19 MARCH 2007 1 Lithographic marker structure, |ithographic rﬂ]?ﬁ ' '
apparatus conprising such a |ithographic marker structure angl ne (t)dgloébgg

substrate alignnment 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 <claim<11, allithographic projection apparatus
conprising a device for wafer alignnent which uses said marker structure,
and a nethod for wafer alignment using said marker structure. Background of
the invention_10 The present_invention finds an _application in the field of
li t hogr aphi ¢ bithegraphic mppkerstracture, ithographic projection apparatusn f or
supplying a projection beamof radiation, a support structure for
supporting mmmsmggsuﬁlaasl;thngraphs@m%ﬂ«qrostpucfumandn@epheql deri on beam
according to a desired pattern, a substrate table for, holding a substrate;
and, a proj &bsmtwﬁl@&mmum such ﬁdlml’ﬂﬂﬂlwm%ﬂ(@'em@gﬂ@-a target 15
portion of the substrate. The term "patterni ng neans" as enpl oyed here
shoul d be broadly interpreted as referring to neans that can be used to
endow an i ncohiekkofrthelinyention beam with a patterned cross-section,

correspaondi ng,glt]o a pattern that is to be created in a target portion of the
substratde; t hEhe Bessnt iVgREontglajes to @markersrugiare as«iefined inthg pregmblsef 20

General |y, élﬁﬁgne $al chBgﬁgP@g Blr%@étt{?g%@g&rﬁt%g‘a&%ﬁ&n a%@‘&i&%?&lv@ﬂffelj él'%ﬁfnieﬂpal layer

in a device I'ng cr rget portion, such as an 11tegrated
circuit or whithuseksaidcmarkeesruchet,cimi.a rhethodfoe svabér digane padsirgrsaidwgarkeans

I ncl ude: - A mask. The concept of a nmask is well known in |ithography, and
it includesS™H#¥% types such as binary, alternating phase-shift, and
attenuat ed phase-shift, as well as 25 various hybrid nmask types. Pl acenent
of such a masK,diardug of & ififdreion Peam causes sel ective transmission (in the
case of a transmssion nmask) or reflection (in the case of a reflective

nmask) ofo the méi;'bre&dn@mvbﬂmirmidsgm? Ldugionas the fRIC Of lithdgrapkic pRgedtidht ern on
the mask. In the case of a mask, e sup%ort structure will generally be a

mask tabl e, aPRATatys thalresngerepass ardiatinn sysisr fonsuRpbying p@raiectiondeamadd position
|0 the T ncqghingoh Al ahe e e 3Ppitls PRimink s WniTRYGT.S lpthie to the
the projection beam according to a desired pattern, a substrate table for holding a
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 attehuated 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;



- A programmable mrror array. One exanple of such a device |§g%4

addressabl e surface having a visco-elastic control layer and a're ect

surface. The basic principle behind such an apparatus is that (for exanple)

addressed areas of the reflective surface reflect incident Iight as

diffracted |ight, whereas unaddressed areas 5 reflect incident |ight as

non-di ffracted [i an a%%ro riate er. the said non- diffracted
f

light can be n{\l&f’g&“@ﬂﬁb ITQfrag 'é%‘f’&aanpd%% uch 8 46YiSg SohM# e di ffract ed

l'i ght behi ”9ddrb§%a$l@'s§rf£@%r}ﬁ$fn A 1§00 RBACHARyeP ahd & FTRGLIFE SQFated O the
addressing pattern of the ITB.tI’I x- addressabl e surface. An alternative

enbodi nent ba‘suapmnan]g}c@nlnmdlsmchnrrapparaaxsnaﬂlae(fpltwmpdae)raﬂthressedaarceamgﬁdlmnt of
tiny mnors, .each of .10 i ch b tilted a n axi s by
boplying_n telECam Sriagei PeCaCar B R & SR e, Wi oPagTate A bel oot 1 i ¢
actuati o MRERE: m@&@ﬁ’t ng‘Bt'?‘hsnnontJﬁ?friEtéH)l n?)taﬂﬁn RS g f‘lﬁéls@l*k's%i ﬁhgh t hat

addressed mnors wll reflect an incontng ra Iatio in a di rent
direction tdnffnaracﬂjhgmsambcrflitcmdsmt ofrthe hiftectedaam, lea\tieg Delfyl the ddtraitedm i s

patterned cording to.the addressm attern of the tr|x addr essabl e
P ror o TGS eh BB e ARG Bl e DI, SHER T ¢ abl e

el ect roni ¢ ﬁ%&?ﬁofﬂh@ PR a8dresshBR sHHhMUAINNOMEARFEEh ﬁim@ﬁ{@f @bove, the

patterni ng nmeans can conprise one or nore programuable mnor arrays. More
i nf or mat i onprogrammatle mirrayara@zsenlr;éoyas a mheix thnganad of tibp ngiress eakh dfor

exanmple, fro ni t ed e ents US 5,296,891 and US 5 523,193, _and PCT
patent Hppl RN R e R N MG SR 5@02?&%%%& ed 20
herein by rﬁ@l@ﬁi@%mﬁlﬂgﬁ@?&é&@ctﬂﬁ aBuRi APMRSATROh& 4Pald, Ae AikéY ard he sai d

support  struct nbodied as a frame or table, for exanple, which
may be fi xeuhawix- addmsaahle. saeh thetjaddresded mirmors wAll peflegt zmimednéng x@Biation byamAn

exanpl e of suc str.uction iven in. United St tesP n

5525, 575, A OHeIear RReshPRes BpakitasSiimtrass in s riess, PREEASEERRILS | he
support st rpiifericd acPortifigto @l?észﬁldf&sﬁng ?a@éfﬁ%‘ﬂ tiRAn#fix AdHre8s®] Omirk@R! Fhe f Or
exanpl e, which may be fixed or novable as required. For purposes of

si nmpl i ci% y, reghiged matrixgddrassing cax be perjormegd usimgsuitable deettqrtmmeasqaén bethed] | y
direct TtSehl shonioPhRed RCLISMOuR RS AMeMRRln baREHSe RV RG, L

general princi cusse n suc e seen | the

br oader conplegfanﬁﬁamamlﬁ@r fradys QVIbtegforRaisn aﬁn’ﬁlebr atraaryt las heﬂ’e&e&bt@d@o can
Li t hographi c projection apparatus can be used xanpl e,

manuf act ur ebéogleanedy @@Pé%‘@ﬂecﬁr?@dﬁtl?d(sltat‘%% Paterys y§(,5m290§ §and It’ﬁé 5%tltgér ni ng
e L SR ot idon IR A0 AE SR, R ot e
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 programmable 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 imaged



3 Onto a target portion (e.g. conprising one or nore dies) on r
(silicon wafer) that has been coated with a | ayer of radiati &gl‘gggﬁ*ﬁ%@z

material (resist). In general, a single wafer will contain a whol e network
of adjacent target portions that are successively irradiated via the

proj ection system one at a tine. In currént apparatus, 5 enploying
patterning by a mask on.a yask table, a distinction can be de be vgeen t wo
i f forent t yISa B EHROFIANC & FOBRRSIRY PF mare isLPIp MR UBRAFLERD Baer

apparat us, Gffifhas bedra Wil 8lhykPof bRl i nEXRRI (ROsH 18 geflrli § TSk
pattern onto the target portion”in one go; such an apparatus s conmonly
referred to saglawatt evill sbstpiner whole sitsyoriaofladjapeatar geapqraioad that arkn an
alternative apparatus - compnly referred to as a step-and-scan 10 appar at us

- each t ar gePCESHYFIYATrdated VRIS PEAICIHON SYSR-Sial & [N L TCREARATE Wins k
pattern s un%?r{rpé(g)pﬁ%%t%rﬁﬁ% b9 REAB SInAdhME N diShAiBR e B f38L bQWebd NE

"scanni ng" synchronously scanning the substrate table
paral | el or teotdiffgrantalypesl oftngachiniesIn ehertgst dfdnhogapiieprojectige appanitys, eheh
projection systemw || have a magnification factor M ((tgener ally < 1), the
speed V at WHBelPAtien sipadiated byexposing he st faask pritern9atothe ST PORIONSN | mes

that at whi e, k jnf fg%tt 1 _ to
| i t hographi %lﬂgggl %uggﬁggbﬁ%%tgsllecscr I gﬂelg cfgn %délqevggne ,é]ﬁjgf We%}gbn%lﬁggbg?tom us
6, 046, 792, apparatupdhanexdtehatie¢ appayatuef @nenady réfarred toeasuf siept-anrd-sogn pr ocess

using a_lithographic projection apparatus, a pattern (e.g. in a mask) is
| maged &Rt o BPEENST Faibiataskportien i iMadigied bﬁd’r‘?&ﬁ*l‘*l“ﬁﬁ%%ﬁ?@?’ég thyymask pAfERT of 20
b tihe " RBinB9dRE&Rn) t he

d. t . _ . . . o 1 i .
radi ation S%ﬂﬁérbth%é%l%ﬁi%'bé&m(nﬁ %‘%ﬁw%hgcfel%hbé)&uéc?i

substrate may vari ous procedures, suchoas primng, resist’ coating
and a soft Iydide.syAfliremousbxasning thetsobstsitthablegiamliehgr dnti-panidjed od tas t o ot her

procedures, such as. a post-expgsure. bake (PEB) . develo nt. hard bake
DG neasr e SUAEhSIEe R SERGH U e e Bays P BaY i e¥ S B ey Bistor M ocedur es
is used as gdiRplN & 9), B JpBEN VAR whidh thé SiiRtrate AME isdcathed Wil BéiaGlstofMI. an

I C. Such a patterned layer nmay then undergo various processes such as

et chi ngl3i otimesphaiat whichrih¢ tepk table is aeannéd. Mere infarmagyandeith mgard to

chem cal - ne¢chani cal. elishing,,etc. . all intended to finish

Cnaivi dual PG BN ShaE doflilien ot be HERRALES elcioble hER IR b 0¥ % e qur e
or a vari anindofsireed hersird by Referende9 be repeated for each new | ayer.

Eventual Iy, an array of devices wi.ll| be present on the substrate (wafer). 30

These devi ces Ip SanhEAsUsiag pregestusing lidearaphistrreiectinn apPREtsn? A8 (k8 as
R L
processes caaditnedehsitine chatdrial (resistiyfrior td thismmaigirg s khe'substrave triap
Fabri cati On:unc'ﬁ:rgcr) %gl:[ici)ucsa;!roce i111('je:es", st[u(cj:h %ggiir%?nr}g(,jlrje%}s%oa%rn%ca% Saisgg"b’ake. 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",



19 MARCH 2007 4 Third Edition, by Peter van Zant, MG aw Hi II b ﬁlytdag
Co., 1997, |1SBN 0-07-067250-4, incorporated here| n by reference or ‘the
sake of sinplicity, the projection systemmy hereinafter be referred to as
the "lens"; however, this termshould be broadly interpreted as enconpassing
various 5 types of proj ection system inéluding refractive optics,

reflective | atadioptric yst or . exanpl The radiation
syst em may i‘? 6%#thnu hﬁi‘nﬁ?ﬂ‘ gﬁfﬁ lﬁg%r(g? ]gg%7o any of these

desi gn typeg%@b (- G@fngr;,glm% ét@cgh Cbﬁr%fe?édcb”g t he projection beam of
radi ation such conponents nmay a e referred to below, collectively
or singul ar | yForathe aakel e 3atiplicity, iﬁarptdgm‘uontshaemmh;olga'ramhﬁm teppferrat tsasmay be of

a type having two or nore substrate tables (and/or two or nmpre nmask

tabi es). I ntheulans'; hoveysyr disierpshoyd by broadiyatempyated .aéﬁ%ﬂomnaa%%garm be used
i n paral eI nore tables
whi | e onde o ero rS{% ﬁ‘;‘?ﬁ %gn"gg‘?@‘ﬁ%ﬂg}éﬁfﬁguﬁ%%@ dreﬁg%(tbvgg) Br 64 aR(E)u st age

| i t hogr aphi cataﬁqahatsymerﬁx doiaafipld) Ghe rddiatiotsgsipinemay mlswﬁzcﬁxdgﬁ‘zemﬂ)éﬂemmd VO
98/ 40791, 15 both incorporated herein by reference. For  a |ithographic
process an SRTYHIEAFOGIE RENNAT Biese desig typesdesdisertifg: thaping ORRANIO lf%&tern on
t he mask sh | I t f
features ontPiuRdifle R afy0, BT SICH Sriplhty 30 RREedoEhB L BT |
speci fied tallkecdvaigsr singulatiyias a¢'feahs”.t he |ithographi c projection apparatus
conprises a wafer allgnrrent modul e 20 whi ch provides for alignnent of the

subst ratl wi tuthes the Bihograghicspraratis mpaype gt taHiYPF havipg (o BIE SPPtED

t ol erance. | a I nt
based on opt s L 8o\ FRIRElnaly RRR) b MRS muluRESLBE T BE e dRIBL |
det er m ned tableseayibeiused arpanqiteﬂ cmlprepeasamrys&:pﬁ nmynlmrcanmdlcambn oa¢ kemowhi ch i s
i1l um nat ed E]é an.optical sou for ratlng|S|IIumnated by a

| aser beam tabl5s phile pge af MEEe EHLPIP FRtE e'fnlgd’ﬁ?‘”% SP%&“FWQ, ual¥f&ne or nore of
the diffr acﬁtﬁg%x‘ﬁﬁl%raﬁ pathtds alCERSLIRY, RY eﬁzﬁﬁ;ﬂ@clh'lyS?S 9893491 snd W) 98/48761 ,
typically |l oca on a reference pl ane. Usi ng the output of the sensors the
posi ti ofd of bathénopgfosated hereinebyoreferered. (reI ative to the reference plane). In
the prior art opt

for "a0 ai {1 R0 BRCBPRRERET D Tiegeniahe x G bERsPrREL MR A Lo

vi si bl e rangefif or the mBRERSU1Y BE ad\pie¥ist dposeRled Ll iaGoirkct dfidRionros fddd@eyr at i ng
is typically constructed of lines and trenches. Typically, the line width

and trench @ theubstiatee whichdeguyes pH shpwld haygsizes within specified tolerances. To
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 um. 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 obtgi

wel | -defined diffraction 19 MARCH 2007 5 nmaxi ma and m ni na, ?ﬁﬂ@?g{{izﬁw
nmust enconpass a mnimal nunber of lines and internediate trenches. The
size in the direction of the periodic structure is about 750 pin. The
grating may be a phase grating or phase marker which takes into account a 5
phase difference between the phase of rays scattered at the upper surface of
t he grati ng maxirda ahempfiamethefgratmgsmest ahd¢amipds amitinal howber cflinksaael of t he
grating. Also, the grating may.be an anpl.itude grati.ng which onl kes into
account t he INEERqdiRlF Brerghepckhgrsizedp t@%@ffgﬂa@ Pﬂ@e \BF‘E‘%EI?%VCP%?‘?OH\%?%@MS e
difference rglating to an wupper or lower level in the grating. Typically,
an anplitudée grating or anplitude nmarker 10 is constructed of a periodic

structure of fﬁhé%iatﬁh@ﬁn@e&ozﬂﬁhd%k SrmRing or phddk Elhrké\ehich fiktdinto soebilimae | evel s
but different respective reflectance. Optical markers are used during

m cr oel et r phase difderenes Yptwesnstbe phaseof rays scienseat dhaeppensurfage ohthefgrating

manuf act urin i ne. ing the front .end of. |i FEQL), markers are used

o et sy i scollirel Ao A Pet it AT BRI Ly o e & | ater 18

stage during W&, BRCda@iFmay bk hﬂﬁmﬁaﬁﬁ@b)grauﬂ?wﬁaﬁoﬁp eakies afis deconht the | gnment
e

of netallisation structures, e.g. connect lines, and vias. It is noted that
i n bot h cas@eriedie stragieref theygrating withewtraky ferthen phasp differengegeleting tacemeet t he

requi red accuracy,of alignnment. Durin m _conduct.or nanuf act uri.n Qcesses
2 v er o SO Qe MR e gy THRteAR, a fiphinde et Rk Smplthist gkt
et chi ng10 polid sdbtRgotecda peritfdiciirudRite bf AR dindRUSIK OmEMYONRIES Bavef simila@r ker (a
recessed area in the marker and/or vvarﬁl ng of the marker). Such marker

roughness c&wdacs leyelshut gifierent respestiveoetle¢iandenage whi ch nmay contribute to an

Over| 3y o r O eleh ISt BOAL HEh i i oPRULERN AR rolRM R Ror i SO 118

concei vabl e uring e subsequen ages o ocessfng e quality of

mar ker s t en@rdcessthigyialvnghhe flldhsadyantsgkne Duping dlie 61kt eaplof tiad (FBOKErs i s
that during I1C processing it is difficult 25 to control the phase depth of
the opti cal Magfekeare used fOT alignment dupag manafasturipg of tansistpgtrustires. Adadatehder a

given diffraghl & r?%:tﬂ OBt HHQWBREA ) & | 08 fieddd F& PrenBft GCCUr at e
measur errgent Q%F tﬁé I %?? act e beng\rlanay )beé%%f#fﬁ?c urt of&reavlgﬁll9 npossi bl e. The
phase dept metalisation defidtmes, eas comeect Baes, metivihe iIgismottidftharie both dasdsweeen a t op
surface of a line nd a top surface of a trench in rating. ynder a given
angl e of di FHFEEHE PEhe maker st be Sifcispiioansst e reaird X iyl EomsAbier
opti mal condi Pyeing kerdictRdddidHhau st dd, Eldsesl W/ SRS 1stshb e§te_§>f@§ﬁiu?£lity bhe
phase depth equals half a wavel ength of the applied radiation,
treatments such as annealing, etching, 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  to 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 1s expected, the phase depth equals half a wavelength of the applied radiation,

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



I nterference between diffracted waves will result in a |low or zero
intensity. 19 MARCH 2007 6 Control of the phase depth during 19Q0RReGEH9T7NI
may be difficult due to process variations fromwafer to wafer, and al so
across a single wafer. A further di sadent age of prior art markers results
fromthe dependence of marker properties as a function of the |ayer(s)

bel ow the Mardst of the bhgd AR dufitls 10 YRodesfa ol beBANLuIRJ Gpholiehiavi our  of

the various layers, as found in sem conductor devices, th contrast of the
mar ker nayasiattons fwomi whfer ¢s wiafes, and alsaracuiss enmglef wathe diffracted intensity as
function of e | ayer, bel ow. Moreover, it n that vari ous&r ocessi ng

t . '
teps may advErGEr SSHRRIER CEPRTTN KBS RIS Tgh e HEDRIFRE & TEKE Lo t he.
ef 1ot on iierRhang fuldion ) RIS oS HD mat e IOU ol (TRLARTS My compr se

an error can result e'fact that the nodified shape of the
mar ker 5 c haiffarenttdpeicgdrbadowcdf thavarmus layk)s, & foundiot setitedustor dédiceshthenore, in

the prior art, durin ECL processing, optical .markers. could be detected
under capEomgist &Y e SKer R YRy Grneh tsp Bt St i R R RS v i bl e
at  the sythakBon HPMRYSVer bEIBG,. 10 application of planarisation processes such
as chem cal 15 nechanical polishing (CW), the option to use a residual

mar ker st r udMaereeverat is kalowgrthaniaribus precgssingseps hay adeaselp infippoesihbl e. | n t he
prior art, markers on a sem cQnducfor_ substrate that .conprise trenches

P11 e Wb AERB TR Ko el e Rer a0 i P A RgTEnY Bh g  t angst en
from gfhe sdikemades mhPHMpriedd efBE whithicah Sesultdont etfh@ tElYher oCess the
tungsten structures are either 20 filled or underfilled. The extent of

filling i snadificak shdpe of thhmapkaxsbangepthic gehemreddpatierabf) dififgated bgemer at ed by t he
mar ker, i.e wo di scr.ete. phase de evel s .exi st.. .One level .relates to
(111 ed” t ungTeeheiBirtat iraif At frned KRk i sife RigA KR PP REce dept h
the ot hefefeei@uind&!capsing letsslalifthé befe résidiRl SRichire WhidH Was Vibfhatar e
relatively deep and have a |arge phase depth. Small phase depth of the

filled natheesusfapes Hovesr, dud aeapplinateon ¢fl amrigatioprivesesses spedy acehgsverl by t he
smal | ,phase depth IS & iwely large. Al .1he |ar hase depth does not
guar a%?ee%eﬁg?r%%gogﬂngé}@ewﬁé%(()Prlolggoru (Sa%%gdgﬁfuafrﬁ%&f)ﬁsggug& gg h may be such

that exti alfshent od mahe caes hevbecsingimbodsitdell ts. Furthernore, no control over
t he phase depth is obtained. The influence of optical markers on IC ,
processi ng MhPCIPEIRE akt gnRk g Ny p¥sEcaidyetonpbstrats dhal campprisotrencdes HHed t hat t he

R I T A e G L s Tk
or der and planarising the surface. Due to the CMP process the tungsten structures are either
20 filled or underfilled. The extent of filling is related to the phase depth of an optical
signal generated by the marker, i.e., two discrete phase depth levels exist. One level
relates to filled tungsten structures which are shallow and have a small phase depth, the
other level relates to underfilled tungsten structures which are relativeiy deep and have
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 is 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
integrated circuits. In the prior art the minimum feature size of markers is in the order

of 1 pm. 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 1 m In current mcroelectronic devices, the typical mninmal feature size
i's about 100 nm (depending on the device generation). Since tlgay EF%%07
usual |y consists of the 19 MARCH 2007 7 sane material as (part o$? he

devi ces, the presence of an additional marker area of a substantial size in
the vicinity of a device may have an inf%uence on the local processing rate
for that device in a given processing step. For exanple, a chem ca

reaction idanR rh@efill a¢€par0sf) eeCduvites,AhO pRSEnceof an GABNGIAmatleR afdalof @n process
may be 5 influenced by the presence of a |arge marker area due to sone

ki netic cotbstertialsizeap thepacinitp oba flodes maphaverangntlegnce pe theadlpesl t enper at ur e,
etc. A size di f.feretn?ertﬁgtt(%gen.nar kver an(g .des\{i c% feature am% H;l s lead, for
exanpl e, tROHSHPE TR PTon'S 5%’?85&&?5‘6" %ﬁ"&) ) or%%??%%’s‘f P4 %d cl osel y
to a markefactinn a@eddi®e ktéHiRRpioREssVr atch@m%pae?agtiaﬂpﬁ)ce%aﬁa@d on of

devi ce characteristics may occur across a die and/or a wafer. 10 Al though

speci fidc rigflesnsnd by tlee/prosenamoica lange narker ara dugtotsomelkdretisiconsieintppradugt us
according to,the .inventi in.the manufacture.of ..l.Cs, it should,be

ol | ci ¢ Ly aer SeBEROn ol VAU A kT DS HRAUITIRNY BRED BOLE: e

appl i cat i qRgice FOsRAMPIGs 1cal, fﬁﬁé’xa%plcﬁm&ﬂﬁc@tibﬂof DErdtBRH Ao Of _
integrated optical systens, guidance and detection patterns for magnetic
domai n nemevices lochied wlaselyrtg e radrketi Bpé toythp ammslification ofitheiprenes@ngragnet i ¢ heads,
etc. The per.son s};' | led.in {?het.art Wil | aéogr ec(j{ate that,.in the context of
such al t er fRETYRC %%’I“fcccé‘ﬁatg EHAAPLSE bt _lgf’ﬁ‘yo"?gf"fe& e", "wafer" or
“die” jon thigidgh sP&iﬁél{e@er@&cC‘rﬁﬁlﬁbéjﬂé@éjin&ﬁisQ@At'ﬁéltHe?ti%kéf?ﬁfé apparkfag nore
general terms "mask™, "substrate™ and "target portion", respectively. In

t he preseraccerdingrethe inveriondn the rhamdacipied ICaibshoulsibej explicivly vpderstoodr e used

to 20 encg ass all tvpes of el ectromagneti .adi ion, i.ncludi

Wt oo o SBARERR of ppakdi fas Hhas SR RR R R salintt Kok Ppstl SR8y 8805 157 o
126 nm awh;ﬂeé}ddqmwﬂnhﬁﬁamhfel dftinte griatdd)optiodlisabteds, dudiaice havddigctianwavel engt h
in the range 5-20 rim. Summary of the invention It is an Qb{rect of the
present i riAHEAS doT Tagnstie dpainamemeniess liquidwreysidl dlisplaytpagels othin-tibln 25 correct

t he phase | u i i Wt hi
i1 agt aicls bt 0 Prciech ARl B9 Bha AN A AP b e fieh
i nvent i on,sutlnalserndtjvecdpplicatidad)iaay ase ofitha tarms Kesticket'y 'wedfert' @r "din" m thisheitr at e f or
optical alignnent of th substraﬁe $E defined in the g,r,ea )l e of claim 1,
char act er i68¢dibg coRsiflered pyibeipg taplaced By th mpreggeasrhierAn smasks i SUbsIalY’| ect i ng

surface On‘ﬂ“?"ég dt pbitfon’ §¥§ectivdy d second structural el ement being
substantiall'y non-reflecting,

In the present document, the terms '"radiation" and " projection beam'' are used to
20  encompass all types of electromagnetic radiation, iﬁcluding ultraviolet (UV) radiation
(e.g. with a 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
pattern 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 |located on a second |ower |evel, a separation
between said first and second reflecting surfaces deternining 18 MARSH 2082pt h
condition for said detected light, 19 MARCH 2007 8 wherein a recess (Rl ;

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 sufficCient intensity is seen at the

sensor. 5 | Wharetts estEsARACRY; RB) ik peespiitan o1l sedvne iéfledfing bilirfae@@iRaifyi S
achieved in a marker structure on a substrate for optical alignnent of the

substrat e asaidphassecgnditiophe preanble of claim9 characterised in that aid
first structural elenmgnt has a first reflecting surface aon a.first |evel,
sai d second sﬁ-ﬁ%fﬁcﬁfsgﬁ e s Eheelpﬁnasesﬁe&l{ hi't grlnf)lﬂptﬁgé%-arpé’ﬂu&t"}t%e,re%esecond
reflecting sethveas &ithsuffRget: afedity ds e andhelsewer. | evel , 10 a separation
between said first and second reflecting surfaces determ ning a phase depth

condi ti oh for Insamsedonéasnerieaf the piesent ityenedm thispbjectds aelicvedfin eanarkey surface
conprises a_pluralit f_additional.structural | enen | ocat ed abgve an
opaque | ayertudki g By 6 opfEa suBngt o s bt delined i Er Pl S
function of of §ind & cHard&E!dRA tHaR M firktSstruBidl fEntint hikea fifsBfelfietithgfurfaBE ker
structures above each other. The internediate dielectric |ayer can be tuned

to have an opaifingiileyshagid sseqndstmitural glesient being syhstantiedeperereflecting a furt her
obj ect of the present .invention t rovi de mar ker .structure that allows
noni t ori ng 6?“5[@5%2%?%-S‘?rﬁa&ﬁ68380%52’1@%é:secfﬁa'}%‘f%rh%‘bﬁl’ect is achieved in a
mar ker g r ugbdpaPation bRrvweenshiddret dndlse idiredctink isGifaRE de@fminidyes shidstrat e as
defined in the preanble of claim 10, characterised in that the marker

structure coéepth rerditiep forsaid dpleeted dight, st ruct ure and a second periodic
t t , he. C i i . bei i " | | to th
structure glher i S&?@%@ox‘?@fa‘ﬂ?ﬁﬁncgr s}%&ié{:@%ogéf%%?%’Eyg{r?lgté/?)g%&ugﬁ‘aq rs?-g{tﬁréﬂ : 0 the

first periodi¢ structure, the o re conp

plurality oélementsllocitedutiove &l oplqeetayes of a first 25 material and a
plurality of second structural elenents of a second naterial, the first and

second st r uct Af¥INtagegntlicthe paiatignof thersiretedrinienpipias 3 fngléoruefdhe i ng, with the

first Wt hunBli 154 98feah DAyl B 30600 0 MatleD srichfreoBBRRdanPENON e |\

structure conprrsi-ng a plurality o Irst structural elenents
second mat eintamelimtd digleetrit ayericau totf tanedhid lmvp hnoplimblypleke dépeh sathgositive
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 structura] 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 elenents of the first material having a fourth width, the fjrst ang
second structural elenents being arranged in a repetitive or&éﬁ\i‘h@?H Ag7
third width being equal to the first wdth and the fourth wi dth bei ng equal
to the second wdth, and the first structural elenment in the second periodic
structure being |located adjacent to the 19 MARCH 2007 9 first structural
elenment in the first periodic structure in such a manner that the second
peri odi ¢ st fusttstreturad eleowept wrtbanfist perialit steucture &1t syob minoatiner giat the secoad By
means of a co cii,emsntary strécture whi ch_co ises a first periodic

[i
structure RRIOHC SEIEHE 1Heampigmentary (g the first BRANCIRGISSy to the first one,
it is possible.t | gr&f[ : [glm N i f the
structural el ?%xﬁ%dsﬁ??mf%%%ﬁplgn%étralﬁ‘% I C usrtE :&glclz@uér el s%%ﬁ%%k%dﬁé %tﬁxe&fr

processi ng ard|aecuoad pericdie stauahirt fcomplantamtgpatd the firstiont, it sippsgbledo ffoaitent | y
for the first perjodi¢c structure than for the second perijiodic structure
when dandge b¥ &8s pisthe Alignment systera if oneaf the stiuciiralelementsvpthin:a peatedk) enent
within the {j : alell r UGE e S her obj ect
of the pr escictire ERnbaR FIURERTPREEAR EaRcBShite E ifificlbn bASBERT P he
renoval of ahangsidiffiaénthpfok dre faty peciodicestfucmre thaiédrahd sesahd periddiystructie t o

CWP processing of the underlying | ayer which includes the marker structure.
This obj ect”IFR daRAZERLEHTsaR Sithprihg dirstor thesegond stmictpssliciraent WithHethe fEnbl e of

claim 14, gpgpﬁ%&fnid%ggs\gi@ skh@hresai d marker structure is present in a

metal | i sati on [ayer, ereln said first structural elenment consists of a
first suldfaceltds esothardbjeenofthe pregent ifivension ts piroviiee mirkerestacthirs thatl second
structural el enent %onsi Stai ff a, second surface_area portian raviglg a second
surface st aP¥ercamesfhe reraeval of ¢ mesidual markspitpichie framgymetallisetion fayerduetps

buri ed mar ken® bRERIne IRk w13 da kR BERUACHe HaPRRRLLLANTRRT N9
related to a second buried marker “el'enent, said first and said second
surface st abbjettds achiewedan ednarkersanctatd asndefined imothe hrelaodple offclaiad H,
metal | isation | ayer being induced by sai.d first buried nmarker elenment and
Sai d_ second asHfEd M hebsa Einatken oot e piebonl i A AN BBSS y, ¢ he

met al | i gat | Qhetey Sid fifst HBRATAL Qb OHSISs Bf WaiYst kih@hcetrél pir@bERSEng & Birdt N
surface state/norphol ogy as a function of the underlying material is created

in that nes#ficesttdand | ayer. The periodic variation of surface
cver ay. systheerRt shiGuRLURRER osoREr BRE oM BRe b PR RN o6 PR o ker
structure tkaface¢aiks;ones
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
buried 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/morphology 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 structural element comprises a plurality of primary lines

and a plurality of first intefposed lines.



effects caused by a relatively large marker area on features pf vlQMHESS07

| ocated in the 30 vicinity of such a large marker area. This object is
achieved in a marker structure as defined in the preanble of claim 19,
characterised in that said first structural element conprises a plurality of"
primary lines and a plurality of first lhterposed lines. 19 MARCH 2007 10

Advant ageousl the strucgtural, e t Abul | he er_stpucture are
each sub- di ﬂ"&%‘&‘aﬁ%"%@bﬁ‘%ﬁ@ﬂ%ﬁ{% Elghiens ‘%@é‘@“‘&ﬁ?&%’t Sﬁé{é‘? %‘??’ Fabt
conpar abl e givaddia sibRtbntehts Widh Wik StlactdBitiotine edhparabldto firdhotvet Si ze of
the product nore closely, size-induced processing effects are mnimsed. 5
Mor eover , ifeatirs sitn. By remickirfg thi éeapure siga of thepeeduchmoreoclpyedysisite-induced hogr aphi ¢
proj ection__apparatuys, which .al.l ows application of the marker structure as
descri bed 35?%% ng %?Wd?lgflsq%r is an object of the present invention to
provi desa Metigdory, itls ARt ohe PresemShvetitn td&pr@vid!etahﬁﬂé%‘ﬂﬁm&pﬁ &tiggtion
appar atus which uses the narker Structure as descri bed above. 10 Bri ef
descri pt i orppdratds ahialipdloRe lapplicatibe of the emarkerrstructute dsalescrifiediahee. wi t h
reference to _so drawi ngs, , which. are intended for .llust I .On pur poses
only and not FrerE ‘Vﬁgn QBJSB%O%?C BRESTHL A VEBROL O Prawde H&Fﬂ:':‘?a‘?tqfhe
acconpanyi Rfokihéit 58 a slibsddfeSn b lﬁﬁ‘%&élﬁc ﬁro?dciib@%ﬁ?ﬂh&wﬁfcﬁhﬁ% the thafipar at us
conprising at |east one marker structure according to the present
i nventi on; sEagiueas deseipedraltdveal | y shows a cross-sectional view of a prior
art marker str illustrate the concept of phase depth; Figure 3a
sectional view of a marker structure fromthe

sch,enag{)cal I )é SE WS .a.cré)tsccg-
pri or t i n°CH B%SF‘JBE;% ‘gmlgéyers; 20 Figure 3b a cross-sectional view of
a first enbody of a.narlkar et ur i t
Mvent i on: s ey B be b R RGHE 00 o O gbiip B SRR
mar ker st r iténded formtlastration putposésenip endrottto limiethe scope oFipgteatiop aschemati cal |y
shows a cross-sectional view of. a second enbodi nent of a 25 marker
structure &6BRAddp e 2EOTRYIRECIAIMS- | nvention; Figure 5 schematically shows a
mar ker struc M isirsd SYEL ding to
the present  Fifoit oot A Hibckr TSRO bn AtodfalReiRprisiay iticibfe AGAE!

15  structure according to the present invention;

Figure 2 schematically shows a cross-sectional view of a prior art marker struv.we w
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; v

20  Figure 3b a cross-sectional view of a first embodiment of a marker structure according
to the present invention:
Figure 3¢ a cross-sectional view of av‘svecond é:rnbodiment of a marker structure
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 undexfilled tungsten
matker 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 accordi ng {PvVEARdH 2007
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 -nmechani cal polishing of tungsten; Figure 7b shows
schematical ly a planar view and a cross-Hectional view of a tungsten marker

structure jn sidi.con dioxide accordi,ng.to . a _sixth enbodiment of the

i nventi on; V84" W%@?Mﬂe‘ﬁ) 6F@@gg%%regcfﬁrglrﬁggsisgwngjfe Ob%rp?gr
structure @pﬁe@@gsgﬂih%lﬁoﬁgventh enbodi nent of the present invention;
Figure 9 shows an application of a stack of markers in accordance with the
sevent h eFigodi frehmwsodn applicgionadratstack wé markens insacorrdendepvittowe sévesibodi nent s

Figure 1 sch tical depi ct.s a.lithographic projection apparatus 1
conpri si ngerﬁgon&%nf%éa%f; Pﬁﬁ@tr}’é‘fel?gfm'st ructure according to a particul ar

enbodi gnt of the invention, The apparatus conprises: - a radiation system
Ex, IL, for supplying a projection beam PB of radiation (e.g. W
radiation). In this particular case, the radiation systemal so conprises a
radi ation source SO 15 - a first object table (nmask table) Ml provided
with a mask holder for holding a mask MA (e,g. a reticle), and connected to

first posibggﬂgﬂgngpa%o&%htsshovm) for accurately positioning the mask
with respect to itemPL; - a second object table (substrate table) W&

provi ded wi tpigarestiiilefratiCaljOdcpRtts iﬁfhogx*hphi@gﬁ@eﬁicﬁﬂp‘pbfaaisq Shdpisthg o8
resist-coated silicon wafer), "and connected to second 20 positioning nmeans
PW f orlc clensitone ynaskeri stiugtraercording oppariquianambiedimey of thetipvantiom e,  and -
a projection system (.lens") PL for imaging an irradi ated portion of the
mask MA O?Rpgréuﬁ% t*®¥ortion C (e.g. conprising one or nore dies) of the

substrate W. AgrdepdiRndSpeatRd 1L} fog saipbah @b bfojédionbeamPBosrtRGoy .4 ype (i.e.
has a transm ssive 25 mask). However, in general, it may also _be of a

refl ecti veUMypgdiatipp) Iiethasparticyley ease, ghe yadiation sysiem alselepmprsesa fadiatioe| y, t he
apparatus Ry | oy anot her kind of patterning neans, such as a
prograrrmab‘cfe mrtror may of a type as referred to above. The source SO (e.g.
a nerclgy | anpa first abjeexiableEmaklatble) MY pritvided wittheanxsloholder 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.e, 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 illumination system (illuminator) IL, ejther directly
30  orafter 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



radi ation. This beamis fed into an illum nation system (ill u@ﬂﬂﬁ)&)l b67
either directly 30 or after having traversed conditioni ng neans, suc% as
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 a-outer and 6-inner, respd@tively) of the intensity
distribution in the beam |n addition,_it wll generally conprise various 19
MARCH 2007 Other eampanenisngitsh ah ar integratar B anda copdepien (61 I thigwaydhe beamnser

CO In this -tk MARLOG [Saélﬁ : '

uniformty g%ﬁ@#?@%s@?@@é? 2Js?tﬁrl bu%1 ?gﬁ&?rﬁg:a{] fsfgll%(lzlr oss-lg{{(;écl:]tEi ?%(rlll@tn(létG ﬁési@ﬁfsd be
noted with cegasattibn. figure 1 that the source SO may be within the 5 housing
of the Iithographic pro{ ection apparatus (as is often the case when the

h
source SO | sltégwﬁﬁ@aw edavith regyd tefigigs) lehat the poures$Oimaybs wilhia dhepe 1 envt e
f e | . np, "™ ¢ ST ° e
b oauced bel AL fuBbRLAE AL AARBHAAS o{ BEREA Hic PP A e |

di recting nBOGs 8 merduty $arhig féregxampi) bt that & nadyt £5o bd Renatafrermthen t he source

SO is an exciner |aser. The current invention and clains 10 enconpass both
of these schkhggiapBic projectinbappmRtus,ibe satiation beamiiviiek #preducaebeiagledimo whi ch

is held on | i Na: e |
passes thr 0@8 %Bﬁ %g‘tu?@ng ‘E%rthﬁhlj?aé%ﬂ%%%@gégéaﬁ%elﬁﬁéw 1or'% rostcgﬁpgﬁge tg)Iﬁort ion
C of the suthsicast ehdVth¥édlicd HO iaamlexximémiaser. SHeorepOBRIivEntion ahd chadans PW and

interferonetric neasuring nmeans, the substrate table 15 WI can be noved
accur at ¥l y, encogpagsposly of YesssEERari®f: di fferent target portions Cin the path

of the beam i, bar. f:] j L QM j sk table
v | oan be. uite R bR sbikcqidifly il Rep % MhANIY WIRATSS nERE MG LED
of the beanMTPBlavinggravafstethempashActhe beah PBepaskesahrongk threslsks RIA whiclm a mask

library, or_duri a scan. In general, venent of .0bj ect bles MI, WI
will be reaﬁwg%ca?'gﬁ ey I3 Offoch (fecbBPrion J-tag %@égatﬁa%;\%ét%(tbwﬁ;@w
posi tioni nggec&ﬂkﬁ%&im% madsP aHB b ferbib iR RORLLALRIeRH, the WBitFHRe AbR NOt

a s
explicitly depicted intigure 1. However, in the case of a wafer stepper
(as oppldsedWiocan betrepredradewataly, agpso 2t tappsitibe diffeséntitargtepaviionsdyinj thet be

connected to , a.short ke..actuator, or.my be fixed. Msk a
cobstrate Vot B8 Eim I ARER IR ste liohheme i R e i WM Dbt ¢ at o
al i gnment n@hkse J8dd toRcurdkely Peititiithe htdk MW HidirdSpeetid the path Of tHelbehitO
different nodes: 1. In step node, the mask table MI is kept essentially

st at i onary, PRrig-gfteemerhaniosheckrieviahefghe masi Moh Sromeaimapk bhraryor durirg 2a singl e
flash”) onf.9, a,tardst nROEMEADEthe Jijbet THR&INF /T will be realised with the aid of

20  along-stroke module (coarse positioning) and a short-stroke module (fine positioning),

a

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. In step 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. 19/M4B&H 260@e,
essentially the sanme scenario applies, except that a given target portion C
is not exposed in a single "flash". Instead, the nmask table MI is novable in
a given direction (the so-called "scan dijgection", e.g. the Y-direction)
with a speed v, so that the projection beamPB is caused to scan over a
nmask i-mage; sobsteate tablet Wi is il thBe dMBRGHoRMAGH thelGneudroppadite dieblien M& i S

si mul t aneousl y ved in t me_or op si.te ct| n at

"n whi ch M B ghit wggpﬁ‘@ﬁsemw ‘@fen eft'heﬁ tmcﬁm ?214% 1/ 5).
In this man i t hout
naving. o QoprESaicl 3 st 3u'sR Gl BRI O e?%%eétbﬁ?id R
typi cal | y cascomprmiseomrdsolgtibn.sour ce, such as a laser (not shown), and one
or nore interferoneters for determning some information (e.g., position,

al i gnmeng, et grhe in@aforichtc ﬁ@aé&?ﬂn@%saﬁ@tﬁ&aﬂ?@&Ué&ﬂpms‘élﬂﬁgm%tﬁfccs yhsi ssate or
a stage. In Figure 1, for exanple, one interteronmeter IF1s schenatlcally
depi cted. THeser |(1gmsh<s\m)r ard Qma@ermrepntea‘er@e@t@s ffétdpt@rmgyngamm inforyatiom i s
routedtotRe 10 i eronet e
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bet ween t hery attyagesmrm%&em fo8 exhmiple, & inferfeREndi@tIFQY mnﬁaednycre jeadd. ous
separate beans for each int erferoneter. A substrate ali gnnent system M5 for

al i gnment ofThg lighbsaures @asen predsices Wnet«ptomtbnen Mﬁs\mlmsmutn@mh@abl e M, is

schemat aI l. own, at exenpl a | ocat. o substrate tabI e
WI, and omS te'?g ometerlIga g reTHt ﬁeamsglurrngg cit’l%asennel?rg %aé’ A9 i ght beam
aimed at a méifexrorr&tdrugpxuge@n Qhe H&:&oﬁjgl?%érﬁﬁﬁsm lﬁ:’twécﬁﬂﬁémoﬂﬁuﬁﬂg@lﬁﬂcsdew ce
whi ch detects an optical signal fromthat marker structure. It 1s noted
that the | odkatispht the mefglogy bpaminariussgpareiAbeaps i eaalniafsaommetebn desi gn
condi ti ons mhlc [, 0 K jaection
appar at us. Tnés FPe VBt e RS 30 e Bt e O B
mar ks P1, PihasEIl\gAll’oﬁ n2askcdiderd T oabdhﬁrrmhoauy shown@s sn emltplmyabcauoawlosé t@a prior
art mar ker structurlglpéjgﬁz1 illustrate the concept of phas}e dept h. An opti cal

mar ker &1 r uéPRAt@a Y PACORPIISERY %@S@P%ﬁ]ﬂ% segcomhirhgepeiesdilisht y p
suitable f Olbeﬂ'hfaftrﬁ@d:&'a%aﬂér étmehﬁlg b %he éugmat%ﬁd1at%d%’?3€é &8 Hefice v&Wﬁf e the
term"light™ 25 1s used In e present docunent, it is not limted t

wavel engt hs defiettsian ophmlmglahtr@nsthammarkm sbuttureat ie notedphas shd logationaff tlheonger

wavel engt h orbs%r glleg;tm\évgtv s%flst%pngm ée%%rrtlds on design conditions which may vary with the

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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visible wavel engths. 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 inplenented with a perilgqijmjlﬁﬁzﬁ
suitable for shorter wavel engths or suitable for 30 |onger wavel engt %e
grating consists of a series of lines 10Q4 with interposed trenches 102. The
trenches 102 have a depth d, with respect to the top surface of the |ines
100. The perlhdigwe yarirpinging lightdamg) issliroteg ais @ diredtion substentidllgt h P, and a
trench width P11, MARCH In Figure 2, an inpinging Ilght beam |
is direct eoP‘WFnQ‘Cé# é‘éf}}eo';t"lréﬁﬂ)%fttaﬁﬁ‘ibéﬁr?‘? fgmﬁevﬁm é‘dloﬁrpeffé?nfiﬁ@ &yrface of

t he substr t: dicular inclination of the

i mpi ngi ng ﬁ‘é’g‘%{%a@%?’ gi%dsg’?lg\{%gea%@ﬁg%g%gu ng fromthe prior art is a
so-cal | ed phage maker ggtind\frdi the pribi anisa spatatled phase gsaﬂngmatdlﬁﬁabthgn shown by

t wo dlffracted beans, each having a djiffraction anghe O relative to the
surfacel | rPaltp@ la|8¢ffeﬁs?éwlé»hsww+w%€raﬁ@§hea% cgfh haing 8 diffraction angleand
mnim is periodicity of the grating. \Wen the wavel ength X
of the i rrplgér)llxgé"ar%lvgqo t}ﬁ:ysu}fgge within the range of visible light, periodicity P
may typicall ynlage &Gfrwtﬂ@ntp@ttehttﬁd Posatiohbf b hdi§GhaamaRal hehimaSidighadthad f or

pur pose of alignnent. rgl cally, the line wwdth P, and trench wdth P11 are
each 8 pi n.bylthe penfedicityooigbe araﬁnguthmttemavalengwdc@fetbe impingingdight ishe grati ng
50 and to obtai ul dIStI‘IbtJO a diffraction patter

wel | - defi ne‘?ﬁl‘ﬁHPB?erréEg‘? ﬂgiﬁ light. psEo 1Fr'i% ytyp,lgalépf g Oﬁi’ff’é‘?gencorrpass a

m n|, mal lonu ﬂﬁ@facgé bét&?ﬁ SJ]Q;%]@{;}SFBﬁ?o%é'ﬁf%ﬁ@%%?th‘gyﬁiﬁw tﬁ?éhﬁlquldwl%dar €

i1l um nat ed e’ 1 npi ngl ng art a
conpri ses atenb]ea&dthm ar¢ exchl$gemwi thin the illum nated area. The | nt ensity of
the diffracted beans js further determ . ned by the depth d, of the trenches

102 rel ati ve Ipgrdeséo pbainsyiicient diffr a@tﬁ@hglpt,fggn thscerating 30 aud OAYRIMAR ect | on of
di ffracted alrxklﬂg{ﬁhs%gﬁybh geh 1fﬁ§c¥1§n§§@&£ﬁ5ﬁ9el§ﬁeﬁﬁ%@ di tﬁb‘ﬁ {n@ ndt Ne_lines

100 and the scatter at” the bottomo enc es 102 nust
have a cer tminimphbesgratieg &0 mont ¢ncomphdsal mindmalasintbiey ef lindselODandnce bet ween

rese koMt Loy Lot JLiSELion, LIdeRendont.  Foom e Retbor g (4 P The
be such thafiop@agiathatRed dohiirfsed ANERL m &énc‘aewrmml the Elhﬁmb%@ hfear ence is
negative, an extinction of the signal will occur. This is known as the phase
dept h 25 condiheiimtansity of the diffracted beams is further determined by the depth d; of the
trenches 102 relative to the top surface of the lines 100. In a certain direction of
diffracted light, the light rays scattered at the top surface of the lines 100 and the light
20 rays scattered at the bottom of the trenches 102 must have a certain phase relation to
obtain a positive interference between these light rays in that direction, independent
from the periodicity P. The depth d, of the trenches 102 relative to the surface of the
lines 100 must be such that positive interference will occur. If the interference is
negative, an extinction of the signal will occur. This is known as the phase depth
25  condition.
In the phase grating 50 the interference in the diffraction pattern can be
schematically deduced as follows: under angle 6 a first set of photons reflect on the top
surfaces of the lines 100, while a second set of photons reflect at the floor of the
trenches 102. In order to determine if in a given direction, indicated by diffraction
30 angle 6, an intensity maximum or minimum will occur, the phase difference of photons

originating from the line top surfaces and from the trench floors must be substantially

zero or half a wavelength, respectively, at the propagation front PF.



In the phase grating 50 the interference in the diffraction pattern can be
schematical |y deduced as follows: under angle 0 a first set of Bh¥aRresi2007
reflect on the top surfaces of the lines 100, while a second set of photons
reflect at the floor of the trenches 102I In order to determine if in a

gi ven direction, indicated by diffraction‘%o angle 0, an intensity maxi mum
or m ni Mum W fbr §E6Hcal fkeP HAREIE ioh 8L AR oPRAYER T stRichié ﬂﬁ?'b@g fromthe
line top surfaces and fromthe trench floors nust be substantially zero or
hal f a wavetxpogedto vasiwe deforpations guring theprogsagiag stops 6frtbeserPicondu@tavARCH 2007

15 For an optical .marker structure.on sem conduct o fer, e structure
oy b o pBatss o st SRt fdneE B fgmatierShe bRE b ARk o the
sem conducta{anﬁgva{lﬁﬁg}r&n{lﬁeﬁﬁhg_t egrated circuits. Due to these defornmations

t he phase depth dt may change during nanufacturing. 5 Figure 3a
schemat iscal | yFgnonsa schematisallysbows aatosy-isentiopél \aewaf k erarletr stra¢turedrdm the t he

8L 7S Showpramrtin Hige 3 dpohiied ek sticuinOF o  fustedoet PSRt sl
for Qu-basegnfihGhay behiel MbALIANlof fife (SEON) HOYIEERAR CuPlstdiricto-

manuf actured by so-call'ed Cu damascene process technol ogy, wherein copper
struct ures deagranbderdess. Such(deyides atel typicalipnmpuaufectied by sdicalled Cnidemascene i al |

appearing as a "floatjn rker". The optical rker.5 onsists of . a

o G al 11y oReogEssieqtBolRar e Ao SRS ALY PR CPOCTR EFREREM hher ei n
El_he_ di1@) ecibleeurharetial albp%aﬁﬂg’l&e@'@&tiﬂg!%ﬂé".'m pticAl Mak& TERMERs 6.
ypically, as known to persons skilled in the art, the dielectric material
may consi sta ptm;@litgﬁéék l'gie eimﬁmdmlé?, smpad@dﬁn diegdgmmatcnaligéapﬁm t?yf_ i
consequence,. t he. phase .dept of . t ker i Il -defined due
Co vartat: aisteriPRaeinERhmed ao Pl FE LR e e alcny s KNRI8! Ve
di el ectric sdrasis skiYRUGH VRS art, MR di@ibE D Mdi@al Bty TondST TStk Gf Qa9busa waf er.
Thus, in a worst case, the intensity of the marker's signals as included in

t he dif f r actepaiatpdielestris layays. iy consrsjugpeek thedthagredeptht dio thsymearker 30 mglihent

t ool . IS . i . J . ] ing IC
proces -sli:}n g. M%ef{'—n?é ?lruge t%gargartfg?gvs&gh% Ehgés@%se@haglégéjse\? ?Igwwcf(l)l? feg&?ilfyge%s @#@% di ment
of a mar kerdisletutictstack. Maceover] ivagations infley gxise aexobs a dicentivwaier. Rhwgyn & wossyoi d
extinction due to an inconpatible phase depth js shown in Figure 3b. In

Fi gure 3b et inIGHsity of HiS Baker %8 B sdarthe GFRetion PeEm bt | ¢ i es

e ot SoSANR SR ALY A (LTRSS STl I,
created i n 4 wafer rejact dofing 16 erecEEBlg).
20 Figure 3b shows a cross-sectional view of a first embodiment of a marker structure
according to the present invention.
A way to avoid extinction due to an incompatible phase depth is shown in Figure 3b.
In Figure 3b entities with the same reference number refer to the same entities as shown
in figure 3a. In the area of the semiconductor substrate (or in general an opaque layer)
25  SL under the floating marker 50, a recess R1 is created in front end of line (FEOL)
process. This recess increases the phase depth and thus reduces the probability of
negative interference between scattered light from the surface level and the level of the
substrate or opaque layer.
As shown in Figure 3b the recess may be formed only under a portion of area
30 covered by the floating marker 50, in which case two different phase depths are present
one of which may yield a better 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 reduc h
probability of negative interference between scattered Iightqgg%ﬁggﬁ@007
surface |l evel and the |level of the substrate or opaque |ayer. As shown in
Figure 3b the recess may be forned only under a portion of area 30 covered
by the floating marker 50, in which case #@o different phase depths are

present one qgf .which i.el d better. usable.diffracti ignal of
Burt 1o ent § Bt b SndR ittt Bedteds e 08 oBmid & Re A s iong
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MARCH 2007 16 In the second enbodi nent, the recessed area is defined during
a FEOL pr ocaseesens|R2 angdpmmedonhobelpwihetransharentepareens®d themparkaypGdnehe i n t he

ri ght-hand si of Fi e 3c recesses .are fornme nly bel ow th
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50. Again, two different phase depths are present, each of which may vyield

a usabl e di fyieldetusabic diffractionzigraliof sufficient intansitysity. It is noted that such a
recessed area.R2, e forned b i t he k, of t.he, marker. and an
orron ate 1 iR sunt 3 eeed st RERAdud Y A3 BLwiing e Bish St
respectivel yparftél ahdGnrHeRpeaE mﬁ@%a;ﬁﬁc Sridedws, with kipBsifice Sne@ativCelposire! abl y

adds about 200 - 300 nm to the phase depth. Figure 4 schematically shows a
cross-sect i agespectivedyy of a third enbodi ment of a marker structure according

Lo the A8pendcmEabrosibiass hkhiFFlld REE R AGEDly R Boof 40 0h50F (&) ™

bel ow t he mabk®RSphaké déggh.known that due to different optical behaviour of
the various layers, as found in sem conductor devices, the contrast of the
mar ker may varl%gurmsehﬁm@g:alﬂy shows apssateriéonal yiew ofa third embediseent pf ensity  as
functi on of e .depth strongly varies as a
function of %geljsgx}rqg{é"@?éf?}rllaan‘%tgﬁ?ﬁggﬁpﬁﬁ'ﬁI(Sejr?'t hi rd enbodi nent according to
t he present i nvAamtheodisadvantapbefsgriatepd marksrshietiieto the deplenddrice df markkef i ni ng a
first optical marker in a first petal |ayer (hy.exposure . and
processilfg) Prepestiesas afupgtign of ty laysies) below the ﬁlaﬁlfe\?elﬁlsd@f)i‘”@dp%t dusp@tition of a
first Struvdﬁfﬂéréh@femha@&ﬂ_@tﬁ@@ms EHFSsU{o%dﬁJs%Hﬁmnduu%i‘Bevi&&, fheSe€CONd
netal |ayer stac dl on the first one wth at |east one I nternedi ate

di el ectric Icayteast bDihe nzark@guaydvary, which results in variations of the ditfracted 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
OMa1, 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 procesd@dfARqH2007
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 seco structural elenment are
exchanged relative to the first marker . 30 By control of the
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the present i ngidhs procésding st InAAE IO Eabriceién May adkssedy RERESeBe SHappsf dur i ng
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change due t t I cr - t ofe 10
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basi cal hy dires beRoinesadyntinétitalptheipdlishifg ebunds bhigrone BB theltop tlges Shaseally on t he
shape, the alignnent bK such nodi fied markers (rounded at one edge) may
conpri se andag fothe Wierdhpolishing directionn t he fact that the nodified shape of

th k I ' di j ' t ed.
Typi cal Iy, o DS ierbebeC oSt {HaGughmescls' bl iRl HaRE i ABIFLS PE,
of the posi bheedge) ntageoniptite aceiranviieh ksulyefremahe thcbthat the nogdifieddhapaoker

structure relatiyve to the positiaon of the peaks for the pristine marker
shape. In tﬁ@‘ﬁ?fikﬁfrreé‘%lls,miatcg% H she %‘é‘%?‘F“BB?éWE}'Pé’e{n@ gegfatedndypisHibat ween a

genui nej s S%dd%}iﬁﬁpﬁ of(;fhteghgﬁr he farkdr F@%Hﬁt{j nGASHi R Bf e folifion BREHEET shape,

since both events lea change of the diffraction'pattern and/ or peak
20 posi t i ondiffmactidnepepks gemeratedithiethe pptica Imarkeristmctote ngtative &0 e positiongf the t he

ourth eTodL R B8 e ke PG T b 3 Aol T o8 1
mar ker i ndugRénist betWe&f £ s&iufeh 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 periodic 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 PSI in a first
portion, and a 25 second periodic structure PS2 in a second MWMARCH 2007
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 Pl§l has the sanme periodicity as PS2
but it's ordering of structural elenments’is conplenentary to the second

periodic str upkde@oRBgeriodi€sthichit PSB QoG Ol Sluflify6f Mire s tdraf@BREsES of a
plurality of first structural elements SE1 of a first material with a first

wi dth w  anExobthgse¢andynaeria egtnalthindrwidthur handa plyeaiity oSfoprbfstracturgbcond
material wth a s ng w dt . Which_are arranged, periodically. 19 MARCH
s007 15 Trcnn SEAR A e Lmbferiat P 2 B BEPI B MR iy ot thir o
structural ﬁérmuz. SinE3P9f istddenpi@sditsly iePST ithd fidt §thucturhldlédlentiSiiins W3 and a
plurality of fourth structural "elements SE4 of the first material with a

fourth W dtadjaegnt terthe thizgdr strugwura redpmeent SEB iwadii thafirsy widh rvelebeisy equsl to the

| t y.t S2, t fi t,st t | | t..SEl | 5_.adj t toth
ST ot T ol Eaeand Teg Seiid B uge ST AdipL e R To 1 he
third wi dt huit@urAnderhdift sEGORE el Wiadh 10 BAREERFS i1 fOHLIRRRRN who t he

fourth structural elenment SE4 wth the second wi dth w2 being equal to the
fourt h wi dtlFurthgr, thé-peridiée struchurepBS] anfl RSZare gachuasymnrgiic: dhafirssandsgecorslac h
asynmetric: Idg\ﬁ .ff'%r?t and. second w dth differ fromeach other. 10 As an
exanpl e, t hAHLEHIEL ORLFAeB 0N it ure nay be arranged as a Cu dammscene

struct ue, W ASaCexangplé, thé bptital fiatik stnadhete by Hedimhg@PasPCPdmaRERS | al ; the
periodic variation of the Cu and insulator causing the marker structure to

act as a difuetesivoth Cyeafirsigateriahand fnpulagoraspecondMatenad; Bepedestiori se Cu and

w6 of SE3 ARADRST fr sty Rl fhon ISRl K Alles et 1 B BRE R S’

i's noted howewes Thgtfosedmple SBI kgd SBRYompse OearPl2 aedSERN cémprideal -
sem conductor structure or a netal-insulator structure. Al so this

conpl enent dpsplger.iThg widthay k 6f SE{ isrqualte tieawidie B of pEd . #id heviddny enent ary

geonet ryi<C i (s 418 i il d trenches) etched in the sem conductor
substraltse %%1%%2%]&%&%&{&&%glqz)ggﬁa'ot her. 20 As known to persons skilled in

the art, the Iusmotdd lwovgyeethantuwhya thakérumasalsobe erebodied kea mstal-uct ure results
R TN E T G DNETAR NG S A K T
]E ?gm I Ihrests edg@{égpﬂmt&é EMELRmMEP DY b LdmPembhar o M8 Blatiffs @eSBRQND si gnal
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 a 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 PS2
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 eag ghﬁkﬂéﬁzo d
the conbi ned 25 signal of first and second signal as neasured ensor
wi |l have a substantially zero |evel. Due to processing effects t he
structure as described above, the first periodic structure PSI changes in a
di fferent manner than the second periodic 18 ructure PS2 because of the
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is flattened, and any residual topography is |ost as becone inpossible

to ali grl5u5|1ﬂ§f -lyinggegiguairespaettvedt structure in such a case. 20 In the fifth

embodi ment of a}ﬁw Uik (o rbé&‘ﬁ% cfifinicd %ééﬁ%mﬁ%pﬁhftﬁrégc ) i %ﬁfﬁ“éfi g the
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Figure 6 smmaati@ytechrﬂqlmcﬂor mcmhadtsaxfdo\riaemwmmge BipGurfacos dksemgt, i n the

trenches a Vz\ilnd 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, Al is

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.
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t he thickness of the respective layers aR® indicated. The netallisation

| ayer conpris a_ hot tal progess osited b si cal vapor .
deposi tion, t) pﬂSE‘Q&’ {heo}1 layss may e %&?Fg@}t tﬂweé%ﬁgfqgo%‘% u&é{yﬂ% t he
di ff erent Qﬁﬁé@rial?@hﬁft&%ﬁarngei;y iffluéite 1REnubleafgN S5 83in! BYHTh SFNEIpBY eV and

covering silicon dioxide, pectively, a different surface state I's created
in the Al | aoeingcddpenettal depositidneprocedein a ingnmey diffdrentlydbr thalamaecoverengd/Wecont act s
or plugs, the surface has a _first suri_ﬁcgi tate ST2 and above the oxide ,

the surface RALNSAERERVFING silicar dixids Lhedifferene inidere S5 7e1a88 WBssi bl y, the

Ti | ayer smayy;fpgige 'Pﬁi&érhgcgl%g% i.te?)fé){l!ﬁr@ aﬂ%ﬁgﬁg{‘&zé’& thO et {{ﬂ k}?& materi al .

This texture may I n e nucleation grain grow 5 deposi ted
during a hotdepaidihg oefhesinderdying naoemt Altersativalynde diffdréetrmanlehyorf ad grhi@ ar ea
covering W and . the area covering silicon dioxide. nggdi fference in surface
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t hi n. 168I n eild ﬁEPercFQ?e,dx‘?ﬂ?ew BERR R M'CETW@IC%IU%H&IPE%Id‘fE%{E%Cé,mt he | ocal
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6, The netallisation |ayer may shqw erjodic..variation
of - 15 a surt 418 Tofed thet G ¥ BB AR SUSHAL? Foh G oAPs SHecinc
(processed hyuédMR) desbriked in Fighro 6 ThE meddliisatidh et Ha§ shdw alpBBodit variatfntof
mar kers on a sem conductor substrate that conprise trenches filled wth

t ungst edd arasusfaey Bate albordye o e pthercunsierlyiog maseniald (Processed dy AMBhwhich

pl anari si ng . the substrate. Due to the conbination of WCVD
and CWP, théo{'#ugggllt%e%g%gucg@ﬁuctur es are either filled or underfilled. The

extent of fil lheag privrag] abedrsan 4 Sgnipdialactor Setptriteahat 20mpfitd @aiches el
gener A e Dy angsien. ate subjecicd to & CMP process fof 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.e., 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
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layer with a given thickness is formed), the width of the trench determmes whether a
tungsten line will either be filled or underfilled. Thus, the phase depth will comprise
two discrete levels as a function of the trench width. Furthermore, due to different

20  resistance to CMP of tungsten and silicon dioxide, the CMP process can not be
controlled very accurately.

As mentioned above, in a marker structure comprising underfilled metal marker
lines the depth of the central portion of the metal line may be such that the phase depth
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 a
tungsten marker structure in silicon dioxide according to a sixth embodiment of the
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 of sub-trenches are formed in the silicon dioxide lines,
with the length direction of sub-trenches extending in a direction parallel to the
periodicity P of the marker structure. Since the plurality of sub-trenches are

periodically arranged in a direction which will be a so-called non-scanning direction
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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).
The influence of optical markers on IC processing may lead to undesirable side

effects due to the fact that the optical markers are inherently larger than feature sizes in
integrated circuits. In the prior art the minimum feature size of markers is in the order

25  of 1 pm. 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
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 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 a chemical deposition process may be
influenced by the presence of a large marker area due to some kinetic constraint, or due
to a local deviation of the wafer temperature, etc. A chemical mechanical polishing

process may be influenced by the presence of a large marker area due to some
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subst ant i aldritichh@evi@Batafes bR bettdr MiRUEd Wddle 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
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polarisation E2 is arranged in such a way that the Iine
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
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19 MARCH 2007 25 polarisation, the |lower marker structure appears covered
by the upper marker: the alignnment systemonly detects the upper marker
structure. 19 MARCH 2007 26 Clainms |. Marker structure on a substrate for
optical alignnment of said substrate, said marker structure conprising a
plurality of first structural elements and a plurality of second structural
el ements, 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 information from said detected |ight, said alignnment
information conprising information relating a position of said substrate to
sai d sensor; said marker structure being further characterised in that,
said first structural elenents having a first reflecting surface on a first

| evel , said second structural elenments being substantially non-reflecting,
a second reflecting surface is.located on a second |ower |evel, a separation
between said first and second reflecting surfaces determ ning a phase depth
condition for said detected |ight,



wherein a recess (RI; R2; R3) is present in said second refl epd MERGH2A®ECE
to nodify said phase condition. 2. Marker structure according to claim1,
wherein said first and said second structural elenents are arranged to form
a diffraction grating, said first structural elements being lines (104) of
said grating and said second structural elenents being spaces (106) of said
grating. 3. Marker structure according @ claiml or claim2, wherein said
first structural elenent conprises a nmetal. 4. Marker structure according
to any of ah@ifds | to 3, wherein said second structural el enment conprises a
dielectric. 5. Marker structure according any of the preceding clains,
wherein said recess is present under a portion of said marker structure. 6.
VB kel SLLVEL U RBEEAHLOR dih ORMQ0 R Bhidd BRRSEO! A ChBHTE woipher ei n sal d
recess (R2) is crea as a artlaaf rec recess

substanti alrhgtkéyemmgttﬂr@camﬁdsmgl ndgoraéige bf @fst s&rudu&écettnmmhn&i ant b yrlaraligl ehent s.
19 MARCH 2007 .27 %r ker structure according to any of clains | to 6,
wher ei n salsﬂcqngégg%tur@ FOFRS, created as a partial recess, said partial
recess subsihaty daid hrkBedtRGnkONRWaRAg sHdISHticR Pl gnRknt b'i@écﬂuﬁdnr st structural

el enents. 8. Marker structure according to any of clains 2 to 7, wherein

sai d netal - Bovidpgent leagt one dightsbeam dlireeied pncsaik easkerosirustutevi ces conpri si ng

at 1 east ong ARGk SLEHER Yo FESERY B, AUeane Of the preceding cl aims

1- 8. 10 ion a us conprising: - a radiation
system for prdereidinig allgnmpxﬁchmtbﬂndmamfmfn rsa il aietetafed light, sseigb oalignstentict ur e
for supporti atternin t he atternl ng ns servin attern
the proj ectif 3 e TR el LT A b B stielt al e

(VB) for h0§aﬂirﬁ‘£}k@rs‘&‘d@t%?eﬁ?eﬁx?gfurth@rd%ﬁbt@ﬁiéd%t}ﬁyﬁemfor proj ecting the
patterned beamonto a target portion of the substrate; - a substrate

al i gnent  sspick firmh tvepra glemgatsdeving g fastpefidctingsurisre empdirglostsaide rel ative
to a posi t|S on(af rﬁ?thglgl%%teﬁtrs% g ﬁ'@s?]ar?xﬁalry @%eﬂfﬁ%EStrate conprising at | east

one marker StPUCTUre “accor tlains 1 - 8.
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,

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
structural 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.

4. Marker structure according to any of claims 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
recess (R2) is created as a partial recess, said partial recess substantially being located

under each of said second structural elements.



11. Method of alignment of a substrate in a |ithographic proj gEMARCH 2007
apparatus conprising: - a radiation systemfor providing a projection beam
of radiation; - a support structure for supporting patterning neans, the
patterni ng means serving to pattern the projection beamaccording to a
desired pattern; - a substrate table (W5) for holding a substrate; - a
projection systemfor projecting the pafterned beamonto a target portion of
the substrate; - a substrate alignment system (MS) for detecting a position
of said substraigkef Ghthir¥ 8cdddifg l@@w bf0Maiftfs 15 61 VAR R EAIH PELER@DY is Sai d
substrate conprising: providing at |'east one Ii ght beam directed on a

mar ker st r aweted es apainbienesst sridipartialogessp substratiallnbeing located undg aerreH 2007

28 detectin k q received fromsaid marker structure at a sensor; and
deterninin&gg Pgﬁﬁﬁﬁra 9t i on from said neasurenent, said al i gnment

i nformati o8. conphti@t feuckuit eEovedih@td dnlotlaligs AtoPnSitetadn sa1fl rresil 6 @gpatrate to
a said sensor. 12. Marker structure on a substrate for optical alignnment of
said substrate, conprising a plurality of first structural elenents and a
plurality of ASESaRe B FHESHAbnE EREQ' SmpHShg ot fehdt She Alifke? Hitpecond
structural enents el ng arrange Pepe Itive ordering of one first
struct ural ae}joeim@tbsnymfehb mejedogrtairnol e8e second structural elenent, said
mar ker structural having a periodicity in an ordering direction of said
repetitive ordering, said first structural element having a first width in

said or dernogAqjtﬁogﬁbm@@,Iojaadm%@pﬂa@ge&ﬁﬁlslﬁgructur al el enment having a second
width in said ordering direction, said first and said . second structural

el enent havi mg araskatioRaysmder pravidiaga pevisrtionhgamiof &@iatian; said first and
d d st |
sai d second str E'glsspgbir g str%l: F@aﬂﬁ' §upg>% r%q:aﬁexjn%%ghng' t'h@?h't At E)ﬁ;e%ﬁ‘éjée?ﬁn%r o

per pendicular to erlng thon n use sa er struct
al | owi ng sai d oftpattain thd: pgnnm'ann beras ectordingito-a ¢esiwed phttetn.at "1 east one |i ght

beam directed on sajd rk ructure, receiving a diffracted |ight
pattern diffracfé hﬁtegﬁh ‘Ei%ﬂ?é OléichstuB?téa? n a sensor for measurenment of
sai d pattern,. - agedj@tishRifgmabi gofeetg thebatteratd beant s 1a3aiget pRAGLSBERENT
said alignnment information conprising information relating a position of

sai d substrate fWs8#fd sensor;
- a substrate alignment system (MS) for detecting a position of said substrate

relative to a position of said patterning means;
- said substrate comprising at least one marker structure according to any one of

the claims 1 — 8.

11. Method of alignment of a substrate in a lithographic projection apparatus comprising:

a radiation system for providing a projection beam of radiation;

- a support 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;

- a projection system for projecting the patterned beam onto a target portion of the
substrate;

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

relative to a position of said patterning means; said substrate comprising;

providing at least one light beam directed on a marker structure according to any

one of the claims 1 - 8;



sai d marker structufe being further characterized in that, sajeMEder007
structure conprises a first periodic structure (PS1) and a second periodic
structure (PS2), and said periodic structure (PS2) being adjacent and
parallel to-said first periodic structure (PSlI), said first periodic
structure (PS1) conprising a plurality of first structural elenments (SEl)

of a first material and a plurality of g second structural elenents (SE2) of
a second nmaterial, said first and second structural elenents being arranged

in arepetiti Vedé?écﬁ\ﬂéh@l%rece‘l‘deﬁrfro?ﬁbﬂd fﬂaﬂéﬁ‘ stictlirB af ¥éehdorP&idg | arger that
said second wi dth said second periodic structure ( PS2) conprising a

plurality of saqiﬁﬂerfnlmsg &i@mnhnaﬁoﬂmglmmﬂl 2907 mezglremerﬁerﬁagl (@B@Eshendf sai d
second mat éri al. an %Ea t hi. J rd w M é %e}lnd a f saldys@ trasta'éj second
structural el en® cfrgla{} 93”‘%‘? 1%%] 5°rfr}a 13 %cf g A PR 88 (wa)

said first stragtdtral el ements being arranged in a repet| tive ordering,
said third wwdth (w3) being ec1ua| to said first wwdth (w) and said fourth
wi dt h (wa) IhaYipreretiiigiure an dSubstease B3 Pptica! dfignme jof said $ulsiade. CPMBEISIBE Auct ur al

element  (Sibluiiop 3 HE00Y REIANG PLLHAKYLE ABSBrBGA AR eq.

adj acent to sal irst structura insaid first pefio
structure (RShhd ismdsaczdmdastmaﬂuredreld:ﬂmﬂts bangl asmggdlaln pempeztmvc osdaringtaframei s

conpl enmentary to idfir e dIC tructure str ctu on a
Cohet rare. BEY shispah peampit e abse ' Giotrrd afitutlbeRiny WSS, ore
conpri si ngstuddlrbll Bdvidgya PEriddi€ist irShi YedeHh@ldiredtRINEITt i dareg etativel (thiéﬂuigt ¥aigf
second structural elenents, in use said marker structure allow ng said

optical al fgsEnetuihslemenipbaying 2 fisstovidth Hgsaid ordsrag dyretion; grd syd Arsamr ect ed
on said magker, s élla'r%rlr{r}ﬁ’vglg adﬁéc%ﬁ& '»ﬂ&h'lh%@%d 6@&%&%’&%&69% ikt TRE ‘&%ﬁ

structure at a senso mning a ormati’'on from sai
det ect ed | sefond stsmttdalaélcrgcméuat/mg|arsfemdm'1|dtinmcsamimrd@mgghrenﬁm,rsatth fmst andl at i ng
a position a hei ng

PP her on i s8ahd sEURE! BhGen paTE R hiserifd sHsTOhe BhrRt b faim

froma fi rstdeﬁagefréo@bnand sai d second structural elements are formed froma
second material, the structural elenents being arranged in a conplenentary
confi gur at ibhsespidnnarkarstrugtre dlowingsajdpptisplabigpmerd aa‘%m%t ric damage to the

structural el e;ﬁﬂgﬁiu?g aftééa%ﬁor%'lggﬂ% dn?dl%ﬁéa%%qﬁd%ark&%tﬁ%@r and in the

presence of as tri anmage e structura
- receiving a dlffracted light pattern diffracted by said marker structure on a sensor

for measurement of said pattern,

- determining alignment information from said measurement, said alignment
information comprising information relating a position of said substrate to said
sensor;

said marker structure being further characterized in that,

said marker structure comprises a first periodic structure (PS1) and a second periodic
structure (PS2),

and said 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 a second structural elements (SE2) of a second
material, said first and second structural elements being arranged in a repetitive ordering,
with said first width (w1) being larger that said second width (w2),

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



elenments a second signal is detected at the sensor. 14. A mar k@M StcwsoH €
according to claim 13, wherein the first signal is a zero or mninmm
intensity, and the second signal is a larger intensity. 15. Marker structure
according to any of clainms 12 to 14, wherein said first materialis
conductor material and said second material is either a sem conductor or

i nsul ator material. 16. Marker structuee according to claim15, wherein said
first material is copper, and said second naterial is a dielectric

materi al . elthentYHBEBY ofSdaidisscuind material bavings 4 diird Width @vﬂ)ia@dla plhiagtynefistidof sai d

bstrat d 19 30 t I it f
First ot r hednd AQPBHERTERaTED B TRafri pragteal S8vona lobih star v+ Litient s
use sai d pREk@lcRtdl lewn% aélh%wggea%dd gagun%l oxalemggreamt tHRASERIHPRT -

provi ding at least one |ight beamdirect on said marker structure, -
det ect i ng beinglequal éx &iid Eckt fwidtin(wad) ehdwardkionrts wd,tbt(wﬁ)abeang egt@étosﬁard second

i or mat | OMOBANRT PO A TR O R PRSP AGm Hoat T pe g uhe BStPare 1 o

sai d sensaking ®aited rEfakent ®t Ealgt firse shedtingl feléh{ehﬁr(SElE)haCiaed If&ﬁdpérﬂ)dlchat

said marker structure is present in a nmetallisation |ayer, wherein said
first strEpeim (Pelkcinesyeh @ spramey %lab?aldasewrrdsﬁer@dw%r@éwa? éafoaw.letm%rmn ng a
first surf S t SFhdw@nd said second structural element consists of a
second sur g(?ler ;pgggdlpor%%%n having a second surface state (ST2), said first
surface arlda pMarkanstbwltmg orelaamxbstra;tc) far Ppticd abigninent qﬁsmérswﬂmrﬂa;d and

said second, sur ar ea ted 0,a s rke
oot - ot 66T RPBuREE oL rel L BP A RS S & S0 Wil P! Ao
to vari at isessmdistucti®l Plegksgy of said netallisation |layer being induced by
said first buried marker el enment and said second buried marker el enment,
respect i venyse spgl mpkgiesirusiure aliqiving s2id OPiisehelianeeat BAsed ¥9ON iiherein said first

and said Sg@@ﬂ&#nﬁah%%% ﬂéht%lemﬂreﬁe@f)ﬁsﬁ& FaRQEAnicRuborm a diffraction
grating. er structure accor to claim17 or claim 18, wherein

sai d net al-detsatinglight kevgned fronpsaidsmarkar steltcalre dtaysensobei ng deposited by a hot
metal deposi OBl GREtmbd Thromhdh! WA 'R REREGTSHRY, SAM' UG ment
information comprising information relating a position of said substrate to said sensor;
said marker structure being further characterised in that,
said first structural elements are formed from a first material and said second structural
elements are formed from a second material, the structural elements being arranged in
a complementary configuration such that, in use, in the absence of asymmetric damage
to the structural elements a first signal is
detected at the sensor and in the presence of asymmetric damage to the structural
elements a second signal is detected at the sensor.
14. A marker structure according to claim 13, wherein the first signal is a zero or
minimum intensity, and the second signal is a larger intensity.
15. Marker structure according to any of claims 12 to 14, wherein
said first materialis conductor material and said second material is- either a
semiconductor or insulator material.
16.  Marker structure according to claim 15, wherein said first material is copper, and
said second material is a dielectric material.

17.  Marker structure on a substrate for optical alignment of said substrate, said



20. Marker structure according to any of clainms 17 to 19, wheremarea 2007
nmetallisation |ayer conprises an alumniumlayer. 21. Marker structure
according to claim19, wherein said netallisation processing seguence
further conprises at |east one of a deposition of a Ti adhesion |layer, a
deposition of a Ti/Ti N capping | ayer and a deposition of a passivation

| ayer. 22. Marker structure on a substriate for optical alignnment of said
substrate, said marker structure conprising a plurality of first structural
el ement s amarker ptructuat i coynphSinyREMrADY 6f 3¢t vfucsedoeiemesits watd wr pluraityewnts, in
use said marker stru t]ure all owi ng said optical alignnent based upon -
provi di ng %’Ffor}de%%‘f’mfﬁﬁé °Megit beam directed on said marker structure, -

det ecting {i,@btaid ﬁﬁﬁiei’%cftﬁr@mléﬁfngfsﬁ&%bﬁéal aligridnt b&e@lupén SENSOr, -

determ ning alignment information fromsaid detected |1ght, said alignnment
i nf or mat i on poxyrding atileagt onef lighirvheampdirectddaomi saigl marersitiuciyee, of sai d substrate to
sai d sensor; al rker ruct.ure heing. further characterised in that,
said first” %‘?‘?"3‘8? ﬁg}?ﬁe%ﬁl"eercrlﬁl m?:aé(?r%lra kseresémgmgf ﬁtraaﬁe'lnf?’ of primary lines and a
plurality ofddidrinsding | dligafreas adfdmbtish Pon Mid kédte@éd Udhtyr 8aidc aligtthéig t O
claim 22, wherein said first and said second st{&rgucéir al elenments are
arranged t BMPBRAPBCANRTSRECH{GRAEBIIANEE 2 Pasitihpketd SR i ¥IGEEH di ng t o
claim 22 og,;glaliid ?tl?hctd{’@%iﬁ% Rurfii ChaPlcldBEdinlthdte conprises a first material
and said first 1nterposed ITne conprises a second material. 25. Marker
struct ure sadordkiengiricturamsyprefentingi mgaligatioo 14341, wherein said first materi al

has a first resistance to chem cal nechanical.. | i shing,. and.said second
macerial  nabesh SOBSEEuFl R R ERAR IR hER R ARl aRg *oar d
first resi giangticbehrRqSU)fahérent from said second resistance. 26. Marker
structure according to claim 23 or any cl ai m dependent thereon, wherein

sai d pl ur apaid yecgnd prrycdyral ¢lemasrs sepgists P§y1%§°°PBﬁl FHTEACE @FGadriionshaving a3e60nd 7

Mar ker strugkllE 6a@GSPsdi ng to claim26, wherein the periodic structure
extends in a direction substantially perpendicular to the periodic
direction chid first slirfate arcaiportiaqy beingirglated2®. a fitst oried madksr glemeat cod dhidg t o

cl ai m 26, wher el Nethg RELkBMgiSIINEH W SseXiEhtRA R s dlfeg! i on

subst anti aPf ﬁnp%ré’f?erl P8 ]tﬂé’ pérl Bar © I 'O l(?{e A T¥r acti on grating.

said first and said second surface state (STI, ST2) being related to variations in

morphology of said metallisation layer being induced by said first buried marker

element and said second buried marker element, respectively.

18.  Mggker structure according to claim 17, wherein said first and said second
structural elements are arranged to form a diffraction grating.

19‘. Marker structure according to claim 17 or claim 18, wherein said metallisation
layer comprises a metal layer being deposited by a hot metal deposition process in a
metallisation processing sequence.

20.  Marker structure according to any of claims 17 to 19, wherein said metallisation
layer comprises an aluminium layer.

21.  Marker structure according to claim 19, wherein said metallisation processing
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.

22.  Marker structure on a substrate for optical alignment of said substrate, said

marker structure comprising a plurality of first structural elements and a plurality



29. Marker structure according to claim27 or 28, wherein sai fh NEQ&1§2007
structural elenent conprises a plurality of secondary lines and a plurality
of second interposed lines, said plurality of second interposed |ines
forming a further periodic structure in a direction substantially

perpendi cular to the direction of the periodic structure forned by 19 MARCH
2007 32 the plurality of first interposed |lines. 30. Marker structure
according to any of the clainms 22 to 29, wherein said primary |ines and
sai d fir stofisedond posadral elemsnthave a di mensi on conparable to a critica

feature size of_ a product de\{i ce bei n%,cre t ed og sgi d substrate. 31.
Mar ker st rifdpeiad BRLSE Sruegre aloying spid @pticat al@imenE 52594 YB¥bndary 1i nes and

sai d secondoliftnglPRIAGnE IiPRDBARreted bHBAIE i & RANRPI € to a critical
feature size of a product device being created on said substrate. 32. An

al i gnment néetasthgilight wgbéiyed figmisaidinhaskereirketnrest pgesohe according to any one
of clains 19;26..said,nmethod.c riSi - providi t. | eas Li.ght beam
directed on d§§’1“8‘“‘“ %é%gglte rrltué fg)gg?tlon- e e%ffndﬁgﬁcl{%ht?l %}rnjéc%ilci/ea %(ﬁrrng% said

mar ker st r in€draBordéongpriv@rpsiaformatistetetitify Aipogtion bhyaityubstraré rsait i on from sai d
detected light, said alignment information conprising information relating
a positionS®¥fOTsai d substrate to said sensor; wherein said at |east one

i ght b?an%aﬁ@ﬁa&e}%%ﬂﬁﬁfregahgmrﬁﬁli ERRackdrRYd fith&ndi ng substantial 'y
perpendi cular to the direction of the periodic structure forned by the

plurality siid fiist strudturakeelpmsrtccomipmigss, a pluraigy df semsnyrlineasndia pbirdity shfirsdn
filter which aIL ﬁss transm ssion of light having that |inear polarisation
(E2). 33. %F%ﬁﬂg feht method for aligning to the marker structure according

to any one23 of NhafkerBrukture Gccosdihg tonm@iiozd, adeRin Qid\Grst andrsaid @edt@ at | east one
|l ight beamdirected on said marker structure, - detecting light received
from said PHHCRE?! elaments a5F arapecd (o fogagyditfractin gtithi ng al i gnment i nf or mat i on

fromsaid geteciglel bieilture gé’éoﬁdig% toOMTRI2 SRR (RBreinC @I idrp@n NT Or mati on

relating a position of said substrate to said sensor, wherein Said at |east
one |ight bwepriseas Ardti metarialpandishidafiist rinfefopedetine nabinpgises absacamd i al |y
parallel to Ehel direction of the periodic structure fornmed by the plurality
of first thaeePf)()sed lines, or said sensor has a polarisation filter which
al l ows transm B@atken swlcthre gbtortiag itt@ny bélainism2ato 240 hwheieiadaidfirs Eajerial

has a first resistance to chemical mechanical polishing, and said second material has a
- second resistance to chemical mechanical polishing, said first resistance béing different

from said second resistance.

26.  Marker structure according to claim 23 or any claim dependent thereon, wherein

said plurality of first interposed lines form a periodic structure.

27.  Marker structure according to claim 26, wherein the periodic structure extends in
a direction substantially perpendicular to the periodic direction of the diffraction grating.
28.  Marker structure according to claim 26, wherein the periodic structure extends in
a direction substantially parallel to the periodic direction of the diffraction grating.

29.  Marker structure according to claim 27 or 28, wherein

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



34. An alignnent nethod according to clains 32 and 33, whereim WiRdH 2007
beans are directed on said marker structure, said |ight beans having

substantially orthogonal |inear polarisations (El, E2) and being separately
recei ved.

32

the plurality of first interposed lines.
30.  Marker structure according to any of the claims 22 to 29, wherein said primary
lines and said first interposed lines have a dimension comparable to a critical feature size
of a product device being created on said substrate.
31 Marker structure according to claim 30, 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.
32.  An alignment method for aligning to the marker structure according to any one
of claims 19-26, said method comprising
- providiné 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 sensor;
wherein said at least one light beam has a linear polarisation (E2) extending
substantially perpendicular 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 (E2).
33.  An alignment method for aligning to the marker structure according to any one
of claims 19-26, said method comprising
- 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 sensor,
wherein said at least one light beam has a linear 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
transmission of light having that linear polarisation (El).

34 Analignment method according to claims 32 and 33, wherein two light beams
are directed on said marker structure, said light beams having substantially

orthogonal linear polarisations (El, E2) and being separately received.





