Mark structure for coarse wafer alignnent and nethod for manufacturing such
a mark structure. Field [0001] The present invention relates to a mark
structure for coarse wafer alignnent in a |ithographic apparatus. Al so,
the present invention relates to a manufacturing nmethod for such a mark.
Background [0002] A lithographic apparatus is a machine that applies a
desired pattern onto a substrate, usually onto a target portion of the
substrate. A lithographic apparatus can be used, for exanple, in the
manuf acture of integrated circuits (1Cs). In that instance, a patterning
device, which is alternatively referred to as a nask or a reticle, be
used to Nwkrstusturedpr eqnrse wpter aligwment and metheddor magnTachuring sedy a m&y r of
the IC. This pattern can be transferé%g gto a target portion (e.g.,
conprising part of, one, or several dies) on a substrate (e.g., a silicon
wafer). Transfer of the pattern is typically via imging onto a | ayer of
radi ati on-sensitive material (resist) provided on the substrate. In
general, a single substrate will contain a network of adjacent target
portlonq;ggat are successively patterned. Known |ithographic apparatus
|nclude'—§U cal |l ed steppers, in which each target portion is irradi ated by
exposi ng an elfd0|ellpgireentinpertion relhtes toargark sproctuiednr earssrveafier atignmentdn
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"scanni ngpadl rection) while synchronously scanning the substrate parallel
or anti-parallel to this direction. It is also possible to transfer the
pattern fromthe patterning device to the substrate by inprinting the
pattern onto the substrate. [0003] For coarse optical alignment of a wafer
in a Iitﬁ%%ﬁ%%mﬁc apparatus, a mark structure (mark) is known which

conpri ses thregoz]ak éitlogtaphicpparaitiRes pmachihethat sppdies adesirdpangadntd 1 a
scri be | ane of the wafer and extend in the Ion iitudi nal direction of .the
scri be |sahyratousyally onfhy Esgat pprionef thefubstate A Bihezisahic aBPafa‘éIF ae“ebﬁ uﬁeﬂnes
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device, which is alternatlvely referred to as amask or a retlcle may be used to generate a circuit
pattern to be formed on an individual layer of the IC. This pattern can be transferred onto a
target portion (e.g., comprising part of, one, or several dies) on a substrate (e.g., a silicon wafer).
Transfer of the pattern is typically via imaging onto a layer of radiation-sensitive material
(resist) provided on the substrate. In general, a single substrate will contain a network of
adjacent target portions that are successively patterned. Known lithographic apparatus include
so-called steppers, in which each target portion is irradiated by exposing an entire pattern onto
the target portion at one time, and so-called scanners, in which each target portion is irradiated
by scanning the pattern through a radiation beam in a given direction (the “scanning”-direction)
while synchronously scanning the substrate parallel or anti-parallel to this direction. It is also
possible to transfer the pattern from the patterning device to the substrate by imprinting the
pattern onto the substrate,

[0003] For coarse optical alignment of a wafer in a lithographic apparatus, a mark
structure (mark) is known which comprises three parallel lines. The parallel lines are arranged
in a scribe lane of the wafer and extend in the longitudinal direction of the scribe lane. Of the

three lines of the mark, one pair of adjacent lines has a first pitch and the other pair of adjacent




scribe lane and the first pitch is different fromthe second pitch. [0004]
An optical alignnment scan is perforned along a scan path in this pitch
direction (thus scan data is also gathered outside the scribe |ane). The
optical alignnment scan is based on so-called self-referencing
interferonetry to obtain a scan data signal fromthe mark. The used
self-referencing interferonetry has been described in EP 1372040. The
position of the mark can be obtained by searching in the scan data signal
for a sigmahapkédond pitlatThedraAes sédasd hiteh expérdolias thé widi dietkondgshgn, for
exanpl e by a pattern recognition procedure. The |ocation of the matching
si gnal p‘t?ﬂbf:b@ﬁlelaﬁdlth‘?eﬁf§‘d%i%hdsa@1§feﬁ“§ﬁam the pespRAPIt t he p05| tion of the mark
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di sturb the alignment performance. Therefore, the mark has an excl usion
zone whiah bewbtaiize hy@barcbmgmythm spamdata sigvaléer &sugzml portieon thgmatehes theetafgon
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aspect, there is provided a mark structure on a substrate, conprising a
pl ural i tS}ba@Path lines, n being equal to at | east four the |ines extending

parallel to L arr. M a
pitch bet ween[%ea h 62‘%&"68%%8%@%&&1& rfﬁ%%]trhgm g@?%ﬂf%ﬁlﬂes t he
pi t ch beigRgbkito eelbé@dnialighedsRaivd bdsddeﬁimrpmhasspﬁmdn ha;b@n thfit(prdid‘met first
direction, wherein the pitch, between each pai r of selected I%es differs
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to an aspscf ca dk gngaﬁlded a sem conduct or deV|ce conprising a mark
structure as descri bed”above. 2

[0006] Moreover, because any device structure next to the mark will cause interference
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with the mark itself, this will disturb the alignment performance. Therefore, the mark has an
exclusion zone which must be left empty without device structure. For that reason, scribe lanes
can not have a width below a minimal value. A reduction to lower values of the scribe lane

width is not possible with coarse wafer alignment according to the prior art.

SUMMARY

[0007] According to an aspect, there is provided a mark structure on a substrate,
comprising a plurality of n lines, n being equal to at least four, the lines extending parallel to
each other in a first direction and being arranged with a pitch between each pair of lines
selected from the plurality of lines, the pitch being directed in a second direction perpendicular
to the first direction, wherein the pitch between each pair of selected lines differs from the pitch
between each other pair of selected lines.

[0008] According to an aspect, there is provided a semiconductor device comprising a

mark structure as described above.




[ 0009] According to an aspect, there is provided a nethod for manufacturing
a sem conductor device on a substrate, including, providing the substrate,
creating by a lithographic process a mark structure on the substrate,
wherein the mark structure includes a plurality of n lines, n being equal
to at least four, the lines extending parallel to each other in a first
direction and being arranged with a respective pitch between each pair of
lines selected fromthe plurality of lines, the pitch being directed in a
second di r ect[ipomo|pgéRedd: e hddispb &, thBR is plokRled dini@Bdd P manbREeAghhe pitch
bet ween each pair of selected Fines differs fromthe pitch  between each
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whi ch: [0011] Figure 1 depicts a_lithographi ¢ apparatus according to, an
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| ayout q% t he WﬁréfSttu%#% e; HOOlS] Figure 5 depicts a cross-section of a
mar k st rAEYEPEAFhORELRT US4 N enbodi nent of the present invention
and [0016] Figure 6 depicts a cross-section of a mark structure in
accordance with an enbodi nent of the present invention. DETAILED

DESCRI P IR, FTHE BPRAWVINGD| y depicts a |ithographic apparatus
according to odi ment .qf -the .invention. .The arat us. ¢ i ses: -
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symbols indicate corresponding parts, and in which:

[0011] Figure 1 depicts a lithographic apparatus according to an embodiment of the
invention;

[0012] Figure 2 depicts a mark structure in accordance with an embodiment of the
present invention,

[0013] Figure 3 depicts a response function of the mark structure of Figure 2;

[0014] Figure 4 depicts a relationship between the response function and the layout of
the mark structure;

[0015] Figure 5 depicts a cross-section of a mark structure in accordance with an
embodiment of the present invention; and

[0016] Figure 6 depicts a cross-section of a mark structure in accordance with an

embodiment of the present invention.

DETAILED DESCRIPTION

[0017] Figure 1 schematically depicts a lithographic apparatus according to one
embodiment of the invention. The apparatus comprises:
- an illumination system (illuminator) IL configured to condition a radiation beam B (e.g.,

UV radiation or EUV radiation).




3 a support structure (e.g., a mask table) MI constructed to support a
patterning device (e.g., a mask) MA and connected to a first positioner PM
configured to accurately position the patterning device in accordance with
certain paraneters; - a substrate table (e.g., a wafer table) W
constructed to hold a substrate (e.g., a resist-coated wafer) Wand
connected to a second positioner PWconfigured to accurately position the
substrate in accordance with certain paraneters; and - a projection system
(e.g., arefg ﬁ@bbl‘f@tr@étﬁ&ee{ﬁ.gi,QﬁndsﬁIﬂ&l@MTQHﬁstﬁSteﬁQ@%ﬁ@éﬁ%ah@mﬁﬁgﬂeﬁﬁe a
pattern inparted to the radiati on_beam B by patterni ngi device MA onto a
target ploet.iaonask) MA gnd conngpted fos? At Befatianer Rivh eondigarsst to pequipiely ppsitipathe w
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can use mechanical, vacuum, electrostatic or other clamping techniques to hold the patterning
device. The support structure may be a frame or a table, for example, which may be fixed or
movable as required. The support structure may ensure that the patterning device is at a desired
position, for example with respect to the projection system. Any use of the terms “reticle” or
“mask’ herein may be considered synonymous with the more general term “patterning device.”
[0020] The term “patterning device” used herein should be broadly interpreted as
referring to any device that can be used to impart a radiation beam with a pattern in its
cross-section such as to create a pattern in a target portion of the substrate. It should be noted
that the pattern imparted to the radiation beamn may not exactly correspond to the desired
pattern in the target portion of the substrate, for example if the pattern includes phase-shifting
features or so called assist features. Generally, the pattern imparted to the radiation beam will

correspond to a particular functional layer in a device being created in the target portion, such

as an integrated circuit.




correspond to a particular functional layer in a device being created in
the target portion, such as an integrated circuit. 4 [0021] The patterning
device may be transm ssive or reflective. Exanples of patterning devices

i ncl ude masks, programmable mrror arrays, and progranmabl e LCD panel s.
Masks are well known in |ithography, and include nmask types such as

bi nary, alternating phase-shift, and attenuated phase-shift, as well as
vari ous hybrid mask types. An exanple of a programmable mrror array
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exposure. [0025] The lithographic apparatus may also be of a type wherein
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[0024] The lithographic apparatus may be of a type having two (dual stage) or more

substrate tables (and/or two or more mask tables). In such “multiple stage” machines the
additional tables may be used in parallel, or preparatory steps may be carried out on one or
more tables while one or more other tables are being used for exposure.

£0025] The lithographic apparatus may also be of a type wherein at least a portion of
the substrate may be covered by a liquid having a relatively high refractive index, e.g., water,
so as to fill a space between the projection system and the substrate. An immersion liquid may
also be applied to other spaces in the lithographic apparatus, for example, between the mask
and the projection system. Immersion techniques are well known in the art for increasing the
numerical aperture of projection systems. The term “immersion” as used herein does not mean
that a structure, such as a substrate, must be submerged in liquid, but rather only means that
liquid is located between the prbj ection system and the substrate during exposure.

[0026] Referring to figure 1, the illuminator IL receives a radiation beam from a

radiation source SO. The source and the lithographic apparatus may be separate entities, for




nunerical aperture of projection systens. The term "inmersion"” as used
herein does not nean that a structure, such as a substrate, nust be

subnerged in liquid, but rather only nmeans that |Iliquid is |ocated between
the projection systemand the substrate during exposure. [0026] Referring
to figure 1, the illumnator IL receives a radiation beamfroma radiation

source SO The source and the lithographic apparatus may be separate
entities, for 5 exanple when the source is an excinmer laser. In such
cases, t&%ﬁ%%ﬁ&l the sffte KN TSR thstO In ShPaRB! the 9durtdR nbt EdiRETeRMAND C
apparatus and the radiation beamis passed fromthe source SOto the
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may be usedto condition the radiation beam to have a desired uniformty
and i nt exsdnt Ycodirsdnly baferirahto ak w-ditter amdassmse cespentivelyD 02BE iffthwsityalilitabuton beam
B is incident_op the patternin evice (e, d.,,.m8S ... wWhjch is held on
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passes through the projection systemPS, which focuses the beamonto a
target penisedv @nditionltlee mdlation beam, W hyvd hdesired mnifbrofity and éntersity destplagioni oner
PWand position sensor IF (e.g., an interferonmetric device, |linear encoder
or capacdPttP FEOSEEHES) | the substrate table WI can be noved accurately,
€.9., SO as !Qo¥STHe afiatisH bdali BA irkRlcHin me@mt@ﬂﬁ%@ewae (e, pasihvol), the
radiation beamB. Simlarly, the first positioner PM and another position
sensor (wititlcts held erothe swpioriitupipreies. cratk thlle M Buand is pattapedley the pgtterging

device. Having traversed the mask MA, the radiation beam B passes through the projection

system PS, which focuses the beam onto a target portion C of the substrate W. With the aid of
the second positioner PW and position sensor IF (e.g., an interferometric device, linear encoder
or capacitive sensor), the substrate table WT can be moved accurately, €.g., so as to position
different target portions C in the path of the radiation beam B. Similarly, the first positioner PM
and another position sensor (which is not explicitly depicted in Figure 1) can be used to
accurately position the mask MA with respect to the path of the radiation beam B, e.g., after
mechanical retrieval from a mask library, or during a scan. In general, movement of the mask
table MT may be realized with the aid of a long-stroke module (coarse positioning) and a
short-stroke module (fine positioning), which form part of the first positioner PM. Similarly,
movement of the substrate table WT may be realized using a long-stroke module and a
short-stroke module, which form part of the second positioner PW. In the case of a stepper (as
opposed to a scanner) the mask table MT may be connected to a short-stroke actuator only, or

may be fixed. Mask MA and substrate W may be aligned using mask alignment marks M1, M2




accurately position the mask MA with respect to the path of the radiation
beam B, e.g., after nmnechanical retrieval froma nmask library, or during a
scan. In general, novenment of the nask table MI naybe realized with the
aid of a long-stroke nodule (coarse positioning) and a short-stroke nodul e
(fine positioning), which formpart of the first positioner PM Simlarly,
novenment of the substrate table WI may be realized using a | ong-stroke
nodul e and a short-stroke nodul e, which formpart of the second positioner
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portion C can be exposed. In step node, I mum si ze o e exposure
field |imbdes thehnammz;m e afiilee txpogat ﬁ@lﬁhmﬁmt}@smm@dmtanget porgem@limagedani ¢
exposure. QOBl . In scan node, the mask table MI and the substrate table
W are SHIHARSAUE RNV Snousl y while a pattern inparted to the radiation

beam i s proj gebsd 0Nt 0 [ skA186de, tIRAMAIKABLIEMT e the 3ulitaf t8bid W@ AL
exposure). The velocity and direction of the substrate table W relative
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I mts € non-scanni ng

di recti oN refatitdi® thafxgglt taIBIHMII‘QﬁayIBE@etémﬁ@écﬂ)y ttly ()G gRiaG b Bnd Mitpeeas the
| ength of the scanning notion determ nes the height (in the scanning

di rect i sayersl chayacteristige of theproiegtion system PS. In scan mode, the maximum size of the
exposure field limits the width (in the non-scanning direction) of the target portion in a single

dynamic exposure, whereas the length of the scanning motion determines the height (in the
scanning direction) of the target portion.

[0032] 3. iIn another mode, the mask table MT is kept essentially stationary
holding a programmable patterning device, and the substrate table WT is moved or scanned
while a pattern imparted to the radiation beam is projected onto a target portion C. In this mode,
generally a pulsed radiation source is employed and the programmable patterning device is
updated as required after each movement of the substrate table WT or in between successive
radiation pulses during a scan. This mode of operation can be readily applied to maskless
lithography that utilizes programmable patterning device, such as a programmable mirror array
of a type as referred to above.

[0033] Combinations and/or variations on the above described modes of use or entirely

different modes of use may also be employed.




[0032] 3. In another node, the mask table MI is kept essentially stationary
hol di ng a programmabl e patterni ng device, and the substrate table W is
noved or scanned while a pattern inparted to the radiation beamis
projected onto a target portion C. In this node, generally a pul sed

radi ati on source is enployed and the programmabl e patterning device is
updated as required after each novenent of the substrate table WI or in
bet ween successive radiation pulses during a scan. This node of operation
can be readi | poaprticed 2t RpidsktopSgew bf 4 MRS ARINré Netn debdkibrRsvill #0r anmabl e
patterni ng device, such as a programmable mrror array of a type as
referredmﬂuﬁabgv@fﬂFGUQSPt@Eﬁﬁﬂﬁat|ons and/ or variations on the above
descri bed o i t e

enpl oyed. 7 F@@ﬁ] I gsal}u‘e:mg@fgie%?d&r %geg {lég&ﬁéel\l/v %a%r1%§%%@% ﬁ# | n

accor dangetimst@ T scebdiat Sieattenfs ibMgtupinalehia fikyéinddtion D1[ RBikds aMadk in
structure Mis arrang)é in a scribe line SL. that |S|nterrred|atetwotarget
por t i ongt econchdirestipn b nerpradisplapia &6 destdRgionddl nal 1y in a first direction

D1, and has [ﬁt}é’\ﬁa 3l liéﬂuﬂrk sﬁuéﬁ&%@oﬂkﬁ&% AL l%‘i‘rd?%gﬂfﬁh'ﬂ ﬁflestl\qltbblg ﬂ/IBrSt

|
direction D1. structure c% rises a plura
| east f aud, MiSiwlash dtendvd, albﬁgwuthl divectiohilthofdke smrﬂbeﬂnne@ﬂ &Thgnﬁmeh Ml ..

directi D1 of th scribe Lin Then |ines. ... . Mb are.. ted
Fr om eadS GramPerBifa 00 g0 eleh B imERpRos fiaeh pjErshide e’ Bp R ROHA P en
from tngegﬂ&pgfﬁt)ﬂ@pgﬁg}%acbnt erspace. [0037] Line M and line M are
separ at ed first interspace with first pitch P1, line M and |line M

are separ at ec[%%ﬂleLlsebﬁn@ldl Imedvi2 precsepaiteth by edustdntsrspade with first éch\BI ding |ine

e Ve NP ahe HEE NP sl bh SecRRA et ot borRi iR 7 i api MO gy

Each of M@@rdc sleb&fated&ﬁ%ﬁﬁd intBispateanith thd pitkh P@Fanﬂelﬁembr)dhﬂbmafﬁ tches has
a size different fromthe other pitches. 0039] Due to the characteristics

of the separatedbyedpeithigterpase péth petlepiichRf i ng an  optical alignnent scan,
local int ens'[byi’;ﬂ]ﬂ'ﬁycﬂ%f h‘ﬂ: ﬁr?ﬁeséc%@ {11% 2UE M %6r%ﬁ!eraﬁ§% P)bﬁfdhgseﬁas%tmze

different from the other pitches.

[0039] Due to the characteristics of the self-referencing interferometer, during an
optical alignment scan, local intensity minima in the interferometry signal are obtained at
positions of each of the plurality of n lines M1 ... M5 in the mark structure and at interferences
of two or more of the plurality of n lines M1 ... M5.

[0040] Therefore, according to the present invention, the n-1 pitches and their ranking

within the mark structure are selected in such a way that an interference pattern measured on

the mark structure M by the self referencing interferometer reveals only local intensity minima
without substantially overlapping positions.

[0041] The mark structure is arranged for producing an optical interference pattern
during an optical alignment in which the optical interference pattern displays a number of
individual local intensity minima, that do not overlap.

[0042] The present invention allows to maximize the number of lines within the mark
structure M, under the condition that during optical alignment scan a unique interference

pattern can be generated by the mark structure M.




positions of each of the plurality of nlines M ... Mo in the mark
structure and at interferences of two or nore of the plurality of n lines
ML ... Mb. [0040] Therefore, according to the present invention, the n-1
pitches and their ranking wthin the mark structure are selected in such a
way that an interference pattern neasured on the mark structure M by the
self referencing interferoneter reveals only local intensity mnina

wi t hout substantially overl apping positions. [0041] The mark structure is

arranged for ppogsiuaiFiguran a9t bxalpld Ningrd BeneeMiablicimwhidh comgrised Saivcs,cal
alignment in which the optical interference pattern dLsBIays a nunper _ of

i ndi vi duath P genwidenThpkingsyirenparadeapatt Fawhish thokirsbrigsh Blgs 9 pop Al s Bibsent

i nventi al B -4 : i wWthin the mark structure
M undeﬁg%ﬁé53%%&%€F%ﬁﬁ%ﬁ%?§é%??ﬁ%ﬂggﬁ%%apﬂgkﬁgiﬁgh%nscan a uni que

i nt erference [0pad]tEpreSadephts geloesinddtehfgrenbeparterk R3tf thecdxempldvy nfarf 0043] I n

Figure 2 as an exanple a mark structure Mis shq i ch conprises 5 |ines,
cach 3. rimFEE Mo BT sl e S A T T el P G PRSP [
m the gg,gp%qo?ltﬁ@ B 2ink K143 118 seb M dikictign P2t ch P3 is 17 mand the fourth

pitch i 0044] Figure 3 depicts a plot of an interference pattern R
of the exenpl[8045]ndm Klunsihaticgthenm dflacklf Féfgreneing intsrfevomietér reproeidediascalspdiir i ng

an optical_ alignnen an al o a _scan ath acgross the scribe line SL in

e D ecGRung e A5Gl RaieonRe The SiF Slg it RRhfineenBedin i ng

i nt er f engetdR 14s8r 1AM eHhAtn@a FBRictivO@FatdiengBhthé Ringe bdtheed dbounItaindng

the mark structure. The self referenm&g interferoneter uses at | east four
@

| aser bedhmet 859auh anddifferend foasipe siavdlengih pé thermgaas Lasar basensy Brfgjgutses teen about
220 2 R A OB T DR RO Bhlgraier | acer

neasur ensi ver single

wavel enghéhshenithopdstitbradodzdnidl akispwithin thé ecribegias GLen@miy thp s@intpathnin second
(horizontal axis) within the scribe line SL along the scan path in second
di rect i oitepon P3046] Figure 4 depicts a relationship between the

interference [B@ZM] qfiguljgﬂl%gic{s%%efaﬁx%ﬁp béthvedd e ﬁﬁér%eréﬁcreﬁﬁ{t&ﬁ% and the layout
of the mark structure.

[0047] At the position of the lines M1 ... M5 of the mark structure M, the interference
pattern R displays primary local intensity minima with relatively reduced intensity. Primary
local intensity minima are indicated by solid lines L1, L2, L3, L4, LS.

[0048] Also, secondary local intensity minima are displayed at interferences between
two lines, i.e., at a secondary position halfway between each pair of adjacent lines, as indicated
by dashed lines L6, L7, L8, L9.

[0049] Tertiary local intensity minima are generated at interferences between more
than two lines, i.e., at a tertiary position halfay the two outer lines involved in each respective
interference as indicated by dotted lines .10, 111, L12, L13, L14.

[0050] Due to the generation of secondary and tertiary local intensity minima, the
information within interference pattern increases. As a result an increase in output accuracy
can be expected which is proportional to the square root of the number of pitches within the
mark structure divided by two.

{0051] The increase in output accuracy advantageously improves the process

robustness because of the higher selectivity for the combination of specific pitches.




[0047] At the position of the lines M ... M of the mark structure M the
interference pattern R displays primary local intensity mnima with
relatively reduced intensity. Primary local intensity mnina are indicated
by solid lines L1, L2, L3, L4, L5. [0048] Also, secondary local intensity
m nima are displayed at interferences between two lines, i.e., at a
secondary position hal fway between each pair of adjacent |ines, as

i ndicated by dashed lines L6, L7, L8, L9. [0049] Tertiary local intensity

mnima are geesAt RhidklinleAtRhtEnRRGERaREEMRANIsSTBIER té WRthMLes bf h@$nark - €. |
at a tertiary position halfway the two outer |lines involved in each

r espect i shaicture easy ihter fsrrowith sadhradhes o learl p thigigtlinaited) byrpagprealay a pradeterfmned | 13,
L14. [0050] Due .to.t.he generat.,i ] ;i t i.ar ' nsity
i e, Beeca b RN Perbl SRRy R At SRl 0T
an i ncr epgs epdtdimukiEtihtenfers, liacyat 12 gdr piteh @A ot esiivdni thdgénerapionpd additaed t o
the square root of the nunber of pitches within the mark structure divided
by two. JeoBBlalY aKlortatiaBaiBtensity BiRPat accur acy advant ageously inproves the

process rob f ! sgl vl I i ion
of specific aﬁ?g‘ﬂzghé)&g%ﬁg)gg% m%i%(t:rﬂh?%feg?'f glre @%%121811 ik)%%&;?ﬁgcf: Eﬂﬁlﬁ?‘g pdggltar is
rel at ed lires whibemdrk sesctofe dah be detetmined bye burte fmemcainmpuationrpeossidite feng h

other. Clearly this js limted b n.area or a_predeterm ned, di,stance
whi oh’ i S| EYAUS HBANSSS PFARSTIESiat By SLBTOreica PATER B PIIRGPd ke SO o pi t ch

smal | er 4 cidd18tePRAIMALARRIRS alnthidlef 6 iBdividudERcalinte@ighinRhd, Whe¥dih thenot
result in the generation of "additional secondary and/or tertiary intensity

m ni ma. o303} off the lokab ingensty mitigmarasreknerated by thespattierneof, the meripysicturoM & each

of the plurality of n .l.ines in,the rk,structure can.be determ ne y a
br ut o 1 GH s e Basiet g9 Eask PR R ot S PRE RS o S SRIR 0 &,
i.e., tNfek RiLsdbelaRidR Radllct i &8 aptoghdGad 5’@ eraRe LSl thterdpateb@Resmech
interferoneter displays a nunber of indivi | ocal intensity mninma,

b
wher ei n tweadjaseati linesnihednterspaces geeaielactedand ir@urﬁgeﬁirhwh aggydhpidhateadirgpethe
R T
subst antihghéiyy patiaklieichésvdd dilematatian getheintark spadtirerprodictdaraopticall er space
bet ween ilelgz(':fgrence pattern during an optical alignment in which the optical interference pattern
displays a number of individual local intensity minima, that substantially do not overlap. By
substantially parallel is meant that the lines may not in practice be perfectly straight, or may
have local variations. What is intended is that they are sufficiently parallel (and a pitch
between them sufficiently perpendicular) that they may serve the function of generating the
required interference pattern.
[0054] The number of possible mark structure designs is limited by a number of input
parameters such as width of the mark structure, number of lines in the mark structure, line
width of each line in the mark, minimum allowed distance between local minima in the
interference pattem.
[0055] For example, for the case of a mark with a width of 60 pm, 5 lines of line width
2 pm and a minimum distance between local minima of 2 pm, still approximately 2500 line

patterns can be constructed on a 1 pm grid (i.e., the resolution of the grid of the mark structure
is 1 um), which fulfill the requirement of substantially no overlap. All designs in which the
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two adj acent lines. The interspaces are selected and ranked in such a way
that the requirenment of producing an interference pattern with
substantially no overlap between individual local intensity mninmais
achieved. Illumnation of the mark structure produces an opti cal
interference pattern during an optical alignnment in which the optica
interference pattern displays a nunber of individual |ocal intensity
mnim, that substantially do not overlap. By substantially parallel is

meant t hbg'{'n y]ﬁh LLARS tRY V&d?%orbfhr@ ERGhd&esifg Wesd Relohy wahldakaibic oveflafsy
ca

have | o Iat1ons. IS intended’ is that théy are sufficiently
paral | eImdlaznﬂlahlopatltlnthnmb'etlmmlrttﬂlemtsnfttrﬁmﬂmmy per pendi cul ar) that they

may serve the n enerat t reagui red.,i er ence ttern
(00547 The. it s B5sSpaiE ar kRInig doxabB e Fimett Sanit S B, Lnber
of i nputyr PRACPABME SptEMEAioRS cémﬂéﬁpplﬂedft& tiRizK fetspetstitlEéhditinlges., e¥enly nes
in the nmark structure, |ine dth of each line in the mark, m ni num

al | owed (h$fsbat|tﬂﬂe0fﬂ§l‘36v€r§?deltb‘%:%mbﬁﬂ&ﬁenﬁuﬁlmuﬂl@ maximgprdifesaes baiveartic [ 0055]
For exaqp ?ﬁw he case of a mark with a width of 60 m 5 lines of |ine
wi dt h 23H1&%W ﬁ ni mum di stance between local mnim of 2 gm stil

appr oxi mat el yjo@$Fipiree deptd £Er0ss-@@tiobef £matk stuctuediniecardinon ith ah (i .
the resolution of the grid of the mark structure is | m, which fulfi II
the requintkedimentof thamseahtventiop no overlap. All designs in which the 10

"t ch l d
sane pitch ogg ; ggffag&ng«,s(sggudﬁqg R 1A ﬁngmwﬂ%das SRODE ﬁ%\ﬁé@ OR 3 sHBFranOU

exhi bi t overla | ocal tensity mnima 1h the interference
pattern. lopp%ﬁﬂarbstrmdmrerr\é ised efiineg) bposashtng ephwatity bby bogssM( i M@, M3wMdnbdlifin

pi t ches o n i ce e) [ tions n _be ied to
Pt s 9 et kst b sprtice Pofne srbstate T, 28 SEhE e P i AP sl

I nsi de tag ﬁ&fdh@grabﬁa'a%rod&ééh MARRY bH&No‘I@Hﬂﬂlﬂkﬂef&éa@iBﬁ%fﬂﬁtﬁéﬁ% dfmeenmdsl ous
pi t ches). F Figure 5 depicts a cross-section of a mark structure in

accor dardé. \A/Mf'h Téln linegidd dMAeMS, i, Mﬁem@r&f@nned ﬁi@l@ﬁtﬁrsimatfrtlﬁm@]h apjgenctal.

A R KA I N e

M2, 'VB’ Mhpri¥basétond material with different optical propertles than the first material. The second
material may comprise silicon dioxide.

[0059] Suitable combinations of first and second materials may include materiais
having a difference in reflectivity. Also first and second materials with properties that create a
difference in phase contrast between lines M1 ... M5 and spaces 103 may be used.

[0060] The transverse direction of the scribe line SL is indicated by arrow D2.

£0061] Figure 6 depicts a cross-section of a mark structure in accordance with a further
embodiment of the present invention. The cross-section is taken along line V-V as shown in
figure 2.

[0062] The mark structure comprises a first subset of the plurality of lines that is
located in a first layer on the substrate and a second subset of the plurality of lines that is
located in a second layer above the first layer.

[0063] The mark structure M may be created in two steps using a first subset and a
second subset of the plurality of n lines. On a substrate 100, the mark structure M is defined by
creating a first subset of the plurality of n lines e.g., M1, M3, M5 in a first layer 102 on the
surface of the substrate 100. The lines M1, M3, M5 may be formed from a first material such as
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rst layer 102 on the surface of the substrate 100. The skilled person

a fi
|1 appreciate the wvarious |ithographic processes that may be involved in

Wi
the creation of the pattern of the nlines M ... Ms. The lines M1, M,
MB, M4, Mo maybe formed froma first material such as a netal. The spaces

103 in between the lines M1, M2, M3, M4, Mb in the first layer 102 may be
void or conprise a second material with different optical properties than
the first nmaterial. The second naterial nay conprise silicon dioxide.
[0059] Quhti@b h&'b&%&i ﬂll@thn@@mow‘ iV $ the a6t 1828 008 xR cBRipAkSa Baynd Rtdide
materials having a fference in reflectivit Al so first and second

mat eri al 1§3vw1th1d1|ﬁﬁempémt1cebpxpnque$:ﬂréhﬁle figst Imtm%ﬂawfﬁécqmi pRgEe ByheomHytse

bet ween L.i nes Md . Mb and spaces 103 may be used. [0060] The transverse
di recti SHSP ¥H4%%cribe line SL is indicated by arrow D2. [0061] Figure 6
depi cts a crqeees it iopofdie fArsmayde 1K0rasetotiddayer latt@mclaﬁmge@vmcwcompﬁuestdﬂer
enbodi nent of the resent I nvention. The cLoss section.is égn al g l'ine

V-V as skewd supset p p@rghtymeélzl]ﬂs ¥ie Mfhinkhisexgraplgr Eh%‘é?Fﬁ 4éﬂaﬁY
bset Lo th
Subse &én%g?igﬁ(ﬂk lfl'ieaﬁlls%%xg (J)rrllel?atreﬂgi p'tl? suﬂsﬂﬁﬁﬁ%ﬂs lin:ﬂne sﬂtt %\ﬁémﬁ@ﬁi&r aSQHe e

substra a secon ura Ity s located in
a secondirktaygteridbmspatdsd 051 bIeMeehamesr M2| DBGSTheithe semmid neteniad buamthdriieiyd be

ted int t f t. d
fnr i al | ey e gt e Db i%gﬁh@n@aﬁaﬁ%ﬁﬂm ARp PN | nec
cr e%ﬁ‘é{)ﬂé}f!ﬂu& thid RE nRHbREbT lﬁfes e NPA. U 1RdrhdtdelBf the shadd®etvioedl adjabént 1il&s inMb 1 n

a fII’St er 102 on the surface of the substrate 100. The | nes M, MB,
M6 maybehd seenedilaferomayabd veidt materi al such as 11 a netal. In between the

i th o 11 er A0OeE e R oA Fhe PpRiTin BRTRI I R RSB b B e

mat er i alpeMRYsetdNBidhSEwapihlat fopBadhi M (ﬁbfhneé 8g6c¢tht fhé ﬁﬁrl@étrdchﬁe fdne $ihe ksiyier
102 a second | ayer 104 is arran% conprises a second subset of the

pl ural i tthye Hfst pubisetrpad thppothgulinerpft mgalé%aw&@ewm‘éubmes M2, M4 nay be
formed from hee 1l § nofflifk iR hafliof B Ieg[;a_tﬁfpa,%é Brs? Hﬁj%%%&dtﬁ‘éée\éoﬁc{ b

opt i cal propd s 3¢ aces pet ween 11 nes M,
ei t hefiayt doeniRe Qe mBALl Bic aﬂ th@ Earﬁ@ﬁ(ﬁdilﬁcﬁn infthe ﬁhark structure. The mark structure is

arranged such that the first subset of the plurality of lines has at least one line in common with

the second subset of the plurality of lines.

[0067] The position of one or more lines of the first subset in the first layer 102 may be
in common with the position of one or more lines of the second subset in the second layer 104.
For example, line M3 may be printed in the first layer 102 and (again) in the second layer 104.

10068] The mark structure as described above may provide useful results. A higher
accuracy can be obtained as compared to the mark structure from the prior art because a larger
number of pitches can be combined and averaged out during the pattern recognition step of the
optical alignment procedure. Moreover, embodiments of the mark structure according to the
present invention may be much less sensitive to product crosstalk (as caused by illuminating a
part of a target portion during the optical alignment scan), because the pattern is generally more
unique (making it possible to decrease an exclusion zone between the mark structure and the
product area or target portion(s) for exclusion during the optical alignment scan). Also,
embodiments of the present invention may allow a much more flexible approach in choosing

the mark-design. Additionally, by splitting up the mark structure in different layers/exposures
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material may be present as filling material. The filling material should
have different optical properties than the material of |ines M2, M.

Al ternatively, the space between adjacent lines in the second | ayer may be
void. [0065] The distribution of line positions in the first subset and in
the second subset may be chosen in such a way that for each pair . of |ines
adj acent in the mark structure, one lineis in the first subset and the
other line of the pair is in the second subset. [0066] It is noted that in

addi ti o fr 18t @M@ﬂabé&:bﬂhﬁéaﬁt kb RlcilRMbERENNAA td Pl B9e0aCoRd Boat 2 siipl
conprise common lines at the same position in the mark structure. The mark

st r uct umeark strugipyéanged such that the first subset of the plurality of |ines

has at | east e | i : ty of
Foee [ 00070080 AfGeeR sRRTPRLEbI mdyife RARIR P AR 6 i bt MifodthiL 1Y, ©
first | aypiraft@an 'fﬂ%)mzbﬁlfadhﬁ'e 0O it shinill bt hedgasod tMﬂtmﬂitWaMC appaeatdsi nes  of
t he second subset in the second ayer i ne

_ or
pri nt ed deperiigd besepsmay 89‘@0@@?93 %ﬁﬂea@ éP?Ah asjthe {TWE“ é‘@%%f IP%C%BWH%[ 0068]
The mar C i AL nssf i gher
accurac§y§%%g3%&E@C§%ﬁg%§§ghgg%%§?ggﬁto tﬁ@fﬁ%?%ﬁstrué#%r ?Hgﬂﬁﬁ ey%rior
art becaigmél- aylstahgeplaysr{w@nsb thifn—fﬁim whgstic nadsectc SHix skd&bd&xmlsaaweﬂaged out

during the pattern.r niti of. t he ti cal alignnment dure
Nbr eoverdPoERBih e it Ge SFeH I BEAGYE AriAbet et e

i nventi 64 MY BenAY 6B chRer&LRSIyhbYEnd R vRAEPHE Gloré Eélfe‘ié}&éﬂms( gsbsgrawsed by
illumnating a part of a target portion during e optical alignnent

scan), Beogeipertiond, mpeteciéyaly. |Té1eg@bﬁ@rawrpf;mnét®er@nnw@e@mmg heforpesafidsl e to

decrease an excl ysi on zon e n ar ea
or tar gétPPYe i“?)ﬁ)(r Syapple 2 25?8?&85\,\%8&}%{}?? lrrgﬁ}f ?ﬁ)}they% S’a Ofar Hg&ﬁgﬁ &g%%n

A'so, erbadhimptsepntd tRBHPL ﬁ&&ﬂbg&%ﬁﬂﬁh&/@ﬂaﬂ@ﬁpe’tﬁb@%oﬂi Wheb applicable| #xi bl e
approach in choosing the mark-design. Additionally y splitting up the

mar kst disslagtiee herein pfay deapplighipsuch @dﬁb@r@éﬁn@e Qmﬁesatngﬁ%lé tFurthier igbset s of

i nes t
mlar Kk )st :SH %%?ee&gfb%)b@?%%?hfogé@@@%%% F@c@?ﬁﬁé%%ﬁ%}% egma e_%iy%f It.{%’i S text
to the uybe tled teth khilognapitied herefaspilus rdfer tb Iaeumwthaﬁahreedy)toﬂt@as misttipddroul d

be understood that the |ithographic apparatus
processed layers.

[0070} Although specific reference may have been made above to the use of
embodiments of the invention in the context of optical lithography, it will be appreciated that
the invention may be used in other applications, for example imprint lithography, and where
the context allows, is not limited to optical lithography. In imprint lithography a topography in
a patterning device defines the pattern created on a substrate. The topography of the patterning
device may be pressed into a layer of resist supplied to the substrate whereupon the resist is
cured by applying electromagnetic radiation, heat, pressure or a combination thereof. The
patterning device is moved out of the resist leaving a pattern in it after the resist is cured.

[0071] The terms “radiation” and “beam” used herein encompass all types of
electromagnetic radiation, including ultraviolet (UV) radiation (e.g., having a wavelength of or
about 365, 355, 248, 193, 157 or 126 nm) and extreme ultra-violet (EUV) radiation (c.g.,

having a wavelength in the range of 5-20 nm), as well as particle beams, such as ion beams or

electron beams.
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descri bed herein may have ot her applications, such as the manufacture of
integrated optical systens, guidance and detection patterns for magnetic
dormai n nmenories, flat-panel displays, liquid-crystal displays (LCDs),
thin-filmnmagnetic heads, etc. The skilled artisan will appreciate that,
in the context of such alternative applications, any use of the terns
"wafer"” or "die" herein nmay be considered as synonynous wth the nore
general terms "substrate" or "target portion", respectively. The substrate
referred to NOOEINTHERYmP Cle " OGBES Bt coRRKPAIRVY, mAk kefer to@iP0a¢IS com bindtih
exanple a track (a tool that typically applies a |layer of resist to a

subst r ataf variaus tapsset{epicaliremprprds incladingrefractiveyeailepivy Yregadic, and/ or an

i nspection, tool . \Wer.e e L.scl osure herein may be applied to
such anég%Pﬂng%ﬂggpgé?%Bg%%@%@%ﬁﬁa&{d%ﬁgagFurther, the ! substrate nmay be
processed nor[@073]aWhile sgciffomidangiteot the tvestion laave beal desaibed labovd, ayell | C,

so that the termsubstrate used herein mgy also refer to ; strate that
al r eady @mP%W?%Pﬁmﬁl@en%%%E%ﬁaF%gg ogheryvisg e amdﬁ%l?}gqil*b% SXPTRIE

referen hav. ; '

| mvent | i T e Bar R R P Kb et A g tain RO PRIl

t hat t headhineeretdabhe mslyudtiensidesdribing atnivgbo dpyalisadesed ebeve, boa dax shopdge | npri nt
| i t hography, ?nd where  the context allows, is o% Iinited?to oHticaI

11 t hogr ABFRmR e AFRICRRIS TGP BHY2EneliS S5 PUgh oL g sEeh £ PRy oy ce
definesﬂ%¥hﬁ¥ggéﬂﬂuﬁaﬁated on a substrate. The topography of the
patterning device may be pressed into a |ayer of resist supplied to the
substrat e whdpP&lddrhetdescripgionsebavs areguieadeddy bapiisirative, apidanitioaaghes, itavill

radi atiqn, heat, pressure.or a i ion thereof. .The 21 njng devi ce
o roveegapigpt oRae SBFE e By S Meoticeplnd Rk BF gy e BRSFULHCY S
cured. [RGfbled TAgoheddphrtidpaeia theRopediihé blannd sets@he@r.ei n enconpass al |
types of electronmagnetic radiation, including ultraviolet (UV) radiation

(e.g., having a wavel ength of or about 365, 355, 248, 193, 157 or 126 nm
and extreme ultra-violet (EUV) radiation (e.g., having a wavelength in the
range of 5-20 nm, as well as particle beans, such as ion beans or

el ectron beans. 13 [0072] The term "l ens", where the context allows, nmay
refer to any one or conbination of various types of optical conponents,
including refractive, reflective, magnetic,
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el ectromagnetic and el ectrostatic optical conponents. [0073] Wile specific
enbodi nents of the invention have been descri bed above, it wll be
appreci ated that the invention may be practiced ot herw se than as

descri bed. For exanple, the invention may take the formof a conputer
program cont ai ni ng one or nore sequences of machi ne-readabl e instructions
descri bing a nethod as di scl osed above, or a data storage F nedium (e.qg.,
sem conductor nenory, magnetic or optical disk) having such a conputer
program stored therein. [0074] The deggfNigti ons above are intended to be
illustrative, not limting. Thus, it will be apparent to one skilled in
the art that nodifications may be nade to the i nvention as described

wi t hout departin fro t he scope. o nB set out

A mmrk str ocraretsitr iR EBate ind Mo B T e a8l hO SFG AT

of n I'iNRsng dquab@idd eastfuat, tHedirkh ekieadihg Emmntlhl%epdrhlﬂtﬂ% excheftehr fYa first
substantially parallel to each other in a first direction and having

pi t ch beligebon axdmVEE arplwh bpﬁ‘w@e caghnatod Hnes sslected @"Om the alqralgﬁy gflings r"?églgbel ng
direct eth'e%ﬁ i sg%ﬂﬁ% st Weg%@gieﬁ llcmapﬁ)rtn pﬂé&{ ﬁhéﬁeﬁl th\'—: rst

di rection ereint |tc pair o ecte Ines differs
fromt hq;mhtbetwd&a&udepme«aﬁshleoteh dinepdiiffersoffom sled pamllexdthenesch @herApairartk
structure rdlng to claim1, wherein the mark structure is arranged in a
scri be Pﬁk@wg fHe substrate, the first direction being directed along a

| ongi tudi nal direction of the scribe lane. 3. A mark structure according
to claiml1, wherein a first subset of the plurality of lines is |located in
a first 2 ayerA omrk bieuctub steoadiog &ndaim §eelardindihmatk &mfuctur@isghangﬁdi iny of

St ot uREn B ROF O 1 e ERa A b B R Be S e o BbBoara Bt 1 1y

of |ingpe idHhedine €ast one |ine substantially overlying a correspondi ng
line of the first subset of the plurality of lines. 5. A mark structure
according to claim3, wherein for each pair of lines in the plurality of

3. A mark structure according to claim 1, wherein a first subset of the plurality of lines is
Jocated in a first layer on the substrate and a second subset of the plurality of lines is located in

a second layer above the first layer.

4, A mark structure according to claim 3, wherein the second subset of the plurality of
lines has at least one line substantially overlying a corresponding line of the first subset of the

plurality of lines.

5. A mark structure according to claim 3, wherein for each pair of lines in the plurality of
lines that are adjacent in the second direction, one line of the pair is in the first subset and the

other line of the pair is in the second subset.
6. A mark structure according to claim 1, wherein the mark structure is arranged for

producing an optical interference pattern during an optical alignment in which the optical

interference pattern displays a number of individual local intensity minima, that do not overlap.
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lines that are adjacent in the second direction, one line of the pair is in
the first subset and the other line of the pair is in the second subset.
6. A mark structure according to claim1, wherein the mark structure is
arranged for producing an optical interference pattern during an optical
alignment in which the optical interference pattern displays a nunber of

i ndividual local intensity mnim, that do not overlap. 15 7. A mark
structure according to claiml1, wherein a wwdth of the mark structure in
the secpnd dj L@k s@fotind a80Rdhg 8O clIng 1 ORBerefnROw A GRhe Afard itARAIrk th thBe nar k
structure is five and the |ine width is about 2 mcrons. 8. A mark

st r uct ursscengdodiragtionyistabort & micronsyihe nemberoflines in the mask perciie ds Bve gndghe pai r
of two l%%gaggpf %8Q%$m£§m%bOUt 9 mcrons, a second pitch between a second
pair of 't ik 153 At 1THesis about 13 microns, a third pitch between a
third pair of two adjacent lines is about 17 mcrons and a fourth pitch

between a fourth pair of two_adjacent Iiges, is_abaout .5 m croi{w. QEQA
subst rat® f orA ek ptruciurgagesdias toFlapr Sdve ey afirsamch Stvren sritearpiad two

conpri sig %Cgrrlgr}ggg ks BLLUE o2k g&rog{ij @Qeﬁ 9%@7@% DAL pdit B alijace 1inddis A

net hod fo acturing a sem con tor device on a substrate, conprising:
creat i ngibbyt B3 hidrémega dphd mtchrbotess aghind phir sf mucadjrcentdmes reabeoub T madrens t he

mark structure the mark structure rising.a plurality. of n lines, n

el ng- edRaR 1PBAPITLBRP T OU Al (of el AdigSeREH By b SEHRVRS! |y par al | e
to each other in a first direction and having a pitch between each pair of
lines selected fromthe plurality of lines being directed in a second
directi dh substlmtraiedbt ysepe e peongiclior grodusing Reemiqosduciorrdsyice samprpiagei n t he

pitch between each pait of selected |ineg differs fromthe pitch between
each ot H’éf\f‘,\rﬁﬁﬁ??tu acg%rldg’c,gttg&n Pﬂ%g.(ﬁilfs Y gfet hod according to clai m 10,
wherein the plurality of nlines is |located in a first [|ayer on the

substrate. 12. A nethod according to claim 10, wherein a first subset of
the pl urld} it yA sfethod fonagnylscturiag asemicppdustaridevice pap spbsigte, pRMBUBAE T at e and

Sbove the 11 rareigphdtiosil bels dnidAfRol (AERL R e pREE SRy e
second spdmatk afuchre cphpidhg b plupdlith bHg$inbg a being equal to at least four, the lines
extending substantially parallel to each other in a first direction and having a pitch between
each pair of lines selected from the plurality of lines being directed in a second direction
substantially perpendicular to the first direction, wherein the pitch between each pair of

selected lines differs from the pitch between each other pair of selected lines.

11. A method according to claim 10, wherein the plurality of n lines is located in a first

layer on the substrate.

12. A method according to claim 10, wherein a first subset of the plurality of n lines is
focated in a first layer on the substrate and a second subset of the plurality of n lines is located

in a second layer above the first layer.

13. A method according to claim 12, wherein the second subset of the plurality of lines has

at least one line substantially overlying a corresponding line of the first subset of the plurality
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at | east one line substantially overlying a corresponding |ine-of the first
subset of the plurality 16 of lines. 14. A nethod according to claim 12,
wherein for each pair of lines in the plurality of lines that are adjacent
in the second direction, one |line of the pair is arranged in the first
subset and the other line of the pair is arranged in the second subset.
15. A nethod according to claim 10, further conprising: providing an
illum nation beamof a self referencing interferoneter as a spot on the
substratgflinker illumnating the mark structure. 16. A nethod according to
claim15, wherein the illumnating the mark structure produces an optical
interference pattern during an optical alignnment in which the optical
T ERCS AR Dol ¥R 13! WREkirfor LRH P b he! AL phH)SH ks
m ni ma, at "do not )

that are adjacent in the second direction, one line of the pair is arranged in the first subset and

the other line of the pair is arranged in the second subset.

15. A method according to claim 10, further comprising:
providing an illumination beam of a self referencing interferometer as a spot on the

substrate, for illuminating the mark structure.
16. A method according to claim 15, wherein the illuminating the mark structure produces

an optical interference pattern during an optical alignment in which the optical interference

pattern displays a number of individual local intensity minima, that do not overlap.
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