
MULTILAYER MIRROR AND LITIIOGRAPHIC APPARATUS

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the berrefil of US ¡rrovisiorral application 61/129,087, which

was filecl on June 4th, 2008, and which is incorporatecl herein in ils entirety by reference.

FIELD

[00021 The present invention relates to a multilayer mirror and a lithograllhic a¡r¡raratus

that inclucles such a multilayer mirror.

BACKGROUND

t00031 A lithographic apparatus is a machine that applies a desirecl pattem onto a substrate,

usually onto a targetportion ofthe substrate. A lithographic apparatus can be used, for exarnple,

in the manufacture of integratecl circuits (ICs). In that instance, a patterning device, which is

alternatively referrecl to as a mask or a reticle, may be used to generate a circuit pattem to be

formed on an incliviclual layer of the IC. This pattern can be transferred onto a target portion

(e.g. comprising part of, one, or scvcral clics) on a subsfrate (c.g. a silicon wafer). Transfcr of

the pattem is typically via imaging onto a layer of racliation-sensitive material (resist) proviclecl

on the substrate. In general, a single substrate will contain a network of adjacent target portions

that arc succcssively pattcrnccl.

[0004] Lithography is wiclely recognizecl as one of the key steps in the manufacture of ICs

and other devices and/or structures. However, as the dimensions of features macle using

lithography become smaller, lithography is becoming a more critical factor for enabling

rniniature IC or other devices and/or structures to be manufacturecl.

10005ì A lithographic apparatus typically comprises an illumination systorl'r configured to

conclition a radiation beam; a support structure constructed to holcl a patteming clevice, mostly

a reticle or mask, thc pattcrning dcvicc bcing capable of imparting the radiation bcarn with a

pattern in its cross-section to form a patterned radiation bearn; a substrate table constructed to

hr¡ld a substrate; ancl a projection systen conhgured to project the patferned racliation beam

onto a target portion offhe substrate.

100061 A theoretical estimate of the limits of pattern printing can be given by the Rayleigh
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criteriorl for resolution as slrown in equatiorr (l):

CI) = Ir-t*

where ì" is the wavelength of the radiation used, NAps is the nuurerical apefture of the

projection system usecl to print fhe pattern, k1 is a process depenrlent adjustment factor, also

called the Rayleigh constant, and CD is the feature size (or critical dimension) of the printed

fcaturc. It follorvs from cquation (1) that rccluction of thc rninimum printable sizc of featurcs

can be obtainecl in tluee ways: by shortening lhe ex¡rosure wavelengfh l", by increasing the

numerical aperture NAps, or by decreasing the value of k,.

100071 In orcler to shoften thc cxposurc wavelcngth and, thus, rcducc thc minimum

¡rrintable size, it has been proposecl to use an extreme ultraviolet (EUV) racliation source. ElfV

radiation sources are configured to output a racliation wavelength of about 13.5 nm. Thus, ElfV

racliation sources may constitute a significant step towarcl achieving small features printing.

Such racliation is termed extreme ultraviolet or soft x-ray, and possible sources inclucle, for

example, laser-producecl plasma sources, clischarge plasma sources, or syllchrotron r¿rliation

from electron storage rings.

[00081 Preferably, both the illumination system ancl the projection system comprise a

plurality of optical elements in orcler to focus the racliation on the desirecl locations on the

patteming device ancl the substrate, respectively. Unfortunately, apart from some gasses at low

density, no matcrials are known to be transmissive to EUV radiation. Thcreforc, the

lithographic apparatus using EIIV racliation does not employ lenses irr its illuminatiou system

ancl in its projection system. Instead, the illumination system and the projection system

preferably comprise mirrors. In adclition, the patterning clevice is preferably a reflective device,

i.e. a mirror having a reflective surface provicled with an paffem formecl by an absor¡rtive

material on the reflective surface, for the saÍì1e reason.

t00091 To reflect EUV ratliation having a wavelength of about 13.5 nm, multilayer mirrors

have bcen proposcd having alternating laycrs of Si and Mo. Such a multilayer minor reflccts

the EIJV radiation according to Bragg's Law. However, these mirrors clo not a¡rpear to be

suitable to reflect racliation having even shorter wavelengths.
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[0005]A lithographic apparatus typically comprises an illumination system configured to
condition a radiation beam; a support structure constructed to hold a patterning device, mostly
a reticle or mask, the patterning device being capable of imparting the radiation beam with a
pattern in its cross-section to form a patterned radiation beam; a substrate table constructed
to hold a substrate; and a projection system configured to project the patterned radiation
beam onto a target portion of the substrate. 100061A theoretical estimate of the limits of
pattern printing can be given by the Rayleigh  criterion for resolution as shown in equation (1):
CD - k,* NAps where Xis the wavelength of the radiation used, NAps is the numerical aperture
of the projection system used to print the pattern, k1 is a process dependent adjustment
factor, also called the Rayleigh constant, and CD is the feature size (or critical dimension) of
the printed feature. It follows from equation (I) that reduction of the minimum printable size of
features can be obtained in three ways: by shortening the exposure wavelength X, by
increasing the numerical aperture NAps, or by decreasing the value of kr 100071In order to
shorten the exposure wavelength and, thus, reduce the minimum printable size, it has been
proposed to use an extreme ultraviolet (EUV) radiation source. EUV radiation sources are
configured to output a radiation wavelength of about 13.5 nm. Thus, EUV radiation sources
may constitute a significant step toward achieving small features printing. Such radiation is
termed extreme ultraviolet or soft x-ray, and possible sources include, for example,
laser-produced plasma sources, discharge plasma sources, or synchrotron radiation from
electron storage rings. [0008]Preferably, both the illumination system and the projection
system comprise a plurality of optical elements in order to focus the radiation on the desired
locations on the patterning device and the substrate, respectively. Unfortunately, apart from
some gasses at low density, no materials are known to be transmissive to EUV radiation.
Therefore, the lithographic apparatus using EUV radiation does not employ lenses in its
illumination system and in its projection system. Instead, the illumination system and the
projection system preferably comprise mirrors. In addition, the patterning device is preferably
a reflective device, i.e. a mirror having a reflective surface provided with an pattern formed by
an absorptive material on the reflective surface, for the same reason. 



SUMMARY

[00101 It is desirable to be able to conslruct mirrors with suitable reflective properties to

reflect racliation having a wavelength of 6.9 nm alrd lower.

[001 I I Accorcling to an aspcct of thc prcscnt invcntion, thcrc is providccl a rniror

constructecl and arangecl to reflect racliation having a wavelength in lhe range of 2-8 run. The

multilayer mirror has alternating layers. The altemating layers inclucle a first layer and a

seconcl layer. The first and second layers are selected from the group consisting of: Cr and Sc

laycrs, Cr ancl C laycrs, La and BaC laycrs, C and B+C laycrs, U ancl B+C layers, Th and BaC

layers, C ancl BqC layers, La ancl BeC layers U and BqC layers, Th ancl BeC layers, La ancl B

layers, C ancl B layers, U ancl B layers, Th and B layers, La compound and B¿C layers, U

compound and BaC laycrs, Th cornpound and BaC laycrs, La compound and BqC laycrs U

cotupouucl ancl BeC layers, Th com¡rouncl and BeC layers, La compouncl ancl B layers, U

compound and B layers, and Th compouncl ancl B layers. The multilayer mirror may have a

reflective surfaca proviclecl with a capping layer comprising Ru, Rh, Ta, Ti, Cs, Ba, C, Li, Ca or

any combination thcreof.

l00l2l Tbe La compouncl may be a compound selectecl from the group consisting of LaH2,

LaHr, LaF¡, LaC\,LaI3,LazOt, LaSe and LaTe. The U compouncl may be a compound

sclcctecl from thc group consisting of UF3, UFa, UF5, UCI¡, UCI¿, UCls, Uls, UI4, UO, UO2,

UO3, U3Os, U2O5, U3O7, U¿Oq, I--l'Tez, UTe¡, UN, UzN¡ ancl U3N2. The Th compound may be a

compound selected from the group consisting of ThO2, T'hCl¿, ThN, ThFr, ThFa, ThI2, ThI1,

Thl¿, ThHz, ancl ThSez.

[00131 The multilaycr miror may be a pattcrning dcvicc, such as a reticle or a mask,

constructed ancl ananged to provicle a beam of the radiation with a pattem in its cross-section.

Such a reticle or mask may be provicled with a structure having an absorptive material ananged

to dcfinc thc pattctn, thc absorptivc matcrial bcing Cr, Ta, Ti, Si, Ru, Mo, Al, or any

combination thereof.

l00l4l Acconling to an aspect of the prescnt inr¡ention, there is provided a multilayer

urirror consltuctecl and arrangecl to reflect radiation having a wavelength in the range of 2-8 nrn,

for irrsfancc in the rangc of 2.9-3.3 nm, in thc rangc of 4.1-4.7 nm or in thc range of 6.2-6.9 nrn.

The multilayer miror may have a reflective surface proviclecl with a capping layer that includes

[0009]To reflect EUV radiation having a wavelength of about 13.5 nm, multilayer mirrors have
been proposed having alternating layers of Si and Mo. Such a multilayer mirror reflects the
EUV radiation according to Bragg's Law. However, these mirrors do not appear to be suitable
to reflect radiation having even shorter wavelengths.  SUMMARY  100101it is desirable to be
able to construct minors with suitable reflective properties to reflect radiation having a
wavelength of 6.9 nm and lower. 100111According to an aspect of the present invention,
there is provided a mirror constructed and arranged to reflect radiation having a wavelength in
the range of 2-8 tun. The multilayer mirror has alternating layers. The alternating layers
include a first layer and a second layer. The first and second layers are selected from the
group consisting of: Cr and Sc layers, Cr and C layers, La and 134C layers, C and BaC
layers, U and BaC layers, Th and 134C layers, C and B9C layers, La and BC layers U and
B9C layers, Th and B9C layers, La and B layers, C and B layers, U and B layers, Th and B
layers, La compound and 134C layers, U compound and 134C layers, Th compound and BaC
layers, La compound and B9C layers U compound and B9C layers, Th compound and BC
layers, La compound and B layers, U compound and B layers, and Th compound and B
layers. The multilayer mirror may have a reflective surface provided with a capping layer
comprising Ru, Rh, Ta, Ti, Cs, Ba, C, Li, Ca or any combination thereof 100121The La
compound may be a compound selected from the group consisting of LaH2, LaI-13, LaF3,
LaCI3, LaI3, La203, LaSe and LaTe. The U compound may be a compound selected from the
group consisting of UF3, UF4, UF5, UC13, UCI4, UC15, U13, Ula, UO, UO2, UO3, U308,
11205, U302, U409, UTc2, UTe3, UN, U2N3 and U3N3. The Th compound may be a
compound selected from the group consisting of Th02, ThCla, ThN, ThF3, ThFa, ThI9, Th13,
Thla, ThH2, and ThSe2. [0013]The multilayer mirror tnay be a patterning device, such as a
reticle or a mask, constructed and arranged to provide a beam of the radiation with a pattern
in its cross-section. Such a reticle or mask may be provided with a structure having an
absorptive material arranged to define the pattern, the absorptive material being Cr, Ta, Ti, Si,
Ru, Mo, Al, or any combination thereof. 



Ru, Rh, Ta, Ti, Cs, Ba, C, Li, Ca or any combination thereof. The capping layer may be locatecl

clirectly on a reflective surface of the multilayer nrirror.

[0015] According to an aspect ofthe present invention, there is provided a projeclion

systern configurecl to projcct a pattcrnccl radiation bcarn onto alargel portion ofa substratc.

The projection system includes a multilayer rrirror constructecl and arrangecl 1o reflect

radiation having a wavelength in the range of 2-8 nm. The multilayer mirror has alternating

layers. The alternating layers inclucle a first layer and a second layer. The first ancl seconcl

laycrs are sslccted from thc group consisting of: Cr ancl Sc laycrs, Cr and C laycrs, C and B¿C

layers, U and B¿C layers, Th ancl BaC layers, C and BeC layers, La ancl BeC layers U ancl BeC

layers, Th ancl BqC layers, La ancl B layers, C ancl B layers, U and B layers, Th and B layers, La

cornpouncl ancl B¿C laycrs, U compound ancl B¿C laycrs, Th compound and BaC layers, La

cotn¡rouucl ancl BeC layers U compound anil BeC layers, Th compound and BeC layers, La

compouncl and B layers, U compouncl ancl B layers, ancl Th compound and B layers.

t00l6l The La compouncl may be a compouncl selected from the group consisting of LaH2,

LaH3, LaF3, LaCb,Lalt,LazOs, LaSe and LaTc. Thc U compouncl may be a compound

selectecl from the group consisting of UFj, UFa, UF5, UClr, UCI¿, UCl5, UIr, UIa, UO, UO2,

UO3, U3Os, UzOs, U¡Oz, U4Oe, l-J'Te2, UTe3, lJN, UzN¡ ancl U¡Nz. The Th compouncl may be a

compound sclectcd from thc group consisting of ThO2, ThCl¿, ThN, ThF3, ThFa, Thl2, Tlrl3,

ThIa, ThH2, and ThSe2.

[00I71 According to an aspect ofthe present invention, there is provicled a projection

system configurecl to project a pattemecl racliation beam onto a target portion of a substrale.

The projection system incluclcs a rnultilaycr mirror constructcd and arrangcd to rcfloct

radiation having a wavelength in the range of 2-8 nn. The multilayer mirror has a reflective

surface provicled with a capping layer that includes Ru, Rh, Ta, Ti, Cs, Ba, C,Li, Ca or any

combination thercof.

[0018] According to an as¡rect of the present invention, there is provicled an illumination

systern configured to condilion a radiation beam. Thc illumination systern inclucles a

multilayer minor constructcd and arrangecl to reflect radiation having a wavelength in the

rangc of 2-8 nrn. Ths nrultilayer lnirror has altcrnating layers. Thc altcrnating laycrs incluclc a

first layer and a second layer. The first ancl second layers are selectecl from lhe grou¡l

consisting of: Cr and Sc layers, Cr ancl C layers, C and B¿C layers, U ancl BqC layers, Th ancl

100141According to an aspect of the present invention, there is provided a multilayer mirror
constructed and arranged to reflect radiation having a wavelength in the range of 2-8 nm, for
instance in the range of 2.9-3.3 nm, in the range of 4.1-4.7 nm or in the range of 6.2-6.9 urn.
The multilayer mirror may have a reflective surface provided with a capping layer that includes
Ru, Rh, Ta, Ti, Cs, Ba, C, Li, Ca or any combination thereof. The capping layer may be
located directly on a reflective surface of the multilayer mirror. [0015]According to an aspect of
the present invention, there is provided a projection system configured to project a patterned
radiation beam onto a target portion of a substrate. The projection system includes a
multilayer mirror constructed and arranged to reflect radiation having a wavelength in the
range of 2-8 nm. The multilayer mirror has alternating layers. The alternating layers include a
first layer and a second layer. The first and second layers are selected from the group
consisting of: Cr and Sc layers, Cr and C layers, C and B4C layers, U and B4C layers, Tit and
B4C layers, C and B9C layers, La and B9C layers U and B9C layers, Th and B9C layers, La
and B layers, C and B layers, U and B layers, Th and B layers, La compound and RIC layers,
U compound and B4C layers, Th compound and B4C layers, La compound and BC layers U
compound and B9C layers, Th compound and B9C layers, La compound and B layers, U
compound and B layers, and Th compound and B layers. [0016]The La compound may be a
compound selected from the group consisting of LaT12, LaH3, LaF3, LaCI3, LaI3, La303,
LaSe and LaTc. The U compound may be a compound selected from the group consisting of
UF3, UF4, UF5, UC13, UC14, ITC15, U13, UI4, 110, UO2, UO3, U308, 11205, U307, U409,
UTe2, UTe3, UN, U2N3 and U3N2. The Th compound may be a compound selected from the
group consisting of Th02, ThC14, ThN, ThF3, ThF4, ThI2, Th13, ThI4, ThH2, and ThSe2.
[0017]According to an aspect of the present invention, there is provided a projection system
configured to project a patterned radiation beam onto a target portion of a substrate. The
projection system includes a multilayer mirror constructed and arranged to reflect radiation
having a wavelength in the range of 2-8 nin. The multilayer mirror has a reflective surface
provided with a capping layer that includes Ru, Rh, Ta, Ti, Cs, Ba, C, Li, Ca or any
combination thereof [0018]According to an aspect of the present invention, there is provided
an illumination system configured to condition a radiation beam. The illumination system
includes a multilayer mirror constructed and arranged to reflect radiation having a wavelength
in the range of 2-8 nni. The multilayer mirror has alternating layers. The alternating layers
include a first layer and a second layer. The first and second layers are selected from the
group consisting of: Cr and Se layers, Cr and C layers, C and B4C layers, U and B4C layers,
Th and 



BaC layers, C and BoC layers, La ancl BqC layerc U ancl BeC layers, Th and BeC laycrs, La ancl

B layers, C ancl B layers, U ancl B layers, Th ancl B layers, La compound ancl BaC layers, U

compound ancl BaC layers, Th compound ancl BaC layers, La compouncl and BeC layers U

compouncl and BeC laycrs, Th cornpound ancl BeC laycrs, La cornpound and B laycrs, U

compound and B layers, ancl Th compouncl and B layers.

10019ì The La cornpound may be a compound selectecl frorn the group consisting of LaH2,

LaH¡, LaF¡, LaClt,Lals, LazO¡, LaSe and LaTe. The U compouncl may be a compound

sclccted from the group consisting of UF3, UF¿, UFs, UCI¡, UCI+, UCls, UI¡, UI¿, UO, UOz,

UO¡, U¡Oa, U2O5, U3O7, U¿Oq, UTez, UTe¡, UN, U2N3 alld UrNz. The Th conrpouncl nray be a

cornpouncl selected from the group consisting of ThO2, ThCla, ThN, ThF3, ThFa, ThI2, ThI3,

ThI4, ThH2, and ThScz.

[0020] According to an as¡rect of the ptesent invention, there is provicled an illumination

system configured to conclition a radiation beam. The illumination system inclucles a

multilayer mimor constructecl ancl arranged to reflecl radiation having a wavelength in the

mnge of 2-8 nm. The multilayer mifl'or has a rcflcctivc surfacc providecl with a capping laycr

that inclucles Ru, Rh, Ta, Ti, Cs, Ba, C,Li, Ca or any combination thereof.

[002f 1 Accorcling to an aspect of the present invention, there is provided a lithographic

projection apparatus arrangcd 1o projcct a pattcrn from a patterning clcvics onto a substrate.

The lithographic apparatus includes a rnultilayer nlirror constructed and arlanged to reflect

radiation having a wavelength in the range of 2-8 nnl. The multilayer mirror has alternating

layers. The alternating layers include a flrrst layer ancl a second layer. The first and seconcl

laycrs are sclected from thc group consisting of: Cr and Sc laycrs, Cr and C layers, C ancl BaC

layers, U and B¿C layers, Th and B¿C layers, C ancl BqC layers, La ancl BeC layers U and BqC

layers, Th and BqC layers, La ancl B layers, C ancl B layers, U ancl B layers, Th and B layers, La

compound and BaC layers, U compouncl and B+C layers, Th compound and B¿C layers, La

cornpouncl ancl BeC layers U compound ancl BeC layers, Th compound and BeC layers, La

compouncl ancl B layers, U cornpounil ancl B layers, ancl Th conrpouncl and B layers.

100221 The La compound may be a compound selectecl from the group consisting of LaH2,

LaH3, LaF3, LaC\,La\, La2O3, LaSc ancl LaTc. The U compouncl may bc a compound

selectecl from the group consisting of UFr, UF¿, UFs, UCI¡, UCI¿, UCls, UI¡, UIa, UO, UO2,

UO¡, U¡Or, UzOs, U¡Oz, UaOe, lJTe2, UTe3, lIN, UzN¡ ancl U¡Nz. The Th compound may be a

B4C layers, C and B9C layers, La and B9C layers U and B9C layers, Th and B9C layers, La
and B layers, C and B layers, U and B layers, Th and B layers, La compound and B4C layers,
U compound and B4C layers, Th compound and B4C layers, La compound and B9C layers U
compound and B9C layers, Th compound and B9C layers, La compound and B layers, U
compound and B layers, and 113 compound and B layers. 10019]The La compound may be a
compound selected from the group consisting of Laf-17, LaH3, LaF3, LaC13, LaI3, La203,
LaSe and LaTe. The U compound may be a compound selected from the group consisting of
UF3, UF4, UF5, UCI3, UC14, UCI5, U13, U14, UO, UO2, UO3, U308, U703, 11307, U409,
UTe2, UTe3, UN, U2N3 and U3N2. The Th compound may be a compound selected from the
group consisting of Th02, ThCI4, ThN, ThF3, ThF4, ThI2, ThI3, Th14, ThH2, and ThS02.
[0020]According to an aspect of the present invention, there is provided an illumination
system configured to condition a radiation beam. The illumination system includes a multilayer
minor constructed and arranged to reflect radiation having a wavelength in the range of 2-8
um. The multilayer mirror has a reflective surface provided with a capping layer that includes
Ru, Rh, Ta, Ti, Cs, Ba, C, Li, Ca or any combination thereof. [0021]According to an aspect of
the present invention, there is provided a lithographic projection apparatus arranged to project
a pattern from a patterning device onto a substrate. The lithographic apparatus includes a
multilayer mirror constructed and arranged to reflect radiation having a wavelength in the
range of 2-8 nm. The multilayer minor has alternating layers. Thc alternating layers include a
first layer and a second layer. The first and second layers are selected from the group
consisting of: Cr and Sc layers, Cr and C layers, C and B4C layers, U and B4C layers, Th and
134C layers, C and B9C layers, La and B9C layers U and B9C layers, Th and B9C layers, La
and B layers, C and B layers, U and B layers, Th and B layers, La compound and B4C layers,
U compound and B4C layers, Th compound and B4C layers, La compound and B9C layers U
compound and B9C layers, Th compound and B9C layers, La compound and B layers, U
compound and B layers, and Th compound and B layers. [0022]The La compound may be a
compound selected from the group consisting of La117, La113, LaF3, LaCI3, La13, La703,
LaSe and LaTe. The U compound may be a compound selected from the group consisting of
UF3, LiF4, UF5, UCI3, UCI4, UCI5, U13, U14, UO, U07, UO3, U308, U205, U307, 11409,
UTe2, UTe3, UN, U7N3 and U3N2. The Th compound may be a  compound selected from the
group consisting of Th02, ThCI4, ThN, ThF3, 111F4, Thb, Th13, ThI4, Th112, and ThSe2. 



compoulld selected from the group consisting of ThO2, ThCl4, ThN, ThF¡, TlrF+, ThIz, ThI¡,

ThIa, ThH2, ancl ThSe2.

[0023ì Accorcling to an aspect of the present invention, lhere is provided a lithographic

projcction apparatus ananged to project a pattcrn from a pattcrning dcvicc onto a substratc.

The lithographic ap¡raratus inclucles a multilayer mirror constructed and arrangecl to reflect

radiation having a wavelength in the range of 2-8 nm. The multilayer minor has a reflective

surface provìded with a capping layer that includes Ru, Rh, Ta, Ti, Cs, Ba, C,Lí, Ca or any

combination thercof.

[0024] Accorcling to an aspect of the present invention, lhere is proviclecl a lithographic

apparatus that includes an illumination system configured to condition a racliation beam, ancl a

support structurc constructccl to holcl a pattcrning dcvice. Thc patterning dcvicc is capablc of

imparting the radiation beam wilh a pattem in its cross-section to form a pattemed radiation

beam. The apparatus also includes a substrate table constructocl to holcl a substrate, and a

projection system configured to project the patternecl racliation beam onto a target portion of

the substrate. The illumirration system and/or fhe projection system inclucles a multilayer

mirror constructecl ancl arrangecl to reflect radiation having a wavelength in the range of 2-8 nm.

The multilayer mirror has altemating layers. The altemating layers inclucle a first layer and a

second laycr. Thc first and sccond layers arc sclcctcd from the group consisting of: Cr and Sc

layers, Cr ancl C layers, C ancl B¿C layers, U ancl BaC layers, Th ancl BaC layers, C and BeC

layers, La ancl BqC layers U ancl BeC layers, Th and BeC layers, La ancl B layers, C and B layers,

U and B layers, ancl Th and B layers, La compound ancl B¿C layers, U compouncl and B¿C

laycrs, Th compouncl and BaC laycrs, La compouncl ancl BeC laycrs U compouncl and BeC

layers, Th compound ancl BqC layers, La compound and B layers, U compound and B layers,

and Th compound and B layers.

100251 Thc La compound may be a compound sslcctcd from thc group consisting of LaH2,

LaH3, LaF3, LaC\,La\,La2O3, LaSe ancl LaTe. The U compound may be a conr¡rouncl

selectecl from the group consisting of UFr, UFa, UF5, UCI¡, UCI¿, UCls, UI¡, Ula, UO, UO2,

UO¡, U¡Oa, UzOs, U¡Oz, U¿Os, UTez, UTe3, lJN, UzNs ancl U:Nz. The Th compound may be a

compouncl sclcctccl ffom the group consisting of ThO2, ThCIa, ThN, ThF3, ThFa, ThI2, ThI3,

ThIa, ThH2, and ThSez.

100231According to an aspect of the present invention, there is provided a lithographic
projection apparatus arranged to project a pattern from a patterning device onto a substrate.
The lithographic apparatus includes a multilayer mirror constructed and arranged to reflect
radiation having a wavelength in the range of 2-8 nm. The multilayer mirror has a reflective
surface provided with a capping layer that includes Ru, Rh, Ta, Ti, Cs, Ba, C, Li, Ca or any
combination thereof. 10024]According to an aspect of the present invention, there is provided
a lithographic apparatus that includes an illumination system configured to condition a
radiation beam, and a support structure constructed to hold a patterning device. The
patterning device is capable of imparting the radiation beam with a pattern in its cross-section
to form a patterned radiation beam. The apparatus also includes a substrate table constructed
to hold a substrate, and a projection system configured to project the patterned radiation
beam onto a target portion of the substrate. The illumination system and/or the projection
system includes a multilayer mirror constructed and arranged to reflect radiation having a
wavelength in the range of 2-8 nm. The multilayer mirror has alternating layers. The
alternating layers include a first layer and a second layer. The first and second layers are
selected from the group consisting of: Cr and Sc layers, Cr and C layers, C and B4C layers, U
and B4C layers, Th and B4C layers, C and B9C, layers, La and B9C layers U and B9C layers,
Th and B9C layers, La and B layers, C and B layers, U and B layers, and Th and B layers, La
compound and B4C layers, U compound and B4C layers, Th compound and B4C layers, La
compound and B9C layers U compound and B9C layers, Th compound and B9C layers, La
compound and B layers, U compound and B layers, and Th compound and B layers.
100251The La compound may be a compound selected from the group consisting of Lanz,
Lath, LaF3, LaCI3, LaI3, La203, LaSe and LaTe. The U compound may be a compound
selected from the group consisting of UF3, UF4, UF5, UCI3, UCI4, UCI5, UI3, Uf4, UO, UO2,
UO3, U308, U205, U307, U409, UTe2, UTe3, UN, U2N3 and U3N2. The Th compound may
be a compound selected from the group consisting of Th02, ThC14, ThN, ThF3, ThF4, Th13,
11th, ThI4, Th1-12, and ThSe2.  10026]According to an aspect of the present invention, there
is provided a lithographic apparatus that includes an illumination system configured to
condition a radiation beam, and a support structure constructed to hold a patterning device.
The patterning device is capable of imparting the radiation beam with a pattern in its
cross-section to form a patterned radiation beam. The apparatus also includes a substrate
table constructed to hold a substrate, and a projection system configured to project the
patterned radiation beam onto a target portion of the substrate. The illumination system and/or
the projection system includes a multilayer mirror constructed and arranged to reflect radiation
having a wavelength in the range of 2-8 nm. The multilayer mirror has a reflective surface
provided with a capping layer that includes Ru, Rh, Ta, Ti, Cs, Ba, C, Li, Ca or any
combination thereof BRIEF DESCRIPTION OF THE DRAWINGS  100271Embodiments 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: 



[0026] Accorcling to an aspect of the ¡rresent invention, there is provided a lithographic

apparatus that inclucles an illumination systeÍn configurecl 1o conclition a radiation beam, and a

support structure constructed to hold a patteming device. The patterning clevice is capablc of

irnparting thc racliation beam with a pattcrn in its cross-scction to form a patterned racliation

beam. The apparatus also inclucles a substrate table constructed to hold a substrate, and a

projection system conhgured to project the patterned radiation beam onlo atarget portion of

the substrate. The illumination system ancl/or the projection systeln inclucles a multilayer

mirror constructccl and arrangccl to rcflcct radiation having a wavelcngth in thc rangc of 2-8 nm.

The nrultilayer mirror has a reflective surface provicled with a capping layer that inclucles Ru,

Rh, Ta, Ti, Cs, Ba, C,Li, Ca or any combination thereof.

BRIEF DESCRIPTION OF THE DRAWINGS

100271 Embodiments of the invention will now be described, by way of example only, with

reference to the accompanying schematic drawings in which corresponding reference syrnbols

indicatc corrcsponcling parts, ancl in which:

100281 Figure I schenratically clepicts a lithographic apparatus accorcling to an

cmbocliment of the present invcntion;

100291 Figurc 2 schcmatically depicts a sidc view of an EUV illumination systcm ancl

projection system ofthe lithographic projection apparatus ofFigure l;

[0030] Figure 3 schematically depicts a rnultilayer mirror of the lithographic apparatus of

Figure I according to an embodiment of the present invention;

[00311 Figurcs 4a,4b, and 4c depict rcflectance of embodimcnts of the multilayer minor of

Figure 3 as a function of wavelength;

[0032] Figure 5 clepicts an embocliment of the multilayer minor of the lithographic

apparatus ofFigure 1;

[00331 Figure 6 clepicts an embodinent of the multilayer urirror of the lithographic

apparatus ofFigure 1; ancl

t00341 Figure 7 depicls an embocliment of the multilayer mirror of the lithographic

appalatus of Figure 1.

DE'TÄILED DESCzuPTION

100281Figure 1 schematically depicts a lithographic apparatus according to an embodiment
of the present invention; 100291Figure 2 schematically depicts a side view of an EUV
illumination system and projection system of the lithographic projection apparatus of Figure 1;
100301Figure 3 schematically depicts a multilayer mirror of the lithographic apparatus of
Figure 1 according to an embodiment of the present invention; 100311Figures 4a, 4b, and 4e
depict reflectance of embodiments of the multilayer mirror of Figure 3 as a function of
wavelength; 10032]Figure 5 depicts an embodiment of the multilayer mirror of the lithographic
apparatus of Figure 1; [0033]Figure 6 depicts an embodiment of the multilayer mirror of the
lithographic apparatus of Figure 1; and 



[00351 Figure 1 schematically clepicts a lithographic apparatus according to an

embocliment of the invention. The apparatus comprises: an illumination systen (illurninator)

IL configurecl to contlition a radiation beam B (e.g. EUV racliation); a suppoÍ structure (e.g. a

nask tablc) MT coustructecl 1o support a patterning clcvice (c.g. a mask ol a rcticlc) MA ancl

connectecl to a first positiouer PM configured to accurately position the patterning clevice; a

substrate lable (e.g. a wafer table) WT constructed to hold a substrate (e.g. a resist-coated wafer)

W and connected to a second positioner PW configured to accurately position the substrate;

and a projection sysfem (c.g. a rcflcctivc projcction lens systcm) PS configurccl to project a

pattenl impafiecl to the radiation beam B by patterning clevice MA onto a target portion C (e.g.

cornprising one or more clies) of the substrate W.

[00361 The illumination system rnay inclucle various ffpcs of optical componcnts, such as

refractive, reflective, magnetic, electromagnetic, electrostatic or ofher types of o¡ltical

components, or any combination thereof, for directing, shaping, or controlling racliation.

However, optical components which are configured to conclition the radiation beam B are

prefcrably refl cctivc components.

t0037ì The support structure holcls the patterning device in a tnanner that clepencls on fhe

orientation ofthe patterning clevice, the design ofthe lithographic apparatus, ancl other

conditions, such as for cxamplc whcthcr or not the pattcrning clcvice is hclcl in a vacuum

environruent. The support sûìcfure call use mechanical, vacuuln, electrostatic or other

clarnping techniques to holcl the patterniug clevice. The support structul'e may be a frame or a

table, for example, which may be fixed or movable as clesired. The support structure may

onsurc that thc pattcrning clevicc is at a clesirccl position, for example with respcct to fhe

projection system.

t00381 The term "patterning device" shoukl be broadly interpretecl as referring to any

clevicc that can bc usecl to impaú a radiation bcam with a pattcrn in its closs-section such as to

create a pattem in a target portion of the substrate. The pattern impartecl to the radiation beanr

may coffespond to a particular functional layer in a device being createcl in the target portion,

such as an integratecl circuit,

t00391 Thc patterning clcvicc may bc tlansmissivc, but is plcfcrably rcflcctivc. Examplcs

of patleming devices include masks, programmable nrirror arrays, ancl prograulnable LCD

panels. Ma.sks are well known in lithography, and include mask types such as binal'y,

10034]Figure 7 depicts an embodiment of the multilayer mirror of the lithographic apparatus of
Figure 1. DETAILED DESCRIPTION  [0035]Figure 1 schematically depicts a lithographic
apparatus according to an embodiment of the invention. The apparatus comprises: an
illumination system (illuminator) IL configured to condition a radiation beam B (e.g. EUV
radiation); a support structure (e.g. a mask table) MT constructed to support a patterning
device (e.g. a mask or a reticle) MA and connected to a first positioner PM configured to
accurately position the patterning device; a substrate table (e.g. a wafer table) WT
constructed to hold a substrate (e.g. a resist-coated wafer) W and connected to a second
positioner PW configured to accurately position the substrate; and a projection system (e.g. a
reflective projection lens system) PS configured to project a pattern imparted to the radiation
beam B by patterning device MA onto a target portion C (e.g. comprising one or more dies) of
the substrate W. 10036]The illumination system may include various types of optical
components, such as refractive, reflective, magnetic, electromagnetic, electrostatic or other
types of optical components, or any combination thereof, for directing, shaping, or controlling
radiation. However, optical components which are configured to condition the radiation beam
B are preferably reflective components. 100371The support structure holds the patterning
device in a manner that depends on the orientation of the patterning device, the design of the
lithographic apparatus, and other conditions, such as for example whether or not the
patterning device is held in a vacuum environment. The support structure can use
mechanical, vacuum, electrostatic or other clamping techniques to hold the patterning device.
The support structure may be a frame or a table, for example, which may be fixed or movable
as desired. The support structure may ensure that the patterning device is at a desired
position, for example with respect to the projection system. [0038]The term "patterning device"
should be broadly interpreted as referring to any device that can be used to impart a radiation
beam with a pattern in its cross-section such as to create a pattern in a target portion of the
substrate. The pattern imparted to the radiation beam may correspond to a particular
functional layer in a device being created in the target portion, such as an integrated circuit. 



alternating phase-shift, ancl attenuatecl phase-shift, as well as various hybrict ruask types. An

exanrple of a progranrnrable nrirror array employs a matrix arrangement of snrall mirrors, each

of which can be incliviclually tilted so ¿rs 1o reflect an incoming radiation beam in cliff'erent

directions. Thc tiltecl mirrors impart a pattern in a racliation beam which is rcflectecl by the

rnirror natrix.

[0040] The term "projection system" may encompass any type of projection systern,

including refractive, reflective, catadioptric, magnetic, electromagnetic ancl electrostatic

optical systcms, or any cornbination thercof, as appropriate for lhe cxposurc racliation being

used, or for other factors, especially the use ofa vacuunl. It may be clesirecl to use a vacuum for

EUV or electron beam racliation since other gases may absorb too much radiation or electrons.

A vacuum environmcnt rnay thcreforc be providccl to the whole beam path with the aicl of a

vacuurn wall ancl vacuunl punlps.

[004f ] As here depicted, the apparatus is of a reflective type (e.g. employing a reflective

mask). Alternatively, the apparatus may be of a transmissive type (e.g. employing a

transmissive mask).

[00421 The lithographic apparatus may be of a type having two (clual stage) or more

substrate tables (ancVor two or more mask tables). In such "multiple stage" machines the

additional fables may bc usccl in parallel, or proparatory stcps may be carriecl out on one or

more tables while one or ruore other tables are being used for exposure.

t00431 Referring to Figure 1, the illuminator IL receives a racliation beam from a radiation

source SO. The source ancl the lithographic apparatus may be separate entities, for example

when thc sourcc is an cxcimcr laser. In such cases, the sourcc is not considered to form part of

the lithographic apparatus ancl the racliation beam is passecl from the source SO to the

illuminator IL with the aicl of a beam delivery system comprising, for example, suitable

directing minors and/or a beam expancler. In other cases the source may be an intcgral part of

the lithographic a¡rparatus, for example when the source is a mercury larnp. The source SO and

the illuminator IL, together with the beam delivery systenl if clesired, rnay be referred to as a

racliation system.

t00441 Thc illuminator lL may comprisc an adjustcr for acljusting thc angular intcnsity

clistribution of the radiation beam. Generally, at least the outer and/or inner radial extent

(cornmonly referred to as o-outer ancl o-inner, respectively) of the intensity distribution in a

10039]The patterning device may be transmissive, but is preferably reflective. Examples of
patterning devices include masks, programmable mirror arrays, and programmable LCD
panels. Masks are well knovvn in lithography, and include mask types such as binary,
alternating phase-shift, and attenuated phase-shift, as well as various hybrid mask types. An
example of a programmable mirror array employs a matrix arrangement of small mirrors, each
of which can he individually tilted so as to reflect an incoming radiation beam in different
directions. The tilted mirrors impart a pattern in a radiation beam which is reflected by the
mirror matrix. 100401The term "projection system" may encompass any type of projection
system,  including refractive, reflective, catadioptric, magnetic, electromagnetic and
electrostatic optical systems, or any combination thereof, as appropriate for the exposure
radiation being used, or for other factors, especially the use of a vacuum. It may be desired to
use a vacuum for EUV or electron beam radiation since other gases may absorb too much
radiation or electrons. A vacuum environment may therefore be provided to the whole beam
path with the aid of a vacuum wall and vacuum pumps. 100411As here depicted, the
apparatus is of a reflective type (e.g. employing a reflective mask). Alternatively, the
apparatus may be of a transmissive type (e.g. employing a transmissive mask). 100421The
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. 100431Referring to Figure 1, the illuminator
IL receives a radiation beam from a radiation source SO. The source and the lithographic
apparatus may be separate entities, for example when the source is an excimer laser. In such
cases, the source is not considered to form part of the lithographic apparatus and the
radiation beam is passed from the source SO to the illuminator IL with the aid of a beam
delivery system comprising, for example, suitable directing mirrors and/or a beam expander.
In other cases the source may be an integral part of the lithographic apparatus, for example
when the source is a mercury lamp. The source SO and the illuminator IL, together with the
beam delivery system if desired, may be referred to as a radiation system. 



pupil plane of the illuminator can be acljusted. In acldition, the illuminator IL may comprise

various other components, such as an integrator ancl a conclenser. The illuminator may be usecl

to conclition the racliation beam, to have a clesirecl uniformity and intensity clistribution in its

cross-scction.

[0045] The racliation beam B is inciclent on the patterning device (e.g., mask) MA, which is

helcl on the support structure (e.g., mask table) MT, ancl is patternecl by the patterning device.

After being reflectecl from the patterning device (e.g. mask) MA, the racliation beam B passes

through the projection systcm PS, which focuscs the bcam onto a targct pofiion C ofthc

substrate W. With the aid of the seconcl positioner PW and position sensor IF2 (e.g. an

interferometric clevice, linear encocler or capacitive sensor), the substrate table WT can be

moved accuratcly, o.g. so as to position differcnt target pottions C in the path of the racliation

bealn B. Sirnilarly, the first positioner PM ancl another position sensor IFI can be usecl to

accurately position the patterning device (e.g. mask) MA with respect to the path of the

radiation beam B. Patterning device (e.g. mask) MA and substrate W may be alignecl using

mask aligmnent marks Ml, M2 and substrate aligmnent narks Pl, P2.

[0046ì The depictecl apparatus could be usecl in at least one of tl.ìe following mocles:

[0047] 1. In step rnode, the support structure (e.g. mask table) MT ancl the substrate

tablc WT are kept esscntially stationary, whilc an cntirc pattern impartcd to ths radiation beam

is projectecl onto a target portiou C at one time (i.e. a single static ex¡losure). The substrate lable

WT is then shiftecl in the X ancVor Y direction so that a clifferent target portion C can be

exposecl.

[00481 2. In scan modc, thc support structure (c.g. mask tablc) MT and the substratc

table WT are scannecl synchronously while a pattem imparted to lhe racliation beam is

projectecl onto a target portion C (i.e, a single dynarnic exposure). The velocity ancl clirection of

tho substratc tablc WT relative to thc support structurc (e.g. mask tablc) MT rnay be dolermined

by the (cle-)magnification ancl image reversal characteristics of the projection systern PS.

[0049] 3. In another mode, the support structure (e.g. mask table) MT is kept

essentially stationary holding a programmable palterning clevice, ancl the substrate table WT is

moved or scannccl whilc a pattcrn impartcd to thc radiation bcam is projectccl onto a targct

portion C. In this mode, generally a pulsecl racliation source is ernployecl ancl the programmable

patterning device is updatecl as desirecl after each nlovement of the substrate table WT or in

l0

[00441The illuminator IL may comprise an adjuster for adjusting the angular intensity
distribution of the radiation beam. Generally, at least the outer and/or inner radial extent
(commonly referred to as a-outer and a-inner, respectively) of the intensity distribution in a
pupil plane of the illuminator can be adjusted. In addition, the illuminator IL may comprise
various other components, such as an integrator and a condenser. The illuminator may be
used to condition the radiation beam, to have a desired uniformity and intensity distribution in
its cross-section. [0045]The radiation beam B is incident on the patterning device (e.g., mask)
MA, which is held on the support structure (e.g., mask table) MT, and is patterned by the
patterning device. After being reflected from the patterning device (e.g. mask) MA, the
radiation beam B passes through the projection system PS, which focuses the beam onto a
target portion C of the substrate W. With the aid of the second positioner PW and position
sensor IF2 (e.g. an interferometric device, linear encoder or capacitive sensor), the substrate
table WT can be moved accurately, e.g. so as to position different target portions C in the path
of the radiation beam B. Similarly, the first positioncr PM and another position sensor WI can
be used to accurately position the patterning device (e.g. mask) MA with respect to the path of
the radiation beam B. Patterning device (e.g. mask) MA and substrate W may be aligned
using mask alignment marks Ml, M2 and substrate alignment marks Pl, P2. [0046]The
depicted apparatus could be used in at least one of the following modes: [0047]I.In step
mode, the support structure (e.g. 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 one time (i.e. a single static exposure). The substrate table WT is then
shifted in the X and/or Y direction so that a different target portion C can be exposed.
1004812.In scan mode, the support structure (e.g. 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 support structure (e.g. mask table) MT may be determined
by the (de-)magnification and image reversal characteristics of the projection system PS.
[0049]3.In another mode, the support structure (e.g. 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 desired after each movement of the substrate table WT or in 



between successive racliation pulses cluring a scan. This mocle of operation can be readily

applied to maskless lithography that utilizes programnrable pattenling device, such as a

programrnable mirror anay of a type as refenecl to above.

t0050ì Combinations and/or variations on thc above describccl mocles of usc or cntircly

clifferent mocles of use nay also be em¡rloyecl.

[005] I Figure 2 shows the lithographic apparatus of Figure 1 in more cletail, including a

racliation system 42, an illumination opfics unit 44, ancl the projection system PS. The radiation

system 42 inclucles the radiation sourcc SO which may be formecl by a discharge plasma. EUV

racliation rnay be proclucecl by a gas or vapor, for example Xe gas, Li vapor or Sn vapor in

which a very hot plasma is created to emit radiation in the EUV range of the electromagnetic

speclrunr. Thc vcry hot plasma is creatcd by causing an at least panially ionizccl plasma by, for

exarrrple, an electrical clischarge. Partial pressures of for example, 10 Pa of Xe, Li, Sn vapor or

any other suitable gas or vapor may be desired for efficient generation of the radiation. The

radiation emittecl by radiation source SO is passed from a source chamber 47 into a collector

clranrber 48 viaa gas banier or contarninanf lrap 49 which is positionecl in or behincl an

opening in source chamber 47.The gas barrier 49 ntay inclucle a channel structure.

[0052] The collector chamber 48 includes a radiation collecfor 50 which may be formed by

a grazing incidencc collcctor. Radiation collector 50 has an upstream radiation collector siclc

50a and a clownstream radiation collector side 50b. Racliatiorr passecl by collector 50 can be

reflectecl off a grating spectral filter 5 1 to be focused in a virtual source point 52 at an aperture

in the collector chamber 48. From collector chamber 48, a beam of radiation 56 is reflectecl in

illumination optics unit 44 via nonnal inciclcnce rcflcctors 53, 54 onto a reticle or mask

positionecl on reticle or mask table MT. A pattemed beam 57 is fonnecl which is irnaged in

projection system PS via reflective elements 58, 59 onto wafer stage or substrate table WT.

More elcmcnts than shown may generally be prescnt in illurnination optics unit 44 ancl

¡rrojection system PS. Grating spectral frlter 5l may optionally be presenl, depending upon the

type of lithograplric apparatus. Further, there may be more mirrors present than those shown in

the Figures, for example there may be I -4 more reflecfive elements present than 58, 59.

Racliation collcctors 50 arc known frorn thc prior alt. Thc collcctor 50 may bc a ncstcd collcctor

witlr reflectors 142, 143, and 146. A space 180 is proviclecl between lwo reflectors, e.g.

between reflectors 142 and 143.

ll

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. 10050]Combinations and/or
variations on the above described modes of use or entirely different modes of use may also
be employed. 10051]Figure 2 shows the lithographic apparatus of Figure I in more detail,
including a  radiation system 42, an illumination optics unit 44, and the projection system PS.
The radiation system 42 includes the radiation source SO which may be formed by a
discharge plasma. EUV radiation may be produced by a gas or vapor, for example Xe gas, Li
vapor or Sn vapor in which a very hot plasma is created to emit radiation in the EUV range of
the electromagnetic spectrum. The very hot plasma is created by causing an at least partially
ionized plasma by, for example, an electrical discharge. Partial pressures of, for example, 10
Pa of Xe, Li, Sn vapor or any other suitable gas or vapor may be desired for efficient
generation of the radiation. The radiation emitted by radiation source SO is passed from a
source chamber 47 into a collector chamber 48 via a gas barrier or contaminant trap 49 which
is positioned in or behind an opening in source chamber 47. The gas barrier 49 may include a
channel structure. 10052]The collector chamber 48 includes a radiation collector 50 which
may be formed by a grazing incidence collector. Radiation collector 50 has an upstream
radiation collector side 50a and a downstream radiation collector side 50b. Radiation passed
by collector 50 can be reflected off a grating spectral filter 51 to be focused in a virtual source
point 52 at an aperture in the collector chamber 48. From collector chamber 48, a beam of
radiation 56 is reflected in illumination optics unit 44 via normal incidence reflectors 53, 54
onto a reticle or mask positioned on reticle or mask table MT. A patterned beam 57 is formed
which is imaged hi projection system PS via reflective elements 58, 59 onto wafer stage or
substrate table WT. More elements than shown may generally be present in illumination
optics unit 44 and projection system PS. Grating spectral filter 51 may optionally be present,
depending upon the type of lithographic apparatus. Further, there may be more mirrors
present than those shown in the Figures, for example there may be 1-4 more reflective
elements present than 58, 59. Radiation collectors 50 arc known from the prior art. The
collector 50 may be a nested collector with reflectors 142, 143, and 146. A space 180 is
provided between two reflectors, e.g. between reflectors 142 and 143.  100531Figure 3
depicts an embodiment of the multilayer minor], The multilayer minor 1 is constructed and
arranged to reflect radiation having a wavelength in the range of 2-8 nm. The multilayer mirror
comprises a layered structure 2 which has alternating layers 4, 6 supported by a substrate 8.
10054]The alternating layers 4, 6 may be selected from the group consisting of: Cr and Sc 



f00531 Figure 3 clepicts an cmbocliment of the multilaycr minor 1. The multilayer mirror 1

is constructed ancl arrangecl to reflect radiatiou having a wavelength in the range of 2-8 nur. The

multilayer mirror comprises a layered slructure 2 which has alternating layers 4, 6 supportecl by

a substrate 8.

[0054] The altemating layers 4,6 ntay be selected from the group consisting of: Cr and Sc

layers, Cr ancl C layers, La ancl BaC layers, C antl B¿C layers, U ancl B¿C layers, Th and BaC

layers, C and BqC layers, La and BçC layers U ancl BqC layers, Th and BeC layers, La and B

layers, C and B layers, U and B laycrs, ancl Th and B laycrs.

[0055ì In an embocliment, the alternating layers 4, 6 may be selecteil fi'om the group

consisting of; U and BaC layers, Th and BaC layers, C ancl BqC layers, U ancl BeC layers, Th

ancl BeC laycrs, C ancl B layers, U and B laycrs, and Th ancl B layers. A potential aclvantagc of

such alternating layers is that U layers or Th layers instead of La layers will provicle a broacl

bandwidth, both in terms of angle as well as wavelength. The broad angle banclwiclth will allow

for a good amount of design freeclom, making the multilayer mirror useful for optics in EUV

lithography at 6.6 mn wavclcngth. Also, it may allow for a pupil of an optical system in which

the multilayer mirror is comprisecl to be homogeneously filled in tenns of intensity and allows

for a larger numerical aperture (NA).

100561 Figurc 4a is a graph showing rcflectancc R as a function of wavelength ?, for

altemating layers which are La ancl BaC layers. The so-called full wiclth half maximum

(FWHM) of the peak showr is 0 0.06 nm. Figure 4b shows reflectance as a function of

wavelength l, for alternating layers which are Th ancl BaC layers (Th/B4C layers). Here, the

FWHM is 0.09 nm. Figurc 4c shows rcflectancc as a function of wavclcngth L for alternating

layers which are Th and B¿C layers (U/BaC layers). Here, the FWHM is 0.15 nm.

[0057J In an ernbocliment, Th/BeC layers and U/BeC layers or oven Th/B layers and U/B

laycrs may bc usecl insteacl of Th/BaC layers ancl UIB4C layers respectivcly. An incrcasccl B

¡rurity may allow for better reflectivify, thereby potentially reducing power losses due 1o

absorption of racliati on.

t00581 In an embocliment, the alternating layers may be C and BaC layers, C and BeC

laycrs, or C ancl B laycrs. C is not as activs as La and, theleforc, in thcsc altcrnating laycrs not

as much interlayer diffusion luay occur as in LalB¿C layers.

tz

layers, Cr and C layers, La and B4C layers, C and B4C layers, U and B4C layers, Th and B4C
layers, C and B9C layers, La and B9C layers U and B9C layers, Th and B9C layers, La and B
layers, C and B layers, U and B layers, and Th and B layers. 100551In an embodiment, the
alternating layers 4, 6 may be selected from the group consisting of: U and B4C layers, Th
and B4C layers, C and B9C layers, U and B9C layers, Th and B9C layers, C and B layers, U
and B layers, and Th and B layers. A potential advantage of such alternating layers is that U
layers or Th layers instead of La layers will provide a broad bandwidth, both in terms of angle
as well as wavelength. The broad angle bandwidth will allow for a good amount of design
freedom, making the multilayer mirror useful for optics in EUV lithography at 6.6 nm
wavelength. Also, it may allow for a pupil of an optical system in which the multilayer mirror is
comprised to be homogeneously filled in terms of intensity and allows for a larger numerical
aperture (NA). 100561Figure 4a is a graph showing reflectance R as a function of wavelength
X for alternating layers which are La and B4C layers. The so-called full width half maximum
(FWHM) of the peak shown is 0 0.06 nm. Figure 4b shows reflectance as a function of
wavelength X for alternating layers which are Th and 134C layers (Th/B4C layers). Here, the
FWHM is 0.09 ntn. Figure 4e shows reflectance as a function of wavelength X for alternating
layers which are Th and 134C layers (U/B4C layers). Here, the FWHM is 0.15 nm. 100571In
an embodiment, Th/B9C layers and U/B9C layers or even Th/B layers and U/B layers may be
used instead of Th/B4C layers and U/B4C layers respectively. An increased B purity may
allow for better reflectivity, thereby potentially reducing power losses due to absorption of
radiation. [0058]In an embodiment, the alternating layers may be C and B4C layers, C and
B9C layers, or C and B layers. C is not as active as La and, therefore, in these alternating
layers not as much interlayer diffusion may occur as in La/134C layers.  [0059]The sum of a
thickness of the first layer 4 and a thickness of the second layer 6 may be within the range of
3 - 3.5 nin. The alternating layers may have a period thickness which is between about 1.7
and about 2.5 times the thickness of the first layer or the second layer. 



[0059] The suln of a thickness of the first layer 4 and a thickness of the second layer 6 may

be within the range of 3 - 3.5 nm. The altematirrg layers may have a period thickness which is

between about 1.7 ancl about 2.5 times the thickness of the first layer <lr the second layer.

100601 Thc aforcmcntioncd cmboclimcnts of the rnultilaycr mirrors I arc mainly suitablc to

reflect railiation having a u,avelength within a range of 3-3.5 nm. In an embocliment, the

alternating layers are Cr and Sc layers, or Cr and C layers. Cr/Sc layers have been found 1o be

suitable to reflect radiation with a wavclength within a range of 2.9-3.3 nm. CrlC layers have

been founcl to bc suitable to rcflcct radiation with a wavelcngth within a rangc of 4.1 to 4.7 nm.

t00611 An embocliment of the multilayer minor I is shown in Figure 5. This ernbodiment is

a reflective reficle. ln aclclition to the features of the multilayer minor of Figure 3, the

embodiment of Figurc 5 may bc proviclcd wilh a structurc having an absorptivc material which

is ananged to define the pattem on its surface. Suitable materials to be employecl as the

absorptive material may be Cr, Ti, Si, Ru, Mo, Ta, AI, or any combination thereof.

t00621 The multilayer structure 2 of the multilayer rnirror 1 may be supported by a

substrate 8 in order 1o reduce mechanical wlnerabiliry. Also, it is 1o bc notccl that the clottccl

lines in Figures 3 ancl 5 inclicate an unspecified nunrber of repeating alternating layers 4, 6.

Typically, the multilayer sfructure 2 of the mirror I is formed by a number of 30 to 200 periocls

of alternating laycrs, i.e. a total numbcr of layers betwcen 60 and 400. Moroovcr, it shoulcl be

rrotecl that the Figures are schematic Figures serving rnerely as illustrations aud lhat lhey are not

scale drawings.

10063ì Further embodiments of the multilayer mirror I are clepicted in Figures 6 and 7. The

cmbodimcnt of Figurc 6 is quite similar to thc embodimcnt of Figurc 3. Howovcr, in thc

embodimeft of Figure 6, the layerecl structure 2 is proviclecl with a capping layer 12. The

capping layer 12 may comprise Ru, Ta, Ti, Rh, Cs, Ba, C, Li, Ca or any combination thereof.

Such a capping laycr may be suitably arrangecl to profoct thc layercd structuro of lhe multilayer

mirror 1 against chemical attack. A suitable thickness for the capping layer may be anywhere

within the range of 0.5 to l0 nm.

[0064] Another embodiment is tlepictcd in Figure 7. Ths embocliment of Figure 7 is sirnilar

to thc cmboclirncnt of Figure 4. Howcver, in thc cmbodiment of Figurc 7, thc laycrccl structurc

2 is provided with a capping layer 12. Same as mentioned while referring to Figure 6, the
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[0060]The aforementioned embodiments of the multilayer mirrors 1 are mainly suitable to
reflect radiation having a wavelength within a range of 3-3.5 nm. In an embodiment, the
alternating layers are Cr and Sc layers, or Cr and C layers. Cr/Sc layers have been found to
be suitable to reflect radiation with a wavelength within a range of 2.9-3.3 nm. Cr/C layers
have been found to be suitable to reflect radiation with a wavelength within a range of 4.1 10
4.7 nm. [0061]An embodiment of the multilayer mirror 1 is shown in Figure 5. This
embodiment is a reflective reticle. In addition to the features of the multilayer mirror of Figure
3, the embodiment of Figures may be provided with a structure having an absorptive material
which is arranged to define the pattern on its surface. Suitable materials to be employed as
the absorptive material may be Cr, Ti, Si, Ru, Mo, Ta, Al, or any combination thereof
[0062]The multilayer structure 2 of the multilayer mirror 1 may be supported by a substrate 8
in order to reduce mechanical vulnerability. Also, it is to be noted that the dotted lines in
Figures 3 and 5 indicate an unspecified number of repeating alternating layers 4, 6. Typically,
the multilayer structure 2 of the mirror 1 is formed by a number of 30 to 200 periods of
alternating layers, i.e. a total number of layers between 60 and 400. Moreover, it should be
noted that the Figures are schematic Figures serving merely as illustrations and that they are
not scale drawings. [0063]Further embodiments of the multilayer mirror 1 are depicted in
Figures 6 and 7. The embodiment of Figure 6 is quite similar to the embodiment of Figure 3.
However, in the embodiment of Figure 6, the layered structure 2 is provided with a capping
layer 12. The capping layer 12 may comprise Ru, Ta, Ti, Rh, Cs, Ba, C, Li, Ca or any
combination thereof. Such a capping layer may be suitably arranged to protect the layered
structure of the multilayer mirror 1 against chemical attack. A suitable thickness for the
capping layer may be anywhere within the range of 0.5 to 10 nm. [0064]Mother embodiment is
depicted in Figure 7. The embodiment of Figure 7 is similar to the embodiment of Figure 4.
However, in the embodiment of Figure 7, the layered structure 2 is provided with a capping
layer 12. Same as mentioned while referring to Figure 6, the  capping layer 12 may comprise
Ru, and/or Rh and may be suitably arranged to protect the layered structure of the multilayer
mirror 1 against chemical attack. 



cappirlg layer 12 may corn¡trise Ru, ancl/or Rh ancl may be suitably arrangecl to protect the

layered structure of the rnultilayer mirror 1 against chernical attack.

[0065] Although specific reference may be made in this text to the use of lithographic

apparatus in thc manufacturc of ICs, it shoulcl bc undcrstoocl that thc lithographic apparatus

clescribecl herein rnay have other a¡rplications, such as the manufacture of iutegrated optical

systems, guiclance and detection patterns for magnelic clomain memoties, flat-panel displays,

liquid-crystal clisplays (LCDs), thin-fihn nragnetic heads, etc.

100661 Although spccific refercncc may havc been made above to thc use of embocliments

of the invention in the context of optical lithography, it will be appreciated that the invention

may be used in other applications, for example inprint lithography, ancl where the context

allows, is not limited to optical lithography.

t00671 The kmrs "radialion" and "bearn" used herein erlcompass all types of

electromagnetic racliation, including ultraviolet (UV) radiation (e.g. having a wavelength of or

about 365, 355,248,193,157 or 126 nm) and extreme ultra-violet (ElrV) racliation (e.g. having

a wavelength in thc rangc of 5-20 nm), as wcll as particle bcams, such as ion beams or clectron

beams.

t00681 While specihc embodiments of the invention have been describecl above, it will be

apprcciatecl that the invention may bc practiccd othcrwisc than as clcscribcd. For example, the

invention may take the forrn of a computer prograur corrtaining oue or lnore sequences of

machine-readable instructions describing a mcthod as disclosecl above, or a data storage

medium (e.g. semiconcluctor memory, magnetic or optical disk) having such a computer

program stored thcrcin.

[0069] The descriptions above are intencled to be illustrative, not limiting. Thus, it will be

apparent to one skillecl in the art that modifications may be macle to the invention as clescribecl

without departing from the scopc of thc claims sct out bclow.
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[0065]Although specific reference may be made in this text to the use of lithographic
apparatus in the manufacture of ICs, it should be understood that the lithographic apparatus
described herein may have other applications, such as the manufacture of integrated optical
systems, guidance and detection patterns for magnetic domain memories, flat-panel displays,
liquid-crystal displays (LCDs), thin-film magnetic heads, etc. [0066]Although specific reference
may have been made above to the use of embodiments of the invention in the context of
optical lithography, it will be appreciated that the invention may be used in other applications,
for example imprint lithography, and where the context allows, is not limited to optical
lithography. [0067]The terms "radiation" and "beam" used herein encompass all types of
electromagnetic radiation, including ultraviolet (UV) radiation (e.g. having a wavelength of or
about 365, 355, 248, 193, 157 or 126 nm) and extreme ultra-violet (EUV) radiation (e.g.
having a wavelength in the range of 5-20 inn), as well as particle beams, such as ion beams
or electron beams. [0068]While specific embodiments of the invention have been described
above, it will be  appreciated that the invention may be practiced otherwise than as described.
For example, the invention may take the form of a computer program containing one or more
sequences of machine-readable instructions describing a method as disclosed above, or a
data storage medium (e.g. semiconductor memory, magnetic or optical disk) having such a
computer program stored therein. [0069]The descriptions above are intended to be illustrative,
not limiting. Thus, it will be apparent to one skilled in the art that modifications may be made
to the invention as described without departing from the scope of the claims set out below.
CLAIMS 



l.

CLAIMS

A rnultilayer mirror constructed and arranged to rel'lect radiation having a

wavelength in the range of 2-8 nm, the multilayer mirror having alternating layers,

the alternating layers comprising a first layer and a second layer, characterized in
that the first and second layers being selected from the group consisting of: U and

BaC layers and Th and B+C layers.

The multilayer mirror according to claim l, wherein the sum of a thickness of the
first layer and a thickness of the second layer is within the range of 3 - 3.5 nm.

The multilayer mirror according to claim I or 2, wherein the alternating layers

have a period thickness which is between about I .7 and about 2.5 times the

thickness of the first layer or the second layer.

The multilayer mirror according to any one of claims 7, 2 or 3, wherein the

multilayer mirror is constructed and arranged to reflect radiation having a

wavelength in the range of 6.2-6.9 nm.

The multilayer mirror according to any one of the preceding claims, wherein the

multilayer mirror is a patterning device constructed and arranged to provide a

beam of the radiation with a pattern in its cross-section.

A projection system configured to project a patterned radiation beam onto a target

portion of a substrate, the projection system comprising a multilayer mirror

according to any one of the preceding claims.

An illumination system configured to condition a radiation beam, the illumination

system comprising a multilayer mirror according to any one of claims l-5.

A lithographic projection apparatus arranged to project a pattern from a patterning

device onto a substrate, wherein the lithographic apparatus comprises a multilayer

mirror according to any one of claims l-5.

The lithographic apparatus according to claim 8, fufther cornprising:

an illurnination systern configured to condition a radiation beam;

2.

3.

4.

5.

6.

7.

8.

9"

l5

1. A multilayer mirror constructed and arranged to reflect radiation having a wavelength in the
range of 2-8 nm, the multilayer mirror having alternating layers, the alternating layers
comprising a first layer and a second layer, characterized in that the first and second layers
being selected from the group consisting of: U and B4C layers and Th and 134C layers. 2.
The multilayer mirror according to claim 1, wherein the sum of a thickness of the first layer
and a thickness of the second layer is within the range of 3 -3.5 nm. 3. The multilaycr mirror
according to claim 1 or 2, wherein the alternating layers have a period thickness which is
between about 1.7 and about 2.5 times the thickness of the first layer or the second layer. 4.
The multilayer mirror according to any one of claims I, 2 or 3, wherein the multilayer mirror is
constructed and arranged to reflect radiation having a wavelength in the range of 6.2-6.9 nm.
5. The multilayer mirror according to any one of the preceding claims, wherein the multilayer
mirror is a patterning device constructed and arranged to provide a beam of the radiation with
a pattern in its cross-section. 6. A projection system configured to project a patterned radiation
beam onto a target portion of a substrate, the projection system comprising a multilayer mirror
according to any one of the preceding claims, 7. An illumination system configured to
condition a radiation beam, the illumination system comprising a multilayer mirror according to
any one of claims 1-5. 8, A lithographic projection apparatus arranged to project a pattern
from a patterning device onto a substrate, wherein the lithographic apparatus comprises a
multilayer mirror according to any one of claims 1-5. 9. The lithographic apparatus according
to claim 8, further comprising: 



a supporl structure constructed to hold a patterning device, the patterning device being

capable of imparting the radiation bearn with a pattern in its cross-section to form a

patterned radiation beam;

a substrate table constructed to hold a substrate; and

a projection system configured to project the patterned radiation beam onto a target

poftion of the substrate.

10. A lithographic apparatus comprising:

an illumination system configured to condition a radiation beam;

a suppoft structure constructed to hold a patterning device, the patterning device

being capable of imparting the radiation beam with a pattern in its cross-section to

form a patterned radiation beam;

a substrate table constructed to hold a substrate; and

a projection system configured to project the patterned radiation beam onto a

target poftion of the substrate,

wherein the projection system is a system according to claim 6 and/or the

illumination system is a system according to claim 7.

l6

an illumination system configured to condition a radiation beam;  a support structure
constructed to hold a patterning device, the patterning device being capable of imparting the
radiation beam with a pattern in its cross-section to form a patterned radiation beam; a
substrate table constructed to hold a substrate; and a projection system configured to project
the patterned radiation beam onto a target portion of the substrate. 10. A lithographic
apparatus comprising: an illumination system configured to condition a radiation beam; a
support structure constructed to hold a patterning device, the patterning device being capable
of imparting the radiation beam with a pattern in its cross-section to form a patterned radiation
beam; a substrate table constructed to hold a substrate; and a projection system configured to
project the patterned radiation beam onto a target portion of the substrate, wherein the
projection system is a system according to claim 6 and/or the illumination system is a system
according to claim 7. 


