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(57) Abstract: The present invention provides a testing substrate (W) for estimating stress

Fig. 2

in production substrates due to a substrate support, said testing substrate having a support
surface (SS) divided into predefined portions, wherein the predefined portions comprise at
least one first portion (1) having a first coefficient of friction being substantially uniform
across the at least one first portion, and at least one second portion (2) having a second
coefficient of friction being substantially uniform across the at least one second portion,
wherein the second coefficient of friction is different to the first coefficient of friction. The
present invention also provides a method for estimating stress in a substrate due to a substrate
support and a system for making such an estimation.
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METHOD, SUBSTRATE AND SYSTEM FOR ESTIMATING STRESS IN A SUBSTRATE

CROSS-REFERENCE TO RELATED APPLICATIONS
[001] This application claims priority of EP application 19152455.2, which was filed on 18 January

2019 and which is incorporated herein in its entirety by reference.

FIELD OF THE INVENTION
[002] The present invention relates to a method for estimating stress in a substrate due to a substrate

support, a system for making such an estimation, a substrate and a method of producing said substrate.

BACKGROUND

[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] There is a continuing desire to manufacture devices, e.g. integrated circuits, with ever
smaller features. Integrated circuits and other microscale devices are often manufactured using
optical lithography, but other manufacturing techniques, such as imprint lithography, e-beam
lithography and nano-scale self-assembly are known.

[005] During manufacturing, the device is irradiated. It is important to ensure that the irradiation
process is as accurate as possible. One of the issues with making the irradiation processes as accurate
as possible is ensuring that the device to be itradiated is in the correct position. In order to control the
position of the device, a substrate support can be used. Generally, a substrate will be supported by the
substrate support whilst the substrate is being irradiated. When the substrate is positioned on the
substrate support, friction between the substrate and the substrate support may prevent the substrate

from flattening out over a surface of the substrate support. The substrate can be thought of as a
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“pancake” that is able to “wrinkle”, i.e. that has in-plane deformations, resulting in significant
distortion of images projected onto the substrate.

[006] In further detail, during loading and unloading of a substrate, there can be issues relating to
stresses formed in the substrate. In particular, when a substrate is loaded onto a substrate table, the
point of contact between the substrate and the substrate table will generally change as the substrate is
positioned on the table. In other words, there tends to be a rolling contact between the substrate and
the substrate table supporting the substrate. The change in contact point between the substrate and the
substrate table means that there is generally stress on the substrate during the loading process, i.e.
when the substrate is positioned on the substrate table. This forms in-plane deformation within the
substrate due to the way in which the substrate is loaded on the substrate.

[007] This impacts overall performance when aligning multiple lithographic layers in integrated
circuit manufacturing. To address this issue, the substrate support may be configured to reduce
friction between the substrate and the substrate support to allow the substrate to move to a flatter
position on the substrate support. However, it is beneficial to also try to determine the impact of the
substrate support on the shape of the substrate when positioned on the substrate support so that any in-
plane deformation in the substrate can be accounted for.

[008] In general, the amount of in-plane deformation will change depending on the substrate
support used for holding the substrate. In particular, the amount of friction between the substrate and
the substrate table will be a large factor in determining the amount of deformation of the substrate.
For example, when the friction is low, the substrate may slip over the contact with the substrate table
and the deformation can be reduced. Therefore, with respect to in-plane deformation and stresses, it is
beneficial to keep the friction as low as possible.

[009] The in-plane deformation is an issue because it leads to variation in the position of markers
used on the substrate to determine the position of the substrate. This can lead to errors, such as
overlay errors, which can affect the efficiency of producing accurate substrates. Thus, there is an
advantage to estimating the stress in a substrate due to a substrate suppott, so that the effect of the
substrate support on a substrate can be accounted for. There are known measurement methods which
compare different modes of loading a substrate onto a substrate table to estimate the frictional force
acting on the substrate/stress in a substrate due to a substrate support due the loading process for a
particular substrate table/support.

[0010] However, there is an issue that known measurement practices may not provide accurate
enough measurements and/or take too long which reduces availability of the apparatus for a user.
[0011] Known measurement methods generally take a certain period to carry out. Time taken to
carry out such measurements is time in which a lithographic apparatus is not being used to expose a
substrate for use. Therefore, the process of measuring in-plane deformations of a substrate can reduce
the available time for exposing a substrate and can therefore, reduce the efficiency of a lithographic

apparatus. Based on this, there are advantages to providing a more streamlined way of estimating the
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stress in a substrate due to a substrate support which reduces the amount of time which needs to be

carried out by a user testing a substrate table.

SUMMARY

[0012] It is desirable to provide a way of improving the way in which measurements are taken to
estimate the impact of a substrate support on the substrate when situated on such support.

[0013] In the present invention, there is provided a method for estimating stress in a substrate due to
a substrate support, the method comprising placing a substrate on a substrate support, the substrate
having a support surface which is placed on the substrate support, wherein the support surface of the
substrate is divided into predefined portions, wherein the predefined portions comprise at least one
first portion and at least one second portion, the at least one first portion having a first coefficient of
friction being substantially uniform across the at least one first portion and the at least one second
portion having a second coefficient of friction being substantially uniform across the at least one
second portion, wherein the second coefficient of friction is different to the first coefficient of friction,
wherein the substrate comprises a further surface opposite the support surface, the further surface
comprising a first feature positioned opposite the at least one first portion and a second feature
positioned opposite the at least one second portion; measuring the location of the first feature and the
second feature; estimating the stress in the substrate due to the substrate support using the measured
location of the first feature and the second feature.

[0014] According to the present invention, there is also provided a substrate for use in a lithographic
apparatus, the substrate having a support surface for interaction with a substrate support, wherein the
support surface of the substrate is divided into predefined portions, wherein the predefined portions
comprise at least one first portion and at least one second portion, the at least one first portion having
a first coefficient of friction being substantially uniform across the at least one first portion and the at
least one second portion having a second coefficient of friction being substantially uniform across the
at least one second portion, wherein the second coefficient of friction is different to the first
coefficient of friction. .

[0015] According to the present invention, there is also provided a method of producing the
substrate, wherein the method comprises: providing a substrate for use in a lithographic apparatus, the
substrate having a support surface and a further surface opposite the support surface; and processing
the support surface to generate at least one first portion having the first coefficient of friction being
substantially uniform across the at least one first portion and/or at least one second portion having the
second coefficient of friction being substantially uniform across the at least one second portion.
[0016] Further embodiments, features and advantages to the present inventions, as well the structure
and operation of the various embodiments of the present invention, are described in detail below with

reference to the accompanying drawings.
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BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES

[0017] The accompanying drawings, which are incorporated herein and form part of the
specification, illustrate one or more embodiments of the present invention and, together with the
description, further serve to explain the principals of the invention and to enable a person skilled in
the pertinent art to make and use the invention.

[0018] Figure 1 schematically depicts a lithographic apparatus.

[0019] Figure 2 schematically depicts a substrate of an embodiment.

[0020] Figure 3 schematically depicts variations of a substrate compared to a prior art example.
[0021] Figures 4 and 5 depict methods according to embodiments.

[0022] One or more embodiments of the present invention will now be described with reference to
the accompanying drawings. The drawings provide an indication of certain features included in some
embodiments of the invention. However, the drawings are not to scale. Examples of the size and

range of sizes of certain features are described in the description below.

DETAILED DESCPTION

[0023] This specification discloses one or more embodiments that incorporate the features of this
invention. The disclosed embodiment(s) merely exemplify the invention. The scope of the invention is
not limited to the disclosed embodiment(s). The invention is defined by the claims appended hereto.

CEINNTS

[0024] The embodiment(s) described, and references in the specification to “one embodiment”, “an
embodiment”, “an example embodiment”, etc., indicate that the embodiment(s) described can include
a particular feature, structure, or characteristic, but every embodiment cannot necessarily include the
particular feature, structure, or characteristic. Moreover, such phrases are not necessarily referring to
the same embodiment. Further, when a particular feature, structure, or characteristic is described in
connection with an embodiment, it is understood that it is within the knowledge of one skilled in the
art to effect such feature, structure, or characteristic in connection with other embodiments whether or
not explicitly described.

[0025] Figure 1 schematically depicts a lithographic apparatus. 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 patterning device support or 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 lithographic apparatus also includes a substrate table (e.g. a wafer table) WT or
“substrate support” 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 in accordance with
certain parameters. The substrate support may comprise a substrate table WT (otherwise referred to
as a chuck) on which a substrate holder is supported. The substrate holder may be configured to

support the substrate W. The apparatus further includes a projection system (e.g. a refractive
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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.
[0026] 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, to direct, shape, or control radiation.

[0027] The patterning device support holds the patterning device MA in a manner that depends on
the orientation of the patterning device MA, the design of the lithographic apparatus, and other
conditions, such as for example whether or not the patterning device MA is held in a vacuum
environment. The patterning device support can use mechanical, vacuum, electrostatic or other
clamping techniques to hold the patterning device. The patterning device support may be a frame or a
table, for example, which may be fixed or movable as required. The patterning device support 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”.

[0028] 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 B may not exactly correspond to the desired pattern in the target portion 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, such as an integrated circuit.

[0029] The patterning device MA may be transmissive or reflective. Examples of patterning devices
MA 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.

[0030] 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”.

[0031] 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).
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[0032] 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.

[0033] The lithographic apparatus may also be 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, for example, between the patterning device (e.g. mask) 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 PS and the substrate W during exposure.

[0034] Referring to figure 1, the illuminator IL. receives a radiation beam B from a radiation source
SO. The source and the lithographic apparatus may be separate entities, for example when the source
is an excimer laser. In such cases, the source is not considered to form part of the lithographic
apparatus and the radiation beam B is passed from the source SO to the illuminator IL with the aid of
a beam delivery system BD including, for example, suitable directing mirrors and/or a beam
expander. In other cases the source may be an integral part of the lithographic apparatus, for example
when the source is a mercury lamp. The source SO and the illuminator I, together with the beam
delivery system BD if required, may be referred to as a radiation system.

[0035] The illuminator II. 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 c-outer and c-inner, respectively) of the intensity distribution in a pupil plane of the
illuminator can be adjusted. In addition, the illuminator II. may include various other components,
such as an integrator IN and a condenser CO. The illuminator may be used to condition the radiation
beam B, to have a desired uniformity and intensity distribution in its cross-section.

[0036] The radiation beam B is incident on the patterning device (e.g., mask) MA, which is held on
the mask support structure (e.g., mask table) MT, and is patterned by the patterning device MA.
Having traversed the patterning device (e.g. mask) MA, the radiation beam B passes through the
projection system PS, which focuses the beam onto a target portion C of the substrate W. With the
aid of the second positioning device PW and position sensor IF (e.g. an interferometric device, linear
encoder or capacitive sensor), the substrate table WT can be moved accurately, e.g. so as to position
different target portions C in the path of the radiation beam B. Similarly, the first positioning device
PM and another position sensor (which is not explicitly depicted in FIG. 1) can be used to accurately
position the patterning device (e.g. mask) 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
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patterning device support (e.g. mask table) 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 or “substrate support” 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 patterning device support (e.g.
mask table) MT may be connected to a short-stroke actuator only, or may be fixed. Patterning device
(e.g. mask) MA and substrate W may be aligned using patterning device alignment marks M1, M2
and substrate alignment marks P1, P2. Although the substrate alignment marks as illustrated occupy
dedicated target portions, they may be located in spaces between target portions (these are known as
scribe-lane alignment marks). Similarly, in situations in which more than one die is provided on the
patterning device (e.g. mask) MA, the patterning device alignment marks may be located between the
dies.

[0037] The depicted apparatus could be used in at least one of the following modes:

a. In step mode, the patterning device support (e.g. mask table) MT or “mask support” and the
substrate table WT or “substrate support” 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 WT or “substrate support” 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.

b. In scan mode, the patterning device support (e.g. mask table) MT or “mask support” and the
substrate table WT or “substrate support” are scanned synchronously while a pattern imparted to the
radiation beam B is projected onto a target portion C (i.e. a single dynamic exposure). The velocity
and direction of the substrate table WT or “substrate support” relative to the patterning device support
(e.g. mask table) MT or “mask support” 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. In another mode, the patterning device (e.g. mask table) MT or “mask support” is kept
essentially stationary holding a programmable patterning device, and the substrate table WT or
“substrate support” is moved or scanned while a pattern imparted to the radiation beam is projected
onto a target portion C. In this mode, generally a pulsed radiation source is employed and the
programmable patterning device is updated as required after each movement of the substrate table WT
or “substrate support” 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.
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[0038] Combinations and/or variations on the above described modes of use or entirely different
modes of use may also be employed.

[0039] As described above, it can be beneficial to know the impact of a substrate support on the
position of a substrate being exposed in a lithographic apparatus, and in particular, any in-plane
deformations of the substrate due to the substrate support. The friction between a support table and a
substrate may be particular to a specific substrate. Additionally, as the substrate support may wear
down over time, the surface of the substrate support may change over time, altering the friction
between a substrate and the substrate support. The friction between the substrate and the substrate
support causes stress within the substrate during loading (i.e. during placement of the substrate on the
substrate support), such that as described, deformations in the plane of the substrate occur. Thus,
there can be issues in determining the exact position of different parts of the substrate after it has been
loaded onto the substrate support. This can lead to errors when exposing a substrate being held by the
substrate support. Measurement systems can be used to determine the amount of in-plane
deformation due to the substrate being loaded onto a particular substrate support and/or estimate the
stress in a substrate due to the substrate support. In other words, it is the stress in the substrate due to
the static frictional force applied by a substrate support on the substrate. Thus, the stress in a substrate
due to a substrate support can be better accounted for.

[0040] In known measuring systems, there are different ways in which in-plane stress of a substrate
can be measured to estimate the effect of a substrate support being used to hold a substrate. In
general, this is done by a user and can be slow, expensive and reduce availability of a lithographic
apparatus for a user.

[0041] In known systems, the effect of a substrate support on a substrate may be estimated by
loading a substrate onto the substrate support twice under different conditions. In one instance, the
substrate is loaded with an optimal load sequence. For example, the substrate may be loaded very
slowly to reduce rolling of the substrate during positioning on the substrate support. When the
substrate is positioned on the substrate support using an optimal load sequence, it may be assumed
that there is no in-plane deformation. In another instance, the substrate is loaded under normal
circumstances, i.e. in the same way that a substrate would be positioned on the substrate support when
being loaded before exposure. Measurements are taken of the substrate having been loaded with the
optimal load sequence and with the normal load sequence. Comparison of measurements made of
substrates having been loaded in different ways provides information relating to the in-plane
deformation caused by the substrate

[0042] In general measurements can be taken by measuring the position of markers on the substrate
after having been loaded on the substrate support. The markers are specific features on the surface of
the substrate. It is generally known where the markers should be positioned on the substrate,
however, the actual position of the markers is not necessarily known as the markers may not be

located in the exact correct position. As the optimal load sequence is assumed to result in no in-plane
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deformation, it can be used to provide information about the location of relevant markers. Thus, this
measurement can be assumed to provide the actual location of the markers on the substrate.

[0043] The measurements made of the substrate having been loaded under normal loading condition
can be compared to the measurements made of the substrate having been loaded under using optimal
load sequence. The impact on the substrate of the substrate support can be estimated by comparing
the difference in the measurements between the two load sequences. Thus, the in-plane deformation
of a substrate due to a normal loading sequence on a particular substrate support can be determined
and the impact of the substrate support can be estimated. This means that exposure of substrates on a
substrate support can be made whilst accounting for the estimated impact of the substrate support and
thus, errors and particularly overlay may beneficially be reduced. This method may be used to make
measurements for DUV related lithographic apparatus, but may not be appropriate for EUV related
lithographic apparatus.

[0044] Similarly, another method is known in which the effect of a substrate support on a substrate
may be estimated by loading a substrate onto the substrate support under two different loading
conditions. In this method, the substrate may be loaded once in the under normal circumstances, i.e.
in the same way that a substrate would be positioned on the substrate support when being loaded
before exposure. Additionally, the substrate may be loaded in a second manner in which the substrate
with a tilt offset in the substrate. When the substrate is loaded with the tilt offset, this means that the
loading is controlled so that one side of the substrate touches the substrate support first, in order to
cause increased in-plane deformations on the substrate. The variation in position of markers on the
substrate can be determined by comparing the difference in the measurements between the two load
sequences. Thus, the effect of the substrate support on the in-plane deformation of a substrate (i.e. the
stress in the substrate due to the substrate support) can be determined based on the difference in
measurements taken of the markers between the different loading sequences and the stress in the
substrate due to the forces applied to the substrate by the substrate table can be estimated. This
method is generally used for EUV related lithographic apparatus but does not tend to be used for
DUV related lithographic apparatus. As DUV and EUYV related apparatus are generally measured
using different methods, it is hard to directly compare results from DUC and EUV measurements.
[0045] However, these processes rely on carrying out two separate loading sequences with
corresponding measurement steps. This can be very time consuming, in particular in the first method
described, when loading the substrate in an optimal way in which in-plane deformation is assumed to
be zero. During the loading and the measurement steps, the apparatus cannot be used as it normally
would be and thus, the measurement to estimate the stress in a substrate due to the substrate support
can reduce availability of the apparatus.

[0046] The above described known methods may be particularly useful to determine if a substrate
support is good enough to perform (i.e. with small enough errors). In addition to this, it is noted that

the parts of the substrate support which supports a substrate may deteriorate over time as the substrate
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support wears. This means that additional measurements may be needed over time to ensure that the
changes to the substrate support, and resulting change in the deformation caused in a substrate, can be
accounted for throughout the lifetime of the substrate support. As described, because these
measurements can be expensive and time-consuming, providing an improved method for the user may
be particularly beneficial in reducing negative impacts of these measurements for a user.

[0047] As described in detail below, the present invention may advantageously be used to avoid the
need for the user to carry out two loading sequences with corresponding measurements for each
loading sequence.

[0048] In the present invention, it is possible to estimate stress in a substrate due to a substrate
support by taking measurements using a new type of substrate. In particular, a surface of the substrate
which is in contact with the substrate support is adapted in such a way that measurements can be
taken after a single loading sequence to estimate said stress.

[0049] In further detail, the present invention provides a substrate for use in a lithographic apparatus.
The substrate having a support surface. The support surface may be configured for interaction with a
substrate support. For example, the support surface may not comprise radiation sensitive material.
The support surface may otherwise be referred to as a backside of the substrate, or a bottom surface.
The support surface may be formed in such a way as to be flat to ensure that the substrate can be
placed in a lithographic apparatus in a substantially flat manner.

[0050] The substrate may be the same type of substrate which is normally exposed in a lithographic
apparatus, sometimes referred to as a device or production substrate. The substrate of the present
invention may be referred to as a tool substrate, or a reference substrate. Thus, the substrate
preferably may comprise a further surface opposite the support surface, and the further surface may
comprise radiation sensitive material. The radiation sensitive material may otherwise be referred to as
resist. The radiation sensitive material may be in the form of a layer on top of or forming the further
surface. The substrate may be disc shaped, i.e. the substrate may be substantially circular and thin
with two opposite substantially circular surfaces (i.e. the support surface and the further surface). The
support surface may be substantially circular as shown in the examples in figures 2 and 3. The
substrate diameter may be of the order of a few hundred mm, and preferably less than 1000 mm.
Preferably, the substrate diameter may be approximately 300 mm in diameter. Although it is not
necessary for the support surface to be substantially circular and other shapes may be used instead.
[0051] The support surface of the substrate is divided into predefined portions. The predefined
portions have a substantially uniform coefficient of friction across the relevant portions. Each of the
predefined portions may have a substantially uniform coefficient of friction across the portion. The
predefined portions form substantially the whole of the support surface. In other words, the support
surface is divided into only the predefined portions. This means that the support surface is separated
into a number of defined areas having a substantially constant coefficient of friction across said area.

The predefined portions may otherwise be referred to as defined portions or zones. The predefined
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zones may have a minimuimn area, for example, a single predefined portion may be greater than or
equal to approximately 5% of the area of the support surface, or preferably greater than or equal to
approximately 10% of the area of the support surface . Preferably, an area of a single predefined
portion is less than or equal to approximately 50% of the area of the support surface.

[0052] The predefined portions comprise at least one first portion and at least one second portion.
The at least one first portion a first coefficient of friction being substantially uniform across the at
least one first portion and the at least one second portion having a second coefficient of friction being
substantially uniform across the at least one second portion. The second coefficient of friction is
different to the first coefficient of friction. An example is shown in figure 2 in which a substrate W is
shown with a support surface SS and wherein the first portion 1 is white and the second portion 2 is
shaded in black. The further surface FS is on the opposite side of the support surface SS and is
indicated by the arrow to the other side of the substrate which is not shown in figure 2. The first
portion 1 has a substantially uniform coefficient of friction across the whole of the first portion 1. The
second portion 2 has a substantially uniform coefficient of friction across the whole the second
portion 2. As will be described below, additional first and/or second portions may be provided.
[0053] The coefficient of friction being substantially constant means that there is ideally no variation
of the coefficient of friction across that portion. It will be understood that in reality there may be a
small variation in the coefficient of friction across the area. However, variation of the coefficient of
friction within any one portion will be significantly less than the difference between the coefficient of
friction between different portions. The coefficient of friction may be uniform across the portion in
that the variation of the coefficient of friction in any one particular portion may be less 0.05, or
preferably, less than 0.01. The coefficient of friction may be measured in any appropriate way, for
example, by carrying out a tribometer test.

[0054] It is shown in figure 2 that the whole of the support surface SS of the substrate W is divided
into the first portion 1 and the second portion 2. In this particular example, the first portion 1 is
shown as half of the support surface SS and the second portion 2 is shown as half of the support
surface SS. In this example, there is only a single first portion 1 and a single second portion 2. In this
example, the area of the first portion 1 is substantially the same as the area of the second portion 2.
[0055] There may be any suitable number of predefined portions. For example, there may be the
between approximately 2 to 20 predefined portions, or more preferably between approximately 2 to §
predefined portions. A variety of different patterns with different numbers of predefined portions are
shown in figure 3 and will be described in further detail below. Although only first portions 1 and
second portions 2 are generally described, additionally types of portions may be provided. For
example, there may be at least one third portion, each third portion may have a third coefficient of
friction substantially uniform across the third portion, wherein the third coefficient of friction is
different to the first coefficient of friction and is different to the second coefficient of friction.

Additional types of portions with corresponding frictions may be provided.
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[0056] Preferably, the difference between the first coefficient of friction and the second coefficient of
friction is greater than or equal to approximately 0.2, or preferably greater than or equal to
approximately 0.4, or preferably greater than or equal to approximately 0.8. It may be that less work
is required to alter the coefficient of friction of a surface to produce less of a difference between the
friction across the different areas. This may be preferable in the production of such a substrate W.
However, it may be preferable for the difference between the first and second coefficient of friction to
be higher because the greater the difference between the coefficient of friction in different portions
leads to a greater difference between how the different portions interact with the substrate support
which may be more reliably measured. Additionally, it may be preferably for the difference in the
coefficient of friction to be greater than or equal to 0.2, or higher, to reduce the effect that noise may
have on the measurements.

[0057] The further surface F'S may comprise a first feature positioned opposite the at least one first
portion and a second feature positioned opposite the at least one second portion. In other words, a
first feature (which may be measured as part of the method) may be provided to correspond to at least
one of the first portions 1. Additionally, a second feature may be provided to correspond to at least
one of the second portions 2. The features may be the same as the markers described above. The
features may be markers on a lmm x 1mm grid. The features may be otherwise referred to as
fiducials. The features may thus have specific shapes or configurations which are particularly useful
for being accurately measured/sensed by appropriate detectors/sensors.

[0058] An indication of the location of the first feature and the second feature are shown in figure 2
in relation to the support surface SS and are shown by the crosses labelled F1 and F2 respectively. It
may be understood that a location of the first feature (after the substrate is loaded on the substrate
support) will be affected by how the first portion 1 interacts with the substrate support. Similarly, a
location of the second feature (after the substrate is loaded on the substrate support) will be affected
by how the second portion 2 interacts with the substrate support. This may be beneficial in allowing
measurements to be taken to determine the impact of the different portions having different
coefficients of friction on the features which are measured.

[0059] As already indicated, the area of the at least one first portion 1 and the at least one second
portion 2 may be equal. There may be multiple first portions and/or multiple second portions. A
combined area of the multiple first portions may be equal to a combined area of the multiple second
portions. Although this is not necessary.

[0060] The at least one first portion 1 and the at least one second portion 2 may be provided on the
support surface SS in any appropriate pattern. Various different patterns are shown in figure 3. The
various patterns shown in figure 3 are based on Walsh functions, which might be used to generate a
preferred pattern. As will be understood, the substrate W having a support surface SS with
substantially uniform coefficient of friction is labelled Wy and is an example of known substrates.

Variations in accordance with the present invention are shown in figure 3 in substrates W,-Wis. The



10

15

20

25

30

35

WO 2020/147992 PCT/EP2019/080270
13

variation on the support surface SS of W is the same as the example described above in relation to
figure 2. Wi is the same as W in which the orientation of the support surface SS has been rotated by
90° in the plane of the surface. In the substrate W), the support surface SS is divided into quadrants in
which there are two first portions 1 and two second portions 2. This may be a preferred layout of the
portions, i.e. in which the support surface SS comprises two high friction quadrants and two low
friction quadrants. In the substrate W4, the support surface SS is divided into circular portions of
varying radial thickness. Substrates Ws, Ws and W7 have variations of the support surface SS of Wy
in which the support surface SS is further divided as in substrates W1, W, and W respectively. Ws to
Wis are further variations showing different circular portions, some of which are further divided into
quadrants or halves, as in substrates W, W> and W3 respectively. Any of the example patterns could
be rotated by a desired degree in the plane of the support surface SS. In particular, any of the patterns
might be rotated by 45° in the plane of the support surface SS. The examples shown in figure 3 are
not intended to be exhaustive. However, this figure shows some of the shapes which may be used for
the at least one first portion 1 and the at least one second portion 2. Not all of the variations are
labelled, but the figures show the support surface SS having different variations of the at least one
first portion 1 (white area) and the at least one second portion 2 (black area). W; (as shown in Figure
3 and if rotated 45° in the plane of the support surface SS) may provide a particularly useful pattern
for measuring generic friction differences, and Ws may provide a particularly useful pattern for
measuring radius-dependent friction differences. These patterns may be particularly useful even if
rotated in the plane of the support surface.

[0061] In general, the at least one first portion 1 and the at least one second portion 2 may form a
circularly symmetrical pattern with respect to an axis Al, the axis Al being formed through the centre
of, and orthogonal to, the support surface SS. Such a pattern is as shown in W4, Wg and W,.
Additionally or alternatively, the at least one first portion 1 and the at least one second portion 2 form
a pattern in a plane of support surface SS which is symmetrical with respect to an axis A2, the axis A2
being central through the support surface SS and in the plane of the support surface SS. This is as
shown in W, W3, W, W7, Wi, W11, Wiy, and Wis.

[0062] The present invention also provides a method for estimating stress in a substrate W due to a
substrate support. The stress in a substrate W from a substrate support may otherwise be referred to
as a wafer load grid. The method may additionally or alternatively directly estimate the frictional
force from the substrate support on the substrate W, rather than the stress in the substrate W due to the
static friction applied to the substrate W by the substrate support. As described above, there are issues
relating to known measurement methods which require a substrate W to be loaded onto a substrate
support in different ways in order to determine a difference in how the substrate W is deformed by
each loading process, i.e. to estimate/determine the effect of the substrate support on the substrate W.
This can be time consuming. Additionally different types of measurement method may be used

depending on whether DUV or EUYV is being used. The present invention provides a method in which



10

15

20

25

30

35

WO 2020/147992 PCT/EP2019/080270
14

it is not necessary to carry out two separate loading sequences and which can thus provide
measurements relating to the in-plane deformation of the substrate/estimated stress in a more efficient
way. Additionally, advantageously, the present method allows measurements to be taken for both
DUV and EUV such that comparisons can be more easily made.

[0063] The method of the present invention comprises, placing a substrate W on a substrate support.
This is shown as S1 in figure 4. The substrate support may be as described above. For example, the
substrate support may be the same as substrate table WT.

[0064] The substrate W has a support surface SS which is placed on the substrate support. Thus, the
support surface SS may be placed in contact with the substrate support. This may be considered to be
done by the same process for loading the substrate W as described in above examples.

[0065] As with the substrate described above, the support surface SS of the substrate W is divided
into predefined portions. The predefined portions comprise at least one first portion 1 and at least one
second portion 2. The at least one first portion 1 has a first coefficient of friction being substantially
uniform across the at least one first portion 1 and the at least one second portion 2 has a second
coefficient of friction being substantially uniform across the at least one second portion 2, wherein the
second coefficient of friction is different to the first coefficient of friction. The substrate W comprises
a further surface IS opposite the support surface SS, the further surface FS comprising a first feature
F1 positioned opposite the at least one first portion 1 and a second feature F2 positioned opposite the
at least one second portion 2. The substrate W may be the same as described above and may include
the optional variations as described in any of the above described embodiments and/or variations.
[0066] The method further comprises measuring the location of the first feature and the second
feature. This is shown as S2 in figure 4. This may be done using a variety of known methods or
sensors, for example, using interferometric alignment sensors, such as a SMASH or Orion alignment
sensor. The method further comprises estimating the stress (S3 in figure 4) from the substrate support
on the substrate W using the measured location of the first feature F1 and the second feature F2.
Thus, the method establishes the location of both the first and second feature, and then uses this
information as part of the step S3 for estimating the stress due to the substrate support.

[0067] As is clear from the above-described features, this means that a measurement is taken of a
feature which corresponds to a part of the substrate W in contact with the substrate support via the
first portion 1, having the first coefficient of friction. Additionally, a measurement is taken of a
feature which corresponds to a part of the substrate W in contact with the substrate support via the
second portion 2, having the second coefficient of friction, which is different from the first coefficient
of friction. The difference in the coefficient of friction between the first and second portion means
that the deformation of the substrate W represented by the measurements of the first and second
features can be used to estimate the stress due to the substrate support on the substrate.

[0068] The method thus relies on the taking of measurements corresponding to two portions having

different coefficients of friction. The difference between the locations measured is similar to the
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difference between when the substrate is loaded in an optimal and normal way, or a normal and tilted
way as described above. Thus, the differences measured in known techniques using two different
loading scenarios can instead be measured using one substrate W in which portions of the substrate W
respond to the substrate support in different ways due to the variation in coefficient of friction.

[0069] The method may optionally determine the in-plane deformation of the substrate W. Thus, the
method may comprise a step of specifically determining the deformation of the substrate W caused by
the substrate support. This may be useful for comparison to deformation formed by a substrate
support on other substrates or for comparison to deformation formed by another substrate support on
the same substrate W.

[0070] The method may use a model which estimates the stress due to the substrate support based on
the measured location of the first feature F1 and the second feature F2. Additional data may be input
to the model, such as expected location of the first feature F1 and the second feature F2, or the
difference between the location of the first feature F1 and the first reference feature and the difference
between the location of the second feature F2 and the second reference feature. The method may
include determining in-plane deformation and the model may include the stress due to a substrate
support as a function of the in-plane deformation. The model may also depend on information
relating to the predefined portions on the support surface and the corresponding coefficient of friction
in the predefined portions.

[0071] The model may be based on previous measurements providing the relationship between the
relevant data and the stress due to the substrate support. This model can be used to calculate the
friction of the substrate support using at least the measured location of the first feature and the second
feature. The difference in the measurements taken, and particularly of the in-plane deformation, in
the high and low friction areas of the substrate is a measure of friction performance of the substrate
support. Using higher order shapes, e.g with larger numbers of portions, allows more complex
variation in the in-plane deformation to be determined and predicted.

[0072] A single previous measurement may be used to correlate the measured location and
information to an estimated stress due tothe substrate support. Thus, the measurements made in the
present method may be compared to at least one previous measurement made and the stress may thus
be estimated using this previously measured relationship.

[0073] In an embodiment, the method may comprise using information relating to the position of the
features in order to compare said information to the measured values to estimate the stress. In further
detail, the method may further comprise obtaining data indicating an expected location of the first
feature and an expected location of the second feature. The step of estimating the stress due to a
substrate support on a substrate W may use the measured location of the first feature F1 and the
second feature F2 and the data indicating the expected location of the first feature and the second
feature. The data indicting the location of the first feature F1 and the second feature F2 may be based

on at least one measurement using a known substrate support.
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[0074] The expected location of the first feature F1 and the second feature F2 may be the actual
location of the first feature F1 and the second feature F2 on the substrate W in a scenario in which
there is no in-plane deformation. This may be determined by measuring the features on the substrate
W using a known substrate support, e.g. using a substrate support wherein the impact of the in-plane
deformation on the substrate support is known such that the measurements can be used to determine
the expected location of the first feature and the second feature. In other words, the step of obtaining
the data indicating the location of the first feature F1 and the second feature F2 may comprise placing
the substrate W on a different substrate support and measuring the location of the first feature F1 and
the second feature F2. The data may be from measurements taken on multiple different substrate
supports. Ideally, the different substrate support(s) used to obtain the data indicating the location of
the first feature 1 and the second feature IF2 is/are ideally well performing substrate supports with
little and/or well known impact on the in-plane deformation of the substrate.

[0075] In this embodiment, the step of estimating stress may comprise determining the difference
between the measured location of the first feature F1 relative to the expected location of the first
feature and determining the difference between the measured location of the second feature 2
relative to the expected location of the second feature. The estimating step may further comprise
comparing the difference for the first feature and the second feature. Thus, the stress may be
estimated by comparing how the features on the substrate are positioned once placed on the substrate
support compared to where they are expected, using the known variation in the coefficient of friction
relating to the different features.

[0076] The method in the above embodiment uses features having been exposed on a substrate W
and having been pre-measured, for example using a known measuring system to obtain the location of
the features on the further surface. However, the method may be carried out in an alternative way in
which features are provided on a further surface, but have not already been measured using a known
measuring system. In this alternative embodiment, the substrate W may be provided with features as
described above. However, in this alternative embodiment, the method may comprise exposing
additional features on the substrate and measuring the comparative location of the features as
described in further detail below.

[0077] In further detail, the method of this embodiment comprises exposing the further surface FS of
the substrate W to radiation to form a first reference feature on the further surface FS corresponding to
the first feature 1 and a second reference feature on the further surface FS corresponding to the
second feature F2. The first reference feature may be exposed to be in the same position as the first
feature F1, e.g. using the same patterning device/patterned radiation beam as used to form the first
feature F1. Similarly, the second reference feature may be exposed to be in the same position as the
second feature F2, e.g. using the same patterning device/patterned radiation beam as used to form the

second feature F2. As the substrate W will have in-plane deformation due to interaction with the
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substrate support, the first and second reference features will not be formed on the substrate W in the
exact same position as the first and second features respectively.

[0078] In this embodiment, measuring the location of the first feature F1 comprises measuring the
location of the first feature FF1 with respect to the first reference feature and measuring the location of
the second feature 2 comprises measuring the location of the second feature F2 with respect to the
second reference feature. In this way, the measuring step allows the determination of the difference
between the location of the first feature and the first reference feature, and between the second feature
and the second reference feature. In this way, the relative position of the first feature and the first
reference feature may be measured directly, or may be calculated by comparing the measured location
of the first feature and the first reference feature. The same applies to the second reference feature. In
this method, the step of estimating stress due to a substrate support on a substrate is based on the
determined difference.

[0079] In this embodiment, the method may further comprise the step of exposing the further surface
ES of the substrate W to radiation, using a different substrate support, to form the first feature F1 and
the second feature F2. Ideally, the exposure of the substrate W to form the first feature F1 and the
second feature I2 is carried out using a substrate support wherein the impact of the substrate support
on the substrate W, i.e. the deformation induced in the substrate by the substrate support, is known.
[0080] In these embodiments, only a single measurement step may be needed. In other words, after
the substrate W has been loaded (and optionally exposed depending on the embodiment),
measurements may be taken without further steps of re-loading or further exposing the substrate.
Thus, it is not necessary to carry out multiple, possibly very time consuming, loading steps to measure
the in-plane substrate deformation as in previously known methods. Additionally, the measurements
could be used for warped substrates, e.g. after a top coat is applied to the substrate already having the
support surface divided into the portions. This might be beneficial in providing measurements even
more closely representative of customer performance. Furthermore, a substrate used for measuring by
a customer could be coated in portions to provide more accurate estimation of the stress which might
be caused by a substrate support.

[0081] Additionally, the types of substrate described as part of the present invention can be included
in normal system stability runs where a substrate is frequently measured, e.g. every day. In a normal
system stability run, the performance may be measured and the system can be corrected to keep
performance stable. Therefore, these substrates can be included in recurring system calibration work
flows to keep in-plane substrate slip behaviour stable.

[0082] An additional advantage is that the in-plane deformation/friction of the substrate support can
be measured in full customer circumstances rather than on a dried immersion system. In further
detail, an immersion scanner substrate table is typically wet and may run in very fast cycles (for
example, at 30s per substrate) which keeps the wetness state constant. The types of measurement

methods previously used generally take approximately 20 minutes which causes the system to dry up
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and may have negative impacts due to thermal variations. Consequently, to provide measurements
with the required degree of accuracy using known measurement methods, the system generally has to
be drained, allowed to dry and then measurements can be taken. This can take a significant period of
time. The method described in the present invention may be much quicker, and thus, the system can
remain stable within the timeframe allowed for the measurements. This allows the system to use the
fast substrate exposure cycle such that the draining and drying are no longer required.

[0083] The present invention comprises a system configured to carry out the method according to
any of the above embodiments or variations. The system may comprise a processor configured to
receive the measured location of the first feature and the second feature and estimate the stress due to
a substrate support on a substrate using the measured location of the first feature and the second
feature. For example, a processor PR as shown in figure 1 may be used. The processor PR may
receive the measurement information from at least one sensor such as sensor S. The sensor S may
send measured information to the processor wirelessly, or using wires (not depicted). The system
may be a lithographic apparatus as in figure 1, or may be part of a lithographic apparatus. The
lithographic apparatus may comprise some but not all of the components described above in relation
to figure 1.

[0084] The present invention further comprises a method for making a substrate as described in any
of the above embodiments and/or variations. The method comprises providing a substrate for use in a
lithographic apparatus. This is shown as S10 in figure 5. The substrate W having a support surface
SS and a further surface FS opposite the support surface SS. The method may include processing
may the support surface SS to generate at least one first portion 1 having the first coefficient of
friction being substantially uniform across the at least one first portion 1 (as in step S11 of figure 5)
and/or at least one second portion 2 having the second coefficient of friction being substantially
uniform across the at least one second portion 2 (as in step S12 of figure 5). As described above, the
support surface SS may be divided into predefined portions, the predefined portions comprising the at
least one first portion 1 and the at least one second portion 2. Furthermore, each of the predefined
portions may have a substantially uniform coefficient of friction across said portion.

[0085] The step of processing may be carried out in a variety of ways to generate the desired
coefficient of friction in the desired areas. For example, and as described in further detail below, the
processing may include engineering the surface energy (e.g. using DL.C, HMDS, and/or a polymer),
the contact area (e.g. using nanowaves and pillars) and/or or the roughness (which is contact area
indirectly)

[0086] In further detail, the processing may comprise coating the at least one first portion and/or the
at least one second portion, and optionally, using a mask. For example, the processing may comprise
coating the at least one first portion and/or the at least one second surface by forming a layer of
hexamethyldisilazane (HMDS), polysilicon, chromium nitride (CrN), diamond-like carbon (DLC),

graphite and/or a low friction polymer, such as teflon. The processing may comprise etching lines,
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optionally using a mask, in the at least one first portion and/or the at least one second portion. For
example, the etching may comprise the use of nanopillars and/or nanowaves. The processing may
comprise scratching across the at least one first portion and/or the at least one second portion. The
processing may comprise generating homogeneous roughness. The processing may comprise any
combination of these methods. Advantages of using physical methods (e.g. scratching) to alter the
coefficient of friction of any of the portions include that there may be no chemical interaction with the
substrate support, and/or the change in friction may be more robust, and/or these methods do not
physically deform the substrate in the form of stress and/or warp.

[0087] The method described above for estimating stress in a substrate W due to a substrate support
may further comprise the method for producing the substrate W to be placed in the substrate support
using any method or combination of methods described above.

[0088] Although specific reference may be made in this text to the use of lithographic apparatus in
the manufacture of ICs, it should be understood that the lithographic apparatus described herein may
have other applications, such as the manufacture of integrated optical systems, guidance and detection
patterns for magnetic domain memories, flat-panel displays, liquid-crystal displays (LCDs), thin-film
magnetic heads, etc. The skilled artisan will appreciate that, in the context of such alternative
applications, any use of the terms “wafer” or “die” herein may be considered as synonymous with the
more general terms “substrate’” or “target portion”, respectively. The substrate referred to herein may
be processed, before or after exposure, in for example a track (a tool that typically applies a layer of
resist to a substrate and develops the exposed resist), a metrology tool and/or an inspection tool.
Where applicable, the disclosure herein may be applied to such and other substrate processing tool 1s.
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.

[0089] 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.

[0090] 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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[0091] 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.

[0092] 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.

[0093] 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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CLAIMS

1. A method for estimating stress in a substrate due to a substrate support, the method

comprising:

placing a substrate on a substrate support, the substrate having a support surface which is
placed on the substrate support, wherein the support surface of the substrate is divided into predefined
portions, wherein the predefined portions comprise at least one first portion and at least one second
portion, the at least one first portion having a first coefficient of friction being substantially uniform
across the at least one first portion and the at least one second portion having a second coefficient of
friction being substantially uniform across the at least one second portion, wherein the second
coefficient of friction is different to the first coefficient of friction, wherein the substrate comprises a
further surface opposite the support surface, the further surface comprising a first feature positioned
opposite the at least one first portion and a second feature positioned opposite the at least one second
portion;

measuring the location of the first feature and the second feature;

estimating the stress in the substrate due to the substrate support using the measured location

of the first feature and the second feature.

2. The method of claim 1, wherein the method further comprises obtaining data indicating an
expected location of the first feature and an expected location of the second feature, and wherein
estimating the stress in the substrate uses the measured location of the first feature and the second

feature and the data indicating the expected location of the first feature and the second feature.

3. The method of claim 2, wherein estimating the stress in a substrate comprises determining the
difference between the measured location of the first feature relative to the expected location of the
first feature and determining the difference between the measured location of the second feature
relative to the expected location of the second feature, and comparing the difference for the first

feature and the second feature.

4. The method of either of claims 2 or 3, wherein obtaining the data indicating the expected
location of the first feature and the second feature comprises placing the substrate on a different

substrate support and measuring the location of the first feature and the second feature.

5. The method of claim 1, further comprising:
exposing the further surface of the substrate to radiation to form a first reference feature on
the further surface corresponding to the first feature and a second reference feature on the further

surface corresponding to the second feature, wherein measuring the location of the first feature
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comprises measuring the location of the first feature with respect to the first reference feature and
measuring the location of the second feature comprises measuring the location of the second feature
with respect to the second reference feature;

determining the difference between the location of the first feature and the first reference
feature, and between the second feature and the second reference feature; and

estimating the stress in the substrate based on the determined difference.

6. The method of claim 5, further comprising, using a different substrate support, exposing the

further surface of the substrate to radiation to form the first feature and the second feature.

7. A system configured to carry out the method of any one of claims 1-6, wherein the system
comprises a processor configured to receive the measured location of the first feature and the second
feature and to estimate the stress in a substrate using the measured location of the first feature and the

second feature.

8. A substrate for use in a lithographic apparatus, the substrate having a support surface for
interaction with a substrate support, wherein the support surface of the substrate is divided into
predefined portions, wherein the predefined portions comprise at least one first portion and at least
one second portion, the at least one first portion having a first coefficient of friction being
substantially uniform across the at least one first portion and the at least one second portion having a
second coefficient of friction being substantially uniform across the at least one second portion,

wherein the second coefficient of friction is different to the first coefficient of friction.

9. The substrate of claim §, wherein the substrate comprises a further surface opposite the
support surface, the further surface comprising a first feature positioned opposite the at least one first

portion and a second feature positioned opposite the at least one second portion.

10. The substrate of either of claims 8 or 9, wherein the difference between the first coefficient of
friction and the second coefficient of friction is greater than or equal to approximately 0.2, or
preferably greater than or equal to approximately 0.4, or preferably greater than or equal to

approximately 0.8.

11. The substrate of either of claims § or 9, wherein the further surface comprises radiation

sensitive material.
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12. The substrate of either of claims § or 9, wherein the at least one first portion and the at least
one second portion form a circularly symmetrical pattern with respect to an axis, the axis being

formed through the centre of, and orthogonal to, the support surface.

13. The substrate of either of claims 8 or 9, wherein the at least one first portion and the at least
one second portion form a pattern in a plane of support surface which is symmetrical with respect to

an axis, the axis being central through the support surface and in the plane of the support surface.

14. The substrate of either of claims § or 9, wherein there are multiple first portions and multiple
second portions, and a combined area of the multiple first portions is equal to a combined area of the

multiple second portions.

15. The method of any one of claims 1 to 6, using the substrate of any one of claims 8 to 14.

16. A method of producing the substrate of any one of claims 8 to 14, wherein the method
comprises:
providing a substrate for use in a lithographic apparatus, the substrate having a support
surface and a further surface opposite the support surface; and
processing the support surface to generate at least one first portion having the first coefficient
of friction being substantially uniform across the at least one first portion and/or at least one second
portion having the second coefficient of friction being substantially uniform across the at least one

second portion.

17. The method of claim 16, wherein the processing comprising at least one of:
a) coating the at least one first portion and/or the at least one second portion;
b) etching across the at least one first portion and/or the at least one second portion; and

c) scratching across the at least one first portion and/or the at least one second portion.
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