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ABSTRACT

A lithographic apparatus contains an optical element, the
surface of the optical element being modified to reduce the
effects of reflectivity reduction by molecular contamination.
The Surface includes a self assembled monolayer.
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OPTICAL ELEMENT WITH A SELF-ASSEMBLED

MONOLAYER, LITHOGRAPHIC PROJECTION
APPARATUS INCLUDING SUCH AN OPTICAL

ELEMENT, AND DEVICE MANUFACTURING
METHOD
CROSS REFERENCE TO RELATED
APPLICATIONS

0001. This application is a continuation of U.S. applica
tion Ser. No. 10/459,706, filed Jun. 12, 2003, which claimed

priority to European Application 02254176.7, filed Jun. 14,
2002, the contents of both applications being incorporated
herein by reference.
BACKGROUND OF THE INVENTION

0002) 1. Field of the Invention
0003. The present invention relates to a lithographic
projection apparatus including an optical element with a
Self-assembled monolayer, an optical element with a Self
assembled monolayer, and a device manufacturing method.
0004 2. Description of the Related Art
0005 The term “patterning device' as here employed
should be broadly interpreted as referring to device 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 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). An example of Such a
patterning device is a mask. The concept of a mask is well
known in lithography, and it includes mask types Such as
binary, 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 will generally be a mask table, which ensures
that the mask can be held at a desired position in the
incoming radiation beam, and that it can be moved relative
to the beam if so desired.

0006 Another example of a patterning device is a pro
grammable mirror array. One example of Such an array 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 Surface reflect incident light as diffracted light,
whereas unaddressed areas reflect incident light as undif
fracted 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. An alternative embodiment of a

programmable mirror array employs a matrix arrangement
of tiny mirrors, each of which can be individually tilted
about an axis by applying a Suitable localized electric field,
or by employing piezoelectric actuators. Once again, the
mirrors are matrix-addressable, Such that addressed mirrors

will reflect an incoming radiation beam in a different direc
tion to unaddressed mirrors. In this manner, the reflected

beam is patterned according to the addressing pattern of the
matrix-addressable mirrors. The required matrix addressing
can be performed using Suitable electronics. In both of the
Situations described hereabove, the patterning device can
include one or more programmable mirror arrayS. More
information on mirror arrays as here referred to can be seen,
for example, from U.S. Pat. Nos. 5,296,891 and 5,523,193,
and PCT publications WO 98/38597 and WO 98/33096. In
the case of a programmable mirror array, the Support may be
embodied as a frame or table, for example, which may be
fixed or movable as required.
0007 Another example of a patterning device is a pro
grammable LCD array. An example of Such a construction
is given in U.S. Pat. No. 5,229,872. As above, the Support in
this case may be embodied as a frame or table, for example,
which may be fixed or movable as required.
0008 For purposes of simplicity, the rest of this text may,
at certain locations, Specifically direct itself to examples
involving a mask and mask table. However, the general
principles discussed in Such instances should be seen in the
broader context of the patterning device as hereabove Set
forth.

0009 Lithographic projection apparatus can be used, for
example, in the manufacture of integrated circuits (ICs). In
Such a case, the patterning device 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.
including one or more dies) on a Substrate (silicon wafer)
that has been coated with a layer of radiation-Sensitive

material (resist). In general, a single wafer will contain a

whole network of adjacent target portions that are Succes
Sively irradiated via the projection System, one at a time. In
current apparatus, employing patterning by a mask on a

mask table, a distinction can be made between two different

types of machine. In one type of lithographic projection
apparatus, each target portion is irradiated by exposing the
entire mask pattern onto the target portion at once. 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 irradiated by progres
Sively Scanning the mask pattern under the beam of radiation

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 projec

tion System will have a magnification factor M (generally
<1), the speed V at which the substrate table is scanned will

be a factor M times that at which the mask table is scanned.

More information with regard to lithographic devices as here
described can be seen, for example, from U.S. Pat. No.
6,046,792.

0010. In a known manufacturing process using a litho
graphic projection apparatus, a pattern (e.g. in a mask) is
imaged onto a Substrate that is at least partially covered by

a layer of radiation-sensitive material (resist). Prior to this

imaging, the Substrate may undergo various procedures,
Such as priming, resist coating and a Soft bake. After
exposure, the Substrate may be Subjected to other proce

dures, Such as a post-exposure bake (PEB), development, a
hard bake and measurement/inspection of the imaged fea
tures. This array of procedures 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,
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ion-implantation (doping), metallization, oxidation, chemo
mechanical polishing, etc., all intended to finish off an
individual layer. If Several layers are required, then the
whole procedure, or a variant thereof, will have to be
repeated for each new layer. It is important to ensure that the

overlay (juxtaposition) of the various Stacked layers is as
accurate as possible. For this purpose, a Small reference
mark is provided at one or more positions on the wafer, thus
defining the origin of a coordinate System on the wafer.
Using optical and electronic devices in combination with the

Substrate holder positioning device (referred to hereinafter
as “alignment System'), this mark can then be relocated each

time a new layer has to be juxtaposed on an existing layer,
and can be used as an alignment reference. Eventually, an

array of devices will be present on the substrate (wafer).
These devices are then Separated from one another by a
technique 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 Fabrica
tion: A Practical Guide to Semiconductor Processing”, Third
Edition, by Peter van Zant, McGraw Hill Publishing Co.,
1997, ISBN 0-07-067250-4.

0.011 For the sake of simplicity, the projection system
may hereinafter be referred to as the “lens.” However, this
term should be broadly interpreted as encompassing various
types of projection System, including refractive optics,
reflective optics, and catadioptric Systems, for example. The
radiation System may also include components operating
according to any of these design types for directing, Shaping
or controlling the 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

use in an EUV lithography apparatus, wherein the loss of
reflectivity caused by molecular contamination is reduced or
alleviated.

0014. This and other aspects are achieved according to
the invention in a lithographic apparatus including a radia
tion system configured to provide a beam of EUV radiation;
a Support configured to Support a patterning device, the
patterning device configured to pattern the beam of radiation
according to a desired pattern; a Substrate table configured to
hold a Substrate; and a projection System configured to
project the patterned beam onto a target portion of the
Substrate, wherein the radiation System and/or the projection
System contains an optical element including a Substrate; a
Mo/Simultilayer stack on the substrate; and a hydrophobic
Self-assembled monolayer on the multilayer Stack.
0015 The present invention also relates to an optical
element which has a peak of reflectivity in the wavelength
range 5 to 50 nm, wherein the optical element has, on its
Surface, a hydrophobic Self-assembled monolayer. The
wavelength range is typically below about 20 nm and for
example below about 15 nm. Examples of wavelengths of
interest are 13.5 nm and in the region of 11 nm. In this
context, reflectivity is typically greater than 40%, for
example greater than 50% and for example greater than
60%.

0016. The optical element may be a beam modifying
element Such as a reflector, e.g. a multilayer near-normal
incidence mirror, especially a Mo/Simultilayer mirror, or a
grazing incidence mirror, included in at least one of the
illumination System and the projection System; an integrator,
Such as a Scattering plate; the mask, especially if a multilayer
mask, or any other optical element involved in directing,
focussing, Shaping, controlling, etc. the beam of radiation.
The optical element may also be a Sensor Such as an image

tables may be used in parallel or preparatory StepS may be

Sensor or a spot Sensor.

carried out on one or more tables while one or more other

0017. The term “self-assembled monolayer” refers to a
film composed of molecules that assemble themselves on a
Surface, by any mechanism, directly or via an intermediary
and includes Langmuir-Blodgett films.
0018. The self-assembled monolayer may be formed by
the reaction of a modifying agent with the Surface of the
optical element. The modifying agent is any type of
amphiphilic Species, provided that the reaction between the
modifying agent and the Surface of the optical element
results in the formation of a Self assembled monolayer.
Generally, the amphiphilic Species will possess an alkyl

tables are being used for exposures. Dual Stage lithographic
apparatus are described, for example, in U.S. Pat. NoS.
5,969,441 and 6,262,796.

0012 Because no material with suitable optical proper
ties for making refractive optical elements for extreme

ultraViolet (EUV) radiation is known, lithographic apparatus
using Such radiation must use reflective optics, made of
grazing incidence mirrors or multilayer Stacks. Multilayer
Stacks have reflectivities of a theoretical maximum of only
about 70%. In view of this lower reflectivity, it is important
to ensure that any drop in reflectivity due to molecular
contamination is minimized. In spite of the high vacuum
conditions which are imposed during use, molecular con
taminants may be present within an EUV lithography appa
ratus. The reflectivity of the optical elements can therefore
be reduced through oxidation of the top, e.g. Silicon, layer of
the mirror and also carbon growth on the Surface of the
mirror. Oxidation of the Surface of the mirror under EUV

radiation may be caused by the presence of water, while
carbon growth, on the other hand, may occur due to the
presence of hydrocarbons in the System.
SUMMARY OF THE INVENTION

0013. It is an aspect of the present invention to provide
optical elements for use with EUV radiation, in particular for

chain and be functionalised to react with the Surface. The

nature of the functionality will depend upon the Surface of
optical element. Generally, the Surface will be a Silica-type
Surface and the preferred amphiphilic Species will be a
functionalised alkyl, for example an alkylsilane. The Surface
of the optical element will thus be covered with an alkylsi
lane-based Self assembled monolayer. However, depending
upon the Surface of the optical element, other amphiphilic
Species may be used, for example carboxylic acids can be
used on an alumina-type Surface.
0019. The alkylsilane-based self-assembled monolayer
of the present invention is generally formed by using, as the
amphiphilic Species, an alkylsilane of general formula:
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0020 wherein Z is H or F, n and m are independently any
number from 0 to 21, for example any number from 2 to 12,
with the proviso that the sum of n and m is at least 5 and for
example at least 7, and X can be a halide Such as Cl or Br,
a C alkoxy Such as OMe or OEt, a hydroxy group or any
other group which can be used to facilitate the binding of the
silicon to the surface of the optical element. The three X
groups in a single alkylsilane moiety may be the same or
different. For example, the three X groups in a Single
alkylsilane moiety are the same.
0021. The alkylsilanes for use in the present invention
may have linear alkyl chains, however, the use of a branched
chain alkylsilane is not excluded, provided that reaction of
the branched chain alkylsilane with the surface of the optical
element results in the formation of a Self assembled mono

layer.
0022. The alkylsilanes may have an aliphatic alkyl chain
and may have a fluoro-alkyl or perfluoro-alkyl chain. In each
case the alkyl chain has from 6 to 22 carbons, for example
from 6 to 18 carbons or from 8 to 12 carbons.

0023 Specific examples of alkylsilanes which may be
used to form the Self-assembled monolayers of the present

invention are CH-(CH2)SiX, CH (CH), Six,
CH3(CH2)5SiX, CH3(CH2)7SiX, CH3(CH2). Six,
CF (CF)(CH)SiX,

CF (CF)-(CH2)2SiX.

O

the nature of the modifying agent but, in the case of
alkylsilanes, Suitable Solvents include alkanes, Such as hep
tane or octane, aromatics, Such as toluene, and alcohols,

Such as ethanol. Furthermore, when using alkylsilanes the
presence of water in the solution should be avoided. The
reaction time for an immersion reaction again depends on
the nature of the Surface and modifying agent but is gener
ally from 10 minutes to 2 hours. When forming a self
assembled monolayer on the surface of an Mo/Simultilayer
mirror, the temperature of reaction must be kept low Since
interlayer diffusion can commence above 100 C.
0028. After the monolayer has been applied, the modified
element can be Stabilized. The time and temperature needed
for the Stabilization is dependent upon the nature of the
modifying agent, however, aging in air for a few days or by
baking at about 50 C. for a few hours is generally sufficient.
0029. The surface coverage of the modification agent on
the Surface of the optical element has to be Sufficient Such
that a Self-assembled monolayer is formed. Typically, the
Surface coverage of the optical element by the Self-as
sembled monolayer is around 70%, for example the cover
age is around 80%, for example the coverage is around 90%.
0030 The monolayer should be thick enough to be stable
under the irradiation conditions of the lithographic appara
tus, however, it should not be too thick that it absorbs too

CF (CF)(CH)SiX, wherein X is as defined in the gen

much radiation. The thickness should be in the range of 0.5
to 10 nm, for example from 1 to 5 nm and for example from

0024. The X group bound to the silicon may be any of the
Substituents mentioned in relation to the general formula,

1 to 2.5 nm.

eral formula.

however, care must be taken when X is chlorine, Since the

0031. The two main pathways of reflection reduction of
an optical element in a lithographic apparatus are ascribed to
oxidation of the Surface of the element due to the presence
of water, and carbon build up on the Surface of the element
due to the presence of hydrocarbons in the System. The
present invention acts to decrease the effects of reflection
reduction by both of these pathways.
0032) Firstly, the formation of a self-assembled mono
layer on the Surface of the optical element acts to change the
Surface of the optical element from being hydrophilic in
character to being hydrophobic in character. Thus, the pres

by-products of the reaction may roughen the original Surface
and cause unwanted effects Such as Scattering.
0.025 The self-assembled monolayers of the present
invention may be formed from a Single alkylsilane or from
a mixture of alkylsilanes.
0026. The application of the monolayer to the surface of
the optical element generally takes place after the Surface
has been cleaned. Methods of cleaning are well known in the
art and generally include treatment using UV-OZone or
plasma. This cleaning removes any contaminants which may
affect the modification of the surface of the optical element.
The cleaning will leave a naturally adsorbed layer of water
at the Surface, Such a layer assists in the production of a high
quality monolayer.
0027. Once cleaned, the surface of the optical element
can be reacted with the modifying agent. This reaction is
generally performed by reaction either in the gaseous phase

oxidation consequently lessened. Secondly, the use of an
aliphatic or fluoroalkyl modifying agent results in the for
mation of a Surface which is non-polar and of low energy.
Consequently, a large variety of hydrocarbon compounds are
unable to stick to the modified surface in a way that would
be possible if the surface was unmodified. Furthermore, the
layer itself does not act to Significantly reduce the reflec
tivity of the optical element and has also been shown to be

or as an immersion reaction, however other methods of

Stable under the conditions of use.

applying a monolayer, Such as Spin coating, may also be
used. If performed in the gaseous phase, the cleaned element
is placed in a vessel with Some modifying agent, the vessel
is evacuated to a preSSure less than about 1 mbar and the
System is allowed to Stand. The reaction time is dependent
upon the nature of the Surface, the modifying agent and the
amount of water which is present on the Surface, however,
it generally takes 6 to 24 hours. The reaction time can be
reduced, for example by raising the temperature, but the
formation of localized three dimensional Structures should

be avoided. If performed by way of an immersion reaction,
the cleaned Substrate is placed into a Solution of the modi
fying agent. The Solvent of the Solution is dependent upon

ence of water at the Surface is reduced and the effects of

0033. The self-assembled monolayers of the present
invention have been found to be stable after 50 hour expo
Sure to an e-gun, i.e. there was found to be no loSS in the
reflectivity of a multilayer mirror. After 100 hr under Such
exposure there was found to be a loSS of reflectivity, this loSS
being in the region of 9%. However, such conditions are
much harsher than those experienced during the use of a
lithographic projection apparatus.
0034. It has been found that the self-assembled mono
layers of the present invention can be applied or reapplied in
Situ to the Surface of an optical element of a lithographic
projection apparatus. Such a procedure can be performed by

Jul. 21, 2005

US 2005/O157283 A1

releasing a modifying agent into the vacuum chamber which
contains the optical elements. The procedure can thus be
performed without disassembly of the apparatus, however, is
not performed during exposure to EUV radiation. Such a
procedure represents a significant advantage Since it avoids
the necessity of removing the mirrors from the System, thus
the procedure can be performed both quickly and without
the risk of exposing the mirrors to contamination.
0035. According to a further aspect of the invention there
is provided an optical element as discussed above.
0036). According to an even further embodiment of the
present invention, a device manufacturing method includes
providing a beam of radiation; patterning the beam of
radiation; and projecting the patterned beam of radiation
onto a target portion of a Substrate, wherein at least one
optical element on which the beam of radiation is incident
has, on its Surface, a hydrophobic Self-assembled monolayer.
0037 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 explicitly understood
that Such an apparatus has many other possible applications.
For example, it may be employed in the manufacture of
integrated optical Systems, guidance and detection patterns
for magnetic domain memories, liquid-crystal display pan
els, thin-film magnetic heads, etc. One of ordinary skill in
the art will appreciate that, in the context of Such alternative
applications, any use of the terms “reticle”, “wafer' or “die”
in this text should be considered as being replaced by the
more general terms “mask”, “Substrate” and “target por
tion', respectively.
0.038. In the present document, the terms “radiation” and
"beam’ are used to encompass all types of electromagnetic

mask with respect to a projection System or lens PL, a

second object (substrate) table WT provided with a substrate
holder configured to hold a Substrate W (e.g. a resist-coated
Silicon wafer), and connected to a Second positioning device
PW that accurately positions the substrate with respect to the
projection System PL. The projection System or lens PL (e.g.
a mirror group) is configured to image an irradiated portion
of the mask MA onto a target portion C (e.g. including one
or more dies) of the substrate W.
0044 As here depicted, the apparatus is of a reflective
type (i.e. has a reflective mask). However, in general, it may
also be of a transmissive type, for example with a transmis
Sive mask. Alternatively, the apparatus may employ another
kind of patterning device, Such as a programmable mirror
array of a type as referred to above.

004.5 The source LA (e.g. a discharge or laser-produced
plasma Source) produces a beam of radiation. This beam is
fed into an illumination System (illuminator) IL, either
directly or after having traversed a conditioning device, Such
as a beam expander EX, for example. The illuminator IL may
include an adjusting device AM that Sets the outer and/or

inner radial extent (commonly referred to as O-Outer and
O-inner, respectively) of the intensity distribution in the

beam. In addition, it will generally include 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.

0046. It should be noted with regard to FIG. 1 that the
Source LA may be within the housing of the lithographic
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 radia
tion beam which it produces being led into the apparatus

radiation, including ultraViolet radiation (e.g. with a wave
length of 365,248, 193, 157 or 126 mm) and EUV (extreme

ultra-violet radiation, e.g. having a wavelength in the range

(e.g. with the aid of Suitable directing mirrors). This latter

5-20 nm), as well as particle beams, such as ion beams or

laser. The present invention encompasses both of these

electron beams.

BRIEF DESCRIPTION OF THE DRAWINGS

0039 Embodiments of the invention will now be
described, by way of example only, with reference to the
accompanying Schematic drawings in which:
0040 FIG. 1 depicts a lithographic projection apparatus
according to an embodiment of the invention; and
0041 FIG. 2 depicts an optical element including a
Self-assembled monolayer according to the present inven
tion.

0042. In the Figures, corresponding reference symbols
indicate corresponding parts.
DETAILED DESCRIPTION

0.043 FIG. 1 schematically depicts a lithographic pro
jection apparatus 1 according to an embodiment of the
invention. The apparatus 1 includes a base plate BP, a
radiation System EX, IL configured to Supply a beam of
radiation PB of radiation (e.g. EUV radiation), which in this
particular case also includes a radiation Source LA, a first
object (mask) table MT provided with a mask holder con
figured to hold a mask MA (e.g. a reticle), and connected to
a first positioning device PM that accurately positions the

Scenario is often the case when the Source LA is an excimer
Scenarios.

0047 The beam PB subsequently intercepts the mask
MA, which is held on a mask table MT. Having traversed 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 device PW and
interferometer 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
device PM can be used to accurately position the mask MA
with respect to the path of the beam PB, e.g. after mechani
cal 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 (coarse
positioning) and a short-stroke module (fine positioning),
which are not explicitly depicted in FIG. 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. The mask MA and the
Substrate W may be aligned using mask alignment marks
M, M and Substrate alignment marks P, P.
0048. The depicted apparatus can be used in two different
modes:

0049) 1. In step mode, the mask table MT is kept
essentially Stationary, and an entire mask image is
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projected at once, 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;
0050 2. In scan mode, essentially the same scenario
applies, except that a given target portion C is not
exposed 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 beam of radiation PB is caused to Scan over a mask

image. Concurrently, the substrate table WT is simul
taneously moved in the same or opposite direction at a
speed V=MV, in which M is the magnification of the

lens PL (typically, M=4 or /s). In this manner, a

relatively large target portion C can be exposed, with
out having to compromise on resolution.
0051 FIG. 2 schematically depicts an optical element, in
this case a reflector, in a projection System according to the
present invention. The optical element includes a Self

assembled monolayer 2 (e.g. an alkylsilane Self-assembled
monolayer); an Mo/Si multilayer mirror stack 3; and a

Substrate 4, which Supports the multilayer.
0052. The surface of an Mo/Simultilayer mirror was
prepared by cleaning using UV/oZone or an oxygen plasma
reactor. In Such a process a thin oxide film usually remains
at the Surface and the presence of Such a hydrophilic Surface
results in a thin layer of water molecules being retained at
the Surface. Such water molecules are desirable for the

production of a high-quality SAM film.
(0053 The mirror was placed in a pre-vacuum chamber
(~10 mbar) together with the alkylsilane, in this case
perfluorodecyltriethoxysilane. Generally, approximately

200 ul of alkylsilane is sufficient to coat 0.1 m of the mirror

Surface. The reactants were then left for approximately 12
hourS Such that a Self-assembled monolayer formed on the
Surface of the mirror.

0.054 The monolayer was stabilized by either aging in air
for a few days or by baking at 50 C. for a few hours. The
modified Surface was found to have a film thickness of

approximately 1.2 nm. Measurement of the water contact
angle of the modified Surface gave a result of ~110,

corresponding to a surface energy of about 10-20 m.J/m.

0.055 Comparative Example 1 is a standard Mo/Simul
tilayer mirror. The surface of this mirror exhibits a water
contact angle of 5-15. The reflectivity (R) of such a mirror
is initially 68%, however, this reflectivity decreases in a
linear fashion during the conditions of use in an EUV
lithography apparatus Such that the reflectivity loSS AR/R is
approximately 8% in a twenty hour period.

0056. Example 1 was first exposed for 24 hours in 10
mbar HO and then for 24 hours in 10 mbar diethylphtha
late. After these treatments, the water contact angle of the
Surface of the mirror was measured and there was found to

be no significant change when compared to that measured
previously. The Self-assembled monolayer was also found to
be stable at temperatures up to 400° C. in both air and N.
0057 The reflectivity of Example 1 was found to be 67%.
The reflectivity was also measured after exposure for 50
hours to an e-gun, replicating the effects of exposure to EUV
radiation, and the reflectivity after exposure was found to be

essentially the same as that prior to exposure. However, after
100 hours there was a reflectivity loss AR/R of approxi
mately 9%.
0.058 While specific embodiments of the invention have
been described above, it will be appreciated that the inven
tion may be practiced otherwise than as described. The
description is not intended to limit the invention.
What is claimed is:

1. A lithographic projection apparatus, comprising:
a radiation system configured to provide a beam of EUV
radiation;

a Support configured to Support a patterning device, the
patterning device configured to pattern the beam of
radiation according to a desired pattern;
a Substrate table configured to hold a Substrate; and
a projection System configured to project the patterned
beam onto a target portion of the Substrate, wherein the
radiation System and/or the projection System contains
an optical element comprising
a Substrate;

a Mo/Simultilayer stack on the Substrate; and
a hydrophobic Self-assembled monolayer on the mul
tilayer Stack.
2. An apparatus according to claim 1, wherein the optical
element has a peak reflectivity for radiation having a wave
length of about 5 nm to about 50 nm.
3. An apparatus according to claim 2, wherein the reflec
tivity of the optical element is greater than about 40%.
4. An apparatus according to claim 1, wherein the optical
element is a near-normal incidence mirror, a grazing inci
dence mirror, an integrator, or a Sensor.
5. An apparatus according to claim 4, wherein the near
normal incidence mirror is a Mo/Simultilayer mirror.
6. An apparatus according to claim 4, wherein the inte
grator is a Scattering plate.
7. An apparatus according to claim 4, wherein the Sensor
is an image Sensor or a spot Sensor.
8. An apparatus according to claim 1, wherein the Self
assembled monolayer covers about 70% of a the multilayer
Stack.

9. An optical element, comprising:
a Substrate;

a Mo/Simultilayer stack on the substrate; and
a hydrophobic Self-assembled monolayer on the multi
layer Stack.
10. An optical element according to claim 9, wherein the
optical element has a peak reflectivity for radiation with a
wavelength of about 5 nm to about 50 nm.
11. An optical element according to claim 9, wherein the
reflectivity of the optical element is greater than about 40%.
12. An optical element according to claim 9, wherein the
optical element is a near-normal incidence mirror, a grazing
incidence mirror, an integrator, or a Sensor.
13. An optical element according to claim 12, wherein the
near-normal incidence mirror is a Mo/Simultilayer mirror.
14. An optical element according to claim 12, wherein the
integrator is a Scattering plate.
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15. An optical element according to claim 12, wherein the
Sensor is an image Sensor or a spot Sensor.
16. An optical element according to claim 9, wherein the
self-assembled monolayer covers about 70% of the multi
layer Stack.
17. A device manufacturing method, comprising:
providing a beam of radiation;
patterning the beam of radiation; and
projecting the patterned beam of radiation onto a target
portion of a Substrate, wherein at least one optical
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element on which the beam of radiation is incident has,

on its Surface, a hydrophobic Self-assembled mono
layer.
18. A method according to claim 17, wherein the optical
element has a peak reflectivity for radiation having a wave
length of about 5 nm to about 50 mm.
19. A method according to claim 17, wherein the reflec
tivity of the optical element is greater than about 40%.
20. A method according to claim 17, wherein the self
assembled monolayer covers about 70% of a surface of the
optical element.

