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VIBRATION ISOLATION SYSTEM AND LITHOGRAPHIC APPARATUS

CROSS-REFFRENCE TO RELATED APPLICATIONS
[001] This application claims priority of EP 17185209.8 application which was filed on 8

August 2017 and which is incorporated herein by its entirety by reference.

BACKGROUND

Field of the invention
[002]
The present invention relates to a vibration isolation system and a lithographic apparatus

comprising the vibration isolation system.

Description of the Related Art

[003] A lithographic apparatus is a machine that applies a desired pattern onto a substrate,
usually onto a target portion of the substrate. A lithographic apparatus can be used, for
example, in the manufacture of integrated circuits (ICs). In such a case, a patterning device,
which is alternatively referred to as a mask or a reticle, may be used to generate a circuit
pattern to be formed on an individual layer of the IC. This pattern can be transferred onto a
target portion (e.g. including part of, one, or several dies) on a substrate (e.g. a silicon wafer).
Transfer of the pattern is typically via imaging onto a layer of radiation-sensitive material
(resist) provided on the substrate. In general, a single substrate will contain a network of
adjacent target portions that are successively patterned. Conventional lithographic apparatus
include so-called steppers, in which each target portion is irradiated by exposing an entire
pattern onto the target portion at once, and so-called scanners, in which each target portion is
irradiated by scanning the pattern through a radiation beam in a given direction (the
“scanning”-direction) while synchronously scanning the substrate parallel or anti parallel to
this direction. It is also possible to transfer the pattern from the patterning device to the
substrate by imprinting the pattern onto the substrate.

[004] In a lithographic apparatus, some parts have to be positioned very accurately in order
to obtain the desired quality of the pattern on the substrate, e.g. in terms of focus and
position. Such parts are for example optical elements of a projection system which projects
the pattered radiation beam onto the substrate, and elements of sensors which monitor for

example the position of a substrate support or an optical element of the projection system.
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[005] Position sensitive elements such as optical elements and sensor elements are generally
located deep inside the lithographic apparatus. Typically, such position sensitive elements are
supported by a vibration isolation system to prevent that vibrations from the surrounding
deteriorate the position accuracy of the position sensitive element. The position sensitive
elements are typically provided with position adjusters which allow to make small
adjustments to the positions of the position sensitive elements, e.g. in order to compensate for
thermal expansion. However, the range over which the position can be adjusted is relatively
small. In case larger adjustments to the position have to be made, for example during an
initialization of the lithographic apparatus, the lithographic machine has to be opened and
sometimes even partly disassembled in order to adjust the position of a particular element.
This is in particular cumbersome and time consuming when the relevant element is located in

a vacuum chamber.

SUMMARY
[006] It is desirable to provide a vibration isolation system for supporting a body for which
the range is increased over which the body can be moved relatively to a base.
[007] According to an embodiment of the invention, there is provided a vibration isolation
system, arranged for supporting a body onto a base, the vibration isolation system
comprising:
- a support for supporting the body onto the base, wherein the support has a body engaging
surface and a base engaging surface,
wherein the base engaging surface is arranged to couple to the base,
wherein the support is arranged to couple the body engaging surface to the body in a coupled
state,
wherein the support is arranged to uncouple the body engaging surface from the body in an
uncoupled state;
- a forward actuator configured to move the body and the body engaging surface together
relatively to the base in a first direction from a first initial position to an end position in the
coupled state,
- areturn device configured to move the body engaging surface relatively to the body
opposite to the first direction from the end position to a second initial position in the
uncoupled state.
[008] In another embodiment of the invention, there is provided a lithographic apparatus

comprising a vibration isolation system according to the invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

[009] 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:

[0010] Figure 1 depicts a lithographic apparatus according to an embodiment of the
invention;

[0011] Figure 2 schematically shows part of the lithographic apparatus according to an
embodiment of the invention.

[0012] Figure 3 schematically shows a possible embodiment of a positioning device
according to the invention,

[0013] Figure 4 schematically shows the result of the second stage of the operating cycle of
the positioning device of figure 3,

[0014] Figure 5 schematically shows the result of the fourth stage of the operating cycle of
the positioning device of figure 3,

[0015] Figure 6 schematically shows the result of the first repetition of the second stage of
the operating cycle of the positioning device of figure 3,

[0016] Figure 7 schematically shows the result of the first repetition of the fourth stage of the
operating cycle of the positioning device of figure 3,

[0017] Figure 8 schematically shows a further embodiment of a positioning device according
to the invention,

[0018] Figure 9 schematically shows the result of the second stage of the operating cycle of
the positioning device of figure 8,

[0019] Figure 10 schematically shows the result of the fourth stage of the operating cycle of
the positioning device of figure 8,

[0020] Figure 11 schematically shows a variant of the positioning device according to the

invention.

DETAILED DESCRIPTION
[0021] Figure 1 schematically depicts a lithographic apparatus according to one embodiment
of the invention. The apparatus includes an illumination system (illuminator) IL. configured to
condition a radiation beam B (e.g. UV radiation or any other suitable radiation), a mask
support structure (e.g. a mask table) MT constructed to support a patterning device (e.g. a
mask) MA and connected to a first positioning device PM configured to accurately position

the patterning device in accordance with certain parameters. The apparatus also includes a
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substrate table (e.g. a wafer table) W'T or "substrate support” constructed to hold a substrate
(e.g. aresist coated wafer) W and connected to a second positioning device PW configured to
accurately position the substrate in accordance with certain parameters. The apparatus further
includes a projection system (e.g. a refractive projection lens system) PS configured to
project a pattern imparted to the radiation beam B by patterning device MA onto a target
portion C (e.g. including one or more dies) of the substrate W.

[0022] The illumination system IL. may include various types of optical components, such as
refractive, reflective, magnetic, electromagnetic, electrostatic or other types of optical
components, or any combination thereof, for directing, shaping, or controlling radiation.
[0023] The mask support structure MT supports, i.e. bears the weight of, the patterning
device MA. It holds the patterning device MA in a manner that depends on the orientation of
the patterning device, the design of the lithographic apparatus, and other conditions, such as
for example whether or not the patterning device is held in a vacuum environment. The mask
support structure can use mechanical, vacuum, electrostatic or other clamping techniques to
hold the patterning device. The mask support structure MT may be a frame or a table, for
example, which may be fixed or movable as required. The mask support structure may ensure
that the patterning 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.”

[0024] The term “patterning device” used herein should be broadly interpreted as referring to
any device that can be used to impart a radiation beam with a pattern in its cross-section so as
to create a pattern in a target portion of the substrate. It should be noted that the pattern
imparted to the radiation beam may not exactly correspond to the desired pattern in the target
portion of the substrate, for example if the pattern includes phase-shifting features or so
called assist features. Generally, the pattern imparted to the radiation beam will correspond to
a particular functional layer in a device being created in the target portion, such as an
integrated circuit.

[0025] The patterning device MA may be transmissive or reflective. Examples of patterning
devices include masks, programmable 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 directions.

The tilted mirrors impart a pattern in a radiation beam which is reflected by the mirror matrix.
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[0026] The term “projection system” used herein should be broadly interpreted as
encompassing any type of projection system, including refractive, reflective, catadioptric,
magnetic, electromagnetic and electrostatic optical systems, or any combination thereof, as
appropriate for the exposure radiation being used, or for other factors such as the use of an
immersion liquid or the use of a vacuum. Any use of the term “projection lens” herein may be
considered as synonymous with the more general term “projection system”.

[0027] As here depicted, the apparatus is of a transmissive type (e.g. employing a
transmissive mask). Alternatively, the apparatus may be of a reflective type (e.g. employing a
programmable mirror array of a type as referred to above, or employing a reflective mask).
[0028] The lithographic apparatus may be of a type having two (dual stage) or more substrate
tables or "substrate supports" (and/or two or more mask tables or "mask supports"). In such
“multiple stage” machines the additional tables or supports may be used in parallel, or
preparatory steps may be carried out on one or more tables or supports while one or more
other tables or supports are being used for exposure. In addition to the at least one substrate
table W'T, the lithographic apparatus may comprise a measurement table, which is arranged
to perform measurements but is not arranged to hold a substrate W. The measurement table
may be arranged to hold sensor to measure a property of the projection system PS, such as an
intensity of the radiation beam B, an aberration of the projection system PS or a uniformity of
the radiation beam B. The measurement table may be arranged to hold a cleaning device to
clean at least a part of the lithographic apparatus, for example a part near a last lens element
of the projection system PS.

[0029] The lithographic apparatus may also be of a type wherein at least a portion of the
substrate may be covered by a liquid having a relatively high refractive index, e.g. water, so
as to fill a space between the projection system and the substrate. An immersion liquid may
also be applied to other spaces in the lithographic apparatus, for example, between the
patterning device MA and the projection system PS. Immersion techniques can be used to
increase the numerical aperture of projection systems. The term “immersion” as used herein
does not mean that a structure, such as a substrate, must be submerged in liquid, but rather
only means that a liquid is located between the projection system and the substrate during
exposure.

[0030] Referring to figure 1, the illuminator IL receives a radiation beam from a radiation
source SO. The radiation source SO and the lithographic apparatus may be separate entities,
for example when the source is an excimer laser. In such cases, the radiation source SO is not

considered to form part of the lithographic apparatus and the radiation beam is passed from
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the radiation source SO to the illuminator II. with the aid of a beam delivery system BD
including, for example, suitable directing mirrors and/or a beam expander. In other cases the
radiation source SO may be an integral part of the lithographic apparatus, for example when
the radiation source SO is a mercury lamp. The radiation source SO and the illuminator IL,
together with the beam delivery system BD if required, may be referred to as a radiation
system.

[0031] The illuminator IL. may include an adjuster AD configured to adjust the angular
intensity distribution of the radiation beam. Generally, at least the outer and/or inner radial
extent (commonly referred to as o-outer and o-inner, respectively) of the intensity
distribution in a pupil plane of the illuminator can be adjusted. In addition, the illuminator IL
may include various other components, such as an integrator IN and a condenser CO. The
illuminator IL. may be used to condition the radiation beam, to have a desired uniformity and
intensity distribution in its cross section.

[0032] The radiation beam B is incident on the patterning device MA, which is held on the
mask support structure MT, and is patterned by the patterning device. Having traversed the
patterning device MA, the radiation beam B passes through the projection system PS, which
focuses the radiation beam B 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, linear
encoder or capacitive sensor), the substrate table W'T' can be moved accurately, e.g. so as to
position different target portions C in the path of the radiation beam B. Similarly, the first
positioning device PM and another position sensor (which is not explicitly depicted in Figure
1) can be used to accurately position the patterning device MA with respect to the path of the
radiation beam B, e.g. after mechanical retrieval from a mask library, or during a scan. In
general, movement of the mask support structure MT may be realized with the aid of a long-
stroke module (coarse positioning) and a short-stroke module (fine positioning), which form
part of the first positioning device PM. Similarly, movement of the substrate table WT may
be realized using a long-stroke module and a short-stroke module, which form part of the
second positioner PW. In the case of a stepper (as opposed to a scanner) the mask support
structure M'T may be connected to a short-stroke actuator only, or may be fixed. Patterning
device MA and substrate W may be aligned using mask alignment marks M1, M2 and
substrate alignment marks P1, P2. Although the substrate alignment marks P1, P2 as
illustrated occupy dedicated target portions, they may be located in spaces between target

portions C. Such dedicated target portions are known as scribe-lane alignment marks).
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Similarly, in situations in which more than one die is provided on the patterning device MA,
the mask alignment marks M1,M2 may be located between the dies.

[0033] The depicted apparatus could be used in at least one of the following modes:

1. In step mode, the mask support structure MT and the substrate table W'T are kept
essentially stationary, while an entire pattern imparted to the radiation beam B is projected
onto a target portion C at one time (i.e. a single static exposure). The substrate table W'T is
then shifted in the X and/or Y direction so that a different target portion C can be exposed. In
step mode, the maximum size of the exposure field limits the size of the target portion C
imaged in a single static exposure.

2. In scan mode, the mask support structure MT and the substrate table W'T or "substrate
support" are scanned synchronously while a pattern imparted to the radiation beam is
projected onto a target portion C (i.e. a single dynamic exposure). The velocity and direction
of the substrate table WT relative to the mask support structure MT may be determined by the
(de-)magnification and image reversal characteristics of the projection system PS. In scan
mode, the maximum size of the exposure field limits the width (in the non-scanning
direction) of the target portion in a single dynamic exposure, whereas the length of the
scanning motion determines the height (in the scanning direction) of the target portion C.

3. In another mode, the mask support structure MT is kept essentially stationary holding
a programmable patterning device, and the substrate table W'T is moved or scanned while a
pattern imparted to the radiation beam B is projected onto a target portion C. In this mode,
generally a pulsed radiation source is employed and the programmable patterning device is
updated as required after each movement of the substrate table W'T 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.

[0034] Figure 2 shows a more detailed view of a part of the lithographic apparatus LA of
Figure 1. The lithographic apparatus LA may be provided with a base frame BF, a balance
mass BM, a metrology frame MF and a vibration isolation system IS. The metrology frame
MEF supports the projection system PS. Additionally, the metrology frame MIF may support a
part of the position sensor II'. The metrology frame MF is supported by the base frame BF via
the vibration isolation system IS. The vibration isolation system IS is arranged to prevent or
reduce vibrations from propagating from the base frame BT to the metrology frame MF.
[0035] The second positioner PW is arranged to accelerate the substrate support WT by

providing a driving force between the substrate support WT and the balance mass BM. The
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driving force accelerates the substrate support WT in a desired direction. Due to the
conservation of momentum, the driving force is also applied to the balance mass BM with
equal magnitude, but at a direction opposite to the desired direction. Typically, the mass of
the balance mass BM is significantly larger than the masses of the moving part of the second
positioner PW and the substrate support WT.

[0036] In an embodiment, the second positioner PW is supported by the balance mass BM.
For example, wherein the second positioner PW comprises a planar motor to levitate the
substrate support WT above the balance mass BM. In another embodiment, the second
positioner PW is supported by the base frame BI'. For example, wherein the second
positioner PW comprises a linear motor and wherein the second positioner PW comprises a
bearing, like a gas bearing, to levitate the substrate support W'T above the base frame BF
[0037] Combinations and/or variations on the above described modes of use or entirely
different modes of use may also be employed.

[0038] Figure 3 schematically shows a possible embodiment of a positioning device
according to the invention.

[0039] The positioning device according to figure 3 is configured to position body 2 relative
to base 1 in first direction 3. Preferably, the positioning device is configured to position body
2 relative to base 1 in first direction 3 as well as in the direction opposite to the first direction
3. Optionally, the positioning device is configured to position body 2 relative to base 1 in a
first translational degree of freedom.

[0040] When the positioning device according to figure 3 is applied in a lithographic
apparatus, the body 2 may be part of the part of the projection system PS. The base 1 may be
configured to support at least part of the projection system PS. The body 2 is for example an
optical element such as a mirror or a lens. In another embodiment, the body 2 is for example
a part of the projection system PS which is not an optical element, or the entire projection
system PS, or the illuminator IL of a lithographic apparatus.

[0041] In a further embodiment, the body 2 is for example a sensor element of a sensor or a
structural element onto which a sensor element of said sensor is mounted. The sensor element
is optionally arranged in a lithographic apparatus. The sensor can for example comprise an
interferometric device, an encoder-based device (comprising e.g. a linear encoder) or a
capacitive sensor.

[0042] The sensor optionally comprises a first sensor element which is or comprises a sensor
sender/receiver element and a second sensor element which is or comprises a sensor target

element. If the sensor is an encoder based device, the sensor optionally comprises a grating,
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e.g. a one dimensional or two dimensional grating, and an encoder head. The encoder head
may comprise a beam source and at least one receiver element which is adapted to received
the beam from the grating.

[0043] If the sensor is interferometer based, the sensor comprises a first sensor element which
is or comprises a mirror element, and a second sensor element which is or comprises a source
for an optical beam and a receiver which is adapted to receive the beam from the mirror
element. The source for the optical beam is arranged such that the optical beam strikes the
mirror element.

[0044] When the positioning device according to figure 3 is applied in a lithographic
apparatus, the base 1 is the part of the lithographic apparatus relative to which the body 2 has
to be positioned in the first direction 3. The base 1 can for example be a sensor frame, a force
frame, a base frame or a metrology frame.

[0045] The embodiment of figure 3 is not limited to use in a lithographic apparatus.

[0046] The positioning device as shown in figure 3 comprises a support 10 which supports
the body 2 onto the base 1 in a direction perpendicular to the first direction 3. The support 10
may for example be the vibration isolation system IS and/or a gravity compensator. The
support 10 has a body engaging surface 12 and a base engaging surface 11 which are
moveable relatively to each other in the first direction 3, and optionally also in a direction
opposite the first direction 3. The base engaging surface 11 is coupled to the base 1, at least in
the degree of freedom corresponding to the first direction 3. If the base 1 moves in or
opposite the first direction 3, the base engaging surface 11 of the support 10 moves along
with the base 1.

[0047] The support 10 has a coupled state in which the body engaging surface 12 is coupled
to the body 2, at least in the degree of freedom corresponding to the first direction 3. If the
body 2 moves in or opposite the first direction 3, the body engaging surface 12 of the support
10 moves along with the body 2.

[0048] The support 10 also has an uncoupled state in which the body engaging surface 12 is
moveable relatively to the body 2, at least in the degree of freedom corresponding to the first
direction 3. In the uncoupled state, the base engaging surface 11 remains coupled to base 1, at
least in the degree of freedom corresponding to the first direction 3.

[0049] The body engaging surface 12 may be provided on a body engagement member 12%*
which forms part of the support 10. The base engaging surface 11 may be provided on a base
engagement member which forms part of the support 10, or it may be a surface of e.g. a

housing of the support 10.
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[0050] The positioning device of figure 2 further comprises a forward actuator 20. The
forward actuator 20 is configured to move the body 2 and the body engaging surface 12
together relative to the base 1 in the first direction 3 over a forward stroke length when the
support 10 is in the coupled state. During this movement the body engaging surface 12 is
moved from a first initial position to an end position. Because the support 10 is in the coupled
state, the body 2 and the body engaging surface 12 move along together along the forward
stroke. The forward actuator 20 may act on the body 2, on a structural element that is
connected to the body 2 or on the support 10 during at least a part of the movement along the
forward stroke. The forward actuator may be a structural element that is connected to the
body 2 or the support 10 during at least a part of the movement along the forward stroke.
Optionally, the length of the forward stroke is variable. In that case, when the forward stroke
is repeated in a subsequent operational cycle, the end position can be at a different location as
compared to the end position in a previous operating cycle.

[0051] The positioning device of figure 2 further comprises a body holder 30. The body
holder 30 has a fixed state in which the body holder 30 fixates the position of the body 2
relative to the base 1 in at least the first direction 3, and optionally also in the direction
opposite to the first direction 3. The body holder 30 further has an unfixed state in which the
body holder 30 allows movement of the body 2 relative to the base 1 in the first direction, and
optionally also in the direction opposite to the first direction 3. The body holder 30 optionally
also fixates the position of the body 2 relatively to the base 1 in a direction perpendicular to
the first direction 3, for example in a vertical direction.

[0052] In a possible embodiment, the body holder 30 actively clamps the body 2 into position
when the body holder 30 is in the fixed state. Alternatively or in addition, the body holder 30
may fixate the body 2 in position relative to the base 1 by gravity. The body holder 30 can for
example be a part of the base frame BF of a lithographic apparatus.

[0053] The positioning device of figure 2 further comprises a return device 40. The return
device 40 is configured to move the body engaging surface 12 relative to the body 2 opposite
to the first direction 3 over a rearward stroke length when the support 10 is in the uncoupled
state. During this movement the body engaging surface 12 is moved back from the end
position to a second initial position. The second initial position may be the same as the first
initial position, or the second initial position may be different from the first initial position.
Because the support 10 is in the uncoupled state, the body 2 does not move back with the
body engaging surface 12 when the return device 40 brings the body engaging surface 12

back from the end position to the second initial position. The length of the rearward stroke
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may be the same as or different from the length of the forward stroke. If the rearward stroke
has the same length as the forward stroke, the second initial position is the same as the first
initial position. If the rearward stroke has a different length than the forward stroke, the
second initial position is different from the first initial position.

[0054] The return device 40 can be a separate device, for example a dedicated actuator or a
spring. Alternatively, the return device 40 can be an elastic or elastically mounted element of
the support 10, for example an elastic or spring mounted element onto which a body engaging
member 12* with the body engaging surface 12 is mounted. When the return device 40 uses
elasticity to return the body engaging surface 12 to its second initial position, the return
device 40 may be activated simply by bringing the support 10 into the uncoupled state. In a
possible embodiment, the forward actuator 20 and the return device 40 are combined into a
single actuator which provides both the forward stroke and the rearward stroke, e.g. a
reciprocating actuator.

[0055] The positioning device of figure 3 further comprises a controller 50 which is
configured to control movements and switching from one state to another of elements in the
positioning device.

[0056] In the embodiment of figure 3, the controller 50 is configured to subsequently:

- bring the support 10 into the coupled state and the body holder 30 into the unfixed state,

- then, activate the forward actuator 20 to move the body 2 and the body engaging surface 12
together relative to the base 1 in the first direction 3 over a forward stroke length, and
therewith to bring the body engaging surface 12 from the first initial position to the end
position,

- then, bring the body holder 30 into the fixed state,

- then, bring the support 10 into the uncoupled state,

- then, activate the return device 40 to move the body engaging surface 12 relative to the
body 2 opposite to the first direction 3 over a rearward stroke length, and therewith to bring
the body engaging surface back 12 from the end position to the second initial position.
[0057] The operational cycle may be repeated one or more times. Optionally, the length of
the forward stroke and/or the length of the rearward stroke may be variable between one
operating cycle and the next. This allows to move the body 2 relatively to the base 1 over any
desired distance, even if this distance is not equal to N times the length of the forward stroke,

N being an integer.
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[0058] The controller 50 for example comprises a processor which may be arranged in a
controller housing. The controller 50 may comprise a memory. The controller 50 may be or
comprise a computer.

[0059] In the positioning device of figure 3, the controller 50 is connected to the support 10
by a control connection 51. This control connection 51 can be a wired or wireless control
connection. The controller 50 has an connector terminal to which the control connection 51 is
connected.

[0060] In the positioning device of figure 3, the controller 50 is connected to the forward
actuator 20 by a control connection 52. This control connection 52 can be a wired or wireless
control connection. The controller 50 has an connector terminal to which the control
connection 52 is connected.

[0061] In the positioning device of figure 3, the controller 50 is connected to the body holder
30 by a control connection 53. This control connection 53 can be a wired or wireless control
connection. The controller 50 has an connector terminal to which the control connection 53 is
connected.

[0062] In the positioning device of figure 3, the controller 50 is connected to the return
device 40 by a control connection 54. This control connection 54 can be a wired or wireless
control connection. The controller 50 has an connector terminal to which the control
connection 54 is connected.

[0063] Figure 3 shows the initial situation of the positioning device, for example before the
positioning device has been activated. The first stage in the operating cycle of the position
device of figure 3 is that the controller 50 brings the support 10 into the coupled state and the
body holder 30 into the unfixed state. No movements in or opposite to the first direction 3
take place yet, so the relative position in the first direction 3 of the body 2 and the base 1
remains unchanged, as does the relative position of the body engaging surface 12 and the
base engaging surface 11.

[0064] In the second stage of the operating cycle of the positioning device of figure 3, the
controller 50 activates the forward actuator 20 to move the body 2 and the body engaging
surface 12 together relative to the base 1 in the first direction 3 over a forward stroke length.
The body engaging surface 12 is thus brought from the first initial position to the end
position. The result of this is shown in figure 4: both the body 2 and the body engaging
surface 12 (which forms part of the body engaging member 12*) have been moved in the first

direction 3 over a forward stroke S.
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[0065] In the third stage of the operating cycle of the positioning device of figure 4, the
controller 50 brings the body holder 30 into the fixed state, and subsequently the support 10
is brought into the uncoupled state by the controller 50. The relative position of the body 2
and the base 1 and the relative position of the body engaging surface 12 and the base
engaging surface 11 remains the same as shown in figure 4.

[0066] In the fourth stage of the operating cycle of the positioning device of figure 4, the
controller 50 activates the return device 40 to move the body engaging surface 12 relative to
the body 2 opposite to the first direction 3 over a rearward stroke length. Therewith, the body
engaging surface 12 is brought back from the end position to the second initial position. The
result of this is shown in figure 5: the body engaging surface 12 (which forms part of the
body engaging member 12%) has been moved opposite to the first direction 3 over a rearward
stroke back into the second initial position, while the body 2 remains in the position it was
brought into by the forward stroke of the forward actuator. In this example, the second initial
position is the same as the first initial position.

[0067] In a possible embodiment, the body engagement member 12* is in an equilibrium
position when it is in its first and/or second initial position, so when the body engagement
member 12%* is in the first and/or second initial position, the body engagement member 12%*
does not exert a force on the body 2. In this embodiment, for example after finishing the
operational cycle of the positioning device, the body engaging surface 12 has returned to the
equilibrium position, so does not exert a force onto the body 2 in the first direction 3. This
reduces the deformation of the body 2, and therewith improves the position accuracy that can
be obtained for the body 2.

[0068] In a possible embodiment, the controller 50 is configured to repeat the operational
cycle at least once, in order to allow the body 2 to be moved relatively to the base 1 over a
distance which is larger than the forward stroke.

[0069] Figure 6 shows the result of the first repetition of the second stage of the operating
cycle of the positioning device of figure 3. The controller 50 has activated the forward
actuator 20 for the second time to move the body 2 and the body engaging surface 12
together relatively to the base 1 in the first direction 3 over another forward stroke length S,
which is in this example the same as the forward stroke length in the previous operating
cycle. The body engaging surface 12 is again brought from the first initial position to the end
position. The end position of this repetition of the second stage is the same as the end position
during the first time the second stage of the operation cycle was carried out. So, while the

body 2 moves relatively to the base 1 over a larger distance than the forward stroke S is long,
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the body engaging surface 12 does not. Optionally, if movement over a distance which is less
then twice the length of forward stroke S is desired, a different forward stroke length S may
be used in the second operating cycle than in the first operating cycle. The end position in the
first operation cycle is then different from the end position in the second operating cycle.
[0070] Figure 6 shows the result of the first repetition of the fourth stage of the operating
cycle of the positioning device of figure 2. The controller 50 has activated the return device
40 for the second time to move the body engaging surface 12 relative to the body 2 opposite
to the first direction 3 over a rearward stroke length. Therewith, the body engaging surface
back 12 is brought back from the end position to the second initial position. The body 2
remains in the position it was brought into by the second forward stroke of the forward
actuator.

[0071] The embodiment allows to move the body 2 over a larger distance relative to the base
2 that the length of the forward stroke S of the forward actuator. This allows to use a
relatively small forward actuator with a limited stroke length, while still being able to move
the body 2 over a relatively large distance relative to the base 1.

[0072] When applying a positioning device in accordance in figure 2 in a lithographic
apparatus, it suffices to roughly position the body 2 relative to the base 1 during the assembly
of the lithographic apparatus. The large displacement of the body 2 relative to the base 1 that
is made possible by the positioning device according to the invention, makes accurate
positioning over a large positioning range possible.

[0073] In a possible embodiment, the forward actuator 20 is configured to move the body 2
and the body engaging surface 12 together relatively to the base 1 also opposite to the first
direction 3 over an opposite forward stroke length when the support 10 is in the coupled state.
During this movement the body engaging surface 12 is moved from a first initial position to a
second end position, which is located at a distance from the first initial position in a direction
that is opposite to the first direction. Because the support 10 is in the coupled state, the body
2 and the body engaging surface 12 move along together along the opposite forward stroke.
The forward actuator 20 may act on the body 2, a structural element that is connected to the
body 2 or the support 10 during at least a part of the movement along the opposite forward
stroke.

[0074] In this embodiment, the return device 40 is configured to move the body engaging
surface 12 relative to the body 2 in the first direction 3 over an opposite rearward stroke
length when the support 10 is in the uncoupled state. During this movement the body

engaging surface 12 is moved back from the second end position to a second initial position.
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Because the support 10 is in the uncoupled state, the body 2 does not move back with the
body engaging surface 12 when the return device 40 brings the body engaging surface 12
back from the second end position to the second initial position. The second initial position
may be the same as or different from the first initial position.

[0075] Figure 8 schematically shows a further embodiment of a positioning device according
to the invention. Identical reference numerals indicate features having the same functionality
as in the embodiment of figures 3-7.

[0076] Figure 8 schematically shows the vibration isolation system IS, arranged for
supporting the body 2 onto the base 1. The vibration isolation system IS comprises the
support 10, the forward actuator 20 and the return device 40. The support 10 is for supporting
the body 2 onto the base 1. The support 10 has the body engaging surface 12 and the base
engaging surface 11. The base engaging surface 11 is arranged to couple to the base 1. The
support 10 is arranged to couple the body engaging surface 12 to the body 2 in a coupled
state. The support 10 is arranged to uncouple the body engaging surface 12 from the body 2
in an uncoupled state. The forward actuator 20 is configured to move of the body 2 and the
body engaging surface 12 together relatively to the base 1 in the first direction 3 from a first
initial position to an end position in the coupled state. The return device 40 is configured to
move the body engaging surface 12 relatively to the body 2 opposite to the first direction 3
from the end position to a second initial position in the uncoupled state.

[0077] The second initial position may be closer to the first initial position than the end
position is to the first initial position.

[0078] The vibration isolation system IS may comprise the body holder 30 arranged to
support the body 2 in the uncoupled state. The body holder 30 may be arranged to fixate a
position of the body 2 and the base 1 relatively to each other in the uncoupled state. The body
holder 30 may be arranged to allow movement of the body 2 relatively to the base 1 in the
first direction in the coupled state.

[0079] The embodiment of figure § can for example be applied in a lithographic apparatus,
but it is not limited to this use.

[0080] In the embodiment of figure 8, the support 10 is part of the vibration isolation system
IS. The support part 10 may be a pneumatic gravity compensator. The support 10 comprises a
gas chamber 13 and a piston 14. The piston 14 is moveable within a housing 16. An gas
bearing system 17 allows for smooth movement of the piston 14 in the housing 16. The lower
surface of the housing 16 forms the base engaging surface 11. The arrows A in figure 8

indicate the flow of gas through the gas chamber 13 and the gas bearing system 17. In figure

15



10

15

20

25

30

WO 2019/029908 PCT/EP2018/067757

8, the controller 50 is not shown for reasons of clarity, but a controller 50 is provided in this
embodiment, for example in the same way as in the embodiment of figure 3. Likewise, the
control connections between the controller 50 and the support 10, the forward actuator 20, the
body holder 30 and if necessary the return device 40, respectively are provided in the
embodiment of figure 8. The body holder 30 may be arranged on the housing 16. The forward
actuator 20 may be arranged on the housing 16.

[0081] The vibration isolation system IS may comprise the controller 50 which is configured
to, in an operating cycle, subsequently:

- bring the support 10 into the coupled state,

- then, activate the forward actuator 20 to move the body 2 and the body engaging surface 12
together relatively to the base 1 in the first direction 3 from the first initial position to the end
position,

- then, bring the support 10 into the uncoupled state,

- then, activate the return device 40 to move the body engaging surface 12 relatively to the
body 2 opposite to the first direction 3 from the end position to the second initial position.
[0082] The gas used in the gas chamber 13 and in the gas bearing 17 may be air, nitrogen,
helium or any other type of suitable gas or suitable combination of gases.

[0083] In the embodiment of figure 8, a flexible rod 15 is provided. The flexible rod 15 has a
first end which is connected to the piston 14 and a second end which contains the body
contact surface 12. The flexible rod 15 therewith connects the piston 14 and the body
engaging surface 12 with each other.

[0084] In the embodiment of figure 8, the flexible rod 15 is an elastic member which forms
the return device 40.

[0085] The flexible rod 15 is straight when the body engaging surface 12 is in the first initial
position. When the body engaging surface 12 is moved to the end position by the forward
actuator 20, the flexible rod 15 will bend elastically, for example as shown in figure 8. If then
the support 10 is brought into the uncoupled state, the flexible rod 15 will — due to its
elasticity — return to its straight shape, which results in the body engaging surface 12 being
returned to the second initial position, which in this embodiment is the same as the first initial
position. The second initial position is closer to the first initial position than the end position
is to the first initial position.

[0086] In a possible embodiment, the flexible rod 15 is provided with a “negative stiffness”,
which means that it is biased towards the end position of the forward stroke rather than to any

initial position. In this embodiment, the return device comprises a return actuator. The body
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engaging surface 12 is actively returned to an initial position, e.g., the second initial position,
by the return actuator.

[0087] In a possible variant of the embodiment of figure 8, the return device 40 is further
configured to move the body engaging surface 12 away from the body 2 prior to moving the
body engaging surface 12 opposite to the first direction 3 during the rearward stroke. For
example, the body engaging surface 12 is moved away in a direction perpendicular to the first
direction 3 before the body engaging surface 12 is moved opposite to the first direction 3
back towards the second initial position. As a result, the body engaging surface 12 does not
contact the body 2 during the rearward stroke. This reduces the risk of particle generation
during the rearward stroke, which is in particular advantageous when the positioning device
according to the invention is applied in a lithographic apparatus. This variant can also be used
in combination with other embodiments of the invention, for example in combination with
the embodiment of figure 3.

[0088] In a possible embodiment of the positioning device according to the invention, the
body engaging surface 12 and the base engaging surface 11 are moveable relatively to each
other perpendicular to the first direction 3. This is for example the case in the embodiment of
figure 7. By changing the volume of gas in the gas chamber 13, the piston 14 can be moved
down or up, and the body engaging surface 12 can be moved away from or towards the body
2. This is a convenient way of making sure that the body engaging surface 12 does not
contact the body 2 during the rearward stroke.

[0089] Figure 8 shows the initial situation of the positioning device according to this specific
embodiment, for example before the positioning device has been activated. The first stage in
the operating cycle of the position device of figure 8 is that the controller 50 brings the
support 10 into the coupled state and the body holder into the unfixed state. The body holder
30 is for example a part of the base frame of the lithographic apparatus, or attached to such
base frame. No movements take place yet, so the relative position of the body 2 and the base
1 remains unchanged, as does the relative position of the body engaging surface 12 and the
base engaging surface 11.

[0090] In the second stage of the operating cycle of the positioning device of figure 8, the
controller 50 activates the forward actuator 20 to move the body 2 and the body engaging
surface 12 together relative to the base 1 in the first direction 3 over a forward stroke length.
The body engaging surface 12 is thus brought from the first initial position to the end
position. The result of this is shown in figure 9: both the body 2 and the body engaging
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surface 12 (which forms part of the body engaging member 12*) have been moved in the first
direction 3 over a forward stroke S.

[0091] In the third stage of the operating cycle of the positioning device of figure 8, the
controller 50 brings the body holder 30 into the fixed state, and subsequently the support 10
is brought into the uncoupled state by the controller 50. The relative position of the body 2
and the base 1 and the relative position of the body engaging surface 12 and the base
engaging surface 11 remains the same as shown in figure 9.

[0092] In the fourth stage of the operating cycle of the positioning device of figure 7, the
controller 50 activates the return device 40 to move the body engaging surface 12 relative to
the body 2 opposite to the first direction 3 over a rearward stroke length. Therewith, the body
engaging surface back 12 is brought back from the end position to the second initial position,
which in this example is the same as the first initial position. The result of this is shown in
figure 10: the body engaging surface 12 (which forms part of the body engaging member
12%*) has been moved opposite to the first direction 3 over a rearward stroke back into its
second initial position, while the body 2 remains in the position it was brought into by the
forward stroke of the forward actuator.

[0093] Figure 11 schematically shows a variant of the positioning device according to the
invention (positioning device is only shown in part in figure 11). In this variant, vibration
isolation system IS is provided with a particle shield 18 which extends around the
circumference of the body engaging surface 12. The particle shield 18 is shown in figure 11
in cross section.

[0094] When the body engaging surface 12 slides over the body 2, for example during the
rearward stroke, particles may be generated. Such particles may contaminate the atmosphere
in the vicinity of the body 2 and the base 1. This can be a problem for example when
positioning device is used in an atmosphere which has to meet strict requirements with
respect to cleanliness, for example in a clean room or inside a lithographic apparatus.

[0095] In this variant, particles that are generated when the body engaging surface 12 slides
over the body 2, are contained within the particle shield 18 so they do not escape to the
atmosphere.

[0096] Optionally, the particle shield 18 comprises a seal 19 which engages the body 2. The
material of the seal 19 is selected in such a way that a minimum amount of loose particles is
generated when the seal 19 slides over the body 2. Alternatively, no seal is provided, but

instead a narrow gap is present between the particle shield 18 and the body 2, in order to
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create a labyrinth-like seal through which particles can not or hardly escape from the space
within the particle shield.

[0097] The particle shield 18 (either with or without the seal 19) can be used in for example
the embodiment of figure 3 and the embodiment of figure 8.

[0098] Although specific reference may be made in this text to the use of lithographic
apparatus in the manufacture of ICs, it should be understood that the lithographic apparatus
described herein may have other applications, such as the manufacture of integrated optical
systems, guidance and detection patterns for magnetic domain memories, flat-panel displays,
liquid-crystal displays (I.CDs), thin film magnetic heads, etc. The skilled artisan will
appreciate that, in the context of such alternative applications, any use of the terms “wafer” or
“die” herein may be considered as synonymous with the more general terms “substrate” or
“target portion", respectively. The substrate referred to herein may be processed, before or
after exposure, in for example a track (a tool that typically applies a layer of resist to a
substrate and develops the exposed resist), a metrology tool and/or an inspection tool. Where
applicable, the disclosure herein may be applied to such and other 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.

[0099] Although specific reference may have been made above to the use of
embodiments of the invention in the context of optical lithography, it will be appreciated that
the invention may be used in other applications, for example imprint lithography, and where
the context allows, is not limited to optical lithography. In imprint lithography a topography
in a patterning device defines the pattern created on a substrate. The topography of the
patterning device may be pressed into a layer of resist supplied to the substrate whereupon
the resist is cured by applying electromagnetic radiation, heat, pressure or a combination
thereof. The patterning device is moved out of the resist leaving a pattern in it after the resist
is cured.

[00100] The terms “radiation” and “beam” used herein encompass all types of
electromagnetic radiation, including ultraviolet (UV) radiation (e.g. having a wavelength of
or about 365, 248, 193, 157 or 126 nm) 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.
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[00101] The term “lens”, where the context allows, may refer to any one or
combination of various types of optical components, including refractive, reflective,
magnetic, electromagnetic and electrostatic optical components.

[00102] While specific embodiments of the invention have been described above, it
will be appreciated that the invention may be practiced otherwise than as described. For
example, the invention may take the form of a computer program containing one or more
sequences of machine-readable instructions describing a method as disclosed above, or a data
storage medium (e.g. semiconductor memory, magnetic or optical disk) having such a
computer program stored therein.

[00103] The descriptions above are intended to be illustrative, not limiting. Thus, it
will be apparent to one skilled in the art that modifications may be made to the invention as

described without departing from the scope of the claims set out below.
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WHAT IS CLAIMED IS:

1. A vibration isolation system, arranged for supporting a body onto a base, the vibration
isolation system comprising:

- a support for supporting the body onto the base, wherein the support has a body
engaging surface and a base engaging surface,

wherein the base engaging surface is arranged to couple to the base,

wherein the support is arranged to couple the body engaging surface to the body in a
coupled state,

wherein the support is arranged to uncouple the body engaging surface from the body
in an uncoupled state;

- a forward actuator configured to move the body and the body engaging surface
together relatively to the base in a first direction from a first initial position to an end position
in the coupled state,

- areturn device configured to move the body engaging surface relatively to the body
opposite to the first direction from the end position to a second initial position in the

uncoupled state.

2. The vibration isolation system of claim 1, wherein second initial position is closer to

the first initial position than the end position is to the first initial position.

3. The vibration isolation system of claim 1 or 2, comprising

a body holder arranged to support the body in the uncoupled state, wherein the body holder is
arranged to fixate a position of the body and the base relatively to each other in the uncoupled
state, and wherein the body holder is arranged to allow movement of the body relatively to

the base in the first direction in the coupled state.

4. The vibration isolation system of one of the preceding claims, comprising a controller
which is configured to, in an operating cycle, subsequently:

- bring the support into the coupled state,

- then, activate the forward actuator to move the body and the body engaging surface
together relatively to the base in the first direction from the first initial position to the end
position,

- then, bring the support into the uncoupled state,
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- then, activate the return device to move the body engaging surface relative to the

body opposite to the first direction from the end position to the second initial position.

5. The vibration isolation system of one of the preceding claims, wherein the return
device comprises a flexible rod, which is connected to or provided with the body engaging

surface.

6. The vibration isolation system of one of the preceding claims,
wherein the support comprises a piston and a piston housing, wherein the piston is arranged
in the piston housing, wherein the piston housing is connected to or comprises the base

engaging surface, and wherein the piston is connected to the body engaging surface.

7. The vibration isolation system of one of the preceding claims, wherein the return

device comprises a return actuator.

8. The vibration isolation system of one of the preceding claims, wherein the return
device is configured to move the body engaging surface away from the body prior to moving

the body engaging surface opposite to the first direction.

0. The vibration isolation system of one of the preceding claims, comprising a particle

shield which extends around the circumference of the body engaging surface.
10.  The vibration isolation system of one of the preceding claims, wherein the body
engaging surface and the base engaging surface are moveable relatively to each other

perpendicular to the first direction.

11.  The vibration isolation system of one of the preceding claims, wherein the controller

is configured to sequentially perform multiple operational cycles.

12. A lithographic apparatus, comprising the vibration isolation system according to one

of the preceding claims.
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13. A lithographic apparatus according to claim 12, comprising at least one of an optical
element and a sensor element, and wherein the body comprises the at least one of the optical

element and the sensor element.

14. A lithographic apparatus according to claim 12 or 13,

wherein the lithographic apparatus further comprises a projection system configured
to project a patterned radiation beam onto a substrate,

wherein the base is configured to support at least a part of the projection system, and

wherein the body comprises the part of the projection system.
15. A lithographic apparatus according to any of the claims 12-14, wherein the lithographic

apparatus further comprises a vacuum chamber, and wherein the body is arranged in the

vacuum chamber.
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