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Description

[0001] The present invention relates to a lithographic
projection apparatus comprising:

- a radiation system for supplying a projection beam
of radiation;

- a support structure for supporting patterning
means, the patterning means serving to pattern the
projection beam according to a desired pattern;

- a substrate table for holding a substrate;
- a projection system for projecting the patterned

beam onto a target portion of the substrate; and
- a positioning device for positioning at least one of

said support structure and said substrate table.

[0002] The term "patterning means" as here em-
ployed should be broadly interpreted as referring to
means that can be used to endow an incoming radiation
beam with a patterned cross-section, corresponding to
a pattern that is to be created in a target portion of the
substrate; the term "light valve" can also be used in this
context. Generally, the said pattern will correspond to a
particular functional layer in a device being created in
the target portion, such as an integrated circuit or other
device (see below). Examples of such patterning means
include:

- A mask. The concept of a mask is well known in
lithography, and it includes mask types such as bi-
nary, alternating phase-shift, and attenuated
phase-shift, as well as various hybrid mask types.
Placement of such a mask in the radiation beam
causes selective transmission (in the case of a
transmissive mask) or reflection (in the case of a
reflective mask) of the radiation impinging on the
mask, according to the pattern on the mask. In the
case of a mask, the support structure will generally
be a mask table, which ensures that the mask can
be held at a desired position in the incoming radia-
tion beam, and that it can be moved relative to the
beam if so desired.

- A programmable mirror array. One example of such
a device is a matrix-addressable surface having a
viscoelastic control layer and a reflective surface.
The basic principle behind such an apparatus is that
(for example) addressed areas of the reflective sur-
face reflect incident light as diffracted light, whereas
unaddressed areas reflect incident light as undif-
fracted light. Using an appropriate filter, the said un-
diffracted 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. An alternative embodiment of a program-
mable mirror array employs a matrix arrangement
of tiny mirrors, each of which can be individually tilt-
ed about an axis by applying a suitable localized

electric field, or by employing piezoelectric actua-
tion means. Once again, the mirrors are matrix-ad-
dressable, such that addressed mirrors will reflect
an incoming radiation beam in a different direction
to unaddressed mirrors; in this manner, the reflect-
ed beam is patterned according to the addressing
pattern of the matrix-addressable mirrors. The re-
quired matrix addressing can be performed using
suitable electronic means. In both of the situations
described hereabove, the patterning means can
comprise one or more programmable mirror arrays.
More information on mirror arrays as here referred
to can be gleaned, for example, from United States
Patents US 5,296,891 and US 5,523,193, and PCT
patent applications WO 98/38597 and WO
98/33096, which are incorporated herein by refer-
ence. In the case of a programmable mirror array,
the said support structure may be embodied as a
frame or table, for example, which may be fixed or
movable as required.

- A programmable LCD array. An example of such a
construction is given in United States Patent US
5,229,872, which is incorporated herein by refer-
ence. As above, the support structure in this case
may be embodied as a frame or table, for example,
which may be fixed or movable as required.

For purposes of simplicity, the rest of this text may, at
certain locations, specifically direct itself to examples in-
volving a mask and mask table; however, the general
principles discussed in such instances should be seen
in the broader context of the patterning means as here-
above set forth.
[0003] Lithographic projection apparatus can be
used, for example, in the manufacture of integrated cir-
cuits (ICs). In such a case, the patterning means may
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 one or more dies) on a
substrate (silicon wafer) that has been coated with a lay-
er of radiation-sensitive material (resist). In general, a
single wafer will contain a whole network of adjacent tar-
get portions that are successively irradiated via the pro-
jection system, one at a time. In current apparatus, em-
ploying patterning by a mask on a mask table, a distinc-
tion can be made between two different types of ma-
chine. In one type of lithographic projection apparatus,
each target portion is irradiated by exposing the entire
mask pattern onto the target portion in one go; such an
apparatus is commonly referred to as a wafer stepper.
In an alternative apparatus - commonly referred to as a
step-and-scan apparatus - each target portion is irradi-
ated by progressively scanning the mask pattern under
the projection beam in a given reference direction (the
"scanning" direction) while synchronously scanning the
substrate table parallel or anti-parallel to this direction;
since, in general, the projection system will have a mag-
nification factor M (generally < 1), the speed V at which
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the substrate table is scanned will be a factor M times
that at which the mask table is scanned. More informa-
tion with regard to lithographic devices as here de-
scribed can be gleaned, for example, from US
6,046,792, incorporated herein by reference.
[0004] In a manufacturing process using a lithograph-
ic projection apparatus, a pattern (e.g. in a mask) is im-
aged onto a substrate that is at least partially covered
by a layer of radiation-sensitive material (resist). Prior
to this imaging step, the substrate may undergo various
procedures, such as priming, resist coating and a soft
bake. After exposure, the substrate may be subjected
to other procedures, such as a post-exposure bake
(PEB), development, a hard bake and measurement/in-
spection of the imaged features. This array of proce-
dures is used as a basis to pattern an individual layer of
a device, e.g. an IC. Such a patterned layer may then
undergo various processes such as etching, ion-implan-
tation (doping), metallization, oxidation, chemo-me-
chanical polishing, etc., all intended to finish off an indi-
vidual layer. If several layers are required, then the
whole procedure, or a variant thereof, will have to be
repeated for each new layer. Eventually, an array of de-
vices will be present on the substrate (wafer). These de-
vices are then separated from one another by a tech-
nique such as dicing or sawing, whence the individual
devices can be mounted on a carrier, connected to pins,
etc. Further information regarding such processes can
be obtained, for example, from the book "Microchip Fab-
rication: A Practical Guide to Semiconductor Process-
ing", Third Edition, by Peter van Zant, McGraw Hill Pub-
lishing Co., 1997, ISBN 0-07-067250-4, incorporated
herein by reference.
[0005] For the sake of simplicity, the projection sys-
tem may hereinafter be referred to as the "lens"; how-
ever, this term should be broadly interpreted as encom-
passing various types of projection system, including re-
fractive optics, reflective optics, and catadioptric sys-
tems, for example. The radiation system may also in-
clude components operating according to any of these
design types for directing, shaping or controlling the pro-
jection beam of radiation, and such components may
also be referred to below, collectively or singularly, as a
"lens". Further, the lithographic apparatus may be of a
type having two or more substrate tables (and/or two or
more mask tables). In such "multiple stage" devices 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 exposures.
Dual stage lithographic apparatus are described, for ex-
ample, in US 5,969,441 and WO 98/40791, incorporat-
ed herein by reference.
[0006] The positioning devices that are used in con-
ventional lithographic apparatus to provide forces to
move the mask table MT and the substrate table WT
usually comprise a plurality of actuators. The actuators
comprise of copper coils attached to one part of the ap-
paratus and a magnet assembly attached to the other

part of the apparatus. When a current is passed through
such coil the interaction of the current passing through
the coil and the magnetic field generated by the magnet
produces a force between two parts of the apparatus.
The coils of conventional actuators are formed from in-
sulated wire that is wound in an orthocyclic fashion. Fig-
ure 2 of the accompanying drawings depicts such a coil
in cross section. The coil 10 is formed from copper wire
11 wound about a winding axis 12. To prevent short cir-
cuits between respective turns of the copper wire 11, the
wire is encased in an electrically insulating material 12.
[0007] Temperature changes and temperature gradi-
ents within the lithographic apparatus reduce the accu-
racy of its performance and thermal strains may cause
damage to components within the apparatus or the sub-
strates being processed by the apparatus. It is therefore
desirable to minimize the heat generated within the ap-
paratus or, where this is not possible, remove the gen-
erated heat. The heat generated in the coil for a given
force produced by the actuator may be reduced by using
a larger coil. However this increases the mass of the
actuator, resulting in larger required forces and more
heat generated. Therefore, the coil 10 of the actuator is
provided with cooling elements 14 which remove the
heat generated by the current passing through the wire
11.
[0008] However, with conventional coil designs made
up of orthocyclically wound wire, the heat transmission
through the coil is low. Each insulated piece of wire is
only in line-contact with the adjacent pieces of wire, lim-
iting the area across which heat may be conducted. Fur-
thermore, the material 13 used to electrically insulate
the wires 11 from one another tends to be a poor con-
ductor of heat further reducing the heat transfer charac-
teristic across the coil as a whole. Consequently, a sig-
nificant portion of the heat generated on the lower side
10b of the coil is dissipated to the environment 15 sur-
rounding the coil, rather than being transferred through
the coil to the cooling elements 14.
[0009] It is an object of the present invention to pro-
vide a coil for an actuator or positioning device for use
in a lithographic projection apparatus that has improved
heat transfer characteristics.
[0010] This and other objects are achieved according
to the invention in a lithographic apparatus as specified
in the opening paragraph, characterized in that said po-
sitioning device comprises a planar motor having a sta-
tor and a translator, one of said stator and said translator
comprising a periodic magnet structure and the other of
said stator and said translator comprising a plurality of
coils that can carry an electric current, said coils com-
prise a strip of electrically conductive sheet-material.
[0011] This provides a coil with improved heat transfer
characteristics since heat can be transferred across the
width of the strips of electrically conductive sheet-mate-
rial. This is beneficial because the electrically conduc-
tive material has a higher thermal conductivity than the
insulating material used in conventional coil designs.
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[0012] Preferably, the electrically conducting sheet-
material itself forms the coil that carries the electrical
current. Such a coil has a better space filling factor than
conventional coils. For example the space filling factor
of a coil according to this arrangement would be approx-
imately 0.8 in comparison to 0.7 for conventional or-
thocyclically wound copper coils. This reduces the re-
quired dimensions and hence the weight of the coil for
a given actuator requirement.
[0013] In a preferred embodiment, the coils are
formed from aluminium sheet-material. An additional
advantage of coils formed from aluminium is that, al-
though the conductivity is lower than conventionally
used copper, the lower density more than offsets this,
resulting in lighter coils. This advantage could not be
realized in conventional wire coils as aluminium is very
difficult to draw into wires. This is in particular advanta-
geous in case the coils are arranged on the translator
of the planar motor and this motor is used to provide
both horizontal forces and vertical forces. In such ar-
rangement, the motor can easily be used in vacuum ap-
plications since the vertical force can be applied to lev-
itate the translator from the magnet plate so that it can
move frictionless in the horizontal plane without the re-
quirement of e.g. an air bearing. In case the motor is to
generate a vertical force in order to levitate above the
surface of the magnet plate, the weight of the mover is
to be kept as low as possible since this vertical force has
to be provided at a 100 % duty cycle during operation.
The use of light weight aluminium foil coils is found to
be advantageous for such applications.
[0014] Preferably, the successive turns of the coil are
separated from each other by electrically non-conduct-
ing material that is integral to the surface of the sheet-
material. For example, when the coil is formed of alu-
minium, an electrically non-conducting surface layer of
Al2O3 can easily be formed on the surface. This simpli-
fies the manufacture of the coils in comparison to pro-
viding a separate insulating layer between the turns of
the conducting material. Furthermore, the production is
more reliable since, with a separate insulating material,
there is the risk that the insulator will be damaged in
production which may lead to electrical short circuits be-
tween respective turns of the coil. Ideally the Al2O3 is at
least 5 µm thick to ensure adequate electrical insulation,
even if there is some physical damage to the Al2O3 lay-
er.
[0015] The strip of sheet-material may be significantly
narrower in a thickness direction, substantially perpen-
dicular to the winding axis, than it is in the width direc-
tion, substantially parallel to the winding axis. This en-
ables the coil to be formed from a large number of turns
of the sheet-material without it becoming bulky whilst at
the same time providing good heat conductivity across
the width of the coil.
[0016] In an alternative arrangement, the current car-
rying coil is formed from wire and the strips of electrically
conductive sheet-material are embedded in the wire

coil. The sheet-material efficiently conducts the heat out
of the coils without significantly reducing the space filling
factor of the coil. The sheet-material may be arranged
perpendicular to the winding axis or parallel to the wind-
ing axis. As before, in case aluminium is applied as the
electrically conductive sheet-material, the Al2O3 layer
on the surface of the sheet-material forms an integral
electrical insulating layer to prevent the coil short-
circuiting.
[0017] A cooling element may be attached to a side
of the coil that forms a plane perpendicular to the wind-
ing axis such that an edge of the sheet-material is in
thermal contact with the cooling element. Therefore the
heat generated by the current in the coil will be trans-
ferred via a low thermal conductivity path to the cooling
element, minimizing the amount of heat that is radiated
or conducted to the environment surrounding the coil.
[0018] Preferably an impact protection member is at-
tached to a side of the coil that forms a plane perpen-
dicular to the winding axis, for example, the opposite
side of the coil to the one on which the cooling element
is attached. This is especially useful where the coil is
used in a planar motor, since the impact protection
member will minimize any damage to the coils should
they for any reason collide with the stator of the planar
motor. The impact protection member may also isolate
the coil from the remainder of the apparatus. The actu-
ator may be located in an evacuated system. Therefore,
were the coil not isolated from the vacuum, the Al2O3
layer would outgas gases that had previously been ab-
sorbed within it.
[0019] In a further variant of the invention, the coil is
wound about a ferromagnetic core. This enables the
construction of an actuator with a lower volume for a giv-
en force and a consequent improvement in the motor
efficiency.
[0020] According to a further aspect of the invention
there is provided a device manufacturing method com-
prising the steps of:

- providing a substrate that is at least partially cov-
ered by a layer of radiation-sensitive material;

- providing a projection beam of radiation using a ra-
diation system;

- using patterning means to endow the projection
beam with a pattern in its cross-section;

- projecting the patterned beam of radiation onto a
target portion of the layer of radiation-sensitive ma-
terial,

characterized by passing an electric current through a
coil in an actuator, producing a force between two com-
ponents in the device manufacturing apparatus; where-
in said coil comprises a strip of electrically conductive
sheet-material.
[0021] Although specific reference may be made in
this text to the use of the apparatus according to the
invention in the manufacture of ICs, it should be explic-
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itly understood that such an apparatus has many other
possible applications. For example, it may be employed
in the manufacture of integrated optical systems, guid-
ance and detection patterns for magnetic domain mem-
ories, liquid-crystal display panels, thin-film magnetic
heads, etc. The skilled artisan will appreciate that, in the
context of such alternative applications, any use of the
terms "reticle", "wafer" or "die" in this text should be con-
sidered as being replaced by the more general terms
"mask", "substrate" and "target portion", respectively.
[0022] In the present document, the terms "radiation"
and "beam" are used to encompass all types of electro-
magnetic radiation, including ultraviolet radiation (e.g.
with a wavelength of 365, 248, 193, 157 or 126 nm) and
EUV (extreme ultra-violet radiation, e.g. having a wave-
length in the range 5-20 nm), as well as particle beams,
such as ion beams or electron beams.
[0023] Embodiments of the invention will now be de-
scribed, by way of example only, with reference to the
accompanying schematic drawings in which:

Figure 1 depicts a lithographic projection apparatus
according to an embodiment of the invention;
Figure 2 depicts, in cross section, a conventional
coil;
Figure 3 depicts, in perspective, a coil according to
the present invention;
Figure 4 depicts, in plan view, a coil according to
the present invention; and
Figure 5 depicts the coil of Figure 4 across the sec-
tion AA.
Figure 6 schematically depicts an arrangement of
different coil units according to the present inven-
tion.

[0024] In the Figures, corresponding reference sym-
bols indicate corresponding parts.

Embodiment 1

[0025] Figure 1 schematically depicts a lithographic
projection apparatus according to a particular embodi-
ment of the invention. The apparatus comprises:

· a radiation system Ex, IL, for supplying a projection
beam PB of radiation (e.g. EUV radiation), which in
this particular case also comprises a radiation
source LA;

· a first object table (mask table) MT provided with a
mask holder for holding a mask MA (e.g. a reticle),
and connected to first positioning means for accu-
rately positioning the mask with respect to item PL;

· a second object table (substrate table) WT provided
with a substrate holder for holding a substrate W (e.
g. a resist-coated silicon wafer), and connected to
second positioning means for accurately position-
ing the substrate with respect to item PL;

· a projection system ("lens") PL (e.g. mirror group)

for imaging an irradiated portion of the mask MA on-
to a target portion C (e.g. comprising one or more
dies) of the substrate W.

As here depicted, the apparatus is of a reflective type
(e.g. has a reflective mask). However, in general, it may
also be of a transmissive type, for example (e.g. with a
transmissive mask). Alternatively, the apparatus may
employ another kind of patterning means, such as a pro-
grammable mirror array of a type as referred to above.
[0026] The source LA (e.g. a laser-produced or dis-
charge plasma source) produces a beam of radiation.
This beam is fed into an illumination system (illuminator)
IL, either directly or after having traversed conditioning
means, such as a beam expander Ex, for example. The
illuminator IL may comprise adjusting means AM for set-
ting the outer and/or inner radial extent (commonly re-
ferred to as σ-outer and σ-inner, respectively) of the in-
tensity distribution in the beam. In addition, it will gen-
erally comprise various other components, such as an
integrator IN and a condenser CO. In this way, the beam
PB impinging on the mask MA has a desired uniformity
and intensity distribution in its cross-section.
[0027] It should be noted with regard to Figure 1 that
the source LA may be within the housing of the litho-
graphic projection apparatus (as is often the case when
the source LA is a mercury lamp, for example), but that
it may also be remote from the lithographic projection
apparatus, the radiation beam which it produces being
led into the apparatus (e.g. with the aid of suitable di-
recting mirrors); this latter scenario is often the case
when the source LA is an excimer laser. The current in-
vention and Claims encompass both of these scenarios.
[0028] The beam PB subsequently intercepts the
mask MA, which is held on a mask table MT. Having
been selectively reflected by the mask MA, the beam
PB passes through the lens PL, which focuses the beam
PB onto a target portion C of the substrate W. With the
aid of the second positioning means (and interferometric
measuring means IF), 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 means can be used to accurately position
the mask MA with respect to the path of the beam PB,
e.g. after mechanical retrieval of the mask MA from a
mask library, or during a scan. In general, movement of
the object tables MT, WT will be realized with the aid of
a long-stroke module (course positioning) and a short-
stroke module (fine positioning), which are not explicitly
depicted in Figure 1. However, in the case of a wafer
stepper (as opposed to a step-and-scan apparatus) the
mask table MT may just be connected to a short stroke
actuator, or may be fixed.
[0029] The depicted apparatus can be used in two dif-
ferent modes:

1. In step mode, the mask table MT is kept essen-
tially stationary, and an entire mask image is pro-
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jected in one go (i.e. a single "flash") onto a target
portion C. The substrate table WT is then shifted in
the x and/or y directions so that a different target
portion C can be irradiated by the beam PB;
2. In scan mode, essentially the same scenario ap-
plies, except that a given target portion C is not ex-
posed in a single "flash". Instead, the mask table
MT is movable in a given direction (the so-called
"scan direction", e.g. the y direction) with a speed
v, so that the projection beam PB is caused to scan
over a mask image; concurrently, the substrate ta-
ble WT is simultaneously moved in the same or op-
posite direction at a speed V = Mv, in which M is the
magnification of the lens PL (typically, M = 1/4 or
1/5). In this manner, a relatively large target portion
C can be exposed, without having to compromise
on resolution.

[0030] Figure 3 depicts, in perspective, a coil 20 ac-
cording to the present invention. The coil 20 is formed
from an elongate strip 21 of electrically-conductive
sheet-material or foil wound about a winding axis 22.
[0031] Figure 4 depicts the coil in plan view. As shown
the coil may be elongate in shape. Alternatively, it may
be rectangular or square in shape, depending on its use.
The thickness D1 of the sheet-material is minimized in
order to maximize the number of turns that can be ar-
ranged in the maximum external width D2 of the coil.
This will be determined by the space available for the
actuator within the lithographic apparatus. The width D3
of the strip 21 from which the coil 20 is formed is then
determined from the required cross sectional area of the
strip in turn determined from the required electrical re-
sistance of the coil.
[0032] The coil is preferably formed from aluminium
strips with a thickness D1 preferably between 50 and
150 µm. In a preferred configuration the strips are ap-
proximately 60 µm thick. The width D3 of the strip of
material is preferably between approximately 3 mm to
20 mm. In a preferred configuration the width of the strip
of aluminium is approximately 10 mm. Each coil may
comprise between 100 and 300 turns and have a max-
imum external width D2 of approximately 40 mm and a
maximum external length D4 of approximately 350 mm.
The coil may also be formed from other electrically-con-
ductive materials that can be formed into the required
shape, such as copper.
[0033] In order to prevent electrical short circuits be-
tween respective turns of the coil, electrically non-con-
ducting material must be provided between the turns.
This may be in the form of a separate insulating layer
bonded to the strip 21 of electrically conducting material
before it is wound into the coil shape. Preferably, how-
ever, as shown in Figure 4, the strip 21 of electrically
conducting material has an integral surface 25 formed
on it of electrically non-conducting material. When the
strip 21 is wound into the coil shape, the electrically non-
conducting surface 25 prevents electrical short circuits

between respective turns of the coil. When the coil is
formed from aluminium, the integral surface 25 may be
formed of Al2O3. This can preferably be formed by an-
odizing the aluminum or, alternatively by chemical proc-
esses or by exposing the surface to oxygen. The ano-
dizing process may, advantageously, be controlled to
produce a uniform thickness of Al2O3 on the surface of
the aluminium strip 21. Preferably the thickness of the
Al2O3 layer is at least approximately 5 µm. It has been
found that the risk of short-circuits between different
turns of the coil during manufacturing or machining of
the coil is much less for aluminium foil coils compared
to e.g. Cu foil coils.
[0034] Figure 5 shows the cross section AA, marked
on Figure 4. A cooling element 30 (not shown in Figures
3 and 4) is attached to the upper side of the coil 20. A
flow of coolant is provided to an inlet 31 and extracted
from an outlet 32 to remove the heat absorbed by the
cooling element 30. The cooling element 30 is in direct
thermal contact with the top edge 21 a of the strip 21 of
sheet-material from which the coil material is formed.
Therefore, the heat generated in the coil 20 by the cur-
rent passing through it may be transferred directly from
the strip of sheet-material to the cooling element 30 with-
out being transferred across a significant section of in-
sulating material (a thin layer of insulating material may
be necessary between the top edge 21 a of the strip of
sheet-material and the cooling element 30 to prevent
short circuits between respective turns of the coil).
[0035] A plate 35 of stainless steel may be attached
to the lower edge 21b of the strip 21 of sheet-material
to prevent damage to the coil from any impact. This is
especially useful since the coil may be used as part of
a planar motor in which case the coil must be protected
from damage caused by, for example, collisions with the
stator of the planar motor. Preferable, when the actuator
or motor comprises more than one coil, one plate 35
should cover all coils rather than having a separate plate
for each coil. As an example, the planar motor may com-
prise of a magnet plate and a mover comprising different
coil units, each coil unit comprising a plurality of coils.
Figure 6 schematically depicts a possible layout of such
planar motor. The magnet plate of the motor (40) is
schematically represented by the diagonal lines forming
a pattern of squares. The mover or translator of the pla-
nar motor is schematically depicted by 12 coils arranged
in 4 coil units (50, 60, 70, 80), each coil unit comprising
three coils (50.1, 50.2, 50.3). Such a planar motor ar-
rangement is well suited to be used in vacuum applica-
tions since the motor can generate a horizontal force for
acceleration and deceleration, but also a vertical force
to levitate the mover from the magnet plate so that it can
move frictionless in the horizontal plane. Therefore, a
separated bearing is not required. In case the motor is
to generate a vertical force in order to levitate above the
surface of the magnet plate, the weight of the mover is
to be kept as low as possible since this vertical force has
to be provided at a 100 % duty cycle during operation.
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The use of light weight aluminium foil coils is found to
be advantageous for such applications. Further informa-
tion on such planar motors may be found in WO
01/18944A, which is incorporated herein by reference.
The plate 35 may, alternatively, be formed from other
materials.
[0036] In order to improve the force provided by an
actuator and/or the motor efficiency, a ferromagnetic
core may be added to the coil. For instance, the coil may
be wound about the core which, in this case, will be cen-
tered on the winding axis of the coil. The core may be
formed of laminated, powdered or solid iron or ferromag-
netic alloy. Where more than one coil is provided (for
instance if the actuator has more than one phase), each
coil may have a separate core or the cores may be con-
nected.
[0037] In a variant of the present invention, a wire coil
as used in conventional coils is used but with sheet-ma-
terial embedded within it. The sheet-material has little
impact on the space filling factor of the coil but provides
direct thermal paths through the coil to remove heat gen-
erated within it. In a preferred embodiment, the sheet-
material used is aluminium since it has good thermal
conducting properties and an oxide layer can easily be
formed on its surface to provide electrical insulation from
the coils. The mechanically strong insulation layer
formed by the aluminium oxide reduces the risk of insu-
lation damage. The sheet-material may be added to the
coil as the wire is wound to form the coil. One or more
layers of sheet-material may be arranged between lay-
ers of the turns of the coil such that the sheet-material
is perpendicular to the winding axis of the coil. Alterna-
tively and/or additionally, strips of sheet-material may be
provided parallel to the winding axis such that each strip
is perpendicular to a plane that itself is perpendicular to
the winding axis. Such strips are located, for instance,
between some turns of the coil (inner turns) that are
closer to the winding axis than the sheet-material and
some turns that are further away from the winding axis
(outer turns). The strips may comprise substantially
straight sections of sheet-material or may comprise sec-
tions that curve with the coil. As before, the strips of
sheet material may be connected to a cooling element.
In case the strips of sheet material are provided parallel
to the winding axis of the coil, this results in an improved
behavior with respect to Eddy currents. A reduction in
Eddy currents may result in an improved dynamic be-
havior of the actuator or motor.
[0038] Whilst specific embodiments of the invention
have been described above, it will be appreciated that
the invention may be practiced otherwise than as de-
scribed. The description is not intended to limit the in-
vention.

Claims

1. A lithographic projection apparatus comprising:

- a radiation system for providing a projection
beam of radiation;

- a support structure for supporting patterning
means, the patterning means serving to pattern
the projection beam according to a desired pat-
tern;

- a substrate table for holding a substrate;
- a projection system for projecting the patterned

beam onto a target portion of the substrate; and
- a positioning device for positioning at least one

of said support structure and said substrate ta-
ble, characterized in that said positioning de-
vice comprising a planar motor having a stator
and a translator, one of said stator and said
translator comprising a periodic magnet struc-
ture and the other of said stator and said trans-
lator comprising a plurality of coils that can car-
ry an electric current, said coils comprise a strip
of electrically conducting sheet-material.

2. A lithographic projection apparatus according to
claim 1, wherein said strip of electrically conductive
sheet-material is wound about a winding axis to
form the coil for carrying said electric current.

3. A lithographic projection apparatus according to
claim 1 or 2, wherein said electrically conductive
sheet-material is aluminium.

4. A lithographic projection apparatus according to
claim 3, wherein successive turns of said coil are
separated from each other by a layer of electrically
non-conducting Al2O3 that is integral to the surface
of the sheet-material.

5. A lithographic projection apparatus according to
claim 4, wherein the thickness of the Al2O3 layer is
at least 5 µm thick.

6. A lithographic projection apparatus according to
any one of claims 2 to 5, wherein said strip of sheet-
material is significantly narrower in a thickness di-
rection, substantially perpendicular to said winding
axis, than it is in a width direction, substantially par-
allel to said winding axis.

7. A lithographic projection apparatus according to
any one claims 2 to 6, wherein said sheet-material
is between approximately 50 µm and 150 µm in
thickness in the thickness direction substantially
perpendicular to said winding axis.

8. A lithographic projection apparatus according to
any one claims 2 to 7, wherein said sheet-material
is approximately 60 µm in thickness in the thickness
direction substantially perpendicular to said winding
axis.
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9. A lithographic projection apparatus according to
any one of claims 2 to 8, wherein the width of said
strip of electrically-conductive sheet-material, in a
direction substantially parallel to the winding axis,
is between approximately 3 mm and 20 mm.

10. A lithographic projection apparatus according to
any one of the preceding claims, wherein said pla-
nar motor further comprises a cooling element at-
tached to and in thermal contact with the electrically
conductive sheet-material.

11. A lithographic projection apparatus according to
any one of the preceding claims, wherein said pla-
nar motor further comprises an impact protection
member attached to a side of the coils that forms a
plane perpendicular to the winding axis.

12. A lithographic projection apparatus comprising:

- a radiation system for providing a projection
beam of radiation;

- a support structure for supporting patterning
means, the patterning means serving to pattern
the projection beam according to a desired pat-
tern;

- a substrate table for holding a substrate;
- a projection system for projecting the patterned

beam onto a target portion of the substrate; and
- an actuator for producing a force between two

components in the apparatus when electric cur-
rent is passed through a coil of the actuator;

characterized in that said coil is a wire coil wound
about a winding axis and a strip of electrically con-
ductive sheet-material is embedded in the wire coil
such that it is substantially parallel to the winding
axis of the coil.

13. A lithographic projection apparatus comprising:

- a radiation system for providing a projection
beam of radiation;

- a support structure for supporting patterning
means, the patterning means serving to pattern
the projection beam according to a desired pat-
tern;

- a substrate table for holding a substrate;
- a projection system for projecting the patterned

beam onto a target portion of the substrate; and
- an actuator for producing a force between two

components in the apparatus when electric cur-
rent is passed through a coil of the actuator;

characterized in that said coil is a wire coil
wound about a winding axis and a strip of aluminium
sheet-material is embedded in the wire coil.

14. A lithographic projection apparatus according to
claim 13, wherein a layer of electrically non-con-
ducting Al2O3 that is integral to the surface of the
aluminium sheet-material is formed on its surface.

15. A lithographic projection apparatus according to
claim 14, wherein the thickness of the Al2O3 layer
is at least 5 µm thick.

16. A lithographic projection apparatus according to
any one of the claims 12 to 15, wherein said actu-
ator further comprises a cooling element attached
to and in thermal contact with the electrically con-
ductive sheet-material.

17. A lithographic projection apparatus according to
any one of the claims 12 to 16, wherein said sheet-
material is between approximately 50 µm and 150
µm in thickness.

18. A lithographic projection apparatus according to
any one of the claims 12 to 16, wherein said sheet-
material is approximately 60 µm in thickness.

19. A lithographic projection apparatus according to
any one of the claims 12 to 18, wherein the width of
said strip of electrically-conductive sheet-material,
in a direction substantially parallel to the winding ax-
is, is between approximately 3 mm and 20 mm.

20. A device manufacturing method comprising the
steps of:

- providing a substrate that is at least partially
covered by a layer of radiation-sensitive mate-
rial;

- providing a projection beam of radiation using
a radiation system;

- using patterning means to endow the projection
beam with a pattern in its cross-section;

- projecting the patterned beam of radiation onto
a target portion of the layer of radiation-sensi-
tive material,

characterized by passing an electric current
through a coil in an actuator, producing a force be-
tween the components in the device manufacturing
apparatus; wherein said coil comprises a strip of
electrically conductive sheet-material.
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