1 P-1556. 010 Lithographic marker structure, |ithographic projection
apparatus conprising such a |ithographic marker structure and nethod for
substrate alignment using such a lithographic marker structure. Field of
the invention 5 The present invention relates to a marker structure as
defined in the preanble of claim11, a_lithographic projection apparatus
conprising a device for wafer alignnenﬂ whi ch uses said marker ggPﬁ@W%re,
and a nethod for wafer alignment using said marker structure. Background
of the invention 10 The present invention finds an application in the field
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shoul d be broadly interpreted as referring to neans that can be used to
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phase-shift,mﬁ’ﬁﬂe‘attenuat ed phase-shift, as well as 25 various hybrid mask
types. Placenent of such a nmask in the radi ati on beam causes sel ective
transm ssi on Badkgrdendoafke imbertionr ansmi ssi on mask) or reflection (in the
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substrate; and, a projection system for projecting the patterned beam onto a target

15  portion of the substrate.

The term "patterning means" as employed here should be broadly interpreted as
referring to means that can be used to endow an incoming radiation beam with a
patterned cross-section, corresponding to a pattern that is to be created in a target
portion of the substrate; the term 'light valve" can also be used in this context.

20  Generally, the said pattern will correspond to a particular functional layer in a device
being created in the target portion, such as an integrated circuit or other device (see
below). Examples of such patterning means include:

- A mask. The concept of a mask is well known in lithography, and it includes
mask types such as binary, alternating phase-shift, and attenuated phase-shift, as well as

25  various hybrid mask types. Placement of such a mask in the radiation beam causes
selective transmission (in the case of a transmission mask) or reflection (in the case of a
reflective mask) of the radiation impinging on the mask, according to the pattern on the
mask. In the case of a mask, the support structure will generally be a mask table, which

ensures that the mask can be held at a desired position in the incoming radiation beam,

30 and that it can be moved relative to the beam if so desired;



addressabl e surface having a visco-elastic control layer and a reflective
surface. The basic principle behind such an apparatus is that (for
exanpl e) addressed areas of the reflective surface reflect incident |ight
as diffracted |ight, whereas unaddressed areas 5 reflect incident |ight as
non-diffracted light. Using an appropriate filter, the said non- diffracted
light can be filtered out of the refl ected beam | eaving only the
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and PCT patent applications WO 98/38597 and WO 98/33096, which are incorporated
20  herein by reference. In the case of a programmable mirror array, the said support
structure may be embodied as a frame or table, for example, which may be fixed or
movable as required; and

- A programméb]c LCD array. An example of such a construction is given in
United States Patent US 5,229,872, which is incorporated herein by reference. As

25  above, the support structure in this case may be embodied as a frame or table, for
example, which may be fixed or movable as required.

For purposes of simplicity, the rest of this text may, at certain locations, specifically
direct itself to examples involving a mask and mask table; however, the general
principles discussed in such instances should be seen in the broader context of the

30 patterning means as set forth here above.

Lithographic projection apparatus can be used, for example, in the manufacture of

integrated circuits (ICs). In such a case, the patterning means may generate a circuit

pattern corresponding to an individual layer of the IC, and this pattern can be ‘imagcd



onto a target portion (e.g. conprising one or nore dies) on a substrate
(silicon wafer) that has been coated with a |layer of radiatJon-sensitive
material (resist). In general, a: single wafer will contain a whol e network
of adjacent target portions that -are successively irradiated via the
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patterning by a nmask on a mask table, a distinction can be nmade between
two di ffererﬁntﬁ){@ﬁge@orﬁ@r?@.g.‘%mbﬂsiﬁﬁ'ﬁné dRorRfdids) bh @@Lt (silich Safdrpn
appar atus, eac target portion Is irradiated by exposing the entire nmask
patt ern ont ahattestbeemyetatgbwith e hayen of mdiatignrsensitivie meaterig) feesist uke geserdbmnmonl y

referred to as a fer. stepper or, step-apd;repeat apparatus. |In an
al ternati ve Sigemaferavill C@Bﬁfﬁ)‘?ﬂ”@?ké’f@“ﬁb&%‘aa ‘?S%Pg'gl-oaﬁh‘-agef&n 10
apparatus - ﬁ@ﬁér%s'gr@fygﬁ—gdiﬁ%_tﬁm;ag?‘oj doaq?/ﬁ&rﬁsﬂoﬁ}yata&ﬁw.Qﬁéﬁryﬁtxpﬁﬁﬁﬁﬂl ng the

mask pattern proj ecti eamIn a given reference direction (the
"scanni ng" dimgloyingprtterninigl tey paskomamasd pblecadistimgiontvan be bede betveeabl e

parallel or antji-parallel to this_ direction; ce, i.n genera

! |, th
proj ection sYO@HPHA YPRAEQINE H???epté{l?‘? “Pﬁ%lta HE RFOX¢ Hé"PB‘I“FS}’S’J'a%, t he
speed V at ‘(’:Yﬁllg?ﬂ%&ﬂ?m E&ﬁ?%g{agédieoj%?gﬁﬁgié-{e%‘flﬁfbr}ﬁgskvﬂahlem%t@ﬂ{e@ ef pdidmpint | MES

that at whi nas More 1nformation wth reegard to
| i t hogr aphi comdepet sch ansapperaisdesaminbsly refarred @ a5l ewafedstepper oestepjahdrepeaiom US

6,046, 792, incorporated herein by reference, In a nmanufagcturing process
using a | it FPBRAB n %@}Wﬁv_ﬁﬁp%%ﬁ‘ﬁf’ af‘?]g‘,“oﬁiyﬁ&fgfrﬁ‘tifpi‘se‘? %‘.”p'a?‘#is mask) is
| maged qgt Os Rﬁféﬁﬁt-rc%'él?ta}&i?gohﬁmqg it RBRdd PAFbbRkdiVel§ Q¥naTE (Y mAsk patekn of 20

radi ati on- sitive nate I (resist). Prior“to this imaging step, the
substrat e nmandeuthd grojecticar beamsin prgivadcafessnce diredtiond ther lsednming” direétym) coat i ng

d ft b . Af .. th b t be. ' t th
B ocedur e, ShisvachBnguly Kahnise the ontils ittty S RalET B .. o "bake
and neasur enBREGLRSARE! fn%%n&fal,ﬁﬁlﬁplgﬁg&ﬂsysfeﬂﬁvm Bfve alhgniBédtiay fadtor M
P

procedures is used as a basis to ern an individual Tayer of a 25

devi ce, e. g.(gemeralty <3Shche spepd i drwhich thayubstuate,table énscaners Wil ket fasios M

rocess such t chi.n i op-i.apl ant atj [ p sati ,
ot dac: an, * cibe oas & v he R B is 3Rl Mol RRHdon Wik BRI D0
an i ndi vi duakthb@iphic deficeeasdietd ddsanbedscan be gleanel) forakamiphes frotrhUS\G 066792,

procedure, or a variant thereof, wll have to be repeated for each new
| ayer. Eventlu@@m%ate&ldlcafflﬁéyf?fﬁrcﬂé‘vi ces will be present on the substrate

(vafer). 30 ThESSndfthiGindfBelQa0ing SRRALAHI HRBABE aARRAGE ] dited (e p.

t echni que such as di cing saw ng, di vi evi ces can be
nmount ed on aneanaskis inzgadentbadubsirapé that is acleast pettiallyeovémd by adayeonf
regardi ng suc

O S Ce SRR Sl SR b Bt S TGP0k,
undergo various procedures, such as priming, resist coating and a soft bake. After
exposure, the substrate may be subjected to other procedures, such as a post-exposure
bake (PEB), development, a hard bake and measurement/inspection of the imaged
features. This array of procedures is used as a basis to pattern an individual layer of a

25  device, e.g. an IC. Such a patterned layer may then undergo various processes such as
etching, ion-implantation (doping), metallisation, oxidation, chemical-mechanical
polishing, etc., all intended to finish off an individual layer. If several layers are
required, then the whole procedure, or a variant thereof, will have to be repeated for
each new layer. Eventually, an array of devices will be present on the substrate (wafer).

30  These devices are then separated from one another by a technique such as dicing or
sawing, whence the individual devices can be mounted on a carrier, connected to pins,
etc. Further information regarding such processes can be obtained, for example, from

the book "Microchip Fabrication: A Practical Guide to Semiconductor Processing”,



4 Third Edition, by Peter van Zant MGaw H Il Publishing Co., 1997,

| SBN 0-07-067250-4, incorporated herein by reference. For the sake of
sinplicity, the projection systemnay hereinafter be referred to as the
"lens”; however, this termshould be broadly interpreted as enconpassi ng
various 5 types of projection system including refractive optics,
reflective optics, and catadioptric systéns, for exanple. The radiation
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this end, the lithographic projection apparatus comprises a wafer alignment module
20 which provides for alignment of the substrate with the mask and mask pattern within a
given (specified) tolerance. The wafer alignment system typically performs the
alignment based on optical means. The position of a wafer or a portion of a wafer is
determined by measuring an optical response from an optical marker which is
illuminated by an optical source: for example, a grating is illuminated by a laser beam,
25  the laser beam diffracts from the grating, and one or more of the diffracted orders are
measured by respective sensors, which are typically located on a reference plane. Using
the output of the sensors the position of the wafer can be derived (relative to the
reference plane).

In the prior art optical markers comprise a grating with a periodicity suitable for
30  diffraction of impinging light with a wavelength well within the visible range of the
spectrum. A typical periodicity is 16 pm. The grating is typically constructed of lines
and trenches. Typically, the line width and trench width are each 8 pm. In order to

obtain sufficient diffracted light from the grating and to obtain well-defined diffraction



obtain sufficient diffracted light fromthe grating and to obtain

wel | -defined diffraction 5 nmaxirma and mnim, the grating nmust enconpass a
m ni mal nunmber of lines and internediate trenches. The size in the
direction of the periodic structure is about 750 PM The grating nmay be a
phase grating or phase marker which takes into account a 5 phase difference
bet ween the phase of rays scattered at the upper surface of the grating
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, alf a
wavel engt h %eaﬁn&mwa? %&ﬁhgt&%g, polishing, etc., which may likely cause
20  roughness of a marker (a recessed area in the marker and/or warping of the marker).
Such marker roughness causes an alignment error of the image which may contribute to
an overlay error in the construction of a semiconductor device. Also, it is conceivable
that during the subsequent stages of processing the quality of markers tend to diminish.
A disadvantage of prior art optical markers is that during IC processing it is difficult
25 1o control the phase depth of the optical marker. As a result, the intensity of diffracted
light under a given diffraction angle may be low and even close to zero, and accurate
measurement of the diffracted beam may be difficult or even impossible. The phase
depth can be defined as the resolved height difference between a top surface of a line
and a top surface of a trench in a grating under a given angle of diffraction. If under an
30  angle of diffraction, where (under optimal conditions) a maximum of diffracted
intensity is expected, the phase depth equals half a wavelength of the applied radiation,

interference between diffracted waves will result in a low or zero intensity.



interference between diffracted waves will result in a |low or zero
intensity. 6 Control of the phase depth during |IC processing nmay be
difficult due to process variations fromwafer to wafer, and al so across a
single wafer. A further disadvantage of prior art markers results fromthe
dependence of marker properties as a fumction of the layer(s) below the
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feature si Z;emc? fplanns?rgsli(r?gr the Is&rf:!\cré. f]}g tooﬁ'lg emP process the tungsten structures are either

20 filled or underfilled. The extent of filling is related to the phase depth of an optical

nerated by the marker, i.e., two discrete phase depth levels exist. One 1

signal ge -
ates to filled tungsten structures which are shallow and have a small phase depth,

jvely deep and have

evel

rel
other level relates to underfilled tungsten structures which are relat

a large phase depth. Small phase depth of the filled markers is undesirable since the

25  alignment error caused by the small phase depth is relatively large. Also, the large

phase depth does not guarantee that the alignment error is reduced: the phase depth

may be such that extinction of the optical signal results. Furthermore, no control over

the phase depth 1s obtained.

The influence of optical markers on IC processing may lead to undesirable side

30 effects due to the fact that the optical markers are inherently larger than feature sizes in

.. . . or
integrated circuits. In the prior art the rummum feature size of markers is in the ord

of 1 ym. In current microelectronic devices, the typical minimal feature size is about

100 nm (depending on the device generation). Since the marker usually consists of the



of I pm In current mcroelectronic devices, the typical mniml feature
size is about 100 nm (depending on the device generation). Since the
mar ker usually consists of the 7 same material as (part of) the devices,
the presence of an additional marker area of a substantial size in the
vicinity of a device may have an influenge on the local processing rate
for that device in a given processing step. For exanple, a chenlcal

reaction ig feagesenar ofanciddiviooall markpioarea olch
may be 5 Irsﬁqqeue ?&'féﬂé@ ﬂaﬂrbfﬁﬂhélﬂbﬂgesp q& ney o 9"0?5 process

y the presence of | ar ge ker ar to some
ki net ja\ c cogﬁ{jsta]?;]lcum sizoin tewicinity of aldsyige W\haé{f' F‘B%F“‘EW @B#%C?Ft enper at ur e,
etc. size difference bet en mar ker e ARMerhiewls | ead,
for exanpl @roCERSIBHENG F‘Eé‘ﬁt Vg I %V%éx%g?sﬁ%?sé oF Iearaﬂlgg'w ces | ocat ed

closely to 57‘?3{@2 E’,gg reaife {08 etéﬁﬂ]gmdtéss &4 timiodl d‘epmlqqunres@s ﬂ‘@}’é’e variation

of device ristics nmay occur across a_die {( Qi
Al though speichted befrerpresercanafya loegemaatker Qﬁe%‘llﬂcéots‘é‘?? frgtie ﬁ%nsﬁrggn 0% tRe

appar at us accordlngtot e in houl d
be ol 1 0 il dre fiie e Tl A TR %%Eﬁr?gﬁ’;“%‘%dﬁ??iﬁ%i??bfz

appl i cati ons, CFEé 1SR/ Gus lehd,TBY exdnple 1 neyifitation oMpmmmwr er of

I nt egrat ed (%’t i systems gui dance and _detectian tterns é e magneti c

gomgl n I’T'ErTQ]'ctrﬁ‘,SS 1dcatqd|ctbsclwyetamﬂkﬁfs]§ll%1§ﬂ the mqditicafinp ﬂ IPRReESS! nggnet ic

eads, etc Teper on skilled | tafekhat, in the
‘f%é(h% 51516 s oc?cqll‘ (m)ésacﬁpaﬁ(ﬁﬁr‘@

cont ext of Vaélﬁ%‘waf |ons any use of the terns "reticle",

"waf er” h%!lﬁc F&é’r%nce&h@ﬁbﬂmb&c inothisi tebetite theasse QEMQIPP@BWQC ed by
t he nor 8 gen

'substrate’ nd '.%
respectivel a¢codding ﬂoehqamsetmn in e manif actpwéaftlgp ksh Egl?ea?x%ﬂcﬂfy dcrétood

proj ection beani are use Exfh X t
radi ati on, ‘ihh'rﬁuﬁﬂﬁﬂépifﬁr?l%b?soq‘g% %gg?a@?gﬁm?gszf ?M tlﬁe’tl mgrgnlgf h of

?65 2ﬁ8 _ &gymﬁhc ﬁ%ﬁufaﬁﬂieh@ﬂldtegm@mmal tysigmgj Hhdance tectiolyi at i on
(e.g. having velength in the ra i nventi on
||tI is an obpmmsdbrmﬂﬁn Picadompn MRS, ?éﬁuldgcrﬁ%?n e h ngﬁkg{mgﬁlltﬁrﬁucture t hat
al lows to QUN1R58, bhe i fnthSare Wilka ycmthammagm gangext of
|nterfe]r5enc@a$ﬁ‘ {lsﬁ%& Tp?ﬁérg?rlp%ﬁl plattern |ls %?e JLn.a &L{é&‘
aspect of té\j%hrallteﬁﬁfibe apsplmlnmrmnanytms)fﬁlﬁtéﬂlls r§“°&%h|‘€9 EI ‘?r die

structure on a substrate f ical i&iensSusk T, atubsastetlef i ned
in the preamuédbtfc%'lsﬁem af H“F&F@E@? rtf)}s%l ?%Iralsalg first structural

el ement has ﬁ?d rﬁ%{ rﬁ%ieqé%g‘g“@grface on a 30 first level, said second
&ene

structural Being 'substantial |y non-reflectin
In the present cgocument the terms };adlatlon" ande'propgion beam" are used to

20  encompass all types of electromagnetic radiation, includmg ultraviolet (UV) radiation
(e.g. witha wavelength of 365, 248,193, 157 or 126 nm) and extreme ultra-violet
(EUV) radiation (e.g. having a wavelength in the range 5-20 nm).

Summary of the invention

It is an object of the present invention to provide a marker structure that allows to

25  correct the phase depth in such a way that negative interference within the diffraction

pattemn is prevented.
In a first aspect of the present invention, this object is achieved in a marker structure
on a substrate for optical alignment of the substrate as defined in the preamble of claim
1, characterised in that said first structural element has a first reflecting surface on a
30 first level, said second structural element being substantially non-reflecting,
a second reflecting surface is located on a second lower level,
a separation between said first and second reflecting surfaces determining a phase

depth condition for said detected light,




a second reflecting surface is |l ocated on a second | ower level, a
separation between said first and second reflecting surfaces detennining a
phase depth condition for said detected light, 8 wherein a recess (R

R2; R3) is present in said second reflecting surface to nodify said phase
condition. The recessed area changes the @hase depth by an anmount that a
positive interference between with sufficient intensity is seen at the

sensor. Qvg%reﬁﬁ‘ﬁ%@s ERY: RE) fsﬁf s@ﬁﬁ Q0d skEHHRENQRing %EHf&eQQhﬁﬁﬁf IS

achi eved in struct Ure on a su strate for optica alignrrent of the
substrat e asaidphhstacbnditionhe preanble of claim9 characteri sed |n that ai d

first structural elenent has a first reflegtingmsurf on.a.first |ev
sai d second siThageqsssed asgashangesphs phpse deptk xap 09“51‘8% arfeisitlé’et‘i“ﬁﬁcreﬁcesecond

refl ecting urfclgglte lglﬁsailff?&@ﬁtq%el?ﬂtfyqs SEGUthel 2 | evel , 10 a separation

bet ween sai secon l'ect1 ng sur ces determ ning a phase
depth cogditi gpga fsgufonaaslﬁbcdettthepﬁfﬁleﬁtng\i&nnomhhlsmbjecsm|adhlses;dand makérct i ng

Zﬁéfvgcgncgggéhéﬁfeagﬁ S oA ARG BICRED! B RO 3o e 1B BT BEPLE
intensity ag ﬁﬁalla ?Ccthfa[%gt fSC&lH%%%ld"ﬁl@?g 'nH éléﬁi th'a§a Fied YRl %’ sirfiRe

st acki ng of ruc ures ove eac i nt er nedi a

diel ectric lopudirsclevelpeid sseont smzchameeianemmcmgmhquamﬂymemrtﬂwmgi positive
interference. It is _a further object of the resglgt 1i nvention to provide a
mar ker stru@tsm%ldtl‘ﬁﬂ@"tmﬁlsi-"if@@1%????9@@9“6‘?“‘%‘%’5 §¥ng- i nduced damage. 20

Thi's obj Jl;kﬁ ct oft sgga%gtm)r?%qu afd fiRE él?{ sc%%ﬂd‘ﬁrﬂ%&gos'ﬁrﬁcés%ﬂﬁﬁg hphasept i cal

al i gnne easd Ined i n the preanble of claim 10,
characteri s@d tm:ohbﬁtbntfdnesarcbdeimmdsiigma ure corrpri ses a first periodic

t t d d t t t
bei ng. ad) ac e augAFa GGt RIS O opas DG A inal il ©

periodic str}éqﬁéfﬂgselogag@gmr&g@a@ieqﬁférity of first structural elenents of a
first 25 material and a plurality of” second structural el ements of a second

mat eri al, the Advastagendly, Secariation ofithe detagted IueRsHY §s Bé‘i"ifﬁoapf #ged in a

repetitiyve or Wi I h t
Wi St h, the é‘é‘gﬁfhﬂngeary%lai %&ugf(il EY: htf‘ rséa\@%cgn horfingii%ir(t%%g] i i B{;lf/&gp %ﬂﬁé ;
structural egh@eARdise dielectiielagacan be Hlried td hhvenmvopnignad phiterdepthi \dﬂhp@mm

plurality of the second structural
interference.

It is a further object of the present invention to provide a marker structure that

allows monitoring of processing-induced damage.

20 This object is achieved in a marker structure on a substrate for optical alignment of
the substrate as defined in the preamble of claim 10, characterised in that
the marker structure comprises a first periodic structure and a second periodic structure,
the second periodic structure being adjacent and parallel to the first periodic structure,
the first periodic structure comprising a plurality of first structural elements of a first

25  material and a plurality of second structural elements of a second material, the first and
second structural elements being arranged in a repetitive ordering, with the first width
being larger than the second width,
the second periodic structure comprising a plurality of the first structural elements of
the second material having a third width and a plurality of the second structural

30 elements of the first material having a fourth width, the first and second structural
elements being arranged in a repetitive ordering, the third width being equal to the first
width and the fourth width being equal to the second width, and

the first structural element in the second periodic structure being located adjacent to the



30 elenments of the first material having a fourth width, the first and
second structural elenents being arranged in a repetitive ordering, the
third width being equal to the first wdth and the fourth wi dth being
equal to the second width, and the first structural elenment in the second
periodic structure being |ocated adjacent o the 9 first structural
elenment in the first periodic structure i such a manner that the second
peri odi ¢ StIAG! HhRnlc FaARE AITRREbel 8o Bl iifesh sBA 4 Bidhifer thi Wel i Sna BY
means of a conplenentary structure I ch conprises a first periodic
structure grgiodicyanome: Pevnpineensiry usthefestpenpdiesendtarey to the first one,
it is possible to nonitor 5 by use of the alignnent systemif one of the
structural el Shemeanspfiatomplem@ytarystractars which campgseg riggictseractuge
processing s e | | | | G - ent |y
For the 11 SPOASREG REBGR Bubhld (ENERAEAR GUCRM e, 160 BRI MENER
when damgge gasdiof teuligningsy systes if iohs bf tie strieusd elementstwithit b pediodit ement
within the first and the second periaqdic structure. 1}& It is anot_ﬂer

obj ect of t HEupiEsisdamaggdbby Ehsﬂctpéowavs RAVENGFn PIRES 2 difiTagtion PRt

over cones t ¥, | : . l.sat i on
Cayer due  GrapgRfRlentl (3 GERIEYRIOABUARILE (T oLo Rl Srhord
mar ker st r uckhenedantdge Sccurbpe either sheafifst envihel s¢oond smartkral elsmentowithie tiesfidef i ned

in the preanble of claim14, characterised in that said marker structure

i s present i3mdahegacard pIdiGHUCHY®r | 15 wherein said first structural

el ement ;gonsi h: l@&? Rt oldrONdd 2 MaRer trhidthtthatSUr f ace
state ar%g sai gtgeag%ﬂngrél@?%éogwaé e teir%{entt%con irsts of a éecond su?face area
porti on haviowrcanss tendmosairdf acesidt A nearkg strdctre fsom saumdtallisataomdaygy due kon
being relateq to a fi.rst_buried marker el epen and 20 said secqnd surface
area porti or&ﬂi’iﬂfﬁ“ﬁ@f‘&?%@wf’ﬁ%ﬂgﬁglﬁfﬁr B’h‘rCHE’bCHWFEIErm. ?(8 i c,mfg‘;ﬁﬁs first
and sai d secqyjgtt pchRGed i Ah8rieLitAEnirelad 18nddan YiRd prédrhBIe of cRimMYphol ogy of
said netalliSation |ayer being induced by said first buried marker el enent
and sai d secbaictepised indhatespidanarkersimgture isresest imnagnetallisgiaanieygieousl y, the
netallisatio l.ayer, 4.s, deposi.t ed | ¢ péf i I n
surf aceﬁgt at%%?ﬁﬂlglfg@tfgré‘@méa] f ﬁ”rrl%etn%(?lﬁ%#ls (?fha\é\ﬁ%tn er ?.ﬁrﬁg p&%ﬁrgﬁﬂg giagé-sd
created in tdnpfhace stRtkahdi sation |ayer. The periodic variation of surface

st at e/ nor phol ogy of the surface is _detectable %an al i gnnment - and/ or
overl ay systs@if sepend grugmrgisiesmant gpnsisizohs secand syrfage Atea pRTYQn havig apecond
marker strucf e, Lhat overcones

said first surface area portion being related to a first buried marker element, and
20  said second surface area portion being related to a second buried marker element,
said first and said second surface state being related to variations in morphology of said
metallisation layer being induced by said first buried marker element and said second
burted marker element, respectively.
Advantageously, the metallisation layer is deposited in such a way that a difference
25  in surface state/morphology as a function of the underlying material is created in that
metallisation layer. The periodic variation of surface state/fmorphology of the surface is
detectable by an alignment- and/or overlay system.
It is an object of the present invention to provide a marker structure that overcomes
effects caused by a relatively large marker area on features of devices located in the
30 vicinity of such a large marker area.
This object is achieved in a marker structure as defined in the preamble of claim 19,
characterised in that said first siructural element comprises a plurality of primary lines

and a plurality of first intérposed lines.




effects caused by a relatively |large marker area on features of devices

| ocated in the 30 ViC Dty of such a large marker area. This object is
achieved in a inarker structure-as defined in the preanble of claim 19,
characterised in that said first istructural elenent conprises a plurality
of '‘primary lines and a plurality of fir nt er posed lines. 10

Advant ageously, the structural elenents that build the marker structure are
each sub di vi Adchntagesudly ahesmhraldieménththaebuldohe ke strddting 3¢ Eh sub-
conparable to the product feature size, By mmcking the feature size of

the productdiyisied in pubselempents which haye acharagierisucsuize rpmararable © the Brodieti ni sed. 5

1t hogr aphi featsfe fie. Y fhicking WIETRGELAIL of Y BilohAinbed oRIBN) B5¢ Biapeed o
structure aﬁod@sﬁgicmm&udl he_r nore, it is an object _of t he present
invention to provide a nethod of alignment of a substrate in a

i t hogr &phi c Morgoxer itdh amphigetnf the pseahinysetion ta@rowide Hthographietpseiection
descri bed aho Bri AQ WM ' I . iL.hvention w il
o expl o nelRirs Tk plowEARTEARN SibEhafl e Wl B aBlisbld oy N1

i Il ustration pufliRAae, 19 3h sbjett BOtheli@edehiiinvertion t6 paRdecd mphREQEL i On as
defined in the acconpanying clains. Figure | depicts a |ithographic

proj ect i on digpmeat ofsa WhsEF i1 alithegrapbisdroisetionappriaius wigckuses he fparkec cor di ng
to the presgnt,i i lgure 2 schematically shows a cross-sectional
view of a psﬁ%&drg;r{ie@ér?ar éirﬁo?% ustrate the concept of phase depth; Figure
3a schematically shows a cross-sectional view of a marker structure from
the priigor arBriefiescripion-of dmrdngne | ayers; 20 Figure 3b a cross-sectional
view of a first enbodinent of a marker structure according to the present

i nventi on: FiBelow, e inventions wilt be explaiatd witbuefefenee weworedirewings, wizinl asf a

mar ker structure, .accordi.ng to the present. iavention:. Figure.4

Schemt | cal PirRarr (R dhiseai@lelBater PpmO oL i BHT e ons of BRSIMEN: of 2 25
mar ker st r ugdfine@ irtge Qeetiniginyidstcempr esent i nvention; Figure 5 schematically
shows a marker structure of a fourth enbodi ment of a marker structure

accor di ng t o Figaredrdepiqts a lithparaphisproiscionanpparsiscoprising st least one marker
15  structure according to the present invention;

Figure 2 schematically shows a cross-sectional view of a prior art marker struviwe o
illustrate the concept of phase depth;
Figure 3a schematically shows a cross-sectional view of a marker structure from the
prior art in copper-damascene layers;

20  Figure 3b a cross-sectional view of a first embodiment of a marker structure according
to the present invention:
Figure 3c a cross-sectional view of a Secpnd embodiment of a marker structare
according to the present invénﬁOn; |
Figure 4 schematically shows a cross-sectional view of a second embodiment of a

25  marker structure according to the present invention;
Figure 5 schematically shows a marker structure of a fourth embodiment of a marker
structure according to the present invention in a perspective view;
Figure 6 shows a planar view of a marker structure according to a fifth embodiment of
the present invention;

30  Figure 7a, schematically shows a cross-sectional view of filled and underfilled tungsten
marker from the prior art before chemical-mechanical polishing of tungsten;
Figure 7b shows schematically a planar view and a cross-sectional view of a tungsten

marker structure in silicon dioxide according to a sixth embodiment of the invention;



Figure 6 shows a planar view of a marker structure according to a fifth
enbodi nent of the present invention; 30 Figure 7a, schematically shows a
cross-sectional view of filled and underfilled tungsten marker fromthe
prior art before chem cal -nmechaniical polishing of tungsten: Figure 7b shows
schematically a planar view and a cross-sgctional view of a tungsten

mar ker structure In silicon dioxide according to a sixth enbodi nent of the

. £ f . di
I nvention, nboﬁwma n%pl%?"ﬁfﬂﬁ oPh 8RARker UrSdre ac@oraﬁgﬁg é rs.g\;ebﬂlgﬁ%‘t;mogngéri]ﬁ ording

to a sevent e present 1nvention

applicati omfahepreselaakvammnﬁr kers in accordance with the seventh

enbodi nent of the present jnvention. 5 Description of enbodinents Figure 1
schemat i cal Figurehihioms an applisrsion a5 4istack ob fieskeroin aserrdamee v6th e seusaibsi ng at
10 | east O%E'&Ixﬁ‘éﬁt&‘ttﬁé’é&k'&ﬁlﬁfeﬁ%ﬁ' ng to a particul ar enbodi nent of the

I nvention apparatusS conprises. - a radiation systemEx, IL, for

suppl yi 39 a projection beam PE of radiation (e,g. WV radi atl on). In this
particul ar case, the radiation systemal so conprises a radiation source
SO 15 - a first object table (mask table) M provided with a nmask hol der
for holding a mask MA (e.g, a reticle), and connected to first positioning
nmeans (not shown) for accurately positioning the mask with respect to item
PL; - a sedbedriphpeof ethbddimefitsubstrate table) WI provided with a substrate
hol der for holding a substrate W(e.g. a resist-coated silicon wafer), and
connect ed t o Keuweridschémpueillyi depict lithagrspiiv\pfajection appartmis i cpn@ntmgm ng t he

substr th respect to item a. projection stem ) PL

For 1 1B needih ont RGeS S EUE 5 Aer iting S ok RSP L e S GEEOD IE] b1 C

(e.g corrprdgghﬁgls% ggfseg_mre dies) of the substrate W As here depicted,

t he appar at I's of transm ssive type (i.e, has a transm ssive 25 mask).

Hovvever i n gerexadiation system Exl, 3o, foesupplying aaf):todnctibnbemﬁ’ﬁ offrmdiamm(ml e (with

5 oot cont o ek, ELGTARIANE o, M BRRGE S R SR SRR 1 ™

referred t qogR@\W@®; The source SO (e.g. a nmercury lanp or an exciner Iaser)

produces a beam of
15 - afirst object table (mask table) MT provided with a mask holder for holding a

mask MA {(e.g. a reticle), and connected to first positioning means (not shown) for

accurately positioning the mask with respect to item PL;
- asecond object table (substrate table) WT provided with a substrate holder for
holding a substrate W (e.g. a resist-coated silicon wafer), and connected to second
20 positioning means PW for accurately positioning the substrate with respect to item PL;
and
- aprojection system ("lens') PL for imaging an irradiated portion of the mask MA
onto a target portion C (e.g. comprising one or more dies) of the substrate W,
As here depicted, the apparatus is of a transmissive type (i.¢. has a transmissive
25  mask). However, in general, it may also be of a reflective type, for example (with a
reflective mask). Alternatively, the apparatus may employ another kind of patterning
means, such as a programmable mirror array of a type as referred to above,
The source SO (e.g. a mercury lamp or an excimer laser) produces a beam of
radiation. This beam is fed into an illamination system (illuminator) IL, either directly
30  or after having traversed conditioning means, such as a beam expander Ex, for
example. The illuminator IL may comprise adjusting means AM for setting the outer
and/or inner radial extent (commonly referred to as g-outer and o-inner, respectively)

of the intensity distribution in the beam. In addition, it will generally comprise various



radiation. This bears is fed into an illumnation system (illumnator) ]L,
either directly 30 or after having traversed conditioni ng neans, such as a
beam expander Ex, for exanple. The illumnator IL may conprise adjusting
means AM for setting the outer and/or inner radial extent (comonly
referred to as (7-outer and 6-inner, respﬁé:ively) of the intensity

distribution in the beam In addition, it |1 generally conprise various
12 other c bBRITRUAA alcDhdtteFCOOMARRSHLy, HPbehR L his
way, the be%mmé?g@%ﬁ%ﬁn?l%%ﬁ%a%r?ﬁ?wg&%msk I\E}A ﬁé:s a deelgl:rg.gil uni fgfrri ty and

i ntensity diPE fmgibgingon it mhsk Mavles a-desiodd wnifority ahd irtehsiie disaitadionin fts
regard to figure 1 that the source SO may be within the 5 housing of the

| i t hogr aphi €r9$6§FEEM on apparatus (as is often the case when the source SO
IS a nmercury Iﬁg}g I nci&ARRE t ot tHEBYuRE 3O B8y bE WRtheh theom t he

| i t hographic 5r ] lel%: t|9:onn°(?appar g‘%gﬁrs‘},%ﬂ%’p%mag% | onu%eam wﬁycﬁ It produces

bei ng | edl i Mb@sing BEtheNBRTgRiphic frejegtiombppardiiia(as ishfteh theitdsalvhen dier seotdeng
mrrors); this latter scenario is often the case when the Sﬁ_'lérce SO is an
exci ner | as&Q ispraeewirlamp. fon oxamplen batihatd} Bpke S?@%‘i’f&%‘ﬁg%%% oth of these

scenari os. The bean . ' . ' ' hel d
o n ek MRSt PrRiHER SRR Yoo jAUREGE BN hAfHTPRbabEES bifleddH info
t hrough the ﬂh@{ﬁ)aﬂms (6l Glith theogid HEsuitabke dirating ity this lateg stenpio isiaftenC of

the substrate Wth the aid of the  second_positioni n%.rreg&ﬁ PW and
i nt er f er orethe easersdien therrgurss MCX1s angaciEgs §seia The Cupent IRveniign and clgims,y, o g

accur at ely, Lt different target portions Cin the path
of the Egameﬁggng%?nbﬁg’rqtf%&?%&?ﬁ%ét positioning neans (acting on nask
table MIN camhedeua®B fubsaguent pintdryeppotht mask MAewhigh iis hdld wn almask ¢ahdet t o
the path of .the beam PB, e.g. after chanjcal retrie f e k MA
froma mask MTpHayipe “BYerEﬁﬁlf‘b%Q‘an fv&:éﬂ? b‘f“ﬂ“ warsaf h“?ﬂb%ba‘hﬁﬁefnsﬁ’ fvﬁgﬁlobj ect
tabl es M, udkd Jhet?)@arﬁgﬁ bgd téﬁ'gét[bohﬂﬁl @hbfltHefsuBlrate WO WINE tHeQkEoMBEU! €

(coarse positioning) and a short-stroke nodule (fine positioning), which
are not explseaindlppsitiepingmexins AW arglinterferomesiie measuring means cthe sulbsfralg table er

d - and- . . .
PUSt b 18 on VA EBR B §70vE ST bred Al moparn Cifetent FiBRch e e T

substrate Woalyoflife Bdant PRSIy OthBHizét pabilioig MicalB(dcsind/bn middk ek MMstrat e
alignnment marks P1, P2. 25 The depicted apparatus can be used in_ two
di fferent medebe used tp aceratplymegision theem A with gespactita thegqath efltbe heam |
stationary, d ancent | : .y ' ' | Ldurfe £ SiNgle
trashy onth € AGHE B i A e BB MATRLAS hAARFadPol dufhy

scan. In general, movement of the object tables MT, WT will be realised with the aid of

20 along-stroke module {coarse positioning) and a short-stroke module (fine positioning),
which are not explicitly depicted in figure 1. However, in the case of a wafer stepper
(as opposed to a step-and-scan apparatus) the mask table MT may just be connected to
a short stroke actuator, or may be fixed. Mask MA and substrate W may be aligned
using mask alignment marks M1, M2 and substrate alignment marks P1, P2.

25 The depicted apparatus can be used in two different modes:
1.  Instep mode, the mask table MT is kept essentially stationary, and an entire mask
image is projected in one go (i.e. a single "flash™) onto a target portion C. The substrate
table WT is then shifted in the X and/or Y directions so that a different target portion C
can be irradiated by the beam PB; and

30 2. Inscan mode, essentially the same scenario applies, except that a given target
portion C is not exposed in a single "flash". Instead, the mask table MT is movable in a
given direction (the so-called "scan direction", e.g. the Y-direction) with a speed v, so

that the projection beam PB is caused to scan over a mask image; concurrently, the



table W is then shifted in the X and/or Y directions so that a different
target portion C can be irradiated by the beam PB; and 30 2. In scan node,
essentially the same scenario applies, except that a given target portion
Cis not exposed in a single "flash". Instead, the nask table MI is novabl e
in a given direction (the so-called "scan direction", e.g. the
Y-direction) with a speed v, so that thel3rojection beamPB is caused to

scan over a nask i . concurrently, the.1l subst . . LS

i il ¢ aneoy SRS T S mEhiReouY msat i Be gFPERt pictut bctiofhons,, _
in which M s bRe_fRINNGaE MR (B maBRifiAfh dflhd lePL Alypicall 4 M =L1/4 opr

115). In thi's manner, a relatively large target portion C can be_ exposed,
wi t hout havilfsy, Intthis eeumpen mirclatively tasgolatget pertios Criea berexpesedy witheutihgving
measuring nmeans typically ﬁan conprise a light source, such as a |aser
(not shown) O GAAPTERBSERD IKERIG ¢t er f er omet ers for det er ni ni ng sone
information (e.g., position, alignment, etc.) regardi nq_ n object to be
neasur ed sucihasnterferametricaneasutipg geansiyBicaliyCan; GpifpgEIsg a ‘Igg} S%Tﬂ{cg,aso ne

interferometer IF is schenaticall ' T ' ; SnforRgsen

produces a Pri"fSFBF’(%a’OBV n\%/n%%mlggﬁérgéﬁﬁlglgtefsoﬁfﬁ%*%h} terferrlorreter | F by

one or nore %g??)éﬁ%ﬂ Rlb@h&itSetc.h Peg@ﬁﬁ%ﬁﬂ)ﬁlg'ectthabc nrasured tsac asosmbsteate | s

present, the rol ogy beamis shared between them by using optic t hat
e

split the metaclagepyin beguwe il foy exarople, anspmtederomsiss ik 15 (heauily feR¥CIE onet er .
A substrate,_al i.gpment stem o) | table WI
with the & gt So4T qgerﬁgbq'@c{\ﬁé n’?éblggﬂemt %%I@vlh?ﬁg %g&vﬁ&ggtoqgﬁ exenpl ary

| ocat i ofy ¢l gsiSrféremeded IS b ohé ot Motelidam Manipalathre dopasegegethaniaest one | i ght
source which generates a |ight beam ained at a rker structure on ttcrge
substrat e ainterferomstesis pratens dhapictrglogy deam i %ﬁ‘eégﬁ"& SR BpE AP EP gnal

from that Mot ShysShE HELYIcRy thlm i3 VBB eduflh bbiRs Feait Aratorber Subsrat e

al i gnnent epen esign c Itions which may va!rg.%/ with the
actual type ofa hitshagaighhentpysimdds dor ajgoment ofs subbteateran kable W withthées nay

be for 20 le substrate alj t PL P2 Fi : isal
hove. . Cr SuREGh BTSN, TeEmaheap b et g g pREIREAET, LY o

the congept t{%ﬁ?ﬁl Agpt thd AmRREE 53bastBhdBEht SblUE Witich deyipragalallighconpr i ses
a grati ?1% 55‘9%& aﬁlSer?'o | CI ty&P sui t abl eﬁghor di ffractglcon of | npi ”8{ ng

light with semaahehatamakemftmcture o thessubstrate g at leastonessensi ey ice il

present document, it .is not lim¢ted t : R AT Reatdndrithe

spect r um butdeiest PR snal %’%Wté%fmfi“ %ré@g%%glgﬁawﬁqﬁt% orier wavel engt h
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actual type of lithographic projection apparatus. The marker structures may be for
20  example substrate alignment marks P1, P2.
Figure 2 schematically shows a cross-sectional view of a prior art marker structure
to illustrate the concept of phase depth.
An optical marker structure typically comprises a grating 50 with a periodicity P
suitable for diffraction of impinging light with a wavelength A. Where the term “light”
25  is used in the present document, it is not limited to wavelengths within the visible
spectrum but may encompass light of longer wavelength or shorter wavelength than
visible wavelengths. It will be appreciated that it is not essential that the periodicity P
be suitable for diffraction of light within the visible spectrum, and that the invention
can be implemented with a periodicity P suitable for shorter wavelengths or suitable for
30  longer wavelengths.
The grating consists of a series of lines 100, with interposed trenches 102. The
trenches 102 have a depth d, with respect to the top surface of the lines 100. The

periodicity P of the grating is composed of a line width P; and a trench width Py
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20  rays scatt
obtain a positive interference between these light rays in that direction, independent
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lines 100 must be such that positive interfer

negative, an extinction of the signal will occur. This is known as the phase depth

25  condition.
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20 Figure 3b shows 2 cross-sectional view of a first embodiment of a marker structure

according to the present invention.

n due to an incompatible phase depth is shown in Figure 3b.

A way to avoid extinctio
ith the same reference number refer to the same entities as s
ue layer)

In Figure 3b entities W hown

in figure 3a. In the area of the semiconductor substrate (or in general an opaq
r the floating marker 50, a recess R1 is created in front end of line (FEOL)

25 SLunde
s the probability of

ess. This Tecess increases the phase depth and thus reduce

proc
face level and the level of the

negative interference between scattered light from the su

substrate or opaque Jayer.

As shown in Figure 3b the recess may be fo
h case two different phase depths are present

rmed only under a portion of area

30 covered by the floating marker 50, in whic

one of which may yield a betiex usable diffraction signal of sufficient intensity.

Figure 3¢ shows a cross-sectional view of a second embodiment of a marker

structure according to the present invention.



process. This recess increases the phase depth and thus reduces the
probability of negative interference between scattered light fromthe
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Figure 3b the recess may be forned only under a portion of area 30 covered
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to the presesnpedtivebnti on. A further disadvantage of prior art markers is
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contrast of the marker may vary, which results in variations of the diffracted intensity
as function of the layer below, i.e. the phase depth strongly varies as a function of the
under-lying layer.
20 In the third embodiment according to the present invention, the phase depth is better
controlled by defining a first optical marker OM1 in a first metal layer (by exposure
and processing) in a first ordering tone, i.e., a given periodic repetition of a first
structural element and a second structural element. Next, in a second metal layer
stacked on the first one with at least one intermediate dielectric layer IDL, a second
25  optical marker OM2 with the same first ordering tone but in reverse tone relative to the
first marker, is defined (exposed and processed). The reverse tone indicates that the
second marker OM2 comprises the same periodic repetition as the first optical marker
OM]1, but the locations of the first structural element and the second structural element
are exchanged relative to the first marker OM1.
30 By control of the intermediate dielectric layer IDL the phase depth can be
controlled: i.e., a phase depth value is selected which yields a diffraction signal of

sufficient intensity. Moreover, the space occupied by the markers within a scribelane of

the wafer is strongly reduced by stacking optical markers.



25 optical marker OM wth the same first ordering tone but in reverse tone
relative to the first marker, is defined (exposed and processed). The
reverse tone indicates that the second marker OWM2 conprises the sane
periodic repetition as the first optical marker OM 1, but the |ocations of
the first structural elenent and the second structural elenment are
exchanged relative to the first marker oM’l. 30 By control of the
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marker | ndu%%gng}/isﬂ getezggr? 8 Egnlurlllge misalignment of a marker or a modification of the

marker shape, since both events lead to a change of the diffraction pattern and/or peak

20  positions in the pattern.

The optical marker structure according to the fourth embodiment provides a
possibility to check whether the shift of the pattern is due to misalignment of the
marker or due to deformation of the marker induced by IC processing.

The optical marker comprises a first periodic structure PS1 in a first portion, and a

25  second periodic structure PS2 in a second portion. The first and second periodic
structures PS1 and PS2 are located adjacent to each other with their respective
periodicity running parallel in one direction.

The first perjodic structure PS1 has the same periodicity as PS2 but it’s ordering of
structural elements is complementary to the second periodic structure PS2. The first

30  periodic structure PS1 consists of a plurality of first structural elements SE1 of a first
material with a first width w1 and a plurality of second structural elements SE2 of a

second material with a second width w2, which are arranged periodically.



The optical marker conprises a first periodic structure PS 1 in a first
portion, and a 25 second periodic structure PS2 in a second portion. The
first and second periodic structures PSI and PS2 are | ocated adjacent to
each other with their respective periodicity running parallel in one
direction. The first periodic structure PSI has the sane periodicity as PS2
but it's ordering of structural el enent 43i s conpl enentary to the second
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the art, the ySe,0kdhoWel& TR kaiYa ffleH A als belmboddke s nedtaluct ure results
in a fixed signal (wmth zero Ievelz during measurement. If the perjodic

structures R@hicandicRB3tracteresorpometat-inavintpr SiRsITEndleo &hi§ CORPIMERArLPRIAL £ rom
;ihgn ar ! ][ fé vark ?gé’ﬁgﬁ%rc%%tb%rfgrmpeﬁ b]jr W' clon‘ff)?cntlé}\‘fa:? %Q&h&?ﬁ%a@{gs"ﬁéﬂﬁﬁgd
and trenches) etched in the semiconductor substrate and located next to each other.

20 As known to persons skilled in the art, the use of complementary features in the
marker structure results in a fixed signal (with zero level) during measurement. If the
periodic structures PS1 and PS2 are substantially complementary, a first signal from the
first periodic structure PS1 will be the complement of 2 second signal from the second
periodic structure PS2. The first and second signal cancel each other, and the combined

25  signal of first and second signal as measured by a sensor will have a substantially zero
level.

Due to processing effects the structure as described above, the first periodic
structure PS1 changes in a different manner than the second periodic structure P82
because of the different asymmetry of both structures. In the first periodic structure PS1

30  the metal lines SE1 may have a different width w1 than the width w4 of the metal lines
SE4 in the second periodic structure PS2. Due to the difference in width of the metal

lines and insulator lines in the respective structures PS1 and PS2, the change of the

shape of the respective lines will be different.



periodic structure PS2. The first and second signal cancel each other, and
the conbi ned 25 signal of first and second signal as neasured by a sensor
wi |l have a substantially zero Ilevel. Due to processing effects the
structure as described above, the first periodic structure PSI changes in
a different manner than the second perlodhg structure PS2 because of the
dlfferent asymmetry of both structures the first periodic structure PSI

30 the netal IfRes gsiEdiffEynt hyencatioh bf 8eWo swhethfes)vhe fifaRighlefromPSh iv4 of
the nmetal lines SE4 in the second periodic structure PS2. Due to the

di ff erence imo mng&r theafonipflement tofithe sbcm@gnufrpmsltﬁ?athrconﬁqqeenqenthehe

respective structures PSl, and. PS an f the

respective [CPRREMGHATY B@tmfwlg@ﬁ?qgeiglsl)%x g‘lcf)oolteﬁ?ls‘”%]ia F)r@rfﬁéa h%?'?ﬁnéat i on
of the two t L dditbeshéadedf rom PS | i s no |onger the

conpl enent g‘?{%ﬁed@g{s:%eﬁ%g?gna? from P§2 By consequence, the

conpl emept ar y The akcurgenee of sum al sigrgbfronbi thpbta;lplameiﬂw 01&1/:@1 mgtkgn@mmum ng
neasurenment. Instead a é o Si gntb b,ﬁmggﬁsu ed. 5 The urrence
of such a silggieates PIoRessH 3@5 H}S‘flfcéa ?%I}ES@FFBEP{?F% SSi ndi cat es
process-r el %@@e& foéetﬁaﬁs&epﬁl&ﬁaﬁsmmﬁmpma Rearidl 188 BAR Bf SesOEMERS S NY-

I nduced effects on ers wth sim periodicity and the drift of
t hese ef f ectesn ad:mm&gdamy hgemuﬂdnyd by thip mmp}cmnt@yy opticgl mﬂiﬂ élm!mlfar y

optical marker_str ure. re 6 .sho anar Vi 0
structure acc@ﬁ‘gﬂrﬁ gvHap ‘”E Glr?ﬁ\gﬁ?rsng‘ﬁwf)efacicﬂé# té’seﬁl?hl nvenfncon In

certain;hC et invBngdocesses, a buried marker (i.e., an optical
mar ker {s)trlr%%lﬁ:lrﬂe %ﬁl ow the netallisation Iayeré is still detectable due to

a residual tofimgergihjC netaltisation procasses, a buricanarkerdbe., emepiabmaiier c shape of
t he marker struct r in the
surface of tSHECtHEtL% ‘i’wéléﬁl?’f)ﬁmsﬁ%]r a§°§) glsg\lllat{c?%?ag%dd f? t§ a%glél'}al YdrP% lgp‘%ﬁ?{ons
respectivel v (HIQWAYEL. In tHat bdse RhO pESA¢IE shéﬁ&emﬂmhaﬂ(eﬁah&mreab ﬁmlhmkn ng
(CWP) is applied as planarisation technique for_Wcontacts and (ﬁar’aag

st . It

CUT t he top apdteachesiarse ftilbyisibleda the se.lﬁféaaﬁf;ﬂhﬁ sta]lisatiop daysy AsglayAte
has e g8 RIS b s ele 0, oo dual | mrker stricture [n such
structure i s fHyweer,inIC @eoceedmgrbmmwmmﬁﬂhhmaltpoamhihgy@mm aiplisdes as an
3UP : h;ugéqmﬁ%égngnﬁgh%&qu% uqr,cglltﬂghseaél %R %yl(?l%f’ the %0%%5&%1»: is rf'lahgnefclor med
and any residual topography is lost. It has become impossible to align using a residual
marker structure in such a case.
20 In the fifth embodiment of the present invention, a marker structure is formed in the
aluminium metallisation layer which acts as an amplitude marker structure. Figure 6
shows a layer stack which is formed during BEOL processing: in the trenches a W
contact is formed. By CMP the surfaces of the W contact and insulator Oxide are
planarised. On the planarised surface a Ti adhesion layer is deposited. Next, Alis
25  deposited by a hot metal deposition process. Finally, a capping layer of Ti/TiN is
deposited. In figure 6 some exemplary values for the thickness of the respective layers
are indicated.
The metallisation layer comprises a hot metal process (deposited by physical vapor
deposition, typically at about 350 °C under UHV conditions). Due to the different grain
30  growth of Al on the Ti adhesion layer covering W and covering silicon dioxide,
respectively, a different surface state is created in the Al layer depending on the under-

lying material. Above the W contacts or plugs, the surface has a first surface state ST2,

and above the oxide , the surface has a second surface state ST1.



contact is fornmed. By CWP the surfaces of the Wcontact and insul ator Oxide
are planarised. On the planarised surface a Ti adhesion |layer is
deposited. Next, Al is 25 deposited by a hot netal deposition process.
Finally, a capping layer of Ti/TiNis deposited. In figure 6 sonme

exenpl ary values for the thickness of the respective |ayers are indicated.
The netal lisation |ayer conprises a hot mdPal process (deposited by

physi cal vapor_, deposi ti.qn, typi.cally.at oyt 350 T.under U ondi tions).
D ol O s B it e PGl i e R e RO
covering W aQgte£0V Thisiktile hAPRAGERE ienuclR8BAR Ghd Yeingrowtioff ARdepBiiteaur f ace
state is created 1n the Al |ayer depending on the under- lying material.

Above the Wdamingadict metal gepastion precess irf avenhexslifferénthysfor therateaceovering W ST2,
and above the oxide , the erface x?ﬁ?sf[g aﬁ ond surface s atﬁ STI. 20

Possi bl y, t RdHe fgg EPVATg SHicPR dipxife: A BF driterencs 11, fustage BaledFRlF S dn 2t ne
under | yi 39 MRiElchl in o Ty j 3 6izd BEMO Wik ARdation 13Rd or ai n
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di f f erent |y dependihgontteandenging nuptatial. aklterbdtively, tee ditferent miglestibn amhgrdinoxi de.

The difference in f state relates .to a | fference.in norphol ogy,
i.e., | t ext ur%oﬂhb?fzg{ﬁ}aﬁfw fi]i ‘i‘bSdc’%ﬁ.‘O"t %lﬂ%mmaﬁgg#icaweﬁﬁﬁﬂﬂf“&écﬁéﬁhi ngggn.
the under| yltnwﬁssﬁr pr(())ﬁlﬂgi?f Bfdhk iRy O%ﬁ:afih%fﬁﬁ&%e TURY&Ak raivaRd grain

growt h of Al I con di oXi may al so be caused by

di ff erences thim. t her no- physi cal properties of the underlying material since
the Ti layer is relativel thin. 10 I.n either. case, e to..what ever

physi cal 1-%0 hemlB&it TS ,dug Hé“’Fi‘}E‘é?f pgp"flfz@?c@ﬁ@ ca Gause LW%%] diﬁf%ﬁpgcq g

det ect abl e hy, fhfestade i OTEALble 8§ tHOlligRHRA- ANA/DL BRIy S¥iSoP BYsitsin as ABiakier
structure. It Is noted that such a norphol ogi cal marker structure i s not

limted to tsmcwipscific structure described in figure 6. The netal lisation

I h | odi i ati .of ' 1 |
o her under | yitht ThtLRpLict EhidbhdGata st it A Roph AL B B8y © SO

structure. |ggubface §dscAbedintfigui6 KBleSn@#llisatioRiThyed RehyGhow aqitkistlicatadiatidradf
conprise trenches filled wth tungsten, are subjected to a C\VP [B)rac ss for

r emovi nd St urigdiriase siAie Jhoatnare sprheg otherendsdlymgapatgtials (procsstrd Byt M o the
or under {1113 SAEEOLE e S el Sled to the phase depth of an
optical si gnallngkngriataeq maykerhien aserkieonductar.spbitrate thatsomgprise phades Gidpd h
level s with tungsten, are subjected to a CMP process for removing tungsten and planarising
the surface of the substrate. Due to the combination of W-CVD and CMP, the tungsten
20  structures are either filled or underfilled. The extent of filling is related to the phase
depth of an optical signal generated by the marker, i.., two discrete phase depth levels
exist.
One level relates to filled tungsten structures which are shallow and have a small
phase depth due to the substantially complete fill up to the top of the structure.
25 The other level relates to underfilled tungsten structures which are relatively deep
and have a large phase depth.
Small phase depth of the filled markers is undesirable since the alignment error
caused by the small phase depth is relatively large. Also, the large phase depth does not
guarantee that the alignment error is reduced: the phase depth may be such that
30  extinction of the optical signal results.
Figure 7a shows a cross-sectional view of filled and under filled tungsten markers

from the prior art, before W-CMP.



exist. One level relates to filled tungsten structures which are shall ow
and have a small phase depth due to the substantially conplete fill up to
the top of the structure. 25 The other |level relates to underfilled
tungsten structures which are relatively deep and have a | arge phase
depth. Small phase depth of the filled %brkers I s undesirable since the

alignment error caused by the.snall. GRb&eh & depbsiteid\bglaCVEBY ge. Al so,
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wi dth. Furthernore, due to diff: R cERFigSPapameters @1.EMPCHTIO ten and
silicon di dxngsen QQPQSIER@PE)OFS%&IS@{ ggtr:lnﬁotc be gsﬁcont rol ] ed very acemeasely.

ickness is formed), the width of the trenc

Jayer with a given th . j
the phase depth will compnse

tungsten line will either be filied or underfilled. Thus,

te levels as a function of the trench width. Furthermore, due to different

two discre
20 resistance to CMP of tungsten and silicon dioxide, the CMP proce

controlled very accurately. )
As mentioned above, in a marker structure comprising underfilled metal marker
ine may be such that the phase depth

ss can not be

lines the depth of the central portion of the metal 1

is substantially zero: no control over the phase depth is obtained.

25 Figure 7b shows a planar view (TOP) and a cross-sectional view (SIDE) of 2

_— . . . f the
tungsten marker structure in silicon dioxide according to a sixth embodiment o

present invention.

In the sixth embodiment of the present invention, the optical marker structure

comprises tungsten sub-segments in the silicon dioxide lines.

30 As sub-segments, a plurality
e length direction of sub-trenches extending in a direction par
nches are

of sub-trenches are formed in the silicon dioxide lines,

allel to the
with th

odicity P of the marker structure. Since the plurality of sub-tre

peri - - a
non-scanning direction

periodically arranged in a direction which will be a so-called
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20 The width of the sub-trenches is double of the thickness of the conformal tungsten

layer (which thus results in a completely filled sub-trench having a zero phase depth).
Jead to undesirable side

The influence of optical markers on IC processing may

the fact that the optical markers are inherently larger than feature sizes In

effects due to
arkers is in the order

d circuits. In the prior art the minimum feature size of m

integrate
mal feature size is about

25  of 1 um. In current microelectronic devices, the typical mini

100 nm (depending on the device generation). Since the marker nsually consists of the

same material as (part of) the devices, the presence of an additional marker area ofa

substantial size in the vicinity of a device may have an influence on the local

processing rate for that device in a given processing step. For example, a chemical

30  reaction in a reactive jon etching process or @ chemical deposition process may be

influenced by the presence of a large marker area due 1o SOme kinetic constraint, or due

10 a local deviation of the wafer temperature, etc. A chemical mechanical polishing

process may be influenced by the presence of a large marker arca due to some



| ayer (which thus results in a conpletely filled sub-trench having a zero
phase depth). The influence of optical markers on |IC processing may | ead
to undesirable side effects due to the fact that the optical narkers are
i nherently larger than feature sizes in integrated circuits. In the prior
art the mninmumfeature size of narkers %i in the order 25 of 1 pm In

a

current mcroel ectronic devices, the typ | mninmal feature size is about

100 nm (dependi ng. o | £6i MENG 18k L) istaRt O MPS cATREK BY theshiarkby
consi sts ofnetoggnlgglacﬁggtprag?tgﬁ(h?ﬁgg (part of)lst he devi czs, theypr esence of an
addi tional gpmyr ker area of a substantial size in the vicinity of a device

may have an influence on the | ocal praocessing rate for. that ' in a
given procesd pige sifégsence between marker 28d dawige t@ﬁ]rgwayé&&l%{% rﬂgﬁﬁ?ée%go& i ve

on et chi ng, proges Fuf§ich (60 cEloc HERERIsLIY @8 a RERRGSDugBY e Gnodifidativgioged Dy

the presenddad¥oLEH area due to sone kinetic constraint, or due
to a | osal Heyitisdiy Dfarfatien vhdevicet chapetesisticsapa oecur Acropedilicandioeghani cal
polishing process may be influenced by the presence of a | arge nmarker area
due to sonevdfér. nmechanical constraint (i.e., a higher or |ower resistance

to CWP) causegd by, the il hb{ 6f GRfeRsibat YE@ mmkdtrr and
devi ce feat u&g'oﬂ%?efﬁ‘@%wégglq g{arﬁ;@f&clﬁpggffgﬁ E%f a pr_gcessi ng step for
devi ces | oGaiefirallehs@dnys tohave temkatresiare moretdiaselydaictiticaltfeanresizes ;i t he

processing a variation of device ch cteri,sti gS may.{ACCuUr r dj e
and/ or a  wievises MRYSIYPICREICHiCRRBICAY Oigpe pige ﬂﬁ?ﬁ?ﬁﬁ%ctytf% ilﬁg‘{rg‘éesgﬁ%aﬁé‘ge‘g?’ 4

di MENSI,QNS f %J'gf ‘.‘Tﬁﬁk%ﬁé Strensh? Widthd ﬁllay 8ls8 ¥RA gt th@pdiddicityndhe markespond
more cl'osel§P® Critical feature sizes in devi ces may overcone the problem
of the sizerklspontttmivgrsely reqipramaims effort Howsesign algnoenthatRVepaY-5¢1sE"  and

"trench” widths may al so change the per.i i%itﬁity of the marker. This would
adversel y regEmsdosompyovitl poy AT REHEYtY al i gnment - and over| ay- sensor

systems to Coglanve, kihca afEihdiREys@imPevei Ity pylariddal laser éight, poladieationi gnment
systens use linearly polarised laser light, polarisation effects resulting
from i nt er aeffdcerresnlting fromtintgrastion Midcsuah 2 rraditisd Masker Srycire MAYAIYESEY 15

over corts 1 Hest L M ARpEBURRS IR 1EnEBE e A AaFHER A eoon se t hat
the optical TEb¥&comt s bibd Gegendencylof IP praresss the Eyentossrecegrise thadhent ed
in such a way that critical device features are better mm gked wiile the
di f f ract i onosieat markepaimgtare S@mbie ppﬂé%‘?ﬂ“ﬁcégo ﬁ-ﬁelgg}cnée rUdttre rml ns
substanti al éxyuéaj' ﬁcﬁgé@aﬁ‘ﬁesfa% b HiiRKef vAffle the diffraction pattern generated by
the modified marker structure remains substantially the same as for an unmodified
20  marker from the prior art. Also, the alignment system is arranged in such a way that
polarisation effects results in usable signal strength of measured signals.
Figure 8 shows a planar view of a marker structure according to a seventh
embodiment of the present invention.
In the seventh embodiment of the present invention the first structural elements are
25  sub-segmented in a plurality of primary lines L1 extending in a first direction D1, each
primary line having a width comparable to critical feature sizes of a device. In between
the primary lines are interposed lines of a different material. The width of the primary
and interposed lines is such that dense device structures with critical feature sizes are
mimicked.
30 Further, the second structural elements in between the first structural elements are
sub-segmented in a plurality of secondary lines L2 extending in a second direction D2,

with interposed lines of a different material in between. Again, the secondary lines and



20 marker fromthe prior art. Also, the alignnment systemis arranged in
such a way that polarisation effects results in usable signal strength of
nmeasured signals. Figure 8 shows a planar view of a marker structure
according to a seventh enbodinment of the present invention. In the seventh
enbodi ment of the present invention the first structural elements are 25
sub-segnmented in a plurality of primary 1Z4nes LI extendi ng in a first
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pol ari sk i on MHhe figst dipear polamsationsdigetign h&éﬁ/pﬁlﬂ%ﬂ GWE tp Pf?escg%'ﬁir#érh WS L1 in

the marker bingsathlditefio 1 Fifthed, RS §iaPolafivdiaf Eifis bbngedlinsicher |1 ght
0

beamin ord rma raction pattern of the marker structure.
Simlarly, thg tsadwiie segmantsfidliathcmaikenliis allowea fugthgrtganspussianeidhGay t hat
the line

first polarised light beam in order to form a diffraction pattern of the marker structure.

Similarly, the second linear polarisation E2 is arranged in such a way that the line

20  segments L2 in the intermediate marker elements allow a further transmission of the
second polarised light beam to form a diffraction pattern of the marker structure.

Figure 9 shows an application of a stack of markers in accordance with the seventh

embodiment of the present invention. A further advantage of the structure of the
seventh embodiment is the fact that at least two of such markers can be stacked on top

25  of each other, without causing any interference between them. By stacking marker
structures in subsequent layers, the needed estate for the marker structures in the
scribelane can be significantly reduced. In the example of Figure 9 in such a stack, a
second marker OM2 is translated over half the periodicity P with respect to the first
marker OM1, with the width of “lines” being equal to the width of “trenches”. Due to

30 the segmentation of the “trenches” and “lines” perpendicular to each other, the

polarisation effect prohibits cross-talk between the upper and lower marker structure.

When using the first and second laser beams with their mutual perpendicular



20 segnents L2 in the internedi ate marker elenents allow a further

transm ssion of the second polarised |ight beamto forma diffraction
pattern of the marker structure. Figure 9 shows an application of a stack
of markers in accordance with the seventh enbodi nent of the present
invention. A further advantage of the structure of the seventh enbodi nent
is the fact that at |east two of such markers can be stackigysn}éop 25 of
each other, wth i i fagp@pceveridimeahe ppmmaByerstigcki ng

mar ker strd’zﬁ§3§8$ﬁﬁgﬁﬁgggﬁgﬁ¥S?ﬂ%@%s?pthe needed estate for the nmarker
structures jignineft syseni bl deects sire uppesingrker SEHHIFY reduced. In the exanple
of Figure 9 in such a stack, a second marker OW is transl ated. over half
the periodicity P with respect to the first mnarker OML, with the w dth of
"lines" being equal to the width of "trenches". Due to 30 the segnmentation
of the "trenches" and "lines" perpendicular to each other, the

pol arisation effect prohibits cross-talk between the upper and | ower marker
structure. Wen using the first 'and second | aser beans with their nutual
per pendi cul ar 25 polarisation, the | ower nmarker structure appears covered
by the upper marker: the alignnment systemonly detects the upper marker
structure. 26 Clains | . Marker structure on a substrate for optical

al i gnnent of said substrate, said nmarker structure conprising a plurality
of first structural elenents and:a plurality of second structural

el ements, 5 in use said marker structure allow ng said optical alignnment

based upon - providing at |east one |ight beamdirected on said marker
structure, - detecting light received fromsaid marker structure at a
sensor, - determning alignnment i:nformation fromsaid detected |ight, said

alignment information conprising information relating a position of said
substrate to said 10 sensor; said marker structure being further
characterised in that, said first structural elenent has a first reflecting
surface on a first level, said second structural el enment being
substantially non-reflecting, a second reflecting surface is |located on a
second | ower level, 15 a separation between said first and second
reflecting surfaces determning a phase depth condition for said detected
li ght,



wherein a recess (RI; R2; R3) is:present in said second reflecting surface
to nodify said phase condition. 2. Marker structure according to claim1,
wherein said first and said second 20 structural elenents are arranged to
forma diffraction grating, said first structural elenents being |lines
(104) of said grating and said second strygtural elements being spaces
(106) of said grating. 3. Marker structure according to claiml or claim 2,
wherein said first structural elenment conprises a netal. 25 4. Marker
structure accqnginftg to any of clains | to 3, wherein said second
structural elenent conprises a dielectric. 5. Marker structure according
any of the prgc¢eNiankergiratnm, onarbeirae $ai apticaladigamest of sridsebstramdaid a
portion of said marker structure. 6. Mar ructure

. ( ' t
of the precedi ngmarksr W?Ctmépmpﬁis@aiad’lurﬁgt%:cgiﬁéts‘“}‘ﬁi’fal i%@%}%rr“g‘!sﬁrﬁg& pj's“%ﬁ%' one

partial recess, ' ' r substantially being |ocated under each
of said second s?f%eg?ﬁcfga#dcg}%}rfcg%ﬁ?ﬁs?? 7. Marker structure according to

any of ckaims 1 foud saMhaikersuseivte slkvang s{iRdptica aligrenens dased upoparti al
recess, said partial recess substantially bei ng I.Bcatﬁd H,{r}der each of said
first structural - BIo¥ifing at legt onmbight beap direeted on SU8 MAHAFHEEhy of claims 2

to 7, wherein sal g il i &BR8F fom SiPmalf WPlcistabs ker,0n a substrat e

for optical alignne strate, sald nmarker structure conprising
a plurality of fiastmsiningclignmentihfomaation frooh saiddetecsdd light, sefd alignment

structural elenments, in use sajid. marker structure .allow n a| l.gal
al i gnment based iRi@ANAtion SORPTIENE N QF“‘I‘tﬂ)é‘erfaBH%alpf’ﬂﬁ?n Bg%ﬂ#ﬁf%rsgg&eggg%ﬁ sai d
mar ker §pructureg 10 - detecting light received fromsaid marker structure

at a sensor, - deterrfining alignment information fromsaid detected |ight,
sai d al i gnnent  kaifl owarkerisonctocenringsiurther ehfamactegisedin that at i ng a positi on of

said substrate to.gad sensor: sajd ker ~st.ruc '
characterised i ns"cla?’tﬁ," S%C‘Eﬁﬁ?8lcmepgi'assr;tafr}rﬁtcrteﬂ'?cétfn%eslhgﬁgen@]e%gg‘;t21%?’ Eg'E]
reflecting surfaggorlyRuftudl Elefnght Be@eubstan@dly womaefidetitigy uct ural el enent

bei ng substantially non-reflecting, a second reflecti n]% siurface OVL is
| ocated on a secanecanduefledtiag syrface is located on a second lower [evel,

15 a separation between said first and second reflecting surfaces determining a
phase depth condition for said detected light,
wherein a recess (R1; R2; R3) is present in said second reflecting surface to
modify said phase condition.
2. Marker structure according to claim 1, wherein said first and said second
20 structura} elements are arranged to form a diffraction grating, said first structural
elements being lines (104) of said grating and said second structural elements
being spaces (106) of said grating.
3. Marker structure according to claim 1 or claim 2, wherein said first structural
element comprises a metal.
25 4. Marker structure according to any of ¢laims 1 to 3, wherein said second
structural element comprises a dielectric.
5. Marker structure according any of the preceding claims, wherein said recess is
present under a portion of said marker structure.
6. Marker structure according to any one of the preceding claims, wherein said

30 recess (R2) is created as a partial recess, said partial recess substantially being

located under each of said second structural elements.




T

a separation between said first and second reflecting surfaces deternining
a phase depth condition for said detected |ight, 20 wherein said second
reflecting surface conprises a plurality of additional structural elenents
| ocat ed above an opaque | ayer. 10. Marker structure according to claim?9,
wherein said first and said second structural elenments are arranged to
forma first diffraction grating, said fidt structural elements bei ng

of "sai d grati nf, MROERAIGHPRERER oY E LRI Flof MERGRALTAS, [m3gacls

lines of a secongrghidd JsaCiartiud r@kss, s41@ partidbret €59 uisstantily being hetatedivnilernct i on
grating being substantially the reverse of the tone of the first
di ffracti on grat ieach ofishid fitst stectusalelemante on a substrate for opti cal

al i gnment of said,substrate, 30 conprisi a | Of £ . ur al
el ements and & 'pﬂﬁ‘?rgf’ri Wcﬁﬁé gcgggﬁ%g%satny'?@? lg}rgfﬁgcg grr‘{é]% %1,8 saig, %lilszs:{)wg?\'d
sai d secand st Uugakal suRlcRIEH § shtririe far spardigniienfofl saidubktrate, saidder i ng of
one first structural elenment |ocated adjacent to one second structural

el enent, sai d namkakerstmowregompisingragplarair ofdisstugtural elgments Fdpcplradity
direction of said r&peéitive rlderitng, said first structural elenent having
a first width in°EsP9nEsRUHALElEPF et i on, and said second structural

el ement havi ng a;j$gsodnsh mhatePsthi ez hlowing 8aidrgtidal raigirmert, basei whoni r st and
second structural elenents having a length direction extending
per pendi cul ar t o -peovidiog dblepsi gne Hghibeamtdixgpted jon saidanarkeISURERKSr st ruct ure

all owi ng sai d optical..al . t d Lo el | east one |ight
beam di rect ed on'gﬁ%&“%b%@Egcgfvﬁﬁgﬁglfse#@%%{:gﬁ(ﬁ%ﬂéqggg?rﬁ Facted i ght

pattern diffract edeRymfmgaliganteal infdrimadibn fremosaiddetarabiight said atbmmenerent  of
said pattern, 10 - determning alignnment information from said neasurenent,

S
said al i gnment iiHOERARAN MRESHASNIOMARHoEAIAE ARIHTPR PL A0 SubStledP Spign of
said substrate tq lis%'t,d sensor; said marker structure being further
characterised in°t at’, said marker structure conprises a first periodic
structure (PSl) afd markeosundurelteimefurthelr chasdctarsediimeth@PS2) , sai d second

pert od C1 5St ruct ursz?i (ﬁPrsStZs)trugt%Larll %le%jén%:a%ng ﬁr%tnlgﬂgéitgnagl slu?f]acé Bl\ﬁti)nda tﬁlrsrt ?etvcl,
said second structural element being substantially non-reflecting,
a second reflecting surface OMI1 is located on a second lower level,
a separation between said first and second reflecting surfaces determining a
phase depth condition for said detected light,
20 wherein said second reflecting surface comprises a plurality of additional
structural elements located above an ophque layer.

10. Marker structure according to claim 9, +Jherein said first and said second
structural elements are arranged to form a first diffraction grating, said first
structural elements being lines of said glfrating and said second structural

25 elements being spaces of said grating, ahd said additional structural elements are
arranged as lines of a second diffraction! grating, the tone of the second
diffraction grating being substantially tl%le reverse of the tone of the first
diffraction grating.

11. Marker structure on a substrate for optiéal alignment of said substrate,

30 comprising a plurality of first structural elements and a plurality of second
structural elements, said first and said second structural elements being arranged
in a repetitive ordering of one first structural element located adjacent to one

second structural element, said marker structure having a periodicity in an



periodic structure (PSI), said first periodic structure (PSI) conprising a
plurality of first structural elenents (SEl) of a first material and a
plurality of second structural elenments 20 (SE2) of a second naterial,
said first and second structural elenents being arranged in a repetitive
ordering, with said first width (wl) being |larger than said second w dth
(w2), said second periodic structure (PS2¥°conprising a plurality of said

first structural el g&?%@iog§g§%ip‘}ép§?igwoﬁ%ﬁﬁ ,Qai'a%?trsjuﬁktue \éiéﬁgcn@hé@llz%j of

wi dth (w3) and a plur second”’structura enent s

said first materj fifst hadthAg sfd beteiing divectidn, fvdi9aid seaonld Strucsirabelement havitig
structural elenents being arranged in a repetitive ordering, sajd third

wi dth (w3) bei nga segand widthdmpaid prdesing wirgetiong 519 figshand secppd PENANTRL wi dt h (wa)

being equal to sgid second wdt ) al ' . e] ement
(SE3)g iﬂ sai d se‘?%%‘?%@ﬂ‘{}%%mé“"&ﬁ? g%\%)ﬁ'rog%? gg@@@%ﬁé&‘é‘%‘t {Oég%ﬁrgé%% acent to
said first strucligcdibnel enent (SE1) in said first periodic structure (PSI)

in such a manner that said second periodic structure is conplenmentary to
sai d first peri oiusesaiduarkerstruptyre allpwing s3id pptiqal alignpneat §ased WOBst rate for

optical alignnment_of..said,:s r i . rising a
plurality of fi r'slemgltdl"ffc%d?ag{)gliq @‘F‘gkf %gg%gi&g& é’?%arlgﬁ#%ggﬁag%g‘gnd °
structural el erremeaeiving Al fraeaiddi gh pkesm difftactédbpsad hovkergtraetuck ot i cal

al i gnment based upon - providing at |east one |ight beamdirected on
sai d marker st r ussneerdor megurespent of Saifd gatterpecei ved from said marker

structurg at a se 1N : | sl ' far b

det ect e&sl i ght, ’s‘gﬁﬁ%néﬂné%ﬁ'éﬁ@gﬁtm@?nﬁa éﬁ%g%rﬁaﬁﬂg@ﬂ#h ’g?lfcr%é? g}éﬁ&?tel ating
a position of sainforgiakish eamprisiag sgormatkanslating 4 fosadrdofwmikarbssate e said e
being further characterised in that, said first structural elenents are
formed froma fif¥8Oateri al and said second structural elenments are
formed froma segonfafnl Sildhre telifs AlbhhifaBloriSkfAs _bei ng arranged in a
conpl ementary configuration such at, in use, in the absence of

asymet ri ¢ danageid matkee ssucturetcormprised efmshpaicdid juusturg (Rfaland g se®ndet ect ed

at the sensor and (n.the Fre&gﬁée of asymretric damage to the structural
el enent 43a seconEPrﬁ%‘rﬁT”C we tted at a sensor.

said second periodic structure (PS2) being adjacent and parallel to said first

periodic structure (PS1),

said first periodic structure (PS1) comprising a plurality of first structural

elements (SE1) of a first material and a plurality of second structural elements
20 (SE2) of a second material, said first and second structural elements being

arranged in a repetitive ordering, with said first width (w1) being larger than said

second width (w2),

said second periodic structure (PS2) comprising a plurality of said first structural

elements (SE3) of said second material having a third width (w3) and a plurality
25 of said second structural elements (SE4j of said first material having a fourth

width (w4), said first and second sl:ructufral elements being arranged in a

repetitive ordering, said third width (w3) being equal to said first width (w1) and

said fourth width (w4) being equal to said second width (w2), and

said first structural element (SE3) in said second periodic structure (PS2) being
30 located adjacent to said first structural element (SE1) in said first periodic

structure (PS1) in such a manner that said second periodic structure is

complementary to said first periodic structure.



13. A marker structure according to claiml , wherein the first signal is a
zero or mnimumintensity, and the second signal is a larger intensity.

14. Marker structure according to any of clains 11 to 13, wherein said
first material 20 is conductor material and said second material is either

a sem conductor or insulator material. 155 Mar ker structure according to
claim14, I'Werein said first material is E?:‘opper, and said second materi al

is a dielectri t.eri 6, ructuar -qopti cal
al i gnnent of égi aglg ss@%?ljee,ons%%%e %roégédiéﬁ?ﬁ@%ﬁr@gggtﬁr{ﬁ%ﬂgﬁggl%

plurality O firgrket stesdrere@bmptising atphuralitgl of fipst sradturtay elenknsaod aglurality
structural elenents, in use sald marker structure allow ng said opti cal

al i gnment based ofpssaond stpxeylelenpendt. | east one |ight beam directed on said

mar ker structure, - _det.ect]| Laht | v.& ' I ructure at
a sensor, 30 - djé‘t"egfﬁfnﬁinﬁgk%%f%%%%nffﬂoﬁﬁﬁ%%laﬁg?étgcﬁp%l?ﬁ ggﬁlngﬁé%ta élgts{lad l'i ght,
said ali gnment | poQidim AQasEOEigHS bedgn ivéiedan sadhnaeker siragure, posi tion of

said substrate to said sensor; said marker; structure being further
charact eri sed i n- déteatingdight aeivedrpracsaidyparker PRSI a7 D8 i n a

metal | i sation |ayer, wherei.n said fi UGLYT, ' of a
first surface are th}gpf"ingr?lhgwg%?tﬁﬁgogh %llﬁorn:fi.é s&%’ gg{é:' c{s%'%j S@E%ﬁﬁigﬁ%ﬁsai d
second structur ainf&hﬁﬁeﬂboﬁ]gﬂﬁhg irfo@hatian €l posid@cef aidcsubwate toosaidavi ng

a 5 second surface state (ST2), said first; surface area portion being
related to a firsmserri ed narker elenment, and said second surface area

portion, pheing rel a | ' | nt, said first and
sai d sec!@nd surf%%%gfﬁfgég?@%%%?ﬂﬁéhﬁgpn IEérélgfegtlg to variations in 10
mor phol ogy of sai4id filst alrhdterl ¢lementd e fohmeédfomnadirseateyiakaiddaid sesendbur i ed
mar ker el ement and said second buried nmarker el enent resaﬁ%i vel 17.

Mar ker st ruct ur estacsBrkRlemgents are| farmsdidsom giserqud materig), the stp c@%éfss econd
structural el enegy; ; feheh@Rt GhiufAibAShitPhaliRbic) th thd 8.  Mar ker
structure accor d?ér%gg ?{5& gin?nggglqgr gﬁai m 1%? wher ei n sa?d metal | isation 15
| ayer conprises sbsamteadf aspymetrivelanpgd 6pbsistractutay clentents afrstsigerbfosi ti on
process 15 detected at the sensor and in the prcsenc% of asymmetric damage to the structural
elements a second signal is detected at Lie Sensor.

13. A marker structure according to claim 12, wherein the first signal is a zero or

minimum intensity, and the second sign+l is a larger intensity.
14, Marker structure according to any of cla:ims 11 to 13, wherein said first material
20 is conductor material and said second miaterial is either a semiconductor or
insulator material. |
15. Marker structure according to claim 14, !rwhcrcin said first material is copper, and
said second material is a dielectric matcf:ial.
16. Marker structure on a substrate for opticlbl alignment of said substrate, said
25 marker structure comprising a plurality c%)f first structural elements and a plurality
of second structural elements,
in use said marker structure allowing sai:d optical alignment based upon
- providing at least one light beam dirccied on said marker structure,
- detecting light received from said mar]:tcr structure at a sensor,
30 - determining alignment information frj‘u said detected light, said alignment
information comprising information relating a position of said substrate to said
SEnsor;

i
|
said marker structure being further char£cterised in that,
|
|
|



in a netal lisation processing sequence. 19. Marker structure according to
any of clains 16 to 18, wherein said netallisation |ayer conprises an

al umi nium | ayer. 20. Marker structure according to claim 18, wherein said
metal li sati on processing 20 sequence further conprises at | east one of a
deposition of a Ti adhesion layer, a deposition of a Ti 1Ti N capping |ayer
and a deposition of a passivation layer. 21. Marker structure on a
substrate for Qpyifakedihdti®nRiprédensinidnatalishtiatleyersai d  marker structure

conprising a plurality of first structural  ele ts apnd a plurality of
second st r uct urveiersih sadifirst, sagtural el@@‘é*“é%?‘ﬁ“ﬁ?a&l@&?“%ﬁ“?%&? aﬁﬁgp P‘fbgw ng said
optical alignnent, based upon - | ding at | east one |ight beam directed
on sai d narker f@f’%@tfgﬁsbﬁu%cﬁgf’tgﬁﬁﬁ%ﬁqqght recei ved from said marker

structure at a §eN\$0énd SRRk it 3bhsgsreid sdcofibsurface ereafpodtianskavingdet ect ed
light, said alignment 1 nformation conprising information relating a
positiofn of saisdcandoestfact gatedSTA.d 30 sensor; said marker structure being

further characterised ip that, said fi ;8 SR el GRS dndes a
plurality of pr§ 13§t$‘}rﬁ’€§a¥fﬁ(?°§"°ﬂl F%ﬁaﬁ@ﬁqﬁ#‘:@{mﬁnt er poesed I{nes. 31

22. Marker Str%fﬂeﬁoﬁﬁﬂa‘éﬁ Aalpertfonticin gitlatstheraaiecorskbutiedimarkerand sai d
second structural elenments are arranged to forma diffraction grating. 23.

Mar ker struct urdememtording to claim21 or claim?22, wherein said prinmary
line conprises a first

c material a ' My | td VARG IAr i ses a
second 5 mat eri%fd ﬁ’?&?’mﬁﬁ‘ié‘?mg‘%? %ﬁ?’%lt%(cs?c}f g?%’gﬁ%gé%g\l&;té‘%f claims 21 to
23, whgpein sai ﬁiloﬁ;]hbﬁ}g R §idirRdtallib@fondayer bsingrindiced bpeadifisstdmeingd marker
mechani cal polishi'ng, gnd said second naterial has a econd resistance to
chemi cal mechanélementorondisaidi ssgondstyrigd mparker eleraenty IGFReS Y)%V'ng different from

sai d second resjstance. 10 2 SUEUGHEfeth f6€ Afsdand)sdidsexioad m 22 or
any claim deﬂgn erfﬁg?tggnécgmg%glgﬁim@ali% pl ur ality of first interposed
lines forma pegipeis) Skmemt dfecarrati§ed tdfiokea diffraggengdting&cor ding to claim

25, wherein the periodic structure exte in. i : 1 Siesti@nbhal |y
per pendi cul arl8 Yarkes Sgﬁﬁﬁuﬁcﬁcéoﬂﬁge‘@tﬁ%ﬂ’ Or aémgllﬂ rhggth:l gzﬂnd gr a%si%ng.

15 layer comprises a metal layer being deposited by a hot metal deposition process
in a metallisation processing sequence.

19. Marker structure according to any of claims 16 to 18, wherein said metallisation -
layer comprises an aluminium layer.

20). Marker structure according to claim 18, wherein said metallisation processing

20 sequence further comprises at least one of a deposition of a Ti adhesion layer, a
deposition of a Ti/TiN capping layer and a deposition of a passivation layer.

21. Marker structure on a substrate for optical alignment of said substrate, said
marker structure comprising a plurality of first structural elements and a plurality
of second structural elements,

25 in use said marker structure allowing said optical alignment based upon
- providing at least one light beam directed on said marker structure,
- detecting light received from said marker structure at a sensor,
- determining alignment information from said detected light, said alignment
information comprising information relating a position of said substrate to said
30 SENSOr;
said marker structure being further characterised in that,

said first structural element comprises a plurality of primary lines and a plurality

of first interposed lines.



15 27. ;

struct u?/gr gi: ezé;upt ure according to claimz25, wherein the periodic
direction of the d: Pf a direction substantially parallel tothe periodi
claim 26 or 27 V\hereirﬁCts;?g Sg(r:gtldng:[ 28. Marker structure accoPdi ng ![g
lural i ' _ nd structural el enent '

plurality of secondary lines and a 20 plurality of secg(r)urzlrpir Infgfpgsed

lines, said pluralit ;
’ . y of second interpgsed |i ;
structure i Rga ' : . Lerpose i nes. f.or er peri odi

RoaMasier 8Ghdtore acirdingne Fhlimﬁlp‘ép?félﬁ'c??@lﬁg;g"tla %a?hsfgb%l?d:ect !Don of ¢

the periodic structure for
d by t S AYE i [
29, War k pie e Y '
er st rstouotyral elements Aty g %f@ﬁ%%{h@?’%@%ﬁﬂgﬁt oI gt&er IOOZ*rece]li InI Qg?d

pri mar 25 1 ' ' "
conpar Zlm e thI' gf@?%g&g%ﬁkdﬁcgg{duﬁ;rge[bs&?%m?ﬂ inriBoheres & PO O
; of a ' i
sal 0 substr at e cofisdfacmmatriiond e GwdpaTEE DR TSR XEend 1 Ceard "
d sal second interposed lines h i ' satd.

ggmagﬁgfrgﬁemﬁm? (ial feature size of a product a\égv?cgl gginﬁl O(r:]r at ed

structure ac%ﬁwggwbgﬁg;a%h}e Eof mgﬁgﬂghﬂ??sﬁgmw’mmﬁ%ﬁm HelfKer "

provi d! ng at |%§Bfﬁﬂecsﬁ§tﬂhbt®dmidﬁlﬂwﬁl ical polls isa,I d rrelﬁtgg nﬁm&iiﬁi ng -

detecting |ight received f BwicB oL AP REP ST uct ur e

I N . i ved from sai.d nark - o

d .

deterri ning al lr@?_msfqonnmw.ug)ﬁheews%'ﬁ%ﬁhﬁﬁ‘é%ﬁ’é’é‘f@ Vight, sai d ali gnment
C%@tzﬁsggsi'sﬂgw DBiid @Ffefent Rbim@idiseoos] tebislanes: sai d subst ?at ent 0

said sensor; Sald at |eas [
_ _ X _ st one | h '
pol ar i gt i oné EAkeKantiragedrding & elaim a7 bgmbfeag‘gﬂ%ﬁ%?ﬁﬁ‘%} hiteg&t% F}ghgfc;r:act i on

of the periodic structure fo

_ ( _ | rimed by, i ' [

lines, or said sihplyralifnef é‘%’é‘ﬁ&?q%%%llh%ﬁm%ﬁ%b b&m%isgﬁctﬁtd.s't R
ssion

I ght ha"{zﬁ%@&& sriGRacRRNRE 116 alaim 25, YEa¥in mpermifgﬁql’%ﬁf%tﬁ%‘aeﬁéﬁod f or

aligning to er struct i
: ar ure accord i
sai d net hod conpagirsdtion sﬁ&mtbllmvﬁmwg&&{ﬁnﬁ%éhg P&g%léco @I?%:ﬁtgﬁ ggg%]'(gﬁl’abﬁoﬂg,
I rected on

said marker structure d [ [
] , - detecting |ight [ [
sal il g received fr
ucture at a &@H88&r, - determ ning alignnent inforngﬁ}zﬁlgrgarker

et ect ﬁs ligh, a,lfagkés} usgl;agfy&ﬁérdiﬂgﬂb&laithSoWhe@ifpﬁhF §F‘W§L? ﬁ%?%{%‘geﬁhgé‘] ating

a posit'ron of”'s trate to said L 5 .
a direction substantially parallel to the periodic direction of the diffraction

grating.
8. Marker structure according to claim 26 or 27, wherein

said second structural element comprises a plurality of secondary lines and a

20 plurality of second interposed lines,

said plurality of second interposed lines forming a further periodic structure in a

direction substantially perpendicular to the direction of the periodic structure

formed by the plurality of first interposed lines.

29, Marker structure according to any of the claims 21 to 28, wherein said primary

25 lines and said first interposed lines have a dimension comparable to a critical

feature size of a product device being created on said substrate.

30. Marker structure according to claim 29, wherein said secondary lines and said

second interposed lines have a dimension comparable to a critical feature size of

a product device being created on said substrate.

30 31. An alignment method for aligning to the marker structure according to any onc

of claims 18-25, said method comprising

- providing at least one light beam directed on said marker structure,

- detecting light received from said marker structure at a Sensor,



sensor; 15 wherein said at |east one |ight beam has a |inear polarisation.
(El') extending substantially parallel to the direction of the periodic
structure formed by the plurality of first interposed |lines, or said
sensor has a polarisation filter ‘which allows transm ssion of |ight having
that linear polarisation (El'). 33. An aHé¥HEHﬂ met hod according to clains
31 and 32, wherein tw |ight beans 20 ar€¢ directed on said marker

structure, said |j.ght. gjﬁggmeﬁ \ did deteted NRRIONAE aﬂi?mn'

pol ari sati ons (Elqe%rﬁg%‘ el né@%@ﬁg’?% sr?decei ved. 34. A substrate for

ni croel ect roni ¢ jffevinaten compising infpratatibe sedatingraepositionaf saidsubstigtecto saidlc or di ng
-to any one of the preceding clains I - 33. 35. A lithographic projection
appar atus conpriséPi¥l: 25 - a radiation systemfor providing a projection
beam of radiatiqn:, - a.: t. St bdne iR HARA dafien texidmdiig@ neans,
the patterning n“éqiaeﬁ?n%glétés%%%t c%n% J%fternhg{s%glr%r o] egltii on @m accg%di ng to a
desi red gat t er n;substanthslyrpeipentiablae to thivdBpctionrof el pHrivgicestiayse fommed by
projection systemfor projecting the patter ngd

' b t . i
DO e ] L gL e e Rl S48k OB "

position of said;s [ Lel at.i ki iSdEhypat t er ni ng nmeans;
33 said subst raﬁllgwgz}rﬁgg}bg?lﬁgogilgq{tgjgg?]gglrlgqﬁgsrﬂ er ?%trl%g{t%hr) e according to
any one of tBp gh aliginént meBibd f3faligvinhtodhomarker gimastvre aofording e guY 88 in a
|'i t hographic projection apparatus conprising: 5 - a radiation systemfor
providing a proj@@ﬂqlﬁﬁlgeﬁnﬁwmﬂm‘%" SINg "3 support structure for
supportj g patterni [gea@ . Birted GRS mafiey bingeti@, pattern the
pr oj ectw;n beam aﬂgé‘gsrgl [ ngi%gt%dagg@?tr%ﬁﬁ pattern; a substrate table (W) for
hol di ng a subst r-ajetectiag pighy recdivahiremsadmdrer spuofue ttiafgnidie patterned beam

(VE) for et ect ivipaminieg sgnmek ampeiiCen s SFERATRDE Y HRRRGN DY CT
sai d patterning aRARStoR BhHp A BomRtRh rdlhtits a position of said substrate to said

$ENSOr;

15 wherein said at least one light beam has a linear polarisation (E1) extending
substantially parallel to the direction of the periodic structure formed by the
plurality of first interposed lines, or said sensor has a polarisation filter which
allows transmission of light having that linear polarisation (E1).

33. An alignment method according to claims 31 and 32, wherein two light beams

20 are directed on said marker structure, said light beams having substantially
orthogonal linear polarisations (E1, E2) and being separately received.

34. A substrate for microelectronic devices comprising at least one marker structure
according to any one of the preceding claims 1 — 33.
35. A lithographic projection apparatus comprising:

25 - aradiation system for providing a projection beam of radiation;

- asupport structure for supporting patterning mearns, the patterning means
serving to pattern the projection beam according to a desired pattern;

- asubstrate table (W'S) for holding a substrate;

- aprojection system for projecting the patterned beam onto a target portion

30 of the substrate;

_ asubstrate alignment system (MS) for detecting a position of said substrate

relative to a position of said patterning means;



- providing at |east one light beamdirected on a marker structure
according to 15 any one of the clains 1 - 33; - - detecting light received
fromsaid marker structure at a sensor, and determ ning alignnment
information fromsaid neasurenment, said alignment information conprising
Information relating a position of said siPstrate to said sensor. 20

- said substrate comprising at least one marker structure according to any one
of the claims 1 - 33.
36. Method of aliénmcnt of a substrate in a lithographic projection apparatus
comprising:
5 - aradiation system for providing a projection beam of radiation;
- asupport structure for supporting patterning means, the patterning means
serving to pattern the projection beam according to a desired pattern;
- asubstrate table (WS) for holding a substrate,
- aprojection system for projecting the patterned beam onto a target portion
10 of the substrate;
- asubstrate alignment system (MS) for detecting a position of said substrate
relative to a position of said patterning means;
said method comprising:
- providing at least one light beam directed on a marker structure according to
15 any one of the claims 1 - 33;
- - detecting light received from said marker structure at a sensor; and
- determining alignment information from said measurement, said alignment
information comprising information relating a position of said substrate to said
Sensor.

20



