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(57) Abstract: A lithographic apparatus is described, the lithographic apparatus comprising: - an illumination system (IL) con-
figured to condition a radiation beam; - a support (SA2) constructed to support a patterning device (MA), the patterning device be -
ing capable of imparting the radiation beam with a pattern in its cross-section to form a patterned radiation beam (PR); - a projection
system (PS) contigured to project the patterned radiation beam onto a target portion of a substrate (W), - a stage assembly (SA) com-
prising: - a substrate table (WT) constructed to hold the substrate; and - a positioning device configured to displace the substrate
table relative to the projection system; - a base frame onto which stage assembly and the projection system are mounted; - the base
frame comprising a first portion (SABF) configured to support the stage assembly and a second portion (BF2) configured to support
the projection system, the first portion and the second portion being connected to each other via a compliant portion (DC) of the
base frame.
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LITHOGRAPHIC APPARATUS AND DEVICE MANUFACTURING METHOD
CROSS-REFERENCE TO RELATED APPLICATIONS
[001] This application claims priority of EP application 16150424.6 which was filed on

January 7, 2016 and which is incorporated herein in its entirety by reference.

BACKGROUND

Field of the Invention
[002] The present invention relates to a lithographic apparatus and a method for

manufacturing a device.

Description of the Related Art

[003] A lithographic apparatus is a machine that applies a desired pattern onto a substrate,
usually onto a target portion of the substrate. A lithographic apparatus can be used, for example,
in the manufacture of integrated circuits (ICs). In such a case, a patterning device, which is
alternatively referred to as a mask or a reticle, may be used to generate a circuit pattern to be
formed on an individual layer of the IC. This pattern can be transferred onto a target portion
(e.g. including part of, one, or several dies) on a substrate (e.g. a silicon wafer). Transfer of the
pattern is typically via imaging onto a layer of radiation-sensitive material (resist) provided on
the substrate. In general, a single substrate will contain a network of adjacent target portions
that are successively patterned. Conventional lithographic apparatus include so-called steppers,
in which each target portion is irradiated by exposing an entire pattern onto the target portion at
once, and so-called scanners, in which each target portion is irradiated by scanning the pattern
through a radiation beam in a given direction (the “scanning”-direction) while synchronously
scanning the substrate parallel or anti-parallel to this direction. It is also possible to transfer the
pattern from the patterning device to the substrate by imprinting the pattern onto the substrate.
[004] In order to ensure that the pattern is appropriately projected onto the target portion,
it is important to ensure that the target portion is accurately positioned relative to the patterned
radiation beam. As such, considerable effort is spent in ensuring that the position of the
patterned radiation beam does not displace due to vibrations. Typically, a lithographic
apparatus comprises a base frame onto which a stage apparatus for moving the substrate
relative to the projection system and a projection system are mounted. In order to isolate
vibrations due to movements of the stage apparatus from propagating to the projection system,

the projection system of a lithographic apparatus may e.g. be mounted to a separate frame that
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is supported by the base frame of the apparatus by means of a plurality of vibration isolators.
As accuracy requirements become more stringent, such an arrangement may however not be

sufficient to isolate the projection system.

SUMMARY
[005] It is desirable to improve the vibrational isolation of a projection system of a
lithographic apparatus. In order to realize this, there is provided, according to an embodiment
of the invention, a lithographic apparatus comprising:
an illumination system configured to condition a radiation beam;
a support constructed to support a patterning device, the patterning device being capable of
imparting the radiation beam with a pattern in its cross-section to form a patterned radiation
beam;
a projection system configured to project the patterned radiation beam onto a target portion of a
substrate,
a stage assembly comprising:

a substrate table constructed to hold the substrate; and

a positioning device configured to displace the substrate table relative to the projection
system;
a base frame onto which stage assembly and the projection system are mounted;
the base frame comprising a first portion configured to support the stage assembly and a second
portion configured to support the projection system, the first portion and the second portion
being connected to each other via a compliant portion of the base frame.
[006] In another embodiment of the invention, there is provided a lithographic apparatus
comprising:
an illumination system configured to condition a radiation beam;
a support constructed to support a patterning device, the patterning device being capable of
imparting the radiation beam with a pattern in its cross-section to form a patterned radiation
beam;
a projection system configured to project the patterned radiation beam onto a target portion of a
substrate,
a stage assembly comprising:

a substrate table constructed to hold the substrate; and

a positioning device configured to displace the substrate table relative to the projection

system;
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a base frame onto which stage assembly and the projection system are mounted;

the base frame comprising a first portion configured to support the stage assembly and a second
portion configured to support the projection system; the base frame further comprising a
deformable seal arranged to bridge a gap between the first portion and the second portion.
[007] According to an embodiment of the invention, there is provided a device
manufacturing method comprising projecting a patterned beam of radiation onto a substrate,

using a lithographic apparatus according to the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[008] 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:

[009] - Figure 1 depicts a lithographic apparatus according to a first embodiment of

the invention;

[0010] - Figures 2a and 2b depict the effect of having a dynamic decoupling by
applying a base frame according to the present invention.

[0011] - Figures 3 and 4 depict a lithographic apparatus as known in the art;

[0012] - Figure 5 schematically depicts a lithographic apparatus according to a second

embodiment of the present invention;
[0013] - Figure 6 schematically depicts a top view of a stage assembly as can be

applied in a lithographic apparatus according to the present invention.

DETAILED DESCRIPTION
[0014] Figure 1 schematically depicts a lithographic apparatus according to one
embodiment of the invention. The apparatus includes an illumination system (illuminator) IL
configured to condition a radiation beam B (e.g. UV radiation or any other suitable radiation), a
mask support structure (e.g. a mask table) MT constructed to support a patterning device (e.g. a
mask) MA and connected to a positioning device PM configured to accurately position the
patterning device in accordance with certain parameters. The apparatus also includes a
substrate table (e.g. a wafer table) W'T' or "substrate support" constructed to hold a substrate
(e.g. aresist-coated wafer) W and connected to a positioning device PW configured to
accurately position the substrate in accordance with certain parameters. The apparatus further
includes a projection system (e.g. a refractive projection lens system) PS configured to project

a pattern imparted to the radiation beam B by patterning device MA onto a target portion C (e.g.
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including one or more dies) of the substrate W.

[0015] The illumination system 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.
[0016] The mask support structure supports, i.e. bears the weight of, the patterning device.
It holds the patterning device in a manner that depends on the orientation of the patterning
device, the design of the lithographic apparatus, and other conditions, such as for example
whether or not the patterning device is held in a vacuum environment. The mask support
structure can use mechanical, vacuum, electrostatic or other clamping techniques to hold the
patterning device. The mask support structure may be a frame or a table, for example, which
may be fixed or movable as required. The mask support structure may ensure that the
patterning device is at a desired position, for example with respect to the projection system.
Any use of the terms “reticle” or “mask™ herein may be considered synonymous with the more
general term “patterning device.”

[0017] The term “patterning device” used herein should be broadly interpreted as referring
to any device that can be used to impart a radiation beam with a pattern in its cross-section so as
to create a pattern in a target portion of the substrate. It should be noted that the pattern
imparted to the radiation beam may not exactly correspond to the desired pattern in the target
portion of the substrate, for example if the pattern includes phase-shifting features or so called
assist features. Generally, the pattern imparted to the radiation beam will correspond to a
particular functional layer in a device being created in the target portion, such as an integrated
circuit.

[0018] The patterning device may be transmissive or reflective. Examples of patterning
devices include masks, programmable mirror arrays, and programmable LLCD 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.
[0019] 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



10

15

20

25

30

WO 2017/118508 PCT/EP2016/080062

considered as synonymous with the more general term “projection system”.

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).
[0020] 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.

[0021] The lithographic apparatus may also be of a type wherein at least a portion of the
substrate may be covered by a liquid having a relatively high refractive index, e.g. water, so as
to fill a space between the projection system and the substrate. An immersion liquid may also
be applied to other spaces in the lithographic apparatus, for example, between the mask and the
projection system. Immersion techniques can be used to increase the numerical aperture of
projection systems. The term “immersion™ as used herein does not mean that a structure, such
as a substrate, must be submerged in liquid, but rather only means that a liquid is located
between the projection system and the substrate during exposure.

[0022] Referring to figure 1, the illuminator IL. receives a radiation beam from a radiation
source SO. The source and the lithographic apparatus may be separate entities, for example
when the source is an excimer laser. In such cases, the source is not considered to form part of
the lithographic apparatus and the radiation beam is passed from the source SO to the
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.

[0023] 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 6-outer and G-inner, respectively) of the intensity distribution
in a pupil plane of the illuminator can be adjusted. In addition, the illuminator IL. may include
various other components, such as an integrator IN and a condenser CO. The illuminator may
be used to condition the radiation beam, to have a desired uniformity and intensity distribution
in its cross-section.

[0024] The radiation beam B is incident on the patterning device (e.g., mask MA), which
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is held on the mask support structure (e.g., mask table MT), and is patterned by the patterning
device. Having traversed the 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. In accordance
with the present invention, the substrate W may be displaced relative to the projection system
PS by means of a stage assembly SA, the stage assembly SA comprising a substrate table W'T,
which is constructed to hold the substrate W; and the positioning device PW that is configured
to displace the substrate table W'T relative to the projection system PS.

[0025] With the aid of the positioning device PW and a position sensor IF (e.g. an
interferometric device, linear encoder or capacitive sensor), the substrate table W'T can be
moved accurately, e.g. so as to position different target portions C in the path of the radiation
beam B. Similarly, the positioning device PM and another position sensor (which is not
explicitly depicted in Figure 1) can be used to accurately position the 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 mask table MT may be realized with the aid of a
long-stroke module (coarse positioning) and a short-stroke module (fine positioning), which
may form part of the positioning device PM. Similarly, movement of the substrate table W'T or
"substrate support” may be realized using a long-stroke module and a short-stroke module,
which form part, in an embodiment of the present invention, of the positioning device PW. In
the case of a stepper (as opposed to a scanner) the mask table M'T may be connected to a
short-stroke actuator only, or may be fixed. Mask MA and substrate W may be aligned using
mask 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 mask MA, the mask alignment marks
may be located between the dies.

[0026] The depicted apparatus could be used in at least one of the following modes:
[0027] 1. Instep mode, the 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 is projected onto a target portion C at one time (i.e. a single static exposure).
The substrate table W'T 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.

[0028] 2. Inscan mode, the mask table MT or "mask support" and the substrate table

WT or "substrate support” are scanned synchronously while a pattern imparted to the radiation
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beam is projected onto a target portion C (i.e. a single dynamic exposure). The velocity and
direction of the substrate table W'T or "substrate support” relative to the 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.

[0029] 3. In another mode, the mask table M'T or "mask support"” is kept essentially
stationary holding a programmable patterning device, and the substrate table W'T 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 W'T 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.

[0030] Combinations and/or variations on the above described modes of use or entirely
different modes of use may also be employed.

[0031] In accordance with the present invention, the lithographic apparatus further
comprises a base frame BIF onto which the stage assembly SA and the projection system PS are
mounted. In the embodiment as shown, the projection system PS is mounted to a so-called
metrology frame MF, which may be mounted onto the base frame BFF by means of vibration
isolators such as air mounts or the like. In the embodiment as shown, the base frame BF is
mounted to a pedestal PD by means of base frame supports BI'S. As an alternative, the base
frame BF may also be mounted onto a ground floor or factory floor. Further, in accordance
with an embodiment of the present invention, the base frame BF a first portion FPBI
configured to support the stage assembly SA and a second portion SPBF configured to support
the projection system PS, the first portion and the second portion being connected to each other
via a compliant portion DPBF of the base frame BI. As will be explained in more detail below,
the compliant portion DPBF enables to provide in an improved isolation of the projection
system PS from vibrations that are caused by displacements of the stage assembly relative to
the base frame BF. Within the meaning of the present invention, a compliant portion or
compliant seal refers to a portion or seal that is flexible or deformable in at least one degree of
freedom.

[0032] In a lithographic apparatus, a substrate stage W'T is displaced relative to projection
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system PS in order to project a pattern onto each target portion C on the substrate W. Due to
said displacement, the stage assembly SA may exert a force and/or torque on the base frame B
supporting the stage assembly SA. Resulting vibrations could, in case no measures are taken,
propagate towards the projection system PS, even when the projection system PS is mounted to
the base frame BF via vibration isolators. In order to mitigate this effect, the base frame BF
according to an embodiment of the present invention, comprises a compliant, i.e. a deformable
or flexible portion DPBF arranged between the first portion and the second portion. By
including such a compliant portion, the propagation of vibrations, in particular vertical and
rotational displacements of the base frame portion FPBF supporting the stage assembly SA,
can be mitigated. By introducing the deformable or compliant portion DPBF, the base frame
BF may in fact behave as two base frames that are dynamically isolated, at least for vibrations
in a certain frequency range. This principle is schematically illustrated in Figures 2a and 2b.
[0033] Figure 2a schematically depicts a base frame B mounted to a pedestal PD in a
conventional manner. As shown, the pedestal PD is mounted to a ground floor GIF by a
comparatively stiff support S1. The base frame B is mounted to the pedestal PD by means of
the support S2, which may also be a comparatively stiff support, e.g. having a stiffness of 1e8
N/m. in case a torque T is applied to the base frame B, e.g. due to a displacement DSA of a
stage assembly SA or a part thereof, a vertical movement VM of the base frame B may occur.
Said vertical movement VM may e.g. adversely affect any object or system M, e.g. a projection
system or a metrology frame, that is mounted on the base frame B adjacent the stage assembly
SA.

[0034] By applying a base frame BF in accordance with an embodiment of the present
invention, as illustrated in Figure 2b, a displacement DSA of a stage assembly may have far
less effect on a object or system M that is mounted adjacent the stage assembly. By providing a
compliant portion (indicated by the dotted lines DP) between a first portion BF1 of the base
frame BF and a second portion BF2 of the base frame BF, the effects of a torque T acting on the
base frame portion BF1 onto which the stage assembly SA (e.g. a substrate table and a
positioning device) is mounted will propagate much more difficult. Due to the compliant
portion DP, vibrations basically need to propagate via the pedestal PD which, in general, will
have a comparatively high mass. The same holds when the base frame BIF would be mounted to
a ground floor or a factory floor. As a result, the second portion BF2 will be less affected by
stage assembly induced torques.

[0035] The base frame concept as illustrated in Figures 1 and 2b, may also be applied in a

lithographic apparatus that applies EUV radiation, i.e. whereby the exposure process takes



10

15

20

25

30

WO 2017/118508 PCT/EP2016/080062

place under vacuum conditions.

[0036] Figures 3 and 4 schematically illustrate a possible lay-out of such a lithographic
apparatus as known in the art. Figure 3 schematically shows a cross-sectional view of an
EUV-type lithographic apparatus including an illumination system IL. and a projection system
PS, the projection system PS comprising a plurality of mirrors MS configured to redirect a
patterned beam PR of radiation onto a substrate W that is mounted on a substrate table WT. In
the arrangement as shown, the substrate table W'T forms part of a dual stage assembly SA that
includes two substrate tables W'T that can be displaced by a positioning device PW, e.g. a
planar motor assembly or a linear motor assembly. In the arrangement as shown, the
illumination system IL projects a conditioned beam PC of radiation onto a patterning device
MA (in this case a reflective patterning device) to generate the patterned beam of radiation PR.
The patterning device MA is mounted to a second stage assembly SA2, e.g. including an object
table to hold the patterning device MA and a positioning device for positioning the patterning
device MA. The stage assembly may e.g. include a balance mass BM onto which reaction
forces can be exerted. The arrangement as shown further comprises a vibrationally isolated
frame, e.g. a metrology frame MF, onto which position measurement devices may be mounted
or measurement devices to characterize a substrate prior to exposure, such measurement
devices e.g. including a level sensor LS for determining a height map of a substrate W’ and an
alignment sensor AS for determining a position of alignment marks on the substrate W’. In the
arrangement as shown, the stage assemblies, the illumination system IL, the metrology frame
and the projection system PS are all mounted (either directly or via vibration isolators VI) to a
common base frame BF, the base frame BF forming a bottom of a vacuum chamber VC
enclosing the stage assemblies, the illumination system IL, the metrology frame and the
projection system PS. In the arrangement as shown, the base frame BF is mounted to a pedestal
PD via comparatively stiff supports SP, the pedestal PD being mounted on a ground floor GF.
When one of the substrate tables W'T of the stage assembly SA is displaced in a horizontal
plane, a similar problem as illustrated in Figure 2a may occur, as shown in Figure 4. A torque
exerted on the base frame BF may cause a tilt or rotation of the base frame BF, primarily
because the base frame BF is connected to the pedestal PD with a limited stiffness, i.e. the
stiffness is not infinitely large. The resulting rotation may result in displacements of the
positions of the vibration isolators, such as vibration isolators VI, which may propagate to the
metrology frame MF, thus generating a metrology frame acceleration. As a result, projection of
the patterned radiation beam PR onto the substrate W may become less accurate, causing an

overlay error in response.
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[0037] In order to avoid or mitigate this issue, the present invention proposes to at least
partially dynamically decouple the base frame portion onto which the stage assembly is
mounted from a base frame portion onto which other assemblies such as the projection system
PS or the illumination system IL are mounted. Such an arrangement is schematically shown in
Figure 5.

[0038] Figure 5 schematically shows a cross-sectional view of a lithographic apparatus
according to an embodiment of the present invention. In the embodiment of Figure 5, the stage
assembly SA is supported by a first portion SABF of a base frame, whereas the illumination
system IL, the projection system PS and the metrology frame MF are supported by a second
portion BF2 of the base frame. In the embodiment as shown, a coupling DC is provided
connecting the first portion SABT of the base frame to the second portion BF2 of the base
frame. In accordance with the present invention, the coupling DC may be realized in various
ways.

In an embodiment, the coupling DC comprises a deformable seal sealing a gap between the
first base frame portion SABF and the second base frame portion BF2. In case of the
application of the base frame in an EUV-type lithographic apparatus, the gap between the first
base frame portion SABT and the second base frame portion B2 should be sealed in order to
maintain the vacuum inside the vacuum chamber VC. With respect to the compliance, i.e.
deformability or flexibility of the seal, it can be pointed out that a compliance is primarily
required in the vertical direction, in order to mitigate the effect of the rotation or tilt as shown in
Figure 4. As such, the compliant or deformable seal may e.g. comprise a leaf spring arranged to
deform in the vertical direction, while having a comparatively large stiffness in the horizontal
direction. As an alternative to the use of a leaf spring or leaf springs, a bellow may be applied as
well to bridge a gap between the first base frame portion SABT and the second base frame
portion BF2.

[0039] In an embodiment, the first portion and the second portion of the base frame are
connected to each other via a compliant portion of the base frame itself. In such embodiment,
the base frame does not consist of discrete component that are connected, rather, the first
portion of the base frame, the second portion of the base frame and the compliant portion of the
base frame may form one body. Such an arrangement is e.g. schematically shown in Figure 1.
In such embodiment, the upper surface of the base frame may be a continuous surface.

[0040] In an embodiment, the compliant portion of the base frame may circumscribe an
operating area of the stage assembly. Figure 6 schematically shows a top view of a stage

assembly as can be applied in a lithographic apparatus according to the present invention, to
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illustrate this.

[0041] Figure 6 schematically shows a top view of a stage assembly SA comprising a
planar motor arrangement including a two-dimensional array of permanent magnets PMA and
two substrate tables W'I' which can be displaced relative to the permanent magnet array PMA
by energizing coil assemblies onto which the substrate tables W'T are mounted. In an
alternative arrangement, PMA may be configured as a two-dimensional coil array configured
to co-operate with permanent magnet arrays on to which the substrate tables W'I' are mounted.
Figure 6 further schematically shows a contour DP indicating the location of the compliant
portion of the base frame onto which the stage assembly SA is mounted. In an embodiment, as
also schematically shown in Figure 1, the compliant portion of the base frame can be realized
by providing this portion with a smaller thickness than the first portion of the base frame, i.e.
the portion supporting the stage assembly.

[0042] In an embodiment, the compliant portion is configured to enable a displacement of
the first portion relative to the second portion in a vertical direction or about an horizontal axis.
[0043] In order to mitigate the adverse effect as illustrated in Figure 4, one may e.g.
consider designing the compliant portion or the deformable seal with a stiffness in the vertical
direction that is an order of magnitude smaller than the vertical stiffness of the supports
supporting the base frame, e.g. supports SP as shown in Figure 5.

[0044] In an embodiment of the present invention, the adverse effect as illustrated in
Figure 4 is even further reduced, by subdividing a pedestal onto which the base frame is
mounted into two portions, whereby the first portion of the base frame is mounted to a first
portion of the pedestal and the second portion of the base frame is mounted to a second portion
of the pedestal. In such embodiment, the first and second portion of the pedestal may e.2. be
dynamically decoupled or partially decoupled.

[0045] Although specific reference may be made in this text to the use of lithographic
apparatus in the manufacture of ICs, it should be understood that the lithographic apparatus
described herein may have other applications, such as the manufacture of integrated optical
systems, guidance and detection patterns for magnetic domain memories, flat-panel displays,
liquid-crystal displays (I.CDs), thin-film magnetic heads, etc. The skilled artisan will
appreciate that, in the context of such alternative applications, any use of the terms “wafer” or
“die” herein may be considered as synonymous with the more general terms “substrate” or
“target portion", respectively. The substrate referred to herein may be processed, before or after
exposure, in for example a track (a tool that typically applies a layer of resist to a substrate and

develops the exposed resist), a metrology tool and/or an inspection tool. Where applicable, the
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disclosure herein may be applied to such and other substrate processing tools. Further, the
substrate may be processed more than once, for example in order to create a multi-layer IC, so
that the term substrate used herein may also refer to a substrate that already contains multiple
processed layers.

[0046] 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.

[0047] 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 (EFUV) 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.

[0048] 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.

[0049] While specific embodiments of the invention have been described above, it will be
appreciated that the invention may be practiced otherwise than as described. For example, the
invention may take the form of a computer program containing one or more sequences of
machine-readable instructions describing a method as disclosed above, or a data storage
medium (e.g. semiconductor memory, magnetic or optical disk) having such a computer
program stored therein.

[0050] The descriptions above are intended to be illustrative, not limiting. Thus, it will be
apparent to one skilled in the art that modifications may be made to the invention as described

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

1. A lithographic apparatus comprising:
an illumination system configured to condition a radiation beam;
a support constructed to support a patterning device, the patterning device being capable of
imparting the radiation beam with a pattern in its cross-section to form a patterned radiation
beam;
a projection system configured to project the patterned radiation beam onto a target portion of a
substrate,
a stage assembly comprising:

a substrate table constructed to hold the substrate; and

a positioning device configured to displace the substrate table relative to the projection
system;
a base frame onto which stage assembly and the projection system are mounted;
the base frame comprising a first portion configured to support the stage assembly and a second
portion configured to support the projection system, the first portion and the second portion

being connected to each other via a compliant portion of the base frame.

2. The lithographic apparatus according to claim 1, wherein the compliant portion

circumscribes an operating area of the stage assembly.

3. The lithographic apparatus according to claim 1 or claim 2, wherein the compliant

portion of the base frame has a smaller thickness than the first portion.

4.  The lithographic apparatus according to any of the preceding claims, wherein the first

portion, the second portion and the compliant portion constitute a single body.

5. The lithographic apparatus according to any of the preceding claims, wherein the
compliant portion is configured to enable a displacement of the first portion relative to the

second portion in a vertical direction or about an horizontal axis.

6. A lithographic apparatus comprising:
an illumination system configured to condition a radiation beam;
a support constructed to support a patterning device, the patterning device being capable of

imparting the radiation beam with a pattern in its cross-section to form a patterned radiation
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beam;
a projection system configured to project the patterned radiation beam onto a target portion of a
substrate,
a stage assembly comprising:

a substrate table constructed to hold the substrate; and

a positioning device configured to displace the substrate table relative to the projection
system;
a base frame onto which stage assembly and the projection system are mounted;
the base frame comprising a first portion configured to support the stage assembly and a second
portion configured to support the projection system; the base frame further comprising a

deformable seal arranged to bridge a gap between the first portion and the second portion.

7. The lithographic apparatus according to claim 6, wherein the deformable seal includes a

bellow.

8. The lithographic apparatus according to any of the preceding claims, wherein the base

frame constitutes a bottom portion of a vacuum chamber enclosing the projection system.

9. The lithographic apparatus according to claim 8, wherein the vacuum chamber further

encloses the illumination system and the stage assembly.

10.  The lithographic apparatus according to any of the preceding claims, wherein the

projection system is mounted to the second portion of the base frame via vibration isolators.

11.  The lithographic apparatus according to claim 10, wherein the vibration isolators

comprise sealed pneumatic isolators and/or leaf springs.

12.  The lithographic apparatus according to any of the preceding claims, wherein the

illumination system is mounted to the second portion of the base frame.

13.  The lithographic apparatus according to any of the preceding claims, wherein the base

frame is mounted to a pedestal.

14. The lithographic apparatus according to claim 13, wherein the first portion of the base

frame is mounted to a first portion of the pedestal and wherein the second portion of the base
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frame is mounted to a second portion of the pedestal.

15. A device manufacturing method comprising projecting a patterned beam of radiation

onto a substrate using a lithographic apparatus according to any of the preceding claims.
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Figure 2a

Figure 2b



WO 2017/118508 PCT/EP2016/080062

3/5

Figure 3



WO 2017/118508 PCT/EP2016/080062

4/5

_U
o,

g

L

o

Figure 4



WO 2017/118508 PCT/EP2016/080062

5/5

/
/\§“\/SP

BF2

Figure 5

___________________________________

e - -

- e = = = = = -

Figure 6



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2016/080062

A. CLASSIFICATION OF SUBJECT MATTER

INV. GO3F7/20
ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

GO3F

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

EPO-Internal, WPI Data

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X US 20047137384 Al (HARA HIROMICHI [JP]) 1-3,6-15
15 July 2004 (2004-07-15)

abstract

figures 1-3,9B

paragraphs [0002], [0031] - [0041],
[0050] - [0059]

X US 2006/279716 Al (COX HENRIKUS H M [NL] 1,3-5,
ET AL) 14 December 2006 (2006-12-14) 10,11,
13-15
abstract

figures 1,2

paragraphs [0002], [0029] - [0049]

_/__

Further documents are listed in the continuation of Box C. See patent family annex.

* Special categories of cited documents : . . . . L
"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand

"A" document defining the general state of the art which is not considered the principle or theory underlying the invention

to be of particular relevance
"E" earlier application or patent but published on or after the international "X" document of particular relevance; the claimed invention cannot be

filing date considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

cited to establish the publication date of another citation or other "Y* document of particular relevance; the claimed invention cannot be

special reason (as specified) considered to involve an inventive step when the document is

"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

1 March 2017 13/03/2017

Name and mailing address of the ISA/ Authorized officer

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016 Andersen, Ole

Form PCT/ISA/210 (second sheet) (April 2005)

page 1 of 2



INTERNATIONAL SEARCH REPORT

International application No

PCT/EP2016/080062

C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

BV [NL]; PEIJSTER JERRY JOHANNES MARTINUS
[NL];) 14 March 2013 (2013-03-14)
abstract

figures 4a,4b

paragraphs [0001], [0026], [0044]

Category™ | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A JP 2004 273491 A (CANON KK) 1-15

30 September 2004 (2004-09-30)

abstract

figures 1,2

paragraphs [0001], [0029], [0030],

[0037]
A WO 2013/034753 Al (MAPPER LITHOGRAPHY IP 1-15

Form PCT/ISA/210 (continuation of second sheet) (April 2005)

page 2 of 2




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/EP2016/080062
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2004137384 Al 15-07-2004 CN 1517796 A 04-08-2004
JP 4458322 B2 28-04-2010
JP 2004221251 A 05-08-2004
KR 20040065150 A 21-07-2004
US 2004137384 Al 15-07-2004

US 2006279716 Al 14-12-2006  JP 4976483 B2 18-07-2012
JP 2006344969 A 21-12-2006
JP 2010109376 A 13-05-2010
US 2006279716 Al 14-12-2006

JP 2004273491 A 30-09-2004  NONE

WO 2013034753 Al 14-03-2013 CN 103858057 A 11-06-2014
EP 2753979 Al 16-07-2014
JP 2014530478 A 17-11-2014
RU 2014113908 A 20-10-2015
W 201316138 A 16-04-2013
US 2014197330 Al 17-07-2014
WO 2013034753 Al 14-03-2013

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - drawings
	Page 18 - drawings
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - wo-search-report
	Page 23 - wo-search-report
	Page 24 - wo-search-report

