﬁ@érgﬁﬁyj é}gteﬁfsatmtl?ﬁvélmpl ied by the

illum nation _
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-par_tir:]e.
beams, e.g., electron beams that are imaged with magnetic, electromagnetic, .
and/or electrostatic imaging optics. Embodiments of this invention also
envision integrating the alignment process of the lithography systems with
_other componénts of an Automated Process Control (APC) system such as a
Q metrology tool that is used to measure the accuracy of an exposure of a photo'-

resist prior to further processing.

[0045] We now describe an optical lithographic projection
apparatus that has an on-axis alignment unit and other measuring systems as
an example of a system that may incorporate an embodiment of the instant

invention.

[0046] Fig. 1 shows diagrammatically the optical elements of
an embodiment of such an apparatus for step-and-scan imaging a mask pattern

on a substrate. This apparatus comprises, as its main component, a projection
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systemillum nates the mask pattern C. This pattern is inmaged by the’
projection lens systemPL on an |IC area of the substrate W The projection
| ens system has, for exanple, a magnification M= 1/4, a nunerical aperture
NA = 0.6 and a diffraction-limted image field with a dianeter of 22 mm
[0048] The apparatus is further provided wth a nunber of measuring '
systens, nanely a systemfor aligning the mask MA and the substrate Wwith
respect to each other in the XY plane, an interferoneter systemfor

determ ning the position and orientation of the substrate holder and hence
of the substrate, and a focus error défection systemfor determning a

di f ference between the focal or image plane of the projection |ens system
PL and the surface of the substrate W These neasuring systens are parts.

of servo sySlEMSINGAIPOFATEERIIPISELA %Yéwbﬁhslma&ﬁaabom %%%Feﬁglse@nd control

circuits h )

orientati onq’q?%Sié hﬁl’d%éigg%r %ﬁéﬁﬁgﬂ gluvl%l\gltdtrl %e‘éiﬂ!éngb g@ﬁésil n%egg

corrected wiprdvidef. eTienaesk imlddrds pargofd masisstpgd MaU myuﬁshaterm@leil‘ng syst ens.
[ 0049] The alignment system nmakes use of two nt narks ML and M2 in
" the mask NA1%?46%%6?1hekoweﬂwwqtmler&awte@r% 'ngs ablexeomprises gown in Fig. 2,
these marks (IByra8ensidd Waffor 2%u ovided wi V\mﬁyﬁ @o&%@ﬁ@ﬁ%\’ﬁ#@f be ot her
mar ks such as squares or strips |c are optically distingufshed from
their surr olfidimayk. pafiera (éhlugtrinmunagndmhsmbayoﬂmnes/in{hh plentgseositive i . e. they

ext end int mut ual |, ndi cul ar dj n the X and. Y. directions in

Fig L o s e e OB e il AR Wt nere R Bt end 1 n_bot h X
Y direGhéBk mIﬁ@xsaHHSxt dRdRioW¥ sd Bat, %ﬁanma%n@g thE SR patish } a SUbst rat e,

h s\at least two alignment nmarks, which may be two-di nensional diffraction

gratings, tvostdC anea, aisubgequenidCrzea @n@em@nmnfvdqurrdegtheﬂnasm@ttm ks P1 and P2

are situated outside the IC areas on the substrate W The grating marks Pl

and P2 are pref ek | Pl effRaE.gS RRAR SRR BINhAR sfigh no mar ks

- 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 projectidn beam'.PB supplied by the illumination
system illuminates the mask pattern C. This pattern is imaged by the
projection lens system PL on an IC area of the substrate W. The projection
lens system has, for example, a magnjﬁcaticm M= 1/4, a numerical apeﬁu_re

NA = 0.6 and a diffraction-limited image field with a diameter of 22 mm.

__ O [0048] 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
system for determining the position and orientation of the substrate holder and
hence of the substrate, and a focus error detection system for determining a
difference between the focal or image plane of the projection lens system PL
and the surface of the substrate W. These measuring systems are parts of
servo systems which comprise electronic signal-processing and control circuits

and drivers, or actuators, with which the position and orientation of the
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and M2 are preferably inplenented as anplitude gratings. Qher types of

al i gnnent marks nmay be provided al ong scribe |ines between adj acent
circuits. [0050] Fig. 1 shows a special enbodi nent of an on-axis . alignnent
unit, nanely a double alignnment unit in which two alignnent beans -b and
Ware used for aligning the substrate alignnent mark P2 on the nmask
alignnment mark M2, and for aligning the substrate alignnent mark P1 on the
mask alignment nmark ML, respectively. The beamb is reflected by a
reflecting elenent 30, for exanple a mirror, towards the reflecting
surface 27 of a prism 26. The surfac®327 reflects the beamb towards the
substrate alignnment mark P2 which sends a part of the radiation as beam bl

to the associated nas rk. _Mwhere an | e .of the rk P2 is formed. -

Si t uat ed abéwuﬁifﬁéﬁﬁ%smg Cﬁn\,\@? ‘é?rfeérge[di%@%qf%rﬁ@?ﬁ%f%ﬂm%qls exanpl e a
prism whi C'@u@;ﬁlfe@(ﬂy&hé hﬂagﬁﬁig%ggtgﬂs_t hat passes by the mark M2 towards a
radi ati on-sensitivé detector 13. P-0362.010 14 [0051] The second ali gnnent

beamb' is reflected by a mirror 31 towards a reflector 29 in the
projection | ens §0849m PL. Tixiadignmentsystom makasdaise phievaaigament o a second

reflecting surface 28.0f. the pri 6 i # Lreet s the beam b’
onto the _su&ﬁrfssa&ﬁ %&%‘%ﬂ?%%ﬁ%ﬁ%?%&gﬁgg@ g’ %‘grl of the
radi ati on ofshékgiDBRIE, theseafiarke iy be Hiffractidiegratings, bad gy altsthativelyk ML wher e

an imge of the mark P1 is fornmed. The radiation of _the beamb'1l passing
t hrough t he bewther markssugh as squagesisy sHips arhigrars optigally, digttneyished freai at i on

sensitive d 13 : i : Hiiﬁ&‘i‘l t. of e of the two
i denti cal gl]lijc:bs%u?éq[uéaln ?'k@éﬁ?ﬂﬁtpﬁfﬁq@&%ﬁﬁi gra?flgﬁg!él,'gétrllag | ar ger

sGa) e. Such eategd & twi@mureily perpenditulef difextions ubgXaind g diréitioas infBigb, Pl , ¢ and
P1,d, two of which, P1,b and, Pl,d, serve faqr alignngent jn, the X direction
and the two loPH@RY bﬁégedblmCPguua%OW{t Ot@ém?g‘sftBP’“gpgeghf’@h&W he Y

di rection. E@gaﬁaﬁ@. %Q‘s%ﬂﬁlé’%’? fdrbxBmpRt g%ﬁlieodcajla&%r sibbsBad! hddGt per i od of ,

for exanple p. mand the subgratings Pi,a and P1,d have a
' least two alignment marks, which may be two-dimensional diffraction

gratings, two of which, P; and P;, are shown in Fig. 1. The marks P, and P,
are situated outside the IC. areas on the substrate W. The grating marks P,
and P, are preferably implemented as phase gratings and the grating marks M,
and M, are preferably implemented as amplitude gratings. Other types of

alignment marks may be provided along scribe lines between adjacent circuits.

[0050] 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
element 30, for example a mirror, towards the reflecting surface 27 of a prism
26. The surface 27 reflects the beam b towards the substrate alignment mark
P, which sends a part of the radiation as beam by to the associated mask mark
M where an image of the mark P, is formed. Situated above the mark M, is a
reflecting element 11, for example a prism, which directs the radiation that

passes by the mark M, towards a radiation-sensitive detector 13.
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grating period of, for exanple 17.6 m Each sub-grating nay have a

di nensi on of, for exanple 200 x 200 m An alignnent accuracy which, in
principle, is smaller than 0.1 mcan be achieved with this grating mark and
a suitable optical system By choosing different grating periods, the
capture range of the alignnent unit can be enlarged. This range is, for
.exanple 40 pm [0053] Fig. 3 shows the optical elenents of a slightly
nodified alignnment unit in greater detail. The double alignnment unit
conprises two separate and identical alignnent systenms AS1 and AS2 which
are positioned symetrically with reddect to the optical axis AA' of the
projection lens systemPL. The alignnent system ASl is associated with the

mask al i gnment and..ft he alignnent system A i S .,associated with the
mask al i gnnent @Pglﬁ Thet PR glbﬂﬁ?%%é%ﬁe‘ﬁf eﬁ*e%tWea@Wral i gnnent
systenms are B Q3dilRMd&or PRhE PrdjectiolFeiayRe M BRIE feflétRr al s, those of
the system AS2 being prinmed so as fo distinguish themfromthose of the

system AS | .sehdode beqnd’ i 7 second reflottingrrfape 28 of e priswi 26, whish be descri bed,
as well as the.way. i i,ch the ual, posit.ion of t k k M2 and,
for exanpl es,urfiaﬁ%ggﬁ':&mg&?@n#a??g}ﬁf ?‘?Stg%tféb_gﬁ“ﬂ WF%‘W@ @Et em [0055]
The al i gnmendeflems b partdBtHe raAR6N SBthe dedrAslbBlsibeAm P Ub @R mask for exanple a
Hel i um Neon | aser emtting an alignment beamb. This beam } is reflected

to the substalignmeny markaMpaheresssl image of the mrrk Ty ésformpd.i Theradigipn of onsi st of
C S rane = . _ . fls tor bl
e AR i Ao RO ARl ST B o2

constituted by a zationssen prism f’nga al 4
plate 3, in adudtdtion sensitiveldetastordBengt h of the beam b. The projection |ens

S ;éj em PL focuses the beamb in a small radiation spot V, having a di aneter
the beam as beamODEEk ouar oSt ASHLAS SLONRETIST 4R B Dedpoterieat ne T
Proj ection  gupstrate marks, in the form of phase gratings, on a larger scale. Such a grating
- may consist of four subgratings P14, P1 b, P1c and Py 4, two of which, Py and

P, 4, serve for alignment in the X direction and the two other ones, P; , and P; ¢

serve for alignment in the Y direction. The two sub-gratings P, ;, and P, . have

a grating period of, for example 16 pm and the subgratings P, , and P, 4 have a

grating period of, for example 17.6 pm. Each sub-grating may have a

dimension of, for example 200 x 200 um. An alignment accuracy which, in

principle, is smaller than 0.1 pm 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 40 pm.

- [0053] | 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 are positioned
symmetrically with respect to the optical axis AA’ of the projection lens
system PL. The alignment system AS; is associated with the mask alignment
mark M, and the alignment system AS, is associated with the mask aligninent

mark M;. The corresponding elements of the two alignment systems are
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| ens system PL, which systeminmages the radiation spot V on the mask.
Before the substrate is arranged in the projection apparatus, it has been
pre-aligned in a pre-alignnent station coupled to the apparatus, for
exanple the station described in EP Patent Application 0 164 165, such
that the radiation spot Vis |ocated on the substrate mark P2. This. mark
is then imaged on the mask mark M2 by the beam bl. Wth the magnification
M of the projection |lens system being taken into account, the dinmension of
the mask nmark M2 is adapted to that of the substrate mark P2 so that the

i mge of the mark P2 coincides accurately with the mark M2 when the two
mar ks are nutually positioned correctly. [0056] On its path to and from

t he substrat t.he. beans and bl have traversed t /4 plate 4 tw ce,
whose opt i ca&en\é\{ﬁdsbx the 5?m%ﬁquﬁﬁ?eenud?er£ﬁ%5£?§? %ﬁ@e @fsgeé%?ﬂgéﬁel@}g pol ari zati on
of the |ineapliMedsd & toZBelingaRmtiens B Woft FIRSsln AG,. from the source 1.

The beam b, passing through the al4 plate then has a direction of

pol ari zation which is rotated 90 with respect to the beamb so that the

beam b, is passedl0994l he pollhe strugtyrsef s systemndSpyilkrew bpdesesibedt t he

pol ari zation ey ri S ﬂmﬂ i i | atecprovi des the
advant age of as:‘wﬁ%i Ir‘15|11!r11lglgav éh?ﬁléﬂggg ossﬁ%hgﬁg%%%ﬂgiﬁ%ﬁt@%ﬂgﬁ %r(]iel’rgo[r%t beaminto
the radi ati oexapgild) thed subSeata magk Pe st desarfiigth wiklOhis’dysteihe. beam b, passed by
the alignment mark M2 is reflected by a prism 11l and directed, for exanple

by a further refl Lhg pri 12 towards a radi ation-sensitive detector
13. This det ectorﬁ\%g,gf'for ﬂm@%ntémﬁ%éowﬁaﬁwr@é@ﬂﬂ%ﬁ%ﬁ for

xanpl e four L,sfsp@,{afﬁrge E@Qiiéﬁ{-ﬂébrﬂ_%@riehh&ﬁlﬁ a2 B@8mER vl 0 Thib peaeﬁt h the
upber of sub-gratings shown in Fig. 2. The oUtput signals of the detector
areas are a swefected tofthesibatratd 3 by adfeamisplitterk ThePbeaitt $plitleemiagrage of t he

substrate mark P2.. These signals can be processed, electronically and used
For movi ng t FESRA2A ST FRPRHIPFaY & st COSRECY PR Dut |

preferably constituted by a polarization-sensitive splitting prism 2 preceding a

M4 plate 3, in which A is the waveléngth 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 ¢f the . 2
beam as beam b; towards the mask MA. The beam b, traverses the projection
lens system PL, which system images the radiation spot V. on the mask.
Before the substrate is arranged in the projection 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 accuratel_y with the mark M, when the two marks are _

mutually positioned correctly.

[0056] On its path to and from the substrate W, the beams b
and b; have traversed the A/4 plate 4 twice, whose optical axis is at an angle of

45° to the direction of polarization of the linearly polarized beam b coming
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each other by neans of driving systens (not shown), such that the inage of
the mark P coincides with the mark M An automatic alignnent systemis thus
obt ai ned. [0058] A beamsplitter 14 in the formof, for exanple a

partially transparent prismsplitting a portion of the beamb, as beam b2
may be arranged between the prism 11 and the detector 13. The split beam
is incident via, for exanple two | enses 15 and 16 on a tel evision canera
17 which is coupled to a nonitor (not shown) on which the alignnent marks
P2 and M2 are visible to an operator of the projection apparatus. This
operator can then ascertain whether tlile two marks coi nci de and nove the
substrate W by means of manipulators so as to cause the marks to coincide.

0059] Anal o ous as des ed herei.nb M2 and P2, the
Lrar ks] M an %P"F?Feienﬁ‘ekg law?aswﬁvsa\@b{b é%“ilgﬁ@gﬁwklﬂ%a P-0362. 010 17
respect to etﬁﬁ:'&h@ﬁ be olaimloalwrgm%ta&woemlﬁ%?ét ﬂéstﬁéjbéaf?ﬁ blsHtha

| ast-nmentioned two alignnents. [0060] For furth particulars a out t he
constructi orthabchm Ibels pssegrhyehe polatzatinrsplivingtphismd $hé bise aflthgnnent uni t,

reference is to US. Pat.ent 778, 275, i ncor por.at ed hereln by
“reference. [ tl?ﬂép étﬂﬁgapmgmcgpbphgorbwltﬁ@fe?oépfa%w@md% et shown in
Fig. 1is pajdvasd @6fé/n§ﬁahiaﬁmdﬁau‘bﬁnos§mvﬁeareaﬁ idg&he A& bRarRiAbeCt i on beam
PB having a shorf wavel en for exanple nm and an al i gnment beam

havi ng a cortb¢ tasiiatisinpatine cahamnérsg&tmn for exarrpl e 633 nm are used.
.[ 00621 Since the projection |ens systen1|s designed for the wavel ength of

'the projection b dif Qﬁ is used for
i ing the ali gﬁ?@kf}er ks{.%rig t§ap0a§§:e;é&b a]l{é{]%eflnteac%WIEer by neans of
theJal i gnneneflegediby kprisexXdraldiretiea, féﬂbﬁeﬁﬁpﬂé by alfigisreefiectmp pFismwi | | not be

situated in the plane Qf the nmask pattern in which the mask
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 Pz. These signals can be processed
electronically and used for moving'the mask and the substrate with respect to
each other by means of driving systemé (not shown), such that the image of
the mark P coincides with the mark M. An automatic alignment system is thus

obtained.

[0058] A beam splitter 14 in the form of, for example a

partially transparent prism splitting a poftion of the beam b, as beam b, may
be arranged between the prisni 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 projection 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.

| [0059] Analogously as described hereinbefore for the marks
* M, and P,, the marks M, and P, and the marks M, and P, can be aligned with
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alignment marks are situated, but will be inmaged at a given distance
therefrom which distance depends on the difference between the wavel ength
of the ©projection beam and the alignnment beam and the difference between
the C refractive indices of the material of the projection | ens elenents
for the two wavelengths. If the projection beam has a wavel ength of, for
exanpl e 248 nm and the alignnent beam has a wavel ength of 633 nm this

di stance may be 2 mm Moreover, due to said wavel ength difference, a
substrate alignment nmark is imged on a mask alignnment mark with a

magni fication which differs fromtheldesired magnification and increases
with an increasing wavel ength difference. [0063] To correct for said

di fferences, the projection.ens system Pl incorperates an extra lens, a
correction [TEHPECt t?f??‘l’hfﬂ%‘e%o ee"rci'tgi‘lg‘r‘?Xt ﬁy-s%]%és@?d’si@?orﬁ%%s is arranged at

such a hei ghfstinferdtidBePtvh Aidrn¥hed. ens that, on the one hand, in the plane
of the correction lens the sub-beans of the different diffraction orders

of the alignment beam which sub-beans originate from and are al so
generated by, a 4086l ate dFirdurieerparticulars ahout thefoongtrustion yndgar at ed to be

able to influence these sub:Db par I t-her hand, this
correction qllgﬂ@eﬂta%roﬁedﬁéegﬁgjﬁbt&i §$‘é®? %lf? U %%lggn%hl%ﬁ]q%mg?%ﬁkggﬁ ?’oﬁngbeam and t he
mask patt er rpadnfBgE 8295 WRHichid cbiporaldiehep€in by Gtfefnce.ens is preferably
situated in the Fourier plane of the projection |lens system If, as is
shown in Fig. 3, the correction lens 25 is situated in a p]ane_ in which
the chief rays of[0P6H al i gnhesfmbrdamentof theon-pxis phgnperd vpitshoWn #t her, then

:il s lens cay qeis?%ﬁg&ugé?pfs%ﬁﬁﬁlg?éfeﬁgag?%ths iﬁumﬁtoééggﬁﬁrggmg 64] |f

esired, a wedge erent tion el enent iffraction
el'enent nmay Haeingra shogesiavietenigtie foraxhmple 248ena and amahgnmémgdetm) proxi mate to
an alignnment, nark. Wt

th ch a deflectjon el enen not sho in Fig. 3,
al i gnment  erl3¥I0g & GROSIEr 5’ W&?hwﬁﬁ?lﬁ?%h’t{g{)ﬁ’éﬁmr%ﬁgg% nmn, are tised. |
[0062] * Since the projection lens system is designed for the

wavelength of the projectioh beam PB, differences occur when this system PL
is used for imaging the alignment marks P, P, and M; and M; on each othe_r
by means of the ali gnment 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

C 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 ali gnrhent mark with a magnification which differs -
from the desired magnification and increases with an increasing wavelength

difference.

[0063] To correct for said differences, the projection lens

system PL incorporates an extra lens, a correction lens, 25. The correction
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differences within the selected alignnent beam portions received by the
detector 13 or 13' nmay be prevented, which phase differences nmay occur if
the axis of symretry of the alignnent beam portions comng froma
substrate C alignment mark is not perpendicular to the mask plate, so that
false reflections may occur within this plate. An alignnment unit provided
W th such a deflection elenent is described in EP Patent Application 0 467
445.. [0065] In addition to the global alignment marks Pi and P2, shown in
Fig. 1, which are used for aligning the entire substrate with respect to
the mask, referred to as global aligni8nt, the substrate may be provided
with further alignment marks per IC area so as to align each IC area

separately with respect tQ the mask pattern. The mask may al so. conpri se
more t han tvlénsdlsia&ﬁﬁ&ﬁﬁltatﬁﬁ‘%&hq‘&ht\mi rpJstion leph héﬂﬂi%ﬂéﬁ Fxs may be

used, for Ptlagﬁﬁlé?g?ﬁxleic%rre&ﬁr@ﬁ@thﬁzgu%@ﬁﬁ@fﬁ)@ﬂiffcf?érfltdiimcf%n the mask about

the Z axis s _ rotation can be correcte 0066] The projection
appar at us f wrtiére of dengbighmest tweafy ednichesubeieamd etigtatedinoryatdare filso  det er mi ni ng

a devi ation between the focal .pl ane of _the Qj ection | ens,system PL and
" the surface gsneratrd by, subsirate ni’ﬁ‘&fk’?’F?isélpfgcd{‘ém%'ﬁpﬁﬁtegéﬂbﬁé&@orrect ed,

for exanple tQ){nﬂ'iPc\fch%e%@&%é&rﬁ%%@(ﬁjte%‘;ﬂ{ﬂh§Hﬁ?eedﬂler§1|aﬁﬂ‘,ghfstcérf€é’tio?r the Z

axis. This system nmay be constitu the elements 40, 41, 42, 43, 44,
45 and 46 whHenhhasraenegtigiblgiafluénceanitb¢ prjectinnbearh angh}hevthaskipattern f i xedl y

connected to the _projection.]ens system .The.reference. n | .40 denotes
‘a radi ation SB8§F é‘g".,m‘#dd’?“t&éﬁ'agr‘b? 80153%5083%“SIlﬁggffr%isﬁﬁﬁg%nt%ggﬁ?%?usi ng beam
b2. This begiuheofdhé pelj@tioRlernd s§étBinl [AAYkShoWnan Fie 3stHecbiraétRonby a
nefi ecting prism42. The beamreflected by the substrate is directed

towards a rlens 2 isfsituated in ajplapg in Whic thesehiefFaysrofthe plagrmant haameb| ect s t he

beamin itself .so. that the be ' ] A the sane path
via reflecti %qusb GHePH ea%lr? St %ﬂhggée%ﬁ%gﬁgg%gﬁﬁ%%ﬁpﬁéﬁg‘?ﬁ sm 42. .
. alignment beams. _

[0064] If desired, a Wedgé or a different deflection element
such as a diffraction element may be arrahged 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

C 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. '

[0065] In addition to the global alignment marks P, and P,
shown in Fig. 1, which are used for aligning the entire substrate with respect to
the mask, referred to as global alignment, the substrate may be provided with
further alignment marks per IC area so as to align each IC 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
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[ 0067] The beam b3' reaches a radiation-sensitive detection system 46 via
a partially reflecting elenent 41 and a reflecting elenment 45. This
detection system consists of, for exanple a position-dependent detector,

or of two separate detectors. The position of the radiation spot forned by
the beam b3' on this systemis dependent on the extent to which the focal
pl ane of the projection |ens systemcoincides 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. [0068] For accurately
determning the X and Y positions of the substrate holder, a stepping
projection apparatus is provided with a nulti-axis interferoneter system
US Patent 4, 251,160 describes a systemwth t asuring axes and US
Pat ent 4, 737%apgie H@easupcthe Fotaljon @fﬁhﬁﬁmﬁkﬁh‘?‘g\gﬁe gglﬁ‘@é?. %0 nmeasuring

axes. In Fig,..: i.pkerferonmeter systemis diagrammatically shown
by nmeans of %tﬁidn&%ﬁ%ﬁ?ﬁ@e@g& 51, 52 and 53, while only one neasuring axis,

the X axis, is showmn. A beam b4 emitted by a radiation source 50 in the
formof a |laser [(066p!it bfhe phsestionppparatas fdther comprsesgefocus egprbeam b4, m

and a reference beamb4,r. The neasuring beam reach ar ecting side
‘face 54 of detreion BEEMLOE dRETRIBIN .%’hﬁlc’?‘%twe@ﬂtﬁ%&?gﬁ%‘%&%ﬁ*ﬁg beam i s
combi ned by i figoR% s?ﬁl:ﬁltlfl_?ﬁncﬁ%e%xtf&etd?%éﬁﬁb@&ﬁ@W?, doqpanthigf | ected by a

stationary “retrorefleCtor, for exanple a corner cube. The intensity of the
conbi ned bedeviation candswoedctai t flor exaeple by orovig the prbjedtiondensgystemnent , in

this case in the X . directi.on..of the sulstrate hol der, be derived
fram the oula‘&}_g 1t§%ﬁa¢hez:ax1§.m@s ﬁeéamy , eefﬁBStﬁthglbgﬁﬁei %lg}?gﬁtﬁggéous

phsition of 44 hixs 48014)as af@aesRhictigt ardhgadn aidRfRePInobshown)divkigh asmmati cal |y
shown in Fig.” 1] the int erferometer signals, represented for the sake -of
sinplicity Mixedyeosegtedito dBzprojestion lens systemalThe sferenseumeral 4% t he doubl e

al i gnment u I&iergotgsra? raﬁpa%lo}l %gur%g, for example a diode laser, which emits a focusing

beam b,. This beam is directed at a small angle onto the substrate by a
reflecting prism 42. The beam reflected by the substrate is directed towards a
relroreﬂector'44 by the prism 43. The element 44 reflects the beam in itself so
that the beam (b3”) once again traverses the same path via reflections on the

prism 43, the substrate W and the prism 42.

[0067] .The beam bs’ reaches a radiation-sensitive detection
system 46 via a partially reflecting element 41 and a reflecting element 45.
C\) This detection system consists of, for example a poSition-dependent detector,
or of two separate detectors. The position of the radiation spot formed by the
beam b’ on this system is dependent on the extent to which the focal plane of
the projection lens system coincides with the plane of the substrate W. For an
extensive description of the focus error detection system, reference is made to _

US Patent 4,356,392.

[0068] For accurately determining the X and Y positions of the
substrate holder, a stepping projection 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
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signal -processing unit SPU, for exanple a m croconputer, which processes
said signals to control signals SAC for an actuator AC with which the
substrate holder is noved in the XY plane via the substrate table WI. 0O
[0070] Wth an interferoneter system which has not only the X nmeasuring
axis shown in Fig. 1 but also a Y neasuring axis and possibly a third -
‘measuring axis, the positions of, and the nutual distances between, the
alignnment marks P1, P2 and ML, M2 can be fixed in a system of coordinates
defined by the stationary interferometer systemduring the initial, or

gl obal , alignment of the nmask and th@Osubstrate with respect to each
other. This interferoneter systemis also used for noving the substrate
table very accurately, which is necessary for a stepping projection :
appar at us sdneasurieg pxes. dpFig. { osush ap interfgrogetay syttemys diagiaunaticaldY | C area to
a second IC area, P-0 0 AN I I the

proj ection 3y B‘ng’ty Jrsle%%g%g&éteé%}?ﬁ%jg@gghsé%bdaﬁt“ﬁg@ I #%e::ﬂggas%l ﬁ?ag mask and

t he substr atRignHetX ARis[H\éB6wn.S |reamisensittyd by radjatidnesoproej50dn iken of t he
mask pattern in an IC area, the mask nust al so be noved in one direction,
t he scanni ngforn péadassnis spiit by 2 beam prilfter P1 &P paReafREe a3 Pamod¥d i on | ens
system bein I a -lc?eg'm{?% r@nous wth

t he corresp%ﬁfl ngg%%%ﬁﬁ?ﬁggﬂ%ﬁ%ﬁ&su S rg@g?ﬁ%@@%ﬁh%ﬁi@eﬁésﬁlﬁd t he
substrat e mii¢ sisaad widdr WHiahb theasflected measueiagbeamhiecombinedby greoj ect i on

and both nust be noved with respect to th rojection |l ens systemand the
‘proj ection H@amsﬂﬁe‘hglag’&#‘éheﬂﬁgﬂ?ﬁ?ﬁ@ﬁ%‘ﬁtm © p‘?wyeéf’?ﬁ%%’,ar?( he apparatus nust

be provi ded ' onginer leSconbidd RamTet er
st em co-mrr}égé@ﬂ?%téﬁgm%l%%ﬁﬁm, EZTﬁ%gﬁ%ygzme\%hmﬁﬁa@e a simlar

function as it heasiredwiths defectds 53, &Rl the displaderBent, Fithis c@bgimthe Xf r om t he mask
interferonmetgr syst represent.e r the sake.of .sinplicity by a signal
s63 1 n Fig. drectun.of M PREE BOERWIEFaptet a e ol g ol fihal of |

this detector, and also an instantaneous position of this holder can be

determined.

[0069] . Asis diagrammatic'.ally shown in Fig. 1, the
interferometer signals, represented for the sake of simplicity by one signal Ss3,
| and the signals S;3 and S’j3 of the double alignment unit are applied to a
signal-processing unit SPU, for example a microéomputer, 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.

[0070] 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 thé mutual distances between, the
alignment marks P, 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 systefn is also used for moving the substrate table very |
accurately, which is necessary for a stepping projection apparatus so as to be

able to step very accurately from a first IC area to a second IC area.
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SPU in which these signals are conpared with the corresponding signals from
the substrate interferometer system It can then be ascertai ned whet her the
mask and the substrate nutually have the correct position and/or nove '
synchronously. [0072] If the positions in the X and Y directions of the
mask are represented by Xr, Yr and those of the substrate by X, Yw and the
rotation about the Z axis by cp,,, and cpz,",, then the follow ng
conditions are satisfied when the mask and the substrate are correctly
positioned with respect to each other: [0073] XX - MX, =0 (1) [0074]

Y', - MY, =0 (2) [0075] Oz,w - cpZlr = 0 (3) P-0362.010 22 [0076] in
which Mis the magnification of the projection |l ens system It has been

assunmed that the mask and the substrate nove in opposite directions. If
these el ements nmol7ih the HafeshgwndeFisd, therREolsriRmaPRRHS ipReceding Min

the above Copghbh @IS Bilaths PR WIREH AEGHaskYand Rl HibstdiOthust bi6¢dd TO

ascertai n whe _ conditi ons have been ne I's sufficient that
bot h the i nt gmthionoedle dusysthe préjectidniod theinatk pitermincantICadred, olie t he nask
have three neasuring axes. [0078] However, the substrate |nterferoneter
syst em pr ef efash Jaustalso be maveddn one dHgctione the sepming digretigny Wish theyy and ~pz, w

but ~al S0 ~pxp g tﬁdw the profectibifont bldém BB aldiGnid bt B Lhe ¥ axis
can be maasurrneél.ﬁ 679 é?o eb% getgfle {0 neasure guc tlllt]ét S o@ ‘the mask, a
five-axis naskementenidstbespichronsys vighntimagortesporsbng moversent ofittienat i on of a -
three-axis interf ejgrret r sggs%q%g&lf or, determni ng Xr . 'ty and cpz,r and
ot her sensor $USEYR. A4en,gHTa ¢ SyRsfpte muyt stapd still with respactdgy |
?e , _S.)l” emént SeachQeRPlutihg FWjectidn af®Both m@t Be efWed WidtesplEt toYhe CPZ, T, Cpx,r,
[,)Tand, '
' ' ‘projection lens system and the projection beam. To measure the movement of
the mask, the apparatus must be provided with a second interferometer system. -
This interferometer system comprises the elements 60, 61, 62, 63 and 64
~ which have a similar function as the elements 50, 51, ,52, 53 and 54. The
signals from the mask interferometer system, represented for the sake of
simplicity by a signal Se; in Fig. 1. are: applied to.the signal-processing tnit
SPU in which these signals are compared with the corresponding signals from
the substrate interferometer system. It can then be ascertained whether the

mask and the substrate mutually have the correct position and/or move

synchronously.

: < [0072] If the positions in the X and Y directions of the mask
are represented by X, Y, and those of the substrate by Xy, Y, and the rotation
about the Z axis by ¢,, and ¢, ., then the following conditions are satisfied

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

other:
[0073] X, - MX =0 (1)
[0074] Y, -MY,=0 2)
[0075] By~ 00 p 3)
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- with the aid of the focus error detection system Zw and Zr, i.e. the
positions along the Z axis of the substrate and the nmask can be neasured,
it can be ascertained whether not only the conditions (1), (2) and (3) are
met, but also the conditions: [0081] M2. Zw - Zr = 0 (4) [0082] Mcpx.w -
cpx,r =0 (5) [0083] M coy,w- cDy,r =0 (6) [0084] The on-axis
alignnment unit, described with reference to Fig. 3, for nutually aligning a
mask alignment mark and a substrate alignment P-0362.010 23 nark with
respect to each other has been found to be emnently suitable for  both

st eppi ng and st ep-and-scan proj ection23pparatuses w th which i rages having
line wdths up to a given mninal value are fornmed. However, it is

expected that the use of nqvel, technol ggies i.n the IC nuf act ure and
decreasing |ine \M’@ﬁ‘ﬂsmi"‘ﬂ“‘ihnl}élJ 1 ﬁ%?g‘é‘%ﬂﬁ%“qné’égletﬂfoﬁ%%ngﬁ%sg Mar as
accuracy a Labid.i SnonnaSimnpaR Hhovenh bpgéseconcer ned. Wien
reduci ng thgghésﬂﬁgﬁ%sgﬁgtﬁ%gﬁéz}ﬁ?gnmnt accuracyO rrust? e enhanced. Wen
usi ng sai d Q@ufectigrisolfaebese ekememsanoven the samadirestivoctiie mnussgsubst r at e
grating mark so _that .the _.alignngnt pro ure.in ich the first-order
sub- beans ariEeqsdEg é’&g??é’é’ovﬁg?"gﬁ‘%lsbf’“ %é@%@g%“ﬁ?%'g an al i gnnent
beam havi ng one wavel ength, strict requirenents nust be inposed on the

depth of the gratfppgrgr oover, keftdift witties Mg Eorititidns haté Béenrmaetyitr enent s can
only be net with increasing difficulty. [0085] Al of these. problens can

be sol ved byis sufficiegt tetebash thedntegferorasterssystemyfiortie subsirate angk that fogni ng t he
substrate mark _and. b sing _ higher-order sub-beans, i.e. sub-beans having
a diffracti &heg}agépa%ntﬁrceﬁn?egsu r?%ﬁgl‘é:'?' than 1, in the alignnent. Since the
akignnent of the substrate nmark no |onger takes place through the
projection | ens g9678Im t heMewaver) thbeulgtrartiaterferometer system preferably

has five measuring axes. Then, not only Xy, Yy and ¢,,, but also ¢, and ¢y, .,

i.e. the tilts about the X axis and the Y axis can be measured.

[0079] 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 ¢, measurements.

[0080] If X, Yw, @xw, and @, , and X;, Yy, @zr, @xrn ¢y, and,
with the aid of the focus error detection system, Zy, and Z, i.e. the positions

C ' 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:

[0081] M.Z,-2Z, =0 (@)
[0082] M ¢xw- 0xr=0 &)
 [0083] M. 9y~ 9y, =0 ©)
[0084] The on-axis alignment unit, described with reference to

Fig. 3, for mutually aligning a mask alignment mark and a substrate alignment'
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freedomto use nore sub-beans, particularly higher-order sub-beans. Since
the resol ving power of the alignnent unit increases with an increasing
order nunber of the sub-beans, the accuracy of the alignnent can be
enhanced considerably. Since notably the higher-order sub-beans are .
determ ned by the edges of the substrate grating mark and, as conpared
wWth the center of the grating, these edges are |less influenced by said
CWVP process and other neasures affecting the symmetry of the grating, the
probl em of asymretry in the grating mark is largely elimnated. Moreover,
it is also possible to use alignnent23adiation with nore than one.

wavel ength so that the requirenents inposed on the depth of the grating

- be, al.]. evi at ed id ly. .P-0362.010 2 6L As will b
o1 Uoi dat od TR LY RIECt HaSBPRPT B HeBh foPap Be APy I, om cach
ot her by Op%ﬂ?%?ﬁ;éﬁgﬁmﬁeﬂ-ﬁ‘nd-gt%n%d-)jgﬁmﬁrﬁpp%ﬂs_es WRE Wil ghdges t he

i nvention, not I"ectroni ¢ means and/or “associ ated_software.
Consequent | yhaving ling widths mp¢es giveyp mipimal yelwearssfogmad. Hepevenilds but t he

phase neasurenen ich e re convention in these kinds of
" techni ques. é’éﬂecuﬁjte&’ﬂg{gﬁ usg %f(r)‘?y]gﬂﬁaa?o %l?ssméﬁ:%@%ﬁaﬁmﬁ stration of -a
I i thographi Qiea%)(ﬁﬁ%ﬁhé BAdthhRShe indeh wal Igadab pISHIBAN asSbheaBeukly Of f-axi s
al i gnnent system has two sources of radiation 70 for illum nating

al i gnment nand gelibilityof theiknbenahignmentainitaye hencernsd. dhgnseducing € | aser and
a green laser. Bqth | aser illumn N, ali : I neously and
‘refl ected Ii%é‘ﬁtw’ﬁéi’ g}era@gp%an&agcx&'rg}e%gnﬁlgtt% e&@?{é%{a gf‘w fé%%@ %5%%@ ared

annel  and pRoddss QByrimeaiee lje inPbdivet $n thesubarie gltih§matk\so thavdeengt h
hgannel s are thus obtained in parallel. In addition, 3 veral diffraction
orders nmy [sligampntproeadprejavatehthefisst-ardensupsbeams are ssd REGAIMSNgt hs, t hus
providing a it (o} . Pk i L s in
parall el . Au?)%egl{ap !e(')r%\>i %[(egt %‘%mkﬁ%g{‘ﬂ%r“% &l%u I sglcér%H%th 'r?iﬁggtai%%n th the
plurality ofstricarequireneats nobsabe @hposed oh e duptlect the gratingtgeoaveFhétheosi ti on

* alignment mark, which requirements can only be met with increasing

difficulty.

[0085] All of these.problems can be solved by making use of
an off-axis alignment unit for aligning thc substrate mark and by using
hi gher-ordér sub-beams, i.e. sub-beams having a diffraction order which is
higher than 1, in the alignment. 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 ihcreases with an increasing order
number of the sub-beams, the accuracy of the alignment can be enhanced
considerably. Sihce notably the higher-order sub-beams are determined by the
edges of the substrate grating mark and, as compared with the center of the
gratihg, 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.
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determ ning unit PDU may be a hard-w red special purpose device performng
“particular functions or it may include a progranmable conputer that is
programmed to performthe desired functions. In addition, it may be a
separate unit fromthe SPU illustrated in Fig. 1 or it may be inpl enented
t hrough software in the SPU. The position determning unit PDU processes
signals fromat |east two of the color/order channels to determ ne the
position of the alignnment nmark being detected. [0088] Fig. 5is a
schematic illustration of an off-axis alignment unit according to an
enbodi ment of this invention. Many sti2dctural features of alignment

syst ens descri bed here are simlar or the sane as those P-0362.010 25

e e
|ncorporate er rere mor a
grating, i Sargﬁégﬁl}ﬁgd R¥mfEhen &hBﬁBf‘b{nﬁ!al aleinghiBA th @Rmenh\ai g a wavel engt h

? incident s grating is s up into a nunber of sub-beans
ext endi ng" atacdording terthe lranqli(&snatrb)(ﬁicxttrmlimmma)mtaodtomgsmmatmilSOﬁwatehe grating,

whi ch | d k t, 089] Si = N2
) o e o spaicaity s notheceSsary T e il s il buteRe BBAse o ar ot § ng
period. [ 009hdaskiendded Which afmoﬁ%nbaﬁrsﬁalrlﬁfm&e kefdlis RY tdchiqiésAdanng

i ncorporates a |l ens system Ll which converts the di fferent di rections of
the sub-bedwmusedt o different positions un of these sub-beams in a plane
73: [0092] un = fl . an (8) [0093] In this plane, neans are provided for

urher, Separ ot petle b ko SRRt BlhpsP Lo, %,

f of , f orsystanhhehas an off-axis alignment system. The off-axis alignment system
has two sources of radiation 70 for illuminating alignment marks at two
different wavelengths, for example a red laser and a green laser. Both lasers
illuminate an alignment mark simultaneously and reflected light is directed to
separate detector channels (e.g., a red channel and a green channel). Signals
in each of the two wavelength channels are thus obtained in parallel. In
addition, several diffraction orders may be separately detected for each of the
two wavelengths, thus providing a plurality of color/order channels outputting
signals in parallel. A position determining unit PDU is in cqmmunication with
the plurality of color/order channels of the detection systém. The position -
determining unit PDU may be a hard-wired special pufpose device performing

O particular functions or it may include a programmable computer that is '
programmed fo 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 at least two of the color/order channels to determine the position -

of the alignment mark being detected.

[0088] 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
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wedges. In Fig. 5 the wedge plate is denoted by WEP. The wedges are :
provi ded on, for exanple the rear side of the plate. A prism72 can then be
provided on the front side of the plate, with which an alignnent beam
comng fromthe radiation source 70, for exanple a He-Ne | aser can be
coupled into the alignment unit. This prismcan al so prevent the 0-order
sub- beam from P-0362. 010 26 reaching the detectors. The nunber of wedges
corresponds to the nunber of sub-beans which is to be used. In the

enbodi ment shown, there are six wedges per dinension for the plus orders
~so that the sub-beans can be used up %% and including the 7-order for the
alignnment. Al wedges have a different wedge angle so that an opti mal

separation of the differgnt b- i opt ai ned 0094]. A second lens -
syotem Lo i Segpbertin SLERm N e SHe. Bt obfif of BRehi o ot nages ¢ he
mark Pl in tixgobaiel Kreih®yetRimhee.PTBE Subsitble. marR, ihhke ARMUTGSrating he wedge
pl ate, all sub-beans woul d be superlnr,lgosed in the reference plane. Since

the differenis dengcd byl Amamllehaligmeenibeae bliaying aavevelpngtiekinstleat di f f er ent

angl es, the | es [ . f he -b reach differe gsitions in
~the refer enc%nv%?s 3{18%%25@(%?%)015”?? ?Bﬁég?nﬁ%gg 'é’eﬁ?]\slg’ﬁte é)n% ﬁb‘g‘gf]ep f:f 2 Yn (9)
[0096] in whirflesyr,i(Rotishewa)@l the Abrmidliod iheigiatibg, batdonh hsglebadrt defigsdl by t he
wedge plate. . [00971 At these positions, reference gratings (@0 - @6 can
be provi dedby &€ knewaiggatingifarmyply: 6. A separate detector 90-96 is arranged
- behind each of these reference gratings. The output signal of each
‘detector is depenﬂ@@] on thg; gxLeny to whi ch the image of (—;)he substrate
grating P1 coincides with tﬁle refevant reference grating. ‘Hence, -t he

tlent of alignnment of the substPate grating, and thus of the substrate,
can be measured with each _

[0090] wherein N is the diffraction order number and P the grating

period.

[0091] The path of the sub-beams reflected by the grating
incorporates a lens system L, which converts the different directions of the

sub-beams into different positions u, of these sub-beams in a plane 73:
[0092] . u,=f;. 0, ' (3)

[0093] ~ Inthis pl_ane, 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 exarﬁple 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
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detector 90-96. However, the accuracy with which the nmeasurenent takes
P-0362. 010 27 place is dependent on the order nunber of the sub-beam used,
as this order nunber is larger, the accuracy is greater. In Fig. 6, it has
been assuned for the sake of sinplicity that all reference gratings &0 -
(P6 have the sanme grating period. Actually, however, the grating period of
each grating is adapted to the order nunber of the associated sub-beam As
the order nunber is larger, the grating period is snaller and a smaller
alignment error can be detected. [0098] Hitherto only one set of :
diffraction orders has been consider@d. As is known, a diffraction grating
forms, in addition to + 1 +2, +3 etc order sub- beans al so sub- beans of
diffraction or r Ius or ers, and the_m nus orders

- e deiegtoranfe HEbe Y edRgs P th f.
sub- beans cdf@ the Jetesiors, The Hiym Aty PrEGRon St@ eYmReL Of i hage of the
grating mar I‘sub%e@n?kE W‘lﬂc}ﬁ){ td B@ué‘édllrﬁﬂﬂg emboditdedBShowP uReaaR &0l ntly, a-second

image is formed by the +2 and -2 order - sub-beans jointly, and so forth.
For the + 1 wedges pemcﬁmenson fordhelplus stderdxeathst thesubsbeigescandedsedupe used,

but pl ane- parallel |ch C nsat e f ath-1en di fferences can
be provi ded '9and 'de dglffofﬁgailggﬁlﬁmbéi{pg ‘fg‘?s Ef‘ g’itfgff‘é‘ Lof the wedge
plate. Thus @é&ge%gﬂ%% thati%*bgﬁﬁfal §%ﬁmﬁbh'%f HedBficreANdbiRamsi1e m nus orders,
are reqwredfor t he ders Fig. 7 illustrates nore clearlythe

functi oni ng atainée wedges of the errbodl ment of Fig. 5. In the nore
schematic Fig. 7, the first Ilens systemLl and the second | ens system L2

are represented vy lin S3 t 1 - beans of :
t first ordersb[é?y@) and Ig?’eﬁnd%l}? sglgt%jbr}szblearnsgr"(%e)effl %%hédsde?%g%fg order b(+7)
hv b(-7) ar;datéhﬂuswmsbm 1m‘agartbé hﬁfk Ppmdm plate-of referende(platg, for exanple
the fifth order, are sh 7 | ustrates, the wedge angles, i.e.

the angl e WhRGR- Inihe ?W@P?erl‘éfc}h? g@ggq)plag:h@ll sWedgampRBY BG th t he pl ane
surface of tfy %Pfﬁﬁ%%g?ﬂ ﬂie%e% ant:rﬁat\f\?@lg%%fer?rﬁ eslﬁﬂ-(i)ems b uch that the

sub-beans b(+ are ected 1 n para
the wedge plate are deflected at different angles, the images formed by the

sub-beams reach different positions in the reference plane. These pdsitions Xa

are given by
[0095] Xu=f2 . Yn &)

[0096] in which v is the angle at which a sub-beam is deflected by the
wedge plate. '

. [0097] ~ At these positions, reference gratings Ggp — Ggg can be
provided, as is shown in Fig. 6. A separate detector 90-96 is arranged behind
eabh 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
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di rections and converged by the second | ens system on one reference grating
P-0362. 010 28 &P6. Also the sub-beans b(+i) and b(-i) are deflected by the
associ ated wedges 82 and 82' in parallel directions and converged on one
reference grating 1. The first order sub-beans are not deflected and are
converged by - the second | ens systemon one reference grating (3. By using
~both the plus order and the m nus order of each diffraction order a
truthful inage of the substrate grating mark Pl is formed on the

associ ated reference grating and a nmaximumuse is nmade of the avail able
radiation. ' [00100] Fig. 8 shows the2@referred positions, with respect to
the plane of the mark P1 and the reference grating plate RGP, of the Ilens

systens L1 and L2 .and .t he f hs .of these |ens systens. The |ens
System has BHSSATCAGRITORS G FHTGct S Shecthb omh AR B PBONE di ot anco 1

from the plangepfs lkbRr, TRE SocBiacy I esteﬁ%%igt@mﬂa;b@@rfas%ﬁﬁléquh&hl ef rays
of the sub-beans in dlrectlons pafal el to the optical axis 00

di st ance betsakeof snmlphcnty that all mﬁ@ewemar@bot—r@;abewmd shran graiipgt em | s equal
to f1 + f2 wher the second, | e stem The

by f2 the f | .1 f
reference grpgflPﬁ 4 ‘5‘%18 li“?"ev% Fﬁ%ﬁ%@ﬂngggydﬁ%&%%%'w&meaﬁ% econd | ens

system As 'd?dér'iﬁrrﬂiélf bf BRtavRRMAted fu8-Hedk. | A ihe DRl BAMbENS 14&BCTher ays of the
sub-beans are parallel to the optical axis 00, the position of the wedge

pl ate i s notgratmg pesiod.is progliay apd psmeHerealignment ¢rroridan bedbisdiedent of Fig. 4
‘the plus- and mnus order sub-beams of the sane diffraction order are
defl ected such thﬁ§8]t hey. r%eon(fﬂ)ﬁee?ttloydffﬂ &{09‘0&8% BXS 5&% second | ens
systemon the omated rererence’ grati r|n ent requirtenments are to

gjset to th@nﬁdéﬂéd] Asqsihowny, adfiffidogon mtlagmmsahmﬂdmﬂgﬁal JHese quality
reqwrerrents relate to the quality of the inclined faces of the wedges

and to the wiEfje ogeg saksb eagmgkgg]su&geqxg%gféh fractign PEdCTS TlededelS- and to rel ease
the toler a’ﬁcﬁﬁ R p1h§6rals B irktiokder® S 643N dneGséSroBAR of the

structure
. gratmg image, i.e. a first image of the grating mark is formed by the + 1 and -1

order sub-beams jointly, a second image is formed by the +2 and -2 order
sub-beams jointly, and so forth. For the + 1 order and the -1 order sub-beams
no wedges need to be used, but plane-parallel plates which compensate for
path-length differences can be provided at the positions of these sub-beams in
the plane of the wedge plate. Thus six wedges, both for the plus orders and for

the minus orders, are required for the orders 2-7.

| C/ [0099] Fig. 7 illustrates more clearly the functioning of the
wedges of the embodiment of Fig. 5. In the more schematic Fig. 7, the first
lens system L, and the secondl lens system L, are represented by wavy l_ines.
For clearness sake only the sub-beams of the first orders b(+1) and b(-1), the
sub-beams of the s_eyenth 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
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defl ection el enents shown in Fig. 9. Instead of one discrete wedge for each
P-0362. 010 29 sub-beam a nunber of, for exanple three, wedge plates

190, 191, 192, which are conmon to all sub-beans, are used. Fig. 9 shows a
perspective view and Fig. 10 a side view of the wedge plates. The wedge
angle, i.e. the angle between the upper face and the | ower 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 exanple plate
190, has a wedge angle which is opposite to those of the other plates. The
pl ates are provided with a nunber of 28penings 200, only a few of which are
shown in Fig. 9. These openings are arranged at positions where sub-beans

are incident_on the rel evant ate weve t ever uch position an
opening is fFass édso thepulrb EEHBS sb(Fg)?'F&d&é?&te Pﬂ¥‘ﬁg inawplate it

will not be \gﬁgleggﬁ afla 8y ih phsud cﬁfe@tlor[s%a%hv d&r?orY@ﬁéfetrgﬁc@UQh the plates

a sub-beam w encounter, zero, one or eni ngs. y the first order
sub- beans egmm‘,ng‘ﬁelr ﬁhzﬁrsmondeesumg&msmie net duﬂectddfahdaalteemnbgrgedﬂyy of the
plates. In Fig. t he fath t hrough t he f oneboﬁfhtéhe sub-beans is
shown. This tgﬁBQ"BB‘éulﬁns SYStRAONANE & ECBC‘EET@IP?; ft %“ﬁ‘ﬂ% phythe PlS at e 190.

Subsequent |y, b 5 1SHOmARRDBri of €5dH GfitRHoR beder 8 vl iffagalopliR t0 the left.

Finally this sub eam passes through an opening 200 inthe plate 192 so
t hat no furtsiubstraﬂegtaeoginmﬂ(Bcrsdosnedcﬁbﬂleesmqlam‘dmfeeewalgrd&mamdtahe nunber of

openi ngs and the order. of .the. plat. |ch such opening is present is
di fferent fr@%lw&esedfnlaﬂeogmﬁ Eiﬁ%eﬁig so that the sub-beans are all
d lected in different directions. It will be clear that with a

rrbl nati on of tt{rogmo]l ates 23 =Fig, gisﬁdvegmebrdia{é@dsitmmsdwmctl ons ' can be
reallzed As a pair_ of sub-beams of the same diffraction order is

def | ected byrespest 9the plage gbthsmark ) andtheretepence, grating glate RGE, pbts are net
def | ected | NeRALELR!1, Uni 95 Bh8 T fofal TPl Gfflese IERAISbmb N ThEfeng DOdI BNt Of

Figs. 5 and _
' system has a focal length f; and this system is arranged at a distance f; from

the plane of the mark Pl. The lens system L; deflects the chief rays of the
sub-beams in directions perallel to the optical axis OO". The distance between
the first lens system and the second lens system is equal to f; + f, whereby f; is
the focal length of the second lens system. The reference grating plate is
arranged at a distance f; from the second lens system. As in the path between
the two lens systems the chief rays of the sub-beams are parallel to the optical

axis O0’, the position of the wedge plate is not critical.

[00101] In order that in the embodiment of Fig. 4 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.

[00102] 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
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with an order nunber of 1 to 7 are .used so that seven reference gratings
o0 - P-0362.010 30 D6 are necessary for the alignnent in-the X :
direction. For the alignnment in the Y direction, seven sub-beans may al so
be used together with seven further reference gratings ®3 - G104, 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 enbodinent of Fig. 5. In the

enbodi ment of Fig. 9 a second series of three wedge plates is then
arranged in the path of the sub-beans before or behind the first series of
wedge pl ates, which second series of 28 ates deflect the sub-beans in
Y-directions. The substrate mark may be the mark shown in Fig. 2 or other
types of marks, e.g., marks provided al ong the scrijbe Iinesbggor t he

first- or der suhybeapba pumber of; for easmplertireetedss PiatesniPOnkAl- 19, WEKH with four
grating portio - - atg rd whil e the
two other étrezft% ﬁfr%én\g@r |S'(l)ﬂrqlisyeﬁa\s/’re]a(',il %ﬁ%egf ?:g% do#hgﬁ%é; e%?gésﬁviei\ﬁ %\ﬁgi\%i;“ in Fig. 6.
The other Fgf ¢0aRiik vi¢wot thgsvdige plasl yTheneedge ahglag.ep drei anglenhi ch
corresponds to the relevant. diffraction order_of thﬁﬁg atigg portions
with a peri betwsen the upper fapgand g lawsrdace ofranlptgfopplaterh 2 g gpgife range of 44
pm associ at Lt Rt b f qiffl fr b thReHI41Ed. Nt ai ned.

[ 00105] In p%%%& |€ree%{2qtg*jaglnegfsg.@é Eg%é&ed,‘ﬁ%‘%gt gu - bea havi ng t he

hi ghest or d©ne nfitteqgates, fockadhinptd gdtedP0t has adeédgeanglerwhich is apipesitent s t hr ough
t he | argest angl e. ver, this is not necessary. Under circunstances,
this order f%@g&ofﬁgg\é\%eéﬂl?teﬁoﬁ‘éiz%laée_P‘i?lyldf?ﬁﬁ‘flﬁ’iaz?‘ﬂﬁ Oftical aberrations
i p-the grat,fehih Sonly RFtw RYHISRe BRowh i Figas.0fhédBopédifgs &8D- beans with
ak:ascendi ng  order nunbér are deflected by the wedges alternately at a
posi tive angirengeddt posidemstwhese sutgbeamszase incidenbomthienelpyapt pte.[ 00106] The

m ni mum nu r-of diffraction orders which .ha t to be able
to align i nFO™EYeH PR AAYEY S %&B?Sg?%l PSPRELS péﬁséngh?tg%%%ﬁlg%gof t he |
substrate mgidideRi o @M openisicingd plataetiwllyndrariefledted by this plate.

[00103] On its way through the plates a sub-beam will
encounter, zZero, one or two openings. _Oniy the first order sub-beams
encounters zero openings and is nof deflected by any of the plates. In Fig. 10
the path through the plates of one of the sub-beams is shown. This sub-beam
is deflected to the right by the first plate 190. Subsequently this sub-beam is
deflected over a smaller angle to the left. Finally this sub-beam passes
through an openihg 200 in the plate 192 SO thét no further deflection occurs.

AN For each of the sub-beams the number of openings and the order of the plate in
which such opening is present is different from those of the other sub-beams,
so that the sub-beams are all deflected in different directions. It will be clear
that with a combination of three plates 2° = 8 different deflection directions
can be realized. As a pair of sﬁb-beams of the same diffraction order is
deflected by the same wedge plates, the risk that these sub-beams are nct

deflected in parallel directions is minimized.

[00104] 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 —
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conput er sinulations. Such sinulations have proved that, for exanple an
P-0362. 010 31 alignnment error of 150 nm which remains mhen a first-order
sub-beamis used can be reduced to 20 nmwhen a fifth-order sub-beamis
used. [00107] In principle, the maxi mum nunber of orders which can be
detected is determned by the mninumintensity which can still be
detected and by the nunerical aperture of the lens systemLl, L2. As is
known, the intensity of the sub-beam forned by a diffraction grating

qui ckl'y decreases with an increase of the order nunmber of this sub-beam
the intensity of a sub-beamis invergely proportional to the square of the
order nunber of this sub-beam For a seventh-order sub-beam the intensity
is thus approximtely 1/50 of that of a first-order sub-beam The
intensity | d3s aturecessaryrter ﬂ'@@{l1|gDW§nUﬁd]@r§(§W@C‘BﬂP diprahe gigmeient eam when
traversi ng. ttﬁ'? Fa ecf%(ﬂ %eve% §ug%ts n’rﬁlg"aﬁs sQ&’Y}fgtgﬁ{ef w?t@@é%ﬁx J:ry smal | er

than when it ST oS "Eh Oh- A%t g | gnrren - nenti oned

unit, the alrbfgrdiee eratifasrGoreGos, asfio Shoainliig. (apwmomtaseeﬂeyoﬁmwwndred
surfaces on which reflection | osses. may occur_and in_the first-nmentioned

unit it rreetvgedgﬁsﬂsthswme@)ﬁmqm;plmm&hﬁé’s@r%%ma%% If the total
e oraor ol RiRdirfed of 6L 87 18 lneldiiodiledt0f FRL. bralebnd AbibOBEHRMe U7 1. D

7-order allgnnen have as muc ntens y as rder
al i gnnent begddge pldtdsds ﬂrenamtaagal inghérpath oﬂmetsubee{nﬁ@ bédte ditehindner i cal

aperture NA , which the optical sfem Li have t pass a sub- beam
with a diff rtBefirsseriss o fweése Rlajes Wépbéﬁacosg}serw @gﬁ ﬂeg‘i €(N. (10) P
B, .

._;_'_;;?62' 010 3fb-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 16.0 pm, while the two
other grating portions have a period of 17.6 pm as is shown in Fig. 6. The |
other reference gratings have only one grating period which corresponds to the
relevant diffraction order.of the.grating portions with 2 period of 16 pm. of the. e
substrate grating P;. The capture range of 44 pm associated with the grating

mark P, of Fig. 2 is then maintained.

[00105] In the embodiment of Flgs 5 and 6, the
sub-beams having the highest order number are deflected by the deflection
O elements through the largest angle. However, this is not _necessary. Under
circumstanceé, this order may be modified, for example for minimizing optical
aberrations in the grating images. That may also be the reason why the
~ sub-beams with an ascending order number are deflected by the wedges

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

[00106] The minimum number of diffraction orders
which has to be detected to be able to align in a sufficiently accurate way at a
given asymmetry of the substrate mark P; can be determined by means of

computer simulations. Such simulations have proved that, for example an
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[00110] For a 7-order sub-beam and a substrate grating mark with a grating
period p = 16 p.mand a wavel ength X = 544 Wnh, the desired nunerical
aperture is approximately 0.24, which is a very acceptable nunber. [00111]
To guarantee a sufficiently stable system the different reference
gratings are provided on a single plate RGP which preferably consists of
quartz. The dinensions of this plate, hence the i.mage field of the second
| ens system are determi ned by the dinension dl of the reference gratings
and their nutual distance d2. This distance and dinension are, for’
exanple, both 0.2 mmso that the dineggions d,, and dy in the X and Y
directions of the plate RGP are 2.8 mmand the desired field dianeter is
approximately 3 nmm [00115& The di screte wedges of the enbodinment of Fig. 5
may be nade atignmentsgrosof 3G nmzwhkickirémairsiwhen aﬁcﬁﬁ@rcﬂez spb-heam istused structure

[ anspar ent <29 AL Rttt imA R atneta B R B aM b UB ol e i asti co. 1 that

case it is preferred to use a replication technique, known per se in
optics, to print [pofgy]whol e wedd@ peintipld, tiembyinfi@nembér of obderd d i n one run
in a th|n layer of this material, which layer is applied to, for exanple a
quar t'z substwhielkecanbe desgatedsig )ﬁleﬁegﬁfﬁleﬂ &y the misewm Biengity Mhishcapsilles
preferably d se t ead of
. discrete m%é%gggd%‘g%g%%{# es o %%%r ﬁﬂgg 02&8 & ﬂ'fsAgr;%y be
-al ternati velkhowsgthe intendityast tht fubrlseatn foemed hylaralgﬁraoﬁon ghiingiquickly one or der
1s used. Furthernore it js possible to use d flec“gﬁzgn thructures

i

const i t ut ed d§§repsRs ERHan @Frel"‘@f?féﬁ? preler nyrpRer of Ahis spb- e ieSH¥t erial  of
-phate, whi I on

51 ant at orf! 459 EEROS iEReR YA O R PR R ROrEARTR of 1ot
requi r ement shisaub-beamb&or arpm/setlh -grdett dwb-hgaoy the idtepsity isfthushe substrate nark,

al Tgnment r aa%'p%xln(r))ately 1/50 of that of a first-order sub-beam. The intensity loss due to

_ reflections undergone by an allgnment beam when traversing the off-axis
al_ignment unit is, however, considérably smaller than when it traverses an
on-axis alignment unit. In the last-mentioned unit, the alighment beam meets,
for example approximately one hundred surfaces on which reflection losses

| may occur and in the first-mentioned unit it meets, for example only twenty of
these surfaces. If the total reflection loss is a factor of four in the off-axis
alignment unit, the 7-order alignment sub-beam may have as much intensity as

a 1-order alignment beam in the on-axis alignment unit.

[00108] The numerical aperture NA,; which the optical
system L;, L, must have to pass a sub-beam with a diffraction order of N is
given by:

[00109] _ NA,=sin(N. A) =~ (10) |

P
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havi ng two wavel engt hs, for exanple 633 nmand 532 nm have been found to
be suitable. Use can be nade of the fact that the angles at which the
alignnment grating deflects the sub-beans and the positions which these
beans occupy in the rear focal plane of the lens systemLl is dependent on .
t he wavel ength, as is apparent fromthe expressions (7) and (8). In
principle, the orders for the O different wavel engths can be distinguished
fromeach other. Wthout further .nmeasures, however, a given order, for
exanpl e the second order of the first mavelength (633 nm nay cone.

bet ween, for exanple the second and tB2rd orders of the second wavel ength
(532 nm. To separate the orders of the different wavel engths better from

each other, it can be ensured that the beans wth the different’
wavel engths are iPH8nt at di f O @rordaigiubebegm ande subsizate graking

.grati NP ark wih a éﬁﬁgg‘%ﬁ)fw?ggﬁﬁgwawa{’&é@ﬁw%@rﬁﬁr are. used, the

S|tuat| on as shown n create n'the rear Focal pl ane of

the | ens sysiesirad rumeriNalapetthrerie apgroainiatelyt0.24, edichsbavery gatptebla of

- positions 110-137 for the different orders of the first wavel ength and a
second crosdV@®ghed pattern of positions 138-165 for the different orders
of the second wavel ength. As is shown by neans of the double arrow in the

center of Fig. 7[pdhgf§e Patternsraherafdd s&irfiviehdly 586IRSGtetOeach ot her,
which is due to the dl?fferent ang@ées %f |nC|l ent!(I:'ye of geea |gnrrent beams

with the di fdifferemtireferanct gragings are firewded amgblaglesmtnlmlbwhm nt ai ned as

m ni mal as po so as.to al i curring due to :
def ocusi ng é’f?sfgrélﬂ?'coﬁﬁéﬁ figp %r&‘% @ﬁg’?ﬂé‘s p?’#ege‘bﬁegﬁ%lwgt h defl ection
I Ment s Musgieldbf GO SEcBAd msayl@&he&etdetehhmealbtyuﬁé digfensidnids of fleown in Fig.

whi ch neans, inter alia, that instead of 24 discrete wedges 48 wedges

rT}JSt be usedefersnce a@tmgh@r\deth@r gruteal gistiagnse dnduydistapeceandidipiepsionf  such
D e L o i R O 2 b Bt e

~alignment w sTis rfTustra |sf|gure
the refer ean@reamroﬁkheJ;ﬂﬁle RGP are 2.8 mm and the desired ﬁeld diameter is

approximately 3 mm.

| [00112] - -+ The discrete wedges of the embodinient of Fig. Y 8

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 synthetic material, for example an UV curable plastics. In that case
it is preferred to use a replication téchnique, known per se in optics, to print

C/ the whole wedge structure by means of a mould in one run in a thih layer of
this material, which layer is applied to, for example a quartz substrate. As
already remarked, instead of discrete wedges preferably wedge plates providéd
with openings are used. Instead of discrete wedges or wedge plates other
deflection elements may be alternatively used, such as diffraction gratings of
which only one order is used. Furthermore it is possible to use deflection
structures constituted by patterns of refractive index variations in the materlal
ofa plate, which patterns are prov1ded, for example by means of ion

implantation.
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denotes a pol arization-sensitive beamsplitter. This beamsplitter receives
a first alignnent beam b having a first wavelength X1, for exanple 633 nm
from a He-Ne laser, and having a first direction of polarization and '
passes this beam to the substrate alignnent mark Pl. Incident on this beam
splitter is also a second alignnent beam b5 which has a second wavel ength
X2, for exanple 532 rimand conmes froma YAG | aser preceding a frequency
doubl er. The beam b5 - has a direction of polarization which is

perpendi cular to that of the beamb so that the beamb5 is reflected to
the substrate mark P1. It has been ensdred that the chief rays of the
beans b and b5 are nade to coincide by the beamsplitter 'so that these

beans wi Il be pa S one beamto.t ma P1. After . reflection by the-

mark, the bearns aaﬁﬂ]dﬂbS_ are spli torgedgﬁzﬁ "83[/*(0[%@"&?83@?85 PRy .ﬁaveA separ at e

al i gnment  unpte IhPoscl® thé gldoes 8&Pth bPthe@abitrad mhflE aRghiB@TRadiasth. of these
units emts an alignnment beam and receives, via the beamsplitter, the

sub- beans ofhaving twiofwavelengthdi for example §33 naegnsl B3rammwdiave besn fiound tibst r at e

k. In each of, th ' ' : k f d
P Kerent ARPuRALERE s AP P o031 B BB oL e ©”
described wigrhting defleefs SRCEib eafrisGind Phe Pditidhs WidHthe @A8dams Wctupysinpr ovi ded

with a lens systemLl, L2, (L1, Inp'), a wedge plate WEP (WEP' ) and Fig.
9 or a seri ebe ohr fosalipjaneeipe ensisyster Lids gependentionithy wes] a§i%t i ngs RGP
(RGP"), a nu 9 ' ) icat QN source 70

(70") whose g&“?éomggéj%ﬁ%%sﬁ)ﬁ? ?)t%g((ggs@zj%né}pgaghei%rggﬁgif%ﬂhgri sm72 (72').
[ 115] Fi g.differeahwwecl@mtlis cah bardistinhodhedefidmaehct biher. aWithoaefatthemi t wher ei n
&:gpeci al kind of beamsplitter 160 is used, This ea iitter conprises a
pol ari zat i orfMEASHESt haeVEk 3B qr ?rrf{fﬁeﬁ?‘?‘gkl%ﬁﬁcoﬁ Oﬁggg%@fe-%e plate 211

and a refl e%&vek%éa] (6@%119‘?@%00%%&@%&%& ioihe Sdoh@Radthivpvel ength and
com ng from sources, not shown, are.indicated by P-0362.010 35 thick lines
and t he beanwdersdf thetsecoridywavetengthaiSBR gmynille separbie thhrordetsiafdbe 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 difﬁaction orders are used, the situation R

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 respect to each other, which is due to the different angles of

incidence of the alignment beams with the different wavelengths. These

angles should be maintained as minirhal as possible so as to prevent alignment

errors occurring due to defocusing effects. When using two wavelengths, the

plate with deflection elements must of course be adapted to the situation as is

shown in Fig. 11, which means, inter alia, that instead of 24 discrete wedges

48 wedges must be used, or that instead of 6 wedge-shaped plates twelve of

such plates must be used.
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beans blo and bi 1 have the sane polarization direction. The first beamblo
Is reflected by a reflector 215 towards the polarization-sensitive
beamsplitting layer 213 in the prism 210. This |layer reflects the beam
b10 towards the grating mark Pl1. 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 which are not shown in Fig. 13. [00116] The second beam bll is
reflected by the reflector 216 towar@®4 the beamsplitting |ayer 213 which
reflects the beamtowards the 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 WOM4Y so that fpajsmagee 5Fheaaeilg§a?8hwltbﬁ% t hr ough t he

prate 211, Toe heRmdldEah B9k 02 PLAR ke fiorctero il iiatigan, di oot on

which is rota er ect tot ol arization I rection of the

ori gi nal beadanbtes a pbharizhtionysdnkitive daarpapttdrh & hixctseamsyplittet feogjved myer 213 and
ach th : _ A ; :

i cat ed byt SRR B PG Fro NG a L p S CeL PR i grom © % °°

beam spl i ttinge NgYBber2dnt h h&f‘iffﬁé{?&ﬁ%ﬁ F PolafzAtlim MHPabLE mhey&np! ate 211

and finally fllg refleerbt ed agy t elsl alyer ZfSWt)ovvérds th?’aassgﬁ?at ed structure

of wedges atwdhastbsuateratignment rsdrhRy. Incideingon d@s béam splitenisyalfoor cl ear ness

ke that in Fi 13 th | ect b 16 d 7 ted
spatially scisapdt aienmeaboant b S ber s Seng o BRMRE hedPh e 1L sane
holds for thgnReaEBmes oY ARGl ask:r préteding AStdquencydoublee. ThE Kedtd bs [ 00117] In

t#e)enbodi nents of Figs. 12 and 13 the first ~lens systemLl is preferably

arranged bethas@rirestionetpelagiaation shichiis perpandipelar tprthet afghabearn P30 as shown
[0 r1% 13 e B B AL GTEL AN A0 s Bl RIB D LT
For the ref|@etRidf haa s tikdRamaband &¢ aednidins coyriderty thebeaiwbplitter

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 aiignment 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
X Q reference to Fig. 5. To this end, each unit is provided with a lens system L,

| Ly, (Ly’, Ly’), a wedge plate WEP (WEP") and Fig. 9 or a series of
wedge-shaped plates, a plate with reference gratings RGP (RGP'), a number of
detectors 90-96 (90'-96') and a radiation source 70 (70") whose beam is

- coupled into the system via a coupling prism 72 (72').

[00115] . - Fig. 13 shows part of an embodiment of the
alignment unit wherein a special kind of beamsplitter 160 is used. This
_beamsplitter comprises a polarization-sensitive beam splitting prism 210, a
quarter-wave plate 211 and a reflector 212. The beams b;¢ and by, having

different wavelength and coming from sources, not shown, are indicated by
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shown in Fig. 13, remain necessary. [00118] In the different enbodi nents
descri bed above the detectors are arranged directly behind the reference
gratings. In practice however, behind the reference gratings a bundle of

i magi ng fibers may be arranged which inmage each of reference gratings and
t he 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

t he whol e apparatus and with respect to the performance of this apparatus.
For exanple, cross-talk between the images fornmed by the sub-beans of the
different diffraction orders can be @8creased and heat generated by signal
anplifiers and el ectronic processors can be kept away fromthe alignnent
unit and the aﬁparatus. Al so the radiation sources may be arranged at

posi ti ons rdhiskdines aid the beams releetad by he sraingimapePy by tin baesodhean al so be

guided to t ht n |4 L QN I i . hjs way the
heat genera{b ESH' g;l/)m[ er %%Jgttﬁé;gnﬁget o?%éés%@grc\lﬁggi%é# qg\%tfg)fh@r%?gst he

al i gnment  uneflecdédiby heeflecor 5 towardpha palarsati¢rsehidilve Besmaplittinge prism 216
and the second lens system L2 for one of the beans bl5 and bl7 a partially
 transni ttindayesflddn the prisy 2, This layer seflpsts the begm bro towards theegrating, of this
-beam t owar d e, ] h Qs ovi des a vi sual

i mage of th?ngg(tﬁm?é%n%r rt?%%%%%%%%%@%? tﬁlejtsg%tpurgt us. [00120] There
are diff er ersubjbeams bf tiffereas diffractiinydérs és repeasemned bylehesihgle bsamgmay s. A start

may be made with the alignnent ns qQf . the first-order sub-beans by
processi ng tthe Fgli‘eggf‘gﬂ"%{”é S%ﬁ@“ﬁ‘i%&&?ﬁ??&éé&‘?’ﬁ?éﬂ‘e W"c"?ft?‘{]ese sub- bears.
%ﬁgsequent | Yotrublife &f dfRkforPlerBits 46 BEEQ6 RS GiedHol thow! fnFik

1 .
egond- order su eans nmay be used for finer alignnent, then"the signals

of the detectors associated with the third-order sub-beans may be used
P- 0362. 010 37 [00116] The second beam by is reflected by the reflector

216 towards the beam-splitting 1ayer 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 béckside of this platé, so that it passes for a
second time through the plate 211. The beam b, leaving the plate 211 has a
polarizatioh direction which is rotatcd. over 90° with respect to the i)oiarization |
direction of the original beam by;. The beam b, can pass the beam splitting
layer 213 and reach the grating mark P;.” The radiation reflected by this mark
is élso indicated by a single beam ray b;¢. This beam passes first the
beam-splitting lziyer 213, then trave'rseé twice the quarter-wave plate 211 and
C) finally is reflected by the layer 213 tov.vard.s 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 b, and by are represented as spatially separated beams; in
practice these beams coincide. The same holdS for the beams by and by, at the

position of the mark P,.

[00117] In the embodiments of Figs. 12 and 13 the first
lens system L; is préferably arranged between the beam splitter 216 and the
grating mark Py, as shown in Fig. 13. This has the additional advantage that

only one such lens system is needed for the two beams of different
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for even finer alignnent, and so forth. This may continue as |ong as the
sub- beans used still have sufficient intensity to be detected in a reliable
manner. [00121] Another possibility is based on the recognition that the
intensity of certain diffraction orders is increased at the expense of
other diffraction orders when given process |layers 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 conbined. [00122] It is also possible to calibrate the alignnment unit
before a batch of substrates is illunBfated with a mask pattern or- at the
begi nning of a production day. For a nunber of positions of the substrate

mark the detector signals for each of the diffraction orders are neasured.
The resul t dvayelengihse Farthe meflastodibsams separale scgond legs SpHemy F2t9b| es showi ng
for each pQsltl f mark the val ue of the detector signal
for each d%ﬁé‘&%g‘[‘lﬁl hl%’:}g%lral{.ﬁqﬁtﬁés%{g'i | l um nati on of the substrates, the

al i gnnent measurenent can be perforned by neasuring only the relatively

| arge detector $001i8]s of the |lower diffefent emmbodimentsdiescaribel@aboexanpl e t he
first three orders. By interpolation the carresponding_value for a higher
di ffracti on ths ¢asectons gre Wﬁ‘ﬂ)ﬂge‘iq?(é’%ﬂéﬁ? F&‘HPB‘&?*“&%&?- BB PERCHES ni ned. I'n
this way it L& qffgﬂg kiR6s 2bhSHIEB im&idLfiSerWidal) tai gh resol ution
and | arge sﬁBﬁgﬁggﬁﬂﬁétﬁﬁe?e Oglggﬁlgﬁtherto, oﬁ%@ ﬁeralignnent of the
substrate \arahgadeshiehtimage aoh appdcrancesgradnigsrand tlee supetposed imageof r ef er ence
gratings has b%en-descri bed, Wth the sane gelnllg nment Uﬁ]i.t' al so the

posi tion of RMMOSTYESFHREHE AHEACEL %R IEmOlH© 108 POIS iMEBY™ To that end
DUs hol der @hvdnfdlt YithSrespRbOisiti@desigr &F tAE whbleHipplatushd Wwith rkgedt to the
substrate alignment mark.” (See, e.g., the fiducial nmark illustrated .
schemat i cal Itg therpedfogmange)of titie appasatus.olor expmplee croshtalk betweppthéer nark with

respect to the I &LEhel6 e Yub Read! bEMT A et dittfacRSE bralhan e

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 érranged at positions remote from the alignment unit
and their radiation can also be guided to the unit by an illumnination bundle of
fibers. In this way the heat generated by the radiation sources can be kept

away from the alignment unit and the projection apparatus.

[00119] Between the prism 216 and the second lens
C’ system L2 for one of the beams b;s and by7 a partially transmitting reflector
may be arranged to split off a portion of this beam towards a camera which,
together with a monitor, provides a visual image of the substrate mark to an

operator of the apparatus.

- [00120] There are different possibilities of using the
various detector signals. A start may be made with the alignment by means of
the first-order sub-beams by processing the signals of tﬁe detectors associated
with these sub-beams. Subsequently, the signals of the detectors associated
with the second-order sub-beams may be used for finer alignment, then the -

signals of the detectors associated with the third-order sub-beams may be used
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is determ ned. The position of the substrate mark with respect to the
substrate holder mark is then known. To be able to fix the nutual position
of the mask pattern and the substrate, a further neasurenment is necessary,
namely that of the position of the mask pattern with respect to the '
substrate holder or table. For this further neasurenent, the on-axis
alignnment unit described with reference to Figs. 1, 2 and 3 nmay be used,
with which mask marks are aligned wth respect to marks of the substrate
hol der. Not only the double alignnent wunit as shown in Fig. 3 but also a
single alignment unit as described in3US Patent 4,251,160 may be used.

[ 00124] Another possibility of aligning the mask pattern wth respect to

the substrate table is.the use of .the ihage sensor unit described in, for
ol o S 58 SR fipel ament, a7 Se fems o THA Ty SOn iR AP AR, ark | &

i maged by nEgpsesths Egéai SOH08 stffidient in%lswtoabec&&é&édomdﬂengb@nd transni ssive

reference mark in the substrate table. Inthis table, a detector may be
arranged bemammdr.t he reference mark for converting the radiation passed by
the reference mark into an electric signal. In the first instance, this

~ image sensor unit.J intended for..for e le calibratin on-axi s

al i gnrrpnt uni t Wr‘pﬁf?l(lpgr at es v&‘?{'hglﬂoéﬂmlsﬁ?ﬁ%aﬂ ( T “jé{%f’ﬁ"&na_ wavel engt h
whi ch is congiGrs mbdnsitdof E@tagndiffridtidMmotdeas isGherbiiRd Rt Me@Spémye of adi ati on, or
for checking the image quality of the inmage formed by the projection |ens
system and fagher diffraotiomerdarsswhentgivanspreenss laypesrarepioyidedvimithét nay occur, but
it is also emnentl i table.for i.ani ' r ] respect
o the substhau A B e Birstler Bl 2P bt tfed RS RRLSEWRARAT [T
@cri bed i nhdFidtaiennt UAdéerkircdmstanées, saidhpessiilitidmaynilio boOp@hbinedig i n
reflection may be alternatively used for aligning a mask mark w th respect

to a substrate t e rk. Such a unit, jch is descrihed in US Patent
5, 144, 363, operaﬁgélﬁq?h a refIeléfsia\?%mf’_é\?l\{gleotﬁcfﬁlérafea‘ﬁ?éﬁ%ﬁe’ﬁd}ﬁﬁri ses a .
rel atively IQRFQe baRVF s@bsudrl eCHiaiinadu &Rh‘atiﬁé%k‘ﬁ%tt&ﬂﬁ%rrﬁ@&lé at different
angles and which, together with the associated optical systens, are

provided i n hegn@eHf agroduction day. For a number of positions of the substrate
mark the detector signals for each of the diffraction orders are measured. The

w

- results of these measurements are stored in graphs or tables showing for each
position of the substrate mark the value of the detector signal for each
diffraction order. During illumination of_ the substrates, the alignment
measurement can be performed by measuring only the relatively large detector
signals of the lower diffraction orders, for example the first three orders. By

Q _ + interpolation the corresponding value for a higher diffraction ordér, for
example the seventh order, can be determined. In this way it is possible to

determine alignment errors wifh high resolution and large signal amplitude.

| [00123] Hitherto, only the alignment of the substrate
with respect to an apparatus referenc_e in the form of reference gratings has
been- describéd. 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
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39 sensor plate which is arranged between the projection | ens system and
the substrate table. The off-axis alignnment unit according to the

i nvention nust also be provided in this space.. This unit nust be arranged
as close as possible to the center of the substrate table and requires a
bui |l di ng space which is conical with an aperture of, for exanple 0.3. In
practice, the length of the Y side of the substrate table approximtely
corresponds to the radius of the substrate for which the projection
apparatus has been designed, for exanple 102 mmfor an 8-inch substrate,
so that there is little roomfor build@8&g in the alignment unit in this
direction. The X side of the substrate table is, however, for exanple 25

nm | onger thanthe Y SI , S0 tha nment unit whic can handl e an
81 nh_subst b AeTEaEdnd T PaYEAn gt the Sy %"["’gen@érko‘f’m??sl’ﬁﬁtf‘? sppRrateopt i cal

axis of ‘the ROGLARNKIOHARIORNS T8 e ablY 3 lxtn i PBLiKon BF MLAIRTL | cally in

Fig. 14 whic ows a part the projection ystem . and its
optical axi spdi@m aﬂ'dtélersobsttnatn;l alhettlver emeasurempntap acctessanylﬂamelysl;haltmfm le_ and

t he substrat ind,i_cat space ichis o cu 'ed he projection beam
and the arro&ﬁ‘tpﬁ‘éﬁ"@& ﬁ" %kcfgft‘éms P8RS (Y ets ‘ib%)rlt‘itlFéﬁ’F%’rb iation. The
al i gnrment beﬁ&’th% ﬁlﬂﬁéxqﬁéﬁsux%ﬁlehh%éém%w &ﬁént%nﬂ'déé&a‘%@u% fromthe axis

00' which distance is thus, for exanp he reference CS denotes the
critical posreféremceftoFigshé, 2emd 3 ataIyéJebmd dvlﬂwgwmphwskAtaIkMS alygreidt i on, the

i 1racti on BEreecd e dhiehRuedhobler: ROFRy S dorkliCufipmeRl “Cupst r at e,

ul tiplied bynit ¥4 SRwnAa Fl%’@maﬂf) alsiiplOMEMenR inie ReadsufiBed QS @ nuneri cal
pérture of 0.25 and a va of 32 mmfor said distance, said dianeter,

hence the reBuenteti2lell way bepde at the location of CS, is 16 nm This is
a reasonable requirenent in practice. However, this vertical space may not

be conpletely avajdiabhf. | n that ,g (9 aRXhiSe fe E%gifiﬂ nits my be
used which are ar tdéﬁgjéﬁ di anetri capﬁlgrpc\)/\%s@“?eospe%tl %oeergc oitﬁllellr and can
each cover awjihréspeét to e subktsdte eable is heOB6 2f (HeOimage sensor unit described -

~in, for example US Patent 4,540,277. In such a unit, a mask alignment mark is

imaged by means of projection radiation on a corresponding and transmissive
reference mark in the substrate table. In this table, a detector may be arranged
behind the reference mark for converting the radiation passed by the reference
mark into an electric s1gna1 In the first instance, this image sensor unit is
intended for, for example calibrating an on-axis alignment unit which operates
with alignment radiation having a wavelength which is considerably different
C\f 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 Pétent 4,540,277, an image sensor unit.
operating in reflection may be alternatively used for aligning amask 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
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40 [00125] As hitherto described the off-axis alignnent unit is arranged
in the projection colum, conprising the nmask holder, the projection
system and the substrate holder, of the |lithographic projection apparatus.
Wth the increasing demand for larger 1C s having snmaller details, and
t hus conprising nore el ectronic conponents, the alignnment procedure
~becones nore and nore tinme-consum ng. The throughput of these apparatuses
therefore tends to decrease without further neasures taken. It has already
been proposed to add to such an apparatus a separate neasuring J1 station.
In this station the position in, for 8%anple the X-,Y- and Z-direction, of
a substrate is neasured before this wafer is brought in the projection
colum, or pro'eciion station. lﬁ t he neasurlng %tation substrate marks can
g jion

be al i gned SARYOR PIasS BBich 1t grrapge Fr'éfYﬂenﬁléerP{@eﬁ 85 SYAIP ABY Erhol der or
table. Aftergpifige &Bi@tmtdl?f-a)g@?g _gﬂérit%ftQcé#&#g?i%rinmoﬁﬂg.{e}tpl aced in

the projection -systemorly al i gnnen needs to aligned v
ith respect dsotehmovided st thist spateo| Thas umibmiust iharcangedksesosrdsypoasibleort ti ne.

As in the apparatus, 0 I sin separ at e uring statjon and
proj ect i on s‘giﬁ Q‘}l‘?fer8ﬁﬁ1°%{’?tf?é° f%Plaq 'rﬁ%%’(lfeéﬁ_r[’g‘fq mgsp "setw@_ﬁ $rate in the
projection Scroﬂ{?hpﬁitﬁaﬁﬁﬁ&ﬁﬂe oHl&td 1¢ 6.3. !Tﬁbﬂ%ti&@?ﬂ&% 'oFfHehP nmeasur ement

station, the throughput” of thi's apparatus is” considerably l'arger than in
an appar at usside aftbeisubatrate pahleapproxiastel p pemespordsapitmraditisef thel gnment  uni t

used in the surjkng.station.for alignjing. a, supstira mark with respect
'to a subst réP”E%‘T @é%w@eipgo%&@pealpagqabm%s By ﬁliggeé’iﬁ T system as
descri bed heygimim fbPLESchHaBstaitd, s8Xha tikdré BTRO Fochy ForHUHIMSSE kHebed above
ale,; exanples of alignnment systens that have a BI urality of sensors which

produce a pilignaentyniton this girastion: He X sideiob straseitabls igdioaveyehe t he

posi tion of ' gﬁﬁ}; t gm es; . . sensors that
produce signa esxa?rhirl%% el(g;%lélgtr}llﬁlllemé ‘?rg@%’ or g@%p%ﬁgg%lgﬁéﬁlﬁglg i on orders. of
| i ght di ffr aahédndle an 8-inch substrate can be placed at a distance of 25 mm from the

© optical axis of the projection lens system. This is shown very
diagrammatically in Fig. 14 which shows a part of the projection lens system
~PL and its optical axis OO’. The portior between the projection lens svstem e
. and the substrate indicates the space which is occupied by the projection
beam, and the arrows marked b indicate sub-beams of the alignment radiation.
The alignment beam' is incident on the substrate at a distance dx from the axis
OO’ which distance is thus, for example 25 mm. The reference CS denotes the
‘critical position for the available bﬁilding space. At this position, the diameter
Cf of the cone within which the sub-beams with the different diffraction orders
are situated is equal to the distance to the substrate, multiplied by twice the
value of the numerical aperture. For a numerical aperture of 0.25 and a value
of 32 mm for said distance, said diameter, hence the required vertical space at
the location of CS, is 16 mm. This is a reasonable requirement in practice.
However, this vertical space may not be completely available. In that case,
two off-axis alignment units may be used which are arranged diametrically

with respect to each other and can each cover a part of the substrate.
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fromthe alignment mark. In the particul ar enbodi nents descri bed, separate
P-0362. 010 41 orders fromthe first order up to the seventh order can be
detected. Furthernore, this is done for each of the X and Y directions. In
addition, each of the seven orders in the X and Y directions can he
detected at two different wavel engths of light illumnating the alignnent
mar k. Consequently, this provides a total of 28 channels that provide
signals substantially sinultaneously during an alignnment scan. One could
al so receive signals that are switched in tinme, rather than being

si mul t aneous, w thout departing from 4pohe scope and spirit of this
invention, especially if there is a rapid swtching. According to the
instant invention, information-froma plurality of channels of such a
mul ti-sensor ali g{l@ﬂélﬁ] syst em ar &s bshtstondedenibipddhe effraxisrpligoment unit | gnnent s.

| nproved al des rec smal | er scale

and/ or redulczlggnr%?gt 61r‘§ LEOJ(CS é@g@gﬁl&t TR S]ll'th(Flg mag]ghﬂl%nrs?hepr ocessi ng

effects, angjgfecticisyRieatiancibe aabieial Rdldet, oflthe Bd@raphie) peRétiod al | back
pr ocedur es'".in which:alternative ali gnrrent steps .or strategies: are.
avai | abl e tcappmpISaé’Elthﬂfeamré@mg demang for largesdC e oo smallerdetails s

i nventi on, uralli i r orders are
conbined to adlgt lan‘fomep nSIIl;gonge’le(%%cugP fc omp%flgtg tﬁgél nrmﬁ?{s oce?lﬁll s enbodi nent,
det ect ed pospebdaBsmofe a1 biegineBonsufiids Tﬂeqmomgnpmromlﬂndsy of
diffractive-order channels are fit to a _curve which can be expressed as a
conti nuous fappamatusas tgreiomsdendsiip decrease iwithousiurthameasyresdakens dghasg predict a

E\SI tion t hgﬁn{)%g*'{)&n% &E&"uﬂ&fh t%tsuél’r”&’l?% dt@éié’e é%% ffREic error.

127] An ment suc a predic reC| een” found to be
useful in tMatmase[anestetmxaﬂieq>ommendmffo:remd1pld the Xa;éé-rmidél ~directiom,

sem conduct or_ wa underc the tun en chemni cal, mechani cal polishing
process (W @) L?%"elseﬂ‘% a;he&ﬁ g #%%P@B&&%RWC?% PVD) process
i's typicall ycdilﬁﬁﬁ,Q{r'iS%jeétians%idﬂﬂ% HR M¥MshAnd¥teibh subI@ae AR cabhn

aligned with respect to alignment marks on the substrate hblder or table. After

the substrate, together with the holder has been placed in the projection

.system,.only a mask alignment mark needs to be.aligned with respect to the e
substrate holder mark, which takes only a short time. As in the apparatus,
comprising a separate measuring station and projection station, during the .
illumination of a first substrate in the projection station a second substrate is

_being measured in the measurement station, the throughput of this apparatus is

C’ considerably larger than in an apparatus without a separate measurement
” station. The alignment unit used in the measuring station for aligning a

substrate mark with respect to a substrate holder mark is preferably an off-axis

alignment system as described herein.

- [00126] The off axis alignment systems described above are
examples of alignment systems that have a plurality of sensors which f)roduce
a plurality of signals that can be combined to determine the position of an
alignment mark. In those examples, there are sensors that produce signals
from the alignment mark for separate diffraction orders of light diffracted

from the alignment mark. In the particular embodiments described, separate °
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we refer to WCMP one shoul d understand that it can also include Al -PVD.)
Figs. 15A-15D illustrate systematic effects that occur during the WCW
P-0362. 010 42 processing which can lead to systematic errors in the
detection of a target on a wafer. Fig. 15A illustrates three series of
grooves 310, 312 and 314 etched into an oxide |ayer 316 which fornms a
multi-target mark, or a portion thereof. Fig. 15B shows a portion of the
waf er after a tungsten deposition step. A tungsten |ayer 318 is deposited
over oxide layer 316 as well as in grooves 310, 312 and 314. Fig. 15C
shows the wafer after the WCMP procesding step. Finally, Fig. 15D
illustrates a portion of the wafer after an alum numlayer 320 is

deposited over, that portion of the wafer one can see in Figs. 15C and
15D, there a?réefég%ﬁ‘r@kerftifét %ﬁ%rﬁ@etgﬂeeosetva%ﬂmﬁeqéav B dFiecPdr exanpl e 322 and
324, that arg,{iefoR! fifts QBREEELalof fiE Y I e in at?%éorﬁ@gch‘?‘z& due to
the WOCM processing. Such an asynmetric change to a diffracdtion grating
that is usedf theosevan odergimtheX amdrX directibms can bedetpgied atrttvostifférent n t he
position of the alig t.grating. This is a systematic effect introduced -
by the WCwvY a."ﬁ}%él?s‘?r}q’%ﬁgiugﬁ?mﬁt@gﬁ%i' 1gmgent Wl%{s&%‘_‘sﬁﬂ‘éﬁ“ﬂéff théﬁ i gnment

errors 1 ntrofuaaes Ptk 28 hiMeINhaseidl sfenbitkeRulibipr ent diffractive

order chann In this case, the tecte ers are the third, fifth and

sevent h di f fsimultanceusly doring hm Algiment $ten. Qret @ubbalsespeivd signals dhpar at e
diffraction grati for ea tected .order, as will . be.explained in nore
detail belo .egﬁﬁﬂ%éﬂngmfom%gﬁ%e@én%%&?ﬂﬂéﬂ% ‘Y‘\éﬁ%ﬂm‘éﬁ 58'6‘d results,
but. t he scopge &dopehingd s{)iﬁw 8NthiPiveérfionOéspetidlly Bthdre i9Ntapid Skdhingr at.i ng

Rrks. One can see that the error decreases with an increase in the,
det ect ed di fA¢cgedingto Hedestant irnention, dnfosmationiiem aurality efishaendsef be fit to
such data an . r C ?«HRI!‘ PE edi reduced
al i gnnent es?lf%?%{l%g{&%%eﬂv{\gﬁjﬂﬂégsg%@?}{o selg&fg (%qg%}?gg‘?}e(%%ﬁion system were
desi gned to aligainents. dapreepaligment ndtidss impeteied precision to align on a

smaller scale and/or reduced errors due to systematic effects, such as

processing effects, and/or improved reproducibility. It also includes “fallback

..procedures’.in which alternative alignment steps or strategies are availableto . . . ..

. replace a failed strategy. In an embodiment of this invention, signals from a
plurality of different diffraction orders are combined to determine a positioh of
an alignment mark. In this embodiment, detected positions of an alignment
mark from a plurality of diffractive-order channels are fit to a curvé which can

be expressed as a continuous function and then this continuous function is

used to predict-a position that would be obtained at substantially no systematic
€ITOr. |
[00127] An embodiment of such a predictive recipe has been

found to be useful in the case where marks are deformed, for example when a
semiconductor wafer undergoes the tungsten chemical mechanical polishing
process (W-CMP). (Thc aluminum physical vapor deposition (Al-PVD)
process is typically performed in conjunction with W-CMP. Therefore, when

| we refer to W-CMP one should understand that it can also include Al-PVD.)

* Figs. 15A-15D illustrate systematic effects that occur during the W-CMP
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[00129] Fig. 17 illustrates the sane data plotted a different way. The
alignnment errors for each of the three detected orders are now plotted as
the inverse of the diffraction order multiplied by a constant factor (the
P-0362.010 43 "periodicity"). Since the plot is in terns of an inverse
proportionality, as one goes to an infinite diffraction order, the
position in the graph woul d approach zero along the axis | abel ed
periodicity. Plotted in this way, one can see that the data can be fit
wel | by a straight |ine which approaches zero alignnment error for the zero
periodicity position. Therefore, by fi4ding a straight line to the
measured alignnment .errors for a plurality of diffractive order channels,

one can extrapolate 1o predict the target posjtion in the case of zero
O gnrant o PeRese whith Bt ted bo hibfemabe Srpeip thf fidbtiom el M iae St

periodicity GARe FiL"158SN0FTes!Rrel BEiddidrgralivel 886,131 an@RE8E(cn&d earl y, one
cannot build a system that separately detects an infinite nunber of . '

di ffraction orncenexideidayeydi§ whivh fopnsalinuiti-tezgetendriocoraqootict thgreod t hi s

enbodi nent of..t i nvention. al l.aws one to roject ta.such a,imt of _
ot i te det i ASBANPY ABOTISR o6 rop et o 24BREHTERPROLAR 5B Aave found good
resul ts w t hofrgetf 14)8r SYSisMRpbdited 0Pl SXide RY& 316 dshRlMVsGlErdves $EGI N9 by
conbining signals from.,::, ~: t he

L, third diffractive order, the fifth
diffractive Sitand 3lH Kigel Xeshorvstthelwhfer atier the WP proressirg step.l owi ng | i near

nbi ti 00131]. = -0. . X3+ 0.6329. x5 +.1..307 X7 1
D001 i cFTRLY igaiPIg s RB0mioh b QwaRr gl I A pPph Ber 20} 1| i g
geper al equaty ddpofifddloddt thaNFatiom bf the aferd Als o/ see {nlﬁigs. 150emg Cis a

cgngtant and n I's the order nunber. P-0362,010 44 [001 4% Al t hough t he
i nvent ors havé&Ds Berecrg sDAPRIEG Ichanggs thde oxide layer, for example 32

324, that are then also repeated in the aluminum layer, 326 and '32.8, due to the

2 and

W-CMP processing. Such an asymmetric change to a diffraction grating'that
-is used for an alignment mark leads to an apparent shift in the position of the
alignment grating. This is a systematic effect introduced by the W-CMP
... .processing .step. : | e e
[00128] Fig. 16 is a plot of alignment errors introduced by the
W-CMP process for three differeﬁt diffractive order channels. In this case, thé
detécted orders are the .third, fifth and seventh diffractive-order channels. The
_ data correspond to separate diffraction gratings for each detected order, as will
—~ be explained in more detail below. Such an embodiment has been found to
O provide good results, but the scope of this invention is not limited to only
multi-grating marks. One can see that the error decreases with an increase in
the detected diffraction order. The inventors found that a curve can be fit to
- such data and that the curve can be extrapolated to predict reduced alignment
error that one would expect to see if the detection system were designed to
detect corresponding higher orders. _
[00129] | Fig. 17 illustrates the same data plotted a different way.
The alignment errors for each of the three detected orders are now plotted as -

the inverse of the diffraction order multiplied by a constant factor (the
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only three of the seven diffractive orders, the broader concepts of the
invention are not limted to only the above noted predictive recipe. Two or
more diffractive-order channels may be used and neasured val ues may be fit -
to other functions without departing fromthe general concept of this
invention. Furthernore, this aspect of the inventionis not limted to only
‘providing a predictive recipe to correct for effects introduced in the
WCMP or simlar processing. [00135] In another exanple, the copper
damascene process tends to introduce errors which appear to be substa
ntially random as observed in the dif4%rent wavel ength and diffractive
order channels. The inventors have found that a predictive reC|pe in which

mul tiple ava‘l‘lab S0 l s are ayerage ht tends to
| ead to good HEEE ft¥ )- ;ga '?CteHEe 1S 19 &R i erse ProPomg‘ﬂ?ﬁJ% € Gener al
concepts of gdys%oaﬁmw&fﬂaa%m&aepmdmmmmeogr wemdt 9f8a@hp| urality
of diffractive order channels to obtain an inproved accuracy of detecting
an al i gnrrentzenmallongmmubbclpdipm@bwgarléldttcd)mublsrvgpyaom ergl see tldhannel al one.
Such predict] dcular forns, for | ar processes

sor formed onthAanEanSE T PE by el oG Wi ArBrofpndsere Blinighls °1 o'W v

process and &fir fbh&e@drdwr@aféﬁp?oan@ﬁe?ﬁereﬁmé thyeritiBg & strhiBBt linedgcept s of
this invention are not limted onlz;4 conbining information from a
r

plurality ofthmﬁ@swnéphgrmm@p@ fend phirality Q€ diffractiye psder channeds, QnQo pr ovi de

predictive reg

‘I nformation re(%% &ge%gf&% v% g‘? ﬂﬁ%ﬁé%ﬁé?gerg%l g?ﬁ'?ﬁ 31' |ve or der
1annel s maywhrh r@@ﬁbmﬁﬂmewmmlpﬁ@epmgh The Yeropeeéiopety caseaccount for
t:her changes to a _substrate that may lead to errors_in determning the

~ position of meamrgiﬁﬁ%mﬁmtﬁﬁkfﬁracmmdg (learky; one ganmospuitha syfeRessi ng st eps
my int rOducﬁlatss\é?Bﬁ{gf}; i&e & Iu?ﬁﬁ'%ntk: habab¥pbdibtREbs BREL. swlv Sybst rate. For

exanpl e, an apparent ‘expansi on
predictive method according to this embodiment of the invention allows one to

- project to such a limit of infinite detected diffraction orders.

[00130] The inventors have found good results with reducing
. . systematic errors due to the W-CMP processing by combining signals from... .. L e
_ the third diffractive order, the fifth diffractive order and the seventh diffractive

order in the following linear combination

[00131]  Xpmea = -0.9399 x5 + 0.6329 x5 + 1.307 x7, an

[00132] " which is based on a three point least squares fit to the

following general 'equation
[00133] Xmeas(n) = C/ N + Xprea | (12)

where C is a constant and n is the order number.

P-0362.010



to a WCW and Al -PVD processes is plotted in Fig. 18 as neasured for the
third, fifth and seventh diffractive order channels for four different
silicon wafers. The inventors found that such errors due to expansion and
contraction vary with the detected diffraction order and al so vary from
substrate to substrate. As one can see in Fig. 18, the variation with the
periodicity, which 1is inversely proportional to the diffractive order, has
a substantially linear variation for each wafer. However, the lines fit to
the data for each wafer are different straight lines (e.g., different

sl opes). Notice that the straight |ind4 approach each other for a decrease
in periodicity, corresponding to increasing diffractive order.

Consequent |y, such. redi ctjve recipe on ect to results
o or et st adbe Bl o1 Sl San e BeRardiave souteraand rivufth Sihg & L1
, aI S€ 1Ot g Plifed @tﬁ@%&@ﬁ%ﬁ?ﬁécﬁ%%rﬁ%%e %f&deféon@%f@s oPfhgcessin ... ..

.......... < can be projected to decreased or bstantially vanlshlng
waf er to wafiaventianiast naztrhmltadgo 011]5' the abm\@as)tcthpladlctwumcm iTwp er predictive

reci pe for reducj er varla S int case. 0137] The
abovg exarrpI’B%reéfF{!}‘g‘FB&‘? &t (/‘éh% @n WM@?@“?H’&?X 'Eégtem p]es in
the sense th@fou{epeuﬂcﬁBﬁgmhb&meﬁaxﬂﬂgm&mktgeaérhltabneépto@hﬂanel s are conbi ned

with fixed coefficients. The termpredictive recipe is intended to include
the general iowmtiept Forth@m<m¢ rthlngsmctmﬁthena»tenb@n is nogpmited te amlyon of

I h I f h [
et or mine. 1t RECROGEA SR et aofbichor el MRETERD il o GUET ™07 1O

i nvention al &QirhiMlprecesshpam ¢ recipes, within the general concept of

r.edi ctive recipes, in which information fromthe various channels are
conbined in a way that depends on measured quantities. For exanple,
information from ralit imﬁ i y be conbi ned
wi th coefficient s[%\/vﬁiééI ep%ln %%1 n%atfs?ﬂ(r:@a)g{salaaﬁ g&e réﬁ%?h Q her
P-0362. 010 46ndsneastrodade qnenstwhlcleSppeaytoajessubhmtiﬂ]gdamdbmiymabsenvedec| pes. For

example, the
P ~in the different wavelength and diffractive order channels. The inventors have

found that a predictive recipe in which multiple available signal channels are

averaged with equal weight tends to lead to good results for:the Cu-damascene. . = . | cawco .

process. General concepts of this invention include combining information
from a plurality of diffractive order chaﬁnels to obtain an improved accuracy
of detecting an alignment mark on a substrate compared to using a single
“channel alone. Such predictive recipes may take particular forms for
N particular processes performed on the substrate as described above for the case
O of the W-CMP process and for the Cu-damascene process. Furthermore, the
concepts of this invention are not limited to only combining information from
a plurality of wavelength channels and diffractive-order channels to provide
: pI‘CdlCthC recipes to account for processing effects on a substrate. Information
from a plurality of wavelength channels and diffractive order channels may be
combined to provide predictive recipes to account for other changestoa
substrate that may lead to errors in determining the position of an alignment

mark.
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out put signal may be fit to an expected functional form such as a .
sinusoid. The correlation coefficient in such a fit provi des anot her
measured quantity which can be used in a dynam c recipe for conbining
signals fromthe plurality of channels. The use of other input paraneters,

such as "ntc", "mnirepro", "signal to noise ratio", "signal shape",
"signal envel ope", "focus", "tilt", "order channels position offset",
"wavel ength channels position CII offset”, "shift between segnents” and/or
"coarse-fine position deviation”, possibly in conbination with user input

paraneters, can enhance the performamnde. [00138] Many of these parameters
are related to the accuracy of the aligned position determ nation. The
paraneter "ntc" i f ‘flgﬁ multiple correlation c%effi ci ent i.nd}fcati ng how
vel | the neasur ed (SIgRhI  r e JORBFUWESHRESICRS TRNANTRYNE YSIGMAYE SITSCHS £ oct

al i gnnent  nagst varySronsibskr@R 1t substrate For ek anglal £ appachadigafsioh ahde al i gned
position of diffefent sections or portions of an “alignnent neasurenent,

i ndi cating t kea ReEMBeyd Ad-PMipracésgescid ppstsidtin big. 18 ke measyireghfor theo noi se

ratio” is the.fi d signa kvided by the relative lgvel of noise across
“the spectr unﬁt’r‘fd’ hﬁtﬁ aﬁéﬁ%?hhgmaﬁﬂﬁ? ?T%F??Wﬁéor'@bﬂﬁfér?ﬁﬁ‘&@mi s the
relative | evelafepé. Thd RvertbSTo@iEhht REAHBAGIsRRIcitH ekplinSiofi RAE LoMPActiBgNer al |y at
mul ti pl es of the base frequency; the "signal envelope" is variance of the

si gnal st r eMgyhwviduthe sligtecisd diffraetioneorden andidiso vary fngst substrathéo of f set i n waf er
hei ght with cty o t et ecl Qly; Sl s the angl e between the
waf er angle %b%&? %é Asaogjteé%? (‘c’)érje ]é%gé'gSd@%pﬁﬁa?%ne&h%g&éeé%f#, ’WB\’: er channel s
pesi tion of f gdhversely proportionabtarthel didfrhdtive @ndee, had aaubganthlRQilehd on of the

@ar’i ous channel s, of  one. wavel engt h; the "wavel ength channels position

of fset” is tNeriatioRdoreash veafarr dfasfryer the Lnes gt dithsslata foppachiwafpeargar i ous
vavel engt h CRARAGh Siralpitines (L1 difRRINGRBes UL that iR sABHIRARU o0

difference in aligned positio i ous segnents- a multi
segment ed al approwmiteantnother fond detreasedo peseditity\eoReRMAING 1O intreasing

- diffractive order. Consequently, such a predictive recipe permits one to

project to results which are substantially invariant from wafer to wafer.

Cmi. e Sirnilarly, false rotations introduced by the W-CMP and Al-PVD.processing.. ... . ... .......;ooos

can be projected to decreased or substantially vanishing wafer to wafer
variation. Fig. 19 provides data illustrating a predictive recipe for reduéing
wafer to wafer variations in this case.
[00137] The above examples of predictive recipes may be

O ~viewed as static recipes in the sense that the information from the pluralify of
channels are combined with fixed coefficients. The term predictive recipe is
intended to include the general concept of obtaining a mathematical
representation of multichannel information and then using the mathematical |
representation to determine the position of the alignment mark. The concepts
of this invention also include dynamic recipes, within the general concept of
predictive recipés, in which information from the various channels are
combined in a way that depends on measured quantities. For example,
information from a plurality of diffraction order channels may be combined

* with coefficients which depend on the measured signal strength. Other
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position deviation" is the difference between the position of the alignnment
marks in the fine phase with respect to their expected position based on

al i gnnment mark measurenments in the coarse phase. [001391 The coefficients
may al so be determned by including the historical data of the process.
For exanpl e, one can conpare the information obtained for the diffraction
order channels with the information from previous wafers. |If the
information of a certain channel differs significantly fromthe
information for that channel on previous wafers, one could give that
channel a | ower weighted coefficient t#an when the information fromthat
channel closely resenbles the infornation fron1 previ ous wafers. Another

way of dealing with the.infor Lon f Iuralﬁty of ﬁsffractlon
order channelf&asyred quanfifigimay f 3 il i a’E‘H’ Rriees Hor examplesthss wafer grid

parameters (Bﬁt?{?tsshgﬁdlﬁﬁ He@it 3 hﬁ’@x é&%fd%n&?&%l%hﬁnsuchas Q'éitnﬂﬁ’&@”a| ' ty,
asym"retrl c scaling and higher order parameters):for.:each of =
T A TheooreslstionTtoe et dusich aofit prbﬂdmdlmthemnﬂaasur&d Quamnty he
-|nd|V|duaI t he, so-cal | ed residual s, - reqallflersfor t he
ol at i ve i bR bouse B BRRC e ot CTUNN g 3ieneR TEb e anpl o, 1 &
residual for ﬁnrzﬂﬁ?@f‘é}lanﬁasaTﬁ@ﬁ&@éffbth&(iﬁp&t;p%n&'fbr& r%ﬁcl’{‘@sf ‘hc®l osel 'y
resenbles the historical residual distribution at that position, a |arger
wei ght fact ofmindrepesi ‘cjmgmltmmsmn”,t Rignalebaprial SIg@lm\gplonﬁff t he average

resi dual on previ,o SO s FlL.G.,, 29 str lon of a
statistical di%t%> u@ t'l%r e{)?ha&g?laposp Hts. Yvaﬂ%ig?%ﬁcg%ﬁnegs&og HRel ps in
that way to gffeutTi“gkifitheewedarsegtemt” ﬁrﬁ'tﬂor icohi@E-TRE ipositiop teviagsh™wi th the
'Ilgnrrent system One. can_ al so neasure the information froma plurality of

diffraction BessEry Ereomhinafionvithomess swpuf perapsierh 62 enhappe et he hi ghest

signal st reg%mrﬁ%‘ for alignnent and reject the information of diffraction
order chann Bl over si gnal strengths. QO her neasured quantities nmay
al so be wused in pOIBSHYnaniManyef ithess paRrBtfPare 1€laté8 to the accuracy of

the aligned position determination. The parameter “mcc” is the multiple

correlation_coefﬁcient indicating how well the measured signal resembles the

» i signal expected for.a perfect alignment mark; the “minirepro” is the standard e A

deviation of the aligned position of different sections or portions of an
alignment measurement, indicatin.g the accuracy of the aligned position; the
“signal to noise ratio” is the fitted signal divided by the relative level of noise
across the spectrum of the 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 with
respect to the detector; 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 ahgned 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
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[ 00140] Based on experinental data it is possible to determ ne the
correl ati on between individual detectors. If the correlation is introduced
by the process it can be utilized to generate weighting coefficients that
are capable of providing a nore accurate nmeasurenent. One enbodi nent
utilizes a set of data and determ nes a static predictive recipe based on
this information. A second enbodi nent verifies and adjusts a predictive
recipe on the fly. Small adjustnments are nmade to the predictive recipe if
the .correlation between the detectors nmeasured on the current wafer are
not identical to the predictive recifé. [00141] In the exanples of static
reci pes so far, the same information fromthe plurality of channels is
used for all marks. Another type of static reci.pe n he distinguished -
that dof i neSONRPE REYIRRDT HathectiionerbaiKEen B aoatibh gt BF ADRaARS: s Shoul - be

d f . f . i eni | th
used for eaqhAnaRt gggpﬁﬁﬁt\%ﬁp@%pgg heifeieicdpokitioh BascataP! es the

al i gnnent systemto Ss. variations.,across.the...:.,

of the inf ti t he_pl ity of dif tion ord I's f
oach mar ke 1t eai0ai08 e TR htfciants Bay o beAreines hiHARERY om a1 1 "
targets fi rzﬁelrigtgﬂgﬂ%]altam}qﬁe f,lﬁ,@egg/afpgfe%ﬂ@’ &@Qa@goﬂﬁ&grﬂq@' ned for all of

the individua annel s. Such a scenario offers nuch nore flexibility. For
i nstance, i tinfosmatoon gvais¢dfos theodiffeactioniorder channglsweth the pefieshatioron channel s

—and/or marks. that are diffe% f.rom.t he_.channel ﬁ/ ma{%i?fthat are used to

det er i ne t AEP™ BEEXQUS y/afgrgyg infepmatipp of 4 cextaif /st em OAS may be

used to detspmific4aily Blét the REdrmAtichl fof tHABEHanf@lr dfSprevib@s waferd, bret rat es an
@gnrrent- mar which is often used as a fiducial mark on the wafer '

assenbl y or cauldrgive that chsanglgHeyer weighted caffisienpthan wheaphg al i gnnent mar k.
Fig. 20 illuy i i : . with .a '
plurality of‘ﬁfﬁ&e‘é%“goﬁ‘s‘?%’ﬁgﬁ&‘5@%‘6%8%? g&&h&fii\%ﬁgﬁ%ﬁi&&?@ﬁﬁg %\%Ip |1 be, or are
bei ng, prodyeadousBeifeseAndther way ofiddating mwéthsthe inferniatidd o 112

" plurality of diffraction order channels, is to model the individual channels in

terms of wafer grid parameters (translation, rotation, wafer expansion,

«.. -+ orthogonality, asymmetric scaling and higher order-parameters).for.each of the. ....wwos. . v

channels. The residuals of the wafer model fit to the individual signals — the
so-called grid residuals — are qualifiers for the relative importance of a certain
diffraction channel. For example, if a reéidual for a channel on a certain ~
position on the wafer closely resembles the historical residual distribution at
= that position, a larger weight factor.is assigned than when the residual is Way
C’ off the average residual on previous wafers. (Also see FIG. 29 for an
illustration of a statistical distribution of wafer residuals.) Historical data
helps in that way fo minimize the spread of the information obtained with the
alignment system. One can also measure the information from a plurality of
diffraction order channels and choose the channel(s) with the highest signal
strength(s) for alignment and reject the information of diffraction order
channels with lower signai strengths. Other measured quantities may also be

used in such dynamic recipes.

P-0362.010

hich



49 lines, such as scribe lines 406 and 408. Alignnent. marks 410 are
witten in scribe line 408.”Sinilarly, alignment marks 412 are witten in
scribe line 406. The alignnent nmarks 410 and 412 are made to be '
sufficiently narrowin order to nmaintain narrow scribe lines to avoid
wast e of space on the wafer. The conbination of alignnent marks such as
410 and 412 provide alignnment information in orthogonal directions, which
will be referred to as X and Y directions. The alignnent mark 410 is
segnented such that it has a first target 414 and a second target 416.
Simlarly, alignment mark 412 is segn#eted such that it has a first target
418 and a second target 420. Each target 414, 416, 418, and 420 is a

diffraction grating,in this_enmodi nent n atings 414-420
can be either pha@gl%(ﬁ anpl PEYS é’n&xg‘frfrﬂﬁrga %&ﬁ&%ﬂi’g toélg{ FR¥Se grating
nmay be for mege Pyraheh BPAwWSEPRIRTdilal déB&ofsU B iHedbieRtioRis iat6duceiher eon. I'n

this enbodi nent, each of the diffraction grating targets within a
. ... .: .bythe process it can be wtélizedtto gensrate Meighting goeffitieatséhat aser i odi city, or

p| Ttch. Under nuf acturin rocesses .a as been found
Po be sutt anfeath of Bioviing Fiae ar ik BRESEFGnt CineftoRnert lgRac T ng
target, suchy @$of @4tdahd ddermiaBela statid PreBicive Bagéd érhehisecond
diffractive-grating target, such as target 414, and smaller. Such a

conbi nat i on inforuetien Aj secenserpbadiment veribierans adiugts suaredictive refBeaT be in nore
det ai | belo 00144 ignment in
whi ch the p05|%l on%o lzf(ﬁ'g a?@é%{&%ﬁ%{eﬁ%ﬁéﬁealgg}é c{Be g'%\%mg{r%?ﬁgg desired -
range. A fitegweédn i8deRtiorSmpasufeddittte t:mdetvmfmanena identizaltoghé se position
*he subj ect alignment mark. During the alignnent process, the wafer 400
will be rvaé,delﬁ%VftWﬁ’fPea desired alignment mark is scanned across the
detection field i) b3 eW of h-{]ﬂﬂge%rflpléé(bls%gat%ﬂegi BBSY faP AL GMEAS in a

di rection substan |aI or t hogonal e gro ves in the target gratings
of the ali gnimfortmatian Eroni\tblt:qalurallrtatofahannslsgmmed fooall gragksu rAectime tmene

al i gnment _Canf slt)a%cc;gctzlgcla QaendbeS 12tslrt1g6111l?s Ieg a¥ defn nes which information from the

plurality of channels should be used for each target on the wafer. Such a static

recipe enables the alignment system to deal with process. variations.across.the . .. . ..a. ... s

surface. Instead of immediately selecting or weighting part of the information
from the plurality of diffraction order channels for each mark, it can also be |
useful to collect all irifbrmation from all targets first.

[00142] Then the wafer grids can be determined for all of the

— individual channels. Such a scenario offers much more flexibility. For
Q instance, it is now possible to determine the wafer expansion on channels
and/or marks that are different from the channels/marks that are used to
determine the rotation.

[00143] The off-axial alignment system OAS may be used to
detect various types of alignment marks. Fig. 2 illustrates an alignment mark
which is often used as a fiducial mark on the wafer assembly or along the
periphery of the wafer as a global alignment mark. Fig. 20 illustrates a portion
of a semiconductor wafer 400 with a plurality of regions such as 402 and 404

where circuits will be, or are being, produced. Between the circuits are scribe
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paral l el . Wien the wafer 400 is noved so that the target grating 416 of the
P-0362. 010 50 alignnment mark 410 noves across the field of view of the

al i gnnent system OAS along the direction of the scribe |ine 408, an

al i gnnment. beam having two wavel ength conponents is reflected and
diffracted fromthe target grating 416 (see also Fig. 12). Wth the
~enbodi nent of the alignnment system OAS descri bed above, signals in seven
di ffraction order channels and two color channels are detected as the
target grating 416 scans across the field of view of the alignnent system
OAS (see the reference grating plate 49lustrated in Fig. 6). There is also
an addi tional channel in each of the X and Y directions and for each of
the two colors for the capture process. [00145] Fig. 21 illustrates an
exanpl e of Ynepsuch gsrsedbr Si4|6)6tanéwg-eﬁéanmﬁnwmarécﬁ%éﬂa@r\uréﬁtertlnannel s

423A- 423G for..one of..t he t i cafi. . Iulgn t he target
grating 416§°ﬂb§q§}?a‘ﬁ’§e§‘ I%’\égﬁg%gﬂgﬁgr}gf é?;fjﬁ%ev?ﬁt?%nhlggfrllg of view of the
of f axial althganEithert VSR 10ARd AL dribmalengbe Qiffitiestly harfovgid ordet i _~. g 416
conmes into alignnment with the reference.. grating for. the... respective

di ffracti vetomdiatain npwew spbedingsp aveid iwasternd spacgrom the watsigtthe  Conversel vy,

when t he i mage, of .. a grﬂ;i i . | ref erence
grating is S%mr’rB n'é‘P(téngf%lE#%%bta |gﬁpr§}1€%%(ﬁ%}de4ll§sﬂrgﬁﬁ§%%qtn the detected
signal st r engfbfinationdn ahogdndbdisetionf)athivh will be saférsdédatotas A and ¥onst ant

scanni ng notion, the oufput signals are substanti lgtlhigPSi nysoi dal . The

“signals fofire¢iong; dheaAligrprat magk KR Issegmentgd suchy a5 3 BELERRSY t han t he
| ower order ' I . i j I he diffractive
oéc_lﬁr c_hanngﬂgdis]g%&flg%g%ﬁér%é??rﬁg@i%hglgqgfétgﬂ%gc?l?ﬁér/o%gEk%éﬁe field of
vi'ew of t hesadhfthanit has a fitst prgee i 8 syd & seno@dBargetr4d20a dHachfargdidldwo col ors of
the alignne syste The i gnment .matks.410 and 412 provide one exanple
of a nulti giﬁs’ ‘é&“ﬁ‘l‘%@ﬂ%ﬁ??ﬂ gﬁaﬁngm@lse%gﬁﬁ??ﬁﬂtt ,%nlgﬁ‘éer?laﬁﬁet s are
diffracti Ogg&ii%g& R9$.420 Bsh bed¥itteRphds¥ of hripBfudie tgFatitigh NFor dampiganent ed

rk

al i gnment 10 is used to
S phase grating may be formed by etching grooves in the substrate or a layer

thereon. In this embodiment, each of the diffraction grating targets within a

respective mark has a different periodicity, or pitch. Under.cumrent. ... ..o oL am

manufacturing processes and scales, it has been found to be suitable to use a
pitch of 16.0 um for one diffractive-grating target, such as target 416, and a
17.6 pm pitch for the second diffractive-grating target, such as target 414, and
_ smaller. Such a combination is useful in the capture process that we will
C describe in more detail below. '

[00144] The capture process-is a form of coarse alignment in
which the position of the aligﬂment mark is established within a desired range.
A fine alignment is performed to determine a more precise position of the
subject alignment mark. During thé alignment process, the wafer 400 will be
moved so that a desired alignment mark is scanned across the detection field
of view of the off-axial alignment system OAS in a direction substantially -
orthogonal to the grooves in the target gratings of the alignment mark. Note
that all signals for capture and fine alignment can be obtained substantially in

| parallel. When the wafer 400 is moved so that the target grating 416 of the
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determ ne a position of the alignment mark 410. Simlarly, the targets
within the segnented alignnent mark 412 are used to determ ne a position
of the P-0362.010 51 alignnment nmark 412. The concept of a multi-segnented
alignment mark may be extended to include three, four or nore segnents
within an alignment mark. In addition to alignnent marks. with two
segnents, as illustrated in Fig. 20, the instant inventors have found

al i gnnment marks that have four targets within the mark to be currently
useful. Fig. 22 illustrates an enbodiment of such a four target alignnent
mark 422 which has targets 424, 426, 488 and 430. In this enbodinment, the
targets 424, 426, 428 and 430 are each diffraction gratings and thus can
also be referred to as target gratings. The.tar%et ratings 424, 426, 428
each have t hadigoment markchl0 mayasacrase thedfiedd of yewtat the ﬁzannwasswem fferent

pitch (not s . i e pi . N .0 t m for the
diffraction ‘gg‘g@‘?{’&?ﬂiaf{?&%’é‘é’ f%}r?]dé% Z‘Qg?ﬁé%éeg’%gbailg%ﬂgrgrb%ﬁﬁ}agﬁgfq@cti on
grating 430wiwlength c@fiporkeaBlisifeflesedlapsd dafidctsdffomapetargatgraing. 416n this
enbodi nent, one nmy select each target 424, 426 and 428 to have a

di fferent defsexalsohig. ¢BarWithéhq empbedimentrof dhespligmaenpsystemPAse| ect t he
targets 424 . i i ing gratings
whi ch enh’anc(gegg‘lﬂﬁg%1 garb gg‘? Sﬁ%ﬁ%&ﬁ%gﬁfgg 5%%1{581%%* ﬁﬁtuﬁ%lg?%? %?ﬂgf this nmeans
that it enhashansels e desicgidals shie tafget paiting dil 6 fcans tiéross the dield aforipaoéd to t hat
of a uniformdiffraction grating.). For exanple, one may cqonsiruct the

al i gnment ek ah@n%‘HéMStF‘HQA$ e thr rgEarengs grate Eiétaiﬂ#ﬁ%}sﬁi"a g
order - enhancefAl kY ahakiBARARGRR i eachidf fift Xahd VodifdcAbnOikder . The

(ariget 426 nmay be selected to enhance t ifth diffraction order and the

target 428 nfayednh cf¢heorechlom farthanamutetppossssient h di ffracti on order. .

[ 00146] Figs. 23A, are sghe jc. drawi ngs of cr.oss-sections, . of portions
of phase grati nggt.oa%. 23A 1§0$f@k"55ﬁt8_§mf Sgé?qu)Pﬁ?lﬁ%i@Pr&ﬁ?ﬁ%d&t?eon_ grating
wi th. equal | ysesBR8Fadiondt8s hhnfidl4d3 AMMILE For driedf tHId wavl&itgmat i ¢
illustration of an order-enhancing grating for the third order in -which the

grooves bet vasargraiing cueh asghetasgas gramigct, sscamed gf iFensrant tauRdey of Fi g.
23A the field of view of the off axial alignment system OAS. As the image of the

.. farges.grating 416 comes into alignment with the reference. grating for.the........ -
respective diffractive order, there is a maximum in the signal strength.
Conversely, when the image of the target grating 416 on its respective
reference grating is completely out of alignment, there is-a minimum in the
detected signal strength. One can thus see that with a substantially constant
C scanning motion, the output signals are substantially sinusoidal. The signals
~ for the higher order channels are at a higher frequency than the lower order
channels. Signals are obtained in all seven of the diffractive order channels as
a target grating 416 is scanned through the field of view of thé off-axial
' .alignment system OAS for each of the two colors of the alignment system.
The alignment marks 410 and 412 provide one example of a multi-target
alignment mark. In this embodiment, the targets are diffraction gratings. The
plurality of targets within the segmented alignment mark 410 is used to
determine a position of the alignment mark 410. Similarly, the targets within

the segmented alignment mark 412 are used to determine a position of the
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are now subdivided into two portions. The width of this substructure region
I's maintained substantially the sanme as the regions 432, 434, and 436
illustrated P-0362.010 52 in Fig. 23A. Fig. 23C illustrates an exanpl e of
an order-enhancing grating for the fifth order in which the substructure
has three portions instead of the two portions of Fig. 23B. Fig. 23D
illustrates an order-enhancing grating which enhances the seventh order.
In the case of the 16.0 mgrating, each of the sub-segnments 432, 434, 436
and the trough regions 438, 440, etc. are 16.0 m The corresponding
features in Figs. 23B, 23C and 23D, ard also 16.0 gm but sone have
substructures. [00147] An order enhancing grating is defined as a grating
with C a signal strength, in a diffraction order detection channel of the
al i gnment  sdiggaent markel 2. sSTheioasens @f aimultisegypented alignmeat Blagyhmay st r engt h

pi toh gr at | g RCE el b B8 on e sEaifiots S Ry S PR SSERAES oS
of order enhmngiditipn to algnMER makgwithitwg s¥drhdnts} abiaswpiet éhFigedoakel by a

factor N is another exanple of. an order-Pnhanci n%. . grating. The first
“order di f f r at?st@nt ip¥eHeEhasg fqng alignment marks that have Tour targets within the . =~ -

LN Orati ng blo G URYPELAEL g DBGNalRsdhiehiR AR PR gefection ~

channel of the alignmne sensor. This res ecause a ector that we
refer to as targenhlignneemt erarkld22 ohivh ldetagdts 424,g126, 428andgi30r dmttds angl e t hat

woul d coincide, wjth the nth grd from ase pitc | ncreasi ng or
decr easi ng t?fEb‘\i,HIWEW’ t?%@tséﬁétﬁﬁg 45§ﬁﬁﬂéiar?ﬁ Cha‘ﬁg:!'?%‘oatg.r%’i‘ig&h the |ight
fromthe oralidygudéanesidrse refé?ﬁeagaxs 9&%@2@}%@%&%@&;@% : g\t«gg ghy.order from

he grating 1s actually detected by t r. The scope of
thi s i nventi 426,428 pash Havertheesameitchewhibothe targetgrating#3 hasg diferiegtns. . Al |

other gratin t hat .enhange. a.diffractiqn order, are i thi.n the scope of
Chis' i vent | BFE QPaHRBR R erRtaref BpistRet Fitig 98 168 W SbE " acr obs ¢ he
field diffraction gratings 424, 426 and 428 and 17.6 pm for the diffraction grating

~ 430 for current feature scales and some applications. In this embodiment, one

may select each target 424, 426 and 428 to have a different detection

characteristic. .For.example, one may select the targets 424 and 426 and 428 t0....: .o cvsercu s o

be diffraction order-enhancing gratings which enhance different diffraction
orders. (In the foregoing, this means that it enhances the “signals” of that
diffraction order compared to that of a uniform diffraction grating.) For =
example, one may construct the alignment mark 422 such that the target 424 is

~ ‘a diffraction order-enhancing gratiﬁg that enhances the third diffraction ordef.
The target 426 may be selected to enhance the fifth diffraction order and the
target 428 may be selected to é_nhance the seventh diffraction order.

[00146] - | Figs. 23A-23D are schematic drawings of cross-sections
of portiohs of phase gratings. Fig. 23A corresponds to an ordinary diffraction
grating with _equaliy spaced grooves of equal widths. Fig. 23B is a schematic
illustration of an ordef-enhancing grating for the third order in which the
grooves between adjacent plateau regions in the ordinary grating of Fig. 23A
are now subdivided into two portions. The width of this substructure region is

" maintained substantially the same as the fegions 432, 434, and 436 illustrated
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of view of the off-axial alignment system OAS along its |ong dinension, the
sensor produces signals in seven diffractive-order channels for each of the
two illumination wavel engths. Consequently, a single scan across the
alignment mark 422 can provide fourteen color/order signals for each of
the targets 424, P-0362.010 53 426, 428 and 430. For an ordinary
diffraction grating, the signal strength for the diffraction orders
decreases with increasing diffraction order. The order- enhancing gratings
enhance a particular diffraction order over what would nornally be
obtained with a diffraction grating wis2h a purely constant pitch w thout
any substructure. By selecting targets within the nulti-target alignnent
mark 422 to be particul ar order enhancing gratings, one may then choose to
utilize dat adndlig.t234. drigailetilusiretes af examplaef Aoerdeserhancing sramgder  For
-exanpl e, whe sel e . i der

enhanci ng grtﬁ? ﬁﬁg,orﬁ%ﬁg}éﬁné{gtégg %bs%égﬁlg@%sﬁ%eggﬁgﬁs g’r?ﬁ%é??%% tg{oati ng, and
target 428 goptibie of Rifi238B. GFiger3eifugtisteigh gidet-ertgincinp @ratingeviiicli s have
obtained good results utilizing only the signals fromthe seventh order
channel s fr ciphanees thexseyenth opder. dmihg caspeofithe {60 pimygrating.sap PEther om t he
target 426, and Ly, t i I o) r 28. The
data il ust r%‘?3 'esglgﬁ% ﬁxtléi‘tgg’. 43}%6&%;18&@2 tr,oﬁ_g'lﬁgl{}gdlnﬁ 43&%%%0%‘% lgﬁ)t -al i gnnent
mar k and pr oTiescettspondinpfeaturesrin &igs. 23B, 236 ard28)) atdalsel86.0 ppr,daent ed in
Figs. 16-19 were obtajned fromsignals in diffractive order channels

cor r espondi n§mehayp SBPYIEWESfhanci ng target grating of the same order in
such a multi-tar i gnne ; t hbed in
‘eference to Figs. %@18 arghr?g?ér:éfﬂ#r%ﬂ.eglﬁgﬁogﬁllgﬂgﬁﬂat ca; & 8’%&1149] The

al'i gnment nea $ignal sGemgthl, id baliffracomordeOdgseasionchbamrel oftheratigement a

multi-target align t. rk that. has two . targets that. ar iffraction
gratings wi t¥RArf Wg’r%gdf g’ﬁ\af‘f: Xith Wgecfté‘luplptsh&@&mggwffd Pk 422 was
descri bed i npisepfteh Slatif@M3p Ni30istad el BinBleWhbWirpod ﬁhsgipftélegﬁﬁh%?iﬂm@es and

targets selected to enhance particular diffraction orders. e may sel ect
pitch of 16.0 um. Fig. 23B, 23C and 23D are examples of order enhancing

gratings. A grating with a base pitch reduced by a factor N is another example

-nw  ofian order-enhencing grating. The first order diffracted beam.of such.a ... s s s

grating will be detected by the N-th diffraction order detection channel of the
alignment sensor. This results beéause a detector that we refer to as an nth-
order detector detects light coming from an angle that would coincide with the
nth order from a base pitch. Increasing or decreasing the pitch of the grating

changes the angles at which the light from the grating diverges, thereby

~

QJ

potentially changing which order from the grating is actually detected by the
nth order detector. The scope of this invention is not limited to the above
stated grating designs. All other gratings that enhance a diffraction order are
.within the scope of this invention.

 [00148] When the reference mark 422 is scanned across the field
of view of the off-axial aligﬁment system OAS along its long dimension, the
sensor produces signals in seven diffractive-order channels for each of the two
illumination wavelengths. Consequently, a single scan across the alignment

mark 422 can provide fourteen color/order signals for each of the targets 424,
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targets to achieve additional or different effects. For exanple, one may
include a target anong nulti-target alignment marks that have structura
features that behave under processing in a predictable manner or in a
manner correlated with changes in the devices being nmanufactured. For
exanple, diffraction grating patterns may be provided with a sub-pattern
to provide it P-0362.010 54 wth desired characteristics under
manufacture. Fig. 24 illustrates an exanple in which a sub-pattern is
added to a portion of a diffraction grating. (See also Fig. 26C. ) For
exanpl e, the sub-structure 432 in Fig5323A nay be cut across to obtain a
structure 442 illustrated schematically in Fig. 26C. One may choose the

wi-dths of the structures in the conmponent 442 so that they re closely
resenbl e t h&%eé%%aﬁj 44 Lﬁqrepegdmy&l@@w%g%aﬂa& the Sgas! SHERERAC ur ed.
Jhe substr uchykfihéddtPirbak 8brbiel With idhehsind @irYBH ot DenusRIH! for the

W CUT process. one can see In e right cross-sectional view of
Fig. 23, twnhateng gmtingechhiance a particiler diffiaction otder evegrwimt #suldne may al so

i ntentional | create a.sacrificial target ampng th lurality of targets
whi ch under giorma]ty Re Spiine Wiiha GeEection eing Wiy RETYARSIB Bl LT ng
TRNUT aGt Ur | i A SR uci A0 OLeid el il BRGRIGge tar 0%t (5) 18 (0

determ ne process . W cies to I nprove the determ nation of the
al i gnment nealignmenpmarkt 422rto be particular order enhancing, gratings, qpe.may thenusi ng t he

. - ificial t t (). th i.ficial t t
sensi tive t tppasc@alitind A oh e haa ol 3RE e PhBupondindhesl L°
Ul ti -t ar get Forak hAPEE WheBlikselldettdeibratitlg 404 tdBsh sdvethdradyi | ity, while a

Second target of this nulti target alignment mark is very sensitive to,
for exanpl e,enkanding eriting, taigaed26fodets fifith pideeenhagriag sriiagsandstiatgeti ty can be

used to corrggt 1.0f.; OoR,.t: ' t ulting in a
nore stable %%stf’iblg%ntgﬁ%ﬁ%geﬁag&hg%gl |goﬂled$‘eetn%éerg ﬁ %‘Fes@t-% g‘%dg%é()%lss relatively
st abl e r egarghésutidizidghunlpthesizmals fidie the seventh order channels from the

© target 424, only the fifth order channels from the target 426, and only the third

order channels from the target 428. The data illustrated in Figs. 16-19 were
- w-Obtained.with.such an..alignmerit mark and processed in that.manrer. ... .. ..
Although the data presented in Figs. 16-19 were obtained from signals in
diffractive order channels corresponding to an order enhancing target gratiﬁg
of the same order in such a multi-target alignment mark, the general concepts
| described in reference to Figs. 15-18 are not limited to only that case.
[00149] The alignmeht marks 410 and 412 in Fig. 20 provide an

example of a multi-target alignment mark that has two targets that are
diffraction gratings with different pitches. The four-target alignment mark
422 was described in terms of combining targets with both different pitbhes
and targets selected to enhance particular diffraction orders. One may select
targets to achieve additional or different effects. For example, one may
include a target among multi-target alignment marks that have structural
features that behave under processing in a predictable manner or in a manner
correlated with changes in the devices being manufactured. For example,

diffraction grating patterns may be providcd with a sub-pattern to provide it
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second target is optimzed to detect with a proper detector the process
effects and with this knowl edge a better position of the alignment mark is
cal cul ated based on the conbined information of both targets. An exanple
of a target useful for position stability is a target with a secti.on :
i mredi ately above another section of the target. For exanple, the sections
may be in different |ayers of a substrate. The different sections of the
target may. be gratings with different pitches in one exenplary enbodi nent.
Since the target sections are. P-0362.010 55 at a nearly identical
position relative to the plane of the Blubstrate, signals from both target
sections can be neasured sinultaneously. The signals fromthe different
sections of the targets are thus not sensitive to.errors in the notion of

the subst r at WithAesifed chaBsiersHes wgrmanulpeiares Fie. Pridllgseatesan exampler i £ ci al

target in angt fo! | par i nt target
posi tioned el?lt‘ﬂg%h gg%)[\g/)ghtggr?ﬂ Se%d?\?vd%(ﬁ%%@ggroﬁg ?E:ﬁﬁfgfﬁ?g Sgﬁg'aégﬁggggnpl e of a
sacrificial Figrsi.) Hoaeranply, the pubbstraciaie#80 in Feg. G8A may be attmowssir e whi ch

renoves opaque material from.ihe fer surface. . Thi nables light to
penetrate th® %%?P%@“@n‘%%@ﬁ%t C[]?\‘B@‘i‘q Vﬁ‘bF’cgaES_ét ?)neé’ﬁ%l ing al i gnnent
on a target é’l@o&é‘m\é@&ihéﬂnsgfﬂg%ﬁhéﬁr&% A RRER m%é'tf?alt%eg Mbreexanpl e of a

sacrificial target place neat h anot her target 1s an opaque structure.
The ef f ect i velosbépreserobleae fehfugen steuvturgs ot 4 deyideabattie Heing nmmnufashsedhr ent

mat eri al can_pe tuned by placin n gpague structur nder LWLt he
grating. Theﬁ%@%@%‘ﬁuﬁcﬂ‘l@mﬁﬁdgiﬁ%r%IF Ee Hsdfa‘tj i "fs(ffﬁ]l#%”?‘ﬁ&s gﬁl\gﬁpl es. .;
proyi ded. . . : plobQ8r As-one ci §déGh WicBSgIMARE EroBda¢BoRAl VREY BIFRN23 | gnment
tdrget to inprove the alignment perfornmance are within the scope of this
enbodi ment . fuogsteris used torfall thersubststirengrnoves. f Onemay alsgantentionalyy resenbl es
t he product struct a ffer i ot me distortion
and 01 pr ocHEECEF %‘gerg%céﬁgasrtg&h%%né%gpﬁgg%gﬁ%%? éé?ﬁghiegruglgfrsggan be built up
out of subst gpeifitir Shaep andposgitie ateldesBoyedkiariag anafacti@ings or lines with a
resol ution _ :

processes. _ _
[00150] A goal of the sacrificial target(s) is to determine process
- wdependancies to improve the determination of the alignment mark position...... v . . i cam o

using the non-sacrificial target(s). Therefore the sacrificial target(s) are
sensitive to process influences. For example, a first target of a multi-target.
alignment mark is optimized for position stability, while a second target of this
multi target alignment mark is very sensitive to, for éxample, mark depth, line

width or line angle. The sensitivity can be used to correct the process

influence on the first target, resulting in a more stable position. While the
position of the first target is relatively stable regardless of the process, the
second target is optimized to detect with a proper detector the process effects
- and with this knowledge a better position of the alignment mark is calculated
based on the combined information of both targets. An example of a target
useful for position stability is a target with a section immediately above |
another section of the target. For example, the sections may be in different
layers of a substrate. The different sections of the target may be gratings with

different pitches in one exemplary embodiment. Since the target sections are
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nore closely resenbling the features in the product. Such a target
represents the position of the product better, but can al so be affected
nore by the process, naking the target hard to detect. For exanple the CWP
process is known to conpletely renove surface structures at product
resolution. A benefit of the multi target alignnment mark i's that a robust
~second target is essentially always available for backup purposes. [00153]
I n anot her enbodi nent the overlay is determined using a nulti target
alignment mark by printing target(s) or part of target(s) in P-0362.010 56
different layers. An exanple is givenShising the Mdire techni que where in

| ayer 1 pattern ais printed and in layer 2 pattern b is printed
overlapping pattern a, ?oth formng a first target of a nulti target

al i gnment  mé# & neagly idgntical position We&a“ﬁﬁt“f g}erplﬁleé}fdhep%lb?@?tﬁ’ signalsfremgener at es a
beat patter%ogmée@e&ugﬁs c&%%ﬁéa%qrehxlxﬁm?an@bﬁ@yn?ﬂémgﬁ $RbmAfg L he posttion

shift of the target wt respect second I ndi cates the
overl ay. Bemid’lferen;t settidnisef thel thigetsaare tus noBsersitive tdérsorsd thermcafoa dfhat t he
al i gnnent t sare | aced at slbstantlallythe sanme position on the
waf er . P055| Fr'E%fEGF H St@“’r]&?gerdue to process variations within a die

will not occur. [§si] Therhéagaméﬂé:gaehﬁ&lare amﬁfﬁo@égn%dm@lfor ot her

purposes than position determnation, for ocus, energy, dose,
| i ne wi dth, toprepamacr ﬂmheinvahgnmemrtarget positadnedieitbersibome nebelowdhent s and can

be used in . e-targe mark of nmul.ti- et . nma t hi.s enbodi nent
“the sacrifi é?cé&%ﬂﬁ targetg ‘{Ih égﬁagg&ig}aﬁ %fgf‘éﬁéﬂ}cﬁﬁ %tqponftar’i‘t?g’@r effects
Bki ng t hemyggign ARftictare WhieH Iréns{o@e B?él{ue rﬁéteﬁmfonh tRawkddudfaceont act hol e
th or critical dinmension generally can be neasured using the relative

si gnal st r eridisengbles light te|peagirass thetsubsieate maqmultd&rlm tagelsi st s of _
groups of c 0 t ensi t imlar to
t he product %H%ﬁﬁ% ﬁ%ﬁ%m# %ihap%? Wh\rflgrlr]e‘ﬂ?&lﬁar gg{’isgﬁa NS s?ghg?%é}@eé to focus
and dose i s Aahexampleofkacrificial target placed beneath another target is an opaque

structure. The effective depth of an alignment gratmg located in a transparent

"material can be tuned by placing an opaque structure underneath the grating.

~ xawe The seope.of this embodiment is not limited to the examples provided.. Other. ... ..o oomcs .o

structures placed above or below an alignment target to improve the alignment
performance are within the scope of this embodiment. |
[00152] In another embodimént a first target closely resembles
the product structure and thus suffers substantially the same distortion and
process effects as the actual produét. The target can be built up out of |
C’ substructures comprising features like contact holes or lines with a resolution
more closely resembling the features in the product. Such a target represents
the position of the product better, but can also be affected more by the process,
making the target hard to detect. For example the CMP process is known to
completely remove surface structures at product resolution. A benefit of the
multi target alignment mark is that a robust second target is essentially always
available for backup purposes.
[00153] In another embodiment the overlay is determined using

a multi target alignment mark by printing target(s) or part of target(s) in
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02/ 052350 Al, which is hereby incorporated by reference in-its entirety.
See also, EP-022531766, the entire content of which is hereby incorporated
by reference. For these neasurenents, some edge dies with no yield
prospect are printed with a focus offset or dose offset and the focus or
dose is detected with an alignnment or overlay sensor and adjusted in a

f eedback | oop. [00155] Using three detector channels, it becones possible
to do an online qualification and calibration of the nmeasurenent systens.
For exanple, three detector channels nmeasure the position of a nulti

target alignnment mark. Wth two detedbor channel s agreeing on the neasured
P-0362. 010 57 position and the third sensor neasuring a different position

this third sensor ~can be qualjfied as unreljable when nmeasuring this

al i gnment  metifterentlayers o Pesxample s gvep yeing dheMode teqhRigye e ays measure a
constant positli | r in [WeRal=To -t | ess of . the
process or gﬁelég aﬁt'tania{r%IP%&?h%ng nt(l)?@seg%bcan é’ggﬁgi‘ff’ggﬁ%‘@w aut omati c

cal i brat i on pattertid, bbtbnfgprming acfirst tacget obx At eargesaligmhen tnork c aimged s have a

specific offset _in positiqn msasburerrent for alig‘nrrent mar ks on a
particul ar pPPedES patterRiaangPAREIn by ds generates Hbeat paftarpthat €3 be parti cul ar
process. Th J T : red val ue
when swi tChiedr?g&#érd ?ﬁlﬁgllﬁég%eﬁpgﬁ?ﬁ??ggﬁ)ﬁ\?\gg{l&gg% E&Sh%é%éerg‘?(ﬁ)]lrj_ channel s
are used at redpectstarmsetombtardeOiiBjesAbe onerlag. Béowfigs oftthe multntaegrt of '
multi-target ali.gnment marks i.s not limted to fhe use of only

Tl - gr at gk G ar bt A EmeptatEArE RIet Roohr b

ali gnment  mMaGine HYitR dndhd@hfer OPossilé MldasurdiAéit -errorsiduelth proce¥s - | ncl ude
rdtings as targets: as well as other targets which are’.detected: by,.,
ot her pr ocesswigtionswithias dielgdl dettaseus.on and/ or i mage recognition

techni ques. In addnhtign, S tar it hi |- [ gpnment mar k
may be optim zeiﬂp (i)ér‘ﬁone Bgfetslagéﬁ%aﬁ[a%éc%xfalg%ﬁ%g%efl féﬁ%tﬁglg%ﬁgésgp ings are
optim zed f qhan péstic detépsiindtion| fog eRENpleTYQIsCEncDE; ddes tink kadthabove, but

other targets wthin . . )
-contact hole width or critical dimension measurements and can be used in

single-target marks or multi-target marks. In this embodiment the sacrificial

~v. target is.especially sensitive to these effects making them detectable With.an ...cua v - s

alignment or overlay sensor. Product line width, contact hole width or critical
dimension generally can be measﬁred using the relative signal strength of the |
aligﬁment target when .this target consists of groups of contact holes or lines
with resolution and density similar to the product. An example of an
- alignment target that is sensitive to focus and dose is shown in WO
Q 02/052350 A1, which is hereby incorporated by reference in its entirety. See
also, EP-022531766, the entire content of which is hereby incorporated by
reference. For these measurements, somé edge dies with no yield prospect are
- printed with a focus offset or dose offset and the focus or dose is detected with
an alignment or overlay sensor and adjusted in a feedback loop.
- [00155] Using three detector channels, it becomes possible to do
an online qualification and calibration of the measurement systems. For
example, three detector channels measure the position of a multi target

alignment mark. With two detector channels agreeing on the measured
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01 the same mark may be suitable for other alignnment systens and/or other
measur enent systens. For exanple, a target within a nulti-target alignnment
mark may be suitable for detection by an online nmetrology tool that is used
to assess the accuracy of exposure of a photo-resist before further _
processi ng. [00157] The capture process may al so be inproved by the use of
new mul ti-target alignnment marks. Under the current capture process, the

al i gnment sensor is scanned across a diffraction grating that has a first
pitch. As noted above, the scanning is typically acconplished by noving
the substrate through the field of vidw of the alignment sensor. This
results.in a sinusoidal signal 500 of a first period, as is illustrated

hematically in Fig., 25. P-0362 010. 58 .. The ali t is th
scanned acr PSRN P e SEGF Gttt pEalho B A S0k hat 1o
greater thanahe qubkifSdd & dnedliablewhet meRNARRkIAs alighnydi etark.hm  first and

second gratings are part of the sanme nulti-target alignnent mark, i.e., a
si ngl e posi tangthenexample twe deteetphehnnnels always andagera@reonstartipogisiong t he two

R e e e e e e T

signal . CorBgguffsitlcin bécdrtdctdd Wf adGrnited EHibERioafor infichi | IBafthdrhe two
signals 504 will cone into coincidence again after a desired nunber of
cycles for cxpmpipivodetqojorshprnelse hays 2 sneedic gifset Mmposision magpewens ons, a’
~first grati | Lt C r afd ifh a pitch of
17.6 pm havggf)é\fleé{&%égﬁk stch ﬁ%ﬁ%&%ﬁ%gqpﬁlozﬁgtg%gbgtcajébljsa?:él\r%ﬂ[s cone into
coi nci dence saggbpantiaftdrgirocedd. Thy chhbrawi dffset don.¥2 ysed @y cirfedgthand 10 cycl es of
e 17.6 pmgrating.. Thi attern_repeats periodically, thus leading to
anbi guity i ?%Bregg’ta}‘@c‘f"ﬁed‘? ‘ﬁﬁtﬁ?é?ﬁﬁ%‘sqnﬁs%ﬁ)( fo anotheg 08 Whe) bethnt ure one of
t he repeat i N@eirthhtHelCare B3 $he same timdél€ Ccapture range is 44 pmin this
case in which errors of nmultiples of 88 pmare introduced when the wong.
‘anmbi guous 'ranges [@0B56&hosenAs i@ed BBjveTthe congaptinEmphtbtaegs atigmmeritso be
perforrredusril

Ar¥s is not limited to the use of only multi-graﬁng alignment marks. The
targets within the multi-target alignment mark may be targets of various types..
we v o Jtmavinclude gratings as targets.as well és other targets which.are.detected.by.... ... "~ .. .. e
~ other processes, such as edge detection and/or image recognition techniques.
In addition, some targets within a multi-target alignment mark may be |
optimized for one particular type of sensbr, such as gratings are optimized for
the off axial alignment system OAS described above, but other targets within
- the same mark may be suitable for 6thcr alignment systems and/or other -
C’ measurement systems. For example, a target within a multi-target alignment
mark may be suitable for detection by an online metrology tool that is used to
assess the accuracy of exposure of a photo-resist- before further processi'ng.
[00157] The capt_uré process may also be improved by the use of
new multi-target aiignment marks. Under the current capture process, the
alignment sensor is scanned across a diffraction grating that has a first pitch.
As noted above, the scanning is typically accomplished by moving the
substrate through the field of view of the alignment sensor. This results in a

' sinusoidal signal 500 of a first period, as is illustrated schematically in Fig. 25.
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di ffraction order sub-beans detected with either of the axial or off-axial
al i gnnment systens descri bed above. Furthernore, higher than first order
sub- beans may be used for the capture process and/or diffraction order
enhancing gratings nay be used. In addition, a variety of types of targets
may be used. [00159] Other target types may also be included in a
multi-target mark for perform ng capture of the alignnent mark. For
exanple, one may include nmultiple grating pairs in which each pair has a
di fferent sub- segnmentation, e.g., diffraction-order-enhanced gratings, or
different process segmentations, e.g.58 as discussed previously wth
reference to Fig. 24. Figs. 26A and 26B illustrate two exanpl es of

multiple pairs Qf gratings.. The alignnent k 600 has four targets 602,
604, 606 andlEUAIETIRAL PP gl Degrsannsd oSS b SBBgIONEAIE Ak rny be, 1 or
exanpl e, or dgkokp: agsgfe%wrmth@ﬁ}stﬁnaﬁm&miéé}@amﬁxaliﬁ%hiémheh and.

seventh orders, respectively, and nay have a pitch of 16.0 pm (Note that
t he grati ngsfitshatd seaomd grapingscdre part 06118 spme anwdtidarget alighmenematkpi.es 8.0 pm

gratings because each |ine. or, groove, ignorin n ubhstructure, is one-
halt the pi tennsie pration il dememined for din Aignbend SRRERUPR EdM R | ng ¢ hat
enhances t hegatdatd il cBhfh@Etiod. 0A s€pnRImsoidMtidias 560 Rigefitrakkld flom thePm Anot her
exanple is the alignnent mark 610 that has Tour order-enhancing gratings,
all of whi csecemhgrating thaehas 4 differang periodrthan that glethe fisst3igngl4 and 616 each

have a 40 pi &ch of #@}%g&gﬁ%f‘{@iflgfﬁ%éngggm‘re%&ﬁ%%ﬁnﬁw% s@én}ars%ogff 17.6 pm In.

t hi s exanpl e, OnSEARe nmay eac ave a erent process
agnent at i onwill ddieeimt@Esiniénce agtinliflefa AésitA@nmbecofoyaregifes of the |arge

er' of possible variations. Wich pair of gratings is used for

al i gnnment ca#PpEepritly gelestad pitchend Fer cureht srpligotions: & BIst grat@ga&¥ith :ied based on

the quality t rﬁalf% I o L i1 a pair of

16. 0 and 17.@&%@8ha s%gqtsgée&{drégﬁ%?%‘r%g?&?*?f E@?kﬁehﬁ{em%géi gnal maxi ma

-~ of the cl osefound o Be asefull In thipeasepthe signalz eome irtoeoinciugnehagain dfesrng t he

best. In addllltclzy%li]e’s orptjllné 16_6 %Exggertatirrlrg Eulff 10 cycles of the 17.6 pm grating. This

pattern repeats periodically, thus leading to ambiguity in the correct alignment

< wnapOsition.(i.e., one may capture one of the repeating coinciding. points}..The. ... .. v

capture range is + 44 pm in this case in which errors of multiples of 88 pm are
introduced when the wrong ambiguous ranges are chosen. |
[00158] The capture process can also be performed using
_ diffraction order sub-beams detected with either of the axial or off-axial
alignment systems described above. Furthermore, higher than first order sub-
beams may be used for the capture process and/or diffraction order enhancing

gratings may be used. In addition, a variety of types of targets may be used.

[00159] Other target types may also be included in a multi-target
mark for performing capture of the alignment mark. .For example, one may
include multiple grating pairs in which each pair has a different sub-
segmentation, e.g., diffraction-order-enhanced gratings, or different process
segmentations, e.g., as discussed previously with reference to Fig. 24. Figs.
26A and 26B illustrate two examples of multiple pairs of gratings. The
alignment mark 600 has four targets 602, 604, 606 and 608. The targets 602,
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can be used in identifying particular detected marks that are far fromthe
mean value. |f one uses three or nore gratings, such as 16.0 Fun gratings,
or even arbitrary targets, one can conpare the aligned positions of the
gratings with each other and can detect if one of the results is far from
the other two or nore. This deviating alignnment signal is called the

"flyer" and will thus not be used for determning the position of the
wafer. Flyers can be determined on a mark-to-mark basis as a whole, or
further specified with respect to a particular detection channel. In

addi tion, one can determ ne the p05|t|5<9n on a target-to-target basis and
targets as a whole are evaluated as to their position conpared.to the

ot'her target of t d . the n ec d ther, to .keep the
target for t@ erré%bgsl % (E,et’g‘f%r%@}%g ggangﬁgtg%gphqna‘ I’h& ect the
target. Thi Sthﬁ‘Bthﬂﬂhﬁd%éV@ﬁthbﬁ‘@&s [frespeetivedy,bad asayaiva ipici 581610 pdwr i ng '
capture P-0362. 010 60 since the selection of the wrong nmaxi mum of a hi gher

order (hi gh @oigthehthg)gratigs hat haee 2 pitthefd 64} weoese alsa refpeed wasi8.9 det ect ed

ol o [ oorBarttans o8B i op B Bt an O PEetel. BBy o

mul ti gratl Nhalfethk pitdhl) STHER Mg G08 Ihagab@arabﬂdegsmmbmg\gmﬁagftaﬁt capturing and
t wo gratlng tlmzedforflne al i gnnent. A mj or nefit of this

enbodi nent anges tthesthird Asdes nfos équgplﬁo%ndrl@qamté@ of b/-@ab| Anefbeth capt uri ng
ooy AT 8 B 5 8 g S R
nt for ofoelith eniegce tie fiftir mﬂeﬂmmm;gletscﬂﬂsélﬁmmt(sw kbl hd pm pi t ch
shaent s ar SRR, heal s Stanci e Lbe se, oLf acl on order
process W nd@wiar Q@B@ﬂ%d‘gl@ﬂna? @fchﬁfa@@%ﬁl%&@ﬁtrﬁﬁé&§ bé%ﬁéh?at%e of the 16
m cron pitch segnent s wll be used for alignnent. 0161] Anot her
enbodi nent ofheséiare ¢nly aouple of speaificyexamples of therlarge number of possible
variations. Which pair of gratings is used for ali.gm'nent can be pre-defined
and/or can be dynamically determined based on the quality of the measured
signals. A, typical qualifier for a pair of 16.0 and.17.6 pm SignalSisthe. .. . .o wovrs weumesics
remaining shift between two signal maxima of the closest 16.0 and 17.6 pm
maxima, zero remaining shift being the best. In addition, multi-target marks
can be used in identifying particular detéctéd marks that are far from the mean
value. If one uses three or more gratings, such as 16.0 um gratings, or even
@ arbitrary targets, one can compare fhe aligned positions of the gratings with
B each other and can detect if one of the results is far from the other two or
more. This deviating alignmc'nt signal is called the “flyer” and will thus not
be used for determining the position of the wafer. Flyers can be determined
on a mark-to-mark basis as a whole, or further specified with respect to a
particular detection._channel. In addition, one can determine the position on a
target-to-target basis and targets as a whole are evaluated as to their position
compared to the other targets of the mark and then one can decide whether to

keep the target for the aligned position determination, or whether to reject the

target. This mechanism has been found to be especially useful during capture
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i nproved overlay strategy. The paraneters for wafer alignnment are inportant
“for an overlay strategy in building up a mcro-device. Sone of the

i nportant paranmeters are the nunber of alignment marks used, the alignnent
reci pe, - residual thresholds, and | ocation of the marks on the wafer. Fig.
27 illustrates a nulti-target. mark according to an enbodi nent of this
invention that may be used with a systemthat has inproved overlay. The
nunerical values of corresponding to the grating pitches (one-half the
pitch values) are provided as an exanple of values that are currently
found to be useful and are not a |im60ing feature of the general concept.
The alignment mark illustrated in Fig. 27 has three process targets that

provi de robust nent such nmarks ov cesses currently used
in a fabri céﬂ?%ﬁi‘?)? 10(‘ "Yropg “éax‘mEﬁW” er O#F&g)ff% scene,
etc). Three prRkesskay 8e Raany fd@ﬂé&@d%f?lc@ﬂle elt'ﬁ)?fwlﬂlbelaﬂfeaﬁne coul d
use other nu ers OF process targets vmthout departing P-0362.010 61 from

t he scope of8 pimi (fori Hthy erder)dn a ciorerirgxample.t he robust ness agai nst  processi ng
for a specific pr , spegi al . proc dul ave .been desi gned.

Exanpl es of pr oce@gf‘fs‘gr get 5655’8“8' ‘ﬁﬁs%rggo%%s%dweflﬁ FAFRESCe to Figs. 24
and  26C.  FOpuRgAilmark TRk MW dritehgd\ophimeddssScaphiringsandi gni fi cant 'y
during deposi t| on, the process segnentations are chosen in such a way that

the full rdmgegraingontimigedfos fing gligrmensn A majonbenafH of fhis elnb@dlmpt opt i nal

[o0d62]  cne bk ranprtist Bngt RRped Mefibfe sollf CufSREER AICP° 0, 0r 8 e

far active adugﬂﬂﬁﬁﬂmm/alshgmgrhengtan@membedlmsmaapmessar allel to
@w de additional informatiogn such as the Si gnal Quality (MCC) which is a

correl ati on roBlsigFatiEge hdees Big. ?ﬁ@)fmls gark h@ giegff PPigh S%&B@Etf@d functi onal

form sign EW e r,ahsl ation,
Rot at i on, (’I?;as % :&g%"s% i lslhggg@?{{eﬁlﬁtl c%&ﬁ flt-lgsa'?ér]atl on the
data flow i neqm;fpabwnh ﬁauchmg tpe smsdlfﬁ'mttmaird«(rAFRh): fearseenf accor di ng

to.this | nveeritcﬁ ?g pm pl'tch segment is optimized for a specific proces§ window.

Depending on the process.characteristics one of the 16 micron pitch segments

v o wvill benised for-alignment. : et e e e e e At s e e

[00161] ' Another embodiment of this invention is a system for an
improved overlay strategy. The p.arameters for wafer alignment are importanf
for .an overlay strategy in building up a micro-device. Some of the important

_ parameters are the number of alignment marks us.ed,' the alignment recipe,
@ | residual thresholds, and location of the marks on the wafer. Fig. 27 illustrates
a multi-target mark according to an embodiment of this invention that may be
used with a system that has improved overlay. The numerical values of
corresponding to the grating pitches (one-half the pitch values) are provided as
- an example of values that are currently found to be useful and are not a
limiting feature of the general concept. The alignment mark illustrated in Fig.
27 has three process targets.that provide robust alignment on sich marks over
most processes currently used in a fabrication plant (“fab”) (i.e., CMP, PVD,
STI, DT, Cu-Damascene, etc). Three process targets have been found to be

useful, but one could use other numbers of process targets without departing
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Since the APC system al so receives data fromoff-1line overlay netrol ogy
tools, the systemcan predict overlays that coul d have been obtained with
alternative strategies. The APC system can be configured according to this
enbodi nent of the invention to determine if and when a switch to a
different strategy will be made. Note that information can al so be
provided to a person to nake a decision as to whether a change to a
different strategy will be nade. [00163] The enbodi nent descri bed

i mmedi ately above is for a feedback |oop in an external control system
This is useful for slowy varying pafdnmeters such as on a batch-to-batch
basis. Anot her enbodi nent of this invention provides a "fallback" system
and nethod,f?nd dynani c. gl abal .. aIH%nnﬁnt ﬁﬁrabe&ies on_waf er -t o-waf er
basis. This TR HSGERHIL PISIPYFLIOBY TOSBAETCS S IOBHSPESS 284N o di ment  of

Aut onmat ed Eqypbdes@ing féedpeéific précess, shdtial iphdcess MY&IIES Rive HRBn abKigiEal i C
fallback is to one of the alternative strategies in case the active

al i gnment  stExampigs df procsss targety arg dagecibed abgyeewid referendedb [Higse R4 Pnd362. 010 62

strategy or trate hat perf.or nd best .can bge used, for fall back.
TH e e e el BreeRgr et e R RS S e e iante ('
nmanuf act ur i nEpodHiON, eRSPrdb&s sOgradrt SR Afe GHOSEH T suol aR@ythatithé #@d. [ 00164] In -

case of alignment failure, it is clear that a switch to another strategy
shoul d t ake rppgecef WHbigkyess varigfiqias sgvesed. dlprfhah wayy optimpl alignmenbent '
strategi es w.thi Vi i NG Lxe: Shrategy is based
“on i ndi rectvﬂe%@h{g%l?cglraz&g ecy\?\gf‘yg}%grﬂf\?r)%g%cg%a%&%ﬁ%g&ﬁg%gkternal overlay O
(ia,ga i s avai | abl 00B2]h i nddsadromereatgefsovithinatnauld aargbraliphdrit t 0- or der

fability, residual analysis . or signal quality analysis (SS, MXC). See,
"Extended  ABNEAE WA gpiastive sgm«?wmk ot taarg%t_ﬁ e FBMraddn PaFdlel 00 nm
t echnol ogy tE%FcR;id@é/ dﬁ%seHAIn inbHYtOR sulh a3 BE 81] gnéféghalit MEESiERga Sl cco

Schets, Fran van Bdl lnGeert Si nmons, Ron uur hur s, "Jaap Burghoorn.
26t h annual cormlationaoéflinight foy thedst aftheosignal ¢o e expeotpddphotionekfor@ds - March 2,
2001 in _

- signal strength (SS) and grid modeling parametei‘s (Translation, Rotation,
Magniﬁcatidn, etc). Fig. 28 is a schematic illustration the data flow in a fab-
. eam.- Wide automatic process control (APC) system according to this invention.... ... .. ....... . .«
. Since the APC system also receives data from off-line overlay metrology
tools, the system can predict overlays that could have been obtained with
alternative strategies. The APC system canlbe configured according to this
embodiment of the invention to determine if and when a switch to a différent
- strategy will be made. Note that information can also be provided to a pérson
to make a decision as to whether a change to a different strategy will be made.
[00163] The embodiment described immediately above is for a
feedback loop in an external control system.  This is useful for slowly Va.rying
parameters such as on a batch-to-batch basis. Another embodiment of this
invention provides a “fallback” system and method, and dynamic global
alignment Strategies on wafer-to-wafer basis. This lithography-tool-based
control loop is an embodiment of Automated Equipment Control (AEC). In
this invention, an automatic fallback is to one of the alternative strategies in

* case the active alignment strategy fails. For instance, a predefined fallback
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,., . Santa Clara CA;, the entire content of which is hereby :.
incorporated.by,,:: : ;. reference. Order-to-order stability is a neasure
for the variation on the aligned position as induced by processing only.
Resi dual analysis characterizes how well the nodeled wafer grid fits into
the neasured positions. The decision to swtch to an alternative strategy
can be inplenented within a batch. However, when switching to an
alternative strategy, usually new process corrections are required. In
both cases (fallback and dynami c global alignment strategies), the
determ nation of the correct process 6@orrections is a probl em Since the
process corrections are assuned to be stable over bat ches, those can be
derived int ; e does not

det erm ne thgrg g&%%tsgrgggg@% f ﬁg%rﬁ}éss%g dgbr?;-rtlr;nﬁ be s qf%?%lﬁ%ﬁ

determ nes tthe vaoﬁesmmtﬁarbewraf@@ﬂaaf@rreﬁ&tbd dﬁm@meh&n@factdm rrul tl -target
mar k and sends those corrections to the I|thography tool. Wth these data
on the I'i t hapEphYus Woalignmenkeraya cr PoBfniBAedp- 0362, 010 63 be |rrpl enent ed
“wWith switching of nment o [001651 In
anot her enbodi rrer{?a%#‘ﬁt hi s |f\é\?“(gen{) ry%n&gaﬁfgﬁ?grﬁlg e%%#iggr‘?rq e aI i gnment

systens can dnethéssichtégy shopldoke plaed. i Hywewntinehses of dpgamiogtoabct ure. Quality
control is perforrred on an overlay metrology tool on a few wafers that are

usual |'y rancbgnpen) Il B AR BoTEHNINg 1Bro8 PUPBAIYE STRCENiS y wol |
possi bl e ! NafasQ0l nBREASAREADIE VBN SerRimafflOSEL hS %&gﬁaf)@&&{agy S nee the

process corrections for t next bat are based on 't e over
r ol ogy nehtiis engtabls. Subh mdimyors esifbt instancevthe bederyaorder stabgit,r om

ch-to- batch. .In this enbqdi nent ata - s available for
every waf er re?‘%“‘ﬁ?%lyflﬁ)of 8&?@.%9119@8%2@@8 g?ﬁaa@ﬁ?’@éedon the overl ay
net rol ogy t ofhena éirgnﬁeh éffd}ﬁlaﬁée&iaawleartﬁm%letheqooe&mbmdwgyfor a batch,

one can for instance ?erm ne the wafer-to-wafer distributiion of the
waf er nodel rpgc'élnggmgn Navarro , Stefan Keij, Arie den Boef, Sicco Schets, Frank

-van Bilsen, Geert Simons, Ron Schuurhuis, Jaap Burghoorn. 26th annual
international symposium on microlithography, Feb 25 - March 2, 2001 in

. . Santa Clara C_A., the entire content of which is hereby.incorporated by... .. .. ...
reference. Order-to-order stability is a measure for the variation on the
aligned position as induced by processing only. Residual analysis
characterizes how well the modeled wafer grid fits into the measured
positions. The decision to switch to an alternative strategy can be

implemented within a batch. However, when switching to an alternative

@ strategy, usually new process corrections are required. In both cases (fallback
and dynamic global alignment strategies), the determination of the correct
process corrections is a prob_lem. Since the process corrections are assumed to
be stable over batches, those can be derived in the slow feedback APC system.
Thus, the APC system does not determine the parameters of the new
alignment strategy here, but determines the process corrections for all
segments of the multi-target mark and sends those corrections to the

lithography tool. With these data on the lithography tool, a feedback loop can:
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.(translation_ expansion, rotation) and identify the wafers that are,

closest,:tothe .... ........ batch averaged wafer paraneters. In
particular, the wafer expansion and non- orthogonality are useful for this’
purpose. Alternatively, one can look at the grid residuals, i.e., the

devi ati on of each neasured position froma best grid fit to the neasured
.positions. If the alignnment marks have been exposed on a j different

machi ne, a systematic error can occur with the grid residuals. The
alignment systemw |l then neasure each mark with a different offset. This
of fset gives a large contribution to.t residuals, thereby obscuring true
processing effects. By determining the residual distribution per mark

| ocati on asbgn%n?ﬁltegl“q s%gtc}ghﬁeof %SIQE tﬁftra{e?? ffbsd&;11 tto cI uded. Now |.t

can be determ or al sTn hey othe grid.
O her qual i fbasiss that can be used are the SS and MCC di strl bution across
all marks and all ers, per mark across al]l wafers. Alternatively,
one coul d al so inm‘)&g% thén W?r‘]%ftrCMPQW%Qf%%%EQU%fl@PC(’H‘FW) For

~instance, t hﬁoﬂﬂhé‘é\lléﬁ‘nw ters £aP6e ¢4 t&in r‘a('e gﬁﬁh%@d@‘a}i n%t used. |f

t hese worst wafers a In specifticatl o over rol ogy tool,
t he entire boianifacterel Quality tmtrol smmrfdnnedbn(an ov{n(l)@hﬁet]rolbgy &mbbhar

mbodi ment of th t th dat det th
b ocess. cor & PaRe et e sl andianid peves fifbo b daechT fberstaE ey |
correcti ons 969 wiet RkabRAHa M ntiBEre ORI IvATE N Offed ROK i he active

‘strategy only. The difference between the active and alternative strategy
i,s, measur ed Synccﬂ@mmegnmcngysfoeme Iﬁxebatohmpltaisd:d)om&)lemld)\wrhy process

xo¥rections fQ new_ st rategy, roc s correc i 0 an old
strategy and™ fr ﬁﬁxghetasgg?lﬁmg’sthggn?yoﬁefﬁﬁgj i’if\’/“hgt sw - Wl d> +
PCol c1. (13) battK0hGEis eﬁboﬂlrﬂ&mdlfgi‘mfeﬁfdzﬁﬁchhd@@é ﬁraumé%r RRFPWRfeeL, Where PC
is affline..nodel edwaf er nodel paraneters and

Wis..the. . elssedtp idoptiy the \yaﬁeeﬁ. to be measured on the oyeglay matwolegy wole appl i cabl e
waf er par ama'tfg Stefthine v&lﬁé}p&'hﬁ}g N r@f’rgs’enmtlg for a batch, one can for instance

determine the wafer-to-wafer distribution of the wafer model parameters

.. {translation. expansion, rotatior) and identify the wafers that.are.closesttothe .. ..., . .o ac.w
_ batch averaged wafer parameters. In particular, the wafer expansion and non-
orthogonality are useful for this purpose. Alternatively, one can look at the
grid residuals, i.e., the deviation of each 'me.asured position from a best grid fit

to the measured positions. If the alignment marks have been exposed ona
different machine, a systematic error can occur with the grid residuals. The
alignment system will then measure each mark with a different offset. This
offset gives a large contribution to the residuals, thereby obscuring true
processing effects. By determining the residual distribution per mark location
as shown in Fig. 27, the effect of the offset is excluded. Now it can be
determined for all marks individually if they fit into the grid. Other qualifiers
that can be used are the SS and MCC distribution across all marks and all
wafers, or per mark across all wafers. Alternatively, one could also indicate

the worst wafer and suspect wafer (flyer). For instance, the worst SS, MCC,
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expansion X, Y; wafer rotation, non-orthogonality. D fferent scenario' s are.
avail able for the averaging of alignnent data, for exanple: 1. all. wafers
fromthe batch; 2. only the wafers used for offline overlay nmeasurenent;

3. previous batches (in case of rejects). [00169] In another enbodi-nent of
this invention, instead of correcting the nodel ed overlay netrol ogy data
(PC, the raw overlay netrology data are given an offset according to the
grid difference Wl temative- wactive for each overlay target and each wafer
measured offline. Now the overlay performance and process corrections for
that alternative strategy are cal cul f%d for the batch. The operat or or
APC system can now nonitor the trends in overlay (i.e., as a function of
time for sev . t - 5 0 APC system
det er mi nes e%%fggﬁ%g%?%ﬁ' ?gﬁésﬁe‘pcgistp‘?%ggéf %évalr}lglts \e/ée)lﬁ‘a{lst?o ﬁla({netgliges. [00170]
Si nce the nuswraysnaiégndolddrentibkebhtetbie\uisousicthin spdedficatibn.al i gnment

radi ati on sources, the phase nodul ati on techni ques .described in U S

Patent No. 6,384, H8866ky o bvanothessadpodimend ahihe dnvyestonthealignameny st ems

- descri bed hegei Nl e P . , 384,899 is
her eby i ncor‘:é)agérl %tuesg&ﬁoe%ﬁ\&ﬁ%/ﬁlrg@% gé}ésr\ginﬁtcﬂg?#g §éhr?ta?%§-[a)}yy$ﬁaée£ ari gnnent

syst em accor Theprotess icherections aret deterdmdd anthewyerlsy mepdlegetobbforitie a vari ety
of alignnment apparatuses. - .specific exapple, it _nay be inplenented in
t he al i gnmenfctiy§ StrAREY pvlysﬂgggﬁpweﬁe&qengm gctive and gltematives | n  this

exanpl e, thes@téggnmgs&a&wme nfeROSsieh MIRGbARNL 1 Blcdiflel - | general,

the position detérmning unit may be erther a hardwred special ;. , ;.

pur.pose . conproorse eorrestionskyr arevastpategyr faonild processpomestions of amold,
pt.ogrammabl e unit, th ositjion de m ning unit conprises a CPU, nenory
and data st ?%e@yaﬁ“g&‘ggﬁe%ﬂiﬁ?atlﬁ8?‘.?5[(1’?65‘ position determining unit will have
1/ 0O :

[00167] PC™" = <W™" — Wl 4 pC, (13)

[00168] This applies for each wafer model parameter, where PC

is offline.modeled wafer model parameters and W_is_._the_..exposedz-...\'vafer.._gfid._....... e by ot

parameters. The applicable wafer parameters are: translation X,Y; wafer -
expansion X,Y; wafer rotation, non-orthogonality. Different scenario’s are
available for the averaging of alignment data, for example:

1. all wafers from the batch;

2. only the wafers used for offline overlay measurement;

. 3. previous batches (in case of rejects).

[00169] “In another embodiment of this invention, instead of
. correcting the.m.odeled overlay metrology data (PC), the raw overlay -
metrology data are given an offset according to the grid difference Weltematve_
W for each overlay target and each wafer measured offline. Now the
overlay performance and process corrections for that alternative strategy are
calculated for the batch. The operator or APC system can now monitor the

trends in overlay (i.e., as a function of time for several batches) so that the
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ports for comruni cating with other equi pnent and/or interfacing with users.
[00171] The invention is described with reference to exenplary

enbodi ments. It is not limted to only those enbodi nents and incl udes
conmbi nations and variations of those enbodinents within the scope of the

I nvention as defined by the appended clains. The invention is also
described wth reference to its use in apparatuses for step-and-scan

i mgi ng of a mask pattern on a substrate for nanufacturing ICs, but this.
does not nmean that it is limted thereto. The invention may be
alternatively used in such an apparat for nmanufacturing integrated, or
pl enary, optlcal systens gui dance and detection patterns for magnetic
domai n menori es jAuid crystallin anel s. .Th ro ection
appar at us nagpe%?r%r @8525&%% FPH&F %&ﬁ?&ﬂémhqﬂ‘mm s aﬁﬁ'g’ B¥%;j ecti on
beamis a begmiese! ectromagnetic radiation and the P-0362.010 66
projection systemis an optical projection |ens system but also an
apparatus in which the projection beamis a charged-particle beam such as

an el ectron bea ion bgam qQr an X-ra ch an associ at ed
~ projection 'syst gﬂ%o% exaﬁﬁ?F%ﬁgrpué‘Teé%l{S %ﬁtewéﬁéscg@gmveyﬁsed General ly,
the inventi OgbhefaY al ehdlamdnrﬁaatceg thy/sHiaemodufationfiicBhiquésges having very
smal|l details nust be forned. course, various conbi nati ons of the above

are al so wi tdseribedra Ié&o%%elﬁqu |6»3§4»8f99énﬁy alsp berusgd Gpcembington wrth CLAI M 1.
An ali 9””‘9[‘; e ¥ §§:ng} B&Ege% %&Bgﬂ% ﬁreac%ﬂééh%ﬂi‘mﬁ@%&én?y%g a source of

“al i gnnent 1on; I 'on sys emconprising a firs et ect or channel
an. a seconde,384;89L isdereblydficteporard hefeipby fdférencedati®efiirdtygTheni t i n

¢ nicat] (_)thvnmn;[egt ssyasltecxin g(:ect()?dcl;[lé ?onthe current invention may be implemented in a
variety of alignment apparatuses. In a specific example, it may be
implemented in the alignment systém illustrated in Figs. 3,5, 7, 12 and 13. In

- this example, the alignment system has a positioh determining unit. In

general, the position determining unit may be either a hardwired special

i~ PUTROSE component or-may be a programmable component..In.a.. ... vprcies i et

programmable unit, the position determining unit comprises a CPU, memory
and data storage area. In addition, the position determining unit will have /O

ports for communicating with other equipment and/or interfacing with users.

[00171] The invention is described with reference to exemplary
: C) embodiments. It is not limited to only those embodiments and includes
combinations and variations of those embodiments within the scope of the
invention as defined by the appended claims. The invention is also described
with reference to its use in apparatuses for step-énd-scan imaging of a mask
pattem on a substrate for manufacturing ICs, but this does not mean that it is
limited thereto. ‘The invention may be alternatively used in such an apparatus
for manufacturing integrated, or plenary, optical systems, guidance and
detection patterns for magnetic domain memories, or liquid crystalline diéplay
. panels. The projection apparatus may not only be an optical apparatus, in

which the projection beam is a beam of electromagnetic radiation and the

P-0362.010



system wherein said position determning unit is constructed to process
information fromsaid first and second detector channels in a conbination
to determne a position of an alignment nmark on a work piece, said
conbination taking into account a manufacturing process of said work
piece. 2. An alignnent systemaccording to claim1, wherein said first
detector channel is a first non-zero-diffraction-order channel, and said
second detector channel is a second non-zero-diffraction-order channel. 3.
An alignnent system according to claim2, wherein said position _
determining unit is constructed to prd¥ess said information fromsaid first
and second non-zero-diffraction-order channels by weighting first and

second signals fromsaid first nd.sgco d non-zer %giffraction:Order
channel s wi t PRORFHER SYeth fsan opisabRroissiar [Bas SYSrl T plsh gp AORRSWSTY f i r st
signal to sapflich@hOp@djectiblBedm ita cHIgel-pAHIETE Bbarf ¥SEHEAY aAGIQhNg to claim 3,

wherein the weight factor for said second non-zero-diffraction-order
channel is skqam,@nien beaghenamX-rgy bedatin vdfictksan asodiated prajeptioh rel ative to

sai d second sigpal Fgceeﬂg alc§%§ etegglned %qiqéholg P-0362.010 68 5. An
ali gnnent sy DFER SR SRRIBLG AT HeeoR IS SYSIGHEI &5 s QP8 (S BY P er mi ni ng
unit is consiay et ased in iMagme$Hstems MitiBvhiemirhigRehadhg vy sitalladeehilssecond
detector channels in a conbination to determ ne a position of said

al i gnment namRstde fepmefl. ({Bf cousice ¥ariqysicamyinatipss olihe abavege also withima| i gnent
system accor g 0.¢Gl -l . erein said position determning unit iIs
cgnstructed 8@%¥%Eg§@@?§’§P%§?ion fronlthPrd and fourth detegtor channel s
determne a position of said alignnment mark on said work piece with a
s&cond precision that is nore precise than said first precision. 7. An

al i gnment system according to claim11l, wherein said position

P-0362.010



determining unit is constructed to process said information fromsaid first
and second detector channels by weighting first and second signals from
said first and second detector channels equally. 8. An alignment system
according to claim1, wherein said position determning unit is
constructed to process said informatign fromsaid first and second
~detector channels by weighting first and second signals fromsaid first

and second detector channels with factors that depend on at | east one

measur abl e ggggil éﬁwgel ected fromthe set of neasurable quantities

consi sting _ nirepro, signal-to-noise ratio, signal shape, signa
envel ope, focus, tilt, order channels position offset, wavel ength channels
position of fset, lsHirFalignmentsistens foy adithegrapiic apnaraus, COMBrHBEI t i on

devi ation, wherein the paraneter ncc is a nmultiple correlation coefficient

i ndi cati ng how wel i.gnal resenbl es the signal expected for a
perfect ali gnrre\r,:? s%)r%gfgtafm I rélg?ag%%tg’ﬂh standard devi ati on of the aligned
position of different sections or portions of an alignnment measurenent

i ndi cating the aadatcation syfstenheomprisimeal fipsy detectonchanglrmid dsecomd se ratio i s

" the fitted _signal divided by the relative | evel of noise across the

spect rum of detgetor chanael; signal, while the signal shape is the relative

| evel of a few discrete frequencies in this spectrum generally at

nul tiples of thea%ﬁﬁoﬁﬂ@t@ﬂﬁiﬁﬁi@urﬁhﬁ confPfidcdtibh with safd diditiognvel ope is
vari ance of the signal strength during the neasurement, the focus is the
of fset in wayssemhei ght during the neasurenent, the tilt is the angle

%t ween the wafer angle and the detector angle during the neasurenent,

rder channel s L tion,off ' . Sur Ik in aligned
position of the %\?lgﬁl%gasldg %ﬁ%%?‘ggrg#lgglﬁgﬁ \%éggﬁ?%ﬁg?ﬁ& ?ciﬁﬂégﬁﬁvel ength
channel s posifbingdtionfffcirbaid $irsttahé secvnd Heteerdr dhdrnelsénaeoinbiratiogeed positi on
of the various wavel en,%t h _channels, the shift between segments is the

measur ed di APIEFRIIEE PORILIGN o A alignmRent Magk op A WAEK PiESes SBIECORIYRMINS of a nul t |
segment ed abh QR adfBhlta Afhidifing process of said work piece.

2. An alignment system according to claim 1, wherein said first
detector channel is a first non-zero-diffraction-order éhannél; and said second

detector channel is a second non-zero-diffraction-order channel.

3. An alignment system according to claim 2, wherein said position
determining unit is constructed to process said information from said first and

second non-zero-diffraction-order channels by weighting first and second

signals from said first and second non-zero-diffraction-order channels with
factors that depend on a relative strength of said first signal to said second

signal.

4. An alignment system according to claim 3, wherein the weight
factor for said second non-zero-diffraction-order channel is set to zero when a
strength of said first signal relative to said second signal exceeds a

predetermined threshold.

P-0362.010



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 alignnment nmark nmeasurenents in the coarse phase. 9. An
al i gnment system according to claim1, wherein said position determ ning
unit is constructed to determ ne sai gﬁsoosition of said alignment mark by a
predi ctive recipe using said conbined information fromsaid first and
second detector channels. 10. An alignnent system according to claim?9,

wherein said predictive recipe is a static .predicti.ve hased on a fixed
data set. 11. AngaIAingar%‘r%HFHE §{°§h?°£8@gqgj§°rf§alg’oﬁal¥ﬂ?9‘?‘8\139%‘?‘8?n sai d
predictive I pe. i ) Bidcb &linfdghaisiotiaid fifYarae nodifi ed
during sai g&%’gg%ﬂr%ﬁ‘rﬁggg%ﬁ°%§§?ﬁ%ﬁgé? salgttlj al?gnmant mark on sai d work
pi ece. 12. saond depecenchamelséma acmbindiiomto detarhdnea pesitianhefrsaidh sai d fi xed
‘data set include a defende,ace f.a O@L%tion of, said alignnent mark on said
wor k pi ece. alignment mark gp spA WAL PleciWIB AN IECI9%c| ai m 9, wherein sai d
predictive recipe includes fitting a continuous function to at |east said
posi tion of saidg aly gfp¥RRht fRidn SRLRAME RRGaild 9WiEedhisBaPokbAT mMation from

said first and second detect'or channels. P- 036’2.010 70 "14. An alignnent
syst em accodetemgining wrlitas wpistrugted te processiinfopmatiprcfromghird engfoupthedi ct s a

position of .an alignnen rk .with substanti al zero , syst.emati c

br ocessi ng- AaacigEtBpeafo daernif  goRlat bFid SuentnehS b B RSN 2t m 14,
wher ei n sai giecs Wathtaebbrm précididh hdt Ysin6firedisdthas S48 ififd prétilieed error
corresponds to systematic errors introduced by a chem cal nechani cal

poli shing process. 16. An alignnent systemaccording to clajim 14, wherein
s&i’d  substanti alll pryalisamentsystam aceopting tosclaipy L, whenela §2idMOosHtioBor r esponds t o

determining unit is constructed to process said information from said first and

second detector channels by weighting first and second signals from said first

and second detector channels equally.

8. An alignment system according to claim 1, wherein said position
determining unit is constructed to process said information from said first and
second detector channels by weighting first and second signals from said first
and second detector 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 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 aii gnment 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
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systematic errors introduced by a copper danmascene process. 17. An .

al i gnnment system according to claim1, wherein said position determ ning
unit is constructed to determ ne said position of said alignnent nark by
including information froman alignnment nmark detected on a second work
pi ece. 18. An alignnment system accord{s(?]g to claim1, wherein said first

detector channel. is a first wavel eng channel, and said second detector
channel is a second wavel ength channel 19. An al i gnment system according
to claim1, wherein said source cali n radi ati on conprises a | aser
provi di ng i FIE0R PYEI0BR 1y Aiaass of a{ﬂgaalf deeav&fl@rrg gasuresent, Ae o) i gnnent

5yt em acc ol g, 8 offsdl il yifer iAW ahﬁn%@hgnéﬁ%ﬁ]ﬁ% e @t saTROe T adi ati on

further conprises a secon provi ion at a
second wavebetmgeh the2WafeAangié amyhthe etestos aegle dodng tiengedsoreaieat, order wher ei n

sai d source of radiation c | ses .a broadband s ce adapted to
orovi do | © 1 EoAmR ORI SEL s B TERsted CASTE Ry 0 G ESBR A Re B 0360, 010
71 22. An QhiSRERhndlY f S8 ARG thel Waveldd éhanmgpsgmorﬁ eghe glet ect i on
system conprises a first detector constructed to provide a rst detection

signal to ﬂwrﬂea‘sure;ltdlﬁetteeoﬁmralnghad\msht;ormfcthavmmmhvdbhgkhtor constructed
to provi de d ction signal. to said secand detector channel. 23.
An al i gnnen feﬁ\ea? &a‘f"ﬁﬂ’ §e§m§>p§|1ﬁ{.hf MERTBIEE I TERE 18@?5’3:‘?‘# on systemis
construct ed E)Qu&?bﬁ’ﬁfe v%nBMs%"gnkﬁfs%hn‘iﬁlh@e%ﬂ%ﬁtéd ﬂﬁ%ﬁﬁerﬂdaﬂ@'ﬁﬁ@ihe‘mrk and a
second target of said nultitarget ali 4. An alignment system

“accor di ng t eoabeafine Qgsxtwmécr\eatwnslaﬂu dligfm@nce betwgen thefposition) Ofﬁhet i target
gnrrent k | ne I ud % east 9 &40 §E cture bove. %I ow a
t i 0 n o f g gran?r} ?glr % 1ne phase Wl I‘CSpCC eu' expecte PoOs1 1011 base

on alignment mark measurements in the coarse phase.

9. An alignment system according to claim 1, wherein said position
determining unit is constructed to determine said position of said alignment
mark by a predictive recipe using said combined information from said first

and second detector channels.

10. An alignment system according to claim 9, wherein said predictive

recipe is a static predictive based on a fixed data set.

11. An alignment system according to claim 9, wherein said
C. predictive recipe is based on an initial data set that may be modified during

said determining said position of said alignment mark on said work piece.

12. An alignment system aécording to claim 10, wherein said fixed
data set include a dependence of a position of said alignment mark on said

work piece.

13. An alignment system according to claim 9, wherein said predictive
recipe includes fitting a continuous function to at least said position of said
alignment mark determined from combined information from said first and

second detector channels.
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25. An alignment system according to claim23, wherein said detection
systemis constructed to detect a first target of a nultitarget alignnment
mark to provide said first detection signal, and said detection 4 , system
is constructed to detect a second target of said nultitarget alignnent: :
mark to provi de said second detecti on7(§i gnal. 26. An alignnment system
according to claim23, wherein said first target of said nultitarget
alignnment mark is a process target that is constructed to undergo

predet ermi ned changes during said manufact uri.n rocess .of said work

pi ece. 27. An al ?ﬁngﬂr‘?ﬁl‘gwgﬁtest# alﬁﬁ’c?flcﬂﬁéfﬂﬁ tf’g?iadﬁng)’%hf%e,m %gipgi%ff“é’ﬁi d second
target of S?écS)e ¢dibds argasitionof 8 ARG mER ek SviGQRNB{tinEI§Gei® Undergo | ess
changes durin al d manufacturing process of said work™piece than said -

first targsystenmtiorppededsing-indised errlackup target to said first target. 28.
An alignnent system according to claim 23, wherein said first target of

said nultitarget _alignnent mark is a crificial,target that is
constructed to bégdégﬁﬁr%?@ ntoﬂYFﬁeH‘gacggﬁ%?Pgrfﬁﬁ ! a%W?lﬁ%l$?% ess of said work
pi ece. P- 03§ashfallPzerd ystéMiatid probeBing-ifidiied BoEsatadpoiisitd cl ai m 23,
wherein said first tar ge%l of said nultitarget alignment mark is constructed
in a first bysematisferronsiingnodugeddty aselietnioad mechanied polistung piogessecond t ar get  of
said nultitarget alignnent mark is constructed in a second | ayer of

mat eri al of said I, i Al g . S ding to claim23,
wherein said fir %&%a@&@?‘g%%%g%@ﬁg’{d?%gé{“ %ﬁsﬁ‘g’hmﬁeﬁﬁfﬁémr k is a

di f fract i onsghsemtialkyniao sysigmatiy protedginghaducedkaocesraspbndssd di ffraction

rder of radiation diffracted therefrom conpared to a purely periodic
calting, an8YSEANHICSEBHMTOGHerdtbYA COPRPINIAMAIFETEPIPEEE: al i gnnent nark is a
diffraction order enhancing grating that _ :

17. An alignment system according to claim 1, wherein said position

determining unit is constructed to determine said position of said alignment
mark by including information from an alignment mark detected on a second

work piece.

18. An alignment system according to claim 1, wherein said first
detector channel is a first wavelength channel, and said second detector

channel is a second wavelength channel.

19. An alignment system according to claim 1, wherein said source of
C) alignment radiation comprises a laser providing illumination radiation at a first

wavelength.

20. An alignment system according to claim 19, wherein said source
of alignment radiation further comprises a second laser providing illumination

radiation at a second wavelength.

21. An alignment system according to claim 1, wherein said source of
alignment radiation comprises a broadband source adapted to provide

illumination radiation at a plurality of wavelengths.
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enhances a second diffraction order of radiation diffracted therefrom
conpared to a purely periodic grating, said first diffraction order being
an integer value different froman integer value of said second
diffraction order. 31. An alignment systemaccording to claiml1, wherein
said detection systemfurther conprisgs a third detector channel, and said
~position determning unit is construCted to process information fromsaid
first, second and third detector channels in a conbination to determ ne
said position of _said _alignnment mark on said work pi.ece while perfornng
at |east one of &2- AmaligRRENRYSEAGACLORIRG torclainy §. syheredn said deteetiQlyr aphi ¢

proj ection s i 8. 04 i l I @ﬂﬁq to provide
il lumnati O?T‘%r?eg%?é#ﬁ %%c?%rggﬂs%%rac?)gs@%%@b rabgés"el%? @%E‘g%%e t%’.ﬁge di sposed
in a path ofo s first détketot clainhelnandal serbhd detectoBconstrictedtospragide assenbl y
arranged in said path of said illumnation radiation between said

i || um nat i ofecepd detaetionosignal tp wighsecond detsetapehanielenhl y;:  a projection system
arranged between said reticle stage assenbly and said substrate stage

assenbly; and P- g@,gégg%igg%.ems tefH AGBRERY o REIvWHer R 95d defeciiddBt € at

| east one of sai age asse y and said reticle stage assenbly,
wher ei n sai dysam goonstructgdtoateteco afirstsaget ofa mutitarget @aligahengmmarkt r adi ati on;

a detection system &ongri il?r}g a f.irst detector ‘%hahnel and a second
det ect or chathepecond farget,of st myutaEgel ARSI MAK i n communi cation with
said |J detection system wherein said position determining unit is

~constr :Jct ed to pPnacARSalighRbR syBletPatchbid ®alldml 13, $herfidl siggietd det ect or
chagnels in a :
l{/ target of said multitarget alignment mark includes at least one of a structure

above or below a portion of said first target.

25. An alignment system aécording to claim 23, wherein said
detection system is constructed to detect a first taiget of a multitarget
alignment mark to provide said first detection signal, and said detection
system is constructed to detect a second térget of said multitarget alignment . .

- mark to provide said second detection signal.

26. An alignment system according to claim 23, wherein said first
target of said multitarget alignment mark is a process target that is constructed
. to undergo predetermined changes during said manufacturing process of said
: C work piece. '

27. An alignment system according to claim 26, wherein said second
target of said multitarget alignment mark is constructed to undergo less
changes during said manufacturing process of said work piece than said first

target to provide a robust backup target to said first target.

28. An alignment system according to claim 23, wherein said first
target of said multitarget alignment mark is a sacrificial target that is
- constructed to be destroyed during said manufacturing process of said work

piece.

P-0362.010



conbination to determne a position of an alignnent mark on a work piece,
sai d conbi nation taking into account a manufacturing process of said work
pi ece. 33. A lithographic projection apparatus according to claim 32,
wherein said first detector channel is a first non-zero-diffraction-order
channel, and said second detector c nel is a second
non-zero-diffraction-order channel. 34. A |lithographic projection apparatus
according to claim 33, wherein said position determning unit is

constructed to process.said infaormation fraom. i d.f1 kSt second

non- zero-di ffr ac??‘oﬁpcﬁhgg?le%sé'ﬁtﬁ& %CCB@I ﬁogcﬂ%‘ﬁn?gj’ g'th}setlﬁaégggsstecond si gnal s
from said fipsh opSsld HRAGAFR Blgrifd? nehrk {sTcdasthedindfirst laferrufel s wi th
factors that depend on a relative strength of said first signal to said

second si gnedateri@bof said wotopices lahd said e¢aond tasgetnh seid apwlytasgetor ding to claim
34, wherein ..the i ght factor for said [of0) i f i on- or der
channel .is @éﬁm?edl\{\enﬁ?lﬁwpﬁ%&film azsgp%nqlﬁgef{ ogg%a?%ga%é? E}ﬁgg’ Osr]fz(aP%S%'i rst signal

relative to said second signal exceeds a predeterm ned threshold. 36. A

l'i t hographi ¢ propeciinQiligamRar Sstkem acorlinh togldim 23, aihercd? saiiMiiestei n  sai d
position determning unit is constructed tg_process_infornmation fromsaid
first and stasggi@f sd @&IBW%M@tW@%ﬂ%%PP@FﬂGEGWM ne a position

of said al 'gg plggﬂht gﬁqﬁcgyaﬁ?sitQifﬁ%th)npc;rg&%f%&iQticfh Jlfr#%%ed)ﬁlmgxgﬁ%hp n. 37. A

| i t hographi jection apparatus according to clail rern said

posi tion detenpirsd fga puely pesiodangrating tandi sdid sgrond eargeti offsaidmat i on from third

and fourth detector channels to deferm ne sition of said alignment mark
said V\DWIWEQWW‘FF“&"%&%‘E%F?&EP%PB%E cmg gYMe thtteci se t han sai d

Lrst  pr ©ChdiBes #Gcof bittRABII o RARURS diffFhcRRRAERIYE, accOr ding o
cl aim 32, erein said position determning unit is constructed to process
sai d i nf or nadmpared toapurely periodic grating, said first diffraction order being an

integer value different from an integer value of said second diffraction order.

31. An alignment system according to claim 1, wherein said detection
system further comprises a third detector channel, and said position
determining unit is constructed to process information from said first, second
and third detector channels in a combination to determine said position of said
alignment mark on said work piece while performing at least one of a

calibration and a qualification.

32. A lithographic projection apparatus, comprising:

an illumination system adapted to provide illumination radiation;

a substrate stage assembly adapted to be disposed in a path of said

" illumination radiation;

_ areticle stage assembly arranged in said 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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said first and second detector channels by weighting first and. second
signals r.r fromsaid first and second detector channels equally. 39. A
| i t hographic projection apparatus according to claim 32, wherein said
position determining unit is constructed to process said information from
said first and second detector channel, by weighting first and second
.signals fromsaid first and second detector channels wth factors that
depend on at | east one neasurable quantity selected fromthe set of
nmeasurabl e quantitigs consisting of ntc, mnirepro, signal-to-noise ratio,
signal shape, si ghalgnmpeR}syyigs anppggsproximate atc}FacfEP“ec?léﬁﬂ&“i’s%gi tion
of f set, vvavgtldg@gsrsgmg eshﬁlref?&ﬁi/s\k?@ss@fnfb t shift between segnents and
coarse-fine position-deviation, rein the paraneter ncc is a multiple
correlation coefficient indicating how well the measured signal resenbles
t he signal expecwderdimsaid aligranént systerhicompeisds: mar k, nminirepro is a standard
deviation of the aligned position of different sections or portions of an
al i gnment neasurenent P-0362,.010 75 i .q;cati ng the accuracy of the aligned
position, signal to ndisSWCEaff °“t‘ﬁ3éﬂ?°[“ted si gnal divided by the
rel ative | evel of noise across the spectrumof the neasured signal, while
the signal shape is tRQeglefedliah sypsfenh EMBpricihg a fir® dedc®E tRimRel dudeguenci es in
this spectrum generally at multiples of the base frequency, the signal
envel ope is vari aeroad getector changakijandt r engt h during the neasurenent, the
focus is the offset in wafer height during the nmeasurenent, the tilt is the
“angl e between the waf I o det . : kg the

asurenment, order cRdnne g%%@?"?’f%&?@s%ﬁ?gm%%hﬁg%aﬁd difference in
;?f@ned posi t i ondefectidiesysteat,i ous channel s of one wavel ength, the wavel ength
channel s position offset is the nmeasured difference in aligned position of
t he various wavel ength_ channels,..the shift between se nts is the
measur ed di fference i AYIgFRSad PO Bglilg?tglﬁmafngtlﬁlét@5??5313%%5@%9@,&3955 of a multi
segnent ed al i gNNERbHARIdh fré Yaill st A& deRR iR @RhddeRIndevi ation is the

di fference between the position of the .
o combination to determine a position of an alignment mark on a work

piéce, said combination taking into account a manufacturing process of

said work piece.

33. A lithographic projection apparatus according to claim 32, wherein
said first detector channel is a first non-zero-diffraction-order channel, and

said second detector channel is a second non-zero-diffraction-order channel.

_ G - 34. A lithographic projection apparatus according to claim 33, wherein
| said position determining unit is constructed to process said information from
said first and second non-zero-diffraction-order channels by weighting first
and second signals from said first and second non-zero-diffraction-order
channels with factors that depend on a relative strength of said first signal to

said second signal.

35.A lithdgraphic projection apparatus according to claim 34, wherein

the weight factor for said second non-zero-diffraction-order channel is set to
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alignment marks in the fine phase with respect to their expected position
based on alignnment mark neasurenents in the coarse phase. 40. A

| i t hographi c projection apparatus according to claim 32, wherein said
position determning unit determ nes said position of said alignnent mark
by a predictive recipe using said cor%’l ned information fromsaid first and
second detector channels. 41. A lithographic projection apparatus according
to claim40, wherein said predictive recipe is a static predictive based

on a fixed data _set. 42. A_lithoqgraphjc, projection apparatus according to
clai m 40, wHEPahen as‘gFHgtBroéa‘i“é?ﬁrgé@@hﬁ)ﬁwﬁo Baéééfffoﬁ Q‘&H%i%c??cgl data set

t hat may bea?%qk{ehﬁﬂle Qited said determ ning said position of said

al i gnnent nmark on sal 8 wor pi ece. 43. A lithographic projection apparatus
according to claim4l, wherein said fixed data set include a dependence of

a position of saBé. Alitpgraphic prejektion appasitus aeseiding wodaimB) 3derano 76 44. A
| i t hographi c proj.ection apparatus according to cl.ai m 40 erein said
predictive FaéE_PB tlpﬁe?tﬁﬂ%‘gﬁlﬁiwtilﬁﬁo% ﬁﬁgit‘%%ﬁgssflﬁfﬁgﬁan{’ %h%mﬁfndl east said
posi tion of ﬁfsg'aﬂd 8 cbAN ABBL o B HneiS iie h BbMBFhafi6 P d‘e@i‘ﬁﬁrﬁteéiﬂdpsﬁtﬁ&f amtion from
said first and second detector channels. 45. A |lithographic projection

appar at us asaidrbgmyertanark ansaidoyvorlpisceiwith afrstipiseisidnet i ve reci pe predicts a
position of an alignnent mark with substantially zero systenatic

i ng-ind ror 46, Al ' L £6d : di
ool arm 45, wherdyh Barap peicshb AP0 fecBGREE QL SERALRAD o7l OF

error corregnapesitibe detedsinRigainitcs eofsdrudtednd pagessdafopyatiorcfremithizd mechani cal
@i shing process. 47. A |ithographic, projection apparatus according to
LA m 45, weed fqugth detacter shannelgrioidgterminea ppsifing;of sailaHERMERIRAK Y. | nduced

error correshf %?k bféce with a second precision that is more precise than said first

precision.

38. A lithographic projection apparatus according to claim 32, wherein
said position determining unit is constructed to process said information from
said first and second detector channels by weighting first and second signals . -~

from said first and second detector channels equally.

39. A lithographic projection apparatus according to claim 32, wherein
said position determining unit is constructed to process said information from

said first and second detector channels by weighting first and second signals

from said first and second detector channels with factors that depend on at
least one meaéurable 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 channel_s

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
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systematic errors introduced by a copper damascene process. 48. A

| it hographi c projection apparatus according to claim32, wherein said
position determining unit is constructed to determ ne said position of said
alignment mark by including information froman alignnment mark detected on
a second work piece. 49. A lithographjc projection apparatus according to
~claim 32, wherein said first detect P channel is a first wavel ength
channel, and said second detector channel is a second wavel ength channel .
50. A lithographic projection apparatus according to claim32, wherein

sai d sour ceindicating therasenraeysefi the phignedposition esignal fqngise 18tgvs e dted| | uni nat i on
radi ation at. a.f.irst el engt h. o A L | jection apparatus
accordi ng t%g%ql gf“‘?@oﬁ%ﬁé@%&‘?&%é#& il a é@&g@ggﬁ‘#&#%ﬁ‘ﬁgam ation further
conpri ses amsaufsichikis,ovhily tBY sighishapd suhé feddtive evebof afewodisaetea second -
wavel ength. P-0362.010 77 52. A lithographic projection apparatus '
accor di ng t equen¢igs Brthis,gpectaim, @&F@%@PJF@EIR?S of theybase frequensyethEon conpri ses

a broadband_.sour a; OV ' ] ' \.aLl t a
plurality 0§1g9\%3§?eé§}gq§é'slqg%g O,&ﬂﬁel %{g%grsg%‘ﬁlﬂgh%?ﬁ(% tggpl{e%%&rg%%gtpa us according
to cl ai m 32focudBrhe Offset i afde height durinpthé araanementshs tilt ib thesdngtbet ect or

constructed to provide a first detection _signal to said first, detector
channel , anbetyeencdhswpierangleand the detsetorangheidyringhe Meatiremerte Ofdar det ect i on.

signal to sai : : i Taall oj ection
apparat us s ungF RANof BHEN 10 RARRR e heo i iR Ho RO O B e
~ const r uct edviripud ehaielscoffone stavelangtht the fwavelengthichanmgdst positiangiffsenits mark and a

second target of said npultitarget alignment mark. 55. A |jthographic
p@) ection Hispagasysd défg“gﬁ?cﬁilﬂ igned positipnoh the yacions Wav“slﬁl?@i’fi rst target of

sai d mul titarQ6lsaht GNFERIwaE ségmBhts WBE nitlasur8@aiffepdiRe A 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.

40. A lithographic projéction apparatus according to claim 32, wherein
said position determining unit determines said position of said alignment mark
by a predictive recipe using said combined information from said first and.

second detector channels.

Q 41. A lithographic projection apparatus according to claim 40, wherein

said predictive recipe is a static predictive based on a fixed data set.

42. A lithographic projection apparatus according to claim 40, wherein
said predictive recipe is based on an initial data set that may be modified
during said determ.ining said position of said alignment mark on said work

piece.

43. A lithographic projection apparatus according to claim 41, wherein
said fixed data set include a dependence of a position of said alignment mark

on said work piece.
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structure above or.below a portion of said first target. 4 56. A

| it hographi c projection apparatus according to claimb54, wherein said
detection systemis constructed to detect a first target of a multitarget
alignment mark to provide said first detection signal, and said detection
systemis constructed to detect a secf)nd target of said nultitarget
alignnment nmark to provide said secon® det ection si gnal . 57. A lithographic
proj ection apparatus according to claimb54, wherein said first target of
said nultitarget alignment mark is a process target that is constructed to
under go pr edet erM-rﬁgﬂwﬁﬂb@@prﬁl%a@&r@%ﬁﬁ%d&t&@ﬁl%@ 40pwheEds of sai d

wor k piece. 58. A |.ithographi jectior . Lhg to claimb57,
Wher e saih wedishyt FEMsIRFeLRRE L epRin RO MRLNT (LRIBKELDD, 1D

const r uct edpdsionbrdaididignffeat GARNdstemingd figm saindined infornition fagmpr ocess  of
said work piece than said first target to provide a robust backup target

to said firsad fiest ged seconddefpcton chapgels59. A [t hographi ¢ proj ection
apparatus according to claimb54, wherein said first target of said

multitarget alig t'tf@ér : sacrifici ai | tructed to
be destroyed dur?gntgﬂslél %HA‘EP gog%@?,ﬁg %?%Egé@?%ﬁ éé%?gﬁnv\oh?’kw%?gce. 60. A
|'i t hogr aphi saicp?&hﬁﬁtvé esvipeopradiatsuspositionrofiian gligmmentanark 36th wherein  said
first target of said nultitarget alignnent mark is constructed in a first

| ayer of masubsiapyially zesq systeiBtic RPesseingAndiced fgoecond target of said -
mul titarget alignnent mark is constructed in a second | ayer of material of

said work piece. 4614 b aﬂﬁgPﬁﬁéﬂﬁ%nfagﬁur%& béﬁa)r@mg@dahuﬁ@wrahng; to claim
56, wherein said first target of said nmultitarget alignnment mark is a
dkff ract i onsaid sidhstantialyp perp systematid prgceskiag-indilead egor eorrgspendsdd f f r act i on
order of radiation diffracted . .therefromcaompared £q. urely periodic
grating, anﬂ'sgg?ag‘cseg@f)shl& f’é‘l’cﬁgtbyoaf‘:hggjilc fe R Polichifly HidbéSs:

47. A lithographic projection apparatus according to claim 45, wherein
said substantially zero systematic processing-induced error corresponds to

systematic errors introduced by a copper damascene process.

48. A lithographic projection apparatus according to claim 32, wherein
said position determining unit is constructed to determine said position of said
alignment mark by includihg information from an alignment mark detected on

a second work piece.

Q 49. A lithographic projection apparatus according to claim 32, wherein
said first detector channel is a first wavelength channel, and said second

detector channel is a second wavelength channel.

50. A 'lit'hographic projection apparatus according to claim 32, wherein
said source of alignment radiation comprises a laser providing illumination

radiation at a first wavelength.

51. A lithographic projection apparatus according to claim 50, wherein |
said source of alignment radiation further comprises a second laser providing

illumination radiation at a second wavelength.
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multitarget alignment mark is a diffraction order enhancing grating that
enhances a second diffraction order of radiation diffracted therefrom
-conpared to a purely periodic grating, said first diffraction order being
an integer value different froman integer value of said second _
diffraction order. 62. A |lithographi o{proj ection apparatus according to -~
claim32, wherein said detection systemfurther conprises a third detector
channel, and said position determning unit is constructed to process
information from,gaid.first.,. ~.J second and third detect,or channels in a
conbi nation to dé?ef‘gl?‘hggréﬁqlﬁlpﬁd%qt‘toptfﬁpa% us?ﬁ‘foddlggit%m%ﬁ%ﬁ?elgn sai d work
pi ece whi l esa‘?@?&ﬂfz%f‘;ﬂiﬁaﬁe‘n??&ﬁiati@ﬁ%oﬁh%r@es LHohdbaa8 setc@ndhpedapal i fi cation.
63. A nmethod of aligning a workpiece for the manufacture of a m crodevice,
conpri si ng: pfovide illgmanatighiraghiationt at aplurabity of avayelepgthpi ece; detecting said
alignment mark with an alignment system P-0362.010 79 receiving a first
signal fromsaid_gli nt system.dn.r ) to. sal ¢ . ali { mark;
receiving a secoﬁg' éi 8?@9%%%%5%“5??%%%% °‘§§‘§‘§§dr’ng1|ah‘31r3%g‘8§%§‘é‘ to said
al i gnment Mgl deRBEoN st dihpiised a Fidstideteetor @bnshaicadad payvide fiker k on sai d
wor kpi ece based on information fromsaid first and second signals conbined
accor di ng t detegtiancagnnl tysaidfiest deseitpr ehannelaand,msreppdAeiecton. A net hod of

al i gning a workpi i J ' ' lignment mark is
a multitar 98 Ry F%ﬁﬁ%ﬁf&%%%ag%ﬁ)%%cﬁo g][sf@m g%%ﬁgg?nrgs &rtéeié%onse to a first
target of sghghnell titarget alignnent mark, and said second signal is in
‘response to a second target of said nultitarget alignnment mark. 65. A

thod of aliani Ko L , . _
od of atign gg aA ﬁ\tgggrg{)ﬁg%roe}gc%gndalpggragu% a(czlcg}ldlrrrl]g?g ’cla},r\,rqe.\ﬁ,e vlvﬂerein

said detection system is constructed to detect a first target of a multitarget

alignment mark and a second target of said multitarget alignment mark.

55. A lithographic projection apparatus according to claim 54, wherein
said first target of said multitarget alignment mark includes at least one of a

- structure above or below a portion of said first target.

56. A lithographic projection apparatus according to claim 54, wherein
said detection system is constructed to detect a first target of a multitarget
alignment mark to provide said first detection signal, and said detection
system is constructed to detect a second target of said multitarget alignment

O mark to provide said second detection signal.

57. A lithographic projection apparatus according to claim 54, wherein
said first target of said multitarget alignment mark is a process target that is
constructed to undergo predetermined changes during said manufacturing

process of said work piece.

58. A lithographic projection apparatus according to claim 57, wherein
said second target of said multitarget alignment mark is constructed to
undergo less changes during said manufacturing process of said work piece

than said first target to provide a robust backup target to said first target.
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said alignnent systemconprises a first detector that produces said first
signal and a second detector that produces said second signal, said first
and second signals being produced substantially sinultaneously. 66. A

met hod of aligning a workpiece according to claim®65, wherein said
alignment mark is a multitarget alignC}?nt mark, said first signal is in
response to a first target of said nmultitarget alignnment mark, and said
second signal is in response to a second target of said nultitarget
alignment mark. 67. A.nethod of aligning a workpiece accqrdi to claim®63,
further conpri siPRg AHBtHestP HCIPQOJEC‘&%%? Scﬁcc%‘%fqgéﬁefagp%r#a}vgg%ﬁl a stage
assenbl y that.; ¢ g]]%gp : i i 1thA sai d
position of %élgiﬂé& ta |'g%€n%h%ﬂﬁg?%{g?ﬁf§9 P‘é{g{x{ﬁ%‘ k?%?g@%??igﬂ%ftﬁ?éﬂntg#tgg 68. A

met hod of alcbmyuuetedao bedkgiroayed dadogsald npntfactiriagpr@ess offsaideverk sai d
multi-target alignment mark is fornmed along a scribeline on said workpiece
bet ween adj X&€Rt ni cro-devi ce regions. P-0362.010 80 69. A nethod of

al i gning a workpiece according - to claim®64, wherein said first target is a
first diffractio raaif ok gﬁ,@g, ilgSto @ 1SRFNFhedid f racti on
grating. 70. A rre%toﬁédghglf%grﬁpfgérﬁiﬁjge&é&pmr kpitﬁesidecggﬂgcg?di ng to claim®69,

wher ei n  saisdidffirststrgenof ssetmnlitaigét alignmieovrimgrkas corpsrugted in a first

di ffracti on-ordef-enhapcin rat.ings.,71. A ho f_.aligping.a workpiece
accor di ng tdax?rafma%ﬁ{ap%sé?"ewﬂfk %‘8‘?632‘?? yaid S?Cé’ggi"t‘g é’gsggéﬁl'ﬁ&%{%ﬁt pattern
than said segghdeftanaiRlis cibtruded®t NOtond 14kt 6NinAGrial oMaIIpIGR Picvecor ding to

claim64, wherein said first target has a substructure constructed based
on-a structure of said mcro-device. 73. A nethod of _al i%gi ng a workpi ece

adcording to cl aifh gulithaeeapbicProjeation RRPAEAYS 3AGORNEFORIA; Y08 WHBEEIRY | i gnnrent
mark compr| S&ia ﬁrlst! tHfEePS‘f‘ §aﬂ:9mﬁﬁitgrget alignment mark is a diffraction order

enhancing grating that enhances a first diffraction order of radiation diffracted

therefrom compared to a purely periodic grating, and said second target of said
‘multitarget alignment mark is a diffraction order enhancing grating that
enhances a second diffraction order of radiation diffracted therefrom
~compared to a purely periodic grating, said first diffraction order being an

integer value different from an integer value of said second diffraction order.

62. A lithographic projection apparatus according to claim 32, wherein
said detection system further comprises a third detector channel, and said
-~ position determining unit is constructed to process information from said first,
C second and third detector channels in a combination to determine said position
of said alignment mark on said work piece while performing at least one of a

calibration and a qualification.

63. A method of aligning a workpiece for the manufacture of a

microdevice, comprising:
forming an alignment mark on said workpiece;

detecting said alignment mark with an alignment system,
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mul titarget alignment mark with an alignment beam of radiation. 74. A

nmet hod of aligning a workpi ece according to claim®65, wherein said first
signal received fromsaid first detector of said alignnent system
corresponds to detecting a first pair of non-zero order diffracted beans of
al ignment radiation after said alignmpt beam of radiation illum nates said
C) first target, and said second signal received fromsaid second detector
of said alignnent system corresponds to detecting a second pair of

non-zero order diffracted a of _alian iati ter .qaid

al i gnment beam of “FRYIET ﬁ%sﬁ%%?gffﬂorﬁnﬁg éggxgrg?rh S&%g%lﬁg ré)sg?geetts S%@ti d first and
second pai r gligfméRMatey 0- or der diffracted beams being different orders
fromeach other. P-0362.010 81 75. A nmethod of aligning a workpiece
according to claim63, wherein said determning said position of said

al i gnment mar k c&EHiREasqspad pighalfrom said ggRment syewdn 85PSRIEIOf i r st and

second si gn%&i?’ali%%lerﬁ‘nﬁﬁkhﬁ% of capturing an alignnment mark on a workpi ece
for the rmafufacturé of @ m crodevice within a neasurenent region,

conprising: formng a nulti-grating alignment mark on sai d workpi ece;
detecting sai d mdetermigimd papitidn ofrmakidlignmelt matkioresaicdiworkpieenbasedst em
having a plurality of detectors; selecting first and second gratings out of
a pluralityosinfgrBgtionfeom sgigfirst-and Sﬁ‘iﬂn@is%‘la&t‘ioﬂﬁ’l%ﬂ%iaﬁﬁﬂ‘@mg "Rar k; comparing
a first sub o) dovq REfoRE fad LHdGbodes Om said first grating of said
‘multi-grati i’g&gﬁ@nmnt r%?e% ?lraom a ??rst one of said plurality of
detectors to a second substantially periodic signal fromsaid second

gﬁti ng aft, sai 64mA methgd of Aligning & gronkpiecerageqrdinggamclaimeBomdlersie of sai d

it al Pty of dghef thark s ARMGRTEP A hfbnt AN L0 RASPRSH O" S2T
response to a first target of said multitarget alignment mark, and said second

signal is in response to a second target of said multitarget alignment mark.

65. A method of aligning a workpiece according to claim 63, wherein
said alignment system comprises a first detector that produces said first signal
and a second detector that produces said second signal, said first and second

signals being produced substantially simultaneously.

66. A method of aligning a workpiece according to claim 65, wherein
said alignment mark is a multitarget alignment mark, said first signal is in
C‘} response to a first target of said multitarget alignment mark, and said second

signal is in response to a second target of said multitarget alignment mark.

67. A method of aligning a workpiece according to claim 63, further
comprising determining a position of a fiducial mark on a stage assembly that
is adapted to hold said workpiece and determining said position of said

alignment mark relative to said fiducial mark.

68. A method of aligning a workpiece according to claim 63, wherein
said multi-targét alignment mark is formed along a scribeline on said

workpiece between adjacent micro-device regions.
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77. A method of capturing an alignment mark according to claim76, wherein
said first grating is a diffraction-order-enhancing grating that enhances
an order greater than first order and said second grating is a '

di ffracti on-order-enhancing grating. that enhances an order greater than
first order. 78. A nethod of capturi an alignment mark according to
claim77, wherein said first and second diffraction-order-enhancing
gratings of said multi-grating alignnment mark enhance different
diffraction orders. P-0362.010 82 79. An alignpent mark for use in the
manuf act ure of athi éwethediof alignipgaworkniers: acﬁorfllqgstf’ clam§dy WReRithg a first
detection p ; on pattern,
wherei n sai g&#ll%r%sltta%g{rjls aq}r?tgdia agéﬁgﬁ‘? E)lggjgd ﬁ?g@o@ﬁ?@%&ﬁ?%&?&ﬂdet ector,
and said sedi:fﬁdcticmgﬁtmgs adapted to be detected by a second detector. 80.
An alignnment mark according to claim79, wherein said first target is a

first diffraction-order-enhangin ratin havi.n LIS ri odic grating
pattern; and sai d0 sét@ﬁﬁ‘oaé’?éﬁgn 3%9&'05@%?? Cﬁ?rp{r%a‘&cs 65? g’SFr ®8hhanci ng
grating ha\galgg‘lggr nl e d%fﬂa@ﬁb&ggflﬁéé 48 dgﬁtaetﬁfﬂ:@rda@érqmﬁémgt target

enhanci ng a cted beam erent order froma diffracted beam
enhanced by geaings. second target. 81. An alignnent mark according to claim
80, further corrprisi ng a third target having a third detection pattern,

wherein said thi th rd dififracti rd cing grating
having a third p«tﬁl F‘gﬁ'ﬁflé’? P&t er lecseaalcﬁor?f‘ﬂgrot faé?l 21 cing a
diffracted skﬁaqmtqﬁrgetHusfafcﬁffexrehtpzt@ﬁfmaﬁ@ﬂusedoﬂdda:fg&r act ed beans enhanced

b@sal d first

said first target has a substructure constructed based on a structure of said

72. A method of aligning a workpiece according to claim 64, wherein

micro-device.

73. A method of aligning a workpiece according to claim 64, wherein
said detecting said multitarget alignment mark comprises illuminating said

multitarget alignment mark with an alignment beam of radiation.

74 A method of aligning a workpiece according to claim 65, wherein
said first signal received from said first detector of said alignment system
.corresponds to detecting a first pair of non-zero order diffracted beams of
C alignment radiation after said alignment beam of radiation illuminates said
first target, and
said second signal received from said second detector of said
. alignment system corresponds to detecting a second pair of non-zero order
diffracted beams of alignment radiation after said alignment beam of radiation
illuminates said second target, said first and second pairs of non-zero-order -

diffracted beams being different orders from each other.
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and second targets. 82. An alignnent mark according to claim81, further

conprising a fourth target having a fourth detection pattern, P-0362.010
83 wherein said fourth target is a diffraction grating having a periodic
pattern of a different period fromsaid first, second and third periodic

grating patterns. 83. A diffraction-qJder-enhancing alignnment mark formed
on an object for use in the manufact le of a micro-device that enhances a
strength of a diffracted beam of non-zero order. 84. An alignment nark

formed on an object for use in manufacture of a m crodevice, conprising a
target having a d&-ebtmehodef aligningmworkpince decosding to glaim 63.Whegpiar ei n sai d
processi ng pattern has t tur hat. . 1 cr.odevj ce
processi ng i??l&cg?t?rgggglﬁggln eolsl‘l(iwll0 ho(%ééllg%%@g ?%qg%ﬁggﬁli%% er:é/(lilgtén EQuri ng

manuf act ure. p&ftion’based 6w shid first uh@ B&dohd sighalsess control for the manufacture
of mcrodevices, conprising: receiving data froman alignnent mark
detection systemhaving a plurality of detector channels; determ ning an
updat ed processi nfP-sfrigthed of raplyinganaigAmeRidRATK AR awerkpiece fohthaii d

2l gnent MRl SLER! A RHGGIE il BhikirbRe RERRSIRIA R op Dased on

" sai d updat ed processing strategy, ereln sal urall "det ect or
channel s of said alignment mark detection system provide a correspondi ng
plurality of signfarmirgrbmubingiatihg gligrenent imaak eowasidywatkpiecey det ecti on of an
al i gnment mark. 86. A nmethod of automatic process control according to

claim85, wherein said data from.sai,d alignnment.park.detection systemis
obtained from a Seteingsas figlticsralredtendient Mt vitdp gligament system

having a plurality of detectors;

selecting first and second gratings out of a plurality of gratings from
said multi-grating alignment mark;

comparing a first substantially periodic signal from said first grating of
said multi-grating alignment mark from a first one of said plurality of
detectors to a second 'substantiaily periodic signal from said second grating of-
said multi-grating alignment mark from a second one of said plurality of

detectors; and

determining a capture range based on said comparing.

C 77. A method of capturing an alignment mark according to claim 76,
wherein said first grating is a diffraction-order-enhancing grating that

enhances an order greater than first order and said second grating is a

diffraction-order-enhancing grating that enhances an order greater than first

order.

78. A method of capturing an alignment mark according to claim 77,
wherein said first and second diffraction-order-enhancing gratings of said

multi-grating alignment mark enhance different diffraction orders.
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P- 0362. 010 84 87. A nethod of automatic process control according to claim
86, wherein said nultitarget alignnent mark conprises at |east two targets
separately detectable by said alignnment nmark detection systemto provide
detection signals in corresponding at |east two detector channels of said
plurality of detector channels. 88. t hod of automatic process control
according to claim87, wherein said | east two targets are each

di ffraction-order-enhancing gratings that enhance different diffraction
orders, the corresponding at |east twg detector che%nne.ls gei,ng

di ffract i on- or de¥9-cARrdhgnmentgyark forsers gheoagfaciiegal @ MCH:EL¥EcG ont r ol
accordi ng t?oxﬁgﬁéi .86, wherein at |east one of said at | east two targets
of said nultitarget alignnment mark is a process target that changes a
signal characteristic in a substantially predictable nmanner during steps
of processing saadirsritagedavinge fi80déectimnipaternf amut omati ¢ process control
according to claim89. wherein said process target is a diffraction
grating having a subshruct re. of crods‘i trenches filled with tungsten. 91.
A met hod of aut of§EGoRd EIRYINgMiccaid CLedOBPALC™ o ¢l ai m 87, wherein at

| east one of said at |east two targets of said nultitarget alignnment mark
is adiffracti On_vﬂléﬁhiMdﬁf—hi'f@%etqyﬁdap?ed'tﬁ%ﬁe&fzte% Qrfirdd deddastue to _
alignnent radiation directed thereon, said |ayer of opaque material acting
to tune anamdfective depth of said diffraction grating. 92. A nethod of
automatic process control according to claim86, wherein said nultitarget
alignnment mark c r | ..t f.0 a scribe line.
g{aa sem conduct g@\?\é/a%g?tﬁ g%,n?%&\’aﬁ%%(ﬁﬂg&) eo(%{egﬁetho%#aatgleg&%r%eg%cg%gcont r ol '
ccording to claim85, wherein said alignnment mark detection systemis an
of f -axi al al i gnnBOt Ansyighmentomask hecohding topdlain Exposur e appar at us.

wherein said first target is a first diffraction-order-enhancing grating

having a first periodié grating pattern, and

said second target is a second diffraction-order-enhancing grating
having a second periodic grating pattern, said first target enhancing a
diffracted beam of a different order from a diffracted beam enhanced by said

second target.
81. An alignment mark according to claim 80,
C\ further comprising a third target having a third detection pattern,

wherein said third target is a third diffraction-order-enhancing grating
having a third periodic grating pattern, said third target enhancing a diffracted
beam of a different order from said diffracted beams enhanced by said first

and second targets.

82. An alignment mark according to claim 81, further comprising a

fourth target having a fourth detection pattern,
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P-0362. 010 85 94. A nethod of automatic process control according to claim
93, further conprising: receiving data froman off-line nmetrol ogy tool;

and determ ni ng sai d updated processing strategy based on said received
data fromsaid alignment mark detection systemand said data fromsaid off-
line metrology tool. 95. A nethod of n&utomati Cc process control according to
claim85, wherein at |east two chan s of said plurality of detector
channel s correspond to detection at different wavel engths. 96. An

automati c process control systemfor the manufacture of m crodevices,
conprising: a dawhersirosaid fdund tanget ip aslififscdon grting beving a@ariedier om an

al i gnnment mark det i on system havj a_plurali.t. f.detect. channel s,
wherei n sai BA4F5R ﬁgﬁﬁg%’é?gipﬁéoc&ﬁﬂn %éci @Ighisﬁcgoél H&Hd L']lBgdaﬁeen(?%bcr%%EelS ing
strategy baﬁﬁggrﬁgj data received fromsaid alignment nmark detection system
and outputs a signal to alter a processing step based on said updated
processing strategy, and wherein said plurality of detector channels of
said alignnent n88kA diffrassionwrdesyeahaneing dignmenbma fosggdadahg plurality of
signal s substantd al |y i i i f | legnment
k. o7, ARPRhgRuTe o BHhLEBERT AR RSBt s e IET
wher ei n sai g ddahéaed beam Hfnon-aéroprdarnt nark detection systemis obtai ned
during a scan of a nultitarget alignnent nmark. 98. An automatic process
control system according to claim97,. wherein said. nul ti%a&?et al i gnnent
mark conprises ad4 éadlispmentmarkdpanedomatpobjpdtforse in manutacture of

a microdevice, comprising a target having a detection pattern and a processing

_ Q _ pattern, wherein said processing pattern has a structure that changes under
microdevice processing in correspondence with changes to said microdevice

during manufacture.

85. A method of automatic process control for the manufacture of

microdevices, comprising:

receiving data from an alignment mark detection system having a

plurality of detector channels;

determining an updated processing strategy based on said received data

from said alignment mark detection system; and

Q. altering a processing step based on said updated processing strategy,
wherein said plurality of detector channels of said alignment mark
detection system provide a corresponding plurality of signals substantially

simultaneously during detection of an alignment mark.

86. A method of automatic process control according to claim 85,
wherein said data from said alignment mark detection system is obtained from

a scan of a multitarget alignment mark.
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~separately detectable by said alignnment mark detection systemto provide
detection signals in corresponding at |east two detector channels of said
plurality of detector channels. 99. An automatic process control system
according to claim98, wherein said at |east two targets are each-

di ffracti on-order-enhanci ng gratings ihat enhance different diffraction
orders, the correspondi ng at | east tw% det ect or channel s bei ng
diffraction-order channels. 100. An automatic process control system
according to claim98, wherein at |east one of said at |l east tw targets

i I
of said multitar§é&t Adneyadehautomatig prosess copielacsordiedaclaimo, changes a
si gnal char E1SERhG, . | i I r during steps
of processi ﬁ"g&%g? %Jﬂrlnﬁ]él'rlt(ﬁ}axg\?f%&%ﬁ%@&hﬂ%ﬁogxﬁsﬁ%?ﬁ%ﬁ%&\ggg%g\ﬁgont rol system
accordi ng t gepata¢IndeRotabledyesatd alighaiett markcdsectivarsgstemits peovildef f r act i on
grating having a substructure of, cross trenches fil Ieizﬁd W fh tungsten. 102.
An aut omat i detpetinnesignaloirtcopesropding At SR8l detectes capaiieh Pgaid wherein at

|l east one o% u§ﬁit90ﬂi tle@t@?%hatnl’ia targets of said multitarget alignnment nark
is adiffra hon gra?lng orrre% over a layer of material opaque to

alignment radiation directed thereon, said | ayer of opaque material acting
to CJ tune an ef 88ctA methddpf hutofmatiaprbedisfdonarok acoordiprgatoictagm 8703. An
automati c process antrol l2‘;§%stem accordi m 97 wher.ein said

to clai .
mul titar get YRETeymsRA At lsast EVe Frests aweagh dﬂ&ﬁ%‘?’“?‘?fa%p? BPEEFEPERd  al ong a
scribe line ﬂ%ft S HFRAEH AlfftactlH Stders 1B¢ coRspoHdiapat leastRwecess contr ol
rdi

system acco ng to claim96, wherein said alignnent mark detection system

i san of f - axetattonthagmels beinggiftactionybrdgr chanhelgr aphi ¢ exposur e appar at us.
P-62.010 87 105. An automatic process control systemaccording to claim

104, wherein sai godaf &Rl B aRbAGeE BdeelsTohttb fEbrAHAR!F4n! &, " SC€1 ve data

from an
wherein at least one of said at least two targets of said multitarget alignment

mark is a process target that changes a signal characteristic in a substantially

predictable manner during steps of processing said microdevice.

90. .A method of automatic process control according to claim &9,.
wherein said process target is a diffraction grating having a substructure of

cross trenches filled with tungsten.

91. A method of automatic process control according to claim 87,
‘wherein at least one of said at least two targets of said multitarget alignment
mark is a diffraction grating formed over a layer of material opaque to
alignment radiation directed thereon, said layer of opaque material acting to

tune an effective depth of said diffraction grating.

92. A method of automatic process control according to claim 86,
wherein said multitarget alignment mark comprises at least four targets formed

along a scribe line of a semiconductor wafer.

93. A method of automatic process control according to claim 85,
wherein said alignment mark detection system is an off-axial alignment

system of a lithographic exposure apparatus.
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off-line metrol ogy tool, and said data processing unit determ nes said
updated processing strategy based on data received fromsaid alignnent
mark detection systemand said off-line nmetrology tool and outputs said
signal to alter said processing step based on said updated processing
strategy. 106. An automatic process control system according to claim 96,
~wherein at |east two channels of sai d8§>l urality of detector channels
correspond to detection at different wavel engths. 107. A met hod of

automati ¢ equi pnent control for the manufacture of m crodevices,

conpri sing: recei9i gmethod of petomatic ardogssentrohaackrdiieg tocldimP®3yst em havi ng a
plurality of. detector. channels; determ ning an updated processing strategy
based on sal¥HELLIMPEF &ata from said alignnent mark detection system and
altering a processing step based on said updated processing strategy,
wherein said pl uradeiviig @ita GOhest -l MMEIRIISgyxboB ahdl al i gnment  mar k _
detection system provide a corresponding plurality of signals substantially
si mul taneously during detection of an alignment mark. 108. A method of

aut omati c equi pnestermiting ssid pdatadiraesssivg siralegy baed onapidireseivedai d data from

sai d alignnment Jrark .det.ectj Ny ' . kng. a. n of a

mul titar geﬁﬁﬁai%ﬁﬁﬂ%&gﬁ%&?ﬁkagf%%éﬁ%ggﬁ&gcﬁ%édngﬁé (f:r'a glq%il(?p(rgr%nt control
accor di ng t ging htidloghQB8el. Wherei n said nmultitarget alignment mark conprises
at least two targets separately detectable by said alignnment mark
detection systemto provide_P-0362.010 83 defection signals in
correspondi ng at Pedsmethpd of aytemale PEeSsH{OnEobiccgrding to %HF'a%’ty of detector

channel s 1ferdin GPIEAQGOLnERTR AR PRI B UeicE R L e RCEREGARG L0 ol ai m

1Q9; wher ei n sai east two targets aré eac raction- er - enhanci ng
' ‘to detection at different wavelengths.

96. An automatic process control system for the manufacture of

 microdevices, comprising:

a data processing unity adapted to receive data from an alignment mark

detection system having a plurality of detector channels, * °

wherein said data processing unit determines an updated processing
strategy based on data received from said alignment mark detection system
and outputs a signal to alter a processing step based on said updated

processing strategy, and

()

wherein said plurality of detector channels of said alignment mark
detection system provide a corresponding plurality of signals substantially

simultaneously during detection of an alignment mark.

97. An automatic process control system according to claim 96,
wherein said data from said alignment mark detection system is obtained

during a scan of a multitarget alignment mark.

98. An automatic process control system according to claim 97,

wherein said multitarget alignment mark comprises at least two targets
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gratings that enhance different diffraction orders, the correspondi ng at

| east two detector channels being diffraction-order channels. 111. A

met hod of automatic equi pment control according to claim 110, wherein at

| east one of said at |east two targets of said nultitarget alignnent mark
is a process target that changes a signal characteristic in a
substantially predictabl e manner duriﬂg steps of processing said

m crodevi ce. 112. A nethod of automatic equi pment control according to
claim 111, wherein said process target is a diffraction grating having a
subst r uct ur separstely deteetabledysaiskalignmenbmagke detactian Syssem ta providg net hod of

S T Nt W e M S

diffracti onpg,mﬁj, Boddtedtorchaai€ls. a | ayer of material opaque to alignnent
radi ation directed thereon, said | ayer of opaque material acting to tune
an effective depth of said diffraction grating. ¢ 114. A _nethod of

aut omati ¢ equi prBft ABGHIGRAtICIERCSEHFMIrol 8ystem peqording to glaimm @8:n sai d

mul titarget 'gp{g; &g&r' ; g f g ?rﬂ:‘?ﬁ : d along a
scribe i new?;lfL'} a seérﬁtégﬁ%&(for Vt\/%?ngea&& 1?‘??%%&90? 5dén§ aﬁ%rr?g?g{eequi prment
cont r ol accaflent@ntodiffessnmdiffir@otionvdrders, the saredpahdigg arieastomo kK det ecti on
systemis an off-axial alignment, system of a |ithographic exposure

appar at us. petegepchappelgbeing feffragtiopspidstichynelst onati ¢ equi pnent contr ol
according to claim107, wherein at |east two channels of said plurality of

detector channel %oo.cgﬁaﬁm@ﬁ&&ee@é&%i et aflobdif RICIainRYg) engt hs. 117.

\al ignment systemfor a |ithographic apparatus, conprising: a source of
ﬁ gnnent  r sdiesein argashounkecfesaid dreastsrotargstiyfisaii muyltigargétiagignamentect or channel
and a Secon(rjnark is a process target that changes a signal characteristic in a substantially

predictable manner during steps of processing said microdevice.

101. An automatic process control system according to claim 100,
wherein said process target is a diffraction grating having a substructure of

. cross trenches filled with tungsten.

102. An automatic process control system according to claim 98,
wherein at least one of said at least two targets of said multitarget alignment
mark is a diffraction grating formed over a layer of material opaque to
alignment radiation directed thereon, said layer of opaque matérial acting to

C"\ tune an effective depth of said diffraction grating.

103. An automatic process control system according to claim 97,
wherein said multitarget alignment mark comprises at least four targets formed

~along a scribe line of a semiconductor wafer.

104. An automatic process control system according to claim 96,
wherein said alignment mark detection system is an off-axial alignment

system of a lithographic exposure apparatus.
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detector channel; and a position determining unit in conmunication with
said detection system wherein said position determning unit is
constructed to process information fromsaid first and second detector
channels in a conbination to determne an alignnment grid for a work piece.
118. An alignnment system according to_claim2117, wherein said first
~detector channel is a first non-zero-%ﬂcffract i on-order channel, and said
second detector channel is a second non-zero-diffraction-order channel.
119. An alignnment system according to claim 118, wherein said position

det er i ni ng uni t 108. Aoreutomaticquiogess poninok systea erording taeleidA04.r om sai d

first and second non-zero-dif.fractiqn-order . i ing first and
second si gn3 refn) saidl dafaprogesups g?fijl.sgﬁrct%?{& ﬁ%tﬁgg)gﬁgélg? ? gtra \ggotn?%ﬁl-prde_r
channel s Wl)ideagt@si1ogy b, ad@RGEUa procassihguhit Getrninegsdid apdaed d first
signal to saild second signal. 120. An .alignnment systemaccording to claim

119, wher ei prachssingstgtegy Hasest on ddtarecsived froarenidialignmens markideteetiont i on- or der

h i t t . { h o I A i kel ati t
a0 second SHteant S8 bR RerahEl BB Andln PR Salt sfel & 4885070700 155
An al i gnmentrR¥sshiRtes baed o Saildup@htdd ProtdssingMiiteplyn sai d position

determning unit is constructed to process information fromsaid first and
second detector channels in a conbination to determne sai (apal ignnent grid

~with a first predP8i m aviomaticgrogsss @‘PMEY%%P%‘?HI‘A‘ES(S? gieHg *Po clai m 121,
‘wherein sa hefR3 bt 108 tasgﬁ&gﬁeﬂ'd?gmgyﬁrari FABRELY EhBfhelsQoRE GRS
Ird and fo t

informati on from urth ector channels to determ ne an

al i-gnnment gno deteétion a differemtdvavelengthsi on that is nore precise than said
fit preci si on.

107. A method of automatic equipment control for the manufacture of

microdevices, comprising:

receiving data from an alignment mark detection system having a

plurality of detector channels;

determining an updated processing strategy based on said received data

from said alignment mark detection system; and

altering a processing step based on said updated processing strategy,
wherein said plurality- of detector channels of said alignment mark

detection system provide a corresponding plurality of signals substantially

simultaneously during detection of an alignment mark.

108. A method of automatic equipment control according to claim
107, wherein said data from said alignment mark detection system is obtained

during a scan of a multitarget alignment mark.

109. A method of automatic equipment control according to claim
108, wherein said multitarget alignment mark comprises at least two targets

~ separately detectable by said alignment mark detection system to provide
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123. An alignnent system according to claim 117, wherein said position
determning unit is constructed to process said information from said
first and second detector channels by weighting first and second signals
from said first and second detector channels equally. 124. An alignnent
system according to claim117, whereingsaid position determning -unit.is
constructed to process said information fromsaid first and second '
detector channels by weighting first and second signals from said first

and second detector.channels with factors that depend on_at. | east one
reasur abl e PRy EDARAR cudesppising Adege i AR bERFRIPE S5 At 1 s

consi sting Igflra[’{g‘}pofd&é&itér%ﬁﬂle]sﬁi gnal -to-noi se ratio, signal shape, signal
envel ope, focus, “tilt, order channels position offset, wavel ength channel s

position offset, shift between segnents and coarse-fine position
devi ati on, wher ei hl0: He mesheineftagtonmatic equipmenticaritysl acaonding kaelaion coef fi ci ent

i ndi cati.ng |1 .the asured, signal res | es the signal. expected for a
or fect ot oiiHeRerrif #50 i R 55 e e chh BEP A Ront T esmaging e al | gned
posi tion of ghfifgrtRittenhsdel différeft difffictib®Bder, iR comlebSonaRIpat MAGS Ur et

i ndi cating the accuracy of the aligned position, signal to noise ratio is

the fitted tsioglesgctariohpaneds bring didfracsiontarder chanrgls.of noi se across the
spectrum of the nmeasured signal, while the signal shape is the relative

| evel of a few digsgre ies |n thi . ly at

mul tiples of the ﬁgéeA ﬁ}eé%%dgcﬁtég{b%ﬁ% c:gﬂlgb%??%@%%&&bg laggc?]aé%{l/el ope is

vari ance of 1l0¢ whepeialat Fasteme ol sald ai legst twe targets of sai@ ndultitaipet f ocus i s the
of f£set in wafer height during the asurenent, the tilt is the angle
bdteen t he AMENEIENLIMGIKIS ARIOERBIAEREE é}ang?fgﬁ sigRRchAFCeRENGBAS ur enent
order chan aResivid ' Is ence hn:al i gned

posi tion of ’k?xkgt vaﬁﬂggglcgfﬁfgﬁﬁgn?%#}%nmﬁ%ﬁgﬁl% %ﬁgﬁﬁrfg{iﬁ;’ll?ﬁgt h
channel s position offset is the measured difference in aligned position of
t he various wavel Eiigth meghmiofautomatisequipirent easttok aecosdipgtnelgim s t h

measured di flfﬁr, NeFeih Yai lplrgcre]:gsd target is a diffraction grating having a substructure |

of cross trenches filled with tungsten.

113. A method of automatic equipment control according to claim
109, wherein at least one of said at least two targets of said multitarget
alignment mark is a diffraction grating formed over a layer of material opaqhe
to alignment radiation directed thereon, said layer of opaque material acting to

tune an effective depth of said diffraction grating.

114. A method of automatic equipment control according to claim
108, wherein said multitarget alignment mark comprises at least four targets

formed along a scribe line of a semiconductor wafer.

115. A method of automatic equipment control according to claim
107, wherein said alignment mark detection system is an off-axial alignment

system of a lithographic exposure apparatus.
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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 j alignnment marks in the fine phase with respect to their expected
position based on alignnment mark neasurenents in the coarse phase. 125. An
al i gnment system according to claim 1%% wherein said position determ ning
.unit is constructed to determ ne said”alignnent grid by a predictive

reci pe using said conbined information fromsaid first and second

detector. channels. 126. An alignment system according to claim 125,

wherein said pr eldﬁcﬁméthpé@feeorr@tlaeqmampetq@neel ePRding OGla@m pased on a
fixed data 125, wherein
sai d predi cf‘?’@e‘”}r‘%’%ﬁ‘ aetﬁlglg asegﬁrgbﬁlls g%&lﬁdﬁ |a éﬂ?é?&g%r% ?‘h&%lgnnay be nodified
during sai doﬁ‘eépblhmt@dagctﬁmaﬂdsffdrgnmvmeggihd.. 128. An alignment system
according to claim 126, wherein said fixed data set includes a dependence
on a position of said aljgnment marg r] said .work piece. 129. An alignnent
syst em accor di ng kld- Anglignment sygiear tar 3 lishoggaphic,apnarass, SeMBAM& ng unit is
constructed to determ ne said alignment grid by including information from
~an alignnent grid @glRofhisthndi radiggaend work piece. P-0362.010 92 130.
An al i gnnent system accor Tng to cI alm 117, wherein said first detector
channel is a first wavel ength channel, and said second detector channel is
a second wavel engtdettmtiamnﬁsltcmEell.lprisingalﬁrgtrqutorsymnehmab@mndlg to claim
117, wherein Efﬁ* Sour ce of alignnent radiation conprises a |aser
“providing i Idl Oﬁé‘P %dl ation at a first wavel ength. 132. An alignnent
system according to claim 125, wherein said :

a position determining unit in communication with said detection

system,

wherein said position determining unit is constructed to process
* information from said first and sec_ond detector channels in a combination to

determine an alignment grid for a work piece.

118. An alignment system according to claim 117, wherein said first
detector channel is a first non-zero-diffraction-order channel, and said second

detector channel is a second non-zero-diffraction-order channel.

119. An alignment system according to claim 118, wherein said
_ C position determining unit is constructed to process said information from said
first and second non-zero-diffraction-order channels by weighting first and
second signals from said first and second non-zero-diffraction-order channels
with factors that depend on a relative strength of said first signal to said

second signal.

120. An alignment system according to claim 119, wherein the weight
factor for said second non-zero-diffraction-order 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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source of alignnment radiation further conprises a second |aser providing
i1lumnation radiation at a second wavel ength. 133. An alignnent system
according to claim 117, wherein said source of alignnment radiation

conpri ses a broadband source adapted to provide illumnation radiation at
a plurality of wavel engths. 134. An ab'gnnent system according to claim
117, wherein said detection systemcOnprises a first detector constructed
- to provide a first detection signal to said first detector channel, and a

second det ect or gon tructed to provide,a seﬁfnd get ction.%ignal to said
second detector 1éhaftRalignmentsystemgeeqrding facfpimdIdy wherem$8idii ng to cl ai m

117, wherei g?%géﬂdgglﬁgﬁ ilﬁﬁﬁ'ti§¥§ﬁs%‘ﬁhﬂe§t&gfbﬁés§‘iﬁﬁoﬂﬂat‘i&xf?&h% ﬁs{irst target

of a nultit nt mark and a second target of sald nmultitarget

al i gnnment manksecddd detéetonthapnets i a symbmatiarc ©atetirmgna middleggnmehB5, wher ei n
said first target of said nultitarget alignment mark includes at |east one
of a struct §Ad W BLBECE¥ow a portion of said first target. 137. An

al i gnnent system according to claim 135, wherein said detection systemis

constructed to d@ﬁ@pknam[giuhéﬁt dydteBPiccOidify Wi diint B1I@hered dagpnent mark to
provide said first deteclion si"lgnal, and said detection P-0362.010 93

system i s cgpositiondttedniningdwitds corstrmieted el progesganfoonatier flomthird and get

al i gnnent r royide.sai d second detectjon,signal. 8. An. alignnent
ystom accorairiie SR Syl i i 8 MR Rsent o'y

mul titarget palcissiimRat is WRITK pheeisd thin¥aRBErst preigiont hat is constructed to
undergo predeterm ned changes during said manufacturing process of said

ok piece. 139. An alignment system according to claim 138, wherein said
ond target of 133 4n eal YsempaceaiiRgio C#Pdmk“ﬁswéélﬁgﬁ'%t ed to undergo

less position determining unit is constructed to process said information from said

first and second detector channels by weighting first and second signals from

said first and second detector channels equally.

124. An alignment sysicm according to claim 117, wherein said
position determining unit is constructed to process said information from said _ o
first and second detector channels by weighting first and second signals from .
said first and second detector 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 envelope, focus,
C/" 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 ncise 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
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changes during said manufacturing process of said work piece than said
first target to provide a robust backup target to said first target. 140.
An al i gnnent system according to claim 135, wherein said first target of
said nultitarget alignment mark is a sacrificial target that is
constructed to be destroyed during Saéf manuf act uri ng process of said work
pi ece. 141. An alignnent system according to claim 135, wherein said first.
target of said nultitarget alignnment mark is constructed in a first |ayer
of material of said work piece, and said second target of said nultitarget
al i gnment maigkali envelope iy vastagee phthg sigaalgngthyfaring thermeasprement the ai d wor k

pi ece. 142. An _al] . . o i : iR.said first
target of seﬁ?cdlsrlriuh%ﬁ%}ai%lgﬁy %%rﬁ%@@ﬁﬁﬁﬂ%ﬁ%Ifxéhsgﬂemeﬂr}%gglltg}ﬁégﬂ ¥ enhanci ng
grating thategnankewater ngle andlitefdeaetor anglerddeng dfe memureient) oddek f r act ed
therefrom conpared to a purely periodi¢c grating, and said second target of
said nultichanpels I&Slt@ﬁlrﬁfgf@t isshemeasuged fifferenes inglispediesitianefiths ng grat i ng
that enhan i ' ngﬁf"ﬂj ' i t herefrom
conpar ed to%gg%‘ﬁsr@%@ﬂéggﬁ%%%%?g |ﬁgFed§é1Yegé |rs';aﬂ§+1$ p ?gg{)ﬂ; éﬁ&g%ger bei ng
an integer thamussuedd diffente fr dlignadipositicrgef thy shrieusofaveRingthsecond
diffraction order. P-0362.010 94 143. An alig t system according to
claim 117, whamslstheshift betveen Fwwﬁgﬁmmg&gﬁﬁ igaligned hird det ect or
channel, a”$P§iabH oP R \akiBls sedfiteRtsB 'l'rg%éilétggriheﬁtéd SRRThénd HlapE dn@ iy Ocess

information*fromsald first, “secon rd detector channels in a

" conbi nat i on cbarsel€ine positien deviatiad isgmndiffereneé tetwakn the positiboofithey at | east one.

of . cal i brat.ion and ualification, 144. A lLithogr i C.prqjection
oot aus. | cbmppeaiirs i Ak ahmseorithespist S hatissreTe bR e

i 11 um nat i onyrghfkhOfark Meastiidenatif tid @afephafrbl y adapted to be di sposed
in a path of sard illumnation radiation;

125. An alignment system according to claim 117, wherein said
position determining unit is constructed to determine said alignment grid by a
predictive recipe using said combined information from said first and second

detector channels.

126. An alignment system according to claim 125, wherein said

predictive recipe is a static predictive recipe based on a fixed data set.

127. An élignment system according to claim 125, wherein said
O predictive recipe is based on an initial data set that may be modified during
) said determining said alignment grid.

128. An alignment system é.ccording to claim 126, wherein said fixed
data set includes a dependence on a position of said alignment mark on said

work piece.

129. An alignment system according to claim 117, wherein said
position determining unit is constructed to determine said alignment grid by
including information from an alignment grid determined on a second work

piece.
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a reticle stage assenbly arranged in said path of said illumnation

radi ati on between said illum nation system and said substrate stage
assenbly; a projection system arranged between said reticle stage assenbly
and said substrate stage assenbly; and an alignnment system arranged

proxi mate at | east one of said substrq) e stage assenbly and said reticle
stage assenbly, wherein said alignnent’™“system conprises: a source of
alignnent radiation; a detection systemconprising a first detector channel
and a second detector channel; and a pesition, d rmning ynit in

communi cat i on wi th0s£yalignment systgm §9‘§’E‘gﬁg t%ﬂé%ﬁfﬁea%gaﬁ?mn

det er mi ni N9 WhlclorlchafiUIN 4 st GevdiChdth BRARSI, shd'(8 EROh@Rereigfn sai d First and
second detector channels in a co nation'to determne an alignnent grid
for a work mhenmel ifa &268d O/hbelgth thannelA | i t hogr aphi ¢ proj ecti on apparat us
according to claim 144, wherein said first detector channel is a first

non-zero-di ffractjqQn-order channel, and said se d .detectQr channel is a
second hon-zer.o-dhcif (A AL S YFIM ACLOR Bg.to‘% ?ﬁﬂl"m"%’@ﬁ%{ghi c projection

appar at us  aceardiotdlifmnéhtdhdhidtrcompiies &1ReSFbdidRSihinpfddRt €r m ni ng uni t
is constructed to process said information fromsaid first and second

non- zer o- di fradiaton ate frstiwaveléngtinel s by weighting first and second signals
fromsaid first and second non-zero- diffraction-order channels with

factors that dep o) .relatiyv rength of, .said first signal to said
second si gnal . 1?731' KGT iglfgq%%e?l;%%‘c’?eﬁ%?cgf 8%%%?4“5%3%?&‘&?&“%8%& ding to claim
146, wher eisduide®f whiihéntfradiition fubtheSéntbrises @ 86ton@ Maséeprovididgf r act i on- or der

c @ nel .
illumination radiation at a second wavelength.

133. An alignment system according to claim 117, wherein said
source of alignment radiation comprises a broadband source adapted to

provide illumination radiation at a plurality of wavelengths.

134. An alignment system according to claim 117, wherein said
detection system comprises a first detector constructed to provide a first
detection signal to said first detector channel, and a second detector
constructed to provide a second detection signal to said second detector

channel.

C‘\ 135. An alignment system according to claim 117, wherein said
detection system is constructed to detect a first target of a multitarget

alignment mark and a second target of said multitarget alignment mark.

136. An alignment system according to claim 135, wherein said first
target of said multitarget alignment mark includes at least one of a structure

above or below a portion of said first target.

137. An alignment system according to claim 135, wherein said
detection system is constructed to detect a first target of a multitarget

alignment mark to provide said first detection signal, and said detection
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is set to zero when a strength of said first signal relative to said second
signal exceeds a predeterm ned threshold. 148. A |lithographic projection
apparatus according to claim 144, wherein said position determning unit
is constructed to process information fromsaid first and second detector
channels in a conbination to determine_an alignnment grid for said work
‘piece with a first precision. 149. A P?thographic proj ection apparatus
according to claim 148, wherein said position determning unit is
constructed to process information fromthird and fourth detector channels
to det er m neystemds edrisgnetedto deted afsoeonddatgdt ofivaid pikitargeti alignmentecond

precision that.is nor recise than said first precision. 150. A
it hogr aphi K& 8@?‘%&%&?‘5&4&“&‘8&8 g to claim 144, wherein said
position determning unit is constructed to process said information from

said first and sqogndnigigafient sysRannRbedily to/@hieht39)whktdis aid il second
signals fromsaid first and second detector channels equally. P-0362.010 96

15_1.OI Al thdgggtpmseidpnwi@égﬁtgﬁggpwmn&és APEASEHi tAgEt 1Batcls aprAtrigted ¥\her ein
From Sai o 1 upaeF Pedt 8t Puinks AR HE) En{RelfigRARReRRi R " "Secona

signal s frorygRipieckl rst and second detector channels with factors that
depend on at | east one neasurable quantity selected fromthe set of
measur abl e quantities cqnsisting of ntc, mnirep signal -to-noise ratio,

si gnal shape, sidRdi ABrlignBisat sysisanaccording to ‘Ei?iﬁbié)&zl‘\"ei‘ﬁ??é‘ll 8idosi tion of fset,
‘vavel engt h bid A oS -fi
wavel eng %Q@d?ﬂ%&e%hfd rﬂﬁllt]}g{é‘éegg?lgnn@ghtf tharR§! Xﬁ%&u&@?ﬁ%&fc@r%ﬂ@ss‘:oar Se-T1ne

pesi tion deviation, rein t ter ncc s a nu relation
&ogf fi ci ent chamgs datingispith cvanufakturing proessofi saifl worknztcerthsresdid fisstt he si gnall

expected for a gerfe&t al ig ment mark mg repro is a standard deviation
of the ali gﬁ%rgett provide a robust backup target to said first target.

140. An alignment system according to claim 135, wherein said first
target of said multitarget alignment mark is a sacrificial target that is
constructed to be destroyed during' said manufacturing process of said work

piece.

141. An alignment system according to claim 135, wherein said first
target of said multitarget alignment mark is constructed in a first layer of
material of said work piece, and said second target of said multitarget

alignment mark is constructed in a second layer of material of said work piece.

142. An alignment system according to claim 135, wherein said first
target of said multitarget alignrhent mark is a diffraction order enhancing
grating that enhances a first diffraction order of radiation diffracted therefrom
compared to a purely periodic grating, and said second target of said

| multitarget alignment mark is a diffraction order enhancing grating that
enhances a second diffraction order of radiation diffracted therefrom
compared to a purely periodic grating, said first diffraction order being an

integer value different from an integer value of said second diffraction order.
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position of different sections or portions of an alignnment measurenent

i ndi cating the accuracy of the aligned position, signal to noise ratio is
the fitted signal divided by the relative | evel of noise across the
spectrum of the neasured signal, while the signal shape is the relative
| evel of a few discrete frequencies bg this spectrum generally at

mul tiples of the base frequency, the i gnal envel ope is variance of the
signal strength during the neasurenent, the focus is the offset in wafer

hei ght during the nmeasurenent, the tilt is the angl e, between the wafer
angl e and the detlddt én ﬂ}%‘wnﬁﬁﬁsfﬁa?%@l%%ﬂ?‘%%b,"VhSFedl%Falgchannel s

posi tion off Ny ARAR LS. f i i gne § L f the

vari ous chan(%gelrcgblz?%g&ﬁ% _Wangg%Bﬁ%é,cs aﬁhgﬁ\ﬁgsgpgﬂig@gaé%g%zq gbsgtﬁ)bsn?ti on of f set
is the neasietepdindng brit Srooastructad togireckspimformanion dforrt $ued fiest secendwavel engt h
channel s, the shift between segnments is the measured, difference in aligned
posi tion of anAghuyddstesier chegnpelsina egmbination to deterynssald aligngieResd nar k, and
the coarse-{4. it iaf 1 §:Brabi ! etween the position
of the. al | g e L o B B o T hei 1 expect ed
position based on alignnment mark neasurenents in the coarse phase.

P-0362. 010 97 1524. A lithogmphegirojectirrogppatatusncapprsing:us according to claim
144, wherein said position determning unit determ nes said position of

said alignment mark b redi cti,ve ci pe .using sai d _conbi ned i nformation
From said st il e epied fiambed M aR iR 201 ¢
projection apparatus according to claim 152, wherein said predictive
regipe is a statirsupsesé stapy SssbmbBchdapted td b eidpeketidn 8 phth of 3ad. A

I iogr aphi c_projection apparatus according to claim152, wherein said
predi ctive rilpmpwtiprahalion: on an initial data set that may be nodified
during said determning said position of said alignment mark on said work

piece. 155. A Iit/\QQERRAGE aleRIbAF Ak Bibed RPE@bME of SAR TN MMatioh C! @I M 153,

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;

a detection system comprising a first detector channel and a

second detector channel; and

a position determining unit in communication with said

“detection system,

wherein said posi'tion determining unit is constructed to process
information from said first and second detector channels in a

combination to determine an alignment grid for a work piece.
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wherein said fixed data set includes a dependence on a position of said
alignment nmark on said work piece. 156. A |ithographic projection apparatus
according to claim 144, wherein said position determning unit is
constructed to determne said alignment grid by including information from
an alignnment grid determ ned on a secgad work piece. ~J 157. A lithographic
projection apparatus according to clai'm 144, wherein said first detector
channel is a first wavel ength channel, and said second detector channel is

a second wavel ength channel . 158, A I|tho hic pro i on_appar at us
according to clai lr‘ﬂ514’§1j\l thagraphi projestion %Rﬂﬁgaé\éy Ii‘gg}r?rfiﬂ{“ F4di ati on
conprises a dfigeh RlEHistidiiod JhlaHﬁgllﬂsaﬁflf&@nBﬁ%%tdlﬂfhcﬁBn Brddrr st _wavel ength.
159. A lithographic projection apparatus according to clalm 158, wherein
sai d source cfanmdlj gyrinsaid secant ddteator dhantdlés a sawopd neegera-diffrastidnd aser
providing illym natlegn radi ati on at a second wavel ength. P-0362.010 98

160. A it hodfg roj ection apparatus according to claim 144, wherein
said source of alignnment radiation conprises a broadband source adapted to

provide illum natj@ A g@bglapgie tp?(Sjeéloﬂlan)i’tlahfsBéCEHrdiﬁ%\f@'cfaﬂﬂtlh§ 161. A
| i t hographi ¢ projection apparatus accofding to clarm 144, ‘wherein said

det ecti on sywhﬂmncsat(tpqsm deteniniring umit Mws&mmrpnocteesjsmd) provide a first
det ection si a| d t‘i;@‘b‘?\ ‘ﬁt ect chann éﬁ g 131 et(é:on et ect or
construct ed 9’? 8“’asa§ B B (th%rf’éﬁ acpon-gHiegc Ydet ect or
channel . 162we1 %ﬂﬁgﬁﬁ@@cénd)&ghaﬁs?frbﬂnnsaﬁpﬁﬁf addisecafdERsiflidyg- t o clai m 144,
wherein said detec ion systemis constructed to detect a first target of a

leaJ titarget diffraghippordersehinnglsowish fastosnthat dengad onfa relative strangth efr get
- gnrrent nﬁﬁ(f first signal to said second signal.

147. A lithographic projection apparatus according to claim 146,
wherein the weight factor for said second non-zero-diffraction-order channel
is set to zero when a strength of said first signal relative to said second signal

exceeds a predetermined threshold.

148. A lithographic projection apparatus according to claim 144,
- wherein said position determining unit is constructed to process information
from said first and second detector channels in a combination to determine an

alignment grid for said work piece with a first precision.

C} 149. A lithographic projection apparatus according to claim 148,
wherein said position determining unit is constructed to process information
from third and fourth detector channels to determine said alignment grid for
said work piece with a second precision that is more precise than said first

precision.

150. A lithographic projection apparatus according to claim 144,
wherein said position determining unit is constructed to process said
information from said first and second detector channels by weighting first

and second signals from said first and second detector channels equally.
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163. A lithographic projection apparatus according to claim 162, wherein
said Ent target of said nultitarget alignnent mark includes at |east one
of a structure above or below a portion of said first target. 164. A

| i t hographic projection apparatus according to claim162, wherein said
detection systemis constructed to detect a first target of a nultitarget
alignnment mark to provide said first Rt ection si gnal, and said detection
systemis constructed to detect a second target of said nultitarget
alignment mark to provi de said second detection signal. 165. A |ithographic
proj ecti on appar dblsA dithngraphicgprojecidmappataes accordingiorclaim 4 i rst target of

id nultitarget al.i t markis a. target that, i tructed t
under go. pr e JEEHEHILCUHOR GRETgINEHE S PSRRI SBORPI A8 pr ocess of said

work pi ece. jkBfnatfon ﬂr&ﬁQﬁﬂ@ﬁhiaﬁd@ééﬂnﬁ%k@fbr%Hﬁﬁkﬁtﬂyswélgﬁtﬂ{gjfuﬁg to claim
165, wherein said second target of said nmultitarget alignment mark is

const r uct ed andsecend Signale fiwnosud firstiandjsecond dete¢tangieonela withfaetaisd

manuf act uri rocess said work pjece .th sgi.d fl.rst target to provide
a robust ba@%ﬁBel_?eé’ﬁé)é’ta?Ee@s_%%edn?qsp@&et%t&y.sgi_%%‘?a_ﬁﬁw ﬁSb‘?tgphi c proj ection
appar at us agQ&hhe quantitledichsldithg of WRR! Riikireppd, dignal-findise @A, of sai d

multitarget alignment mark is a sacrificial target that is constructed to
be dest r oyedignalshape,signdl enyalope.cioos, HY, endecehwanels posierioffgstk pi ece. 168. A

| i t hographic projection arat u C i to . claim 164 Merein said

first targetwag?@g%ﬁ%(flh efslol?o lrt%t(ia’tosffas?tl’ glﬁ#gbr??‘ge 2 g‘lngntégﬂ(gf?u e\tl\glgei na first

| ayer of mapesitioh defiate,d work piece, and said second target of said

nu@itarget alignnment mark is constructed in a second | ayer of material of
I (

saj. wor k piece. 169. A lithographjc projection apparatus according to
clai m 164, wher évhereinthe Rarameter mecysia rpyltipls corgiationicaeldicient i gnnent mark is

a diffracti @ficating how well the measured signal resembles the signal expected for a
perfect alignment mark, minirepro is a standard deviation of the alignéd
_position of different séctions 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, genefally af multiples of the base frequency, the
signal envelopé 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 6f one wavelength, the wavelength channels position offset is
the measured difference in aligned position of the various wavelength

_ chénnels, 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.
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order enhancing .grating.-that enhances a first diffraction order of .
radiation: diffracted therefromconpared to a purely periodic grating, and
said second target of said nmultitarget alignnent mark is a diffraction
order enhancing grating that enhances a second diffraction order of
radi ation diffracted therefromconpared to a purely periodic grating, said
first diffraction order ~I being an i ﬂ?eger value different froman integer
“value of said second J diffraction order. 170. A |lithographic projection
apparatus according to claim 144, wherein said detection systemfurther
conpri ses a t hird5@etAckithographiapneiecticarapparstischcpardingitonlagietldfmi ni ng unit is
constructed to process | .nfprar mation fromsaid first,.se onﬁ and third

.Sa

det ect or ché’m? 18 siff PRSIQ Ftr‘?_ﬂﬂnbr?g‘frﬂt {TarRgssaidposiiion ' *ftiment grid for
sai d wor K pigcemui hekRid stedicige Rtipe@@i saideontbined iffmbiien from and a
qualification.” P-0362.010 100 171. "A nethod of aligning a workpiece for

t he manuf actsaidefirsf and seedrsk dethstarebannedmpri si ng: form ng an al i gnnent mark on
sai d workpi ece; detecting said alignnent mark with an alignnment system

receiving a first, si frqm sai.d .al i gnment syst. in.re nse to said

al i gnnment mark; rlégeggﬁh%grﬁpqg%eg’ﬁ?fugpﬁ qralp S?ﬁy"@.g%ba‘ﬂ?lgh%t systemin
response to wigdédifl s@idipgétiBie &P is Adaticisregictivebied 8 adixegdarnkt. gri d for

sai d wor kpi ece based on information fromsaid first and second signals.
172. A nethod of aligning a workpiece according to claim 171, wherein said
ali gnment nark ist54 gﬂﬁbﬁ’&%ﬂ‘g‘é?”ﬁﬁ“@ﬁﬁﬁ?ﬂ“‘iﬁ‘ﬁ?ﬁ‘?@ﬁ%@?lﬁ%iS%i gnal is in
"response to fl:LSh. Sak i i lrmg‘gﬁ.‘ k, and said

av?her&ﬁ%&xd ?é(ﬁgﬁveq't:(f‘lgg 5Sq)a§yd 6ﬁ 51‘?‘{19@&1 dﬁ!afsgsal ?XIP%

cond sign iS7in response a second target o i target
lilgnment  modified during said determining said position of said alignment mark on said

‘work piece.

155. A lithographic projection apparatus according to claim 153,
" wherein said fixed data set includes a dependence on a position of said

alignment mark on said work piece.

156. A lithographic projection apparatus according to claim 144,
wherein said position determining unit is constructed to determine said
alignment grid by including information from an alignment grid determined on

a second work piece.

Q 157. A lithographic projection apparatus according to claim 144,
wherein said first detector channel is a first wavelength channel, and said

second detector channel is a second wavelength channel.

. 158. A lithographic projection apparatus according to claim 144,
wherein said source of alignment radiation comprises a laser providing

illumination radiation at a first wavelength.

159. A lithographic projection apparatus according to claim 158,
~ wherein said source of alignment radiation further comprises a second laser

providing illumination radiation at a second wavelength.
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mark. 173. A nmethod of aligning a workpiece according to claim 171,

wherein said alignnent system conprises a first detector that produces said
first signal and a second detector that produces said second signal. 174. A
met hod of aligning a workpiece according to claim 173, wherein said
alignment mark is a multitarget alignnent mark, said first signal is in
response to a first target of said mf&itarget alignment mark, and said
second signal is in response to a second target of said nultitarget
alignment mark. 175. A nethod of aligning a workpiece according to claim
171, further copgo.i Ailitiggdaihér projection appacaus accordiig @ dlaidubddal nark on a
stage assenbly that P-0362.010 101  is adapted &oqaggl d, sai d wor kpi ece and
det er ni ni ngwhérein sgiskyourcsrpialisament radiptioncRImprises 2 Proadpand spureey sai d fi duci al

el on Wl o AR n RSP SRR K Bkl 21 ™ 17

wher ei n sai arg I gnment mnar along a scribeline on
said workpi ece between adjacent mcro-device regions. 177. A nethod of

al i gni ng a wor kpi &k eA dtleagraphigptogectiba bppatat@s accatingiorclaiai H4,i rst target is
a first diffraction gratjng and sai d. second.target is econd diffraction
grating. O Yh@?1%%$%%108fsy§me§‘S&9 kivtect %’é@%?q'n R8Vi¢Fai m 177,
wherein sai Qﬁggt a8t c@kiSRh ?@gaiﬁ it GBELOPEhMRAL it sibd dedeéoact | on- or der -
enhancing gratings. 1797 A nethod of aligning a workpi ece according to
claim 172, comseueted tespriodideiarsscondatetpstion signal tdishiflseeond dstectasr n t han sai d
second target. 180. A nethod of aligning a workpiece according to claim
172, wher eftfngek g first target has a substructure constructed based on a
structure of

o) 162. A lithographic projection apparatus according to claim 144,

wherein said detection system is constructed to detect a first target of a
multitarget alignment mark and a second target of said multitarget alignment

mark.

163. A lithographic projection apparatus according to claim 162,
. wherein said first target of said multitarget alignment mark includes at least .

one of a structure above or below a portion of said first target.

164. A lithographic projection apparatus according to claim 162,
wherein said detection system is constructed to detect a first target of a
] multitarget alignment mark to provide said first detection signal, and said
Q detection system is constructed to detect a second target of said multitarget

alignment mark to provide said second detection signal.

165. A lithographic projection apparatus according to claim 162,
" wherein said first target of said multitarget alignment mark is a process target
that is constructed to undergo predetermined changes during said

manufacturing process of said work piece.

166. A lithographic projection apparatus according to claim 165,

wherein said second target of said multitarget alignment mark is constructed to
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said mcro-device. 181. A nethod of aligning a workpiece according to claim
172, wherein said detecting said nultitarget alignnent mark conpri ses
illumnating said nmultitarget alignnent mark with an alignment beam of
radi ation. 182. A nethod of aligning a workpiece according to claim 173,
wherein said first signal received frg said first detector of said )
~alignment systemcorresponds to dete€fing a first pair of non-zero order
diffracted beans of alignnment radiation after said alignment beam of
radiation illumnates said first target, and P-0362.010 102 said second
si gnal receiundaigé desschaniges denngwidimaneiaguring Pesey oflspigrmarkpiesgst em
corresponds ;to defectin second ir.of non-zerq qgrder.  djffracted beans
of ali gnnenf'harnéa}i;\ﬁfsi)hr%f?%ﬁ’mggﬁf f§ﬁ‘i‘séhﬁ°éﬁ%‘i’?%?§8 og?ﬁlfggﬁtﬁgle n illuninates
said second target, said first and second pairs of non-zero-order

di ffracted beans 16¢i POliMbifaphie Projedtibarappiratiiabesiiingtd €laim 183, A nethod of
aligning a workpi ece according to claim171, wherein said determ ning said

position of wWhaiedn asid disstdangenefrsridopwipitarges aligpnentinaark igya sacpidisiali on based on
said first and con i.anal | . i hogr aphi c
appar at us, ?‘Hﬁ?ﬁﬁ%ﬁ ‘ﬁg‘:’%"gaggﬁ? Beég’% o%@ﬁ%%ﬂ?rg%ﬁ{@%ﬁ%{ng éro %Jtsé)téti on system
conpri sing @aifiiwstk pieect or channel and a second detector charnel; and a '
processing unit in comrunication with said detection system wherein said
processing unit is constructed tq process informgtion frqmsaid first and

second det ect or dﬁﬁnr’i‘e‘_l@oﬁﬁ’]&‘c@ HPRAPBAFALS 20T 'lnﬂit?lélagf‘_l % | east one of a
focus, ener QherdifSaid tirkilaredl oshid hiotALd: MphRel i iPlokrblibgfl g di mensi on

based on detecting an alignnment na pl ece. 185. nmet r ol ogy
syst/em accoffisstigyer of alatirial 6Bshid wher giece, aad shid second target of said

multitarget alignment mark is constructed in a second layer of material of said

work piece.

169. A lithographic projection apparatus. according to claim 164,
wherein said first target of said mﬁltita:ggt alignment mark is a diffraction
- order.enhaneing grating that enhances a first diffraction order of radiation .. . - o
diffracted therefrom compared to a purely periodic grating, and said second
target of said multitarget alignment mark is a diffraction order enhancing
grating that enhances a second diffraction order of radiation diffracted
therefrom compared to a purely periodic grating, said first diffraction order
O ‘being an infeger value different from an integer value of said second

diffraction order.

170. A lithographic projection apparatus according to claim 144,
wherein said detection system further comprises a third detector channel, and
Said position determining unit is constructed to process information from said
first, second and third detector channels in a combination to determine said
alignment gﬁd for said work piece while performing at least one of a

calibration and a qualification.
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detector channel is a first non-zero-diffraction-order channel, and said
second detector. channel is a second non-zero-diffraction-order channel.
186. A netrol ogy systemaccording to claim 185, wherein said processing
unit is constructed to process said information fromsaid first and second
non-zero-di ffraction-order channels lc:j)lly wei ghting first and second signals
fromsaid first and second non-zero-di® raction-order channels with :
P-0362. 010 103 factors that depend on a relative strength of said first
signal to said second signal. 187. A nmetrology systemaccording to claim
186, wherein t he 1idi dhmethpd of aligring a egrkpiecsdontne manuiaste @f #f r act i on- or der
channel is set to .zero when a strength of said first signal relative to
sai d second @Frﬁﬁngc%)ggglgggmg predeterm ned threshold. 188. A netrol ogy
system according to claim 184, wherein said first detector channel is a
first wavel engthfﬁxli}ﬁﬂgahaligmﬂcraahaik@ﬂ@ﬁnﬂdvdfkpiec&;or channel is a second
wavel ength channel. 189. A netrol ogy system according to claim 184, wherein
said source of alignnent radiation conprises a |aser providing

i || umi nation radidgtecang said gliggment magl ya IgNMERFYSE et 1 ol ogy syst em
according to claim189, wherein said source of alignnent radiation further
conpri ses a seco : - di i 'ggﬂlte' i radd t second
wavel engt h. 191. Q%An‘gtﬁggflgggt%yggglsﬁg%sgjggg}r di ngp%}(gtecl airrér%ﬂfg%, t%vf)/hagr ein said:
source of alignmemmharkadi ati on conpri ses a broadband source adapted to
provide illumnation radiation at a plurality of wavel engths. 192. A

met rol ogy system accarding tq clajm 184 erein _sai d. detectjon system
coaprises a fi rstre?fé‘f.l%?ﬁ%oélgﬁé@%lﬁrgéa{doa\f% R S% InrePondtOect i on si gnal
t@ai d firshiqdglcRfient mafkaame! . and a second det ect or '

determining an alignment grid for said workpiece based on information

from said first and second signals.

172. A method of aligning a workpiece according to claim 171,
wherein said alignment mark is a multitarget alignment mark, said first signal
is in response to a first target of said multitarget alignment mark, and said
second signal is in response to a second target of said multitarget alignment

mark.

173. A method of aligning a workpiece according to claim 171,
O wherein said alignment system comprises a first detector that produces said

first signal and a second detector that produces said second signal.

174. A method of aligning a workpiece according to claim 173,
: wherein said élignment mark is a multitarget alignment mark, said first signal |
is in response to a first target of said multitarget alignment mark, and said |
second signal is in response to a second target of said multitarget alignment

mark.

175. A method of aligning a workpiece according to claim 171, further

comprising determining a position of a fiducial mark on a stage assembly that
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constructed to provide a second detection signal to said second detector
channel . 193. A netrol ogy system according to claim 184, wherein said
detection systemis constructed to detect a first target of a multitarget
alignnment mark and a second target of said nultitarget alignnent mark.
P-0362.010 104 194. A netrol ogy system according to claim 193, wherein
'said first target of said nulti targetm&l ignment mark includes at | east one
of a structure above or below a portion of said first target. 195. A

met rol ogy system according to claim 193, wherein said detection systemis
const r uct ed it adagtetddo holl said- werkpiecg end détemniningtsaidpogision ofsaidnnent mark to

provi de said . first detection si .and said detection systemis
const ruct ed a‘l‘&“‘ﬂ%‘lté’&%&.réaté%ect{?r?ﬂ‘%tr}i‘ilﬁéa?nwﬁsai d multitarget alignment mark
to provide said second detection signal. 196. A netrol ogy system accordi ng

to claim 193, whqyei A meihdd bf alsgning amdekpide sadrdingub tlaimnge; al i gnment nmark
IS a process target that is constructed to undergo predeterm ned changes
during a marvwfessin saif mylirtagetsdigomentingrk igdonnedialang a seobeling gretaid| ogy system
according to cJaim.196, wherein sai target of said nultitarget

al i gnnent nﬂ%kﬁlgcec%ez‘gf%%ﬁ%cgn{] lctﬁ?\%g\?lg%% gos“s?‘ changes during said

manuf acturing process of said work piece than said first target to provide
a robust backup t1a7get mbtos of dlifrigh wotkgede acé@8ingAo khiimdl7agy system
according to claim193, wherein said first target of said nmultitarget

al i gnment  mavhergin sgid digst targetds firgtditfeaction grating anf%ggq,cgeggggqtds Be destroyed

‘during a m@géq%ﬁpmfggorp&ﬁ%ﬁﬁ%s of said work piece. 199. A netrol ogy system
, er

ccording to claim in said first target of said nultitarget
sifgnment- mark is constructed in a first |ayer of
178. A method of aligning a workpiece according to claim 177,

wherein said first and second diffraction gratings are diffraction-order-

enhancing gratings.

179. A method of aligning a workpiece according to claim 172,

wherein said first target has a different pattern than said second target.

180. A method of aligning a workpiece according to claim 172,
wherein said first target has a substructure constructed based on a structure of

said micro-device.

181. A méthod of aligning a'wprkpiece according to claim 172,
wherein said detecting said multitarget alignment mark comprises illuminating

said multitarget alignment mark with an alignment beam of radiation.

182. A method of aligning a workpiece according to claim 173,
wherein said first signai received from said first detector of said alignment
system corresponds to detecting a first pair of non-zero order diffracted beams
of alignment radiation after said alignment beam of radiation illuminates said

first target, and
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material of said work piece, and said second target of said nultitarget
alignnment mark is constructed in a second |ayer of material of said work
pi ece. 200. A netrology systemaccording to claim 193, wherein said first
target of said nultitarget alignnment mark is a diffraction order enhancing
grating that enhances a first diffraction order of radiation diffracted
therefrom P-0362. 010 105 conpared t 0% purely periodic grating, and said
second target of said nultitarget alignment mark is a diffraction order
~enhancing grating that enhances a second diffraction order of radiation
di ffracted t her efaidsecondsignalaeceieddrqsat yeqomdidowicior gf said ng, said first

diffraction order beij g? an ilgcgeg@arE val ue dif er.eng: froman,integer val ue
of said sec%’r%“’(?_f"f?yﬁ%f PUHESBPRfE ™ (55082 FEPPOPYRY & 'f%ﬂ]oé@éordj ng to -
clai m 184, whefRidbeaisSf afl gt rAMlaforSArRMsdid ali BitheRQERMI Feadiatidrhi 1 d
detector channel, and said” processing unit is constructed to process

i nf or mat i onillbmamatesssiadt feicomd target,caiddfirstand sebondgpairs o€ porzZemdeel s in a

combi nation,, deternm ne, at..]least ane of said, focus, energy, dose, line
wi dt h, 'cont%‘%"?aCFﬁﬁil ‘&%S@Fﬁlgoq&fgﬁﬂm praers M A e uni e performing at | east

one of a calibration and a qualification. 202. A lithographic apparatus,
conprising: an i§3. UibddsF S3giingE werkpiebs hécdtEng ta@ginasBignbl y arranged in
a radiation path of illum nation Tradiation fromsaid illumnation system
a reticl e swheeinsaiskdaterynining spidagsition o paid ahgnmaent sark §PWPHIESs ai d
illum nation radiati . j & | ] i stem and said substrate
~J stage asgrg%gg‘iggﬁgtrlgﬁ?é%?%ﬁ%g@g egnénggkgaﬁ‘tgg? ags%/ween said reticle stage
enbly and said substrate stage assenbly; and an alignnent system
@anged proxi mate at | east one of said substrate stage assenbly and said
reticle stage assenbly,

184. A metrology system for a lithographic apparatus, comprising:
a source of alignment radiation;

a detection system comprising a first detector channel and a second

. detector channel; and : -
a processing unit in communication with said detection system,

wherein said processing unit is constructed to process information
from said first and second detector channels in a combination to determine at
C’ least one of a focus, energy, dose, line width, contact hole width or critical

dimension based on detecting an alignment mark on a work piece.

185. A metrology system according to claim 184, wherein said first
-detector channel is a first non-zero-diffraction-order channel, and said second

detector channel is a second non-zero-diffraction-order channel.

186. A metrology system according to claim 185, wherein said
processing unit is constructed to process said information from said first and
second non-zero-diffraction-order channels by weighting first and second

signals from said first and second non-zero-diffraction-order channels with
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wherein said alignnment system conprises: a source of alignnent radiation
P-0362. 010 106 a detection systemconprising a first detector channel and
a 'second detector channel; and a position determning unit in

communi cation with said detection system wherein said position
determning unit is constructed to prggess information fromsaid first and
. second detector channels in a conbination to determ ne a position of an

al i gnnent mark on a work piece, said conbination taking into account a

manuf act urt Patedrs i at epcnfd onsaare ative strerPgth of saxcr ﬁrs% s1gnz8 to said second

signal.

187. A metrology system according to claim 186, wherein the weight
factor for said second non-zero-diffraction-order channel is set to zero when a
strength of said first signal relative to said second signal exceeds a -

predetermined threshold.

188. A metrology system according to claim 184, wherein said first

detector channel is a first wavelength channel, and said second detector

channel is a second wavelength channel.

189. A metrology system according to claim 184, wherein said source
of alignment radiation comprises a laser providing illumination radiation at a

* first wavelength.

190. A metrology system accordihg to claim 189, wherein said source
of alignment radiation further comprises a second laser providing illumination

radiation at a second wavelength.

191. A metrology system according to claim 184, wherein said source
of alignment radiation comprises a broadband source adapted to prdvide

C) illumination radiation at a plurality of wavelengths.

192. A metrology system according to claim 184, wherein said
detection system comprises a first detector constructed to provide a first
detection signal to said first detector channel, and a second detector
constructed to provide a second detection signal to said second detector

channel.

193. A metrology system according to claim 184, wherein said
detection system is constructed to detect a first target of a multitarget

alignment mark and a second target of said multitarget alignment mark.
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194. A metrology system according to claim 193, wherein said first
target of said multitarget alignment mark includes at least one of a structure

above or below a portion of said first target.

195. A metrology system according to claim 193, wherein said
detection system is constructed to detect a first target of a multitarget
alignment mark to provide said first detection signal, and said detection
system is constructed to detect a second target of said multitarget alignment

mark to provide said second detection signal.

196. A metrology system according to claim 193, wherein said first
target of said multitarget alignment mark is a process target that is constructed

to undergo predetermined changes during a manufacturing process of said

work piece.

197. A metrology system according to claim 196, wherein said second
target of said multitarget alignment mark is constructed to undergo less
changes during said manufacturing process of said work piece than said first

target to provide a robust backup target to said first target.

198. A metrology system according to claim 193, wherein said first
target of said multitarget alignment mark is a sacrificial target that is
constructed to be destroyed during a manufacturing process of said work

piece.

199. A metrology system according to claim 193, wherein said first

' target of said multitarget alignment mark is constructed in a first layer of

material of said work piece, and said second target of said multitarget

alignment mark is constructed in a second layer of material of said work piece.

200. A metrology system according to claim 193, wherein said first
target of said multitarget alignment mark is a diffraction order enhancing

grating that enhances a first diffraction order of radiation diffracted therefrom
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compared to a purely periodic grating, and said second target of said
multitarget. alignment mark is a diffraction order enhancing grating that
enhances a second diffraction order of radiation diffracted therefrom
compared to a purely periodic grating, said first diffraction order being an

integer value different from an integer value of said second diffraction order.

201. A metrology system according to claim 184, wherein said
detection system further comprises a third detector channel, and said
processing unit is constructed to process information from said first, second
and third detector channels in a combination to determine at least one of said
-focus, energy, dose, line width, contact hole width or critical dimension while

performing at least one of a calibration and a qualification.
202. A lithographic apparatus, comprising:
an illumination system,;

a substrate stage assembly arranged in a radiation path of illumination

radiation from said illumination system;

areticle 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 stagé assembly,
wherein said alignment system comprises:

a source of alignment radiation;
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- a detection system comprising a first detector channel and a

second detector channel; and

a position determining unit in communication with said

detection system,

wherein said position determining unit is constructed to process
information from said first and second detector channels in a
combination to determine a position of an alignment mark on a work
piece, said combination taking into account a manufacturing pfocess of

said work piece.
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