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A Substrate Holder, a Lithographic Apparatus and Method of Manufacturing Devices

@ A substrate holder for use in a lithographic apparatus and configured to support a substrate, the substrate holder
comprising:
a main body having a main body surface; and
a plurality of burls projecting from the main body surface; wherein
each burl has a distal end configured to engage with the substrate;
the distal ends of the burls substantially conform to a support plane
whereby a substrate can be supported in a substantially flat state on the burls; and
a flow control feature configured to form a gas cushion adjacent the periphery of the substrate holder when a
substrate is being lowered onto the substrate holder.
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A Substrate Holder, a Lithographic Apparatus

and Method of Manufacturing Devices

Field
[0002] The present invention relates to a substrate holder, a lithographic apparatus using the

substrate holder and a method of making devices using the substrate holder.

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). In that instance, 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. comprising 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.
Known lithographic apparatus include so-called steppers, in which each target portion is irradiated by
exposing an entire pattern onto the target portion at one time, 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.

[0004] It has been proposed to immerse the substrate in the lithographic projection apparatus in a
liquid having a relatively high refractive index, e.g. water, so as to fill a space between the final
optical element of the projection system and the substrate. In an embodiment, the liquid is distilled
water, although another liquid can be used. The point of this is to enable imaging of smaller features
since the exposure radiation will have a shorter wavelength in the liquid. The effect of the liquid may
also be regarded as increasing the effective numerical aperture (NA) of the system and also increasing
the depth of focus.

[0005] The substrate is conventionally clamped to a substrate holder during exposures. Two
clamping techniques are commonly used. In vacuum clamping a pressure differential across the
substrate is established, e.g. by connecting the space between the substrate to an under-pressure, so
that a higher pressure above the substrate exerts a force holding the substrate to the substrate holder.
In electrostatic clamping, electrostatic forces are used to exert a force between the substrate and the
substrate holder. Several different arrangements are known to achieve this. In one arrangement a first
electrode is provided on the lower surface of the substrate and a second electrode on the upper surface

of the substrate holder. A potential difference is established between the first and second electrodes.
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In another arrangement two semi-circular electrodes are provided on the substrate holder and a
conductive layer is provided on the substrate. A potential (voltage) difference is applied between the
two semi-circular electrodes so that the two semi-circular electrodes and the conductive layer on the
substrate act like two capacitors in series.

[0006] A substrate holder conventionally has a plurality of burls to support the substrate. The total
area of the burls that contacts the substrate is small compared to the total area of a substrate.
Therefore, the chance that a contaminant particle randomly located on the surface of the substrate or
the substrate holder is trapped between a burl and the substrate is small. Also, in manufacture of the
substrate holder, it is easier to make the tops of the burls accurately coplanar, than to make a large
surface accurately flat.

[0007] To load a substrate onto a substrate holder in preparation for exposure it is placed by a
substrate handler robot onto so-called e-pins which project through the substrate holder. The e-pins
then retract to lower the substrate onto the substrate holder. Then, the clamping force is applied so
that the substrate is held very firmly during exposure. The clamping force is large enough to hold the
substrate in position even when it is subjected to very large accelerations and to resist thermal
expansion, for example due to absorption of energy from the projection beam during exposure. If the
substrate is distorted, e.g. so as to be convex, the clamping force will tend to flatten out the substrate

against the substrate holder.

SUMMARY
[0008] It is desirable, for example, to provide an improved substrate holder that can better handle
distorted substrates.
[0009] According to an aspect of the invention, there is provided a substrate holder for use in a
lithographic apparatus and configured to support a substrate, the substrate holder comprising:
a main body having a main body surface;
a plurality of burls projecting from the main body surface; wherein
each burl has a distal end configured to engage with the substrate;
the distal ends of the burls substantially conform to a support plane whereby a substrate
can be supported in a substantially flat state on the burls; and
a flow control feature configured to form a gas cushion adjacent the periphery of the

substrate holder when a substrate is being lowered onto the substrate holder.

Brief Description of the Drawings

[0010] 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:

[0011] Figure 1 schematically depicts a lithographic apparatus;
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[0012] Figure 2 depicts in plan a substrate holder according to an embodiment;

[0013] Figure 3 is a graph depicting the height of a surface of a substrate holder according to an
embodiment along a radius thereof;

[0014] Figure 4 is an enlargement of a part of the graph of figure 3;

[0015] Figure 5 is a graph depicting distortion occurring in two different types of substrate when
held on a conventional substrate holder;

[0016] Figure 6 is a graph depicting the substrate-to-substrate distortion occurring in two different
types of substrate when held on a conventional substrate holder;

[0017] Figure 7 is a graph depicting distortion occurring in two different types of substrate when
held on a substrate holder according to an embodiment; and

[0018] Figure 8 is a graph depicting the substrate-to-substrate distortion occurring in two different

types of substrate when held on a substrate holder according to an embodiment.

Detailed Description

[0019] Figure 1 schematically depicts a lithographic apparatus of an embodiment of the invention.
The apparatus comprises:

- an illumination system (illuminator) IL configured to condition a radiation beam B (e.g. UV
radiation or DUV radiation);

- a support structure (e.g. a mask table) MT constructed to support a patterning device (e.g. a
mask) MA and connected to a first positioner PM configured to accurately position the patterning
device MA in accordance with certain parameters;

- a support table, e.g. a sensor table to support one or more sensors or a substrate support
apparatus 60 constructed to hold a substrate (e.g. a resist-coated production substrate) W, connected to
a second positioner PW configured to accurately position the surface of the table, for example of a
substrate W, in accordance with certain parameters; and

- 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.
comprising part of, one, or more dies) of the substrate W.

[0020] 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.

[0021] The support structure MT holds the patterning device MA. It 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 support structure MT can use mechanical, vacuum,
electrostatic or other clamping techniques to hold the patterning device MA. The support structure

MT may be a frame or a table, for example, which may be fixed or movable as required. The support
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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.”

[0022] 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 such as to create
a pattern in a target portion of the substrate. It should be noted that the pattern imparted to the
radiation beam may not exactly correspond to the desired pattern in the target portion of the substrate,
for example if the pattern includes phase-shifting features or so called assist features. Generally, the
pattern imparted to the radiation beam will correspond to a particular functional layer in a device
being created in the target portion, such as an integrated circuit.

[0023] The patterning device MA may be transmissive or reflective. Examples of patterning
devices include masks, programmable mirror arrays, and programmable LCD panels. Masks are well
known in lithography, and include mask types such as binary, alternating phase-shift, and attenuated
phase-shift, as well as various hybrid mask types. An example of a programmable mirror array
employs a matrix arrangement of small mirrors, each of which can be individually tilted so as to
reflect an incoming radiation beam in different directions. The tilted mirrors impart a pattern in a
radiation beam which is reflected by the mirror matrix.

[0024] 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”.

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

[0026] The lithographic apparatus may be of a type having two or more tables (or stage(s) or
support(s)), e.g., two or more substrate tables or a combination of one or more substrate tables and
one or more sensor or measurement tables. In such “multiple stage” machines the multiple tables may
be used in parallel, or preparatory steps may be carried out on one or more tables while one or more
other tables are being used for exposure. The lithographic apparatus may have two or more patterning
device tables (or stage(s) or support(s)) which may be used in parallel in a similar manner to substrate,
sensor and measurement tables. The lithographic apparatus may be of a type that has a measurement
station, at which there are various sensors for characterizing a production substrate prior to exposure
and an exposure station, at which the exposures are carried out.

[0027] The lithographic apparatus is of a type wherein at least a portion of the substrate W may be
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covered by a immersion liquid 10 having a relatively high refractive index, e.g. water such as ultra
pure water (UPW), so as to fill an immersion space 11 between the projection system PS and the
substrate W. An immersion liquid 10 may also be applied to other spaces in the lithography
apparatus, for example, between the patterning device MA and the projection system PS. Immersion
techniques can be used to increase the numerical aperture of projection systems. The term
“immersion” as used herein does not mean that a structure, such as a substrate W, must be submerged
in immersion liquid 10; rather “immersion” only means that an immersion liquid 10 is located
between the projection system PS and the substrate W during exposure. The path of the patterned
radiation beam B from the projection system PS to the substrate W is entirely through immersion
liquid 10.

[0028] Referring to Figure 1, the illuminator IL receives a radiation beam from a radiation source
SO. The source SO and the lithographic apparatus may be separate entities, for example when the
source SO is an excimer laser. In such cases, the source SO is not considered to form part of the
lithographic apparatus and the radiation beam is passed from the source SO to the illuminator IL. with
the aid of a beam delivery system BD comprising, for example, suitable directing mirrors and/or a
beam expander. In other cases the source SO may be an integral part of the lithographic apparatus, for
example when the source SO is a mercury lamp. The source SO and the illuminator IL, together with
the beam delivery system BD if required, may be referred to as a radiation system.

[0029] The illuminator IL. may comprise an adjuster AD for adjusting the angular intensity
distribution of the radiation beam B. 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
illuminator IL can be adjusted. In addition, the illuminator IL. may comprise various other
components, such as an integrator IN and a condenser CO. The illuminator IL. may be used to
condition the radiation beam B to have a desired uniformity and intensity distribution in its
cross-section. Similar to the source SO, the illuminator I may or may not be considered to form part
of the lithographic apparatus. For example, the illuminator II. may be an integral part of the
lithographic apparatus or may be a separate entity from the lithographic apparatus. In the latter case,
the lithographic apparatus may be configured to allow the illuminator IL to be mounted thereon.
Optionally, the illuminator IL is detachable and may be separately provided (for example, by the
lithographic apparatus manufacturer or another supplier).

[0030] The radiation beam B is incident on the patterning device (e.g. mask) MA, which is held
on the support structure (e.g. mask table) MT, and is patterned by the patterning device MA. Having
traversed the patterning device 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
positioner PW and position sensor IF (e.g. an interferometric device, linear encoder or capacitive
sensor), the substrate support apparatus 60 can be moved accurately, e.g. so as to position different

target portions C in the path of the radiation beam B.
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[0031] Similarly, the first positioner PM and another position sensor (which is not explicitly
depicted in Figure 1) can be used to accurately position the patterning device MA with respect to the
path of the radiation beam B, e.g. after mechanical retrieval from a mask library, or during a scan. In
general, movement of the 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
positioner PM. Similarly, movement of the substrate support apparatus 60 may be realized using a
long-stroke module and a short-stroke module, which form part of the second positioner PW.

[0032] In the case of a stepper (as opposed to a scanner) the support structure MT may be
connected to a short-stroke actuator only, or may be fixed. Patterning device 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 P1, P2 as illustrated occupy dedicated target portions,
they may be located in spaces 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 patterning device alignment marks M1, M2 may be located between the dies.

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

[0034] 1. In step mode, the support structure MT and the substrate support apparatus 60 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 support apparatus 60 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.

[0035] 2. In scan mode, the support structure MT and the substrate support apparatus 60 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 support
apparatus 60 relative to the support structure MT may be determined by the (de-) magnification and
image reversal characteristics of the projection system PS. In scan mode, the maximum size of the
exposure field limits the width (in the non-scanning direction) of the target portion C in a single
dynamic exposure, whereas the length of the scanning motion (and size of the exposure field)
determines the height (in the scanning direction) of the target portion C.

[0036] 3. In another mode, the support structure MT is kept essentially stationary holding a
programmable patterning device, and the substrate support apparatus 60 is moved or scanned while a
pattern imparted to the radiation beam B is projected onto a target portion C. In this mode, generally a
pulsed radiation source is employed and the programmable patterning device is updated as required
after each movement of the substrate support apparatus 60 or in between successive radiation pulses
during a scan. This mode of operation can be readily applied to maskless lithography that utilizes a

programmable patterning device, such as a programmable mirror array of a type as referred to above.
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[0037] Combinations and/or variations on the above described modes of use or entirely different
modes of use may also be employed.

[0038] A controller 500 controls the overall operations of the lithographic apparatus and in
particular performs an operation process described further below. Controller 500 can be embodied as
a suitably-programmed general purpose computer comprising a central processing unit, volatile and
non-volatile storage means, one or more input and output devices such as a keyboard and screen, one
or more network connections and one or more interfaces to the various parts of the lithographic
apparatus. It will be appreciated that a one-to-one relationship between controlling computer and
lithographic apparatus is not necessary. One computer can control multiple lithographic apparatuses.
Multiple networked computers can be used to control one lithographic apparatus. The controller 500
may also be configured to control one or more associated process devices and substrate handling
devices in a lithocell or cluster of which the lithographic apparatus forms a part. The controller 500
can also be configured to be subordinate to a supervisory control system of a lithocell or cluster and/or
an overall control system of a fab.

[0039] Arrangements for providing immersion liquid between a final optical 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 systems and the all-wet immersion systems.
An embodiment of the present invention relates particularly to the localized immersion systems.
[0040] To load a substrate onto the substrate support apparatus 60 for exposures, it is picked up by
a substrate handler robot and lowered onto a set of e-pins which project through the substrate holder.
The e-pins are actuated so that they can extend and retract and they may be provided with suction
openings at their tips to grip the substrate. There may be three e-pins spaced around the center of the
substrate holder. Once the substrate has settled on the e-pins, the e-pins are retracted so that the
substrate is lowered onto and supported by burls of the substrate holder. A clamp system is activated
to clamp the substrate to the substrate holder. The clamp system may be activated before the substrate
has contacted the substrate holder. These steps are conventionally performed at a load/unload station.
[0041] Ideally the substrate is perfectly flat, but inevitably some distortion can occur and it is
desirable that the lithographic apparatus achieves acceptable performance with distorted substrates. In
some cases a less strict performance measure applies when a distorted substrate is exposed. For
example, a greater overlay error may be allowed when the substrate curvature is greater than a
specified amount. Nevertheless, it is desirable to improve the performance of the lithographic
apparatus even for distorted substrates.

[0042] Distorted substrates commonly fall into two types, which are sometimes referred to as “bowl
substrates” and “umbrella substrates”. A bowl substrate is curved upward at the edges, i.e. the surface
on which exposures are to be performed is concave, like a bowl. An umbrella substrate is curved
downward at the edges, i.e. the surface on which exposures are to be performed is convex, like an

umbrella. If a substrate is to be exposed on both sides, its orientation, when loaded into the
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lithographic apparatus, determines whether it is a bowl or umbrella substrate. A flat substrate may
initially distort under its own weight while being held by the e-pins, e.g. becoming an umbrella
substrate, but may distort differently when being lowered.
[0043] Investigations and simulations performed by the present inventors have determined that
differently distorted and flat substrates behave differently when loaded onto the substrate holder and
clamped, leading to undesirable differences when exposed. For example, overlay errors may vary
significantly between substrates. Such substrate-to-substrate variation is particularly undesirable as it
is difficult to predict and to compensate for. An overlay error that is consistent between substrates
can often be compensated for, e.g. by adjusting the position of the substrate during exposure.
[0044] The inventors’ investigations reveal that as an umbrella substrate is lowered onto the burls
of the substrate it will contact the burls that are near the edge before it contacts the burls that are near
the center. Friction between the burls and the lower surface of the substrate may then prevent the
substrate to fully relax into a flat, unstressed state. If a delay is introduced to allow the substrate to
relax fully before the substrate clamping system is activated then this reduces throughput. The
umbrella substrates are therefore compressed in-plane. The amount of in-plane compression may be
small in absolute terms but is significant given the extremely tight overlay error budgets for high
resolution lithography.
[0045] The inventors’ investigations also reveal that as a flat or bowl substrate is lowered onto the
burls of the substrate it will contact the burls that are near the center before it contacts the burls that
are near the edge. As the clamping force is applied, the substrate tends to be expanded in-plane. The
amount of expansion may be small in absolute terms but is significant given the extremely tight
overlay error budgets for high resolution lithography. Initially flat substrates also tend to experience
in-plane expansion. Thus the distortions occurring to compressed umbrella substrates and expanded
flat substrates add to give a greater substrate-to-substrate variation.
[0046] According to the present invention there is proposed a substrate holder for use in a
lithographic apparatus and configured to support a substrate, the substrate holder comprising:

a main body having a main body surface;

a plurality of burls projecting from the main body surface; wherein

each burl has a distal end configured to engage with the substrate;

the distal ends of the burls substantially conform to a support plane whereby a substrate can
be supported in a substantially flat state on the burls; and
a flow control feature configured to form a gas cushion adjacent the periphery of the substrate holder
when a substrate is being lowered onto the substrate holder.
[0047] The flow control feature causes a build-up of gas adjacent the periphery of the substrate as
the substrate is being lowered onto the substrate holder. In other words, the pressure underneath the
periphery of the substrate increases. This pressure increase delays the descent of the periphery of the

substrate, especially if the substrate is an umbrella substrate, so that it touches down on the burls more
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nearly simultaneously across the whole area of the substrate. This reduces or eliminates the
compression effect that occurs when umbrella substrates are clamped to the substrate holder. With a
substrate holder according to the invention, umbrella substrates behave more like flat substrates and at
least substrate-to-substrate overlay differences are reduced.

[0048] An additional advantage of the invention is that the flow control feature improves thermal
coupling between the substrate and the substrate holder in the peripheral region. This improves
temperature control of the substrate.

[0049] In an embodiment, the flow control feature comprises a raised area adjacent the periphery of
the substrate holder.

[0050] The raised area can easily be provided in manufacture of the substrate holder and can be
shaped to have the desired effect.

[0051] In an embodiment, the raised area is in the form of a ring around substantially the whole
periphery of the substrate holder.

[0052] By providing the raised area in the form of aring, a substantially uniform and rotationally
symmetric effect can be achieved.

[0053] In an embodiment, the raised area has a width in the radial direction of the substrate holder
in the range of from 2 mm to 80 mm, desirably 10 mm to 50 mm.

[0054] With a width in this range, a suitable gas cushion effect can be achieved for umbrella
substrates of commonly occurring degrees of distortion. If the raised area does not have clearly
defined boundaries, the width of the raised area should be regarded as the radial distance between the
radially innermost part of the raised area that is no more than 50 um below the support plane and the
radially outermost part of the raised area that is no more than 50 pum below the support plane.

[0055] In an embodiment, the raised area has a distal surface and the distance between the distal
surface and the support plane is at least 3 pm.

[0056] A spacing of 3 um or more between the top of the raised area and the support plane ensures
that if a contaminant particle falls onto the raised area it does not cause a distortion of the substrate.
[0057] In an embodiment, the raised area has a distal surface and the distance between the distal
surface and the support plane is no more than 50 wm.

[0058] A spacing of 50 pum or less between the top of the raised area and the support plane helps to
ensure the gas cushion effect is effective.

[0059] In an embodiment, the raised area has a distal surface and the distal surface is substantially
parallel to the support plane.

[0060] If the distal surface is parallel to the support plane, the gas cushion is effective.

[0061] In an embodiment, the raised area has a distal surface and the distal surface is inclined to the
support plane so that the distance between the distal surface and the support plane at a radially inner
part thereof is less than a distance between the distal surface and the support plane at a radially an

outer part thereof.



10

15

20

25

30

35

10

[0062] If the distal surface is inclined toward the outside, then an inward flow of gas, caused by
extraction of gas through a vacuum clamp system, easily generates a gas cushion. It is also possible
that the distal surface is inclined towards the inside.
[0063] In an embodiment, the raised area has a distal surface and the distal surface is concave.
[0064] A concavity on the distal surface assists in retaining gas to form a gas cushion.
[0065] In an embodiment, there is also a seal structure radially outward of the flow control
structure.
[0066] The seal structure outside the flow control structure forms a narrow gap to the substrate
when loaded so as to reduce the gas flow required to maintain an under-pressure below the substrate
for clamping.
[0067] In an embodiment, a distance between a distal seal surface of the seal structure and the
support plane is less than a distance between the distal surface of the flow control structure and the
support plane.
[0068] The seal structure can be much narrower than the flow control structure so that the gap
between the distal seal surface and the support plane can be small without an unacceptable risk of a
contaminant particle being trapped.
[0069] According to an embodiment of the invention, there is also provided a lithographic
apparatus for projecting an image onto a substrate, the lithographic apparatus comprising:

a substrate holder as described above; and

a clamp system for clamping a substrate to the substrate holder.
[0070] According to an embodiment of the invention, there is also provided a method of
manufacturing devices using a lithographic apparatus having a substrate holder as described above
and a clamp system for clamping a substrate to the substrate holder, the method comprising:

loading a substrate onto the substrate holder;

engaging the clamp system; and

exposing a pattern onto the substrate.
[0071] Figure 2 depicts a substrate holder WT according to an embodiment of the present
invention. Substrate holder WT comprises a main body 20 that is generally circular in plan. Main
body 20 desirably has a diameter equal to the diameter of the substrates which are to be supported.
The diameter of main body 20 may be, for example, 300 mm or 450 mm. Main body 20 has a main
body upper surface 20a that is generally flat, save as described below, Main body upper surface 20a
is provided with a plurality of burls 21 projecting therefrom. The distal end surfaces of burls 21
accurately conform to a support plane SP so as to support a substrate. In other words, the distal end
surfaces of burls 21 are coplanar.
[0072] Around the periphery of substrate holder WT, there is a flow control structure 22, which is
described further below. Outside of flow control structure 22 there is a seal structure 23. The flow

control structure and seal structure can be spaced apart or abut as illustrated in Figure 3 depicting a
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height of a surface of the substrate holder along a radius thereof. The seal structure 23 comprises a
pair of concentric walls 23a, 23b which project upwardly from the upper surface 20a of substrate
holder WT (see Figure 4 which is an enlargement of a part of the graph of Figure 3). A small gap
remains between the upper seal surfaces of walls 23a, 23b, e.g. about 3 to 10 um. The purpose of seal
structure 23 is two-fold. Firstly, if a vacuum clamp is used to hold the substrate W to substrate holder
WT, then the seal structure reduces the gas flow into the space below the substrate W and therefore
reduces the energy requirement to maintain the under-pressure. Secondly, in an immersion
lithographic apparatus, the seal structure 23 can also function to reduce ingress of immersion liquid
into the space below the substrate W. The seal structure need not have two walls, in some cases a
single wall will suffice. In an embodiment of the invention, the seal structure is omitted.

[0073] A plurality of through-holes 24 are provided in a central region of substrate holder WT.
Through-holes 24 can fulfil two functions. Firstly they allow e-pins (not shown) to project through
substrate holder WT to receive substrate W. Secondly, they allow the space between the substrate W
and substrate holder WT to be connected to an under-pressure so as to effect a vacuum clamp as
described above. The number and dispositions of the through-holes 24 can be varied as required to
fulfil the above functions, in particular depending on whether separate holes are used for the e-pins
and for connection to the under-pressure.

[0074] In an embodiment, a burl 21 has a height in the range of from 100 pm to 500 um, e.g. about
150 um. The diameter of the distal end surface of burl 21 may be in the range of 100 um to 300 um,
e.g. about 200 um. The pitch of the burls, i.e. the distance between the centers of two adjacent burls,
may be in the range of about 0.5 mm to 3 mm, e.g. about 1.5 mm. In an embodiment, the total area of
the distal end surfaces of all the burls 21 is in the range of from 1% to 3% of the total area of a
substrate W or the substrate holder WT. Burls 21 may be frusto-conical in shape, with side walls
being slightly inclined. In an embodiment, the side walls may be vertical or even overhanging if that
is more convenient to manufacture. In an embodiment, burls 21 are circular in plan. Burls 21 can
also be formed in other shapes if desired. Burls 21 may be treated, e.g. provided with a coating or
structure, to reduce friction and/or increase resistance to wear.

[0075] Burls 21 are provided across substantially the whole area of main body upper surface 20a,
right up to the seal structure 23. Burls 21 are provided on top of flow control structure upper surface
20a. In an embodiment the pattern of burls 21 is substantially uniform across the whole area of upper
surface 20a, i.e. the burls have a uniform pitch. In an embodiment, the pattern of burls 21 varies in at
least some parts of the upper surface 20a, for example in the vicinity of through-holes 24 or the edge
of the wafer. The pattern of burls can be varied in order to control parameters of the support of the
substrate, e.g. the local stiffness of the substrate holder as experienced by the substrate and/or friction
between the substrate and the substrate holder.

[0076] Flow control structure 22 comprises a raised area on the main body upper surface 20a of

substrate holder WT in a peripheral region thereof. The contour of flow control structure 22 is shown
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in Figure 3 which is a graph of height relative to the support plane SP as a function of radial position.
Figure 4 is an enlarged view of part of the graph of Figure 3 to better illustrate the shape of the flow
control structure and seal structure. In Figure 4 the horizontal axis is enlarged more than the vertical
axis. It is important to note two things about Figures 3 and 4. Firstly, the horizontal axis (r) and
vertical axis (z) are shown in arbitrary units but have very different scales. The arbitrary units for z
are about a factor of 1000 smaller than the arbitrary units for r. Secondly, the burls, all of whose
distal ends conform to the support plane SP, have been omitted from this drawing to avoid obscuring
the form of the flow control structure.

[0077] From a functional point of view, the most important part of the flow control structure 22 is
upper flow control surface 22a. Upper flow control surface 22a is substantially planar and disposed
parallel to the support plane SP. The distance between upper flow control surface 22a and support
plane SP is in the range of from about 3 or 10 pm to about 50 pm, e.g. 20 um. In an embodiment,
upper flow control surface is lower than the top of seal structure 23. In an embodiment, upper flow
control surface 22a is concave, e.g. conforming to part of the surface of a torus. In an embodiment,
upper flow control surface 22a is not parallel to the support plane SP. In an embodiment, upper flow
control surface 22a is inclined so that the gap between upper flow control surface 22a and support
plane SP increases with increasing radius. In an embodiment, upper flow control surface 22a is
inclined so that the gap between upper flow control surface 22a and support plane SP decreases with
increasing radius. The function of the upper flow control surface 22a is to create a gas cushion, i.e. a
pressure buildup, as a substrate being lowered onto substrate holder WT gets close to the support
plane.

[0078] As a substrate is lowered onto substrate holder WT, gas that is present between substrate W
and substrate holder WT is compressed and if it cannot escape quickly enough, a pressure buildup
occurs. Gas can escape from the space between the descending substrate W and substrate holder WT
via two routes: through through-holes 24 in the substrate holder WT or between the gap between the
seal structure 23 and the substrate W around the periphery of the substrate holder. As the substrate W
descends, this gap reduces so that the rate of gas outflow by this route is reduced. By activating a
vacuum pump or other source of under pressure and connecting it to through-holes 24, gas can be
extracted from the space between the descending substrate W and substrate holder WT fast enough to
prevent a pressure buildup that would otherwise limit the speed at which the substrate could be
lowered onto the substrate holder and so prevent a negative impact on throughput.

[0079] In an embodiment of the present invention, the presence of the flow control structure causes
a localized pressure buildup in the peripheral region of the substrate holder when the substrate W is
being lowered onto the substrate holder. This pressure buildup generates an upward force on the
peripheral region of the substrate W thus tending to deflect the edges of the substrate W upwards.
The parameters of the flow control structure 22 - in particular its width in the radial direction, its

spacing from the support plane SP and its shape - can be selected to provide a desired effect on the



10

15

20

25

30

35

13

periphery of a descending substrate. The parameters of the flow control structure can be selected to
provide a desired compromise between deflection of the substrate edges and delay in loading
substrates.

[0080] Flow control structure 22 also includes an incline section 22b joining the upper flow control
surface 22a to the main body upper surface 21a of substrate holder WT. The shape of incline section
22b as well as corners 22¢ and 22d, which join incline section 22b to the upper flow control surface
22a, are not critical to the functioning of the flow control structure and can therefore be chosen as
desired for ease of manufacture. Inclined section can be concave or convex. A stepped reduction in
height of the raised area is also possible. Similarly, the exact form of corner 22e which joins upper
flow control surface 22a to wall 23a can be chosen as desired for manufacturing reasons.

[0081] Substrate holder WT can be made of SiSiC or other ceramic materials. The burls, flow
control structure and seal structure can be formed on the main body 20 by conventional techniques.
For example, the substrate holder is made by removing material, e.g. using electric discharge
machining, from a blank. A final lapping process can be used to ensure that the burls are of the
correct heights. The conventional electric discharge machining process can be modified to leave
additional material where required to form the flow control structure. However, the flow control
structure is not required to have any particular structural properties and its dimensional tolerances are
not particularly strict. Therefore, a flow control structure could be formed by addition of material to
an existing substrate holder, e.g. by an additive manufacturing technique such as 3D printing. A flow
control structure can be retrofitted to an existing substrate holder.

[0082] Investigations by the present inventors show that a substrate holder according to an
embodiment of the present invention provides an improved behavior of loaded substrates, in particular
a more consistent behavior between different types of distorted substrate. This is illustrated in Figures
5to 8.

[0083] Figure 5 depicts in-plane deformation in arbitrary units (vertical axis) as a function of radius
in arbitrary units (horizontal axis) for an initially flat substrate (continuous line) and an initially
umbrella-distorted substrate. It will be seen that the flat substrate experiences a positive in-plane
deformation, i.e. an expansion, whilst the umbrella substrate experiences a negative in-plane
deformation, i.e. a compression. Figure 6 shows the substrate-to-substrate variation, i.e. the
difference between the deformation of the flat substrate and the deformation of the umbrella substrate.
Because the flat substrates and umbrella substrates deform in different ways, the substrate to substrate
variation is greater than the deformation experienced by any individual substrate.

[0084] Figures 7 and 8 are corresponding graphs to Figures 5 and 6 but using a substrate holder
according to an embodiment of the present invention. The same arbitrary units for in-plane
deformation are used. It will be seen from Figure 7 that both the flat substrate (continuous line) and
umbrella-substrate (dash line) experience a positive in-plane deformation, i.e. an expansion.

Although the in-plane deformation experienced by the flat substrate is greater when using a substrate
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holder according to an embodiment of the invention than when using a conventional substrate holder,
it can be seen from Figure 8 that the substrate-to-substrate variation is reduced substantially. Thus, it
will be understood that a substrate holder according to an embodiment of the invention gives rise to
much more consistent behavior between different types of distorted substrate. Consistent deformation
can be compensated for elsewhere in the exposure process, e.g. by adjusting positioning set points for
the substrate during exposure. It might be thought that different substrate holders could be used for
different types of distorted substrates to minimize deformation but substrate holders cannot be
exchanged so readily.

[0085] Although the present invention has been described in relation to an exemplary embodiment
that employs a vacuum clamping system, an electrostatic clamp can also be used. The present
invention can be employed in a lithographic apparatus in which the beam path is under high vacuum
conditions, e.g. an EUV lithographic apparatus, if the substrate is loaded onto the substrate holder in
an environment having sufficient gas pressure to enable a gas cushion to be formed.

[0086] 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 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 one or
multiple processed layers.

[0087] 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 436, 405, 365,
248, 193, 157 or 126 nm). The term “lens”, where the context allows, may refer to any one or
combination of various types of optical components, including refractive and reflective optical
components.

[0088] While specific embodiments of the invention have been described above, it will be
appreciated that the invention may be practiced otherwise than as described.

[0089] One or more embodiments of the invention may be applied to any immersion lithography
apparatus, in particular, but not exclusively, those types mentioned above and whether the immersion
liquid is provided in the form of a bath, only on a localized surface area of the substrate, or is

unconfined. In an unconfined arrangement, the immersion liquid may flow over the surface of the
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substrate and/or substrate table so that substantially the entire uncovered surface of the substrate table
and/or substrate is wetted. In such an unconfined immersion system, the liquid supply system may not
confine the immersion liquid or it may provide a proportion of immersion liquid confinement, but not
substantially complete confinement of the immersion liquid.
[0090] A liquid supply system as contemplated herein should be broadly construed. In certain
embodiments, it may be a mechanism or combination of structures that provides an immersion liquid
to a space between the projection system and the substrate and/or substrate table. It may comprise a
combination of one or more structures, one or more fluid openings including one or more liquid
openings, one or more gas openings or one or more openings for two phase flow. The openings may
each be an inlet into the immersion space (or an outlet from a fluid handling structure) or an outlet out
of the immersion space (or an inlet into the fluid handling structure). In an embodiment, a surface of
the space may be a portion of the substrate and/or substrate table, or a surface of the space may
completely cover a surface of the substrate and/or substrate table, or the space may envelop the
substrate and/or substrate table. The liquid supply system may optionally further include one or more
elements to control the position, quantity, quality, shape, flow rate or any other features of the
immersion liquid.
[0091] 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 clauses set out below. Other aspects of the invention are set out as in
the following numbered clauses:
1. A substrate holder for use in a lithographic apparatus and configured to support a substrate,
the substrate holder comprising:

a main body having a main body surface;

a plurality of burls projecting from the main body surface; wherein

each burl has a distal end configured to engage with the substrate;
the distal ends of the burls substantially conform to a support plane
whereby a substrate can be supported in a substantially flat state on the burls; and
a flow control feature configured to form a gas cushion adjacent the periphery of the

substrate holder when a substrate is being lowered onto the substrate holder.

2. A substrate holder according to clause 1 wherein the flow control feature comprises a raised

area adjacent a periphery of the substrate holder.

3. A substrate holder according to clause 2 wherein the raised area is in the form of a ring

around substantially the whole periphery of the substrate holder.
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4. A substrate holder according to clause 2 or 3 wherein the raised area has a width in a radial

direction of the substrate holder in the range of from 3 mm to 80 mm, preferably 10 mm to 50 mm.

5. A substrate holder according to any one of clauses 2 to 4 wherein the raised area has a distal

surface and the distal surface is substantially parallel to the support plane.

6. A substrate holder according to any one of clauses 2 to 4 wherein the raised area has a distal
surface and the distal surface is inclined to the support plane so that a distance between an inner part
of the distal surface and the support plane is less than a distance between an outer part of the distal

surface and the support plane.

7. A substrate holder according to any one of clauses 2 to 4 wherein the raised area has a distal

surface and the distal surface is concave.

8. A substrate holder according to clause 5, 6 or 7 wherein a distance between the distal

surface and the support plane is at least 3 um, preferably 10 um.

9. A substrate holder according to any one of clause 5 to 8 wherein a distance between the

distal surface is no more than 50 pm.

10. A substrate holder according to any of the preceding clauses further comprising a plurality

of through holes in a central region of the substrate holder.

11. A substrate holder according to any one of the preceding clauses further comprising a seal

structure which is provided radially outward of the flow control structure.

12. A substrate holder according to clause 11 wherein a distance between a distal seal surface of
the seal structure and the support plane is less than a distance between the distal surface of the flow

control structure and the support plane.

13. A lithographic apparatus for projecting an image onto a substrate, the lithographic apparatus
comprising:
a substrate holder according to any one of the preceding clauses; and

a clamp system for clamping a substrate to the substrate holder.

14. A method of manufacturing devices using a lithographic apparatus according to clause 13,

the method comprising:
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loading a substrate onto the substrate holder;
engaging the clamp system; and

exposing a pattern onto the substrate.
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CONCLUSIE

1. Een lithografieinrichting omvattende: een belichtinginrichting ingericht voor het leveren
van een stralingsbundel; een drager geconstrueerd voor het dragen van een
patroneerinrichting, welke patroneerinrichting in staat is een patroon aan te brengen in een
doorsnede van de stralingsbundel ter vorming van een gepatroneerde stralingsbundel; een
substraattafel geconstrueerd om een substraat te dragen; en een projectieinrichting ingericht
voor het projecteren van de gepatroneerde stralingsbundel op een doelgebied van het
substraat, met het kenmerk, dat de substraattafel is ingericht voor het positioneren van het

doelgebied van het substraat in een brandpuntsvlak van de projectieinrichting.
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Fig. 8
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ABSTRACT

A substrate holder for use in a lithographic apparatus and configured to support a substrate, the
substrate holder comprising:
5 a main body having a main body surface; and
a plurality of burls projecting from the main body surface; wherein
each burl has a distal end configured to engage with the substrate;
the distal ends of the burls substantially conform to a support plane
whereby a substrate can be supported in a substantially flat state on the burls; and
10 a flow control feature configured to form a gas cushion adjacent the periphery of the

substrate holder when a substrate is being lowered onto the substrate holder.

(Fig.2)
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