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LITHOGRAPHIC APPARATUS, DEVICE MANUFACTURING METHOD
AND METHOD OF CLAMPING AN OBJECT

CROSS-REFERENCE TO RELATED APPLICATIONS
[0001] This application claims the benefit of EP application 14175411.9, which was filed on

July 2", 2014, and which is incorporated herein in its entirety by reference

FIELD
[0002] The present invention relates to a lithographic apparatus, a device manufacturing

method and a method of clamping an object.

BACKGROUND

[0003] 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).

[0004] When a substrate undergoes different lithography steps and process steps, a
surface of the substrate can be contaminated by contaminating particles. The contaminating
particles can be clamped between the substrate and the substrate table. Due to the presence
of the contaminating particle, the substrate will be locally deformed. This causes focus and
overlay errors. A similar issue arises for other objects, such as a patterning device.

[0005] It is desirable to reduce overlay and focus errors caused by particle

contamination of objects such as the substrate and the patterning device.

SUMMARY

[0006] According to an aspect of the invention, there is provided a lithographic
apparatus comprising a first object holder and a second object holder. The first object holder
is arranged for holding an object at a holder-facing surface. The object has the holder-facing
surface. The second object holder is arranged for holding the object at the holder-facing
surface. The lithographic apparatus is arranged to deform a contaminating particle at the
holder-facing surface more when the object is held at the second object holder than when the
object is held at the first object holder.

[0007] According to an aspect of the invention, there is provided a device

manufacturing method comprising using the lithographic apparatus mentioned above.
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[0008] According to an aspect of the invention, there is provided a method of
clamping an object. The method comprises holding the object at a first object holder at a
holder-facing surface. The object has the holder-facing surface. The method comprises
holding the object at a second object holder at the holder-facing surface. The second object
holder is different from the first object holder. The method comprises deforming a
contaminating particle at the holder-facing surface more when the object is held at the second

object holder than when the object is held at the first object holder.

Brief Description of the Drawings

[0009] 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 depicts part of a lithographic apparatus according to an embodiment

of the invention;

[0012] Figure 3 depicts part of a lithographic apparatus according to an embodiment
of the invention;

[0013] Figures 4 and 5 depict a contaminating particle being clamped between a
substrate and a substrate table;

[0014] Figure 6 depicts a substrate table of a lithographic apparatus;

[0015] Figure 7 depicts part of a lithographic apparatus according to an embodiment
of the invention;

[0016] Figure 8 depicts a preparation table according to an embodiment of the
invention; and

[0017] Figure 9 depicts a preparation table according to an embodiment of the

invention.

Detailed Description

[0018] Figure 1 schematically depicts a lithographic apparatus 100 according to an
embodiment of the invention. The lithographic apparatus 100 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) M T constructed to support a

patterning device (e.g. a mask) MA and connected to a first positioning device PM
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configured to accurately position the patterning device MA in accordance with certain
parameters. The lithographic apparatus 100 also includes a substrate table (e.g. a wafer table)
WT constructed to hold a substrate (e.g. a resist coated wafer) W and connected to a second
positioning device PW configured to accurately position the substrate W in accordance with
certain parameters. The lithographic apparatus 100 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.

[0019] 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.
[0020] The mask support structure MT supports, i.e. bears the weight of, the
patterning device MA. The mask support structure MT holds the patterning device MA in a
manner that depends on the orientation of the patterning device MA, the design of the
lithographic apparatus 100, and other conditions, such as for example whether or not the
patterning device MA is held in a vacuum environment. The mask support structure MT 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 MT may ensure that the
patterning device MA is at a desired position, for example with respect to the projection
system PS. Any use of the terms “reticle” or “mask’ herein may be considered synonymous
with the more general term “patterning device.”

[0021] The term “patterning device” used herein should be broadly interpreted as
referring to any device that can be used to impart the radiation beam B with a pattern in its
cross-section so as to create a pattern in a target portion C of the substrate W. It should be
noted that the pattern imparted to the radiation beam B may not exactly correspond to the
desired pattern in the target portion C of the substrate W, for example if the pattern includes
phase-shifting features or so called assist features. Generally, the pattern imparted to the
radiation beam B will correspond to a particular functional layer in a device being created in
the target portion C, such as an integrated circuit.

[0022] 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
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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.

[0023] The term “projection system” used herein should be broadly interpreted as
encompassing any type of projection system PS, 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”.

[0024] The illumination system IL. may include an adjuster AD (not explicitly
depicted in Figure 4) 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 c-outer
and o -inner, respectively) of the intensity distribution in a pupil plane of the illumination
system IL can be adjusted. In addition, the illumination system IL may include various other
components, such as an integrator IN and a condenser CN (not explicitly depicted in Figure
4). The illumination system IL. may be used to condition the radiation beam B, to have a
desired uniformity and intensity distribution in its cross section. The illumination system IL
may or may not be considered to form part of the lithographic apparatus 100. For example,
the illumination system IL. may be an integral part of the lithographic apparatus 100 or may
be a separate entity from the lithographic apparatus 100. In the latter case, the lithographic
apparatus 100 may be configured to allow the illumination system IL to be mounted thereon.
Optionally, the illumination system IL is detachable and may be separately provided (for
example, by the lithographic apparatus manufacturer or another supplier).

[0025] As here depicted, the lithographic apparatus 100 is of a transmissive type (e.g.
employing a transmissive mask). Alternatively, the lithographic apparatus 100 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).

[0026] The lithographic apparatus 100 may be of a type having two (dual stage) or
more substrate tables WT (and/or two or more mask support structures MT, e.g. mask tables).
In such a “multiple stage” lithographic apparatus 100 the additional substrate tables W'T
and/or mask support structures MT may be used in parallel, or preparatory steps may be

carried out on one or more substrate tables W'I' and/or mask support structures M'T while one
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or more other substrate tables WT and/or mask support structures M T are being used for
exposure.

[0027] The patterning device MA is held on the mask support structure MT. The
radiation beam B is incident on the patterning device MA. The radiation beam B is patterned
by the patterning device MA. After being reflected from the patterning device MA, the
radiation beam B passes through the projection system PS. The projection system PS focuses
the radiation beam B onto a target portion C of the substrate W. The first positioner PM and
a first position sensor PS1 (e.g., an interferometric device, linear encoder or capacitive
sensor) can be used to accurately position the patterning device MA with respect to the path
of the radiation beam B. The first position sensor is not explicitly shown in Figure 1. With
the aid of the second positioner PW and a second position sensor PS2 (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.

[0028] 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 MT may be connected to a short-stroke actuator only, or
may be fixed. The patterning device MA may be aligned using mask alignment marks My,
M,. The substrate W may be aligned using substrate alignment marks P, P,. Although the
substrate alignment marks P;, P, as illustrated occupy dedicated target portions C, they may
be located between target portions C (these are known as scribe-lane alignment marks).
Similarly, in situations in which more than one die is provided on the patterning device MA,
the mask alignment marks M;, M, may be located between the dies.

[0029] Immersion techniques can be used to increase the numerical aperture NA of
the projection system PS. As depicted in Figure 1, in an embodiment the lithographic
apparatus 100 is of a type wherein at least a portion of the substrate W 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 PS and the substrate W. An immersion liquid may also be applied to other
spaces in the lithographic apparatus 100, for example, between the patterning device MA and
the projection system PS. The term “immersion” as used herein does not mean that a
structure, such as the substrate W, must be submerged in liquid, but rather only means that a

liquid is located between the projection system PS and the substrate W during exposure.
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[0030] Referring to Figure 1, the illuminator IL receives a radiation beam from a
source module SO. The source module SO and the lithographic apparatus 100 may be
separate entities, for example when the source module SO is an excimer laser. In such cases,
the source module SO is not considered to form part of the lithographic apparatus 100 and
radiation is passed from the source module SO to the illumination system IL with the aid of a
beam delivery system BD. In an embodiment the beam delivery system BD includes, for
example, suitable directing mirrors and/or a beam expander. In other cases the source module
SO may be an integral part of the lithographic apparatus 100, for example when the source
module SO is a mercury lamp. The source module SO and the illumination system IL,
together with the beam delivery system BD if required, may be referred to as a radiation
system.

[0031] The term “radiation 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.

[0032] Arrangements for providing liquid between a final element of the projection
system PS and the substrate W can be classed into three general categories. These are the
bath type arrangement, the so-called localized immersion system and the all-wet immersion
system. In a bath type arrangement substantially the whole of the substrate W and optionally
part of the substrate table WT is submersed in a bath of liquid.

[0033] As depicted in Figure 1 the liquid supply system is provided with a liquid
confinement structure IH which extends along at least a part of a boundary of the space
between the final element of the projection system PS and the substrate W, substrate table
WT or both.

[0034] In order to shorten the exposure wavelength and, thus, reduce the minimum
printable size, it has been proposed to use an extreme ultraviolet (EUV) source of radiation.
EUV radiation is electromagnetic radiation having a wavelength within the range of 10-20
nm, for example within the range of 13-14 nm. It has further been proposed that EUV
radiation with a wavelength of less than 10 nm could be used, for example within the range of
5-10 nm such as 6.7 nm or 6.8 nm. Such radiation is termed extreme ultraviolet radiation or
soft x-ray radiation. Possible sources include, for example, laser-produced plasma sources,
discharge plasma sources, or sources based on synchrotron radiation provided by an electron

storage ring.
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[0035] In use of the lithographic apparatus 100, a substrate W undergoes different
lithography steps and process steps. For example, a substrate W is transferred to the substrate
table WT. Before the substrate W is transferred to the substrate table WT, the substrate W
may undergo other lithography steps and process steps. For example, the substrate W may be
transferred to a pre-align table PT (depicted in Figure 2, for example).

[0036] A substrate W may be cleaned, for example by a wet chemical treatment. The
substrate W may be heated to a temperature sufficient to drive off any moisture that may be
present on the surface of the substrate W. The substrate W may be covered with a layer of
resist (e.g. photoresist). The substrate W may be prebaked to drive off excess photoresist
solvent. The substrate W is then exposed so that a pattern in the radiation beam B is
transferred onto the substrate W. The substrate W may then undergo developing, etching and
removal of the resist. These steps may be repeated for a further layer on the substrate W.
The substrate W can be contaminated during these lithography steps and process steps. In
particular, any contaminating particle before an exposure can have a negative effect on
overlay and focus during that exposure.

[0037] In an embodiment, the lithographic apparatus 100 comprises a first object
holder and a second object holder. The first object holder is arranged for holding an object at
a holder-facing surface. The object has the holder-facing surface. The second object holder is
arranged for holding the object at the holder-facing surface. The lithographic apparatus is
arranged to deform a contaminating particle at the holder-facing surface more when the
object is held at the second object holder than when the object is held at the first object
holder.

[0038] In an embodiment, the first object holder is an exposure object holder. The
second object holder is a preparation object holder. The object is the substrate W. The
exposure object holder may comprise substrate table WT. The preparation object holder may
comprise pre-alignment table PT.

[0039] In an embodiment the lithographic apparatus 100 comprises a pre-alignment
positioner 91 and a pre-alignment position sensor 92 configured to position the substrate W
on the pre-align table PT. In an embodiment the lithographic apparatus 100 comprises an
exposure positioner 96 and an exposure position sensor 97 configured to position the
substrate W on the substrate table W'T. In an embodiment the pre-alignment positioner 91
and the pre-alignment position sensor 92 have a greater range and less accuracy than the
exposure positioner 96 and the exposure position sensor 97. The substrate W may be

positioned on the pre-align table PT so as to position the substrate W at an intermediate level
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of accuracy. Subsequently the substrate W can be positioned on the substrate table WT at a
higher level of accuracy for an exposure process. The pre-alignment positioner 91 and the
pre-alignment position sensor 92 position the substrate W on the pre-align table PT such that
the substrate W is positioned to an accuracy within a range of the exposure positioner 96 and
the exposure position sensor 97.

[0040] When a substrate W undergoes the different lithography steps and process
steps, substrate back side particle contamination is practically unavoidable. Substrate back
side particle continuation occurs when a contaminating particle 50 attaches onto a holder-
facing surface 52 of the substrate W. The holder-facing surface 52 of the substrate W may be
called the substrate back side.

[0041] There are many types of contaminating particle 50. A contaminating particle
50 may be a contaminating particle 50 of aluminium. Some contaminating particles 50 may
be harder than aluminium. For example a contaminating particle 50 may be a contaminating
particle 50 of hardened steel. Some contaminating particles 50 may be softer than
aluminium. For example a contaminating particle 50 may be a contaminating particle 50 of
polymethylmethacrylate. A typical size of a contaminating particle 50 may be in the range of
from about 0.5 pm to about 50 pm. Contaminating particles 50 can have a diameter smaller
than about 0.5 pm. Contaminating particles 50 can have a diameter greater than about 50 pm.
Larger contaminating particles 50 less frequently attach to the holder-facing surface 52 of the
substrate W.

[0042] During an exposure process, a pattern in the radiation beam B is illuminated
onto the substrate W. During the exposure process, it is desirable for the substrate W to be
positioned accurately on the substrate table WT. During an exposure process, it is desirable
for the substrate W to be positioned stably on the substrate table WT. During an exposure
process, it is desirable for the substrate W to be positioned as flat as possible on the substrate
table WT. This is also true during a pre-exposure step. A pre-exposure may be performed at
the substrate table WT. In an embodiment the pre-exposure step comprises controlling a
height (i.e. height leveling) of the substrate W. In an embodiment the pre-exposure step
comprises measuring an alignment (i.e. alignment measurement) of the substrate W. An
embodiment of the invention is expected to improve the position of the substrate W for the
pre-exposure step. In an embodiment the substrate W is held onto the substrate table W'T by
an exposure clamping force. In an embodiment the exposure clamping force is an

electrostatic clamping force.
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[0043] The lithographic apparatus 100 may have a first clamping device and a second
clamping device. The first clamping device is arranged to apply a first clamping force to hold
the object on the first object holder. The second clamping device is arranged to apply a
second clamping force to hold the object on the second object holder. The second clamping
force is larger than the first clamping force. The first clamping device may comprise an
exposure clamping mechanism. The second clamping device may comprise a preparation
clamping mechanism.

[0044] As depicted in Figure 2, in an embodiment an exposure clamping mechanism
98, 99 is an electrostatic clamping mechanism and comprises at least one electrode 98 in the
substrate table WT. A power supply 99 supplies electrical power to the electrode 98. An
exposure clamping force is produced between the substrate table W'T and the substrate W. In
an electrostatic clamping mechanism, the clamping force is an electrostatic clamping force.
[0045] In an embodiment the exposure clamping force is a pressure clamping force.
A pressure clamping force may be produced in a vacuum clamping mechanism. In a vacuum
clamping mechanism, a chamber between the substrate table WT and the substrate W is
connected to an underpressure. The pressure in the chamber is less than the ambient pressure
outside of the chamber, e.g. surrounding the substrate W and the substrate table WT. A
pressure clamping force is provided between the substrate W and the substrate table WT.
[0046] Similarly, the substrate W may be held onto the pre-align table PT by a
preparation clamping force, which may be an electrostatic clamping force or a pressure
clamping force. Figure 2 depicts a preparation clamping mechanism 93, 94 holding the
substrate W onto the pre-align table PT. In an embodiment the preparation clamping
mechanism is an electrostatic clamping mechanism and comprises at least one electrode 93
and a power supply 94. The function of the electrode 93 and the power supply 94 of the
preparation clamping mechanism correspond to the function of the electrode 98 and the
power supply 99 of the exposure clamping mechanism.

[0047] When a contaminating particle 50 is located on the holder-facing surface 52 of
the substrate, the contaminating particle 50 will be clamped between the substrate W and the
substrate table WT. This is illustrated in Figures 4 and 5. Figure 4 depicts a contaminating
particle 50 located on the holder-facing surface 52 of a substrate W. Figure 5 depicts a
contaminating particle 50 clamped between a substrate W and a substrate table WT. Figure 4
depicts a situation before the substrate W is clamped onto the substrate table WT. Figure 5

depicts a situation after the substrate W is clamped onto the substrate table WT.
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[0048] Due to the presence of the contaminating particle 50, the substrate W is locally
deformed. This is depicted in Figure 5. The deformation of the substrate W can cause a
focus error and/or an overlay error. For example, the deformation of the substrate W can
cause part of the image patterned onto the substrate W to be displaced horizontally. As
another example, the deformation can cause a distortion of the pattern transferred onto the
substrate W from the radiation beam B.

[0049] The magnitude of the error is related to the properties of the contaminating
particle 50. For example, errors increase with increasing size of a contaminating particle 50.
As another example, errors increase with increasing hardness or increasing yield strength of a
contaminating particle 50.

[0050] The substrate W is an example of an object used in the lithographic apparatus
100. A situation similar to the situation described above can occur for other objects used in
the lithographic apparatus 100. For example, a similar situation can occur due to
contamination of the patterning device MA. When a contaminating particle 50 is located on
the holder-facing surface of the patterning device MA, the contaminating particle 50 will be
clamped between the patterning device MA and the mask support structure MT. Due to the
presence of the contaminating particle 50, the patterning device MA will be locally deformed.
The deformation of the patterning device MA yields in focus and overlay errors. For
example, part of the image patterned onto the substrate W may be displaced horizontally. Or
there may be a distortion of the pattern transferred onto the substrate W from the radiation
beam B.

[0051] Deformation of the patterning device MA can be more serious than
deformation of the substrate W. This is because a deformation of the patterning device MA
can affect many substrates W patterned according to the patterning device MA. In contrast,
deformation of a substrate W may affect only that substrate W.

[0052] The invention will be described below with reference to a substrate W as an
object, a substrate table W'T as an exposure object holder and a pre-align table PT as a
preparation object holder. This makes the explanation of the invention clearer. However, the
invention is applicable to other types of object, exposure object holder and preparation object
holder of a lithographic apparatus 100. For example, instead of the object being a substrate
W, the object may be a patterning device MA. Instead of the exposure object holder being a
substrate table W'T, the exposure object holder may be the mask support structure MT.

Instead of the preparation object holder being the pre-align table PT, the preparation object
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holder may be a substrate handler or a dedicated pre-crusher or the substrate table WT, for
example.

[0053] In an embodiment the lithographic apparatus 100 comprises a preparation
object holder such as a pre-align table PT. The present invention is applicable to other types
of preparation object holder such as a stage used for supporting a patterning device MA
before the patterning device MA is supported by the mask support structure MT.

[0054] Figure 3 depicts schematically part of a lithographic apparatus 100 according
to an embodiment of the invention. The pre-align table PT comprises a preparation main
body 31. The preparation main body 31 has a preparation base surface 32. The pre-align
table PT is arranged to support the holder-facing surface 52 of the substrate W at preparation
support locations in a preparation supporting plane 34. In Figure 3, the preparation
supporting plane 34 is depicted by a broken line.

[0055] A preparation base distance PB is defined between the preparation base
surface 32 and the preparation supporting plane 34. As depicted in Figure 3, for example, in
an embodiment the preparation base surface 32 is distanced from the preparation supporting
plane 34 such that the preparation base distance PB is non-zero.

[0056] As depicted in Figure 3, in an embodiment the pre-align table PT comprises a
plurality of preparation burls 35. The plurality of preparation burls 35 project from the
preparation base surface 32. The preparation burls 35 have preparation end surfaces 36. As
depicted in Figure 3, the preparation end surfaces 36 are at the preparation support locations
to support the substrate W.

[0057] In an embodiment the substrate table WT comprises a plurality of exposure
burls 45. The exposure burls 45 project from the exposure base surface 42. The exposure
burls 45 have exposure end surfaces 46. The exposure end surfaces 46 are at the exposure
support locations to support the substrate W.

[0058] The height of the exposure burls 45 is not particularly limited. In an
embodiment the height of the exposure burls 45 of the substrate table WT is no less than 1
pm. In an embodiment the height of the exposure burls 45 of the substrate table W'T is no
more than 500 pm. In an embodiment the height of the exposure burls 45 of the substrate
table WT is in the range of from about 1 pm to about 20 um. In an embodiment the height of
the exposure burls 45 of the substrate table W'T is in the range of from about 50 pm to about
200 pm.

[0059] By providing that the preparation base distance PB is non-zero, a gap is

provided between the preparation base surface 32 and the holder-facing surface 52 of the
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substrate W. If a vacuum clamp is used to hold the substrate W to the pre-align table PT, a
chamber associated with the gap can be connected to an underpressure so as to generate the
pressure clamping force. If the substrate W is clamped onto the pre-align table PT by an
electrostatic clamp, the electrostatic clamping force scales approximately quadratically with
the preparation base distance PB. The desired clamping force may be taken into account
when selecting the preparation base distance PB.

[0060] However, it is not necessary for the preparation base distance PB to be non-
zero. In an embodiment the preparation base distance is zero, for example as depicted in
Figure 8.

[0061] It is not necessary for the pre-align table PT to comprise a plurality of
preparation burls 35. For example, in an embodiment the pre-align table PT comprises no
burls, as depicted in Figure 8. In the arrangement depicted in Figure 8, the preparation base
distance PB is zero. By providing that the preparation base distance PB is zero, the
difference between the preparation base distance PB and the exposure base distance EB is
maximised. Accordingly, the effect of pre-crushing contaminating particles at the holder-
facing surface 52 of the substrate W is maximised.

[0062] As depicted in Figure 3, in an embodiment the preparation base surface 32 is
substantially flat. However, it is not necessary for the preparation base surface 32 to be
completely flat. For example, in an embodiment the preparation base surface 32 is
undulating or may be sloped.

[0063] As depicted in Figure 3, in an embodiment the preparation base surface 32 is
substantially planar and parallel to the preparation supporting plane 34. Accordingly, the
preparation base distance PB is substantially constant across the whole of the preparation
base surface 32. However, it is not necessary for the preparation base surface 32 to be
substantially planar. For example, in an embodiment the preparation base surface 32 may
comprise a plurality of regions at different levels. Each region of the preparation base surface
32 may correspond to a different preparation base distance PB.

[0064] For example, Figure 7 depicts an embodiment in which the preparation base
surface 32 comprises a preparation mesa region 61 and a preparation floor region 62. The
distance between the preparation mesa region 61 and the preparation supporting plane 34 is
less than the distance between the preparation floor region 62 and the preparation supporting
plane 34. Accordingly, the preparation base distance PB at the preparation mesa region 61 is

smaller than the preparation base distance PB at the preparation floor region 62.
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[0065] In an embodiment the lithographic apparatus 100 comprises a substrate table
WT as an exposure object holder. In an embodiment, the substrate table WT comprises an
exposure main body 41. The exposure main body 41 has an exposure base surface 42.
Various arrangements are possible for the exposure base surface 42, as described above in
relation to the preparation base surface 32. It is not necessary for the arrangement of the
exposure base surface 42 to be exactly the same as the arrangement of the preparation base
surface 32. However, in an embodiment the arrangement of the exposure base surface 42 is
substantially the same as the arrangement of the preparation of base surface 32.

[0066] In an embodiment the substrate table W' is arranged to support the holder-
facing surface 52 of the substrate W at exposure support locations in an exposure supporting
plane 44. An exposure base distance EB is defined between the exposure base surface 42 and
the exposure supporting plane 44. The features of the exposure supporting plane 44 and the
exposure base distance EB may vary in corresponding fashion to the features of the
preparation supporting plane 34 and the preparation base distance PB.

[0067] In an embodiment, there is provided a method of clamping the substrate W. In
an embodiment the method comprises providing the pre-align table PT, as described above.
In an embodiment the method comprises providing the substrate table W'T, as described
above.

[0068] As depicted in Figure 2, in an embodiment, the lithographic apparatus 100
comprises a preparation clamping mechanism 93, 94. The preparation clamping mechanism
93, 94 is arranged to apply a preparation clamping force between the pre-align table PT and
the substrate W on the pre-aligned table W'I. The preparation clamping force is applied so as
to deform any contaminating particle 50 on the holder-facing surface 52 of the substrate W.
[0069] As depicted in Figure 2, in an embodiment the preparation clamping
mechanism 93, 94 comprises at least one electrode 93 and a power supply 94. Hence, the
preparation clamping mechanism 93, 94 may be an electrostatic clamping mechanism.
However, it is not necessary for the preparation clamping mechanism 93, 94 to be an
electrostatic clamping mechanism. For example, in an embodiment the preparation clamping
mechanism is a vacuum clamping mechanism, as described above.

[0070] As depicted in Figure 2, in an embodiment the lithographic apparatus 100
comprises an exposure clamping mechanism 98, 99. The exposure clamping mechanism 98,
99 is arranged to apply an exposure clamping force between the substrate table W'T and the
substrate W on the substrate table WT. The exposure clamping force is applied so as to hold

the substrate W for an exposure process.
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[0071] As depicted in Figure 2, in an embodiment the exposure clamping mechanism
98, 99 comprises at least one electrode 98 and a power supply 99. Hence, in an embodiment
the exposure clamping mechanism 98, 99 is an electrostatic clamping mechanism. However,
it is not necessary for the exposure clamping mechanism to be an electrostatic clamping
mechanism. For example, in an embodiment, the exposure clamping mechanism is a vacuum
(i.e. pressure) clamping mechanism.

[0072] In an embodiment, the method of clamping the substrate W comprises
applying the preparation clamping force between the pre-align table PT and the substrate W
on the pre-align table PT, so as to deform any contaminating particle 50 on the holder-facing
surface 52 of the substrate W.

[0073] An embodiment of the invention is expected to achieve a reduction of overlay
and focus errors caused by particle contamination at the holder-facing surface 52 of the
substrate W. This is achieved by so-called pre-crushing of contaminating particles 50 before
the substrate W is clamped at the substrate table WT. By pre-crushing a contaminating
particle 50, the height of the contaminating particle 50 can be significantly reduced. This can
result in a corresponding reduction in deformation of the substrate W when the substrate W is
clamped at the substrate table WT. The reduction in deformation of the substrate W leads to
an improved overlay and focus performance. An embodiment of the invention is expected to
achieve similar effects when the invention is applied to clamping of the patterning device MA
at the mask support structure MT.

[0074] In an embodiment the pre-align table PT and the substrate table WT have a
similar structure. For example, the area of the preparation base surface 32 may be similar to
the area of the exposure base surface 42. However, it is not necessary for the structure of the
pre-align table PT to be the same as the structure of the substrate table WT. For example, in
an embodiment, the pre-align table PT is smaller than the substrate table WT. As depicted in
Figure 9, in an embodiment the pre-align table PT is smaller than the substrate W such that
part of the substrate W extends beyond the pre-align table PT when the pre-align table PT
holds the substrate W.

[0075] The first object holder may be arranged to support the object at a portion of
the holder-facing surface. The second object holder may be arranged to support the object at
substantially the same portion of the holder-facing surface.

[0076] It may be that the pre-align table PT does not pre-crush contaminating
particles 50 across the entire holder-facing surface 52 of the substrate W. Depending on the

lithography steps and process steps, a substrate W may show a fingerprint (i.e. a distinctive
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pattern) of contaminating particles 50 at its holder-facing surface 52. For example, a
fingerprint of a substrate W may show areas of the holder-facing surface 52 with a larger
density of contaminating particles 50. Hence, the positioning of the substrate W on the pre-
align table PT may be targeted so as to pre-crush contaminating particles 50 in areas with a
larger density of contaminating particles 50.

[0077] The fingerprint of contaminating particles 50 at the holder-facing surface 52 of
the substrate W can vary. Por example, the fingerprint can vary depending on the history of
the substrate W, such as which lithography steps and process steps the substrate W has
undergone. Generally, it is expected that substrates W that have undergone the same
lithography steps and process steps will have similar fingerprints. Hence, depending on the
fingerprint of the substrate W, the arrangement of the pre-align table PT may be selected so
as to pre-crush high density areas of contaminating particles 50.

[0078] As depicted schematically in Figure 3, in an embodiment the preparation base
distance PB is smaller than the exposure base distance EB. In an embodiment the preparation
base distance PB is smaller than the exposure base distance EB for the whole of the holder-
facing surface 52 of the substrate W. However, it is not necessary for the preparation base
distance PB to be less than the exposure base distance EB for the whole area of the holder-
facing surface 52 of the substrate W. In an embodiment the preparation base distance PB is
smaller than the exposure base distance EB for only a part of the holder-facing surface 52 of
the substrate W. In an embodiment, the preparation base distance PB is smaller than the
exposure base distance EB for at least part of the preparation base surface 32 and a
corresponding part of the exposure base surface 42. The preparation base distance PB at a
given point on the substrate W is smaller than the exposure base distance EB at the same
point (i.e. it is a point-to-point comparison).

[0079] By providing that the preparation base distance PB is smaller than the
exposure base distance EB, an embodiment of the invention is expected to achieve a
significant reduction of overlay and focus errors caused by particle contamination at the
holder-facing surface 52 of the substrate W. This is achieved by plastically yielding the
contaminating particle 50 on a pre-crusher (e.g. the pre-align table PT) which has, for
example, a smaller burl height. Figure 3 schematically depicts that the height of the
preparation burls 35 of the pre-align table PT is smaller than the height of the exposure burls
45 of the substrate table W'T. In the arrangement depicted in Figure 3, the preparation base
distance PB corresponds to the height of the preparation burls 35. In the arrangement

depicted in Figure 3, the exposure base distance EB corresponds to the height of the exposure
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burls 45. In an embodiment the contaminating particle 50 is crushed to a size smaller than
the exposure base distance EB.

[0080] In an embodiment the method of clamping the substrate W comprises
transferring the substrate W from the pre-align table PT to the substrate table W'T. For
example, the substrate W may be transferred from the pre-align table PT to the substrate table
WT by a substrate handler.

[0081] In an embodiment the method of clamping the substrate W comprises applying
the exposure clamping force between the substrate table WT and the substrate W on the
substrate table W'T, so as to hold the substrate W for an exposure process. Accordingly,
when the substrate W is held on the substrate table WT for the exposure process, the
contaminating particles 50 have already been plastically yielded to an extent. As a result, the
contaminating particles 50 do not deform the substrate W as much as otherwise.

[0082] In particular, by providing that the preparation base distance PB is smaller
than the exposure base distance EB, the effect of the contaminating particles 50 on the
deformation of the substrate W is significantly reduced. However, it is not necessary for the
preparation base distance PB to be smaller than the exposure base distance EB. In an
embodiment, the preparation base distance PB is equal to the exposure base distance EB. In
an embodiment the structure of the pre-align table PT is substantially the same as the
structure of the substrate table WT.

[0083] For example, in an embodiment the preparation clamping mechanism 93, 94 is
configured to apply a preparation clamping force that is greater than the exposure clamping
force that the exposure clamping mechanism 98, 99 is configured to apply. In an
embodiment, in the method of clamping the substrate W, the preparation clamping force is
greater than the exposure clamping force. In an embodiment the preparation clamping
mechanism 93, 94 is configured to apply varying values of preparation clamping force. In an
embodiment the exposure clamping mechanism 98, 99 is configured to apply varying values
of exposure clamping force. In an embodiment the preparation clamping mechanism 93, 94
is configured to apply a maximum preparation clamping force that is greater than the
maximum exposure clamping force that the exposure clamping mechanism 98, 99 is
configured to apply. In an embodiment, in the method of clamping the substrate W, the
maximum preparation clamping force is greater than the maximum exposure clamping force.
[0084] By providing that the preparation clamping force is greater than the exposure
clamping force, contaminating particles 50 can be pre-crushed before the substrate W is

clamped at the substrate table WT. A greater preparation clamping force plastically yields
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the contaminating particles 50 to a greater extent. Accordingly, a greater preparation
clamping force leads to smaller contaminating particles 50 when the substrate W is clamped
at the substrate table W'T. As a result, the greater preparation clamping force reduces the
negative effects on overlay and focus performance caused by particle contamination.

[0085] However, it is not necessary for the preparation clamping force to be greater
than the exposure clamping force. For example, in an embodiment the preparation clamping
force is substantially the same as the exposure clamping force. However, by providing that
the preparation base distance PB is less than the exposure base distance EB, an embodiment
of the invention is expected to achieve an improvement in overlay and focus performance.
[0086] In an embodiment the preparation clamping force is greater than the exposure
clamping force and the preparation base distance PB is smaller than the exposure base
distance EB. Hence, the contaminating particles 50 may be plastically yielded by a pre-
crusher (e.g. the pre-align table PT) which has a combination of a smaller burl height and a
higher clamping pressure. This significantly reduces the height of the contaminating particles
50 and corresponding deformation of the substrate W on the substrate table WT. This
reduction leads to an increased overlay and focus performance.

[0087] In an embodiment the preparation clamping force is equal to or less than the
exposure clamping force. In an embodiment the preparation clamping force is less than the
exposure clamping force. The contaminating particles 50 can be pre-crushed to a significant
extent by providing that the preparation base distance PB is less than the exposure base
distance EB, even when the preparation clamping force is less than the exposure clamping
force. A difference in burl height is expected to achieve a greater improvement than
increasing the preparation clamping force. In an embodiment the preparation clamping force
is applied a plurality of times. Multiple clamping actions are performed at the pre-align table
PT. By performing multiple clamping actions at the pre-align table PT, the contaminating
particles 50 can be pre-crushed to a significant extent even if the preparation clamping force
is not greater than the exposure clamping force and there is no difference in burl height. In
an embodiment, multiple clamping actions are performed at the pre-align table PT and the
preparation clamping force is greater than the exposure clamping force. In an embodiment,
multiple clamping actions are performed at the pre-align table PT and there is a difference in
burl height. Performing the clamping action multiple times increases the extent of pre-
crushing.

[0088] It can be difficult to provide an electrostatic clamping mechanism that

generates enough clamping force to hold the substrate W during an exposure process. It is
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easier to provide a preparation clamping mechanism that applies a preparation clamping force
less than the exposure clamping force. An embodiment of the invention is expected to
achieve a reduction in cost of the preparation clamping mechanism 93, 94 used to clamp the
substrate W on the pre-align table PT. An embodiment of the invention is expected to make
it easier to manufacture the pre-align table PT.

[0089] A specific example of the invention is described as follows. The specific
example is of course merely exemplary and does not limit the invention. In the specific
example, the exposure clamping mechanism 98, 99 applies an exposure clamping force of
about 40,000 Pa. The substrate table W'T comprises exposure burls 45 at a height of 5 pm.
Hence, the exposure base distance EB is 5 um. Hence, any contaminating particle 50 having
a diameter of greater than 5 pum can lead to deformation of the substrate W when the substrate
W is held onto the substrate table W'T. In this description, references to the diameter of a
contaminating particle 50 should be read as referring to the equivalent spherical diameter of a
contaminating particle, where appropriate (i.e. where the contaminating particle 50 is not a
sphere, but is an irregularly-shaped object). The equivalent spherical diameter of an
irregularly-shaped object is the diameter of a sphere of equivalent volume. Contaminating
particles 50 having a diameter of greater than 16 pum are expected to provide a particularly
significant negative overlay contribution.

[0090] In the specific example, the preparation clamping mechanism 93, 94 applies a
preparation clamping force of about 10,000 Pa. Hence the preparation clamping clamping is
about one quarter of the exposure clamping force. The pre-align table PT has a similar
structure to the substrate table WT, except that the height of the preparation burls 35 is 4 pm
(instead of 5 pm). The preparation base distance PB is 4 pm.

[0091] According to the specific example, by pre-crushing contaminating particles 50
on the pre-align table PT, all contaminating particles 50 up to a diameter of 44 pm are yielded
to a height smaller than 5 pm. Statistically, the occurrence of contaminating particles 50
having a diameter of 44 pum is about five to ten times less likely than contaminating particles
50 have a diameter of 16 pm. However, larger contaminating particles 50 provide a greater
undesirable contribution to overlay and focus errors.

[0092] In the specific example, the preparation clamping force is four times less than
the exposure clamping force. However, by providing that the preparation base distance PB is
1 pm less than the exposure base distance EB, substantially all contaminating particles 50 up
to a diameter of 44 um are plastically yielded to a size at which they have no effect on

deformation on substrate W when the substrate W is held on the substrate table W'T.
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Accordingly, the significant contribution to focus and overlay errors caused by contaminating
particles 50 having a diameter greater than 16 um is at least reduced, and possibly avoided.
[0093] Larger contaminating particles have a greater negative effect on overlay and
focus errors. The effect of contaminating particles 50 on overlay and focus errors is non-
linear with respect to the increase in size of the contaminating particle 50. In the specific
example, a contaminating particle 50 having a diameter of 26 pm provides an error
contribution that is about ten times greater than that of a contaminating particle 50 having a
diameter of 16 pm.

[0094] A second specific example of the invention is described as follows. In the
second specific example, the exposure clamping mechanism 98, 99 applies an exposure
clamping force of about 100,000 Pa. The substrate table WT comprises exposure burls 45 at
a height of 20 pm. Hence, the exposure base distance EB is 20 um. Hence, any
contaminating particle 50 having a diameter of greater than 20 pm can lead to deformation of
the substrate W when the substrate W is held onto the substrate table WT. In the second
specific example, contaminating particles 50 having a diameter of greater than 27 um are
expected to provide a particularly significant negative overlay contribution.

[0095] In the second specific example, the preparation clamping mechanism 93, 94
applies a preparation clamping force of about 25,000 Pa. Hence the preparation clamping
force is about one quarter of the exposure clamping force. The pre-align table PT has a
similar structure to the substrate table W'T, except that the height of the preparation burls 35
is 19 um (instead of 20 pm). The preparation base distance PB is 19 pm.

[0096] According the second specific example, by pre-crushing contaminating
particles 50 on the pre-align table PT, all contaminating particles 50 up to a diameter of 80
pum are yielded to a height smaller than 20 pm. Statistically, the occurrence of contaminating
particles 50 having a diameter of 80 um is about five to ten times less likely than
contaminating particles 50 have a diameter of 27 pm. However, larger contaminating
particles 50 provide a greater undesirable contribution to overlay and focus errors.

[0097] A third specific example of the invention is described as follows. In the third
specific example, the exposure clamping mechanism 98, 99 applies an exposure clamping
force of about 25,000 Pa. The substrate table WT comprises exposure burls 45 at a height of
10 pm. Hence, the exposure base distance EB is 10 pm. Hence, any contaminating particle
50 having a diameter of greater than 10 pm can lead to deformation of the substrate W when

the substrate W is held onto the substrate table WT. In the third specific example,
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contaminating particles 50 having a diameter of greater than 18 pm are expected to provide a
particularly significant negative overlay contribution.

[0098] In the third specific example, the preparation clamping mechanism 93, 94
applies a preparation clamping force of about 100,000 Pa. Hence the preparation clamping is
about four times larger than the exposure clamping force. The pre-align table PT has a
similar structure to the substrate table WT and that the height of the preparation burls 35 is
also 10 um. The preparation base distance PB is 10 pm.

[0099] According the third specific example, by pre-crushing contaminating particles
50 on the pre-align table PT, all contaminating particles 50 up to a diameter of 22 um are
yielded to a height smaller than 10 pm. Statistically, the occurrence of contaminating
particles 50 having a diameter of 22 pum is up to about two times less likely than
contaminating particles 50 having a diameter of 18 pm.

[00100] In the specific examples, the contaminating particle 50 is made of aluminium.
Aluminium has a particle yield strength of about 310 MPa. Other contaminating particles 50
expected in the lithographic apparatus 100 have a hardness greater than that of aluminium.
Other contaminating particles 50 have a hardness less than that of aluminium.

[00101] As mentioned above, a difference in burl height is more effective in reducing
areas than an increase in the preparation clamping pressure. 'This is because at a certain
crushing point, pressure cannot be exerted on the partly crushed contaminating particle 50
even if the clamping force is increased.

[00102] In an embodiment, for at least part of the holder-facing surface 52 of the
substrate W, the preparation base distance PB is at least about 1 um smaller than the exposure
base distance EB. A larger difference between the preparation base distance PB and the
exposure base distance EB produces a better effect in improving overlay and focus errors.
For example, in an embodiment the preparation base distance PB is at least about 2 pum
smaller than the exposure base distance EB.

[00103] In an embodiment the preparation end surfaces 36 of the preparation burls 35
have a larger area than the exposure end surfaces 46 of the exposure burls 45. As depicted in
Figure 3, the preparation burls 35 have a lateral dimension 35d and the exposure burls 45
have a lateral dimension 45d. For example, the lateral dimension 35d may be the diameter of
the preparation burls 35 and the lateral dimension 45d may be the diameter of the exposure
burls 45. By providing that the preparation end surfaces 36 have a larger area than the

exposure end surfaces 46, the effect of the invention is improved.
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[00104] In particular, there is a possibility that a contaminating particle 50 may be
clamped in a region between preparation burls 35 at the pre-align table PT and subsequently
clamped on top of an exposure burl 45 at the substrate table WT. If this happens, then the
contaminating particle 50 can have a significant effect on overlay and focus errors. By
providing that the preparation end surfaces 36 have a larger area than the exposure end
surfaces 46, this possibility is reduced. In an embodiment the substrate W is clamped on the
substrate table W'T in a position that corresponds to its position on the pre-align table PT.
This reduces the possibility mentioned above.

[00105] Figure 6 depicts schematically, in plan, a substrate table W'T that may be used
in the context of the present invention. As depicted in Figure 6, in an embodiment the
exposure burls 45 are arranged in an exposure burl pattern. In an embodiment the exposure
burl pattern is substantially regular. For example, in an embodiment the pitch between the
exposure burls 45 is substantially constant. Similarly, in an embodiment the preparation
burls 35 are arranged in a preparation burl pattern. In an embodiment the preparation burl
pattern substantially matches the exposure burl pattern.

[00106] As depicted in Figure 6, in an embodiment the substrate table W'T comprises a
seal 56 at a peripheral region of the substrate table W'I. The seal 56 may seal a chamber
between the substrate W and the substrate table WT for vacuum clamping purposes. As
depicted in Figure 6, in an embodiment the substrate table W'T comprises vacuum holes 57.
The vacuum holes 57 may provide communication between the chamber and an
underpressure. (Gas may be extracted from the chamber via the vacuum holes 57 so as to
reduce the pressure in the chamber, thereby applying the pressure clamping force as the
exposure clamping force.

[00107] By providing that the preparation burl pattern substantially matches the
exposure burl pattern, contaminating particles 50 are pre-crushed to an extent that is
appropriate for their position at the substrate table WT. For example, contaminating particles
50 that are clamped between the exposure end surfaces 46 and the substrate W are pre-
crushed between the preparation end surfaces 36 and the substrate W. Meanwhile,
contaminating particles 50 that are clamped between the exposure base surface 42 and the
substrate W are pre-crushed between the preparation base surface 32 and the substrate W.
Accordingly, the effect on overlay and focus errors of substantially all contaminating
particles is reduced.

[00108] Figure 7 depicts schematically part of a lithographic apparatus 100 according

to an embodiment of the invention. As depicted in Figure 6 and Figure 7, in an embodiment
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the exposure base surface 42 comprises an exposure mesa region 66. The exposure mesa
region 66 has at least one exposure thermal transfer mesa 47 arranged in an exposure mesa
pattern. Figure 6 depicts an example of an exposure mesa pattern. The exposure thermal
transfer mesas 47 are provided to increase thermal transfer between the substrate table W'T
and the substrate W. In an embodiment the temperature of the substrate W may be controlled
via the substrate table WT. For example, a thermal conditioning system may be provided in
the substrate table WT. By controlling the temperature of the substrate W, deformation of the
substrate W caused by temperature fluctuations can be reduced.

[00109] As depicted in Figure 7, in an embodiment the preparation base surface 32
comprises a preparation mesa region 61. The preparation mesa region 61 has at least one
preparation thermal transfer mesa 37 arranged in a preparation mesa pattern. It might not be
necessary to thermally condition the pre-align table PT. In an embodiment the preparation
mesa pattern substantially matches the exposure mesa pattern. By providing that the
preparation mesa pattern substantially matches the exposure mesa pattern, the contaminating
particles 50 are pre-crushed to an extent appropriate for their position at the substrate table
WT. FPor example, contaminating particles 50 that are clamped between the exposure mesa
region 66 of the exposure base surface 42 and the substrate W are pre-crushed between the
preparation mesa region 61 of the preparation base surface 32 and the substrate W.

[00110] As depicted in Figure 7, in an embodiment the substrate table WT may have
short exposure burls 48 and long exposure burls 49. The exposure burls 45 comprise the
short preparation burls 48 and the long preparation burls 49. The preparation end surfaces 46
are in the exposure supporting plane 44. In an embodiment, in the case of a vacuum
clamping mechanism, the short exposure burls 48 may be positioned near a vacuum groove
or vacuum hole 57 (shown in Figure 6) used to clamp the substrate W. Because of the
vacuum in the vacuum groove, the heat transferred between the substrate W and the substrate
table W'T is reduced. In order to improve the heat transfer, the gap between the substrate W
and the substrate table W'T is partly filled, which results in the short exposure burls 48.
[00111] Similarly, the pre-align table PT may have short preparation burls 38 and long
preparation burls 39. The preparation burls 35 comprise the short preparation burls 38 and
the long preparation burls 39. In an embodiment the short preparation burls 38 are arranged
such that contaminating particles 50 that may end up between the short exposure burls 48 on
the substrate table WT are crushed. Contaminating particles 50 that end up between the long

exposure burls 49 of the substrate table W'I' may not be crushed.
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[00112] As depicted in Figure 7, in an embodiment the short preparation burls 38
project from the preparation mesa region 61. At the preparation mesa region 61, the
preparation base distance PB is defined as a preparation mesa gap PM between the
preparation mesa region 61 and the preparation supporting plane 34. The long preparation
burls 39 project from a preparation floor region 62 of the preparation base surface 32. The
preparation floor region 62 does not have any preparation thermal transfer mesa 37. At the
preparation floor region 62, the preparation base distance PB is defined as the preparation
floor gap PF between the preparation floor region 62 and the preparation supporting plane 34.
[00113] Similarly, the short exposure burls 48 project from the exposure mesa region
66. At the exposure mesa region 66, the exposure base distance EB is defined as an exposure
mesa gap EM between the exposure mesa region 66 and the exposure supporting plane 44.
The long exposure burls 49 project from an exposure floor region 67 of the exposure base
surface 42. The exposure floor region 67 does not have any exposure thermal transfer mesa
47. At the exposure floor region 67, the exposure base distance EB is defined as an exposure
floor gap EF between the exposure floor region 67 and the exposure supporting plane 44.
[00114] For at least part of the holder-facing surface 52 of the substrate W, the
preparation mesa gap PM is smaller than the exposure mesa gap EM by a mesa gap
difference. The mesa gap difference is defined as the difference between the preparation
mesa gap PM and the exposure mesa gap EM. For at least part of the holder-facing surface
52 of the substrate, the preparation floor gap PF is smaller than the exposure floor gap EF by
a floor gap difference. The floor gap difference is defined as the difference between the
preparation floor gap PF and the exposure floor gap EF.

[00115] In an embodiment the mesa gap difference is greater than the floor gap
difference. This means that there is a bigger difference in burl height for the small burls on
mesas compared to for the long burls. This is because the effect of pre-crushing on focus and
overlay errors is greatest where the burl heights are small, i.e. on mesas. Hence, by providing
that the mesa gap difference is large, the effect of providing the smaller burl height at the pre-
crusher is maximised.

[00116] In an embodiment the method of clamping a substrate W comprises the pre-
alignment positioner 91 and the pre-alignment position sensor 92 positioning the substrate W
on the pre-align table PT such that the substrate W is positioned to an accuracy within the
range of the exposure positioned 96 and the exposure position sensor 97. In an embodiment,
the pre-align table PT performs the function of pre-crushing. Accordingly, it is not necessary

to provide an additional object holder to perform the pre-crushing function. An embodiment
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of the invention is expected to achieve an improvement in focus and overlay errors without
substantially increasing the cost of manufacturing the lithographic apparatus 100.
Furthermore, by providing that the pre-align table PT performs the pre-crushing function, it is
not necessary to transfer the substrate W to and from an additional object holder in the
lithographic apparatus 100. Accordingly, an embodiment of the invention is expected to
achieve an improvement in overlay and focus errors without substantially increasing the
throughput time.

[00117] However, it is not necessary for the pre-align table PT to perform the pre-
crushing function. In an embodiment a separate preparation object holder may be provided
for performing the pre-crushing function. The separate preparation object holder may be a
dedicated pre-crusher The substrate W may be transferred from the preparation object holder
to the pre-align table PT. Alternatively, the substrate W may be transferred from the pre-
align table PT to the preparation object holder for pre-crushing prior to the exposure process.
[00118] In an embodiment, there is provided a method of clamping an object for a
lithographic apparatus. The method comprises providing a preparation object holder
comprising a preparation main body having a preparation base surface. The preparation
object holder is arranged to support a holder-facing surface of the object in a preparation
supporting plane. The preparation base surface is arranged to face the preparation supporting
plane and the holder-facing surface when the object is supported by the preparation object
holder. A preparation base distance is defined between the preparation base surface and the
preparation supporting plane. The method comprises providing an exposure object holder
comprising an exposure main body having an exposure base surface. Wherein the exposure
object holder is arranged to support the holder-facing surface in an exposure supporting
plane. The exposure base surface is arranged to face the exposure supporting plane and the
holder-facing surface when the object is supported by the exposure object holder. An
exposure base distance is defined between the exposure base surface and the exposure
supporting plane. The method comprises applying a preparation clamping force between the
preparation object holder and the object on the preparation object holder, so as to deform any
contaminating particle on the holder-facing surface. The method comprises transferring the
object from the preparation object holder to the exposure object holder. The method
comprises applying an exposure clamping force between the exposure object holder and the
object on the exposure object holder, so as to hold the object for an exposure process. For at
least part of the holder-facing surface, the preparation base distance is smaller than the

exposure base distance.
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[00119] The preparation clamping force may be greater than the exposure clamping
force. The preparation clamping force may be less than the exposure clamping force.
[00120] In an embodiment, there is provided a method of clamping an object for a
lithographic apparatus. The method comprises applying a preparation clamping force
between a preparation object holder and an object on the preparation object holder, so as to
deform any contaminating particle on a holder-facing surface of the object. The method
comprises transferring the object from the preparation object holder to an exposure object
holder. The method comprises applying an exposure clamping force between the exposure
object holder and the object on the exposure object holder, so as to hold the object for an
exposure process. The preparation clamping force is greater than the exposure clamping
force.

[00121] The preparation object holder may comprise a preparation main body having a
preparation base surface. The preparation object holder may be arranged to support a holder-
facing surface of the object in a preparation supporting plane. The preparation base surface
may be arranged to face the preparation supporting plane and the holder-facing surface when
the object is supported by the preparation object holder. A preparation base distance is
defined between the preparation base surface and the preparation supporting plane. The
exposure object holder may comprise an exposure main body having an exposure base
surface. The exposure object holder may be arranged to support a holder-facing surface of the
object in an exposure supporting plane. The exposure base surface may be arranged to face
the exposure supporting plane and the holder-facing surface when the object is supported by
the exposure object holder. An exposure base distance may be defined between the exposure
base surface and the exposure supporting plane. For at least part of the holder-facing surface,
the preparation base distance may be smaller than the exposure base distance.

[00122] For the at least part of the holder-facing surface, the preparation base distance
may be at least about 2 um smaller than the exposure base distance.

[00123] The preparation object holder may comprise a plurality of preparation burls.
The plurality of preparation burls may project from the preparation base surface and may
have preparation end surfaces at the preparation supporting plane at preparation support
locations to support the object. The exposure object holder may comprise a plurality of
exposure burls. The plurality of exposure burls may project from the exposure base surface
and may have exposure end surfaces at the exposure supporting plane at exposure support

locations to support the object.
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[00124] The preparation end surfaces may have a larger area than the exposure end
surfaces.
[00125] The preparation burls may be arranged in a preparation burl pattern. The

exposure burls may be arranged in an exposure burl pattern. The preparation burl pattern may
substantially match the exposure burl pattern.

[00126] The preparation base surface may comprise a preparation mesa region having
at least one preparation thermal transfer mesa arranged in a preparation mesa pattern. The
exposure base surface may comprise an exposure mesa region having at least one exposure
thermal transfer mesa arranged in an exposure mesa pattern. The preparation mesa pattern
may substantially match the exposure mesa pattern.

[00127] The preparation burls may comprise short preparation burls and long
preparation burls. The short preparation burls project from the preparation mesa region. The
preparation base distance is defined as a preparation mesa gap between the preparation mesa
region and the preparation supporting plane. The long preparation burls project from a
preparation floor region of the preparation base surface not having the at least one preparation
thermal transfer mesa. The preparation base distance is defined as a preparation floor gap
between the preparation floor region and the preparation supporting plane. The exposure
burls may comprise short exposure burls and long exposure burls. The short exposure burls
project from the exposure mesa region. The exposure base distance is defined as an exposure
mesa gap between the exposure mesa region and the exposure supporting plane. The long
exposure burls project from an exposure floor region of the exposure base surface not having
the at least one exposure thermal transfer mesa. The exposure base distance is defined as an
exposure floor gap between the exposure floor region and the exposure supporting plane. For
at least part of the holder-facing surface of the object, the preparation mesa gap may be
smaller than the exposure mesa gap by a mesa gap difference. For at least part of the holder-
facing surface of the object, the preparation floor gap may be smaller than the exposure floor
gap by a floor gap difference. The mesa gap difference may be greater than the floor gap
difference.

[00128] The preparation object holder may be arranged to support the holder-facing
surface at preparation support location in the preparation supporting plane. The preparation
support locations may be coplanar with the preparation base surface.

[00129] The step of transferring may comprise an exposure positioner and an exposure
position sensor positioning the object on the exposure object holder. The method may

comprise, before the step of applying the preparation clamping force, a pre-alignment
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positioner and a pre-alignment position sensor positioning the object on the preparation
object holder such that the object is positioned to an accuracy within a range of the exposure
positioner and the exposure position sensor. The pre-alignment positioner and the pre-
alignment position sensor may have a greater range and less accuracy than the exposure
positioner and the exposure position sensor.

[00130] The object may be one of a substrate and a patterning device.

[00131] The preparation object holder may be smaller than the object such that part of
the object extends beyond the preparation object holder when the preparation object holder
holds the object.

[00132] In an embodiment, there is provided a lithographic apparatus comprising a
preparation object holder, an exposure object holder, a preparation clamping mechanism and
an exposure clamping mechanism. The preparation object holder comprises a preparation
main body having a preparation base surface. The preparation object holder is arranged to
support a holder-facing surface of the object in a preparation supporting plane. The
preparation base surface is arranged to face the preparation supporting plane and the holder-
facing surface when the object is supported by the preparation object holder. A preparation
base distance is defined between the preparation base surface and the preparation supporting
plane. The exposure object holder comprises an exposure main body having an exposure base
surface. The exposure object holder is arranged to support the holder-facing surface in an
exposure supporting plane. The exposure base surface is arranged to face the exposure
supporting plane and the holder-facing surface when the object is supported by the exposure
object holder. An exposure base distance is defined between the exposure base surface and
the exposure supporting plane. The preparation clamping mechanism is arranged to apply a
preparation clamping force between the preparation object holder and the object on the
preparation object holder, so as to deform any contaminating particle on a holder-facing
surface of the object. The exposure clamping mechanism is arranged to apply an exposure
clamping force between the exposure object holder and the object on the exposure object
holder, so as to hold the object for an exposure process. For at least part of the preparation
base surface and a corresponding part of the exposure base surface, the preparation base
distance is smaller than the exposure base distance.

[00133] In an embodiment, there is provided a lithographic apparatus comprising an
exposure object holder, a preparation object holder, a preparation clamping mechanism and
an exposure clamping mechanism. The preparation clamping mechanism is arranged to apply

a preparation clamping force between the preparation object holder and an object on the
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preparation object holder, so as to deform any contaminating particle at a holder-facing
surface of the object. The exposure clamping mechanism is arranged to apply a preparation
clamping force between the preparation object holder and an object on the preparation object
holder, so as to hold the object for an exposure process. The preparation clamping mechanism
is configured to apply a preparation clamping force that is greater than the exposure clamping
force that the exposure clamping mechanism is configured to apply.

[00134] The preparation object holder may comprise a preparation main body having a
preparation base surface. The preparation object holder may be arranged to support a holder-
facing surface of the object in a preparation supporting plane. The preparation base surface
may be arranged to face the preparation supporting plane and the holder-facing surface when
the object is supported by the preparation object holder. A preparation base distance is
defined between the preparation base surface and the preparation supporting plane. The
exposure object holder comprises an exposure main body having an exposure base surface.
The exposure object holder is arranged to support the holder-facing surface in an exposure
supporting plane. The exposure base surface is arranged to face the exposure supporting
plane and the holder-facing surface when the object is supported by the exposure object
holder. An exposure base distance is defined between the exposure base surface and the
exposure supporting plane. For at least part of the preparation base surface and a
corresponding part of the exposure base surface, the preparation base distance is smaller than
the exposure base distance.

[00135] For the at least part of the preparation base surface and a corresponding part of
the exposure base surface, the preparation base distance may be at least about 2 um smaller
than the exposure base distance.

[00136] The preparation object holder may comprise a plurality of preparation burls.
The plurality of preparation burls project from the preparation base surface and have
preparation end surfaces at the preparation supporting plane at preparations support locations
to support the object. The exposure object holder may comprise a plurality of exposure burls.
The plurality of exposure burls project from the exposure base surface and have exposure end

surfaces at the exposure supporting plane at exposure support locations to support the object.

[00137] The preparation end surfaces have a larger area than the exposure end
surfaces.
[00138] The preparation burls may be arranged in a preparation burl pattern.

The exposure burls may be arranged in an exposure burl pattern. The preparation burl pattern

may substantially match the exposure burl pattern.
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[00139] The preparation base surface may comprise a preparation mesa region having
at least one preparation thermal transfer mesa arranged in a preparation mesa pattern. The
exposure base surface may comprise an exposure mesa region having at least one exposure
thermal transfer mesa arranged in an exposure mesa pattern. The preparation mesa pattern
may substantially match the exposure mesa pattern.

[00140] The preparation burls may comprise short preparation burls and long
preparation burls. The short preparation burls project from the preparation mesa region. The
preparation base distance is defined as a preparation mesa gap between the preparation mesa
region and the preparation supporting plane. The long preparation burls project from a
preparation floor region of the preparation base surface not having the at least one preparation
thermal transfer mesa. The preparation base distance is defined as a preparation floor gap
between the preparation floor region and the preparation supporting plane. The exposure
burls may comprise short exposure burls and long exposure burls. The short exposure burls
project from the exposure mesa region. The exposure base distance is defined as an exposure
mesa gap between the exposure mesa region and the exposure supporting plane. The long
exposure burls project from an exposure floor region of the exposure base surface not having
the at least one exposure thermal transfer mesa. The exposure base distance is defined as an
exposure floor gap between the exposure floor region and the exposure supporting plane. For
at least part of preparation mesa region and a corresponding part of the exposure mesa region,
the preparation mesa gap is smaller than the exposure mesa gap by a mesa gap difference. For
at least part of preparation floor region and a corresponding part of the exposure floor region,
the preparation floor gap is smaller than the exposure floor gap by a floor gap difference.
[00141] The mesa gap difference may be greater than the floor gap difference.

[00142] The preparation object holder may be arranged to support the holder-facing
surface at preparation support location in the preparation supporting plane. The preparation
support locations may be coplanar with the preparation base surface.

[00143] The preparation object holder may be smaller than the exposure object holder.
[00144] In an embodiment, there is provided a device manufacturing method
comprising using a lithographic apparatus to transfer a pattern from a patterning device to a
substrate. The device manufacturing method comprises the method described above.

[00145] 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,
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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.

[00146] While specific embodiments of the invention have been described above, it
will be appreciated that the invention may be practiced otherwise than as described. 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:
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. A lithographic apparatus comprising:

a first object holder arranged for holding an object at a holder-facing surface, the
object having the holder-facing surface,

a second object holder arranged for holding the object at the holder-facing surface,
wherein the lithographic apparatus is arranged to deform a contaminating particle at
the holder-facing surface more when the object is held at the second object holder

than when the object is held at the first object holder.

. The lithographic apparatus of claim 1, comprising a projection system for projecting a

pattern with a radiation beam onto the object,
wherein in the first object holder is arranged for holding the object to receive the

radiation beam.

. The lithographic apparatus of one of the preceding claims, comprising a first

clamping device and a second clamping device,

wherein the first clamping device is arranged to apply a first clamping force to hold
the object on the first object holder,

wherein the second clamping device is arranged to apply a second clamping force to
hold the object on the second object holder,

wherein the second clamping force is larger than the first clamping force.

. 'The lithographic apparatus of one of the preceding claims,

wherein the first object holder comprises a first base surface,

wherein the first object holder is arranged to support the holder-facing surface in a
first supporting plane,

wherein the first base surface is arranged to face the holder-facing surface when the
object is held by the first object holder,

wherein a first distance is defined between the first base surface and the first
supporting plane,

wherein the second object holder comprises a second base surface,
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wherein the second object holder is arranged to support the holder-facing surface in a
second supporting plane,

wherein the second base surface is arranged to face the holder-facing surface when
the object is held by the second object holder,

wherein a second distance is defined between the second base surface and the second
supporting plane,

wherein the second distance is smaller than the first distance.

5. 'The lithographic apparatus of claim 4, wherein the second distance is at least about 2

um smaller than the first distance.

6. The lithographic apparatus of one of the preceding claims, wherein the first object
holder is arranged to support the object at a portion of the holder-facing surface,
wherein the second object holder is arranged to support the object at substantially the

same portion of the holder-facing surface.

7. 'The lithographic apparatus of one of the claims 4-6,

wherein the first object holder comprises a first plurality of burls, wherein the first
plurality of burls project from the first base surface to the first supporting plane, wherein
the first plurality of burls are arranged to support the object,

wherein the second object holder comprises a second plurality of burls, wherein the
second plurality of burls project from the second base surface to the second supporting

plane, wherein the second plurality of burls are arranged to support the object.

8. The lithographic apparatus of claim 7, wherein the first plurality of burls have first
end surfaces in the first supporting plane, wherein the second plurality of burls have
second end surfaces in the second supporting plane, wherein an area formed by the

second end surfaces is larger than an area formed by the first end surfaces.

9. The lithographic apparatus of claim 7 or 8, wherein the first plurality of burls are
arranged in a first pattern, wherein the second plurality of burls are arranged in a
second pattern, wherein the first pattern is substantially the same as the second

pattern.
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The lithographic apparatus of one of the preceding claims, wherein the second object

holder is smaller than the first object holder.

The lithographic apparatus of one of the preceding claims, comprising a sensor and a
positioner, wherein the sensor is arranged to provide a measurement signal
representative of a position of the object when held on the second object holder, the
position being relative to the second object holder, wherein the positioner is arranged

to move the second object holder under control of the measurement signal.

A device manufacturing method comprising using the lithographic apparatus of any of

the preceding claims.

A method of clamping an object, the method comprising:

- holding the object at a first object holder at a holder-facing surface, the object
having the holder-facing surface;

- holding the object at a second object holder at the holder-facing surface, wherein
the second object holder is different from the first object holder;

- deforming a contaminating particle at the holder-facing surface more when the
object is held at the second object holder than when the object is held at the first

object holder.

The method of claim 13, comprising projecting a radiation beam onto the object

when the object is held by the first object holder.

The method of claim 13 or 14, further comprising:
- applying a first clamping force to hold the object on the first object holder;
- applying a second clamping force to hold the object on the second object holder,

wherein the second clamping force is larger than the first clamping force.
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