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Position determination in a lithography system using a

substrate having a partially reflective position mark

BACKGROUND

The present invention relates to a substrate and

method for position determination in a lithography system.

In particular the invention relates to a substrate having

provided thereon an at least partially reflective position

mark comprising an array of structures, the array extending

along a longitudinal direction of the mark, and a method for

determining a position of such a substrate in a lithography

system.

Position determination in lithography systems is

generally known, normally using detection of light reflected

in several diffraction orders, as is described for instance

in US patent no. 4,967,088. A disadvantage of determining a

position using light reflected in several diffraction orders

is that the light detectors for the different diffraction

orders have to be accurately positioned in the system, thus

increasing the cost of the system. Moreover, such systems

are sensitive to slight errors in focus of the light beam or

tilt of a substrate in relative to the light beam.

In order to at least partially overcome this

problem, it has been suggested to provide a substrate

comprising a checkerboard pattern of reflective squares,



having a maximum reflection coefficient, and non-reflective

squares, having a minimum reflection coefficient, wherein

said squares have a width corresponding to a diameter of a

cross-section of a light beam projected on said pattern. By

measuring a reflected zero-th order intensity of the beam, a

change in position of the beam relative to the substrate can

be determined without measuring multiple diffraction orders.

Ideally, when the beam spot of the light beam is moved over

the pattern, the intensity of the reflected signal is a

sinusoidal function with high contrast of the position of

the beam spot on the pattern. However, in practice the

intensity distribution of the beam spot generally does not

correspond to a homogeneous and sharply cut-off disc-like

profile but instead follows a Gaussian profile, the

resulting reflected intensity signal does not closely

resemble a sinusoid function as a function of the position

of the beam on the substrate. As a result, the determination

of the position of the beam spot on the substrate based on

the intensity of the reflected beam is less accurate.

It is an object of the present invention to

provide a substrate for use with a relatively simple

positioning system for a target such as a wafer, which

substrate allows more accurate position determination. It is

a further object of the invention to provide such a

substrate having a large contrast between an area of high

reflectivity and an area of low reflectivity.

SUMMARY OF THE INVENTION

To this end, according to a first aspect, the

present invention provides a substrate for use in a

lithography system, said substrate being provided with an

at least partially reflective position mark comprising an

array of structures, the array extending along a

longitudinal direction of the mark, wherein said

structures are arranged for varying a reflection

coefficient of the mark along the longitudinal direction,

wherein said reflection coefficient is determined for a



predetermined wavelength, wherein a pitch between a first

structure of the array and a second structure of the array

neighboring said first structure is different from a pitch

between said second structure and a third structure of the

array neighboring said second structure, and wherein pitch

between neighboring structures along the longitudinal

direction follows a sinusoid function of the position of

said structures along the longitudinal direction. As the

pitch between said structures varies according to a sinusoid

function, the degree in which an intensity signal of a beam

partially reflected by said substrate when the beam is moved

over the substrate along the longitudinal direction follows

a sinusoid function is substantially less dependent on the

beam profile. As a result, the reflected intensity signal

may follow a substantially sinusoid function when the beam

has a Gaussian or other profile which differs from a sharply

defined homogeneous disc-like profile. As an extreme

example, if the beam-spot were square, the resulting

intensity signal of a beam reflected in the substrate could

still be substantially sinusoid.

Herein, a pitch between neighboring structures is

defined as the distance between an outer edge of a structure

to be covered by the beam spot, and a corresponding edge of

the neighboring structure. For instance, when the

structures, at least those parts of the structure intended

to be illuminated by a beam, are substantially rectangular

in shape, with a leftmost edge of each structure

substantially perpendicular to the longitudinal direction,

the pitch would be defined as the distance between the

leftmost edge of a structure to the leftmost edge of a

neighboring structure.

The amount of energy of a beam of said wavelength

reflected by the position mark thus varies dependent on the

position of a beam spot on the mark, such that a position of

the beam spot on the position mark may be determined by

simply measuring the intensity of the reflected beam.

In an embodiment the structures are arranged for



varying a specular reflection coefficient of the mark along

the longitudinal direction. A beam reflected beam in the

position mark thus preferably comprises only the specular,

or zeroth order reflection. Thus, the positioning system

used for determining the intensity of the reflected can be

kept simple and compact. Moreover, the position

determination is not substantially affected by small

variations in alignment between the beam spot on the

position mark and a beam intensity detector for measuring

the intensity of the reflected beam. The substrate according

this embodiment allows standard off the shelf DVD- or CD-

heads and the like to be used for determining the intensity

of a specularly reflected beam, and thus for determining a

position of the beam spot in the position mark on the

substrate. In a preferred embodiment the structures are

arranged substantially absorbing higher order diffractions

by multiple reflection of said higher order diffractions

within the mark. The multiple reflection may comprise both

specular and diffuse reflection.

In an embodiment the structures each have a width

along the longitudinal direction, said width being less than

said predetermined wavelength, wherein a distance between

neighboring structures along the longitudinal direction is

less than said predetermined wavelength. In this embodiment

the structures used are sub-wavelength structures which

affect the reflection coefficient of an area on the position

mark yet which may not be individually resolved using a beam

of the predetermined wavelength. Using such sub-wavelength

structures a very gradual variation in reflection

coefficient may be achieved in the position mark along the

longitudinal direction.

In an embodiment the structures are aligned on

points which are equidistantly spaced along the longitudinal

direction. For instance, the structures may be aligned with

their left most edge on such an equidistant point. At least

some of these equidistantly spaced points may be free of a

corresponding structure. Thus a substrate may be provided



having a number of consecutive structures at a pitch c which

pitch c is equal to the distance between the equidistanced

points, and wherein a further structure is at a different

pitch from its neighboring structure which is an integer

multiple of said pitch c . This embodiment allows further

variation in position of the structures. Preferably, the

substrate is adapted to be used with a light beam projected

onto said substrate, said light beam having a cross-

sectional diameter which is larger that a distance between

two neighboring of said equidistant points.

In an embodiment a first structure of said

structures has a different width along the longitudinal

direction than a second structure of said structures,

allowing further variation of the reflection coefficient of

the mark along the longitudinal direction.

In an alternative embodiment the structures have

substantially identical dimensions, allowing easy

fabrication. In this embodiment the structures preferably

have rectangular shapes which are easily produced on a

substrate with high accuracy.

In an embodiment the distance between neighboring

structures along the longitudinal direction of the mark is

substantially equal to a width of a structure. In this

embodiment a substantially sinusoidal reflected beam

intensity signal is obtained when a disc-shaped beam spot

having a diameter equal to the width of the structures is

moved across the position mark.

In an embodiment a maximum distance between

neighboring structures along the longitudinal direction is

at most 610 nm, preferably within a range of 590 nm to 610

nm, preferably substantially equal to 600 nm. Such a

substrate is particularly well suited to be used in

combination with an off-the shelf CD- or DVD head, capable

of projecting a light beam with a spot diameter of 590 nm to

610 nm, preferably 600 nm onto the substrate.

In an embodiment the substrate is adapted for

cooperation with a positioning system which is adapted for



emitting a light beam onto the substrate for generating a

beam spot on said substrate, wherein the light beam has a

wavelength equal to the predetermined wavelength, wherein a

maximum distance between neighboring structures along the

longitudinal direction is at most equal to the diameter of

the beam spot. By spacing the structures no father apart

than the diameter of the beam spot, any movement of the beam

spot on the position mark may result in a change in

absorption of part of the beam by a structure. Moreover,

when the beam is positioned exactly between two structures

which are spaced apart a distance equal to the diameter of

the beam, the area of the mark between these structures

provides a maximum reflection coefficient.

In an embodiment the structures form a periodic

pattern of structures repeating along said longitudinal

direction, wherein the period of said pattern is larger than

said diameter of the beam spot, preferably at least twice as

large. Preferably the periodic pattern of structures has a

periodicity of 2 micron or less, and preferably the beam

spot has a diameter of approximately 600 nm.

In an embodiment the pitch between neighboring

structures is less than or equal to the diameter of the beam

spot, ensuring that a beam spot on the position mark always

at least partially covers one of said structures.

In an embodiment the structures are dimensioned

and arranged for varying the reflection coefficient as a

sinusoidal function of the position of beam spot on the

position mark along the longitudinal direction. A coarse

alignment or position of the beam spot on the position mark

may thus be determined by counting maxima in a reflected

beam intensity, and a more fine-grained alignment or

position may be determined by comparing the reflected beam

intensity signal with a maxima and minima of the reflected

beam intensity signal measured thus far.

In an alternative embodiment the mark has a

varying reflection coefficient which is monotonically

increasing along substantially the entire length of the mark



in the longitudinal direction, preferably strictly

increasing, allowing absolute alignment or position

determination of a beam spot on a substrate.

In an embodiment the substrate is formed as an

integrated unit from a single material, preferably silicon.

The substrate preferably comprises a wafer, wherein the

position mark is preferably provided on one or more scribe-

lines of said wafer. The position and/or alignment of a beam

spot on the wafer can thus be determined. In an embodiment

the substrate is provided on an edge of a target carrier,

for determining the position and/or alignment of a beam spot

on the target carrier.

In an alternative embodiment a first of said

structures comprises a first material and a second of said

structures comprises a second material having a different

reflection coefficient than said first material. For

example, the position mark may comprise a silicon surface on

which a first structure is provided in the form of a sub-

wavelength silicon structure, and wherein other structures

are provided comprising different material such as aluminum,

copper, and/or silicondioxide, the other structures having a

dimension along the longitudinal direction which is greater

than the wavelength. This embodiment thus provides a further

class of substrates provided with structures which vary a

reflection coefficient along the mark.

In an embodiment a maximum reflection coefficient

of an area of the position mark for said wavelength is

substantially equal to 1 . The reflected intensity signal may

thus vary between the minimum reflection coefficient of an

area of the position mark, which is typically substantially

equal to 0 , and the maximum reflection coefficient, such the

need to further amplify the reflected signal to obtain a

measurable signal is reduced.

In an embodiment a specular reflection coefficient

varies along the substrate, wherein high order diffractions

are substantially absorbed by the substrate. A position of a

beam on a substrate can thus be determined based on the



intensity of its reflection in the substrate.

According to a second aspect the present invention

provides a position device arranged for determining a

position of a beam on a position mark of a substrate

described herein, said position device comprising a beam

source arranged for providing a light beam of said

predetermined wavelength, a beam intensity detector arranged

for determining an intensity of a reflected light beam,

wherein the reflected light beam is generated by reflection

of the light beam on said position mark, an optical system

arranged for focusing the light beam on the position mark

and for guiding the reflected light beam on the beam

intensity detector, wherein said beam intensity detector is

arranged for detecting a light beam intensity for the zeroth

order reflection of the reflected light beam and adapted for

providing a signal representative of the reflected beam

intensity. The beam detector preferably comprises a single

photo-diode. As the position is determined is based on the

intensity of the zeroth order reflection of the beam, no

separate beam detector units are needed for detecting

different orders. Preferably only the zeroth order

reflection is guided onto the beam intensity detector.

However, in an embodiment one or more higher order

reflections, specifically the first order reflection, may be

guided onto the same beam intensity detector as well,

wherein the beam intensity detector is adapted for detecting

an intensity of the combined reflections at the detector. In

both embodiments construction of the position device remains

simple, as only one beam intensity detector is necessary for

to detect a reflection intensity of a single beam projected

onto the substrate.

According to a third aspect the present invention

provides a lithography system for processing a target, said

system comprising a substrate as described herein, said

system comprising an alignment beam source arranged for

providing an alignment beam of said predetermined

wavelength, an alignment beam intensity detector arranged



for determining an intensity of a reflected alignment beam,

wherein said reflected alignment beam is generated by

reflection of the beam on said position mark, an optical

system arranged for focusing the alignment beam on the

position mark and for guiding the reflected alignment beam

on the alignment beam intensity detector, wherein said

alignment beam intensity detector is arranged for detecting

an alignment beam intensity of the zeroth order reflection

of the reflected alignment beam. The lithography system

according to the invention is thus provided with means for

determining the alignment and/or position of a substrate

relative to a beam spot of the alignment beam. Typically the

substrate is moveable with respect to the alignment beam, in

particular with respect to the beam spot thereof.

In an embodiment the lithography system further

comprises a target carrier, adapted for moving the target

relative to the optical system along the longitudinal

direction, wherein said substrate is provided on the target

carrier and/or on the target, a processing unit adapted for

determining a alignment and/or position of the substrate

relative to the optical system based on the detected

intensity of the reflected alignment beam. The lithography

system according to the invention is thus provided with

means for determining an alignment and/or position of the

target within the system. The optical system is preferably

fixedly attached to the lithography system to facilitate

position determination of the target relative to the optical

system.

In an embodiment the lithography system further

comprises an optical column adapted for projecting one or

more exposure beams on the target, wherein the optical

system is attached to the optical column. The optical system

is preferably attached close to a distal end of the optical

column, in particular close to the target end of the optical

column. Alignment and/or position determination of an area

of the target to be exposed may thus be carried out close to

the target and/or the substrate.



In an embodiment the optical column is adapted for

projecting a multitude of charged particle exposure beams

through the onto the target, and wherein said optical system

is mounted on or near a downstream portion of the optical

column, preferably within a distance of 100 micron to an

outer exposure beam thereof.

In an embodiment the optical system is, at least

during use, arranged at a distance of 2 mm or less from the

substrate, providing a very compact system for position

determination.

In an embodiment the optical system is arranged

for projecting said alignment beam onto the substrate

substantially perpendicular on said substrate. As the

specular reflection will be excident substantially

perpendicular to the substrate and back into the optical

system, a compact system for position determination is

provided.

According to a fourth aspect the present invention

provides a method for manufacturing an alignment and/or

positioning mark on a substantially reflective substrate to

be illuminated by a beam, comprising a step of providing

structures on the substrate, each structure arranged within

a distance of a beam wavelength from a neighboring

structure, said structures adapted to substantially absorb

the energy of said incident beam. Part of the mark covered

by the structures thus substantially absorbs an incident

beam, whereas part of the mark not covered with structures

substantially specularly reflects an incident beam, thus

providing a substrate having reflection coefficient which

varies along its surface.

In an embodiment said structures are provided on

the substrate at different distances and/or pitches from

each other.

In an embodiment said structures form a pattern

with a period greater than a diameter of a beam spot of said

beam.

According to a fifth aspect the present invention



provides a method for alignment and/or position

determination of a beam spot on a substrate as described

herein, said method comprising the steps of illuminating the

substrate with a light beam, detecting an intensity of a

specular reflection of said light beam, determining, based

on said detected intensity, a position and/or alignment of

substrate relative to the beam spot. The method thus

provides a simple yet accurate way to determine the position

and/or alignment of a substrate relative to a beam spot or

optical system emitting the beam spot.

In an embodiment the method further comprises a step of

measuring a position of the substrate using a further

measurement system, wherein the position and/or alignment of

the substrate is further determined based on the measurement

by the further measurement system. The further measurement

system for instance comprises an interferometer and/or

feedback loop for actuators for moving the substrate

relative to the light beam. Preferably, alignment of the

beam spot is initially performed based on the measured

intensity of the beam reflected by the substrate, after

which further position determination during processing of a

target is based on the measurements by the further

measurement system.

According to a sixth aspect, the present invention

provides a substrate for use in a lithography system, said

substrate being provided with an at least partially

reflective position mark comprising an array of structures,

the array extending along a longitudinal direction of the

mark, wherein said structures are arranged for varying a

reflection coefficient of the mark along the longitudinal

direction, wherein said reflection coefficient is determined

for a predetermined wavelength. The amount of energy of a

beam of said wavelength reflected by the position mark thus

varies dependent on the position of a beam spot on the mark,

such that a position of the beam spot on the position mark

may be determined by simply measuring the intensity of the

reflected beam.



In an embodiment a pitch between a first structure

of the array and a second structure of the array neighboring

said first structure is different from a pitch between said

second structure and a third structure of the array

neighboring said second structure. By varying the pitch

between structures along the longitudinal direction a

substantially greater variation in reflection coefficient

may be achieved than when the pitch is fixed as is for

instance the case when position measurement is based on

measured beam intensities of several diffraction orders.

In an embodiment the pitch between neighboring

structures along the longitudinal direction follows a

sinusoid function of the position of said structures along

the longitudinal direction. The structures are thus arranged

for smoothly varying the reflection coefficient of the

position mark along the longitudinal direction.

The various aspects and features described and

shown in the specification can be applied, individually,

wherever possible. These individual aspects, in particular

the aspects and features described in the attached dependent

claims, can be made subject of divisional patent

applications .

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be elucidated on the basis of

an exemplary embodiment shown in the attached drawings, in

which :

Figure 1 shows a prior art lithography system in

which the substrate according to the invention may be used,

figure 2 shows a prior art positioning system, for

determining a position of a target relative to an optical

column,

figure 3A shows a substrate according to the

invention, provided with rectangular beam absorbing

structures,

figure 3B shows a reflected intensity signal of a



beam moving along the longitudinal direction over the

substrate of figure 3A,

figures 4A, 4B, 4C and 4D show embodiments of a

substrate according to the present invention,

figure 5 schematically shows a position device

adapted for providing a beam for cooperation with a

substrate according to the invention, and for detecting an

intensity of a reflection of said beam in said substrate,

figure 6 shows a schematic detail of a position

device according to the present invention.

DETAILED DESCRIPTION OF THE INVENTION

A known lithography system is shown in figure 1 .

The lithography system 1 comprises a charged particle beam

source 2 which emits a charged particle beam 3 . Charged

particle beam 3 traverses a collimator 4 before impinging on

an aperture array 5 . The aperture array splits the beam into

a multitude of charged particle beamlets 6 which are

condensed by condenser array 7 . At beam blanker array 8

individual beamlets may be blanked, i.e. may be individually

deflected such that they encounter beam stop array 9 later

on in their trajectories instead of passing through

apertures in beam stop array 9 . The beamlets that have not

been blanked then pass through a scanning deflector 10 which

is adapted to provide a scanning deflection of said

beamlets. At the end of their trajectories the beamlets that

have not been blanked pass through a focusing lens array 11

adapted for focusing said beamlets onto a surface of a

target 12, for instance a wafer. The target is placed on a

moveable target carrier 13, adapted for displacing the

target relative to optical column 14 along a long-stroke

direction L , using a long-stroke actuator. The target

carrier is further adapted for displacing the target along a

short-stroke direction S by means of a short-stroke

actuator. The short-stroke actuator may further comprise a 6

degree of freedom actuator, for fine tuning translation of



the target in three orthogonal directions, and for fine

tuning rotation of the target along three orthogonal axes.

Typically a target 12 is exposed in a strip-by-strip fashion

by moving the target under the optical column 14 using the

long stroke actuator while exposing the target 12 to

beamlets that may be deflected along the width of a strip

along the short-stroke direction by the scanning deflector

10. When an entire strip has thus been patterned, the short

stroke actuator may be used to displace target a distance

corresponding to the width of the strip in the S direction,

and the next strip may be processed.

When structures span more than one strip, or when

a strip of the target is to be processed in multiple passes,

for instance when patterning different layers of a

semiconductor device, it is essential that the overlain

layers can be aligned to within a specified accuracy. Such

alignment may be achieved by accurately positioning the

target 12 relative to the optical column 14.

Figure 2 shows a schematic top view of a prior art

position measurement system for use in a lithography system,

in which the position of the optical column 14 is measured

relative to a target carrier 13 carrying a target 12. The

target 12 is partitioned into strips along the long-stroke

direction L . Patterning of the target may commence when

point pi of the target is placed under the optical column 14

of a lithography system. Because of the scanning deflection

of the beamlets, any part of the strip can be reached by the

beamlets when the target 12 is moved under the optical

column 14 by the long-stroke actuator of the lithography

system. When point P2 of the target 12 is under the optical

column 14, the short-stroke actuator may be used to move the

target in a direction perpendicular to the long-stroke

direction L , such that point P3 of the target is placed

directly underneath the optical column 14, and the next

strip may be processed. Target carrier 13 is provided with

straight edges 15,16, or mirrors, wherein edge 15 is

perpendicular to the long-stroke direction L , and edge 16 is



perpendicular to short-stroke direction S . The edges 15,16

are adapted reflecting one or more beams 21a, 21b, 23a, 23b

respectively from interferometers 20,22 for keeping track of

a change in distance between said interferometer and edge 15

and 16 respectively of the target carrier 13. Based on any

changes in these distances a position of the target 12

relative to the optical column 15 is calculated, i.e. the

position is obtained indirectly as a function of change in

the distance along the long- or short-stroke directions. Any

changes in said distance will lead to a change in the

calculated position, even if the changes in distance are not

caused by a long-stroke or short-stroke actuator of the

system. For instance, when the edge 15 deforms, changing the

tilt of the edge and/or changing the focus of interferometer

beam 21a incident on the edge 15, the calculated position of

the target 12 relative to the optical column 14 will change.

Moreover, any changes in the position or orientation of the

interferometer 20 will affect the calculated position as

well .

Figure 3A shows an embodiment of a substrate 45

according to the invention. The substrate 45 comprises an at

least partially reflective surface 40 adapted for at least

partially reflecting a beam, such as a beam having a

Gaussian beam profile. In the embodiment shown the surface

40 comprises siliconoxide or silicondioxide, preferably

coated with a reflective metal, and is provided with beam

absorbing structures 41a, 41b, 42a, 42b, 43a, 43b, and 44a, 44b,

which are adapted for at least partially absorbing a beam

having a wavelength λ , for example 640 nm. The structures

41a, 41b, 42a, 42b, 43a, 43b, and 44a, 44b together with the

surface 40 form a position mark extending along its

longitudinal direction L . Preferably the substrate is

arranged in a lithography system, for instance a system as

shown in figure 1 , with its longitudinal direction L along

the long-stroke direction of the lithography system. The

substantially rectangular structures 41a, 41b, 42a, 42b,

43a, 43b, and 44a, 44b are spaced apart and arranged to vary a



reflection intensity of the beam dependent on the position

of beam spot 50 of the beam on the surface. The distance

between any two structures is less than the wavelength λ ,

and less than or equal to the width w of the beam spot which

is defined as the maximum dimension of the beam spot along

direction L . Thus, at any time the beam spot is within the

pattern, it is located either directly adjacent to or

incident on one or more of the structures. The pattern of

the structures repeats over a period d which period is

greater than the width w of the beam spot 50. In this

embodiment the distance between neighboring structures is

related to the amount of light the structures can absorb

when the alignment beam is incident thereon. The structures

having larger areas 41a, 41b and 42a, 42b are arranged closer

to each other than structures 43a, 43b and 44a, 44b which have

smaller areas with which to absorb the beam. Moreover the

pitch between two structures, e.g. the distance from a

leftmost side of a first structure to a leftmost side of a

second, neighboring structure, varies dependent on the areas

of the structures.

Figure 3B shows a reflected beam intensity graph

for the substrate of figure 3A. The intensity I of the

reflected beam is highest when no part of the beam 50 spot

is incident on a structure, as at point 61 along the

longitudinal axis, and lowest when the beam spot is at point

62 along the longitudinal axis L , at which point a

substantial part of the beam is absorbed by the structures

41a, 41b, and 42a, 42b. When the position mark is illuminated

by a beam with a substantially constant intensity and the

beam spot travels along direction L , the intensity of the

reflected beam follows a sinusoid function as shown, even

when the beam spot has a Gaussian profile. The reflected

signal thus provides a reference for a position of the beam

spot within a period of the pattern.

Information on the position of the beam spot on

the substrate is encoded at the substrate in the form of the

intensity of the reflected light beam. Small deformations of



the surface or changes in distance between the alignment

beam source and the surface do not substantially change the

intensity of the reflected beam and therefore do not

substantially affect the position measurement. Moreover,

requirements on the position and focus and/or position

stability of the beam source can be relatively lax as small

changes in focus depth or angle of incidence do not

substantially influence the shape of the resulting intensity

graph .

Figures 4A, 4B and 4C show embodiments of a

substrate according to the invention. Figure 4A shows

structures 71a, 71b, 72a, 72b, 73a, 73b, 74a, 74b, 75a, and 75b of a

same width b , etched on a partially reflective surface 70 of

a substrate 90 comprising polished siliconoxide. The width b

of the structures is smaller than the wavelength of a beam

which is to illuminate the substrate 90 for positioning

purposes. The structures

71a, 71b, 72a, 72b, 73a, 73b, 74a, 74b, 75a, and 75b repeat over a

period a , which is larger than the diameter wl of the spot

95 of the beam on the substrate 90. When the beam has a

Gaussian beam profile, the diameter of the beam is

determined wl in a manner known in the art, for instance by

determining the full width of the beam at half its maximum

intensity. A distance c between two leftmost edges of

neighboring structures varies along the longitudinal

direction L of the substrate 90, such that the intensity of

the beam reflected by the substrate varies along the

longitudinal direction L . The maximum distance between two

neighboring structures is equal to the diameter wl of the

beam spot 95. In an embodiment this maximum distance may be

less than the diameter wl as well.

Figure 4B shows a substrate 91 according to the

invention in which the leftmost edges of structures 76a,

77a, 78a, 79a are aligned on a virtual grid of points which

are arranged equidistantly at a distance c from each other

along the longitudinal direction. The structures form a

periodic pattern having a period a , and each have a width.



The width of the structures varies sinusoidally along the

longitudinal direction L . Within a period of the pattern, a

distance between two leftmost edges of two neighboring

structures 77a, 78a is different from a distance between two

leftmost edges of two other neighboring structures 79a, 79b,

i.e. the distance is c and 3 times c respectively. Thus,

when the beam spot 96 having a diameter w2 greater than c is

incident on the substrate but not on structures of the

substrate, as shown, the reflected beam will have a maximum

reflected intensity. The substrate according to this

embodiment is especially easily manufactured, as the

structures are aligned on a regular grid.

In figure 4C the distance from leftmost edge to

leftmost edge between neighboring structures varies along

the longitudinal direction L of substrate 92, and the width

b of the structures 80a, 80b, 81a, 81b, 82a, 82b, 83a, 83b

themselves varies along the longitudinal direction L as

well. No two neighboring structures are spaced apart more

than the diameter w3 of the beam spot 97.

Figure 4D shows an embodiment of a substrate 93

according to the present invention, comprising a partially

reflective surface 70, on which structures

84a, 84b, 85a, 85b, 86a, 86b, 87a, 87b and 88a, 88b are provided in

a periodic array having period a . Within a period pairs of

structures 84a, 84b, ... 88a, 88b of a same material are

provided. The structures 84a, 85a, 86a, 87a and 88a all

comprise different materials having different reflection

coefficients. The pitch c between the structures is equal

along the longitudinal direction, and the structures have a

substantially equal width along the longitudinal direction

as well. The intensity of the reflected beam depends on the

position of the beam spot 98 on the substrate.

Figure 5 schematically shows a position device 500

according to the invention, for detecting an alignment

and/position of a beam spot 550 on a substrate 513 according

to the invention. The substrate comprises a partially

reflective surface, said surface having a substantially



constant reflection coefficient, and provided with beam

absorbing structures 571, which vary a specular reflection

coefficient of the substrate along the longitudinal

direction L . A light beam 511 of a predetermined wavelength

is passes through beam splitter 536 and is focused by lens

512 onto a spot on the substrate 513, and partially

reflected therein. The intensity of the reflected beam is

detected by beam intensity detector 519. Graph 560 shows a

plot of the detected beam intensity vs. position of the spot

on the substrate, when the substrate is moved along the

longitudinal, or long-stroke, direction L . The position

device is adapted for alignment of a beam spot on a

substrate according to the invention, for instance by moving

the substrate along the direction L relative to the position

device, until a specific peak in detected light intensity

has been reached. Using a target comprising a substrate

according the invention it is thus possible to reproducibly

and accurately move the substrate to a predetermined

position with respect to the alignment beam. This is

particularly useful when several layers of patterns are

overlain during separate processing sessions of a same

target. Once the target has been aligned the position may be

tracked using other position measuring means known in the

art, such as interferometers.

Alternatively, the position device may be used to

track a position of the beam on the substrate during

processing of the target, e.g. during preparation and/or

exposure of a target in a lithography system, based on the

number of peaks encountered in the detected intensity

signal. Based on the number of peaks encountered and the

actual detected intensity value, an even more accurate

position can be determined.

Figure 6 schematically shows a position device 300

according to the invention in more detail. The position

device is adapted for detecting the position of a beam spot

350 on a substrate 313 according to the invention. Beam

source 331 comprises a laser 334 for providing a beam 311



with a wavelength in the range of 600-650 rati, or about 635

ran. The beam source 331 further comprises an optical fiber

332 for guiding the light beam 311 from the laser 334

towards the optical system 333. The beam leaving the optical

fiber 332 preferably has a nearly perfect Gaussian profile

and may be easily collimated. The beam source comprises a

collimator lens 335 arranged for collimating the beam 311

from optical fiber 332. However, when a fiber is not used

and the laser or another beam generating device is providing

a collimated beam, such a collimating lens 335 may not be

required.

The optical system 333 further comprises a beam

splitter 336, for directing the beam 311 towards surface of

the substrate 313. A focusing lens 312 of the optical system

focuses beam 311 on the surface 313. The reflected beam 318

is generated by specular reflection of the beam 311 in the

substrate 313. The focus lens 12 may also be used for

collimating the reflected beam 318. The reflected beam 318

is directed towards the beam intensity detector 319 by beam

splitter 336.

The beam intensity detector 319 comprises a

photodiode. Alternatively is may comprise an un-biased

silicon PIN diode working in the photovoltaic mode. This

mode may lower the amount of heat generated with respect to

a biased mode operation of a photodiode. The beam intensity

detector may also comprise an operational amplifier to

convert the current from the photodiode into a voltage which

may be filtered. The filtered voltage may be converted to a

digital signal that may be used by a processor for

determining a position or displacement of the surface 313

relative to the optical system 333.

The active area of the beam intensity detector 319

is larger than the diameter of the reflected light beam

leaving the beam splitter so that substantially all of the

energy leaving the beam splitter is detected. However,

another focus lens (not shown) located between the beam

splitter 336 and the beam intensity detector 319 may b e used



for focusing the reflected light beam on the beam intensity

detector 319. In this way the effective area of the beam

intensity detector may be smaller than the diameter of the

reflected light beam leaving the beam splitter 336.

In a non-polarizing beam splitter 336 it may be

the case that 50% of the light beam 311 is directed towards

the substrate 313, while the other 50% may be lost. And of

the reflected light beam only 50% may be directed to the

beam intensity detector 319, while the other 50% may be

lost. This implies that 75% of the light beam 311 is lost,

i.e. is not used for the position and/or alignment

detection .

Therefore, a polarizing beam splitter may be used

in an embodiment of the mark position detector device

according to the invention. In that case, the beam source

331 may provide a polarized light beam 311. The beam source

may comprise a polarizer 338 arranged for transforming a

non-polarized light beam into a polarized light beam 311.

Light beam 311 may be an S-polarized light beam, which is

indicated in the figure by a dot.

The polarizing beam splitter 336 may be arranged

for guiding the S-polarized light beam towards the surface

of the substrate. The optical system may further comprise a

quarter wave plate 339, which may be located between the

beam splitter 336 and the focus lens 312. When the light

beam 311 travels through the quarter wave plate 339, it its

polarization is changed from S-polarization into a right

circular polarization, as is indicated by a curved arrow in

the figure. When the beam 311 is reflected by the surface

313, polarization may change again: the reflected light beam

may have a left circular polarization, as is indicated by

another curved arrow in the figure. When the reflected light

beam 318 travels through the quarter wave plate 339, its

polarization is changed from left circular polarization into

a P-polarization which is indicated by a straight arrow in

the figure. Polarizing beam splitter 336 is arranged to

guide the P-polarized reflected light beam towards the light



intensity detector 319.

The use of a polarized light beam and reflected

light beam and a polarizing beam splitter results in a

reduction of stray light, back reflection and energy loss in

the beam splitter.

It is to be understood that the above description

is included to illustrate the operation of the preferred

embodiments and is not meant to limit the scope of the

invention. From the above discussion, many variations will

be apparent to one skilled in the art that would yet be

encompassed by the spirit and scope of the present

invention .



C L I M S

1 . Substrate for use in a lithography system, said

substrate being provided with an at least partially

reflective position mark comprising an array of structures,

the array extending along a longitudinal direction of the

mark, wherein said structures are arranged for varying a

reflection coefficient of the mark along the longitudinal

direction, wherein said reflection coefficient is determined

for a predetermined wavelength, characterized in that a

pitch between a first structure of the array and a second

structure of the array neighboring said first structure is

different from a pitch between said second structure and a

third structure of the array neighboring said second

structure, and wherein the pitch between neighboring

structures along the longitudinal direction follows a

sinusoid function of the position of said structures along

the longitudinal direction.

2 . Substrate according to claim 1 , wherein said

structures are arranged for varying a specular reflection

coefficient of the mark along the longitudinal direction,

and.

3 . Substrate according to claim 2 , wherein said

structures are adapted for substantially absorbing higher

order diffractions by multiple reflection of said higher

order diffractions within the mark.

4 . Substrate according to any one of the preceding

claims, wherein said structures each have a width along the

longitudinal direction, said width being less than said

predetermined wavelength, and wherein a distance between

neighboring structures along the longitudinal direction is

less than said predetermined wavelength.

5 . Substrate according to any one of the preceding

claims, wherein said substrate comprises a wafer.



6 . Substrate according to any one of the preceding

claims, wherein the structures are aligned on points which

are equidistantly spaced along the longitudinal direction.

7 . Substrate according to claim 4 , wherein a first

structure of said structures has a different width along the

longitudinal direction than a second structure of said

structures .

8 . Substrate according to any one of the claims 1-

6 , wherein said structures have substantially identical

dimensions, said structures preferably having rectangular

shapes .

9 . Substrate according to claim 8 , wherein the

distance between neighboring structures along the

longitudinal direction of the mark is substantially equal to

a width of a structure.

10. Substrate according to claim 9 , wherein a

maximum distance between neighboring structures along the

longitudinal direction is at most 610 nm, preferably within

a range of 590 nm to 610 nm, preferably substantially equal

to 600 nm.

11. Substrate according to any one of the

preceding claims, adapted for cooperation with a positioning

system which is adapted for emitting a light beam onto the

substrate for generating a beam spot on said substrate,

wherein the light beam has a wavelength equal to the

predetermined wavelength, wherein a maximum distance between

neighboring structures along the longitudinal direction is

at most equal to the diameter of the beam spot.

12. Substrate according to claim 11, wherein said

light beam has a substantially Gaussian profile.

13. Substrate according to any one of the

preceding claims, wherein said structures form a periodic

pattern of structures repeating along said longitudinal

direction, and wherein the period of said pattern is larger

than said diameter of the beam spot, preferably at least

twice as large.

14. Substrate according to claim 13, wherein the



periodic pattern of structures has a period of 2 micron.

15. Substrate according to any one of the claims

11-14, wherein the pitch between neighboring structures is

less than or equal to diameter of the beam spot.

16. Substrate according to claim any one of the

claims 11-15, wherein the structures are dimensioned and

arranged for varying the reflection coefficient as a

sinusoidal function of the position of beam spot on the

position mark along the longitudinal direction.

17. Substrate according to any one of the

preceding claims, wherein said substrate is formed as an

integrated unit from a single material.

18. Substrate according to any one of the claims

1-16, wherein a first of said structures comprises a first

material and a second of said structures comprises a second

material having a different reflection coefficient than said

first material.

19. Substrate according to any one of the

preceding claims, wherein a maximum reflection coefficient

of an area of the position mark for said wavelength is

substantially equal to 1 .

20. Position device arranged for determining a

position of a beam on a position mark of a substrate

according to any one of the claims 1-19, said position

device comprising:

a beam source arranged for providing a light beam

of said predetermined wavelength;

a beam intensity detector arranged for determining

an intensity of a reflected light beam, wherein the

reflected light beam is generated by reflection of the light

beam on said position mark;

an optical system arranged for focusing the light

beam on the position mark and for guiding the reflected

light beam on the beam intensity detector,

wherein said beam intensity detector is arranged

for detecting a light beam intensity for the zeroth order

reflection of the reflected light beam and adapted for



providing a signal representative of the reflected beam

intensity.

21. Lithography system for processing a target,

said system comprising a substrate according to any one of

the claims 1-19, said system comprising:

an alignment beam source arranged for providing an

alignment beam of said predetermined wavelength;

a alignment beam intensity detector arranged for

determining an intensity of a reflected alignment beam,

wherein said reflected alignment beam is generated by

reflection of the beam on said position mark;

an optical system arranged for focusing the

alignment beam on the position mark and for guiding the

reflected alignment beam on the alignment beam intensity

detector,

wherein said alignment beam intensity detector is

arranged for detecting an alignment beam intensity of the

zeroth order reflection of the reflected alignment beam.

22. Lithography system according to claim 21,

further comprising:

a target carrier, adapted for moving the

target relative to the optical system along the longitudinal

direction, wherein said substrate is provided on the target

carrier and/or on the target,

a processing unit adapted for determining an

alignment and/or position of the substrate relative to the

optical system based on the detected intensity of the

reflected alignment beam.

23. Lithography system according to claim 22,

further comprising

an optical column adapted for projecting one or

more exposure beams on the target, wherein the optical

system is attached to the optical column.

24. Lithography system according to claim 23,

wherein the optical column is adapted for projecting a

multitude of charged particle exposure beams through the

onto the target, and wherein said optical system is mounted



on or near a downstream portion of the optical column,

preferably within a distance of 100 micron to an outer

exposure beam thereof.

25. Lithography system according to any one of the

claims 21-24, wherein, at least during use the optical

system is arranged at a distance of 2 mm or less from the

substrate .

26. Lithography system according to any one of the

claims 21-25, wherein the optical system is arranged for

projecting said alignment beam onto the substrate

substantially perpendicular on said substrate.

27. Method for manufacturing an alignment and/or

positioning mark on a substantially reflective substrate to

be illuminated by a beam, comprising a step of:

providing said structures on the substrate, each

structure arranged within a distance of a beam wavelength

from a neighboring structure, said structures adapted to

substantially absorb the energy of said incident beam.

28. Method according to claim 27, wherein said

structures are provided on the substrate at different

distances and/or pitches from each other.

29. Method according to claim 27 or 28, wherein

said structures form a pattern with a period greater than a

diameter of a beam spot of said beam.

30. Method for alignment and/or position

determination of a beam spot on a substrate according to any

one of the claims 1-19, said method comprising:

illuminating the substrate with a light beam,

detecting an intensity of a specular reflection of

said light beam,

determining, based on said detected intensity, a

position and/or alignment of substrate relative to the beam

spot .

31. Method according to claim 30, further

comprising a step of

measuring a position of the substrate using a

further measurement system,



wherein the position and/or alignment of

substrate is further determined based on the measurement

the further measurement system.

o-o-o-o-o-o-o-o-
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