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LITHOGRAPHIC APPARATUS, METHOD FOR LEVELLING AN OBJECT, AND
LITHOGRAPHIC PROJECTION METHOD

FIELD
[0001] The present invention relates to a lithographic apparatus, a method for levelling an

object, and a lithographic projection method.

BACKGROUND
[0002] 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, i.e. substrate user areas) 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.

[0003] It is known to focus the reticle with respect to the projection system of the
lithography apparatus. Currently, a reticle level sensor is used for this purpose. The known
sensor optically measures the reticle height using two lanes, which lanes are located outside a
customer area part of the reticle. In a lithographic system having a non-telecentric projection
system, a precise positioning of the reticle in a Z-direction (a direction that is normal to a

patterned reticle surface) is desired, to prevent overlay errors.

SUMMARY

[0004] It is desirable to provide an improved lithographic apparatus and method.
Particularly, it is desirable to provide a very accurate positioning of a patterned object.
[0005] According to an embodiment of the invention, there is provided a lithographic

apparatus that is configured to project a patterned radiation beam onto a substrate. The
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apparatus includes a support configured to hold a patterned object, and a measurement system
configured to detect orientations and/or densities of user area structures that are present on a user
area of the patterned object.

[0006] According to an embodiment, there is provided a lithographic apparatus that 1s
configured to project a patterned radiation beam onto a substrate. The apparatus includes a
support configured to hold a patterned object, the patterned object having a patterned user area,
and a levelling information system configured to provide levelling information that is based on
orientations and/or densities of user area structures present on the user area of the patterned
object. The apparatus also includes a levelling system configured to receive the levelling
information from the levelling information system, and to use the received levelling information
for levelling the patterned object.

[0007] According to an embodiment, there is provided a method for levelling a patterned
object. The method includes detecting an orientation and/or density of one or more user area
structures present on a user area of the object, generating levelling information based on
detected orientation and/or density of the structures, and levelling the patterned object by
utilizing the levelling information.

[0008] According to an embodiment, there is provided a lithographic projection method that
includes providing a radiation beam of radiation having a first wavelength, and providing a
patterning device containing a user area having a pattern of structures. The structures have a
first reflectivity for the radiation and user area parts extending outside the structures have a
second reflectivity for the radiation. The second reflectivity is different from the first
reflectivity. The method also includes directing the radiation beam onto the user area of the
patterning device to impart the pattern of the user area to the radiation beam, projecting the
patterned radiation beam onto a target portion of a substrate with a projection system, and
levelling of at least one of the patterning device and the substrate with respect to the projection
system, so that an object plane provided by the patterning device is projected in focus by the
projection system onto the substrate. The levelling includes utilizing a predetermined relation
between one or both of orientations and local densities of surface structures and the effect of
those surface structure orientations and/or densities on reflection of different polarization parts

of incoming radiation.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Embodiments of the invention will now be described, by way of example only, with

reference to the accompanying schematic drawings in which corresponding reference symbols

indicate corresponding parts, and in which:



10

15

20

25

30

35

3

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

[0011] Figure 2 depicts part of the apparatus of Figure 1 in more detail,

[0012] Figure 3 depicts a top view of a patterning device of the apparatus of Figures 1 and 2;
[0013] Figure 4 schematically depicts a detail of Figure 3, during operation of a measuring
system of the apparatus of Figures 1 and 2;

[0014] Figure 5 is a cross-section along line V-V of Figure 4; and

[0015] Figure 6 schematically depicts part of a sensor signal.

DETAILED DESCRIPTION
[0016] Figure 1 schematically depicts a lithographic apparatus according to one embodiment

of the invention. The apparatus is of a non-telecentric type.

{0017] The apparatus comprises an illumination system (illuminator) IL configured to
condition a radiation beam PB (e.g. UV radiation, and particularly Deep Ultra Violet, or DUV,
radiation), and a support structure (€.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 in accordance with certain parameters. The apparatus also
includes a substrate table (e.g. a wafer table) WT constructed to hold a substrate (e.g. a resist
coated wafer) W and connected to a second positioner PW configured to accurately position the
substrate in accordance with certain parameters; and a projection system (e.g. a refractive
projection lens system) PL configured to project a pattern imparted to the radiation beam PB by
patterning device MA onto a target portion C (e.g. comprising one or more dies) of the substrate
W.

[0018] 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.

[0019] The 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 support structure can use
mechanical, vacuum, electrostatic or other clamping techniques to hold the patterning device.
The support structure may be a frame or a table, for example, which may be fixed or movable as
desired. The 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.”
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[0020]  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.

10021) The patterning device may be transmissive or reflective. Examples of patterning
devices include masks. 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.
[0022] 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 a
vacuum. Any use of the term “projection lens” herein may be considered as synonymous with
the more general term “projection system”.

[0023] As here depicted, the apparatus is of a reflective type (e.g. employing a reflective
mask). Alternatively, the apparatus may be of a transmissive type (e.g. employing a transmissive
mask).

[0024) The lithographic apparatus may be of a type having two (dual stage) or more
substrate tables (and/or two or more mask tables). In such “multiple stage” machines the
additional 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.

[0025] 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 comprising, 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 IL, together with the beam delivery system if desired, may be referred to as a
radiation system.

[0026] The illuminator IL may comprise an adjuster for adjusting the angular intensity
distribution of the radiation beam. Generally, at least the outer and/or inner radial extent

(commonly referred to as s-outer and s-inner, respectively) of the intensity distribution in a pupil
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plane of the illuminator can be adjusted. In addition, the illuminator IL may comprise various
other components, such as an integrator and a condenser. The illuminator may be used to
condition the radiation beam, to have a desired uniformity and intensity distribution in its cross
section.

[0027] The radiation beam PB 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.
Having traversed the mask MA, the radiation beam PB passes through the projection system PL,
which focuses the beam onto a target portion C of the substrate W. With the aid of the second
positioner PW and position sensor IF2 (e.g. an interferometric device, linear encoder or
capacitive sensor), the substrate table WT can be moved accurately, e.g. so as to position
different target portions C in the path of the radiation beam PB.

[0028] Similarly, the first positioner PM and another position sensor IF1 can be used to
accurately position the mask MA with respect to the path of the radiation beam PB, e.g. after
mechanical retrieval from a mask library, or during a scan.

[0029] 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 form part
of the first positioner PM. Similarly, movement of the substrate table WT may be realized using
a long-stroke module and a short-stroke module, which form part of the second positioner PW.
In the case of a stepper (as opposed to a scanner) the mask table MT may be connected to a
short-stroke actuator only, or may be fixed.

[0030] Figures 4, 5 show a detail of part of a mask MA. As is shown in Figures 1, 2, 4, 5, the
mask MA can comprise a mask user area UA, which area can be provided with a user defined
pattern Q1, Q2. For example, the pattern Q1, Q2 may be associated with a desired circuit pattern
to be formed by the apparatus on a substrate W. Particularly, the pattern can include first user
area parts (also called ‘pattern features’) Q1 and second user area parts Q2, configured to
interact differently with the incoming radiation beam PB.

[0031] For example, the first parts Q1 can be configured to reflect incoming radiation of the
radiation beam PB, and the second parts Q2 can be configured to at least partly absorb incoming
radiation of the radiation beam PB, or vice-versa. For example, the first parts Q1 (or
alternatively the second parts) can be mirror parts, including one or more mirror forming layers,
such that each mirror part can reflect incoming radiation of a predetermined wavelength of the
radiation beam (for example EUV light). Similarly, for example, the second parts Q2 (or
alternatively the first parts) can be radiation absorbing parts, including one or more absorber
forming layers, such that each second part can absorb or block incoming radiation of the

predetermined wavelength of the radiation beam.
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{0032] In other words, the first user area parts or structures Q1 can have a first reflectivity
for the radiation of the radiation beam PB, and the second user area parts or structures Q2
extending outside the first structures Q1 can have a second reflectivity for that radiation, the
second reflectivity being different from (for example significantly lower than) the first
reflectivity.

[0033] According to a further embodiment, the first user area parts Q1 extend or reach out of
a remaining mask user area part that is defined by the second user area parts Q2. Thus, the mask
user area UA can have a certain relief. For example, a height H1 of outwardly (in a Z-direction,
normal to the general mask surface) protruding first pattern parts Q1 is depicted by double arrow
H1 in Figure 5. This height H1 can be in the range of about 1-1000 nm, or in the range of about
10-100 nm. According to an embodiment, all first (protruding) user area parts Q1 may have
(substantially) the same height. For example, at least 99% of the first user area parts Q1 can
have a predetermined height H1, or a height that is in a range of the predetermined height H1 +/-
0.5 nm.

[0034] In an embodiment, the height H1 of the first mask features or parts Q1 (i.e., the level
of upper surfaces of the first parts Q1 with respect to the surface of the second user area parts
Q2) may be known. For example, the height H1 may already be measured (for example ex-situ)
using a suitable measuring device, and/or the height can be obtained from parameters used in a
respective mask manufacturing process to manufacture the respective mask MA.

[0035] As shown in Figure 4, the first and second parts Q1, Q2 may have different shapes,
orientations and dimensions, when viewed in top view (herein, particularly, shapes, dimensions
and orientations of the second parts Q2 depend on those of the first parts Q1, since the first parts
Q1 detine the second parts Q2, or vice-versa).

[0036] The surface density of the first parts (and second parts) may vary locally, i.e. for
different sections of the user area UA. For example, a local surface density of the pattern
structures can be the surface area of the first parts Q1 (or the second parts Q2) per overall
surface area of a local user area fraction. For example a mentioned fraction of the user area UA
can be a fraction having a surface area of 1 mm x | mm, or 0.1 mm x 0.1 mm, or less, or be a
different fraction of the user area UA. In an embodiment, the user area fraction can have a
surface area of one tenth or less of the surface area of the user area UA, for example a surface
area of one hundredth or less of the surface area of the user area UA.

[0037] As a non-limiting example, the mask detail shown in Figures 4 and S includes a
relatively large rectangular part Q1a, a smaller rectangular part Qlb, an array Q1c having
elongated parallel features extending in parallel with a first mask direction X1, and an array Qld
of elongated parallel features extending perpendicular with respect to the first mask direction X1

(which direction is parallel to one of the edges of the mask MA). However, mask features Ql,
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Q2 can have many other shapes or forms, for example curved, elongated, and other shapes, such
as a compound shape. Mask parts or features Q1, Q2 can extend along various directions, for
example other directions than depicted in Figure 4. Also, a first mask part can have various
lengths and widths (when viewed in top view).

[0038] Mask MA and substrate W may be aligned using mask alignment marks (or markers)
M1, M2 and substrate alignment marks P1, P2. In an embodiment, the marks M1, M2 are
located in or provided by a marker area EA that is located outside the user area UA. In the
present embodiment, the marker area EA and the user area UA are located at the same side of
the mask MA (which side receives the radiation beam PB during lithographic operation, and is
faced away from the mask support MT, as in Figure 1). In an embodiment, the marker area EA
encloses the user area, viewed in top view (see Figure 3). In other words, the marker area EA
may extend along a perimeter of the mask MA, and the pattern containing user area UA may be
spaced-apart from the perimeter of the mask MA (as in Figure 3). In a further embodiment, the
marker area EA is also provided with a levelling pattern LL, for example a pattern including two
parallel, flat radiation reflecting strips or lines LL (for example elongated rectangles), which
extend along opposite sides of the user area UA (see Figures 1 and 3).

[0039] The apparatus may also include a levelling system configured to level the mask with
respect to the projection system. The levelling system can be configured to set a Z-position of
the mask MA, i.e., a position in a direction that is normal to the mask user area UA. For
example, the levelling system can be configured to optically measure a mask Z-position using
the two strips LL. The levelling system may be designed to focus the mask, held by the mask
support structure MT, with respect to the downstream projection system PL, such that the user
pattern can be projected in focus onto a substrate W held on the substrate support structure WT
(see Figure 1). For example, the levelling system can be part of the first positioner PM, and/or it
can cooperate with the first positioner PM, to provide a desired Z-positioning of the mask MA
(for example during an initialization phase of the apparatus, for example before the apparatus
actually performs a lithographic method to project a patterned beam PB onto one or more target
portions C of a substrate W). Embodiments of a highly accurate levelling system are described
below, and illustrated in Figures 2-6.

[0040] 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 respective mask user areas.

[0041] The depicted apparatus could be used in at least one of the following modes:

[0042] 1. In step mode, the mask table MT and the substrate table WT are kept essentially

stationary, while an entire pattern imparted to the radiation beam is projected onto a target



10

15

20

25

30

35

8

portion C at one time (i.e. a single static exposure). The substrate table WT 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.

[0043] 2. In scan mode, the mask table MT and the substrate table WT are scanned
synchronously while a pattern imparted to the radiation beam is projected onto a target portion C
(i.e. a single dynamic exposure). The velocity and direction of the substrate table WT relative to
the mask table MT may be determined by the (de-)magnification and image reversal
characteristics of the projection system PL. 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.

[0044] 3. In another mode, the mask table MT is kept essentially stationary holding a
programmable patterning device, and the substrate table WT is moved or scanned while a
pattern imparted to the radiation beam is projected onto a target portion C. In this mode,
generally a pulsed radiation source is employed and the programmable patterning device is
updated as required after each movement of the substrate table WT or 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.

[0045] Combinations and/or variations on the above described modes of use or entirely
different modes of use may also be employed.

[0046] Figure 2 depicts part of a lithographic apparatus, for example the above described
apparatus. The apparatus comprises a support structure configured to hold a patterned object. In
the present embodiment, the support structure is the mask support structure MT, and the
patterned object is the mask MA. In an embodiment, the support structure may be configured to
support or hold a substrate, for example a substrate that is already partly patterned (in which
case a substrate user area can have a certain relief, for example having protruding substrate
parts, similar to the above described mask embodiment shown in Figures 4-5).

{0047] The apparatus may also comprises a measurement system configured to detect
orientations and/or above-mentioned local densities of the structures Q1, Q2 present on a user
area of a patterned object MA, held by the support structure. Preferably, the measurement
system can detect both orientations and local densities of the structures Q1, Q2. The
measurement system may be configured to detect only orientations or local densities of the
structures Q1, Q2. The measurement system may be part of an above-mentioned levelling

system. According to an embodiment, the measurement system may be configured to discern or
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determine one or more of: spatial orientations of user area structures, in a 2-dimensional plane
(along a certain measuring line 45 or strip or field); angular orientations of user area structures,
in the 2-dimensional plane (along a certain measuring line or strip or field); and general shapes
of user area structures, in the 2-dimensional plane.

[0048] The measurement system can be configured to discern local differences of structure
densities. Preferably, the measurement system is be configured to determine the surface area
fraction (surface density) of the first parts Q1 (and/or the second parts Q2) for a plurality of
different fractions of the user area UA.

[0049] In an embodiment, the measurement system may be configured to determine the
orientations of user area structures with respect to two orthogonal directions X1, Y1, which two
orthogonal directions X1, Y1 are both parallel to a radiation receiving surface of the patterned
object. Figure 3 indicates examples of the orthogonal directions with arrows X1, Y1. For
example, a mentioned orthogonal direction X1, Y1 can be vertical direction, horizontal
direction, or another direction.

[0050] In an embodiment, the measurement system may be configured to scan a
measurement beam MB along at least one scanning line over the user area UA of the patterned
object MA, as is indicated in the Figures. For example, the measurement beam MB can be
example a laser beam, unpolarized light, a polarized light beam having a predetermined
polarization, for example linear, circular or elliptical polarized, or a different type of radiation
beam. In an embodiment, at least part of an above-mentioned radiation beam PB may be used as
the measurement beam.

[0051] As illustrated in Figure 2, the measurement system can be provided with a beam
generator 20 (for example a laser, or another type of radiation source) configured to
provide/emit the measurement beam MB. A scanning direction with respect to the user area is
indicated by arrow S in Figure 3; in this case, the scanning direction is in parallel with the first
mask direction X1. For example, the beam MB can be scanned in a (predetermined) straight
direction (line 45 in Figure 3) over the user area UA. The scanning may be achieved in
numerous ways, for example by movement of the mask table MT with respect to an incoming
beam MB, and/or by varying a direction of propagation of the beam MB, for example using a
beam deflector. The measurement beam MB can be directed normally to the surface of the
patterned object (angle of incidence is 90%), or it can intersect the surface of the patterned object
MA with an angle smaller than 90°.

[0052] In an embodiment, the measurement beam MB may be relatively narrow in
cross/section, particularly such that a beam spot MBS on the patterned object (the beam spot is

shown as a black dot MBS in Figure 4) is relatively narrow. The beam spot MBS can have a
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circular (see Figure 4) or elliptical cross-section, of a different shape. During operation, a
maximum dimension K of the beam spot MBS may be about 1 cm, or about 1 mm.

[0053] The measurement system can be configured to scan the measurement beam MB over
at least one straight scanning line 45 over the user area UA of the patterned object MA, as well
as over at least one marker M1, M2 of the marker area EA. In Figure 3, the system is configured
to scan the measurement beam from a first marker M1 via the user area UA to an opposite
second marker M1, M2, for example in parallel with the levelling lines or stripes LL. For
example, the markers M1, M2 can be used by the measurement system to accurately direct the
measurement beam MB along a predetermined scanning line 45.

[0054] As shown in Figure 2, the apparatus may include a (radiation) detector 30 that is
configured and arranged to receive the measurement beam MB after it has interacted with the
patterned object. The detector 30 can be configured in various ways, and can include a
photodetector, polarimeter, or a different type of detector.

[0055] A beam splitter 25 may be provided that is configured to redirect a downstream part
of a (reflected or transmitted) measurement beam, emanating from the patterned object MA,
towards the radiation detector 30. The beam splitter 25 is located in the path of a beam part
propagating towards the patterned object MA (from the source 20). Thus, a compact
arrangement may be obtained in which the measurement beam MB may be directed substantially
normally towards the surface of the patterned object MA.

[0056] In an embodiment, there is provided a polarizing filter (polarizer) 15 configured to
filter a predetermined polarization part (mode) of a (transmitted or reflected) measurement beam
part, emanating from the patterned object MA. The radiation detector 30 is associated with the
filter 15, to detect radiation filtered by the polarizing filter. The filter 15 may be located in the
beam path between the beam splitter 25 and the detector 30. Instead of the filter and a
photodetector 30, for example, the system can be provided by a polarimeter (or the filter and
detector can provide such a polarimeter 15, 30).

[0057] In an embodiment, a data processor 40 configured to process data obtained by the
radiation detector may be provided. The data processor can be embodied in hardware and/or
software, as will be appreciated by the skilled person, and can include one or more of a
controller, computer, memory, interfaces, communication means, and/or other data processing
means. The data processor 40 can be, or can be part of, a lithographic apparatus controller,
configured to control overall operation of the lithographic apparatus (for example, to carry out a
lithographic process), or the data processor 40 can be configured to cooperate with a
lithographic apparatus controller. Also, the data processor 40 can be, or can be part of, a

controller configured to control the levelling of the patterned object MA.
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[0058] In an embodiment, the data processor 40 can be configured to determine, calculate or
estimate structure orientations (i.e., of the parts Q1, Q2) of the patterned object MA utilizing
predetermined information (for example formulae, a database, predetermined empirically
obtained information), which information contains a relationship between at least two
predetermined structure orientations and at least two different polarization modes of a reflected
measurement beam part.

[0059] In an embodiment, the data processor 40 can be configured to determine, calculate or
estimate local densities (of the parts Q1, Q2) of the patterned object MA utilizing predetermined
information (for example formulae, a database, predetermined empirically obtained
information), which information contains a relationship between at least two predetermined
structure densities and an intensity or reflection ratio of a reflected measurement beam part.
[0060] In an embodiment, a levelling information provider (or ‘information generator’)
configured to generate levelling information utilizing the detected orientations and-or local
densities of structures present on the user area of a patterned object may be provided. In such an
embodiment, the levelling system may be configured to position a level of the patterned object
based on the levelling information (provided by the levelling information provider). For
example, according to a non-limiting embodiment, the above-mentioned data processor 40 can
be provided with the levelling information provider.

[0061] In an embodiment, the system may include a data storage system, configured to
process and store the orientations and-or local densities of structures present on the user area UA
of a patterned object MA, detected by the measurement system, in combination with patterned
object identification information. For example, in a non-limiting embodiment, the data storage
system can be part of the data processor 40.

[0062] Operation of the system shown in Figures 1-6 includes a method for levelling the
patterned object MA. In an embodiment, both orientations and local densities of a plurality of
structures Q1, Q2 present on a user area of the object may be determined, to generate levelling
information. The method may also include levelling the patterned object MA by utilizing the
obtained levelling information.

{0063] The method may include or be part of a lithographic projection method, of providing
the radiation beam PB of radiation having a first wavelength (see Figure 1), and providing the
patterning device MA containing the user area UA having the pattern of first structures Q1, the
first structures Q1 having a first reflectivity for the radiation. User area parts Q2 extending
outside the first structures Q1 have a second reflectivity for the radiation, the second reflectivity
being different from the first reflectivity (as mentioned above). During lithography, the radiation

beam PB is directed onto the user area UA of the patterning device MA to impart the pattern of
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the user area MA to the radiation beam PB. The patterned radiation beam PB is projected onto a
target portion of a substrate W utilizing the projection system.

[0064] The lithographic method may also include levelling of at least one of the patterning
device and the substrate with respect to the projection system, so that an object plane provided
by the patterning device may be projected in focus by the projection system onto the substrate.
In the following, levelling of the patterning device MA will be explained. In an embodiment, the
levelling may be achieved utilizing a predetermined relation between surface structure
orientations and/or local densities and the effect of those surface structure orientations and/or
densities on reflection of incoming radiation.

[0065] The source 20 may emit a measurement beam MB via the beam splitter 25 towards
the patterned object MA. Part of the beam that is being reflected by the object MA towards the
beam splitter 25 may be redirected by the beam splitter to the detector 30 (via the optional filter
15). The skilled person will appreciate that the schematically depicted system can be modified in
different ways, and can include various (other) optical elements (for example mirrors, lenses,
filters) to direct at least part of the measurement beam MB along a desired path from a beam
source via the patterned object towards a detector.

[0066] The method can include illuminating at least part of the object MA with the
measuring beam MB such that the beam optically interacts with the structures Q1, Q2. Part of
the measuring beam MB emanating from the object MA (i.c., a reflected part) can be utilized to
discern or determine one or more of: spatial orientations of user area structures, angular
orientations of user area structures, general shapes of user area structures, optical properties,
and/or the local surface density of the structures. As is indicated in Figures 3-5, the measuring
beam MB may be scanned along a predetermined scanning line 45 over the object MA to
illuminate a measuring field of the user area of the patterned object. The measuring field
contains a pattern of structures Q1, Q2 having certain spatial orientations, angular orientations
general shapes, densities, respectively, with respect to the scanning line 45 (see Figures 4-5).
[0067] During operation of the present embodiment, the measurement beam MB is being
scanned along at least one scanning line 45 over the user area UA of the patterned object MA as
well as over markers M1, M2 of the marker area EA located outside the user area UA of the
object MA. The markers M1, M2 may provide way-points to accurately and reproducibly
position and direct the scanning measurement beam MB over a predetermined path over the
patterned object MA. The markers M1, M2 may also be used in their more typical role, e.g., to
position the object MA, as mentioned above.

[0068] As is shown in Figures 4-5, during scanning along the line 45, the measurement
beam MB will encounter the different structures Q1 (some indicated by Qla, Qlb, Qlc, Qld in

Figure 4). The different structures Q1 have different local densities, and different orientations,
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and therefore may interact differently with the incoming measurement beam MB. For example,
user area sections having low density of reflecting first parts Q1 will provide a low reflectivity,
and thus a low intensity of a reflected part of the measurement beam MB), and sections having a
high density of reflective parts Q1 will provide a high reflection reflectivity, resulting in a high
intensity of a reflected part of the measurement beam MB.

[0069] Figure 6 shows an example of a sensor signal of the radiation sensor 30 (particularly
indication sensor signal intensity Int versus scanning position pos), that can result from a
measurement of the reflected measurement beam part after scanning of the section shown in
Figures 4-5. Relatively large first structures Qla, Q1b may provide well-defined reflection of the
measurement beam MB (resulting in well defined measurement signal parts sl, s2), however,
the structures Q1lc, Q1d having relatively small features (i.e., significantly smaller than the beam
K spot size) may provide blurred measurement signals s3, s4.

[0070] A resulting measurement signal relating to scanning the measurement beam MB
along the scanning line 45 can be stored and processed by the data processor 40. In an
embodiment, the measurement beam MB can be scanned over the patterned object MA along a
plurality of different scanning lines (for example different parallel scanning lines), resulting in a
plurality of scan data.

[0071] The data processor 40 can then determine (for example calculate or estimate) the
local densities (of the parts Q1, Q2) of the actual patterned object MA, utilizing the
predetermined information (for example formulae, a database, predetermined empirically
obtained information), which information contains a relationship or correlation between
different predetermined structure densities (than might be present) and respective intensities (or
reflection ratios) of the reflected measurement beam. The actual comparison of sensor data with
predetermined information can be achieved in different ways, as will be appreciated by the
skilled person. Herein, particularly, since an upper surface of the pattern of structures Q1
extends over a predetermined level (i.e. height H1) above a remaining surface part Q2 of the
user area, the predetermined level H1 can also be used to provide an accurate pattern height map
from the determined the local densities of the surface structure.

[0072] Detected local densities of structures, present on the user area of the patterned object
MA and detected by the measurement system, may be stored, for example in combination with
patterned object identification information. For example, the identification information can be
one or more of a name, number, address, code, proprietor related information, data, and/or other
information.

[0073] The data processor 40 can provide accurate levelling information, based on the

detected density of the structures present on the user area of the patterned object MA.
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Preferably, the levelling information is stored, for example in combination with above-
mentioned patterned object identification information.

[0074] Particularly, the levelling information can be information to correct for certain errors
of levelling system height measurements, particularly in the case where the levelling system is
configured to determine a level (for example a Z-position) of at least part of the user area UA.
For example, the levelling information can include a determined or estimated, relatively accurate
height map (i.e. height profile) of features Q1, Q2 detected in the above-manner by the
measurement system. Besides, the levelling information can be based on such a height
map/profile, and/or the levelling information can include an average surface level of upper
surfaces of the first parts Q1.

[0075] For example, in an embodiment, the patterned object MA may be deformed (for
example warped or curved) when located on its support MT, such that the first pattern parts Q1
no not extend along a straight plane. In that case, the levelling information can relate to the
deformation of the patterned object MA. For example, the levelling information can include
patterned object deformation information (for example a type or warping or curvature of the
object MA), and/or data including detected height positions of the upper surfaces of the first
parts Q1 (which height positions indicate the deformation of the object MA).

[0076] In a prior art lithographic system, a levelling system only measured well defined
(usually standardized) lanes LL outside the user area. In the prior art system, the controller of
the lithographic apparatus did not know the precise pattern configuration of the user area pattern.
In the system according to an embodiment of the present invention, accurate leveling
information concerning the user area UA is also available, so that leveling can be achieved
directly onto the user area UA. For example, based on the above-mentioned leveling
information, the leveling system can level the patterned object MA very accurately. For
example, the leveling system can now take into account any deformation or warping of the user
area UA, using the leveling information provided by the measurement system. Herein, leveling
can include various ways to adjust the level (for example Z-position) of the patterned object, for
example adjusting the support MT of the object MA, adjusting one or more parts of the
projection system of the lithographic apparatus, adjusting the level and/or position of other
components of the system, and or different ways of providing a desired leveling. The leveling
may include setting a Z-position of the patterned object to an average height of the pattern Q1.
As is mentioned above, the leveling is particularly aimed at the projection system projecting the
lithographic projection beam PB, emanating from the patterning device MA, in focus onto the
substrate W.

[0077] Orientations of the structures Q1, Q2 may be detected or estimated by the

measurement system, to provide a more accurate levelling information. To this aim, for
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example, a filter 15 can filter a predetermined polarization part (mode) of the (transmitted or
reflected) measuring beam part, emanating from the patterned object MA, after which the
detector 30 detects the filtered radiation. This is indicated in Figure 3, where two orthogonal
polarization modes t1, t2 before the filter 15 are indicated by a cross-and-circle (i.e. a mode t1
that is normal with respect to the plane of the drawing) and an upstanding arrow (i.e. a
polarization mode t2 in the plane of the drawing), wherein only the second mode t2 is being
transmitted by the filter 15 (in other words, in the depicted configuration, the filter 15 blocks the
first polarization mode t1 of the reflected measurement beam part).

[0078] Different structure orientations can interact with different polarization modes in a
different manner. For example, the parallel structures Q1c extending parallel with respect to the
scanning line 45 can reflect the two polarization modes with different reflection ratios.
Similarly, the parallel structures Q1d extending perpendicular with respect to the scanning line
45 can reflect the two polarization modes in a different manner. The relationships between
reflection of certain polarization modes and certain types of structure orientations can already be
predefined, for example via calculations, estimations, empirically, and can be stored (for
example to be used by the data processor 40). The filter 15 or an above-mentioned polarimeter
may be adjustable, so that the measurement of beam polarization can be performed for various
polarisation modes t1, t2. As an example, the filter 15 can be adjusted or replaced, such that the
measurement is also performed for the first mode t1.

[0079] The data processor 40 can be configured to process data obtained by the radiation
detector 30, wherein the data processor is configured to determine, calculate or estimate
structure orientations of the object utilizing predetermined information, which information
contains a relation between a plurality of predetermined structure orientations (expected to be
available on patterned objects) and different polarization modes of the measurement beam.
[0080] Since an upper surface of the pattern of structures Q1 extends over a predetermined
level (i.e. height H1) above a remaining surface part Q2 of the user area, the predetermined level
H1 can also be used to provide an accurate pattern height map from the determined surface
structure orientations. The pattern height map (relating to the pattern height along a scanning
line 45) may be based on both the predetermined height H1 of individual structure parts Q1 in
combination with local structure densities and in combination with (respective, local) structure
orientations, leading to a highly accurate height map.

[0081] The data storage system may be configured to store the detected pattern orientations,
for example in addition to detected local pattern densities and/or patterned object identification
information.

[0082] The levelling information generator (i.e. processor 40) may generate levelling

information utilizing the detected orientations of the structures present on the user area UA of
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the patterned object MA, and the levelling system positions the level of the patterned object
based on the thus provided levelling information.

[0083] Embodiments described herein may provide a system and method for accurate
characterization of a patterned object MA, preferably in-situ (in the lithographic apparatus, when
the object is being held by a respective support MT). The embodiments described herein may
provide for increasing the number of measurement lanes, at least to measurement lanes 45 that
interact with the user area UA (usually containing ‘unkown structures’ having unknown
densities and orientations before loading the patterned object into the lithographic apparatus), so
that the accuracy of the patterned object height map may be increased considerably.

[0084) For example, as follows from the above, to determine only the reflection coefficient,
application of a photodetector as radiation detector 30 can be sufficient. In an embodiment,
phase or related polarization properties and reflection intensity of the reflected measurement
beam part may be detected, for example by a polarimeter or detector/filter assembly 15, 30. For
example, embodiments described herein may provide an accurate measuring of a flatness of the
patterned object MA, and correct (for) the flatness in case the object is deformed.

[0085] 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.

[0086] 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, 355, 248, 193, 157 or 126 nm) and extreme ultra-violet (EUV) radiation (e.g. having
a wavelength in the range of 5-20 nm), as well as particle beams, such as ion beams or electron
beams.

[0087] 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.

[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. 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
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(e.g. semiconductor memory, magnetic or optical disk) having such a computer program stored
therein.

[0089] 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.

[0090] For example, according to non-limiting embodiments, the measurement system can
be configured to detect the orientation of only one structure, or to detect the orientation of each
of a plurality of structures, present on the user area of the patterned object. Other aspects of the
invention are set out as in the following numbered clauses:

1. A lithographic apparatus configured to project a patterned radiation beam onto a
substrate, comprising:

a support configured to hold a patterned object; and

a measurement system configured to detect orientations and/or densities of user area
structures that are present on a user area of the patterned object.

2. The apparatus according to clause 1, wherein the measurement system is
configured to discern or determine spatial orientations of the user area structures, in a 2-
dimensional plane, or angular orientations of the user area structures, in a 2-dimensional
plane, or general shapes of the user area structures, in a 2-dimensional plane, or any
combination thereof.

3. The apparatus according to clause 1, wherein the measurement system is
configured to determine the orientations of the user area structures with respect to two
orthogonal directions, the two orthogonal directions both being parallel to a radiation
receiving surface of the patterned object.

4. The apparatus according to clause 1, wherein the measurement system is
configured to scan a measurement beam along at least one scanning line over the user area of
the patterned object.

5. The apparatus according to clause 4, wherein the patterned object comprises a
marker area located outside the user area, wherein the marker area comprises a marker, and
wherein the measurement system is configured to scan the measurement beam over the user
area of the patterned object as well as over the marker of the marker area.

6. The apparatus according to clause 1, wherein the measurement system
comprises a beam splitter configured to redirect part of a measurement beam that emanates
from the patterned object, towards a radiation detector.

7. The apparatus according to clause 1, further comprising

a polarizing filter configured to filter a predetermined polarization mode of a

measurement beam part that emanates from the patterned object; and
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a radiation detector configured to detect radiation filtered by the polarizing filter.

8. The apparatus according to clause 7, further comprising a data processor
configured to process data obtained by the radiation detector, wherein the data processor 1S
configured to determine, calculate or estimate structure orientations of the object by utilizing
predetermined information that contains a relation between at least two predetermined
structure orientations and at least two different polarization modes of the measurement beam.

9. The apparatus according to clause 1, further comprising a data storage system
configured to process and store the orientations and/or densities of the user area structures,
detected by the measurement system, in combination with patterned object identification
information.

10.  The apparatus according to clause 1, further comprising

a levelling information system configured to generate levelling information by
utilizing the detected orientations and/or densities of the user area structures; and

a levelling system configured to position a level of the patterned object based on the
levelling information.

11. A lithographic apparatus configured to project a patterned radiation beam onto
a substrate, comprising:

a support configured to hold a patterned object, the patterned object having a
patterned user area;

a levelling information system configured to provide levelling information that is
based on orientations and/or densities of user area structures present on the user area of the
patterned object; and

a levelling system configured to receive the levelling information from the levelling
information system, and to use the received levelling information for levelling the patterned
object.

12. A method for levelling a patterned object, comprising:

detecting an orientation and/or density of one or more user area structures present on a
user area of the object;

generating levelling information based on detected orientation and/or density of the
structures; and

levelling the patterned object by utilizing the levelling information.

13.  The method according to clause 12, further comprising

illuminating at least part of the object with a measuring beam that optically interacts
with the user area structure; and

utilizing part of the measuring beam emanating from the object to discern or
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determine a spatial orientations of the user area structure, or an angular orientation of the user
area structure, or a general shape of the user area structure, or any combination thereof,
and/or utilizing part of the measuring beam emanating from the object to discern or determine
the density of the user area structure.

14.  The method according to clause 12, wherein the measuring beam is scanned
along a predetermined scanning line over the object to illuminate a measuring field of the
user area of the patterned object, and wherein the measuring field contains a pattern of
structures having certain spatial orientations, angular orientations, general shapes, and
densities, respectively, with respect to the scanning line.

15.  The method according to clause 12, further comprising

filtering a predetermined polarization part of a measuring beam part, emanating from
the patterned object; and

detecting the filtered measuring beam part.

16.  The method according to clause 15, further comprising

providing predetermined information that contains a relation between at least two
predetermined structure orientations and at least two different polarization modes of the
measurement beam;

processing data obtained from the detection of the filtered measuring beam part; and

determining structure orientations of the object by utilizing the predetermined
information.

17.  The method according to clause 16, wherein said determining comprises
calculating the structure orientations.

18.  The method according to clause 16, wherein said determining comprises
estimating the structure orientations.

19.  The method according to clause 12, further comprising scanning the
measurement beam along at least one scanning line over the user area of the patterned object
as well as over at least one marker of a marker area located outside the user area of the object.

20. The method according to clause 12, further comprising splitting a
measurement beam part that emanates from the patterned object towards a radiation detector.

21.  The method according to clause 12, further comprising storing detected
orientations and/or densities of structures present on the user area of a patterned object,
detected by the measurement system, in combination with patterned object identification
information.

22.  The method according to clause 12, wherein at least one of the structures has a

width smaller than 100 nm, measured in a direction perpendicular to a levelling direction.
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23. A lithographic projection method, including;

providing a radiation beam of radiation having a first wavelength;

providing a patterning device containing a user area having a pattern of structures, the
structures having a first reflectivity for the radiation and user area parts extending outside the
structures having a second reflectivity for the radiation, the second reflectivity being different
from the first reflectivity;

directing the radiation beam onto the user area of the patterning device to impart the
pattern of the user area to the radiation beam;

projecting the patterned radiation beam onto a target portion of a substrate with a
projection system; and

levelling of at least one of the patterning device and the substrate with respect to the
projection system, so that an object plane provided by the patterning device is projected in
focus by the projection system onto the substrate, wherein the levelling comprises utilizing a
predetermined relation between one or both of orientations and local densities of surface
structures and the effect of those surface structure orientations and/or densities on reflection

of different polarization parts of incoming radiation.
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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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