
MIRROR ARRAY FOR LITHOGRAPHY  FIELD OF THE INVENTION The present invention
relates to a mirror array and to a mirror array for lithography.  BACKGROUND
OF THE INVENTION A lithographic apparatus is a machine that applies a
desired pattern onto a target portion  of a substrate. Lithographic
apparatus can be used, for example, in the manufacture of integrated
circuits (ICs). In that circumstance, a patterning device, which is
alternatively referred to as a  mask or a reticle, may be used to generate a
circuit pattern corresponding to an individual layer of  the IC, and this
pattern can be imaged onto a target portion (e.g. comprising part of, one or
several dies) on a substrate (e.g. a silicon wafer) that has a layer of
radiation-sensitive material  (resist). In general, a single substrate will
contain a network of adjacent target portions that are  successively
exposed. Known lithographic apparatus include steppers, in which each target
portion is irradiated by exposing an entire pattern onto the target portion
at once, and scanners, in  which each target portion is irradiated by
scanning the pattern through the radiation beam in a  given direction (the
"scanning" direction) while synchronously scanning the substrate parallel or
anti-parallel to this direction. A mirror array typically employs a matrix
arrangement of small reflective elements (or  mirrors), which are
individually adjustable, for example tiltable about an axis (by an
actuator), so  as to apply a pattern to a reflected beam of radiation.
Mirror arrays may alternatively be referred  to as a "programmable mirror
array", a "micromirror array" or an "active faceted mirror." It should be
appreciated that such minor arrays have several uses and, in particular, may
be utilized in lithographic apparatus. For example, it is known to utilize
mirror arrays to form the  patterning device of a lithographic apparatus
(for example in a lithographic apparatus for use in  the manufacture of flat
panel displays). More recently, the use of minor arrays in the illumination
system of a lithographic  apparatus has been proposed. The illumination
system of a lithographic apparatus is arranged to  receive radiation from a
source (for example a laser) and produce an radiation beam for  illuminating
an object (for example a patterning device). The illumination system shapes
and  controls the radiation beam to provide a beam with a desired spatial
intensity distribution and 



1 angular intensity. A conventional illumination system may comprise a
diffractive optical element ("DOE")  and a "zoom-axicon" apparatus (which is
a device configured to adjust the intensity distribution  at a pupil plane).
Several disadvantages have been identified with such conventional
illumination  systems. For example, to produce the desired range of
illumination settings the zoom-axicon  module will generally have several
(e.g. five or more) optical components, which can make it  expensive to
produce, particularly given the fact that several of the elements must be
independently movable. A further problem is that the lenses of the axicon
(which may for  example comprise a zoom lens and two conical elements)
represent a considerable thickness of  lens material and a large number of
surface interfaces such that transmission efficiency may be  poor due to
absorption, reflection, inefficient coatings, degradation effects and
contamination.  This problem is exacerbated by the demand for imaging ever
smaller features at higher densities  which requires the use of radiation
with shorter wavelengths, such as 193, 157, 126 nm or even  EUV (e.g.
5-20mn). Thus, a mirror array based illumination system is desirable. Mirror
array based illumination systems are more flexible and are faster than the
prior art  combination of diffractive optical element and zoom-axicon. For
example, changing an  illumination mode generated using a prior art
diffractive optical element requires several seconds,  since the diffractive
optical element must be replaced. The mirror array based illumination
system allows the illumination mode to be changed more quickly. Furthermore,
the prior art  zoom-axicon can only make circularly symmetric changes to the
spatial intensity, whereas the  mirror array based illumination system does
not have this limitation. However, Applicants have recognized a number of
problems associated with mirror  arrays, particularly when used in
lithography. Since the individual reflective elements of a  typical minor
array are generally very small, for example a mirror array may comprise over
a  1000 microscopic minors, the elements may be susceptible to damage during
use. For example,  heat generated by the radiation (that the mirrors are
reflecting) may cause the reflective elements  to be damaged by overheating.
Such heat generation is, for example, particularly noticeable with  the high
optical power and short wavelengths used in deep UV and EUV applications.  



Furthermore, damage may be caused during movement of the reflective
elements, for example by 2 excessive oscillation of the reflective element
following actuation.  SUMMARY OF THE INVENTION It is, therefore, desirable
to provide an alternate mirror array apparatus that may  overcome, or
mitigate, at least one of the disadvantages of the prior art. According to
an embodiment of the invention, there is provided a mirror array apparatus
comprising: a carrier configured to support a plurality of individually
adjustable reflective  elements; at least one actuator associated with each
reflective element, the actuator being  configured to adjust the orientation
or position of the associated reflective element relative to the  carrier;
and a liquid in contact with at least a portion of the reflective elements.
According to another embodiment of the invention, there is provided a method
of cooling  a minor array apparatus, the apparatus comprising a plurality of
individually adjustable reflective  elements, the method comprising
providing a liquid in direct thermal contact with at least a  portion of the
reflective elements. Although specific reference may be made in this text to
the use of lithographic apparatus  in the manufacture of ICs, it should be
appreciated 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, liquid-crystal
displays (LCDs),  thin-film magnetic heads, etc. It should be appreciated
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) or a metrology or  inspection
tool. Where applicable, the disclosure herein may be applied to such and
other  substrate processing tools. Further, the substrate may be processed
more than once, for example  in order to create a multi-layer IC, so that
the term substrate used herein may also refer to a  substrate that already
contains multiple processed layers. The terms "radiation" and "beam" used
herein encompass all types of electromagnetic  



radiation, including ultraviolet (UV) radiation (e.g. having a wavelength of
365, 248, 193, 157 or  126 nm) and extreme ultra-violet (EUV) radiation
(e.g. having a wavelength in the range of 5 3 20 nm), as well as particle
beams, such as ion beams or electron beams. The term "patterning device"
used herein should be broadly interpreted as referring to a  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.
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. Patterning devices may be
transmissive or reflective. Examples of patterning devices  include masks,
programmable mirror arrays (for example minor arrays according to
embodiments of the invention), and programmable LCD panels. Masks are well
known in  lithography, and include mask types such as binary, alternating
phase-shift, and attenuated phase- shift, as well as various hybrid mask
types. The support supports, e.g. bears the weight of, the patterning
device. It holds the  patterning device in a way depending 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 can use
mechanical clamping, vacuum, or  other clamping techniques, for example
electrostatic clamping under vacuum conditions. The  support may be a frame
or a table, for example, which may be fixed or movable as required and
which 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." The term "projection system" used herein
should be broadly interpreted as encompassing  various types of projection
system, including refractive optical systems, reflective optical  systems,
and catadioptric optical systems, as appropriate for example for the
exposure radiation  being used, or for other factors such as the use of an
immersion fluid or the use of a vacuum. Any  use of the term "lens" herein
may be considered as synonymous with the more general term  



"projection system." The illumination system may also encompass various
types of optical components,  including refractive, reflective, and
catadioptric optical components for directing, shaping, or  4 controlling
the radiation beam of radiation, and such components may also be referred to
below,  collectively or singularly, as a "lens." 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. The lithographic apparatus may also be of a type wherein the
substrate is immersed in a  liquid having a relatively high refractive
index, e.g. water, so as to fill a space between the final  element of the
projection system and the substrate. Immersion liquids may also be applied
to  other spaces in the lithographic apparatus, for example, between the
mask and the first element of  the projection system. Immersion techniques
are well known in the art for increasing the  numerical aperture of
projection systems. BRIEF DESCRIPTION OF THE DRAWINGS 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: Figure 1 depicts a lithographic
apparatus according to an embodiment of the invention;  Figure 2 depicts the
transformation of an angular intensity distribution to a spatial  intensity
distribution according to a prior art arrangement; Figure 3 depicts in more
detail the radiation system which may utilize a mirror array in  accordance
with an embodiment of the invention; Figure 4 depicts a cross-sectional view
of a single reflective element of a mirror array  apparatus; and Figures 5A,
5B and 5C, depict cross-sectional views of a single reflective element of a
mirror array apparatus in accordance with embodiments of the invention. 



DETAILED DESCRIPTION Figure 1 schematically depicts a lithographic apparatus
according to an embodiment of  the invention. The apparatus comprises an
illumination system (illuminator) IL configured to  5 provide a radiation
beam PB (e.g. UV radiation or EUV radiation). A first support (e.g. a mask
table) MT is configured to support a patterning device (e.g. a mask) MA and
is connected to a  first positioning device PM configured to accurately
position the patterning device with respect to  a projection system ("lens")
PL. A substrate table (e.g. a wafer table) WT is configured to hold a
substrate (e.g. a resist-coated wafer) W and is connected to second
positioning device PW  configured to accurately position the substrate with
respect to the projection system PL. The  projection system (e.g. a
refractive projection lens) PL is configured to image 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. 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 herein). The illuminator
IL receives radiation 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 is passed from the
source SO to the illuminator IL with the aid of a beam delivery  system BD
comprising for example suitable directing mirrors and/or a beam expander. In
other  cases the source may be integral part of the apparatus, for example
when the source is a mercury  lamp. The source SO and the illuminator IL,
together with the beam delivery system BD if  required, may be referred to
as a radiation system. As will be described in further detail below, the
illuminator IL may comprise an adjusting  device AM configured to adjust the
angular intensity distribution of the beam. Generally, at least  the outer
and/or inner radial extent (commonly referred to as 6-outer and 6-inner,
respectively) of  the intensity distribution in a pupil plane of the
illuminator can be adjusted. In addition, the  illuminator IL generally
comprises various other components, such as an integrator IN and a  



condenser CO. The illuminator provides a conditioned beam of radiation,
referred to as the  radiation beam PB, having a desired uniformity and
intensity distribution in its cross-section. The radiation beam PB is
incident on the mask MA, which is held on the mask table MT.  Having
traversed the mask MA, the radiation beam PB passes through the lens PL,
which focuses  6 the beam onto a target portion C of the substrate W. With
the aid of the second positioning device  PW and position sensor IF (e.g. an
interferometric device), the substrate table WT can be moved  accurately,
e.g. so as to position different target portions C in the path of the beam
PB. Similarly,  the first 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 beam  PB, e.g. after
mechanical retrieval from a mask library, or during a scan. In general,
movement of  the object tables MT and WT will be realized with the aid of a
long-stroke module (coarse  positioning) and a short-stroke module (fine
positioning), which form part of the positioning  devices PM and PW.
However, 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. Mask
MA and substrate W  may be aligned using mask alignment marks Ml, M2 and
substrate alignment marks P1, P2. The depicted apparatus can be used in the
following preferred modes: 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  portion C at once
(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. 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 is 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. 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 7 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. Combinations and/or variations on the above
described modes of use or entirely different  modes of use may also be
employed. Figure 2 illustrates the principle of corresponding angular and
spatial intensity  distributions of the radiation beam PB. According to a
prior-art arrangement, an adjusting device  for setting the outer and/or
inner radial extent (commonly referred to as a-outer and a-inner,
respectively) comprise a diffractive optical element ("DOE") 3 with an array
of micro-lenses 4.  Each micro-lens 4 forms a divergent pencil 5 of rays.
Each pencil 5 of rays corresponds to a part  or sub-beam of the radiation
beam which is incident at the DOE 3. The pencils 5 will be incident  at
focusing lens 6. In the back focal plane 8 of the lens 6, each pencil 5
corresponds to an  illuminated area. The size of the area depends on the
range of directions into which the rays of  the pencil 5 propagate. If the
range of directions is small, the size of the illuminated area in the  back
focal plane 8 is also small. Furthermore, all identical directions of the
pencils 5, i.e. all rays  which are parallel to each other, correspond to
one and the same particular point in the back focal  plane 8. It is known to
produce a spatial intensity distribution in a cross-sectional area of the
radiation beam PB, in particular in a pupil plane, which has an annular
shape. The inner radial  extent which corresponds to the central area with
an intensity of zero or close to zero, can be set  by choosing an
appropriate DOE 3. For example, all micro-lenses 4 can be oriented so that
none  of the pencils 5 of rays will be incident at the central area and will
only be incident in the annular  area (of course, in practice, there will be
an intensity greater than zero in the central area, due to  



effects such as dispersion). By orienting the micro-lenses 4 into different
directions, other spatial  intensity distributions can be produced in the
cross-sectional area, such as dipole or quadrupole  illumination. However,
the number of possible intensity distributions is limited and a change of
the illumination setting requires time consuming replacement and/or
re-orienting of micro-lenses. Figure 3 shows an alternate arrangement of the
radiation system in which the illuminator  comprises a mirror array 33,
which may be a mirror array according to an embodiment of the 8 present
invention. A laser 31 outputs a relatively narrow, collimated beam which
passes through  shutters 11, 12, 13. It is then passed through beam
divergence optics 32 which expand the beam  to a size which corresponds to
the size of a mirror array 33 of reflective elements 33a, 33b, 33c,  33d,
33e. Ideally, the beam divergence optics 32 should output a collimated beam;
however, at  the edges of the beam there may be a divergence difference.
Preferably, the size of the expanded  beam is sufficient that the beam is
incident at all reflective elements 33a to 33e. In Figure 3, by  way of
example, three sub-beams of the expanded beam are shown. A first sub-beam is
incident at reflective element 33b. Like the other reflective elements  33a,
33c to 33e of the array 33, the reflective element 33b can be controlled to
adjust its  orientation so that the sub-beam is reflected into a desired
pre-determined direction. By re- directing optics 16, which may comprise a
focusing lens, the sub-beam is re-directed so that it is  incident at a
desired point or small area in a cross-sectional plane 18 of the beam. The
cross- sectional plane 18 may coincide with the pupil plane which acts as a
virtual radiation source (as  described above). The other sub-beams shown in
Figure 3 are reflected by the reflective elements  33c, 33d and re-directed
by re-directing optics 16 so as to be incident at other points of plane 18.
By controlling the orientations of the reflective elements 33a to 33e,
almost any spatial intensity  distribution in the cross-sectional plane 18
can be produced. For example, the minor array 33  comprises 1152 (e.g. 32 x
36) minors and the orientation of each minor can be adjusted  separately. It
should be appreciated that while the illuminator described above is merely
one possible  application for the mirror array according to an embodiment of
the invention, and in its broadest  form the invention is not intended to be
limited to this particular use. For example, the minor  



array of the invention may be used as a patterning device in a lithographic
apparatus. Figure 4 schematically represents a cross sectional view of a
single reflective element of  one type of minor array apparatus 100. A
carrier (or substrate) 110 is configured to support a  plurality of
individual reflective elements 120 (only one of which is shown in the
figure). It will  be appreciated that the number of reflective elements 120
forming a particular mirror array 100  may vary widely dependent upon the
particular application. The mirror array 100 may, for  example, comprise
several hundred or more than a thousand microscopic minors, which may be
provided on a single carrier 110. The carrier 110 may be formed of
semiconductor material. It 9 may alternatively be formed from any other
suitable construction material, for example metal or  glass. Metal or glass
may be used for example in the case of a mirror array 100 which is
constructed using a technology other than lithography, e.g. mini-mechanical
construction. Each reflective element 120 has a front side comprising a
reflective surface. For example  the front surface may comprise a mirror, a
reflective coating or a layering of reflective optical  coatings. Each
reflective element 120 has a rectangular reflective surface area and a
generally  planar reflective surface. In general, however, the reflective
element 120 can have any desired  shape, for example a circular or hexagonal
shape. Furthermore the reflective element may  optionally have a non-planar
or arcuate reflecting surface. The reflective elements 120 may be  formed of
any suitable material, for example silicon. The silicon, or other material,
may be  coated with other materials in order to achieve sufficient
reflectivity. The mirrors may be made  of other materials. For example,
where mini-mechanical construction is used an optical material  like
ZERODUR(r) may be used, covered with a reflection coating. The reflective
element 120 is moveably connected to the carrier 110 by a suspension point
130, for example a hinge. The suspension point may be a resilient member so
as to bias the  reflective element 120 towards a particular orientation (for
example so as to be substantially  parallel to the plane of the carrier
110). The suspension point 130 may for example be a flexure  or a spring.
Alternatively the suspension point 130 may be formed from the same material
as the  mirror (e.g. silicon), in a strip which is sufficiently thin that it
may bend and therefore allows the  minor to rotate. In the embodiment shown
in Figure 4 the reflective element 120 is rotatable,  



about a single suspension point 130, about an axis parallel to the plane of
the carrier 110. In  other embodiments each reflective element 120 may be
arranged to be rotatable about more than  one axis, for example two mutually
perpendicular axis, each axis being parallel to the plane of the  carrier
110. For each reflective element 120 at least one actuator is provided on
the carrier 110. In  some embodiments (as shown in Figure 4) each reflective
element 120 may be associated with a  pair of actuators 150a, 150b for
rotation of the reflective element 120 about a single axis. The  actuators
may for example be positioned either side of the suspension point 130. In
embodiments  in which the reflective element 120 is rotatable about more
than one axis, it will be appreciated 10 that as many actuators per axis of
rotation as desired may be provided. The actuators 150a, 150b may take any
suitable form and may depend upon the particular  form of the reflective
elements. For example the actuators 150a, 150b may comprise mechanical
actuators (for example piezoelectric actuators which are mechanically
connected to the reflective  element 120). In some embodiments the actuators
150a, 150b may for example be electromagnetic actuators (that may
selectively attract or repel a portion of the reflective element  120 upon
application of an electrical current). In other embodiments the actuators
150a, 150b  may for example comprise electrostatic actuators (that may
selectively attract or repel a portion of  the reflective element 120 upon
application of an electrical current). It will be appreciated that  each
reflective element 120 has a rear side (generally facing the carrier 110)
which is arranged to  cooperate with the particular type of actuator being
used. In an embodiment of the invention, as shown by Figure 5A, the mirror
array further  comprises a liquid 200 arranged in contact with at least a
portion of the reflective element 120.  As will be explained in further
detail below, the liquid 200 may for example be in direct thermal  contact
with a portion of the reflective element 120. The liquid may for example be
arranged  between the reflective element 120 and the carrier 110 as shown in
Figure 5A. Thus, the liquid  200 may be arranged in contact with
substantially the entire rear surface 122 of the reflective  elements 120.
In order to avoid immersion of the outer edges of the reflective element
upper  surface 121 during rotation, the liquid 200 may be arranged such that
its upper surface 201 lies at  



a slightly lower level than the plane of the reflective element 120 (i.e.
when the plane of the  reflective element is substantially parallel to the
carrier 110). By ensuring that the difference in  height is sufficiently
small, surface tension of the liquid 200 will ensure that the regions 202
adjacent to the outer edges of reflective element meet the edge of the
reflective element 120.  Therefore, it may be possible to ensure that the
liquid 200 is arranged in contact with the lower  surface 122 of the
reflective element 120. In an alternative embodiment, as shown in Figure 5B,
the reflective element 120 may be  entirely immersed within the liquid 200.
Thus, the entire surface area (i.e. both the upper surface  121 and the
lower surface 122) of the reflective element 120 is in contact with the
liquid 200. It  will be appreciated that full immersion of the reflective
element may avoid the surface tension of  11 the liquid 200 inhibiting or
interfering with the movement of the reflective element 120. In use the
liquid 200 assists cooling of the reflective element 120 (which may be
heated  by the high light intensity of the electromagnetic radiation it is
reflecting). The liquid 200  enables heat dissipation from the reflective
element 120. Furthermore, since the liquid 200 will have a significant
higher viscosity than air a  damping effect will be provided upon movement
of the reflective element 120. It will be  appreciated that improved damping
may help to avoid damage to the reflective elements 120  during movement and
may also be used to improve the accuracy of the positioning of the
reflective elements. In some embodiments this may also for example enable
the mirror array 100  to be operated without, or with a reduced, need for
position sensing and/or an associated  positioning servo to correct the
position of the reflective element 120. In an alternate embodiment shown in
Figure 5C, the minor array may further comprise a  cover 210 enclosing the
liquid 200. For example the cover may be arranged substantially parallel
to, and spaced apart from, the carrier 110. Accordingly, the cover and
carrier may define an  enclosure for both the liquid 200 and the reflective
elements 120. The cover 210 may for  example be sufficiently spaced from the
carrier 110 to accommodate movement of the reflector  elements 120
therebetween. It will be appreciated that the cover 210 should be formed of
a  material that is transparent to the particular wavelength of
electromagnetic radiation being used.  



For example the cover 210 maybe formed from quartz, borosilicate or CaF2.
Where necessary  (e.g. when using CaFZ), the cover 210 may be coated to
prevent damage from the liquid 200. The  cover may be coated with an
antireflective coating. In some embodiments the liquid 200 may itself at
least partially support the cover 210.  For example the liquid 200 may be
slightly pressurised so as to support the weight of the cover  210 and help
maintain the cover in a flat orientation. It should be appreciated that the
liquid 200 may be any liquid which is suitable for  immersion lithography
(at the particular wavelength of radiation in use). For example, the liquid
200 may be aluminium chloride, hydrogen phosphate (or phosphoric acid)
sodium sulphate or  water. The liquid 200 may be circulated away from the
reflective element(s) 120 in order to  12 enhance the heat transfer away
from the reflective elements 120. The liquid may for example be  circulated
away from the reflective region of the mirror array 100. For example the
liquid may be  circulated to a thermal control unit. It should be
appreciated that there are several forms of  thermal control units that may
be suitable for cooling the liquid when circulated away from the  mirror
array. The thermal control unit may for example be a passive heat
dissipation device (for  example a heat sink or radiator). Alternatively,
the thermal control unit may be an active system  arranged to regulate the
temperature of the liquid. The thermal control unit may for example be
thermostatically controlled. In some embodiments the thermal control unit
may for example  comprise a refrigeration circuit or an electrothermal
device (for example a peltier effect device). It should be appreciated that
the circulation of liquid 200 away from the reflective  element(s) 120 must
be carried out at a sufficiently low velocity such that the position of the
reflective element(s) 120 is not disturbed nor their movement impeded.
Additionally minimizing  the velocity of the circulation will also help to
avoid or prevent damage to the reflective  element(s) 120. Water may for
example be chosen as the liquid 200 in some embodiments since water has  a
relatively high dielectric constant (of approximately 80). The increased
dielectric constant of a  liquid 200, in comparison to air, is desirable
when an electrostatic actuator arrangement is used  



for the actuators 150a, 150b since it enables the actuator voltages to be
reduced. The increased  dielectric constant may also be desirable when other
forms of actuator are used, for example a  piezoelectric actuator
arrangement. The piezoelectric actuator (or other actuator) may have
position feedback which is capacitive, such feedback being enhanced by the
liquid 200. When using a liquid, for example water, with an electrostatic
actuator arrangement there  is a risk of electrolysis of the liquid or that
the electrodes of the actuator may become polarised  (for example by
deposition of hydrogen liberated from the water). In order to avoid this
effect the  electrostatic actuators may be driven using an alternating
current. The use of an alternating  current does not adversely effect the
operation of the actuators 150a, 150b since the polarity of  the current is
not relevant to the force induced on the reflecting element 120 (in fact the
force is  proportional to the square of the voltage). In order to further
avoid or minimize any adverse  effects from the use of alternating currents,
for example oscillation of the reflective element 120,  the frequency of the
alternating current may be chosen to have a sufficiently high frequency (for
13 example a frequency above the Eigen modes of the reflective element 120).
The wave shape of  the alternating current may also be suitably chosen to
minimize any adverse effects, for example  the wave shape may be a square
wave. The increased electrical capacity between the reflective element 120
and the carrier 110  (provided by the presence of the liquid 200) also
provides that the capacitance sensors may be  more readily used to measure
the position and/or orientation of the reflective element. Accordingly, the
mirror array 100 may further comprise at least one capacitive sensor
associated  with each reflective element 120 for sensing the orientation or
position of the reflective element.  The capacitive sensor may for example
be used in a feedback control system to ensure accurate  positioning of the
reflective element 120. While specific embodiments of the invention have
been described above, it will be  appreciated that the invention may be
practiced otherwise than as described. The description is  not intended to
limit the invention. For example, while the embodiment described above
utilize individually rotatable  reflective elements, it should be
appreciated that there are other forms of mirror array  



(comprising a plurality of individually adjustable reflective elements) that
will be within the  scope of the invention. For example, the mirror array
may comprise a plurality of reflective  elements which are arranged to be
linearly displaceable. One alternative form of mirror array apparatus, which
may be used in embodiments of the  present invention, comprises a plurality
of individually adjustable reflective elements in the form  of movable
ribbon-like structures. The array may be addressed by moving individual
elements  such that, for example, addressed areas of the reflective surface
reflect incident light as diffracted  light, whereas unaddressed areas
reflect incident light as undiffracted light. Using an appropriate  filter,
the undiffracted light can be filtered out of the reflected beam, leaving
only the diffracted  light behind. In this manner, the beam becomes
patterned according to the addressing pattern of  the matrix-addressable
surface. 14 WHAT IS CLAIMED IS: 1. A mirror array apparatus, comprising: a
carrier configured to support a plurality of individually adjustable
reflective elements;  an actuator associated with each reflective element,
the actuator being configured to  adjust the orientation and/or position of
the associated. reflective element relative to the carrier;  and a liquid in
contact with a portion of the reflective elements. 2. The apparatus of claim
1, wherein each reflective element is rotatable about an axis  substantially
parallel to a plane of the carrier. 3. The apparatus of claim 1, wherein
each reflective element is rotatable about two axes,  both axes being
substantially parallel to a plane of the carrier. 4. The apparatus of claim
1, wherein each reflective element is supported on the carrier by a
resilient member. 5. The apparatus of claim 1, wherein each reflective
element has a front side, comprising a  reflective surface, and a rear side,
configured to cooperate with the actuator, the liquid being  arranged in
contact with at least a portion of the rear side of the reflective elements.
6. The apparatus of claim 1, wherein the liquid is arranged between the
reflective element  



and the carrier. 7. The apparatus of claim 1, wherein the liquid surrounds
the reflective elements. 8. The apparatus of claim 1, further comprising a
cover arranged substantially parallel to,  and spaced apart from, the
carrier. 9. The apparatus of claim 1, wherein the liquid is water.  15 10.
The apparatus of claim 1, wherein the liquid is circulated away from the
reflective  elements. 11. The apparatus of claim 10, wherein the liquid is
circulated from the reflective elements to  a thermal control unit. 12. The
apparatus of claim 1, further comprising a capacitance sensor. 13. The
apparatus of claim 1, wherein the actuator comprises an electrostatic
actuator.  14. The apparatus of claim 13, wherein the actuator is driven by
an alternating current.  15. The apparatus of claim 14, wherein the ac
current comprises a high-frequency square- wave alternating current. 16. A
lithographic apparatus, comprising: an illumination system configured to
provide a radiation beam; a support configured to support a patterning
device, the patterning device being  configured to impart the radiation beam
with a pattern in its cross-section; a substrate table configured to hold a
substrate; a projection system configured to project the patterned beam onto
a target portion of the  substrate; and a mirror array apparatus comprising
a carrier configured to support a plurality of individually adjustable
reflective  elements; an actuator associated with each reflective element,
the actuator being configured  to adjust the orientation and/or position of
the associated reflective element relative to the carrier;  and a liquid in
contact with a portion of the reflective elements. 



17. An illumination system configured to provide a radiation beam in a
lithographic  16 apparatus, the system comprising a minor array apparatus
comprising a carrier configured to support a plurality of individually
adjustable reflective elements;  an actuator associated with each reflective
element, the actuator being configured to  adjust the orientation and/or
position of the associated reflective element relative to the carrier;  and
a liquid in contact with a portion of the reflective elements. 18. A method
of cooling a mirror array apparatus, the apparatus comprising a plurality of
individually adjustable reflective elements, the method comprising providing
a liquid in direct  thermal contact with at least a portion of the
reflective elements. 19. The method of claim 18, further comprising
circulating the liquid away from the  reflective elements. 20. The method of
claim 19, further comprising removing heat from the liquid and returning
the liquid to the reflective elements. 17 


