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ABSTRACT

The invention pertains to a measurement system for mea
Suring displacement of a moveable object relative to a base
in at least a first direction of measurement, the moveable

object having at least one reference part that is moveable in
a plane of movement relative to the base, the actual move
ments of the reference part being within an area of said plane
of movement that is bounded by a closed contour having a
shape. The measurement system comprises a sensor head
that operatively communicates with a planar element. The
sensor head is mounted onto the base and the planar element
being mounted onto the reference part of the moveable
object or the other way around, wherein the planar element
has a shape that is essentially identical to the shape of the
closed contour.
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LTHOGRAPHIC APPARATUS AND METHOD FOR
DETERMINING Z, POSITION
ERRORS/VARATIONS AND SUBSTRATE TABLE
FLATNESS
BACKGROUND OF THE INVENTION

0001) 1. Field of the Invention
0002 The present invention relates to a lithographic
apparatus, device manufacturing method, and a measure
ment system.

0003 2. Description of the Related Art
0004 A lithographic apparatus is a machine that applies
a desired pattern onto a target portion of a Substrate. Litho
graphic apparatus can be used, for example, in the manu
facture of integrated circuits (ICs). In that circumstance, a
patterning device, such as a mask, may be used to generate
a circuit pattern corresponding to an individual layer of the
IC, and this pattern can be imaged onto a target portion (e.g.
comprising part of, one or several dies) on a substrate (e.g.
a silicon wafer) that has a layer of radiation-sensitive mate
rial (resist).
0005. In general, a single substrate will contain a network
of adjacent target portions that are successively exposed.
Known lithographic apparatus include so-called steppers, in
which each target portion is irradiated by exposing an entire
pattern onto the target portion in one go, and so-called
scanners, in which each target portion is irradiated by
scanning the pattern through the projection beam in a given
direction (the 'scanning'-direction) while synchronously
scanning the Substrate parallel or anti-parallel to this direc
tion.

0006 Known lithographic apparatus comprise moveable
components and objects, such as a Substrate holder or table,
which holds the Substrate during exposure or a reticle stage.
In many cases, the displacements of Such moveable objects
relative to a base have to be measured. Conventionally,
interferometers and/or capacitive sensors are used for moni
toring the displacement of the movable objects. Both sys
tems have their disadvantages.
0007 Interferometers are used for their accuracy, but are
very expensive equipment. They also require the presence of
high quality mirrors that have to be arranged very accurately
onto the moveable object. The mirrors also have to be
arranged under various angles, which makes the moveable
object even more complex to produce. Also, interferometers
require an extreme stable measurement environment with
regard to composition, temperature, pressure, and turbu
lence.

0008 Capacitive sensors, on the other hand, have a small
range over which they can used, and their accuracy is not
always Sufficient. Moreover, they require a small distance
between the sensor and the object to which the distance has
to be measured.
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environmental conditions. In one embodiment, the litho

graphic apparatus comprises an illumination system for
providing a beam of radiation, a Support structure for
Supporting a patterning device that imparts the beam of
radiation with a pattern in its cross-section, a Substrate
holder for holding a substrate having a target portion, a
projection system for projecting the patterned beam onto the
target portion of the Substrate and a moveable object having
at least one reference part, which is moveable in a plane of
movement relative to a base, the actual movements of the

reference part being within an area of said plane of move
ment, the area being bound by a closed contour having a
shape. The embodiment further comprises a measurement
system for measuring the displacement of the moveable
object relative to a base in at least a first direction of
measurement, the measurement system including a sensor
head and a planar element associated with said sensor head,
the sensor head being mounted onto the base and the planar
element being mounted onto the reference part of the
moveable object or the planar element being mounted onto
the base and the sensor head being mounted onto the
reference part of the moveable object, wherein the planar
element has a shape that is essentially identical to the shape
of the closed contour.

0010) By giving the planar element the same shape as the
shape of the closed contour, the face of the planar element
cooperating with the sensor head is used efficiently as no
parts of the planar element remain unused.
0011. In a preferred embodiment, the first direction of
measurement lies within a plane that is at least Substantially
parallel to the plane of movement. In that case, preferably
the sensor head is an encoderhead and the planar element is
a ruler, which ruler comprises a grating. By using an encoder
System comprising an encoder head and a grating, an accu
racy comparable to the accuracy of an interferometer can be
achieved, without having the disadvantages of an interfer
Ometer.

0012 Alternatively, the first direction of measurement
can be at least Substantially perpendicular to the plane of
movement. In that case, the sensor head can be an interfer

ometer and with a mirror as a planar element. As an
alternative for the interferometer, the sensor head can be a

capacitive sensor in which case the planar element is an
electrically conductive element.
0013 In an embodiment in which the first direction of
measurement lies within a plane that is at least Substantially
parallel to the plane of movement, and the moveable object
comprises two or more reference parts that are located at
known relative positions. The measurement system is
adapted for measuring displacement of at least two reference
parts relative to the base in a first direction, and for mea
Suring displacement of at least one reference part relative to
the base in a second direction. The first and the second

direction are different. This way, based on the measure
ments, translational displacements of the reference parts
relative to the base in the first direction, the second direction

SUMMARY OF THE INVENTION

0009 Principles of the present invention, as embodied
and broadly described herein, provide a lithographic appa
ratus that is provided with a cost-effective measurement
system for accurately measuring displacement of a move
able object relative to a base, which is less sensitive to

as well as rotational displacement of the reference parts
relative to the base around an axis perpendicular to the plane
defined by the first and the second direction of measurement
can be determined.

0014. It is envisaged that the moveable object is a reticle
stage or a substrate table/holder for holding a substrate.
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When the moveable object is a substrate table, the closed
contour preferably has the same shape as the Substrate.
0.015 According to another embodiment, there is pro
vided a measurement system for measuring displacement of
a moveable object relative to a base in at least a first
direction of measurement, the moveable object having at
least one reference part which is moveable in a plane of
movement relative to the base, the actual movements of the

reference part being within an area of the plane of move
ment, the area being bound by a closed contour having a
shape. The measurement system comprising a sensor head
and a planar element associated with the sensor head, the
sensor head being mounted onto the base and the planar
element being mounted onto the reference part of the
moveable object or the planar element being mounted onto
the base and the sensor head being mounted onto the
reference part of the moveable object, wherein the planar
element has a shape that is essentially identical to the shape
of the closed contour.

0016. According to another embodiment of the invention,
there is provided a device manufacturing method comprising
providing a substrate having a target portion, providing a
beam of radiation using an illumination system, using a
patterning device to impart the projection beam with a
pattern in its cross-section, projecting the patterned beam of
radiation onto the target portion of the Substrate, and pro
viding a moveable object having at least one reference part,
which is moveable in a plane of movement relative to the
base, the actual movements of the reference part being
within an area of said plane of movement, the area being
bound by a closed contour having a shape. The embodiment
further comprises measuring displacement of the moveable
object relative to a base in at least a first direction of
measurement, using a measurement system, the measure
ment system comprising a sensor head and a planar element
associated with said sensor head, the sensor head being
mounted onto the base and the planar element being
mounted onto the reference part of the moveable object or
the planar element being mounted onto the base and the
sensor head being mounted onto the reference part of the
moveable object; wherein the planar element has a shape
that is essentially identical to the shape of the closed contour.
0017 According to another embodiment of the invention,
there is provided a lithographic apparatus comprising: an
illumination system for providing a beam of radiation; a
Support structure for Supporting a patterning device that
imparts the beam with a pattern in its cross-section, a
Substrate holder for holding a Substrate having a target
portion, a projection system for projecting the patterned
beam onto a target portion of a Substrate, a movable object,
which is moveable relative to a base, and a measurement

system for measuring displacement of the moveable object
relative to the base in six degrees of freedom. The embodi
ment further comprises at least three primary measurement
units for measuring translational displacement of the move
able object relative to the base in a first direction, at least two
secondary measurement units for measuring translational
displacement of the moveable object relative to the base in
a second direction differing from the first direction, at least
one tertiary measurement unit for measuring translational
displacement of the moveable object relative to the base in
a third direction differing from the first direction and from
the second direction and extending at an angle relative to a
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directional plane, which directional plane is defined by a
combination of the first direction and the second direction.

Each measurement unit comprising a sensor head and a
planar element in which the sensor head is adapted to send
a beam to the planar element and the planar element is
adapted to reflect the beam to the sensor head for measuring
translational displacement of the sensor head relative to the
planar element. The measurement units being located at
known relative positions, wherein the measurement units are
combined into at least three measurement assemblies, each

of these three measurement assemblies comprising a pri
mary measurement unit and either a secondary measurement
unit or a third measurement unit, the directions associated

with the measurement units of a single measurement assem
bly together defining a measurement plane, each of the
planar elements of a single measurement assembly being
arranged parallel to said measurement plane.
0018. In the measurement system of the lithographic
apparatus according to the second aspect of the invention,
capacitive sensors or interferometers are no longer used.
0019 Preferably, the fist direction is substantially per
pendicular to the second direction, and the third direction is
substantially perpendicular to the plane defined by the first
direction and the second direction. This significantly reduces
the complexity of the algorithm that the measurement sys
tem has to process raw measurement data in order to obtain
the displacements of the movable object.

0020 Preferably, at least one measurement unit is an
encoder unit, the associated sensor head being an encoder
head and the associated planar element being a grating.
Encoder systems are a good alternative for interferometers
and/or capacitive sensors, as they reduced the disadvantages
of interferometers and capacitive sensors significantly. More
preferably, encoders systems are used for determining dis
placement of the moveable object in all six degrees of
freedom.

0021 Preferably, the planar elements of a measurement
assembly are combined into a two-dimensional grating. This
reduces the number of planar elements required. It is envis
aged that the two-dimensional grating comprises two dif
ferent groups of lines, each group comprising a plurality of
mutually parallel lines, while the lines from different groups
extend in different directions. Preferably, the lines of differ
ent groups intersect each other under an angle of Substan
tially 90°. Alternatively, the two-dimensional grating is
provided with a checkerboard pattern. The transitions
between the relatively dark areas and the relatively light
areas have the same effect as the lines of the grating
described before.

0022. The pitch between the lines of the grating may vary
over the grating. In case of a checkerboard pattern, the size
and shape of the light and dark areas may vary. In order to
reduce the measurement error due to Such variations, the

measurement system preferably comprises means for deter
mining the average pitch between a plurality of lines or
transitions between light and dark of the grating.
0023. As an alternative or in addition to this provision,
the lines or areas of the grating may be mapped by means of
calibration before use. The map of the lines or the areas is
Subsequently stored in the measurement system.
0024. In lithographic apparatus, it can occur that the
displacement of the moveable object in a first translational
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degree of freedom is significantly larger than displacements
of that moveable object in the other translational degrees of
freedom. In that case, preferably the direction of measure
ment associated with the primary measurement units is
substantially equal to the direction of the first translational
degree of freedom. This increases the accuracy of the
measurementS.

0025. It is envisaged to combine the first embodiment of
the invention and the second embodiment of the invention.

In that case, the moveable object has at least one reference
part. The reference part is moveable in a plane of movement
relative to the base. The actual movements of the reference

part are within an area of said plane of movement, and the
area is bound by a closed contour having a shape. At least
one planar element of at least one measurement assembly
having a measurement plane that is Substantially parallel to
the plane of movement has a shape that is essentially
identical to the shape of the contour. This embodiment
combines the advantages of the first and the second aspect
of the invention.

0026. It is envisaged that the movable object may be a
reticle stage or a short stroke unit of a reticle stage, and the
base is a long stroke unit of said reticle stage.
0027. It is further envisaged that, in the case of the
combination of the first and the second embodiments of the

invention, the moveable object is a substrate holder for
holding a substrate.
0028 Preferably, at least one sensor head is mounted onto
the base, and the planar element associated with said sensor
head is mounted onto the moveable object. More preferably,
all sensor heads are is mounted onto the base, and all planar
elements associated with the sensor heads are mounted onto

the moveable object.
0029. Alternatively, at least one planar element is
mounted onto the base, and the sensor head associated with

said planar element is mounted onto the moveable object.
0030 Also according to yet another embodiment of the
invention, there is provided a measurement system for
measuring displacement of a moveable object relative to a
base in six degrees of freedom, the measurement system
comprising at least three primary measurement units for
measuring translational displacement of the moveable object
relative to the base in a first direction, at least two secondary
measurement units for measuring translational displacement
of the moveable object relative to the base in a second
direction differing from the first direction, at least one
tertiary measurement unit for measuring translational dis
placement of the moveable object relative to the base in a
third direction differing from the first direction and from the
second direction and extending at an angle relative to a
directional plane, which directional plane is defined by a
combination of the first direction and the second direction.

Each measurement unit comprises a sensor head and a
planar element in which the sensor head is adapted to send
a beam to the planar element and the planar element is
adapted to reflect the beam to the sensor head for measuring
translational displacement of the sensor head relative to the
planar element. The measurement units are located at known
relative positions, wherein the measurement units are com
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measurement unit and either a secondary measurement unit
or a third measurement unit, the directions associated with

the measurement units of a single measurement assembly
together defining a measurement plane, each of the planar
elements of a single measurement assembly being arranged
parallel to said measurement plane.
0031. According to a further second aspect of the inven
tion, there is provided a device manufacturing method
comprising providing a substrate having a target portion,
providing a beam of radiation using an illumination system,
using a patterning device to impart the beam with a pattern
in its cross-section, projecting the patterned beam of radia
tion onto the target portion of the Substrate, providing a
movable object, which is moveable relative to a base, and
measuring displacement of the moveable object relative to
the base in six degrees of freedom, using a measurement
system. The measurement system comprises at least three
primary measurement units for measuring translational dis
placement of the moveable object relative to the base in a
first direction, at least two secondary measurement units for
measuring translational displacement of the moveable object
relative to the base in a second direction differing from the
first direction, at least one tertiary measurement unit for
measuring translational displacement of the moveable object
relative to the base in a third direction differing from the first
direction and from the second direction and extending at an
angle relative to a directional plane, which directional plane
is defined by a combination of the first direction and the
second direction. Each measurement unit comprises a sensor
head and a planar element in which the sensor head is
adapted to send a beam to the planar element and the planar
element is adapted to reflect the beam to the sensor head for
measuring translational displacement of the sensor head
relative to the planar element. The measurement units being
located at known relative positions, wherein the measure
ment units are combined into at least three measurement

assemblies, each of these three measurement assemblies

comprising a primary measurement unit and either a sec
ondary measurement unit or a third measurement unit, the
directions associated with the measurement units of a single
measurement assembly together defining a measurement
plane, each of the planar elements of a single measurement
assembly being arranged parallel to said measurement plane.
0032. According to a third aspect of the invention, there
is provided a lithographic apparatus comprising an illumi
nation system for providing a beam of radiation, a Support
structure for Supporting a patterning device that imparts the
beam with a pattern in its cross-section, a Substrate holder
for holding a Substrate that has a target portion, a projection
system for projecting the patterned beam onto the target
portion of a substrate, and a moveable object, which is
moveable relative to a base and comprises a grating. The
measurement system comprises an encoder head for mea
suring displacement of the moveable object relative to the
base in a first translational direction of measurement in

cooperation with the grating of the moveable object,
wherein the grating is an integral part of the moveable
object.
0033. In known lithographic apparatus, the grating is
usually arranged on a ruler. This ruler is then attached to the
moveable object, for example by gluing or by means of

bined into at least three measurement assemblies, each of

screws. This introduces inaccuracies, due to errors in the

these three measurement assemblies comprising a primary

relative positioning of the ruler and the moveable object, and
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due to deformation of the ruler as a result of the forces

exerted on the ruler. In order to overcome these problems,
the invention proposes to make the grating an integral part
of the movable object.
0034 Preferably, the lines or the areas of the grating are
printed directly onto the moveable object. Instead of by
printing, the lines or the areas of the grating can be applied
to the movable object by means of vapor deposition. Alter
natively, it is envisaged that the lines or the areas of the
grating are etched into the moveable object.
0035) It is envisaged that the moveable object is a reticle
stage. In that case, the grating is preferably applied to the
mirror block. It is also envisaged that the moveable object is
a substrate table for holding a substrate.
0036). According to yet another embodiment of the inven
tion, there is provided a device manufacturing method
comprising providing a Substrate having a target portion,
providing a beam of radiation using an illumination system,
using a patterning device to impart the beam with a pattern
in its cross-section, projecting the patterned beam of radia
tion onto the target portion of the Substrate, providing a
moveable object, which is moveable relative to a base, the
moveable object comprising a grating, measuring displace
ment of the moveable object relative to the base in a first
translational direction of measurement in cooperation with
the grating of the moveable object, using a measurement
system comprising an encoder head, wherein the grating is
an integral part of the moveable object.
0037 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 appa
ratus described herein may have other applications. Such as
the manufacture of integrated optical systems, guidance and
detection patterns for magnetic domain memories, 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, respec
tively. 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) or a metrology or inspection tool. Where
applicable, the disclosure herein may be applied to Such and
other Substrate processing tools. Further, the Substrate may
be processed more than once, for example in order to create
a multi-layer IC, so that the term substrate used herein may
also refer to a Substrate that already contains multiple
processed layers.
0038. The terms “radiation” and “beam” used herein
encompass all types of electromagnetic radiation, including
ultraviolet (UV) radiation (e.g. having a wavelength of 365,
248, 193, 157 or 126 mm) and extreme ultra-violet (EUV)
radiation (e.g. having a wavelength in the range of 5-20 nm),
as well as particle beams, such as ion beams or electron
beams.

0039. The term “patterning device' used herein should be
broadly interpreted as referring to means that can be used to
impart a projection beam with a pattern in its cross-section
Such as to create a pattern in a target portion of the Substrate.
It should be noted that the pattern imparted to the projection
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beam may not exactly correspond to the desired pattern in
the target portion of the substrate. Generally, the pattern
imparted to the projection beam will correspond to a par
ticular functional layer in a device being created in the target
portion, Such as an integrated circuit.
0040 Patterning device may be transmissive or reflec
tive. Examples of patterning device include masks, program
mable mirror arrays, and programmable LCD panels. Masks
are well known in lithography, and include mask types such
as binary, alternating phase-shift, and attenuated phase-shift,
as well as various hybrid mask types. An example of a
programmable mirror array employs a matrix arrangement
of small mirrors, each of which can be individually tilted so
as to reflect an incoming radiation beam in different direc
tions; in this manner, the reflected beam is patterned. In each
example of patterning device, the Support structure may be
a frame or table, for example, which may be fixed or
movable as required and which may ensure that the pattern
ing device is at a desired position, for example with respect
to the projection system. Any use of the terms “reticle' or
“mask' herein may be considered synonymous with the
more general term “patterning device'.
0041. The term “projection system' used herein should
be broadly interpreted as encompassing various types of
projection system, including refractive optical systems,
reflective optical systems, and catadioptric optical systems,
as appropriate for example for the exposure radiation being
used, or for other factors such as the use of an immersion

fluid or the use of a vacuum. Any use of the term “lens'
herein may be considered as synonymous with the more
general term “projection system'.
0042. The illumination system may also encompass vari
ous types of optical components, including refractive, reflec
tive, and catadioptric optical components for directing,
shaping, or controlling the projection beam of radiation, and
such components may also be referred to below, collectively
or singularly, as a "lens”.
0043. 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 addi
tional tables may be used in parallel, or preparatory steps
may be carried out on one or more tables while one or more
other tables are being used for exposure.
0044) The lithographic apparatus may also be of a type
wherein the Substrate is immersed in a liquid having a
relatively high refractive index, e.g. water, so as to fill a
space between the final element of the projection system and
the Substrate. Immersion liquids may also be applied to other
spaces in the lithographic apparatus, for example, between
the mask and the first element of the projection system.
Immersion techniques are well known in the art for increas
ing the numerical aperture of projection systems.
BRIEF DESCRIPTION OF THE DRAWINGS

004.5 Embodiments of the invention will now be
described, by way of example only, with reference to the
accompanying schematic drawings in which corresponding
reference symbols indicate corresponding parts, and in
which:

0046 FIG. 1 depicts a lithographic apparatus according
to an embodiment of the invention;
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0047 FIG. 2 shows schematically the first aspect of the
invention;

0.048 FIG. 3 shows schematically a first embodiment of
the first aspect of the invention;
0049 FIG. 4 shows schematically a second embodiment
of the first aspect of the invention;
0050 FIG. 5 shows schematically a first embodiment of
the second aspect of the invention;
0051 FIG. 6 shows schematically a second embodiment
of the second aspect of the invention;
0.052 FIG. 7 shows schematically an embodiment of a
combination of the first aspect and the second aspect of the
invention; and

0053 FIG. 8 shows schematically an embodiment of the
third aspect of the invention.
DETAILED DESCRIPTION OF THE
INVENTION

Lithographic Projection Apparatus
0054 FIG. 1 schematically depicts a lithographic pro
jection apparatus according to a particular embodiment of
the invention. The apparatus comprises:
0055 an illumination system (illuminator) IL: for pro
viding a projection beam PB of radiation (e.g. UV
radiation, DUV radiation, or laser radiation);
0056 a first support structure (e.g. a mask table) MT:
for Supporting patterning device (e.g. a mask) MA and
connected to first positioning device PM for accurately
positioning the patterning device with respect to item
PL:

0057 a substrate table or holder (e.g. a wafer table)
WT: for holding a substrate (e.g. a resist-coated wafer)
W and connected to second positioning device PW for
accurately positioning the Substrate with respect to item
PL; and

0058 a projection system (e.g. a refractive projection
lens) PL: for imaging a pattern imparted to the projec
tion beam PB by patterning device MA onto a target
portion C (e.g. comprising one or more dies) of the
Substrate W.

0059. As here depicted, the apparatus is of a transmissive
type (i.e. has a transmissive 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 mechanism, Such as a program
mable mirror array of a type as referred to above.
0060. The illuminator IL receives a beam of radiation
from a radiation source SO. The source and the lithographic
apparatus may be separate entities, for example when the
Source is an excimer laser. In Such cases, the Source is not

considered to form part of the lithographic apparatus and the
radiation beam is passed from the source SO to the illumi
nator IL with the aid of a beam delivery system BD
comprising for example Suitable directing mirrors and/or a
beam expander. In other cases the Source may be integral
part of the apparatus, for example when the source is a
mercury lamp. The source SO and the illuminator IL,
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together with the beam delivery system BD if required, may
be referred to as a radiation system.
0061 The illuminator IL may comprise adjusting device
AM for adjusting the angular intensity distribution of the
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 illumi
nator can be adjusted. In addition, the illuminator IL gen
erally comprises various other components, such as an
integrator IN and a condenser CO. The illuminator provides
a conditioned beam of radiation, referred to as the projection
beam PB, having a desired uniformity and intensity distri
bution in its cross-section.

0062) The projection beam PB is incident on the mask
MA, which is held on the mask table MT. Having traversed
the mask MA, the projection beam PB passes through the
lens PL, which focuses the beam onto a target portion C of
the substrate W. With the aid of the second positioning
device PW and position sensor IF (e.g. an interferometric
device), the substrate table WT can be moved accurately,
e.g. So as to position different target portions C in the path
of the beam PB. Similarly, the first positioning device PM
and another position sensor (which is not explicitly depicted
in FIG. 1) can be used to accurately position the mask MA
with respect to the path of the beam PB, e.g. after mechani
cal retrieval from a mask library, or during a scan. In general,
movement of the object tables MT and WT will be realized
with the aid of a long-stroke module and a short-stroke
module, which form part of the positioning device PM and
PW. However, in the case of a stepper (as opposed to a
scanner) the mask table MT may be connected to a short
stroke actuator only, or may be fixed. Mask MA and sub
strate W may be aligned using mask alignment marks M1,
M2 and substrate alignment marks P1, P2.
0063. The depicted apparatus can be used in the follow
ing preferred modes:
0064 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:
0065 scan 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. they direction) with a speed V, so that
the projection beam PB is caused to scan over a mask
image; concurrently, the substrate table WT is simul
taneously moved in the same or opposite direction at a
speed V=MV, in which M is the magnification of the
lens PL (typically, M=4 or /s). In this manner, a
relatively large target portion C can be exposed, with
out having to compromise on resolution; and
0.066 other mode: the mask table MT is kept essen
tially stationary holding a programmable patterning
device, and the substrate table WT is moved or scanned

while a pattern imparted to the projection beam is
projected onto a target portion C. In this mode, gener
ally a pulsed radiation source is employed and the
programmable patterning device is updated as required
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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.

0067 Combinations and/or variations on the above
described modes of use or entirely different modes of use
may also be employed.
FIRST EMBODIMENT

0068 FIG. 2 schematically illustrates the first embodi
ment of the present invention. In FIG. 2, a base 1 is shown,
relative to which moveable object 10 moves in the x-y-plane
that is indicated by coordinate system 5. The x-y plane is
also indicated as the “plane of movement'. The moveable
object 10 follows a track in the x-y-plane. FIG. 2 illustrates
this by showing the position of the moveable object 10 at
four positions along the track.
0069. The moveable object 10 comprises a reference part
15, which moves along with the moveable object 10. The
track the reference part 15 of the moveable object 10 follows
in the plane of movement is indicated by reference numeral
25. All movements of the reference part 15 are within area
21 of the plane of movement. Area 21 is bound by a closed
contour 20.

0070 FIG. 3 schematically depicts a part of a litho
graphic apparatus associated with the first embodiment of
the invention. In this case, moveable object 10 is a substrate
table or holder 10'. The Substrate table 10' holds wafer 11.
The lithographic apparatus comprises a projection system
40, which comprises lens 41. The projection system 40 is
adapted to project a patterned projection beam 42 onto the
wafer 11. In the embodiment shown, the projected beam
only irradiates a part 14 of the wafer surface that has to be
irradiated. In order to irradiate the entire surface of the wafer

11, the substrate table 10" moves relative to the projection
system 40 in a plane of movement that is Substantially
parallel to the plane of the wafer 11.
0071. In the embodiment shown, the plane of movement
is the x-y-plane. The directions of movement of the substrate
table 10' relative to the projection system 40 are indicated by
arrows 12, 13. In the embodiment of FIG. 3, the measure

ment system is adapted to measure displacement of the
substrate table 10' relative to the projection system 40. As
such, for the embodiment of FIG. 3, the moveable object 10
is the substrate table 10' and the base 1 is the projection
system 40.
0072 The substrate table 10' comprises a reference part
15. Onto the reference part 15, a sensor head 30 is mounted.
This sensor head 30 is adapted to cooperate with a planar
element 35 for measuring displacement of the substrate table
10' relative to the projection system 40. It is, however,
envisaged that the sensor head 30 is mounted onto the
projection system 40 and the planar element 35 is mounted
onto the reference element. The displacement measured can
be in a direction indicated by arrow 12 or 13, in the
directions indicated by both arrows 12 and 13, or in a
direction perpendicular the plane of movement. If displace
ment is measured in both directions indicated by arrows 12
and 13, generally two sensor heads 30a, 30b will be mounted
onto reference part 15.
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0073. If the direction in which displacement of the sub
strate table 10' is measured (hereafter referred to as “the first
direction of measurement') lies within a plane that is at least
Substantially parallel to the plane of movement, the sensor
head 30 is preferably an encoder head, cooperating with a
grating as a planar element 35. The grating can be arranged
on a ruler. Also, the grating can be integrated with the
projections system 40, Such as, for example, being printed
onto it. The grating may comprise a single set of mutually
parallel lines for measuring displacements in a single direc
tion. Alternatively, the grating may be adapted for measuring
displacement in two different directions, for example, by
means of a checkerboard pattern or a grid pattern on the
grating.
0074. If the first direction of measurement is at least
Substantially perpendicular to the plane of movement, the
sensor head 30 can be, for example, an interferometer or a
capacitive sensor. If the sensor head 30 is an interferometer,
the planar element 35 is a mirror. If the sensor head 30 is a
capacitive sensor, the planar element 35 is an electrically
conductive element.

0075). As can be seen in FIG.3, the planar element 35 has
a shape that is essentially identical to the shape of the closed
contour 20. It is envisaged that the size of the planar element
is not the same as the contour size, as the required size will
depend, for example, on the ratio between the size of the
area irradiated by the projection beam 42 and the size of the
area irradiated by measurement beam 32.
0076). In the embodiment of FIG. 3, the sensor head 30 is
an encoder, that is adapted to send measurement beam 32 to
the planar element 35, which is configured as a grating. Due
to the movements of the substrate table 10' relative to the

projection system 40, the irradiated area 14 on the wafer 11
follows a track 45 over the wafer 11. While the measurement

system is active, the measurement beam 32 sent by the
sensor head 30 to the planar element 35 creates a touch point
33 on the planar element 35.
0077 Because the planar element 35 is mounted onto the
projection system 40, and the sensor head 30 is mounted
onto the reference part 15 of the substrate table 10", the touch
point 33 follows a track 25 over the planar element 35 that
is identical in shape to the track 45. By using a planar
element 35 that has the same shape as the closed contour 20,
the face of the planar element 35 cooperating with the sensor
head 30 is used efficiently as no parts of the planar element
35 remain unused.

0078 FIG. 4 shows a preferred embodiment of the first
aspect of the invention. In this embodiment, the substrate
table 10' is equipped with a first, second, and third reference
part. The reference parts are located at known relative
positions on the substrate table 10'.
0079. On the first reference part, a first sensor head is
mounted. The first sensor head cooperates with a first planar
element 35a to measure the displacement of the first refer
ence point relative to the base 1 in a first direction 12'. On
the second reference part, a second sensor head is mounted.
The second sensor head cooperates with a second planar
element 35b to measure the displacement of the first refer
ence point relative to the base 1, also in the first direction 12'.
0080. On the third reference part, a third sensor head is
mounted. The third sensor head cooperates with a third
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planar element 35c to measure the displacement of the first
reference point relative to the base 1 in the second direction
13". The sensor heads are located at known relative positions
on the substrate table 10'.

0081 Preferably, the first direction 12 and the second
direction 13" lie within the plane of movement, and the
second direction 13' is different from the first direction 12'.

Moreover, the second direction 13' is perpendicular to the
first direction 12'. In this manner, the displacement of the
substrate table 10' relative to the base 1 (which is in this case
the projection system) can be measured in the first direction
12' and in the second direction 13'. In addition, the rotational

displacement of the substrate table 10' around an axis
perpendicular to the plane of movement can be determined.
0082 In an alternative embodiment, the measurement
system comprises a first, a second, and a third sensor head,
but only two planar elements 35a, b. The sensor heads are
encoder heads, and the planar elements 35a, b are gratings.
Only two reference parts are present, on one of which two
sensor heads 30s are mounted. The first grating is provided
with a checkerboard pattern or a grid pattern that enables
measurement of displacement of the substrate table 10'
relative to the base 1 in two different directions 12,13'. The

second grating is provided with a single set of mutually
parallel lines. The second grating is configured to measure
the displacement of the substrate table 10' relative to the base
1 in a direction equal to one of the directions 12, 13 the first
grating is used for.
0.083 Alternatively, it is envisaged that the second grat
ing is, like the first grating, adapted for two-dimensional
measurements. In that case, a fourth sensor head is provided
for cooperating with the second planar element 35b. The
fourth sensor head is mounted onto the second reference part
together with the third sensor head. By measuring both
directions 12, 13' twice, additional accuracy is obtained.
0084. It is also envisaged that in the embodiment of FIG.
4, the first direction of measurement and the second direc

tion of measurement are equal, and perpendicular to the
plane of movement of the substrate table 10'. This way,
displacement of the substrate table 10' relative to the base 1
in the direction perpendicular to the plane of movement can
be determined, as well as rotational displacement of the
substrate table 10' around axes in the plane of movement.
0085. In FIGS. 2-4, the moveable object 10 shown is a
substrate table. However, the first aspect of the invention can
be applied to various kinds of moveable objects, including
the reticle stage.
0.086 FIG. 5 shows a first embodiment of a relevant part
of a lithographic apparatus in accordance with the second
aspect of the invention.
0087 Moveable object 110 is part of the lithographic
apparatus and is moveable relative to base 101 in six degrees
of freedom. The lithographic apparatus comprises a mea
Surement system for measuring displacement of the move
able object 110 relative to the base 101 in six degrees of
freedom. The second aspect of the invention can be applied
for various combinations of moveable objects and bases. In
an advantageous embodiment, the moveable object 110 is a
reticle stage, and the base 101 is the projection system.
However, it is also possible that the moveable object 110 is
a substrate table, the base 101 again being the projection
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system. It is also envisaged that the measurement system is
used for measuring displacement of the short stroke unit of
the reticle stage relative to the long stroke unit of a single
reticle stage.
0088. In the embodiment of FIG. 5, the measurement
system comprises six measurement units. Each measure
ment unit comprises a sensor head 151, 152, 153, 154, 155,
156 and a planar element 161, 162, 163, 164, 165, 166. The
sensor head 151, 152, 153, 154, 155, 156 is configured to
send a measurement beam to the associated planar element
161, 162, 163, 164, 165, 166, and the associated planar
element 161,162, 163, 164, 165, 166 is configured to reflect
the measurement beam 171, 172, 173, 174, 175, 176 to the
sensor head 151, 152, 153, 154, 155, 156 to measure

translational displacement of the sensor head 151, 152, 153,
154, 155, 156 relative to the planar element 161, 162, 163,
164, 165, 166.

0089. In the embodiment of FIG. 5, the sensor heads are
encoderheads, and the planar elements comprise gratings. In
FIG. 5, the sensor heads 151, 152, 153, 154, 155, 156 are

mounted on base 101, and the planar elements 161,162,163,
164, 165, 166 are mounted on the moveable object 110. This
can, however, also be the other way around, that is: the
sensor heads 151, 152, 153, 154, 155, 156 being mounted
onto the moveable object 110 and the planar elements 161,
162, 163, 164, 165, 166 being mounted onto the base 101.
0090 Three of the measurement units 131abc. 132ab,
133 are primary measurement units 131abc, which measure
the translational displacement of the moveable object 110
relative to the base 101 in a first direction. They measure
displacement of the moveable object 110 relative to the base
101 in X-direction.

0091. Two of the measurement units 131.abc. 132ab, 133
are secondary measurement units 132ab, which measure the
translational displacement of the moveable object 110 rela
tive to the base 101 in a second direction. They measure
displacement of the moveable object 110 relative to the base
101 in z-direction.

0092. One of the measurement units 131abc. 132ab, 133
is the tertiary measurement unit 133, which measures the
translational displacement of the moveable object 110 rela
tive to the base 101 in a third direction. It measures

displacement of the moveable object 110 relative to the base
101 in y-direction.
0093 Preferably, each of the x-, y- and z-directions is
perpendicular to the other two directions.
0094) All measurement units 131.abc. 132ab, 133 are
located at known relative positions. This way, rotations of
the moveable object 110 axes extending in x-, y- and
Z-direction can be determined based on the measurements of

performed by the measurement units 131abc. 132ab, 133.
0095. In accordance with the second aspect of the inven
tion, the measurement units 131abc. 132ab, 133 are com
bined into three measurement assemblies. Each of these

three measurement assemblies comprises a primary mea
Surement unit 131abc and either a secondary measurement
unit 132ab or a third measurement unit 133. In the embodi

ment shown in FIG. 5, the first measurement assembly
comprises measurement units 131a and 132a. The second
measurement assembly comprises measurement units 131b
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and 133. The third measurement assembly comprises mea
surement units 131c and 132b.

0096. Measurement unit 131a measures the translational
displacement of the moveable object 110 relative to the base
101 in the X-direction. Measurement unit 132a measures the

translational displacement of the moveable object 110 rela
tive to the base 101 in the z-direction. Therefore, the

measurement plane associated with the first measurement
assembly is the X-Z-plane. In accordance with the second
aspect of the invention, the planar elements 161, 162 of the
first measurement assembly are parallel to the measurement
plane.
0097. Measurement unit 131b measures the translational
displacement of the moveable object 110 relative to the base
101 in the x-direction. Measurement unit 133 measures

translational displacement of the moveable object 110 rela
tive to the base 101 in the y-direction. Therefore, the
measurement plane associated with the second measurement
assembly is the x-y-plane. In accordance with the second
aspect of the invention, the planar elements 163, 164 of the
second measurement assembly are parallel to the measure
ment plane.
0.098 Measurement unit 131c measures the translational
displacement of the moveable object 110 relative to the base
101 in the x-direction. Measurement unit 132b measures

translational displacement of the moveable object 110 rela
tive to the base 101 in the z-direction. Therefore, the

measurement plane associated with the third measurement
assembly is the X-Z-plane. In accordance with the second
aspect of the invention, the planar elements 165, 166 of the
third measurement assembly are parallel to the measurement
plane.
0099. The measurement system according to the second
aspect of the invention thus eliminates the necessity for
using capacitive sensors or interferometers for determining
displacement of a moveable object 110 relative to a base
101.

0100 FIG. 6 shows a preferred embodiment of the
second aspect of the invention. In this embodiment, the
measurement units 131abc, 132ab, 133 of each measure

ment assembly are more or less integrated when compared
to the embodiment of FIG. 5. In the embodiment of FIG. 5,

each measurement assembly comprises two planar elements
161,162,163,164,165,166, each comprising a grating, the
lines of one grating extending in a direction different from
the direction in which the lines of the other grating extend.
In the embodiment of FIG. 6, the planar elements of each
measurement assembly are combined into a single planar
element 261,263,265 having a two dimensional grating. For
allowing measurement in two directions, the planar elements
261, 263, 265 comprise a grid of lines or a checkerboard
pattern.

0101. In the embodiment of FIG. 6, sensor heads are
indicated by reference numerals 251.252,253,254.255.256.
Sensor heads that are part of the same measurement assem
bly use the same planar element. It is also possible that the
sensor heads of a measurement assembly are both accom
modated in a sensor head unit. As in the embodiment of

FIG. 5, each sensor head 251,252,253,254.255.256 is con

figured to send a measurement beam 271.272,273,274,275,
276 to the associated planar element, and the associated
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planar element is adapted to reflect the measurement beam
to the sensor head to measure the translational displacement
of the respective sensor head relative to the associated planar
element.

0102) In both embodiments of the second aspect of the
invention, the pitch between the lines of the grating may
vary over the grating. In case of a checkerboard pattern, the
size and shape of the light and dark areas may vary. In order
to reduce measurement errors due to Such variations, the

measurement system preferably comprises means for deter
mining the average pitch between a plurality of lines or
transitions between light and dark of the grating concerned.
0.103 As an alternative or in addition to this provision,
the lines or areas of the grating may be mapped by means of
calibration before use. The map of the lines or the areas is
Subsequently stored in the measurement system.
0104. In the lithographic apparatus, the displacement of
the moveable object 210 in a first translational degree of
freedom is significantly larger than the displacement of that
moveable object 210 in the other translational degrees of
freedom. This is, for example, the case with the movements
of the reticle stage relative to the projection system. The
displacements of the reticle stage in its y-direction are far
larger than displacements in other directions. In Such situ
ations, the direction of measurement associated with the

primary measurement units is substantially equal to the
direction of the first translational degree of freedom. This
increases the accuracy of the measurements.
0105. It is envisaged to combine the first aspect of the
invention and the second aspect of the invention. This is
shown in FIG. 7. In FIG.7, the moveable object 210 has one
reference part. Onto this reference part, sensor heads 253
and 254 are mounted. The reference part is moveable in the
x-y plane relative to the base 201 along with the moveable
object 210. In the embodiment of FIG. 7, the base 201 is the
projection system. The actual movements of the reference
part are within an area of said plane of movement, and that
area is bound by a closed contour. A planar element of at
least one measurement assembly has a measurement plane
that is Substantially parallel to the plane of movement has a
shape that is essentially identical to the shape of the contour.
In the embodiment of FIG. 7, the planar element is a
two-dimension grating. This embodiment combines the
advantages of the first and the second aspect of the inven
tion.

0106 Such a measurement system would be suitable for
measuring displacement of the substrate table relative to the
projection system, as the Substrate table make large move
ments in both the X- and the y-direction during the irradia
tion of the wafer.

0107 As in the embodiment of FIG. 7, two touch points
33 are present, the planar element 263 is larger than area 21
of the wafer 11.

0108. The third aspect of the invention proposes to make
the grating an integral part of the movable object. This is
shown in FIG. 8.

0109 Preferably, the moveable object 510 comprises
lines 520 or areas 530 of a grating. These lines 520 or areas
530 preferably are printed directly onto the moveable object
510. Instead of printing, the lines or the areas of the grating

US 2006/0139595 A1

can be applied to the movable object by means of vapor
deposition. Alternatively, it is envisaged that the lines or the
areas of the grating are etched into the moveable object.
0110. While specific embodiments of the invention have
been described above, it will be appreciated that the inven
tion may be practiced otherwise than as described. The
description is not intended to limit the invention.
What is claimed is:

1. A measurement system for measuring the displacement
of a moveable object relative to a base along at least a first
direction of measurement, said movable object having at
least one reference part that is moveable in a plane of
movement relative to said base in which the actual move

ment of said reference part is limited to within an area
bounded by a closed contour, said measurement system
comprising:
a planar element having a shape that is substantially
similar to the closed contour shape of said bounded
area,

a sensor head configured to operatively cooperate with
said planar element to determine displacement of said
movable object,
wherein said planar element and said sensor head are
arranged so that said sensor head is mounted to said
reference part of said moveable object or said planar
element is mounted to said base and said sensor head is

mounted to said reference part of said moveable object.
2. A lithographic apparatus, comprising:
an illumination system for providing a beam of radiation;
a Support structure for Supporting a patterning device that
imparts said beam radiation with a pattern in its cross
section;

a Substrate holder for holding a Substrate having a target
portion;
a projection system for projecting said patterned beam
onto said target portion of said Substrate;
a moveable object having at least one reference part that
is moveable in a plane of movement relative to a base
in which the actual movement of said reference part is
limited to within an area bounded by a closed contour;
and

a measurement system for measuring displacement of said
moveable object relative to a base along at least a first
direction of measurement, said measurement system
comprising:
a planar element having a shape that is substantially
similar to the closed contour shape of said bounded
area,

a sensor head configured to operatively cooperate with
said planar element to determine displacement of
said movable object, and
wherein said planar element and said sensor head are
arranged so that said sensor head is mounted to said
reference part of said moveable object or said planar
element is mounted to said base and said sensor head

is mounted to said reference part of said moveable
object.
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3. The lithographic apparatus of claim 2, wherein the first
direction of measurement lies within a plane that is at least
substantially parallel to the plane of movement.
4. The lithographic apparatus of claim 2, wherein the first
direction of measurement is at least Substantially perpen
dicular to the plane of movement.
5. The lithographic apparatus of claim 3, wherein said
sensor head is an encoder head and said planar element is a
ruler comprising a grating.
6. The lithographic apparatus of claim 4, wherein said
sensor head is an interferometer and said planar element is
a mirror.

7. The lithographic apparatus of claim 4, wherein said
sensor head is capacitive sensor and said planar element is
an electrically conductive element.
8. The lithographic apparatus of claim 2, wherein said
closed contour is a circle.

9. The lithographic apparatus of claim 2, further includ
1ng:

said moveable object comprising at least two reference
parts that are located at known relative positions, and
said measurement system is configured to measure dis
placement of at least two reference parts relative to said
base in a first direction and to measure displacement of
at least one reference part relative to said base in a
second direction, with said first and second directions

being different,
wherein, based on said measurements, translational dis

placements of said reference parts relative to said base
in the first direction and second direction as well as

rotational displacement of the reference parts relative to
said base around an axis perpendicular to the plane
defined by the first and the second direction of mea
Surement, can be determined.

10. The lithographic apparatus of claim 2, wherein said
movable object is a reticle stage.
11. The lithographic apparatus of claim 2, wherein said
movable object is said substrate holder.
12. The lithographic apparatus of claim 11, wherein said
closed contour has substantially the same shape as the
Substrate shape.
13. A measurement system for measuring displacement of
a moveable object relative to a base along six degrees of
freedom, said measurement system comprising:
at least three primary measurement units for measuring
translational displacement of the moveable object rela
tive to the base in a first direction;

at least two secondary measurement units for measuring
translational displacement of said moveable object
relative to said base in a second direction differing from
the first direction,

at least one tertiary measurement unit for measuring
translational displacement of the moveable object rela
tive to the base in a third direction differing from the
first direction and from the second direction and

extending at an angle relative to a directional plane that
is defined by a combination of the first direction and the
second direction,
wherein said measurement units are located at known

relative positions,
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measurement unit and at least one of a secondary
measurement unit and a tertiary measurement unit,

wherein each of said measurement unit comprises a
sensor head and a planar element in which said sensor
head is configured to transmit a beam to said planar
element and said planar element is configured to reflect
said beam to said sensor head in order to measure

translational displacement of said sensor head relative
to said planar element,
wherein said measurement units are combined into at least

three measurement assemblies, each of said three mea

Surement assemblies comprising a primary measure
ment unit and at least one of a secondary measurement
unit and a tertiary measurement unit, and
wherein the directions associated with said measurement

units of a single measurement assembly together define
a measurement plane, each of the planar elements of a
single measurement assembly being arranged parallel
to said measurement plane.
14. A lithographic apparatus, comprising:
an illumination system for providing a beam of radiation;
a Support structure for Supporting a patterning device that
imparts said beam radiation with a pattern in its cross
section;

a Substrate holder for holding a Substrate having a target
portion;
a projection system for projecting said patterned beam
onto said target portion of said substrate;
a moveable object that is moveable relative to a base; and
a measurement system for measuring displacement of said
moveable object relative to said base along six degrees
of freedom, said measurement system comprising:
at least three primary measurement units for measuring
translational displacement of the moveable object
relative to the base in a first direction;

at least two secondary measurement units for measur
ing translational displacement of said moveable
object relative to said base in a second direction
differing from the first direction,
at least one tertiary measurement unit for measuring
translational displacement of the moveable object
relative to the base in a third direction differing from
the first direction and from the second direction and

extending at an angle relative to a directional plane
that is defined by a combination of the first direction
and the second direction,
wherein said measurement units are located at known

relative positions,
wherein each of said measurement unit comprises a
sensor head and a planar element in which said
sensor head is configured to transmit a beam to said
planar element and said planar element is configured
to reflect said beam to said sensor head in order to

measure translational displacement of said sensor
head relative to said planar element,
wherein said measurement units are combined into at

least three measurement assemblies, each of said

three measurement assemblies comprising a primary

and
wherein the directions associated with said measure

ment units of a single measurement assembly
together define a measurement plane, each of the
planar elements of a single measurement assembly
being arranged parallel to said measurement plane.
15. The lithographic apparatus of claim 14, wherein the
first direction is substantially perpendicular to the second
direction and the third direction is substantially perpendicu
lar to the plane defined by the first direction and the second
direction.

16. The lithographic apparatus of claim 14, wherein at
least one measurement unit is an encoder unit, the associated

sensor head being an encoderhead and the associated planar
element being a grating.
17. The lithographic apparatus of claim 16, wherein the
planar elements of a measurement assembly are combined
into a two-dimensional grating.
18. The lithographic apparatus of claim 17, wherein the
two-dimensional grating is provided in a checkerboard pat
tern.

19. The lithographic apparatus of claim 15, wherein the
measurement system comprises means for determining at
least one of the average pitch between a plurality of lines and
transitions of the grating.
20. The lithographic apparatus of claim 15, wherein the
measurement system comprises at least one of a map of said
plurality of lines and areas of the grating.
21. The lithographic apparatus of claim 14, wherein the
displacement of the moveable object in a first translational
degree of freedom is significantly larger than displacements
of the moveable object in the other translational degrees of
freedom, and wherein the direction of measurement associ

ated with the primary measurement units is Substantially
equal to the direction of the first translational degree of
freedom.

22. The lithographic apparatus of claim 14, wherein the
moveable object has at least one reference part that is
moveable in a plane of movement relative to said base in
which the actual movement of said reference part is limited
to within an area bounded by a closed contour, and
wherein at least one planar element of at least one
measurement assembly has a measurement plane that is
Substantially parallel to the plane of movement has a
shape that is essentially identical to the shape of the
COntOur.

23. The lithographic apparatus of claim 14, wherein the
moveable object is a short stroke unit of a reticle stage and
the base is a long stroke unit of said reticle stage.
24. The lithographic apparatus of claim 14, wherein at
least one sensor head is mounted onto the base, and the

planar element associated with said sensor head is mounted
onto the moveable object.
25. The lithographic apparatus of claim 14, wherein at
least one planar element is mounted onto the base, and the
sensor head associated with said planar element is mounted
onto the moveable object.
26. The lithographic apparatus of claim 14, wherein the
movable object is a reticle stage.
27. The lithographic apparatus of claim 14, wherein the
movable object is a substrate holder for holding a substrate.
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28. A lithographic apparatus, comprising:
an illumination system for providing a beam of radiation;
a Support structure for Supporting a patterning device that
imparts said beam radiation with a pattern in its cross
section;

a Substrate holder for holding a Substrate having a target
portion;
a projection system for projecting said patterned beam
onto said target portion of said Substrate;
a moveable object that is moveable relative to a base, said
moveable object comprising a grating that is integrated
with said movable object; and
a measurement system comprising an encoder head for
measuring displacement of the moveable object rela
tive to the base along a first translational direction of
measurement in cooperation with the grating of the
moveable object,
29. The lithographic apparatus of claim 28, wherein the
movable object comprises printed grating lines or printed
grating areas.
30. The lithographic apparatus of claim 28, wherein the
moveable object comprises grating lines or grating areas that
are applied to the moveable object by means of vapor
deposition.
31. The lithographic apparatus of claim 28, wherein the
moveable object comprises grating lines or grating areas that
are etched into the moveable object.
32. A device manufacturing method comprising:
providing a Substrate having a target portion;
providing a beam of radiation;
imparting said beam of radiation with a desired pattern in
its cross-section;

projecting the patterned beam of radiation onto the target
portion of the substrate,
measuring the displacement of a moveable object relative
to a base along at least a first direction of measurement,
said movable object having at least one reference part
that is moveable in a plane of movement relative to said
base in which the actual movement of said reference

part is limited to within an area bounded by a closed
contour,

measuring displacement of the moveable object relative to
a base along at least a first direction of measurement by
employing a measurement system,
wherein said measurement system comprises a sensor
head and a planar element associated with said sensor
head, the sensor head being mounted onto the base and
the planar element being mounted onto the reference
part of the moveable object or the planar element being
mounted onto the base and the sensor head being
mounted onto the reference part of the moveable
object;
wherein the planar element has a shape that is Substan
tially similar to the shape of the closed contour.

33. A device manufacturing method comprising:
providing a substrate having a target portion;
providing a beam of radiation;
imparting said beam of radiation with a desired pattern in
its cross-section;

projecting the patterned beam of radiation onto the target
portion of the substrate,
measuring displacement of the moveable object relative to
the base along six degrees of freedom by employing a
measurement system,

wherein said measurement system comprises at least three
primary measurement units for measuring translational
displacement of the moveable object relative to the
base in a first direction, at least two secondary mea
Surement units for measuring translational displace
ment of the moveable object relative to the base in a
second direction differing from the first direction, at
least one tertiary measurement unit for measuring
translational displacement of the moveable object rela
tive to the base in a third direction differing from the
first direction and from the second direction and

extending at an angle relative to a directional plane,
which directional plane is defined by a combination of
the first direction and the second direction,
wherein said measurement units are located at known

relative positions,
wherein each of said measurement unit comprises a
sensor head and a planar element in which said sensor
head is configured to transmit a beam to said planar
element and said planar element is configured to reflect
said beam to said sensor head in order to measure

translational displacement of said sensor head relative
to said planar element,
wherein said measurement units are combined into at least

three measurement assemblies, each of said three mea

Surement assemblies comprising a primary measure
ment unit and at least one of a secondary measurement
unit and a tertiary measurement unit, and
wherein the directions associated with said measurement

units of a single measurement assembly together define
a measurement plane, each of the planar elements of a
single measurement assembly being arranged parallel
to said measurement plane.
34. A device manufacturing method, comprising:
providing a substrate having a target portion;
providing a beam of radiation;
imparting said beam of radiation with a desired pattern in
its cross-section;

projecting the patterned beam of radiation onto the target
portion of the substrate,
providing a moveable object, which is moveable relative
to a base, the moveable object comprising an integrated
grating; and
measuring displacement of the moveable object relative to
the base in a first translational direction of measure

ment in cooperation with the grating of the moveable
object by employing a measurement system,
wherein said measurement system comprises an encoder
head.

