| Binary Sinusoidal Sub-wavelength Gratings as Alignnment Marks Field The
present invention relates to an alignnent nmethod and substrate, particularly
a method and substrate for use in a lithographic apparatus. Background A
lithographic apparatus is a machine that applies a desired pattern onto a
substrate, usually onto a target portion of the substrate. A lithographic
apparatus can be used, for exanple, in the nmanufacture of integrated
circuits (ICs). In that instance, a pattbrning device, which is
alternatively referred to as a nask or a reticle, may be used to generate a
circuit pattern tdBibery Sinpsddarbubrwaveteiigth Goatingsay ddigomenhdarks This pattern
can be transferred onto a target portion (e.g. conprising part of, one, or
several dies) on a substrate (e.g. a silicon wafer). Transfer of the pattern
is typi Gadlly via imaging onto a |ayer of radiation sensitive materi al
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whi ch each target portion is |rrad|ated by exposing an entire pattern onto

the target portion at one tine, and so-called scanners, in which each

t ar get RAL hgn is irradiated by scanning the pattern through a radiation
beamin direction (the "scanning"-direction) while synchronously
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each target portion is irradiated by scanning the pattern through a radiation beam in a given direction
(the “scanning”-direction) while synchronously scanning the substrate parallel or anti-parallel to this
direction. It is also possible to transfer the pattern from the patterning device to the substrate by
imprinting the pattern onto the substrate.

The pattern is transferred onto several successive resist layers on the substrate in order to
build up a multi-layer structure with the pattern throughout its thickness. It is therefore important to
ensure that the pattern in any given layer is exactly aligned with the pattern in the previous layer.
The way that successive patterned layers are aligned is by having alignment marks in the layer, these
alignment marks being detectable by an alignment beam that is projected by the projection system
before the exposure beam is projected to apply the pattern. In order to leave as much space as
possible on the substrate for the exposed pattern, the alignment marks are positioned in scribe lanes,
which is the part of the substrate that will be sawn to separate the substrate into individual ICs, for
example. Alignment marks have, in the past, taken the form of stacked (in several or all the layers)

copper areas alternating with dielectric areas.



As |ithographic techniques inprove and smaller pattern |ines are possible,
the nunber and density of active conponents (e.g. nenory cells in |ICs)

i ncreases. The use of relatively large copper areas in the alignnment marks
in the scribe |anes neans that the size of the scribe lanes is difficult to
decrease and so inefficient use of substrate space is inevitable. The scribe
| anes t herefore consune space on the suﬁstrate that could be nore
efficiently used for active, useful devites, rather than for alignnent
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t he provided and a radiation sensitive detector can be arranged behind the reference mark. The output
signal of the detector will be dependent on the extent to which the image of the substrate mark and
the reference mark coincide. In this way the extent of alignment of the mark on the substrate with
the reference mark in the alignment unit can be measured and optimized. The detector may comprise
separate individual detectors for measuring the intensity and the aligned position at different orders.
To finish the alignment, the reference in the alignment unit has to be aligned to a second reference
mark, for example, one provided to the substrate table with the alignment unit. This second
reference mark may then be aligned to a mark in the mask using exposure light.

An alternative alignment system is a direct on-axis alignment system that directs an
alignment beam directly upon a mark provided on the substrate via the projection system. This beam
will be diffracted by the mark on the substrate into different sub-beams and will be reflected into the

projection system. After traversing the projection system the different sub-beams will be focussed



projection system After traversing the projection systemthe different
sub-beans will be focussed 3 on a reference alignnent nmark provided to the
mask. The inage of the substrate nark formed by the sub-beans can be inmged
upon the reference mark in the mask. In this way the extent of alignnment of
the mark on the substrate and the reference mark in the mask can be neasured
and optim zed. This can be done by using a radiation sensitive detector
constructed and arranged to detect the | i gnnment beam traversing the mark
in the mask. Descriptions of these two types of alignnent can be found in EP
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exhibits the same positional errors as patterns of adjacent lines and does not provide improved
accuracy in measurement of overlay errors for other types of pattern. Furthermore, the alignment
mark requires an additional arrangement for determination of its position and is not compatible with
existing alignment systems.

A further solution is proposed in EP 1 260 869, which discloses a substrate provided
with an alignment mark in a substantially transmissive process layer overlying the substrate, said
mark comprising at least one relatively high reflectance area for reflecting radiation of an alignment
beam of radiation, and relatively low reflectance areas for reflecting less radiation of the alignment
beam; wherein the high reflectance area is segmented in first and second directions, both directions
being substantially perpendicular with respect to each other so that the high reflectance areas
comprise predominantly rectangular segments.

By segmenting the relatively high reflectance areas of the alignment mark into

rectangular sub-divisions, the mark can be arranged to diffract light into similar positions in the



conprise predom nantly rectangul ar segnents. By segnenting the relatively
hi gh refl ectance areas of the alignnment mark into rectangul ar

sub-di visions, the mark can be arranged to diffract light into simlar
positions in the 4 pupil plane of the projection lens as structures in the
mask pattern. The image of the alignment mark projected onto the wafer wl|
therefore suffer fromthe sane aberrathgs as the imge of the structures
of the mask pattern and thus the positioh of the mark on the substrate is
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A further disadvantage with these types of marks is that they each have to be scanned

separately prior to alignment. This gives a low throughput of wafers.

SUMMARY

It is desirable to create an alignment mark on a substrate that will allow more efficient use of
the space on a substrate as well as being quick to create prior to the alignment process and efficient
to use during the alignment process. It is also desirable to optimize the intensity of the diffracted
radiation in useful orders, such as the first diffraction order that is used for alignment.

According to an aspect of the invention, there is provided a substrate having provided
thereon an alignment mark comprising a periodic array of structures,
the array having a first and second end;
the structures being separated by a distance that is less than the wavelength of an alignment radiation

beam; and



the array having a first and second end; the structures being separated by a
di stance that is |less than the wavel ength of an alignnent radiation beam
and 5 wherein the width of the structures varies within a period such that
a |l ocal phase (proportional to the effective refractive index) within the
period varies sinusoidally fromthe first end of the array to the second
end. According to a second aspect of the_invention, there is provided a mask
containing a pattern for exposing an aI?gnnent mar k, the alignnment mark
conprising a periodic array of structures, the array having a first and
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- illuminating the array with an alignment radiation beam comprising a wavelength

that is greater than the distance between the structures;

- detecting the reflected alignment radiation beam; and
determining, from the properties of the reflected beam, whether the array is in alignment with the
pattern.

According to yet another aspect of the present invention, there is provided a method for
creating an alignment mark on a substrate, comprising:
depositing, onto the substrate, a layer containing a periodic array of structures, the array having a
periodic variation in refractive index, and the spacing between the structures being smaller than the
wavelength of an intended alignment beam and the width of the structures varying within a period
such that a local phase (proportional to the effective refractive index) varies sinusoidally from a first
end of the array to the other.

According to a final aspect of the present invention, there is provided a device manufacturing
method comprising projecting a patterned beam of radiation onto a substrate, wherein the substrate
contains an alignment mark made of a periodic array of structures, the distance between the
structures being smaller than the wavelength of an alignment beam (but larger than the wavelength

of the patterned beam) and the width of adjacent structures varies within a period such that a local



met hod conprising projecting a patterned beam of radiation onto a substrate,
wherein the substrate contains an alignnment mark made of a periodic array
of structures, the distance between the structures being snaller than the
wavel engt h of an alignnent beam (but |arger than the wavel ength of the
patterned beam and the width of adjacent structures varies within a period
such that a local 6 phase (proportional to the effective refractive index)
within the period varies sinusoidally froma first end of the array to the
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substrate in accordance with certain paraneters; and - a projection system
(e.g. a refractive projection |l ens systen) PS configured to project a
pattern inparted to the radiation beam B by patterning device MA onto a
target MOETAMEDDDESCRIPTONri sing one or nore dies) of the substrate W The
illum nation system may include various types of optical conmponents, such as
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invention. The apparatus comprises:

- an illumination system (illuminator) IL configured to condition a radiation beam B (e.g. UV
radiation or visible light radiation).

- a support structure (e.g. a mask table) MT constructed to support a patterning device (e.g. a
mask) MA and connected to a first positioner PM configured to accurately position the patterning
device in accordance with certain parameters;

- a substrate table (e.g. a wafer table) WT constructed to hold a substrate (e.g. a resist-coated
wafer) W and connected to a second positioner PW configured to accurately position the substrate in
accordance with certain parameters; and

- a projection system (e.g. a refractive projection lens system) PS configured to project a pattern
imparted to the radiation beam B by patterning device MA onto a target portion C (e.g. comprising
one or more dies) of the substrate W.

The illumination system may include various types of optical components, such as refractive,
reflective, magnetic, electromagnetic, electrostatic or other types of optical components, or any
combination thereof, for directing, shaping, or controlling radiation.

The support structure supports, i.e. bears the weight of, the patterning device. It holds the

patterning device in a manner that depends on the orientation of the patterning device, the design of



The support structure supports, i.e. bears the weight of, the patterning
device. It holds the patterning device in a manner that depends on the
orientation of the patterning device, the design of 7 the |ithographic
apparatus, and other conditions, such as for exanple whether or not the
patterning device is held in a vacuum environnment. The support structure
can use nechani cal, vacuum electrostatjc or other clanping techniques to
hol d the patterning device. The support structure may be a frame or a
table, for_example, which may be fixed or novable as required. The support
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incoming radiation beam in different directions. The tilted mirrors impart a pattern in a radiation
beam which is reflected by the mirror matrix.

The term “projection system” used herein should be broadly interpreted as encompassing any
type of projection system, including refractive, reflective, catadioptric, magnetic, electromagnetic
and electrostatic optical systems, or any combination thereof, as appropriate for the exposure
radiation being used, or for other factors such as the use of an immersion liquid or the use of a
vacuum. Any use of the term “projection lens” herein may be considered as synonymous with the
more general term “projection system”.

As here depicted, the apparatus is of a transmissive type (e.g. employing a transmissive mask).
Alternatively, the apparatus may be of a reflective type (e.g. employing a programmable mirror
array of a type as referred to above, or employing a reflective mask).

The lithographic apparatus may be of a type having two (dual stage) or more substrate tables

(and/or two or more mask tables). In such “multiple stage” machines the additional tables may be



Al ternatively, the apparatus may be of a reflective type (e.g. enploying a
programmable mrror array of a type as referred to above, or enploying a
reflective mask). The |ithographic apparatus may be of a type having two
(dual stage) or nore substrate tables (and/or two or nore nmask tables). In
such "multiple stage” machines the additional tables may be 8 wused in
paral lel, or preparatory steps nay be cafried out on one or nore tables
while one or nore other tables are bei n% used for exposure. The
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distribution of the radiation beam. Generally, at least the outer and/or inner radial extent (commonly
referred to as o-outer and o-inner, respectively) of the intensity distribution in a pupil plane of the
illuminator can be adjusted. In addition, the illuminator IL may comprise various other components,
such as an integrator IN and a condenser CO. The illuminator may be used to condition the radiation
beam, to have a desired uniformity and intensity distribution in its cross-section.

The radiation beam B is incident on the patterning device (e.g., mask MA), which is held on
the support structure (e.g., mask table MT), and is patterned by the patterning device. Having
traversed the mask MA, the radiation beam B passes through the projection system PS, which
focuses the beam onto a target portion C of the substrate W. With the aid of the second positioner
PW and position sensor [F (e.g. an interferometric device, linear encoder or capacitive sensor), the
substrate table WT can be moved accurately, e.g. so as to position different target portions C in the
path of the radiation beam B. Similarly, the first positioner PM and another position sensor (which is

not explicitly depicted in Figure 1) can be used to accurately position the mask MA with respect to



traversed the mask MA, the radi ati on beam B passes through the projection
system PS, which focuses the beamonto a target portion C of the substrate
W Wth the aid of the second positioner PWand position sensor IF (e.g. an
interferonetric device, linear encoder or capacitive sensor), the substrate
table WI can be noved accurately, e.g. so as to position different target
portions Cin the path of the radiation beamB. Simlarly, the first
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be determined by the (de-)magnification and image reversal characteristics of the projection system

PS. In scan mode, the maximum size of the exposure field limits the width (in the non-scanning
direction) of the target portion in a single dynamic exposure, whereas the length of the scanning
motion determines the height (in the scanning direction) of the target portion.

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

Combinations and/or variations on the above described modes of use or entirely different



3. In another node, the mask table MI is kept essentially stationary hol ding
a programmuabl e patterning device, and the substrate table WI i s noved or
scanned while a pattern inparted to the radiation beamis projected onto a
target portion C. In this node, generally a pul sed radiation source is

enpl oyed and the programmabl e patterning device is updated as required after
each novenent of the substrate table vq i n between successive radiation
pul ses during a scan. This node of opergtlon can be readily applied to
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Figure 2 shows an example of an alignment mark based on a two-dimensional photonic
crystal. In this embodiment, the dark columns 10 are made up of 2-D arrays 12 of contact holes. A
structure can be any repetitive feature that forms an artificial crystal for the wavelength of the
alignment beam (1-D or 2-D). In practice, it is likely that the feature will be a contact hole. It may
also be a “brick” like structure such as that used in deep trench applications. For instance, in a
copper damascene process, arrays of holes are printed, etched in Silicon-Oxide and filled with
copper. The redundant copper is polished away.

Both the feature size d and the pitch p of the array as shown in Figure 2 are much smaller
than the wavelengths of the alignment beam. Pitch p must be smaller than the wavelength of the
alignment beam, whereas feature size d may optionally be smaller. By having these structures, or
contact holes, smaller than the alignment beam wavelength, but larger than the exposure beam
wavelength, artificial materials are created with controlled optical properties. The optical properties
may be the real (refractivity or reflectivity) and imaginary (absorption) part of the effective

refractive index. Artificial materials with controlled optical properties for the alignment



also be a "brick" like structure such as that used in deep trench
applications. For instance, in a copper danascene process, arrays of holes
are printed, etched in Silicon-Oxide and filled with copper. The redundant
copper is polished away. Both the feature sized and the pitch p of the array
as shown in Figure 2 are nuch smaller than the wavel engths of the alignnent
beam Pitch p nust be smaller than the 2qvelength of the alignnment beam
whereas feature size d may optionally be 'smal | er. By having these
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Figure 3 shows an example of the organization of the structures in the grating
according to the present invention. The size of the structures 11 varies sinusoidally from one end of
the array of structures to the other (i.e. the phase, which is proportional to the refractive index of the
structures varies from one end of the array to the other). However, the distance from the left edge of
one structure to the left edge of the next structure (the pitch) is constant and is labeled as a distance
b. The grating period (i.e. from a minimum to a maximum of the sinusoidal period) is labeled as a
and the varying distance between the structures 11 is labeled as cy,, where m is the number of the
individual structure 11.

The duty cycle, ty, is defined as:
tm=(b-Cp)/b.
By varying the duty cycle t,, of the sub-segments so as to create a sinusoidally varying local

phase within the grating period, a sinusoidal grating is created using only binary sub-wavelengths



fromthe grating can be varied. This nmeans that detectors may be placed in
nore useful positions. Figure 3 shows an exanple of the organization of the
structures in the grating according to the present invention. The size of
the structures 11 varies sinusoidally fromone end of the array of
structures to the other (i.e. the phase, which is proportional to the
refractive index of the structures varigs fromone end of the array to the
ot her). However, the distance fromthe I@ft edge of one structure to the
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chosen but different periodicities placed next to each other. By processing of the signal obtained
from the grating during this scan, the position of the substrate can be determined. By the super-
positioning, for instance, of 16 micron and 17.6 micron period gratings, two marks can be combined
in one grating and scanned simultaneously. The diffraction orders of the two gratings can be
separated by wedges and detected separately. This simultaneous scan of the combined gratings will
result in an increased throughput as compared to the scan of the separate gratings in the prior art.

The alignment marks according to the present invention have the advantage of an optimized

grating efficiency and thereby significant improvement of the substrate qualities. The alignment
marks are used particularly well in floating or stack marks floating above silicon oxide as these
marks can prevent radiation from passing through the layers to lower layers and avoid unwanted
reflection from the lower layers. This is because these marks are metallic sub-wavelength gratings,
which are known to function as wire grids that work as polarization filters. A wire grid has the
characteristic that it totally reflects an incident beam that has electric field component parallel to the

grating grooves while it lets through a light beam that has its electrical field perpendicular to the

groove. Thus, if the incident beam is a TE polarized light (with the electrical field parallel to the



chosen but different periodicities placed next to each other. By processing
of the signal obtained fromthe grating during this scan, the position of
the substrate can be determ ned. By the super- positioning, for instance, of
16 micron and 17.6 mcron period gratings, two marks can be conbined in one
grating and scanned simultaneously. The diffraction orders of the two
gratings can be separated by wedges and _detected separately. This

si mul t aneous scan of the conbined grati n@s will result in an increased

t hroughput as conpared to the scan of the separate gratings in the prior
art. ThesraovedH thergrating iy lighe villlipatg threughrae %ﬁag%?ﬂd t#lhs/%wwtm\?ﬂeqtm of
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result in°neasurenent error. ion, the two gratings are
conbined in mghgmraéntmgarlmxdmtaﬂmsaetabpliqdassyhbr priotess iayerst Mhrzfeasluafpetmnh layer, or

i ntroduced by the d| ferent nvironnents is elimnated. .Another 1
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i magi nary part of thé refractive i ndex (the "effective index") can be
control | ed acﬂmeaml@ltqmq)grysthlealkgumymdwkiemtsn’p%mﬁsma abserbiedaowntay sebwsvelength

arrays. ds-[lPtgceTt At A ?c%'eﬁ 118{)) & 11%8 flf%rst?aﬁgsr e{nﬁ%%(l% t aBthr% §&B§tchglra@te%%s t’h}%&%{al?/rb% be
tailored Tor eaI gnment “wave e m Croscopi C
pr oper t i asde b?hmlaglra;gmﬁmecﬂm‘n kSa Ctassed-lgsamnbén apmitonesistt masktfblaaaswem lﬁ}CI@S&thaMﬁr s,
such as a dee tre ch | ayer, I?cal lﬁpré nect. | ayers, hg/’ periodic
2D ‘ar r SRR UPBSISFE PEEMRLY ARk GRIRAE YRS (Diisined o Gk ke on
l'ayers. information on how this sort of structure may be made may be found in “Antireflection behaviour of
silicon subwavelength periodic structures for visible light”, Lalanne and Morris, Nanotechnology 8
(1997) 53-56.
Although specific reference may be made in this text to the use of lithographic apparatus in
the manufacture of ICs, it should be understood that the lithographic apparatus described herein may
have other applications, such as the manufacture of integrated optical systems, guidance and
detection patterns for magnetic domain memories, flat-panel displays, liquid-crystal displays
(LCDs), thin-film magnetic heads, etc. The skilled artisan will appreciate that, in the context of such
alternative applications, any use of the terms “wafer” or “die” herein may be considered as
synonymous with the more general terms “substrate” or “target portion", respectively. The substrate
referred to herein may be processed, before or after exposure, in for example a track (a tool that

typically applies a layer of resist to a substrate and develops the exposed resist), a metrology tool

and/or an inspection tool. Where applicable, the disclosure herein may be applied to such and other



These photonic crystal alignnment marks in substrates may al so be known as
subwavel ength surfaces that are etched into silicon substrates and exhibit
antireflection characteristics. They may be nade by hol ographically
recording a crossed-grating in a photoresist mask foll owed by reactive-ion
etching to transfer the priomary nmask onto the substrate (e.g. using the
exposure beam. Mdre information on how this sort of structure nay be made
may be found in "Antireflection behavio # silicon subwavel ength perlodlc
structures for visible i Lal anne and Nbrrls Nanot echnol ogy 8 (1997)
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patterning device may be pressed into a |ayer of resist supplied to the

substrate wide wmdﬂemhewhee%ihﬁtcontgxwpw Ay rafspoyanycpnelos sembinadareafi various
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i s noved’out o e resist’ ['eavi ern resist is
cured. Teetrbsstitsopticalcoaiponetits.and "beant used herein enconpass all types of

ﬁ;g?;éoga%ﬁqgiger@%ﬁg%g}n Pdl%hgfolf g%gg\gegglglg Laglélé)g(ler? éesgr%/e)d arbggé ?tt | ?lr‘)e apprec1ated
that the invention may be practiced otherwise than as described. For example, the invention may
take the form of a computer program containing one or more sequences of machine-readable
instructions describing a method as disclosed above, or a data storage medium (e.g. semiconductor
memory, magnetic or optical disk) having such a computer program stored therein.
The descriptions above are intended to be illustrative, not limiting. Thus, it will be apparent to
one skilled in the art that modifications may be made to the invention as described without departing

from the scope of the claims set out below.



193, 157 or 126 nm and extrene ultra-violet (EUV) radiation (e.g. having a
wavel ength in the range of 5-20 nm, as well as particle beans, such as ion
beans or electron beans. The term "l ens", where the context allows, may
refer to any one or conbination of various types of optical conponents,
including refractive, reflective, magnetic, electromagnetic and
el ectrostatic optical conponents. VM|Ie 3FeCIfIC enbodi nents of the
i nventi on have been descri bed above, be appreciated that the
i nvention may be practiced otherw se than as described. For exanple, the
invention may take the formof a confitMSprogram contai ning one or nore
sequences of machi ne-readable instructions describing a nethod as di scl osed
above, or a data storage nedium (e.g. sem conductor nmenory, nmagnetic or
opti cal 1di skA dubstratghasughpravicedrhgteen apabgmaant stade ennpriserges periodivairray of
descrlptlo S above are intended to be illustrative, not limting. Thus, it
will HﬂggFént to one skilled in the art that nodifications may be nmade
to the qmmﬁﬂ@uggmgafﬁg&@ag@ﬁﬂd@ﬁdh@wt departing fromthe scope of the
clainms set out below. 15 CLAIMS 1. A substrate having provided thereon an
al i gnnerike sieckresdengias p pichthgies flesethan sherwgyelengthof ag éklgnr@@lt radigdiog bedy). havi ng
a first
Chan' T h aeeinl St iopne gy s ok WERHL FEiQENCH 1Bk a Rl e WIS sl o8,
t he st r domiuthedirstand eSthadatrhy o the peondendsuch that a | ocal phase varies
sinusoidally fromthe first end of the array to the second end. 2. A
substrate according to claim1, wherein the duty cycle of the array varies
such that the s@smdé A@ohisy @ HHimus Mhdrid the War \yele of B atrapRass shelpaome end
of the array to the other and wherein t he duty cycle is defined as
( b c,,, r¥inghaes émesmdallw yapyiheg |gFd phsfe drogrengead of Hjeeianto txerother andwherginghey

le i | ai m
T her oy DR i BrRlEs NEUSHE AR R 0 siice SrpLRtihLR REERIIthd Al
accordlmgdb@s¢b&vamydémmhb@KMConpr|S|ng a second array with a different
periodicity than the first array, the second array being overlain on the
first array such that their relative alignnent may be neasured. 5. A

substrate acePsMiide bQofdifd @ daimWh @hefeth the Beriddidity AiKerd)as céhsh@t.i od of 16
m crons and the second array has a period of 17.6 m crons.

4. A substrate according to claim 1, further comprising a second array with a different
periodicity than the first array, the second array being overlain on the first array such that their

relative alignment may be measured.

5. A substrate according to claim 4, wherein the first array has a period of 16 microns and the

second array has a period of 17.6 microns.

6. A substrate according to claim 1, wherein the alignment mark is applied to one or more resist

layers on the substrate.

7. A substrate according to claim |, wherein the alignment mark is applied to a deep trench
layer.
8. A substrate according to claim I, wherein the alignment mark is applied to a process layer in

a lithographic apparatus.



6. A substrate according to claim1l1, wherein the alignnment mark is applied
to one or nore resist |ayers on the substrate. 7. A substrate according to
claim1l1, wherein the alignment mark is applied to a deep trench Ilayer. 8. A
substrate according to claiml, wherein the alignment nmark is applied to a
process layer in a lithographic apparatus. 16 9. A substrate according to
claim1, wherein the duty cycle and perigdicity of the periodic array
affects the real and inmaginary parts of he refractive index of the material
containing the periodic _array. 10. An_alignnment measuring systemfor
measuri ngy t he sibsEARrROrGRE o Paitnt brvhesin We%umpdgkeraafl eerficiplhe paiodisaragr n
I's to beRxg al aﬁ@%ﬁ%}igér?%rtsg%ftyg ilra@tti\% iR TIPSR ntalERERR pefodic

al i gnnent mark conpri si c arrays of structures, e second
array berrag. overlain on the first array, the arrays each having a first and
second end; and the structures being at a pitch that is |less than the

wavel ength of an alignnent radiation beam wherein the wdth of the

struct urgs VvVagd AfnWehhinBasariR€tys@eh follGleadunial tike dIipAMkntUTASRUYANIESa substrate on
sinusoidally fromthe first end of the array to the second end, and the

arrays hahieh HiePpEsra it todeerpfee OMPsisingher ei n the system conpri ses
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separating t action orders of the co acted radiation o
t he two the sysd arrgrigtirg aetleiotoorthd Grst areysuri ng t he separated di ffraction

orders of the arrays. 11. A mask containing a pattern for exposing an

al i gnment'® ARPR °2¢ VH]giagﬁ{ﬁlear?gasﬁ%ﬂ“a eeé’rﬁél ising a periodic array of .

st ruct urgs striciiResBeimyat APVt h thaflislléds ShanaRcweRtRBth &M alibMBerfttradigddaRambei ng
separated by a distance that is | ess than the wavel ength of an alignnment

radi at i onhergja&ip widkoo fubesteickiremarir withingrperind suphrthatadped phase vadesginurpidally
peri od I I | i i f RN
Phe. arr i et B4 R iR aRORS s AT SE SRR SRRl ve R IBE DL B, SRR
al i gnnenhe efstean @abpresest on a substrate, conprising:
illumination means for illuminating the arrays of structures;
a wedge for separating the diffraction orders of the combined diffracted radiation of the two arrays;
and

a detector for measuring the separated diffraction orders of the arrays.

11. A mask containing a pattern for exposing an alignment mark, the alignment mark comprising
a periodic array of structures,

the array having a first and second end;

the structures being separated by a distance that is less than the wavelength of an alignment radiation
beam; and

wherein the width of the structures varies within a period such that a local phase varies sinusoidally

from the first end of the array to the second end.

12. An inspection method for inspecting the alignment of a pattern on a substrate, comprising;:
- providing a periodic sinusoidal array of reflective structures on a substrate;
- illuminating the array with an alignment radiation beam comprising a wavelength
that is greater than the distance between the structures;

- detecting the reflected alignment radiation beam; and



provi ding a periodic sinusoidal array of reflective structures on a
substrate; illumnating the array with an alignnent radi ati on beam
conprising a wavel ength that is greater than the distance between the
structures; detecting the reflected alignnent radiati on beam and 17

determ ning, fromthe properties of the reflected beam whether the array is
in alignment with the pattern. 13. A nethod for creating an alignnment mark
on a substrate, conpri sing: depositing,lgnto the substrate, a | ayer
containing a periodic array of structures, the array having a periodic
variation in-ref réé@rm@lqgnéem,th%h@p@W® effhe reflgctpd besn vhether dierauay ig s bei ng
smal l er than the pavgl&agih gétég1intended al i gnnent beam and the w dth of
the structures is chosen sucn %at'the | ocal phase varies sinusoidally from
a first end of the array to the other. 14. A device manufacturing nethod

conpri si projecti a patterned beam.of radiation onto a substrate,
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14. local phase varies sinusoidally from a first end of the array to the other.

14. A device manufacturing method comprising projecting a patterned beam of radiation onto a
substrate, wherein the substrate contains an alignment mark made of a periodic array of structures,
the array having a first end and a second end, the distance between the structures being smaller than
the wavelength of an alignment beam, and the width of adjacent structures varying within a period

such that a local phase varies sinusoidally from said first end of the array to said second end.

15. A device manufactured according to the method of claim 14.





