MULTI LAYER M RROR AND LI THOGRAPHI C APPARATUS

CROSS- REFERENCE TO RELATED APPLI CATI ONS [ 0001] This
wap@ditemtd on cl ains the benefit of USprovi si onaPCT/EP2009/056130

application 61/129,087, which was filed on June 4th,

2008, and which is incorporated herein in its entirety

by reference. FIELD [0002] The present invention

relates to a nmultilayer mrror and a |ithographic

appar a

okt TH0GA FURRER SUPLARHOL AL e PrRAT s

machine that applies a desired pattern onto a
CRURSREEE BRI & TR Bl BINEY (L0 00 Lsed, for

[086BNP! Bhis dpPlidalien SR HRGEAEOSS rovi QeHaBdpRHCAILA 61149387, which
(ICs In that instance, a patterning device, which is

wal filed olung &1 g 048 prshwlaeh i ErcamorgtedhieiRing itsentigty by tsfergeg
be used to generate a circuit pattern to be forned on
an individual layer of the IC. This pattern can be
Fitf®nsferred onto a target portion (e.g. conprising
di e on a a
0BF; ooy enR RS & g e ¥ afrd ARTH LBbgipiEs oy fus
thuti idclid¥Bgich e nnil®camirisyer of radi ation-sensitive
material (resist) provided on the substrate. In
general, a single substrate will contain a network of
BABKaRENIND arget portions that are successively
patterned. [0004] Lithography is w dely recognized as
[000 of A fithegikelyc appetptys isp nackinpripiapplet ardesirod pdt@sl oatec substrate,
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Fes made us
msmahhﬁﬁmuﬁdmhmgﬁaahymuﬁubagaﬁmngmamﬁbnﬂmﬁammg@aMm which is
factor for enabling mniature | C or other devices

aliSHEIGHY SHTGE U @Nlo 0T Chidh Y OF HCE &P e el cirait pattern to be

fobthd G ARIN1GuaB RPE ORI SCt YR pletYoaf 8RS RBSA &R0 a target portion
i1lum nation systemconfigured to condition a

(creagingrision pyeefrpncaorsayysd dics surarsbiet (eprisilicge we@nt Bransfer of

th?ﬁ;!t{% ﬁ@k&]ﬁf ) %%\;{Eg‘éh%%q osftr-id\{ %«%ﬁl%%gt?{i?l Kigﬁ%ﬁ rovided

rni‘ng capa
orrtadmmtramen Ieadraiva fhiiglﬁsubﬂtateemﬂ comaih h sctebh$ adj@ehtitapetportions
forma patb;rned adi ati on beam a substrate table

R RSP ReT W@mﬁ 8td a substrate; and a projection

(0804t eNLigRBRpIGUS GelictyeddaRiz&Cds ohdisr tRAtY Slcpe tHeaftingfab@R of 1Cs
beam onto a target portion of the substrate. [0006] A

andredhsr deviceamndéos siryehtres. dfowieris. asithe digensionpefifeadires prdentingg
11tg§gq spﬁ\g bR UrMert 1%&%% RIp90ihd $hbREON £R5 R YRR,

wn 1 n equat
miniature IC or other dev1ces and/or structures to be manufactured.

[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.

[0006] A theoretical estimate of the limits of pattern printing can be given by the Rayleigh
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| COD=1%* (1) NAPS where | is the wavel ength of the
radi ati on used, NAPS is the nunerical aperture of the
w@r@oaciion systemused to print the pattern, PCHEPB®OR056130
process dependent adjustnent factor, also called the
Rayl ei gh constant, and CD is the feature size (or
critical dinension) of the printed feature. It follows
fromequation (1) that reduction of the m nimm
crPEARUBRESIFLE S Bk BRULER (pAn be oblalned Tn Lhr ee
shortening the exposure wavel ength |, by
|ncrea3|ng the nuneri ca =a re NAPS, or by (1)
decreasing the value of kr [8887] In order to shorten
the exposure wavel ength and, thus, reduce the m ni num

r|ntable size, it has been proposed to use an extrene
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be transm ssive to EUV radi ation. Therefore, the
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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.

[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.



suitable to reflect radiation having even shorter
wavel engt hs. SUMVARY [0010] It is desirable to be able
WO 000008®i4 uct mrrors with suitable reflecti vePCT/EP2009/056130
properties to reflect radiation having a wavel ength of
6.9 nmand | ower. [0011] According to an aspect of the
present invention, there is provided a mrror
constructed and arranged to reflect radiation having a
saXElepoth in the range of 2-8 nm The nultilayer
—mrror has alternating |ayers. The alternating |ayers
[00Hd| udeisalefirablstto beaapderto anmitrect sec@n eith ayiwble réfleetivicipraperties to
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secoupgign dlteriuist Bd@eb@ydémrs akesseleotagh o dheagnepBOBidtiay ef: &r whd Sc
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layidis, COAiR BYO thya d_aBinll BY@ fagers Thad BLE talybrayRrand BT R eriEY and B
have a reflective surface provided with a c i ng
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COII_rmIGBnd 4nd B3¢ layans;LTh qgmpgundlaad B¢ lalz@rséaanm:lpcb_lmfrend Hperery) U

0 l,ec r ou
e F B R Gy et B S Gl L G b
reﬂH:eﬂive dFacd oy 1ddd%th ald%imng 1&4&%111@31@;’ RuUO%a, TWTBZ2Ba, UTE3Ca or
N2. The Th conpound may be a conpound

a
m@éP@%P@Hmﬁﬂ%ﬂ$Bhe group consisting of ThO2, Thd 4,
Oifi"iglls-rﬁ{:%a Iy Fé‘und Y Be a ddhpdundfelcied frbiZhe 2 cERRRRg of LaH,,

The multilayer mrror may be a patterning
L%VL@“@, La@lﬁchalaéa:é)sﬂeftsle @heLyre. Bhendsknpasphey bt eothpavil

seftl {e?ﬂgl%qhet rﬁq 15; c%}{élg% 3 BRAMFOTUR rt?%lg,%lﬁt il Ny &1 o, vo,,

ern | s Cross-secti ofi. e ‘of ‘mask
Uﬁa)Ugbe hooWi:de .0, UTea Uy, UL UM dndVi;Ng TanTiadsqroptid may be a

coFaBHE ooe! R o s Dseneet Ty, To1s TR, T Ty, g o

TKI, TARY, a6@MRHat i on thereof. [0014] According to an
aspect of the present invention, there is provided a
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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.

[0014] According 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 nm.

The multilayer mirror may have a reflective surface provided with a capping layer that includes



for instance in the range of 2.9-3.3 nm in the range

of 4.1-4.7 nmor in the range of 6.2-6.9 nm The
wondovitkmyer mrror may have a refl ective surf aeer/EP2009/056130

provided with a capping layer that includesRu, Rh, Ta,

Ti, Cs, Ba, C, Li, Ca or any conbination thereof. The

capping layer may be located directly on a reflective

surface of the nultilayer mrror. [0015] According to
R S G & S SRR o Al et TG oid 1o B BEfjenes
dlreatliyatamﬂe@eamrﬁmﬁﬂ&mldngmrnpuolt| on of a substrate

ectian s ncl udes a .nul
Rl B R S e o S G
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Therapigdien aYqumr iggludegpapu tslﬁs@r BIrEs contuqtedyamd arranged fojre
ra@ﬁfﬁmﬁ%@fﬁg ?ﬁ){&f‘éﬁl ik r%%le %Fi §(111mf r'[(ﬂm&uhﬁayglr IQHR)I‘ has alternating
consi sting of: SC | ayers, O [ayers, C
laparel Blzl@llealyetgayeu ladddeaclf@stl layceatm;l a s$¢vné llwl'elBZIRlie figsy @rdsseco@d

and ers, T
g erpaet B Ee e Rend s RS R b INERT it
lafers, AyBWB,C Tdyera,m:h 48dIBag &tysrs, ¢ andR ISRl and B3¢ GyleRY LS, B,C
U conmpound and B4C | ayers, Th _conpound and B4C
layets. T8 Apsbiatdaver L uue B yesy § apd Bonssun andh #ysochiag @éﬂ?{é/efs La

cohfpoGRIRAENE la@/&g @9&1ﬂoﬁ¥@£1§1 B é@a;féf%nﬂ%tﬂ%oéﬁﬁan@ﬁ @Ya%é La

U conpound and B | ayers, an onpound and B | ayers.
conpou] and eC Layers @rmomnldldmw' Bbﬁlaaere dirounelnd eheBeleldydrs, bm

co}t_ngo% E%éc %rr]ss g@ng.?L(? g%l an ’Thégnﬁsduné ar%‘ B lagaljs !

hpoun npound
[09136] e C t Bd Lfafc@lliip(tdil& ngy bupc@mammelea@d ﬁﬁmlﬂi%?grodﬁEénsmlﬂEgof LaH,,
ucd 4, udb5, U 3, U 4, usos, W20b,

LU CHAF: (D LT 4310 s ATk Sapedik sy Recompoumd

set‘e@fé@%ﬁdhé@bﬁ%&%nﬁstﬁgmpﬁd}ﬁQ}P%‘Qﬁ@lg Lfdlpmdlsh@hgtm}l@o, U0,
consi sting of Th Thd 4, ThN, ThF3, ThF4 |2
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t 1Ay d
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Thiladih&t, |anahThm@m onto a target portion of a substrate

ection syste ncl udes a _.mul til
bl R R S M S M e LR S
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mrror has a reflective surface provided with a
Theappipqiign Bsieat ingludes ainpdiilapge grrpy comrpucterand Frangedsto refect
rahlamn%vﬁg %@yelﬁngtmh ARULOD of A8LEOme LOMAL: ARROLALNGL e

an aspect of t resent” 1 nventi on, e IS proviae
suaﬁacq ﬂrb\uqlndnfathi amapmgghmﬂ@@mﬂu@aﬂ ReidRh,d'acBinds, tHaof, Id, Ca or any

? on feam The illum nation systemincludes a
com 1na thereo
[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 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 B.C layers, Th and
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mul tilayer mrror constructed and arranged to refl ect
radi ati on having a wavel ength in the range of 2-8 nm
wab@omuiond | ayer mirror has alternating |ayers.PdhEP2009/056130
alternating layers include a first layer and a second
| ayer. The first and second | ayers are selected from
the group consisting of: & and Sc |ayers, O and C
| ayers, C and B4C | ayers, U and B4C | ayers, Th andB4C
I I
IV ErS C i PR P Lo TSR ek B B B Pl in b ey B ana
B llayymy G andB hipets, B dralyRelaggrs, Th aahB 143 etsalyeecompolual and Bp© limeks, U
and BAC | ayers conpound BAC | ayers, ,Th ou
B R R el e e IR
contpduiROfad IBAY &FySrs, THtoGPORALAGBaNEAYEY Calcayipsumd ah®B layers, U
conpound and B | ayers, U conpound and B | ayers, and Th
coamepist Avd Blpvsrpandg @POT@@J}E‘% I9$8- La conpound may be a
(08 RITPOURHL 13RbAFGHE nfal BT &h!gpogﬁd)éé[%ct%@ RSt gk %nslisffih%of LaH>,
LaH3, LaF3, LaCL, Lal3, La203, LaSe and 1aTe. The
LabnmpdunaCialalh é.28; clorse euhda seTlect eanfouadmahies geomppund

iP5 i SesftinCHF - Bed o ey X S UReSt UReldo:
UON,U;08 N3oandoLJang,, UThe UTh;, Conpaknsid NBly,. hee ah émijpoitnday be a
sel ected fromthe group consisti njgh of Th@2, Thd 4

coppprundrsglegied frpipdhe ergppronsisipgof F4ThGiy IHN. Hife, Hifgd Al This,

ThOGR0], H¢eRELI Ng to an aspect of the present
invention, there is provided an illumnation system

[002MMf i giwrcerlintgdo em#sdéat pHthe preseatiingdniion thgeaisproyided an illumination
illumamnati.Qn s temin.IuEIes Ul ti.l aver mirrqr
PR R R oS, TP bl bl
mulsilagéranigbhconsinictae afiddigegddfto 2{18ct Matiatibh @awving 4 wivaleagth in the
mrrQr has_a r?fl ective surface proyided with a
't

TaRgERS it alsrmy iaYer pHiEeT haey reRECtVpririaggprovifled with a gagping-layer
thhd incléeRs R, )Y a,c9NdY Batd, e cakes8Fombndidlherétcording to
an aspect of the present invention, there is provided

[0821] t hixgrulisisite aprsojat ef thepreseppiar ations thery ianyeided plithographic
[ ) .
prBl PR by B AL R 4 BORLA LA ORI ARAL SRAGTHR Aubstac
Tl thdgrapltie pparatusnclaten s tnuliddyedmard castrangedd droangaf t ecttect
radi ati on having _a vel en in_the nge of 2-8 nm .
rol oy P p APE TP O € OBf-S s abf Ry e Eor Fpgiaing
la?’éri. erRalibigink 3481 Sndile b ieke 1aderfand 8 becbRYBYer AMEL MrstHBE 92End
ayer. The first and second |ayers are selected from

lay yearg pdests d divnsthe giopgcappistingrof frrandgc |aggre (g ande layprg, Cand BJC
I ants a , N

i @Y EF e Mo e DU s & Ml Byl o o B .

layay &hsnd Bd layeds, BO@d Blpears C ahd BaaydrsBJ hiad/i@ tagers, CThandB Buyers, La

O TR WAL R T
confpduiad IBaY €6rs ULd@mpound and BoC layers, Th compound and BoC 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 LaH»,
LaHj;, LaFs, LaCls, Lal;, La,Os, LaSe and LaTe. The U compound may be a compound
selected from the group consisting of UF;, UF4, UFs, UCl;, UCL, UCls, Uls, Uls, UO, UOs,,
UQO:s, Us0s, Uy0s, U307, UsOg, UTe,, UTes, UN, U,N3 and UsNa,. The Th compound may be a
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conmpound and B9C | ayers U conpound and B9C | ayers, Th

conpound and B9C | ayers, La conpound and B | ayers, U
w@oomawnds and B | ayers, and Th conpound and B PElEP®09/056130

[0022] The La conpound may be a conpound sel ected from

the group consisting of LaH2, LaH3, LaF3, Lad 3, Lal3,

La2(3, LaSe and LaTe. The U conpound may be a conpound

sel ected fromthe group consisting of UF3, UF4, UF5,

e

Tidgibdbindd MeSe..be aconpound sel ected fromthe group
sisting.of ThQ2, Thcl 4, ThN, ThF3, ThF4,. Thi .
fE013! AP Aopigs i s Pisoda) TReCOPARY s Bhggaptic
proRaeGtapfiratid ieraRded $€pbjcttMRARErh Gldm o fakErBink Jevidcatotedbarate.
I'1t hographi c projection apparatus ar ran%ed to pr otjpect
The Igkaeraehis appagysdngetos & Pty cbraifToe eonsiiycirdand aggedio goflect
raa-igﬁod Ha(/itﬁg g r\x@tpélér&t}ﬁg %rréﬁgg SR %nu %\% nf et ﬁllrﬁ)y fids a reflective
mrror constructed and arranged to reflect radiation
sunfage migvidedwathel ceprgtdlayan thehmclpdasdiar, B, T2, 8i, AnBaThd i, Ca or any
%I.t it.l a%lerr fm rror has a reflective surface provided
LR CE5Pi ng 1 ayer that includes Ru, Rh, Ta, Ti, Cs,
[0B24] C, Adcordifgao o aspey oChEPicstat inGdntibil) @iceOik proly30@4 lithographic
According to an_aspect of the present invention, there
apparagyy gt igeliedea an I RgH bR EmapY R et JR CnRen  ciatioracagmand a
su']g)f)dr’_t"srﬁ'u&ﬁ;e' B uSYSd fér’ﬂoﬁioﬂ;a'tt%ﬁlg deti@. a@R géttehf?tng dvice is capable of
~radiation beam and a support structure constructed to
infpettids thepediation heang widley passmn i fie ciosst seetionitn fprid e phigasnddgadiation
be%%Pﬁ?le Sor2fands TRELL1AG tsﬂﬁﬁpfaf%‘%éb?et s g dh"%'l& DoBaPRt LEF
N QTS e eseiSectiion 10 Y orm a paﬁuerne radiation
proeeaivn sydien apifigiad wprdtas theipatdradasdidion b b@b e tdrgddp@tion of
constructed tao hold a substrate, and a pr.ojection_.
the AT Bt gRPEEn £ 61 ﬁa]dZ@& hepriectat i et iy BN Bryer
mPRABRIMRIAnd AEHBLd 1B RITebtQiRbn hien SURS AR H8nge of 2-8 nm.
i I'lum nation system and/or the projection system
Therfaultildess nurren fas plfcanating layary. ofhe@liersating daverd inghide afirst gjerdgnd a
r t | At [ in.th
schhaiSit i 2D AD AL RAMPUEHHrly Do AL s
layay €r snd T hgeral @ ardaCilagrs| Byed B, gdry db aad BiG Byerd, &yaar B,C

oS LR TS g ol botterd BRos S Lo cad SRS B ayers

UlaRYBN&ers @nd AMAndB 1B ¥E! Sa compdind B84 6. ¢ &}F’/&’é,&J cdhRsl BAG,C
| ayers, Th and B4C | ayers, C and B9C l[ayers, La and

lapge Th ggepandjaetB CBaxcrs. &y eqrapourthangdyC iyers| Lagparrgund ad By

ol Sy AR UL o PR YRS e BB

anldd@heompound acbBeyend and B4C | ayers, La conmpound and

05e% 1 2EE conERBRES br e 8 Fom (R ERERRE uff
LAFYEAFS, LaCls, Lals, La,Os, LaSe and LaTe. The U compound may be a compound
selected from the group consisting of UF;, UF,4, UFs, UCls;, UCl, UCls, Uls, Uly, UO, UOs,,
UQO;, Us0s, U,05, U307, UsOy, UTe,, UTes, UN, U,N5 and UsN,. The Th compound may be a
compound selected from the group consisting of ThO,, ThCl,, ThN, ThF;, ThF,, Thl,, This,
Thls, ThH,, and ThSe:.



and Th conmpound and B | ayers. [0025] The La conpound

may be a conpound sel ected fromthe group consisting
woeldoak27014 aH3, LaF3, LaC 3, Lal3, La203, LaSe PODERLBI®056130

The U conpound may be a conpound sel ected fromthe

group consisting of UF3, UF4, UF5, Ud 3, uUd 4, uUd>5,

U3, U4, UOo U2, U, U3, Wos, U307, W, UTe2,

UTe3, UN, U2N3 and U3N2. The Th conpound nmay be a

RSP Rl L U, 3184 P50 gy o o

apphr3e? tha(iodedes Acdlomitiation dysteamoefpedito aofnditiie a prdesienbeam, and a

REEIRREE AR . TSR RRBE b o

iRl tHe@lidioh 86indlvitON pARAT ua&dssaseamn@foﬁmstpm&ﬁddrrmlatwn
constructed to hold a patterning device. The

begay (Tl MPAG Y @l Bludes acypamiedabs conpigied flypld hbstrate, and a
r?j%gioﬁts&fé?&n P&ﬁgﬁﬁéﬁ lobrdedt %hﬁﬁé?nédr}adlétﬁn%&é St Q@Jrg&go&l& of
orm a’ patterned radirati on beam The apparatus al
thp mblstM@ sThg ikunpsdtiva s wtdrapider 8o mstjectict gdtetnondlades a aultilayer
S i e S B PRSP A G o2 o
Tigahiliilayer afirriias 5 risétivat@facd previdéd with Héappiag lasysha Mcludes Ru,
and/ or the projection systemincludes a nultilayer
RiviTer B Co St riictaed a%ﬁonﬁ)ﬂl?a&ﬂlg@aret)% reflect radiation
havi ng a wavel ength in the range of 2-8 nm The
mul til ayer mrror has a refl ective surface provided
3 RAP B 'in A ncl udes Ru, Rh, Ta, Ti,

3 Cs,
C . Li ol .an at | f.
e T SRR IBLE S B St gty v
refdf‘enefﬂtoltl&rhcwﬂlﬂanﬁﬁg\s&anﬂﬁslwﬂi@dn whiyh vaies@hdiax edfgtee symbols
) g , Wth reference tg he acconpanying schematic
mn ﬁﬁfﬁ&ép‘inﬁmgvﬁ?rﬁhm@d?w ’§%bondi ng reference synbols

[002¥]i Cat; rg@gcﬂﬁﬁlﬂl‘ﬁﬁﬂ* 0GiRA TitRograpR abPardMN 4eBordih @281
Fi gure schemat ically depicts a |Iithographic
creodameat Qféhfa@@%fﬂdn‘ﬁgﬁftm an enbodi nent of the present
ent
g 10 2pA Rl SR A BTRETBEL TR MuRERLGL S By
prejgstioanyodm dfrbe hnhbgmgmcapbyemop amjaetdsiof Rigappar at us of

TR NG TR IRR L —

Fili® U fa€coddifCe @h em&gmh@n anmephadi meakiowf the present
I nvention; [0031] Figures 4a, 4b, and 4c depi ct

[0p2H]| echigtresetactd, @W@d@m@mf@ctemcepﬁ@nbﬁshmansﬁ&@ mytHaygF migfor of
Flgﬁrg 4la€a Rinffontbe W@eﬁéﬂg@lﬂ of wavel engt h;

[0032] 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

[0034] Figure 7 depicts an embodiment of the multilayer mirror of the lithographic

apparatus of Figure 1.
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[0032] Figure 5 depicts an enbodi nent of the

multilayer mrror of the |ithographi c apparatus of
woe@une7oi4 [ 0033] Figure 6 depicts an enbodi mePCT/@P200$7656130

mul tilayer mrror of the |ithographic apparatus of

Figure 1; and [0034] Figure 7 depicts an enbodi nent of

the multilayer mrror of the |ithographi c apparatus of

Figure 1. DETAILED DESCRI PTI ONJ 0035] Figure 1

ORSSTS  SRL Bl OPEAE Y ottt o

craipdameat ofShaciongntios 8¢ apgaratus kkomprisag: o lugystiemsystem (illuminator)

(ilkumnator).lL configured to ditjon a radiation
B R e aeABRERS & EDHEREST Tl Fhigee o
mask@s3d MBEInSuchdll 1€ Qippdrt 4lpdtRehideQlcSUPRQY & maskRRbr&icl) B and

device (e.g. a mask or a reticle) MA and connected to
cogngciedde a B@glP‘tS}t@ﬁ‘élPWn@éWW ueattely et the Raftgming device; a

) . gur™
B e o PR D W Do R il SHBSHIAR G, L2 Routcd water
Wsanll somatted oe.sgrond pesginst PV oatfgdredaf aryratoly angdtigohnebsted:;

t.o a.second positioper. PWconfiqured tq.accurately .
o R PP e st PRk MG P S SR EBTD drojper o
paftein@inpaet to/e RARjOCHRMB byefteaing deride NS oanfthigetpedioh Q (c.g.

project a pattern inparted to the radiation beam B by
coFRrites Hli‘erﬂjna’é‘i/ﬁhﬁ%ome Wt&t%\wt arget portion C (e.g.

[0@§ng " 1 Bl NBurii&iof sy i ﬁaﬁin@l%)le %ﬁioﬁﬂ?pe% ldb@ﬂtircﬁtcgm}%nents, such as

[0036] The illumnation system may include various
refryqsizs, reflecyst negiictic slvplomesgngic, dentistals ar efheigpdswéoptical
corg}%fo%e%e sté%)rvat%§; 6(rérn§ g%%qltolgp elreg)gl%grf:dérﬁ%qlgl ,2 sﬁl%[gr’(fg, 8rre éognﬁr(tg/ﬁirqg Pa%ta i(?n.
Hewdvbi, optida Dadniphsieafhichfa¢ coiltigieed torgnditidnald mdiaticdrbeam B are

C n%&o%&l ing radi ati on. However, optical conponents
PIRRTCH 'S €T EHIPEEd to condition the radiation beam B
(0838 Prefatshriclt 86t e pARIMNRMCS in o BB that A€pends on the

support structure hol ds tEe patternlng'deV|ce in a
orrraidHet oftthraatierajpe desco e dprgronfitierithacraphic gppardies, and other

Lter i : i i
e LY e HEYR e e Ol Blnellfy deLERAEARLL
enwhedninar. Tae support sthetupatah esamevtjarde, ive@uins clb@tostatidorather

vacuum envi ronnent. The. s ort_structure can use
IR RBITIAE OREGN, PEraE AR atTIE SPob LGRS i fpme ora
tab18GONdxAMBIS, WiRcHhythd @d PR @bRIaN GesHEY I R suphdR sesROfhy
structure may be a franme or a table, for exanple,

CIE 18t hapatisenify degige irat frispiesl rosiign dersxpmple With &sgashiodha

prﬁ}eE uetyie, may ensure that the patterning device is at
a Jesi ed position, for exanple with respect to the

[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.

[0039] 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 known in lithography, and include mask types such as binary,
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projection system [0038] The term "patterning device"

shoul d be broadly interpreted as referring to any
waleoovaegrothat can be used to inpart a radi ati onPOEEP2009/056130

with a pattern in its cross-section such as to create

a pattern in a target portion of the substrate. The

pattern inparted to the radi ati on beam nay correspond

to a particular functional layer in a device being

[

alfgfn?‘tc aéens&gg 1:|1(I aﬁ{%&g@ageg ;:ﬁcrés% ﬁ?%gasﬁ’ye?}l%g géno%lg] h%ﬂ?%d%s@%gs An

exbmalesifin slsngmm;mabla tmifrer aprae treplagy aymatet hmmgemm oiﬁmﬂm{ie&s each

f..patternin Vi C i ncl ude masks r
oy tpdtgen B P BusE R ESe ts l  he np B B e g
diveetidns K MBItk Mnitrbrb RAEHHAMAKern 3 WraliBGdntsdem Wsdh id REScdDyGRe
as binary,alternating phase-shift, and attenuated
mﬁf?égf@t@‘hlft as well as various hybri d mask types. An
I 8
e b B e o
inplading mﬁwtdfa,arbﬂlqctlm, bfttaiﬂowmc a@glte@c rewclr@ndgnan: ang cloetraagtic

t
"Pr%"%r%sﬁ Sr %‘ipag?y F"%b%glt"%l éhreﬁe"? s %PPF "é’a‘ ?ﬁlﬁe %‘B%SH{ emﬁél%t%?n iPging
usl’ed;fok R¢ blek fyork,REpetially ME uPRL i vacuuh AOARY ber’eareH@(S e a vacuum for
O ecti on Sy st ent may enconpass. any t
6?8{ glegtiog ﬁeaéwfi@mn jine Pt!?ali SRS rEOrY e muﬁl?elraﬁ@ecm qfglectrons.

AGALARN eggi}d‘nhﬁnt IH%&H&HOR‘ be %L“(ngeﬂ ARIRESIE Beaﬁﬂglth with the aid of a
el ectrostatic optical systens, or any conbi nation

vachion well andagcwpwmﬂm at e for the exposure radiation
[0@%'] Ng MSeG depic%ed t'he ot Qr% 1s i ebtw%%ﬁ)%g(l—: alalc u:}g?n% alf‘a%ﬁ\?/

a vacuum des red 0 us
mank). elletiti @iy, heaﬁpam@h Iﬁiyl e f s raseiRivh ehe GAS esiplvRiyig a
absorb too nuch radiation or electrons. A vacuum
rRSYISHEHREN: may therefore be provided to the whol e

[ob£gmM pﬁ{ehltwjg-ﬁabhlt: Qﬁpa@dﬂg 0y bR o¥ AEPHRAWIR thvo ARl YRS Rore

punps ere depicted, the apparatus is of a
SUb@falteetehlﬁ:s\Xéndt/(yp‘éo Plemeye n@ﬁpﬂablyﬂ)ﬂg saehy” @ﬁlﬁ@é@tﬁtagé  praghiaps the

t I SSi
adﬁh%oﬁaﬁ ?a%ﬁés Yxﬁg%e Pée'a?n %ﬂ’ﬁ;@{, r@l r%?%éé \Q/tgpsornfé g%e_o%%@%ﬁ%ﬁ?ﬁgor
mbnett:fbdng maie bie @ st ahm:tabﬂeayrehmngﬁlsa foryqmposhayvi ng t wo

al sybstrate tabl es and/or t Wo
ohEHle R eitieye e et G e shEfe S cediaton
sciRe S@d“@lhet do@d@hnd tBb@Seriphic PParkteSelay Bt Pdrab bdltics, }r example
reparatory steps may be carried out on one or nore

whenghespuigp isiaa cppimerdpseidb Bichedies the apiresss agteonsidersd ey part of
thE ﬁ{ho%@@%&&mug Ql%ﬁé raﬁiﬁfuﬁ{ l{eh % [%agseﬁ IFOH e élourcg |§6 to the
I u at

I'L recelves a radiation beam
illmmdhawt [Lowith 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.

[0044] The illuminator IL. may comprise an adjuster for adjusting the angular intensity
distribution of the radiation beam. Generally, at least the outer and/or inner radial extent

(commonly referred to as c-outer and c-inner, respectively) of the intensity distribution in a
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source SO The source and the |ithographic apparatus
may be separate entities, for exanple when the source
WO 200an4m®xci mer | aser. In such cases, the sour CECT/EPI00%/056130
considered to formpart of the Iithographic apparatus
and the radiation beamis passed fromthe source SO to
the illumnator IL with the aid of a beamdelivery
system conprising, for exanple, suitable directing
r - - Sm
P R St B0 B DTS SIERAT PR, B b RRE Ay oo
vagippadtitr usmpdnomts, exchrp hieinwigeur ks odense. Tis 1H1mmaartenmgy be used

R R T IR T T

crb®fsedtiogd to as a radi ation system [0044] The
illumnator IL may conprise an adjuster for adjustin

1004 anbhsiradiation P@ﬁ@? fsyncifest qn the RattefRing flevi¢rd e £ atipdy M Which is
h&@@f@hf gz@ﬂ@l{ ?tl’dc%ue (g‘(ﬁj'o ltIﬁ@@Jdbl%)'ﬁT Qi & opaﬁé]‘ﬁécﬂ{g thm(?tgrnmg device.

radi al extent nly referred to as s-outer and
Afgeribaimg quﬂecte@ fren thepaitgrhing fleviidede. g mask)sy thel rasltatlmbbﬂamﬁ]passes
it B BB ED e i Wb o R ¢ BEePHGLES me "
suBi thes WC AR aent & thaidedhd @Ssi@dhet PWegd pdsitfon3a@odF2 (e. g. an
. condenser. The illum nator may be used to conditi
infeRfgromstiic e yiem lip@afRcodes Oh%wﬂaved@gspra AbF Whitr AR V/Taq%a be

mb\l;gdea%'retté{y di o EJ ds Q&Jf)dsﬁﬂn 'dfffek&?tafg’éﬂﬁﬁtw%@ etih 8 path Q@fh@ kadiation
The radi ation beam B is incident on the patfpernl ng

begenB. Samilasly gthe firstsitions PMakridgihother pleitieh sensor Hd cauppased to
strutur tapl e ernd
bR B B PR A ER I MRSl R RALARERE L
rapiatidneiein My Fdevhiag déwicege.g maz&k)) MMhnd Elh)@trz[taw @by @rah@mlmsﬁg
sses through the pro ectl ste whi ch focuses
k@ g ARG M %@ﬁ@%ﬁ ﬁ%aﬁwﬁm t gpar rﬁ{sﬁ’i Pubstrate W
[oWdh the d%f)l@lte@ﬁppﬁﬁﬁls S8APHTuPOH! i 10 8he H\MARHoWIRS b QN
sensor IF2 (e.g. an interferonetric device, linear

084 oder orln @@p aeie thesuperstpgture {he neglbigble WY& andhhe subiate
ta@l?fﬂ\{pﬁe [ﬁl%b\{ Qﬁeﬂﬁﬁy{tﬁoﬂ% wlﬁl 9n el’?‘tg%@eﬁte ﬁlBQ‘?eldtt%@lQ radiation beam

ere target” porti
is pafhicet] ban a legnp Btior ST anolnaming/@ ct dpngld stegit e;gmsurt)l ‘Oinvesubs@ie table

WA (PR i B i oS Rt et 0 TRt B ain s

exifbsew th respect to the path of the radiation beam B,
Patterni n% device (e.g. mask) MA and substrate Wnma
[08#31a] | nedngeinmgpdeeBcuapqroiiieite (prermask fble) MI and ghe substrate

taf1Y W £r@tsce<1m§gdl ?lgﬁ@g‘ fﬁﬁ FﬂatterF ?mpaﬂ'tg&) fl’)q}le }Hl@%&%hrﬁtlsed

appar atus cou Inat |east one o
prbpttbcbwtmgtarmd@snon[@@dﬁ]smgle dymansit eyposmoelel hetvialecigignd dirtction of

g s B e PPl i BrdRy: M T Bher@itine
by ((Ef)ﬂlagﬂiﬁkﬁﬁ&leﬁldtlﬁagehevefs@ﬁdh@ﬁabt@lﬁlstlbﬁ(ﬁﬁhe 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
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is projected onto a target portion C at one tinme (i.e
a single static exposure). The substrate table WI i s
wo b@a/ishifted in the X and/or Y direction so thet/ER2009/056130
different target portion C can be exposed. [0048] 2.
In scan node, the support structure (e.g. mask table)
MI and the substrate table WI are scanned
synchronously while a pattern inparted to the
B e s P G G By
aqulicdetouliasi{lesshtmgtepls/ubamnHZteepltogﬂaMaW patgerigihg erflct,csutﬂ'm a
support, structure. (e. e) MI may be
PORRBP RSP e sl BRFbn and | mmge
[0080] €1 SRImiGRALRCANSIot Sdriafisns Oh tHeBoRIdeicei6Ed BBdcS ¥Bis€ BF dhirely
0049] 3. I n another node, the support structure (e.g.
SR hogist @uspnay alsqlemniayeénti al |y stationary hol di ng
ro {
"’?S‘El R RS DRy LR AT AR il o
rafligtignhygstera d.ah ilbmilpdamvptes pricjdeotddlt motadion sysengdt. The radiation

, t.hj. d t
S L R L e e
radi@tinCRayl i puileddes aags seapdrelr datngle Jea@k LTOMRIBI®N @por in
the substrate table WI or i nbetween successjve
whighy ¥ty Bef nlse scrigifdithgmisradiption infig BV Yiaee eoffthoiiestrampagtio
sp‘é@lﬂmp &hs €2Fhdt Y1a8RP1s 'cﬁgte& By fRsikd ﬁ?‘a?t lelaétﬁomgﬁﬁgllﬁi’edtﬂﬁﬁla by, for

utilizes progrannab e patterning device, such as a
examolgr@mmmcel dischargar: Patigl ayessyies af, tfyrgmanae, @ Pepf¥eiLi, Sn vapor or
i na n ariat.ion t he
BN bR AL R ORGP GO g o
raﬂiﬁtﬂtﬁﬁenﬁftedl@&ad‘fﬁ},bnabtﬁ‘ﬁb $@ispaptofrad a sgdEahimbdr guimo Lcollector

shows the |i aphi c appar at us. of . Fi ur e lin
Cha@B%n"] B Vi agap %ﬂﬂ% T SOHURPAY foht SR imPpgBtiongdin or beind an

O]dehllng i J3akck BIRnRL 47C Shd ik barfidr 49308 IRk RE RSy St em
The radiation system 42 includes the radi ation

[0%1] r c eTtsoolsiog pharrdyr 45endlsiemerrdigijorecodfose te Pish plag Sergermed by
a gﬁ%ﬁgﬁ%b 92159@{ RQ(%atPJn%gH&?ogSQXasaanglgﬁreg ré’d?zﬁ%ﬁ cOlfe%r side

vapor or Sn va
5(hahd p Ha&maeansradmem @tedt@ selnsob. rRadhlaﬁnn m@ksed by tdibctEUW) can be

t he el ect gnet i ectrum The very_ hot
re PR e aBeelth T CoOF A Tt VTG SRR T 3 fgh apertre
initiQHoR&EbrRhASIER4D ¥ronh 8J11c&¥BHRIBer 481 RhBGF FadfBbn 56 is reflected in
di scharge. Partial pressures of, for exanpl e, 10 Pa of

illygainatign op&es wrdd iagrormyncistenesrreliagioralih &4 epig 2 Eiicly apwRsk
i
B e
préertion spaas BY v rdiectivestaneo® 58,rﬁérrm®rwa4‘6f stage or sabmteltaim Wit

G e S T R T T
profeeivneystdh PS. Thetigapechalrfllices1 A9 dptiyndlIR Gk Pieenad defRamnghpon the
tygg (gflilic‘[:ﬁolégaghic 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 are 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, €.g.

between reflectors 142 and 143.
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[ 0052] The coll ector chanber 48 includes a radiation
coll ector 50 which nmay be forned by a grazing
w0 navdemee col | ector. Radiation collector 50 hesT/EP2009/056130
upstreamradi ati on collector side 50a and a downstream
radi ati on coll ector side 50b. Radiati on passed by
collector 50 can be reflected off a grating spectra
filter 51 to be focused in a virtual source point 52
an F :
e B & et o S G A Ao O fhyer mirmor 1
is p@fstrecheadd pmmanigéd tondfleettradiation pmm wavelbnglzﬂ,m\ﬂnearauge &R nm. The

nci dence refl.ect e, or
D OB st e SR AR i aS it B ataporedey
afigamd is fornmed which is imaged in projection system
PS via reflective elenents 58, 59 onto wafer stage or

003 st r Bhcalteragsing lawpts 4vpmay by ssipstt Sompbaeratanasivigg of: Crand Sc
1288085 8hd & 196 ATLHE %Ec lagerk |d siE)atdyeR, 9RLd ﬁfﬁ 1 trste, ;Fﬂéndle

and projection system G ati ng “spectr al
layay Copot! iBei @bely, Ipenp BeS bptrs Udep Bod iapeys.Uipand Bbfé laygrpd.aghd B

| it tus. Furth there nmay be nore
g 4 Bt FRE R 4R e Rt e 1 gures. for

[0exgnpl 1@ ah bmb@inﬁay tb@alfbnﬂtlﬁgla@rsreﬁsln@@tble ‘s{ﬂe(ﬁéd&mﬁnﬂﬁ group
present t han iation collectors 50 are

COPflefmgtOﬁéJ ?ﬂdl %FJ 1%}?3{5 Thrﬁléi %& sy 6 rndBCaYFrh & agd #e%ﬂaéfafs Th
t%teﬂ rcWdm lagf@rg lestqas ﬁye%]r %nd 'ﬂ-lflgl]d B"‘fagerg- é\%ote%TlﬁQa%tage of

85 i S provi ded between two reflectors, e.g. between
suckeplicewtiog Bya4 thanll 1448. q 0058} s Histrad ef 1) leb@pﬂ it lprayire a broad

ba% w%%l Er%ﬁ]}n tgrgnsto n'g l t | I1 w Vel[crﬁéﬁ %e g‘road an F anc{ 1(|1tﬁ¥v(1el[ allow
mrror I's”E6nst arranged to r et
for adotanintfoddésiig fﬂ:e(\’l\ﬂfv ahammgtm mlﬂtﬁhihe nfi@srgeefolf fo2epBcNiMEUV

The multilayer rror corrprlses | ayered struycture, 2
lichpgrenty RO lé‘PtWé‘P"rT Stefh g s aly epsalipw g %ﬁ)ﬂ@a@ fRRptigg) system in which

thS HREHYBE BirBr is[cOBPAkd TR Rinb&mb@lsly el BVehS of 1nte§51f§13a\ﬁd RBows
sel ected fromthe avéup consisting of: Cr and

for @ {peges nungyricalrpger@re La and B4AC | ayers, C and B4C
er I T 4 C
DRI S A BRGNS 0R R LS . BB
alfeapengslaydrawmividarBLA alybisj laySrsaiibe $8-daBgdefoB width Balfim&imum
e and Th and aye an enb |nent
R e Rk g e Bt S Gins i b seeliea & RS
wﬁfeﬁﬂﬁh Q@ﬁ%‘lt%htﬁ% 18feis dhiainge Biad By ey&ss (THBAD ﬁﬁ@élchere the
ers, C and B9C |l ayers, U and B9C | ayers, and B9C

19,090 FiguB 4 shesrsgetlagtangschs B fingijen of wagplenetihy. fop dltqgating
1#&%’\%511 BT %&fﬁ% ?& /B BEEs) HierS YRIERHIES g% ?&9
ay of La

ayers I's tha ers or layers instea
[0D&Rter sinwan Iellannhrom't did/ Be(dayeachnb) &idhii lelyelns, orlsodnliTh/B) layes asld U/B

A R I R TR LS R ) i

plfrﬁ;eﬁd}Omomklbdﬁgr @t theteBY péteriially RdudisQiowler fofdes due to
optics I n EW

absorption of radiation.

[0058] In an embodiment, the alternating layers may be C and B4C layers, C and BoC

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/B4C layers.
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l'i thography at 6.6 nmwavel ength. Also, it may allow

for a pupil of an optical systemin which the
wonditkmyer mrror is conprised to be honbgenepUFER2009/056130

filled in terns of intensity and allows for a |arger

numerical aperture (NA). [0056] Figure 4a is a graph

showi ng refl ectance R as a function of wavel ength |

for alternating |ayers which are La and B4C | ayers.

o G M T T

beaxslﬂan tho recng«: QﬁB ﬂ3 5 mx/‘élieelhgmhnﬂg liy@rs nadyﬂevermpelnng thhcay@s S/hlch is
whi ch AC |

oo § 7580 R B Gt iudd el Cor i e SEbGrafeh

[obsv)Ct i DR aﬂa‘rmﬂ@ﬁeﬁe@@@bmﬂneﬁt%ﬂm hetiRMr nfigork AR MSaiMiGable to
are Th and B4C | ayers (LVB4C | ayers). Here, the FVWHAM

reflect grdmgomnbavineaoerplensh wihis gi58F fihd-> MPhirpocmbadimest. thad

al{e}@ggg 1'a§e¥§a[r§ CPAndRG eghfr%r afY €N e@r@/yl ok ANEL FeeMRNBH be
used 1 nstead of ThZ ayers a LVBAC 1 ayers

sunt@lép@crtﬁlemmashatloﬂwwmﬂ:wwkegih Bﬂtpmral renge Wﬁ%’/ 91§l3l rmwﬁr@ layers have

J ef r eby, pote
3Bt S bbb s BEP BRI R R TN 6B o 4 o
[0&611] e nb@ldmﬂteidtment &feheahﬁlelaybamlﬂa@ 1I1@5ylem mrragurebﬁ TGis aﬁhdo&ﬂéht is
ers, rs.. Cis not
a %?Qe%? re\tfeleég aﬂ%ﬂ%ﬁa thetf??élrr%ir %° rﬂ?é’ mlilwaﬁﬁ @g%Ofaﬂf fighreay theg
chiPMBRSt SRS lhs oM @dd wi¥Sfrudhit E&ﬁﬁ%ﬁ aBRYptRE %{CI‘IQISWhICh
in LaZB4C % ayer s.[0059] The sum of a thickness of the
is pirpnged foalpne the patidrmepntityserkase Switgfle mpferialeio dn dmplayekas ghe
al{rqétwe mawleﬁallqwa%f)ehgr "rar@.? %801(/[813% akﬁg é)ga N rgomglrr]lgtloal tflc%eoq’at i ng
[0aéx)ut 'ﬂhelmmﬁidyea btﬁmtur& bf thé mmlsilalybramikrot DiﬁBﬁBﬁSsuplﬁorteh ey a
first |layer or the seco 0060] The
GBI DO REH SR e Rt et B doied

15 & FTRr&Y 3>’an%l5|1ﬁ(ﬁ<§h|teeantlﬁsﬂe€fﬁls@ﬁﬁmlfe@gf B da @il AMRMbIME 18yers 4, 6.

wavel engt h vvlthlnarang 5 nm In an
Tyidadniitheenultilayds strugture? pihd mgrOIr é}seﬁa@eé b a @imbgn df 3o 200 periods

ofI a"ﬁgrﬁ%ﬁﬁl? lagrersqe Q?)gabl ﬁélll?é{ GF I%}zeirggwg'gen 363!11?({ E’OOhl@[\éﬁehpeq il'should be

foun be’ sul o reflect fatiron wt

noaaiBdt @r idurosktehchrmatic BEipges sofvirig nder8y & ihumstratimé @id that @reg are not

a}‘ave been found to be suitable to reflect radi ati on
FYa"Savel ength within a range of 4.1 to 4.7 nm

[0D64]6 1] FufiRcr@idodidRe br t8f mbiigy&rshitrbd 1aaf@aepmterdnloplg&ﬂe§6 and 7. The
shown in Figure 5. This enbodi nent is refl ective

erphodinggniof Hignre@lidpitormtly te the cmbediged of E%ulte ReHorever. insther

[ L
oAb S 38 B G STRI Bl ] B Boc. R
Ca[mlhg lalyal 12wy chmpése ®ur &nJeRht Os, def Crie, ¢he apatdngrimtiomthereof.

Slgbé S%%H eh;(g%yul?,e sgt’gabﬁh nraatgger(ilé?a]!)r%tﬁ:t(%hegﬁyer%trgﬁ\{}g ﬁ.ltg? }nh i,layer
m@for AYaiGOEHRINAL Ait@Bk. W‘@l’tﬁﬂé thickness for the capping layer may be anywhere
within the range 0f 0.5 to 10 nm.

[0064] Another 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
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[0062] The nultilayer structure 2 of the nmultilayer
mrror 1 nmay be supported by a substrate 8 in order to
wo edaagronechani cal vul nerability. Al so, it is POI/BER2009/056130
noted that the dotted lines in Figures 3 and 5
i ndi cate an unspecified nunber of repeating
alternating layers 4, 6. Typically, the nmultilayer
structure 2 of the mirror lis formed by a nunmber of 30
ri t
cahglﬁl%glgerg? nilags:étpglftaggitu W%fédn%?‘g]dq lé@}ygef S%uta 15rf gr(r)agl e(ftgﬁ)if’utect the
lagdialstdcthe otﬁdtemdlhtlhwt mirhe 1lEgost eenacabatschemat i ¢ Fi gur es

vi ng mer.el Iustralon and that the
B " e P e S DB R R T g oot gt
apFbiaiub inAYEhaitifici®E of ICRNEhOEPbEERErsiodd flaOME BhoGa@iChpparatus
The enbodi nent of Figure 6 is quite simlar to the

deserihsd hetein magghays; offier appiicatiopswerebs the fappfacteirigbifegiind optical

sygﬂeﬁgrgﬁldgncetaﬂ@dét%&{ Tﬁa@teﬁﬁ% k4 %agﬁe%c %oﬁqéin prfegl\ﬁhgseﬁat aﬁé] dRplays,
capping layer 1 e capping layer 12 may conprise

licRird-crysial dﬁplayﬂﬂiCD@)s thilB&Im ﬁiagﬂghq ha@gs, etc any conbi nation

reo C a nge
DT oA P he e FRRHC wp PR S t® aft IRt the 3f ERARE R
offthd ih@dntidn AYRS mtextcdtem@alhth@trztpagz kit wifl b3 Wpjiradited mttltndqmﬁon
for t he cap ayer may be anywhere within the range
mgy beised tl@thfoantﬁ?aﬂptﬁ@@&rxam?& irRFndibrsgarie ppd prherg gﬁuce%?a
alloQ/s ki Qd—trhﬁntZdtoTJﬂﬁcaﬁr’mggﬂa t of Figure 7 is simlar to
t he enmbodi nent of Figure 4 However, in the enbodi nent
[08671Fi glhederins © taﬁetwrayled dfawt pygdhercia echnmatsraﬁ\tﬁmé@lf Wi th

el%g%algg{?ﬁ(gralgl o 1n%?ud1n§ ANEBRt {{F\?}%g(? aﬂleogl éé,\'h %gllawem%ae &g\;eqelngtg of or

['aye
abatdl6635RR48N1d3 May 01b1e6 $m1) ‘mﬁthlxyerﬁaf uﬂamgﬁtd:t (B \pratieioh (dd1Baving
Iay%eg, ructure of |Ia er mrror 1 against
2 EREHEE M YE 124890 5[2(9 SRFRES FPEh 3 WP ULy clectron

bddRyY be made in this text to the use of |ithographic

apparatus in the manufacture of I1Cs, it should be
[00¢fder sYbdespedife emwlmdmsmgmawn@ndpmbm desciiteed @b¢vigeigwill be
appfee ﬁ#eﬁ tMeE}R? 109 r‘be ?&E’ﬁde& gﬁl%rgtns% thah AS Hes@t‘cl’betdhferexample the
acture o Inte d optical systens, gui dan
inaentio b etke tha fqmtdf e x:msptftmpmmnmntmlmionmmmmuems$ of

flat - di s y ui d- ys | ays
b TR (S RED e eieahied » o4 g A L e Rokke
mSHRE (4 4 @erﬁle&ﬁma&clﬁelﬂ@y Iﬁ@\t@acbﬁ eﬂloﬁﬁﬁﬁ() ARG UEIDn Sl €

of enbodi nents of the invention in the context of
pregemeiared thartibgr aphy, it will be appreciated that the
ent r t 0
[0h6% tt%%&ﬁ?ﬁu&@ ll%t?vggrgerngtelﬁfe%i‘% beg‘ﬁ%kgﬁg ﬂoggﬁlggl% *thus it will be
ap@hﬂem\ns pnd S$111n<btn thé ari thetdnddaficafidns oaly bk inatioig rtlaph‘;ﬁnt@m@ﬁcnbed

wta[lmut %ey&%&g grnal%eastcopoerz)f the r(]:gin:sbs%g gﬂt béig\g.d herei n enconpass
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el ectromagnetic radiation, including ultraviolet (UV)
radi ation (e.g. having a wavel ength of or about 365,
wWe29/12484 193, 157 or 126 nm) and extrene ul t PEFEPDIE056130
(EW) radiation (e.g. having a wavel ength in the range
of 5-20 nnm), as well as particle beans, such as ion
beans or el ectron beans. [0068] While specific
enbodi nents of the invention have been descri bed
above, it will be appreciated that the invention nay
Aﬂ%§%ﬂ&1 ﬁghermnse than as descri bed. For exanpl e,
y take the formof a conputer program
contai ning one or nore sequences of machi ne- r eadabl e
IO?SEII‘ 3;: IaO nl% tlld\ge% (I:lllirr(gjr ngstruitgﬁe anla 2 (ci:gon ﬁeé: %a?hatlonbhavmg a
waetpngthiirctho rangepd)f %&hmﬂhsmmluhaw nmgroslmffmg altgodtpy fayers, the
alé%r 2t %ﬁ%n%e%gco :1:}1%%51% he girs}t {;'1 eg{a?% G?e%%lﬂ] %l? Cfr rst tnh g)erclzgnlcﬁsge\r/ ebelng
seiebtewﬁbin th@rapmnﬂtﬂmg od Conmd Skipydre r aml @ h&erar(l and A€ layers, U
lcat I NV,
C r ayg ebIJf Wln?h 6u¥ ygre,par % Eq regsrean% %’ld%’]& Ilagers %Sanfi hBéC layers, Th
arldl%C ﬂ'ayels,dla aodiB ldyeﬂsﬁﬂ\amydrﬁU@hAB NAExs) B1 andl B ldyers, La compound
| t n
anq"ﬂ & 1 ?%ﬁU Vpoug(i ancd%étla[ylér% ﬁ]ﬁcoglll?g%q’]e d a?}@ %yer Lﬁ%%ljnﬁo%ld and
BiGlleycmqut:ommyled ami BaCdnyehsaVh ncgnmiunéandaigmgfefsa@/mmpouﬂd@nd B
ting | c [ | ayer and a
fa eé% ok d I'ay erang%éqe’;eifs e he{% g“en?&‘ﬁ% E%%Y“esr s bei ng
sel ect ed fron1the group consisting of: C and Sc

| ayers, d

L avere, T ARG BoorbinERE NG bAAED She o Bl o
COBQ)@JIh(hSy‘EDtSd fomnie BOG Cbm}'seing of D’dﬁzalwdHaBQa(Ea,lla%r Isals, LaxOarichSe

yers, Cand B layers, U and B layers, Th and B

ayers La conmpound and B4C | ayers, U conmpound and B4C

| ayers, Th conmpound and B4C | ayers, La conpound and

BAC aye r

BoC 1 ayor b PAERTRAMAG ARGAREY T T2, (fleGRIRE QbR o
amayemhwbam@ﬁmhﬂccmmmunmﬂ%mQOEUFﬁyEméﬁszﬂﬂﬂhﬁh,UCk;Uh,Uh,

i kaye r-or I nein the La
Uaubb%&%y lrjdn[r}d) oun@ (gellr}g%’t e romzt%ﬁe%{%?%\%p
consi sting of LaFQ LaH, LaF3, Lad 3, Lal3, La2GCs,
LaSe and .
asg an Tﬁﬁu{lﬁa mTH& Eﬁ)lr(il B%Eﬁm T 50f wRGERuE "[rll%gﬁlsound is

cIa|n11 und i'$ a conp
a gaineondgletted from e gy@tmwpnmﬁlns p%Th(hngdfh, RS, TltBEAT hFABL, This,

UCI5 U3 U4, UO U UGB, U308 U206,
T H h
@?&@ 2’%,%@2 UTe3, UN. U2N3 and U3N2.

311%

5. The multilayer mirror according to any one of the preceding claims, wherein the
sum of a thickness of the first layer and a thickness of the second layer is within the range of 3

—3.5nm.
6. The multilayer mirror according to any one of the preceding claims, 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.
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4. The multilayer mrror according to claiml1, 2, or

3, wherein the Th conpound is a conpound sel ected from
wo b@ogsmup consi sting of ThO2, Thd 4, ThN, ThFBCT/EP#649/056130

Thl 2, Thi3, Thl4, ThH2, and ThSe2. 5. The nultil ayer

mrror according to any one of the preceding clains,

wherein the sumof a thickness of the first |ayer and

a thickness of the second layer is within the range of

3 - 73. 5 Tim m@filaJdrenimedat¢ordiyeto any eneef tha prorddigretpinho whergin the

fnibd) j

oty 61 RO B o I Bl B L S DA e
ngﬂﬁéﬁﬁ3hm@ut 2.5 tines the thickness of the first

| ayer or the second |ayer.7. The nultilayer mrror

according to any one of the preceding clains, wherein

t he 8nul t Theayeltilapgrmpger deeordiogtorany oheef churds kb rvaregpathe o

[

Rl G L A B R b B w AR
rapgpeof of.1-47ais  1- 6, mhereln the nultilayer mrror is

constructed and arranged to reflect radiation having a

wavel ength in the range of 4.1-4.7 nm 9. The

nul i | ay&he multilaper nigomedirdigs tognzanye grekvind 1-61 valicran the 6,

| r nusted.ang -

b e P Lt BB AR AT AR et o e
rapgeeof o@rfgenwf 6.2-6.9 nm 10. The nultilayer mirror

according to any one of the preceding clains, wherein

the nmultilayer mrror is a patterning device

condtr ucTeamdfidyamiapgeebrdiog pruyindef e beeaingfclaimg wherein the
A L BB B o B AR Rt gfine
radla@@rm’ll%mpﬂﬁélaml teressacqtignget portion of a substrate,

the projection systemconprising a nultilayer mrror

according to any one of the preceding clains. 12. An

i 11 U nag\ume%lyw@mwnﬁg@we@mmt ErAtgineqd weiagon beam onto a
tafg@%o@tﬁdn%@ a Q%@t%te ttﬁ%%rd] é&lHﬂﬁéM cgﬂlpﬁé{ﬁ'é @thﬁﬁwrnﬁlﬁb%c&dmg to

| ayer mrror according to any one of clainms 1-

2m1@nemﬁh¢mﬁ%§mashnmsprOJect|on appar at us arranged to

project a pattern froma patterning device onto a

substrate, wherein the |ithographic apparatus

conpei s edn lynination sxpeem qonfigused tg censitinggadigion hganp e of

116 s%st&g comprising a multilayer mirror according to any one of claims 1-10.

13. 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 1-10.

14. The lithographic apparatus according to claim 13, further 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
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14. The lithographi c apparatus according to claim 13,
further conprising: an illum nation system confi gured
wo o00g0smid i on a radi ati on beam a support strUuBCT/ER2009/056130
constructed to hold a patterning device, the
patterning device being capable of inparting the
radi ation beamwith a pattern in its cross-section to
forma patterned radiati on beam a substrate table
constprejetiend syssmhohtiguwedta psjacathe patendd rqgdragpebdaimomto a target
t ured to project the patterned radiation
(%%%ﬁ?g#fgﬁgjgarget portion of the substrate. 15. A
| it hographi c apparatus conprising: an illum nation
syst.em c a radi ation beam a
supdgrt gpﬁmgﬂ%gg %%ﬁégpgc%ﬁ%&%o hol d a patterning
devwgéhmﬁm@0@a$WQnmnﬁ@Hdhvpm@H@QMngﬁ@@pébm@ of
| rrpza Hllcq‘urlé 8 @&dt&ﬂo R@lﬁ tng ﬁ% ttﬁé’ é;’att ﬁlmf td%wce being
cross- ctlon to forma patt rne tio
caputiisofiimpatingtht edeoosbaamcyidoh nagemhab nB qosgumm sotferm amitealed
1a&5%hﬁ%&h°n system configured to project the patterned
Iat1 on beamonto a target portion of the substrate,
whe rehistet gabbropsericdy loldt whtiat:; andsyst em according to
cl ai
acoo T Bl iglstd YEHAGHO KR Bl a3 A e
pationf af gherselebtielg, proj ect a patterned radi ati on beam onto
a tangRt, tHé’ISr je&fbn‘g?stén ﬁ‘d@ didndLordind & cﬁa{lﬁ&h (!l/gqhéiylﬁltnﬁlgﬁon
conpri si ng ayer rror con tructe an
syatpmamg@/@temcmqhn@t@tclanad2 ation having a wavel ength in
the range of 2-8 nm the nmultilayer mrror having

al t gghat \ngojbRye J&teni dogfi@hdab @aﬁdcng BB FdBAHYchSion a
a first |layer and a second | ayer, e flrst and second

ta{gﬁ&/@“é"%’é?ﬁl&s‘é@? dherayieqtion ﬁﬂ%%cog%ﬂag & Bldilayes mpropfonsigycted

ar@REkaed kA BEcS radfetioPREHinG alvay €Eifth &t e B4E2 I8aWe i mdltilayer
and B4C | ayers, Th and B4C I%gers C. and nggla yers,

mirtor hayin angdpyers, fhy alierpsdies f2gra Famprisfhe 4 st Boer dndpercend
la, 8O ErsBinl 336BhSlaydes U sBlobtay £618 the lér@lﬁ @oﬁlshﬂg’ &t Sy an_HfSC layers,

and B layers, La conpound and B4 U conp
CEhd ey £89 B:C efore IR0 el GBres qapd B Wers. La

and B0 0iy6e Ladhd BRO Gybray®r-ad ByCRRQUALnAB mhyae @ hrlyEhgors, Thand B
npound and B | a

e Biﬂ?gfsggac%lg}%g@fdsaaﬁ BRSO B %i%lis
compound and B,C layers, La compound and BoC layers U compound and BoC layers, Th
compound and BoC layers, La compound and B layers, U compound and B layers, and Th
compound and B layers.

17.  The projection system according to claim 16, wherein the La compound is a
compound selected from the group consisting of LaH,, LaHs, LaF;, LaCls, Lals, LayO3, LaSe
and LaTe.

18.  The projection system according to claim 16 or 17, wherein the U compound is

a compound selected from the group consisting of UFs5, UF,, UFs, UCI;, UCly, UCls, Ul;, Uly,
UO, UOz, UO3, U30g, U205, U307, U409, UTe2, UT€3, UN, U2N3 and U3N2.
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17. The projection system according to claim 16,
wherein the La conpound is a conpound sel ected from
wo b@ogsmup consi sting of LaH2, LaH, LaF3, LaCLpCctabBN9/056130
La203, LaSe and LaTe. 18. The projection system
according to claim16 or 17, wherein the U conpound is
a conpound sel ected fromthe group consisting of UF3,
UF4, UF5, ud , Ud 4, UCI5 U3, U4, UO U, UGS,
U308). U20ks projs@idn sysk@daccufiag to ¢AieBL6, UNyr 182WBreim the Th

coﬁ)l(\)%}d]ig%c’:o %lenlr?(fe s?iﬁ&%}ﬁ&[}hh%%?oﬂn}g cor n%ﬁ&%oqll“ﬂgz t[ﬂg%,L’ﬂaNT‘Fﬂ'lﬁg; ThF,,

Tie[Tdbt Bds, fThOmandEhSgs.oup consi sting of ThCh, ThCU, ThN,
ThF3, ThF4, Thl 2, Thl3, Thl4, ThH2, and ThSe2. 20. An
i1lum nation systemconfigured to condition a
r adi2ft i oAnplmrmatioh eysicil eonfigraed togostemarraddivp beai. iy a

t
111{Hﬁ &%gélp%ﬁglﬁa ﬁlﬁl%ﬁnf%\%g%{ageg%tﬁﬂo&ﬁ%{ ét%@%ﬁi%ﬂjraﬁgf%d Eoelfgh&:?
rathheoumlvmg b Wmlengthln dhe rinee io f@;8 ahy the naltltﬂ%gr mayoe heying diternating

L S0 USRI B8P L BIEL R0 s

layes} eitteerdleted from e ayeuppnsesoing P& Cr myl SsflayeGy Craand (Seyers, C and

S
@M&I}SS U a% nggaygri éﬁ?’a%ﬁ B.C ﬁyélgct 5141 E‘E} fs ELa é:}ld@é lﬁgg U and

fayers, ayers, “Can ayers,
Bgdlaydra b psd ByGlakra0.candly &yers, Crimddhldy@o 4@%1%% [Th ardhig

%ré @X%Iﬁpl_ougd 91% % IL aﬁg%%%g 1?19‘%(?8 lCaM ST hyﬁn %d B,

ayers, a Cco oun ayers, conpoun
laycay &rsomMmung avessrid cm&unday@r%c lmrSCHnmmqun%ﬁmd B9C

GRS EOTROUD, A9 BRG) BYELS ORI, e
| ayers, and Th conpound and B | ayers. 2 1. The
T ul nat) Ofssh ety 86k 9% d%ﬂ% tb Qlafph 80, Wh&%m OS] Ghfpoliifs a

La conpound I's a conpound selected fromthe group
cosmmsidseleptgd Dpm gheroupapissisting FiLaH, J@H, LaEalL3C13LIe@Q@8azO3, LaSe
and@$gcand LaTe. 22. The illumnation system according

to claim?20 or 21, wherein the U conpound is a

compound sel ected fromthe group consisting of

853 ’2§F4 %éiluﬁﬂat?’o LJ%QI% accggmg* tUl:l%m%(ﬂ 01‘ 2L1"Q’vhelrg¥ the % ound

isp Sompméd $e|1qcmifrﬁ@tﬂilecﬁﬁ0®f9@seqﬁmaeﬂéﬁa dUﬁgUFf@ U§|13aUﬁi4,2®CIs, 3/1q UL,

r ; | d.S sel ect ed
Ugr%ﬁwgtUOéh@{&suﬂz(%o n%OFQLtJ 4?%9 o% @Uﬁ,_l_[%%ﬁgﬁéj%ﬁ ThF3,

ThF4, ThI2 Thl3 Thl 4, ThH2, and ThSe2. 24. A

lit Q??r aﬁ’f?é 1‘P1u1Bfn9ﬂ1cﬁlcs%t9[H aéb@ﬁi%{g% URinRS ¢, angesh, lePhm e
a pattern froma
comprc))und is a compound selected from the group consisting of ThO,, ThCl,, ThN, ThF5, ThF,,

Thlz, ThI3, ThI4, Tth, and ThSe..

24. A lithographic projection apparatus arranged to project a pattern from a
patterning device onto a substrate, wherein the lithographic apparatus comprises 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, the first and second layers being 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
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patterni ng device onto a substrate, wherein the
I'ithographi c apparatus conprises a nultilayer mrror
w@oostistect ed and arranged to refl ect radi ati onP¢THEP2gY/656130
wavel ength in the range of 2-8 nm the nultilayer
mrror having alternating |ayers, the alternating
| ayers conprising a first layer and a second | ayer,
the first and second | ayers being selected fromthe
Bt loyqus, Eo asi BiCi lmgrsdf andIBsCamatrsSEh hrady%ﬂslaye@r Lagd BJayers, C and B

la e@% %{ azﬂd B a)aeq]sg Eﬁ%ﬁ %%glrs SLaLcymg&gmd Eg(g&/:l e[ré [{_j:otﬂﬁ)gﬁ%g gé %4C

lay@y dhsomifgund mﬂ @@@aﬁem/ én sqmpjoandsrd BBCllwl@ Asgon@orrchng BoC
B Po U1 L s BB RIS

aIderhCBﬂl@)undy&EIaYEIa corrpound and B9C | ayers U conpound
and B9C | ayers, Th conpound and B9C | ayers, La
conmpound and B |l ayers, U conpound and B | ayers, and Th
conmgéund Temldh@riphicereectips appThess icohigr ta ghine 24 mbpsatthoke
' t
co@rgﬁal{cﬂg yéong)%gﬁ)cg %}’?pgt(g)(lij ﬁgmsel (mlp%gns%s %fqﬁﬁz L'Q&,'t@m, LaCls, Lals,
Lie@néa&t gndd-ad$é. LaH2, LaH3, LaF3, Lad 3, LaI 3 La2(13
LaSe and LaTe. 26. The |ithographic projection
apparatus according to claim?24 or 25, wherein the U
conpéundThslithogranhisoueiertige prratagiy agqorshng thelagm dhigr 25, wherein the
i i .. : , |
P Gl R i e b MR St B
UON, Uly2N3 A Q3Ns. 12@s, Urle UsDt. ko &kt & Tjor &iNe &b Noamd UsNo.
apparatus according to claim?24, 25 or 26, wherein the

Th conpound is a conpound sel ected fromthe group '
congi’st i e lghogrptR projpadion appirals aqierBng tFlgkum 2473H 2r 26, wherein

thd th gom%aﬁhél 1s a-Emﬁlgounﬁ @gecga% thg %ou@c&ﬂsfsh%gd’f qﬁlb c’:1"hC14, ThN,

proj ection apparatus conprising: an il um nat
T@s"f@m%ﬂ@tﬁhédm%z ansidiSed on a radi ation beam a
support structure constructed to hold a patterning
devi ce, the patterning device being capabl e of
i rrpéﬂlgtl nd lithpgraphidipepidcion peampiugfapprigingattern in its

Cr 0S§1R&AAIHBH st%nI &Bﬁgﬁ‘e&@%lﬁﬁt%ﬁ% r£<ﬁ£ioﬁ‘iobé?ﬁ‘ beam a
substrate tabl'e constrtucted a substrate; and a

pr ojasBrioBNtrasiae epnsEentdd tgheld @ pﬁtéﬁﬂpngaﬁiewp, th%@ttp@tngélpﬁ%being

capid 9ftﬂn9£h19gemma<a{ahen BeabnAL R paR O ik mresfs sbdhGn BB § phiRmed
wherein the il lumnation system and/or the projection

radipdqneipponpri ses a nmultilayer mirror constructed and

ar r gngReat @abieecfoh%he& fdoffd QBsthaviig a wavel ength in
t he range of 2-8
a projection system conﬁgured to project the patterned radiation beam onto a target

portion of the substrate,

wherein the illumination system and/or the projection system comprises 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, the first and second layers being selected from the group consisting of: Cr
and Sc layers, Cr and C layers, C and B4C layers, U and B,C layers, Th and B4C layers, C and
BoC layers, La and BoC layers U and BoC layers, Th and BoC 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
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the nmultilayer mrror having alternating |ayers, the

alternating |layers conprising a first layer and a
waeemonarohayer, the first and second | ayers bei PQI/EP2009/056130

selected fromthe group consisting of: Cr and Sc

| ayers, C& and C layers, C and B4C | ayers, U and B4C

| ayers, Th and B4C | ayers, C and B9C | ayers, La and

BOC | ayers U and B9C | ayers, Th and B9C | ayers, La and
la@ry, Ah epwpou@d amtBB lhypyse E-8 corpoamdiard Bog Yayes,U dimpanad! 88d BoC

LTS SRR 00 B Y L LS RO A .
angd@ cdompemd abl Bdaypound and BIC | ayers, Th conpound and
BOC | ayers, La conpound and B | ayers, U conpound and B

| ayers, and Th conmpound and B |l ayers. 29. The
lit ri@gr aphd lghggrajhsoré) ention ppyaratts ascoatinop diaimy 2§, ovhelei the La

' . & I e
L bohifelshe AR S SALRTARE 16 Tk S Lot
L@, 3aS¢ znd@@Te.LaSe and LaTe. 30. The lithographic
proj ection apparatus according to claim28 or 29,

wherein the U conmpound is a conpound sel ected fromthe

gr oup- combd léathd)gn@h@fpr@ﬁ@ion bifpdratugpesordy@ 18 clalyCP #or 29CWBerein the
U H!i,rﬁ%ouuhds’ a cloQ %}e 0%%0*%%15‘0%03{);5 ,hLﬂliI@l JF 5%%123, UCL,
Uﬁlsdjﬂedﬂh dﬁ) éﬂbaU@t U50acdkor disAg UsQo. 81 Tai, 128 UN2 §/,Noand 30N..

wherein the Th conpound is a conpound sel ected from

the group consisting of ThQ2, Thd 4, ThN, ThF3, ThF4,
Thi 31. Thi lithggraphicpngsiction prparfiySegording to claim 28, 29, or 30, wherein

the Th compound is a compound selected from the group consisting of ThO,, ThCls, ThN,
ThF3, ThF4, Thlz, ThI3, ThI4, Tth, and ThSez.

20



