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LI THOGRAPHY ALTERNATI VE PHASE SHI FT PHOTOVASK AND METHOD OF M“ﬁﬁsb‘%z /2006
Technical Field of the Invention The present invention relates to :
phot onmasks, Y¥A@/#82%d particularly, to an alternative phase rehridstz/maEsk
(APSM having a damascene structure forned for use with 10 extrene
ultraviolet |ithography (EUVL). Background of the |Invention

Phot ol i t hography is a common step used in the manufacture of integrated

_circuits. I'n phgd AMASCENENE X TRIORIE UBHFR A CIQLAEL IT0ER APHRS er . The
" photomask (al m,mgwm%ggy@m‘%m'sﬁiHﬁP@"}fO%M)fs&M RMEFRoDSOFO be

replicat ontot rrrunT g farns—reftectrve portrons and
absor bi ng portions. Wen |light of a MAHA wavel ength . 117 In anot her
type of photonmask, known as a reflective nmask, the photomask surface _
pattern on the mask is thereby_replicated onto the photoresist on the
device wafer. 20 selective mv@ﬁ‘iﬁ%}&’lﬁ“ﬂé&[—‘éﬁiﬁ!ﬂéﬁﬂi ght to pass through the
mask. The absorbing portions, = which are opaque to and absorb the sel ected
wavel engt h, bl ocKhEnRetenk fayendas sslatestiie Rhrfotags, @nd merskpartitdaryy M4 ssi ve
portions of the mask, which are transparent to the., selected wavel ength,
for exanpl e,2!iowativiaplate shaft snagh () PSMX havingzddamaserge staditert iformed Sorsise e , ,
transm ssive portions and absorbing portions arranged in the pattern on the
mask. Al00 ®Extreme pireviglsslithegraphy(E@HENi ssi ve phot omask, the mask pattern is
created by 15 radiation is then projected onto the photomask. 25 is applied
to the photonask, the |ight is Bekbtectddl thedhfentine refl ecti ng portions. The
reflected i mage fromthe mask usually is further reflected off of a mrror
or) 1 ens system Pheolitbography iea vadfireon stiudad iDthd 2RAAIfE8/eQT ii2€Pfed circuits.

In 'pho'tolithogmphy, a photomask is_p_laced above the wafer. The photomask (also known
as a reticle) contains the pa.ttem that is to be replicated onto the wafer. Illuminating

15 radiation is then projected onto the photomask.
.I;l..the.:_, ;aée. .of la‘ tfanéln-fsgive ﬁhot__om_ask, the rnaék ﬁaﬁérﬁ is cfeatéd. by
transfnissive portions.and absorbiﬁg portions arranged in the - pattern on thx;. rﬁask. A
selected wavelength, for example, 248 nanometers (nm), of irradiating radiation is shined

through the mask. The transmissive portions of the mask, which are transparent to the_

20 selective wavelength, allow the light to pass through the mask. The absorbing portions,

~ which are opaque to and absorb the selected wavelength, block the transmission. The

pattern on the mask is thereby replicated onto the photoresist on the device wafer.
- In another type of photomask, known as a reflective mask, the photomask surface
contains reflective portions and absorbing portions. When light of a selected wavelength

25 is applied to the photomask, the light is reflected off the reflecting portions. The reflected

image from the mask usually is further reflected off of a mirror or lens system, then onto

the wafer.




PCTI US02/ 24659 Refl ective photomasks are used when the illum nating
.radiation is in the EUWW range. Patterning of the transm ssion gg%zu;sgﬁgm
deep WV radi%(gmwﬁpch as 193 nm wavel ength, and vacuum UV radi ation
such as 157 hmwaverength, are all currently being devel opeBCT/EYRAIEY ELV
radi ation is strongly absorbed by condensed matter, such as 5 quartz, a
refl ective phot oniEfiestive Phetamrnky arrsesgd rdien Egvillumipating eadiation Ho i g EUV
increasing the resolution of a photolithography systemis to conbine
-alternative pH&8e RBefipmingnefdhe frapsigsiongedshioisingydewp Y adigid. snaf 4setd3 um

phot omask. In this nethod, selected portions of a photomask are

“manuf act ur ed “agelesgsh, naedlm,fema UVSadidegp, eechpls d§2nm hwak¢lerigth, tiaallcefdntlytbethgl i ght .
Thus, the reflected light fromthe 10 phase shifted portions of the

‘phot omask wi devethped.r (BscauseEYVi ntlatibreisestronglly abkebadetyl @atieded ingledr, fucbrast he

non-phase_shifted portions. This destructive interference intensity patter n

can be u@edqumZpataﬂectwetphmonpmnmcmncmny oRdforEifdr.. This technology is
described in U S. Patent No. 5, 328,754. to Fukuda and in "Opti cal

Technol ogy for EWndthérhaghapbl/increityng the résolutioh of agﬂblbﬁtﬁbcrﬁﬂg' %&Emoiﬁs to .
Anerica, TOPS on Extrenme U traviolet Lithography, Vol. 4 (199 15 In the
prior art reédmishd \skerNBY piaed Shiki REsK QAPENAY tEchholod ith PN UL :{:ﬂé‘dtNE‘eS a
substrate 103 that has varlous | ayers formed thereon. First, a phase

shifting patpiRtdmatR5 IS thid aRMSH &decait Fortibie 5519%%[‘35195!\191% mﬂl@acﬁb@os &

shifting pattern has a thickness of approximately V the 11 Tumnati ng .
radiation W@Mﬁb&ﬁgfahso'd hade d si ng
nger nating thin film|l gg,SceerpSﬁ%%uff\l‘ﬁ)ﬂ‘ie 2%‘{%?1 IE%W{%(}!@&?Q Cd]19°zgﬁ?mﬁé

dof gis' {ﬁll@n fafﬁaéccg,%'i Cpﬁhib‘ﬁs QHI:«# bl[oﬁé’rﬁ:fsk%ﬁﬁ&trgta?be 1%%&{2% %18 hﬁ%@ﬂ%%td Pghﬁness

- The rml tilay aCE]t %gzg p%gs% stteJl 0 !oed‘sl s CF W chifls mﬁeﬁf&c&cic ;Ptgélsgﬁ?' pa%%gganrlhc t he_

mul til ayer s a pa PEFAEy “ab <67 pt1ve

d I h
5?t§ﬁé”§ub§?i§§0[l§t st ol ‘E‘h%‘?’%ﬁc P Rgh e b SHAEENee ¢ nat

St o RORIR thieTod 4t DRR BOTReek LERY Viloenal o Pl res

:can be Optical Society of America, TOPS on Extreme Ultraviolet Lithography, Vol. 4 (1996).
15 In thé prior art reflective APSM, referring to Figure 1, the APSM 101 includes a
- substrate 103 that has various layers formed thereon. First, a phase shifting pattern 105 is
deposited onto the substrate. 103.. The phase shifting pattern has a thickness of
' \) : . approximately % of the iliuminating radiation wavelength, i.e., 2/4. Next, a multilayer

.' stack 107 comprising alternating thin film layers of molybdenum {Mo) and silicon (Si) is

20  deposited. Typicél]y, the multilayer stack 103 consists of 40 pairs of Mo/Si thin films,
each 'pair of thin films approximately 7 nm in thickness. The multilayer stack 103 will
reflect EUV radiation. Formed atop of the muitilayer stack 103 is a patterned absorptive
“metal layer :1.0§. The patterned absorptive metal layer 109 covers the transitions between

areas of the substrate 103 that hayé the phase shift p.attérns. 105 and those that do not. By
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patterned. This prior art photomask has sone. di sadvantages. First, the
.photomask 101 of Figure | introduces a shadowi ng effect. In EUH%’/di‘PZ 06
i-nci dent ra%tuil(aq ﬁomas. at an 5 angle fromnornmal due to the nature 010 a
‘reflective. ROPE conbi nation of obl | que illum nation wRAT/BSMRGHES2Er 0
height of the absorptive netal |ayer 109 causes a shadowi ng effect, which
needs to be voyingdicaddiy ofwlk bissbiptige bl 18702 80D Feaul?6s AL AMRRK: SRIALM 6S-
Typical ly, the photomask is biased toward a snaller dinension in order to
- conpensat e fgitiernefle shadow ng effect. As EUVL technol ogy extends to smaller
design rules, the biasing 10 requirenent may place a limtation on EUVL

mask fabricati on.THRIphidIedt plidinak WY sdilel diRROLRIRS K F%Qltﬂe}hg@ha{k‘hgd‘iaéf

| eadi ng to possible damage during cl eaning of the surfac

phot omask.  Rijat 1dinw8eeant anRRalz dfter PLd BOVE! IneRRAAMBd0 L] L fyecome

apparent ..as the detailed: description o present 1 nve

i ewed.5 BRIER | i _ ] ion is best,
inder stoad buErarar aagen b The bl AYeER Masl A5E Koo AT Bpliare

reference ny : Jyodndi-cat e i dentical . functionally simlar,
and/ or st ruc?ﬂf‘% ﬁlﬁﬁ{mgkg%/z%?g%rl‘é&ﬁtogwelelgﬁoﬁgtgcidﬁuglfaé’eblq%ocra" ¥f’ SngIPTvﬁlgti ve
EUVL al t er nagd.ve S Lft. nask PSM.. 20 Figure -7, are cross

secti onal v?gf\?vés/t’ i“{?lFb&s'%F g :tonée a ecfe%bd" %?SI‘P‘%?E‘? 'gﬁe 3?1 tt)zfl%‘f\ﬂto'?"éﬁ‘lfﬁf't"ﬁ/e EUVL:
phot omask i g, rdance w t.h the present ipvention. Figures 3-9 are cross
secti onal . \r/i-lygﬁv\gl?yoﬂ’ @ %%%?PPM assido ‘Hﬁédf“- gdiggnsion én %’%@’s‘@ﬁ?mﬁ’%%‘?\{qr on
using a contrast,|ayer .. Fi 10-13 are cross sectional views |

;Liust rati ng"cagil"r%"r"ﬂ%ﬂeff&&ﬁt' 'ﬁgﬁ#ﬁf{g‘%w Bi/extendsdo splics designerumgfy bigsing

accor dagge with an alternate enbodi nent of the present invention.

08/ 02/ 2006 WBFEUPY Mayorface pHmRigymAEKY misk ArbiimfioE SERHPT| tBNpRT FTHE
PREFERRED EMBODI MENTS | n accordance with the- present invention, a nethod
for form ngPigforaskd@ids nogplapas, feasiing to ppesidydansisy dprizigvisaning of te sirfase of
alternative phase shift mask (APSM is

- the photomask. Other disadvantages of the prior art photomask 101 will become apparent

as the detailed description.of the present invention is reviewed.

15 : BRIEF DESCRIPTION OF THE DRAWINGS

The invention is best understood by reference to the figures wherein references
with like reference numbers gcncrally indicate identical, functionally similar, and/or
) structurally similar elements.
Figure [ is-a prior art reflective EUVL altemativc phasg shift mask (APSM).
: 2_0 | F.igurcs 2-7 are cross .se_ct_io,nal views illustrating a met.hodrfor forming an APSM
reflective EUVL photomask in accordance with the present invention.
Figures 8-9 are cross sectional views of an _éltcma_tive embodiment of the present
invention using a contrast layer.
- Figures 10-13 are-cross sectional views illustrating 2 method for forming an EUVL

25 _ reflective APSM in accordance with an alternate embodiment of the present invention.

-
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di sclosed. In the follow ng description of the preferred enbodi nents,
nunerous specific details are provided to provide a thorough u i
of enbodi ments of the invention. One skilled in the rel evant an?"Vﬂ)ﬁfﬂb%@
recogni ze, h¥®WGFE192%t hat the invention can be practiced withomusracor
nore of the specific details, or with other nethods, conponents, materials,
etc. In other instppegs.EBESC IF HSE BRESERTED BV S ations are
not. shown or described 1 n detai 0 avo J%Escm—ng—as-pegw%f t he
. .invention. Refer uty .t hi Lficatio "ane.enbodi nent”, "an
" enbodi ment ", orqﬁgl?gérg%n(raggng] e reréeﬁ]? H%rrétgoﬁls % Wﬁ{ﬂoé%%ra?cfr{"g@l & FEqur e,
structure, - Herl S Cri in.connection with th odi ment
is incl udedoélﬂgggét?gg@f}agi#e?%%ggzi'Jr’e?g%?lq%faq[ewwévepp ass'érf'g‘\'qgf r‘F\}@FIt &t}%ﬁ}TH’us
t he, .. appeaf; 0 rase "in one . enbadi ment”, "in an enbodinent"”,
or "ina pre l%?ésg% {élnt%%gq}%%ﬂ%{scﬁ'p\t}?\? Pgﬂlg pbq?%{f?g‘sem’tbﬂ?‘ﬁ‘ﬁ@tﬁo‘tﬂmef% sgegitic
specificatio re _not . essari | all referring _to the sane. enbodi nent.
Furt her n%re,d%%aﬁlg%ﬁ r Vi’d(%giﬁ%l?m}“gfé?ﬁpé@{ghé'f“f‘i’j%‘t‘qﬁl“gé’,f egpodimenekthe inyeatien.nay be
conbi ned in @'{% ﬁqél tatlgl e manner in one qQr nore enbodi nents. Referring to
Figure 2, a Qinsiliedinths frfevant astwill rerogni dRvasr. dhat shegmyentiomeandp dractiod | s
deposited. I n one enbodi nent, the substrate 201 may be silicon and the
pattern | aydfthonnsr merr dhesspesific AeteiisoRi with otheswesiads, camiporsntsomatetidier
materials may be.used for both structures, insofar as the purpose of the
substrate 26% W ?fﬁ?rrﬂﬂ%t?rrcy&t\tﬁlldﬂwmoﬁéruaums‘eatm opevhfialy arheot gibveati ve and -
absorptive portions of the photomask may be forned. Therefore, the
supstrate 2095cHpsf in Betaif Brayeld obseynngraspests of the invantihn.as quartz, ultra-1ow
f’e-;pansi ﬂg titaniumsilicate glass (ULE), and zerodur which exhibit good
t her mal 14t abi | i t §efetn@3h@RaiRO06hisDeOBLObA2S YorRCHHISHRAL thbémGidimdnay | y, as
wll be seen below, the primary purpose of the pattern layer 203 is to
provi de r ai sedprafeaed emhodimwit? Im@atitmt @ paBulie gtanee, pas@res bk fcharhdlerlséé | ect ed
illumnating radiation. Thus, the pattern |layer 203 nay be fornmed from
several typéscrifedinteideation wiSot® eadosiniar Btiched iPht 184t 66d tMBodihé: bRt eri al
conprising the pattern |layer 203 are that (1) the material should be
-~ capahl e of fheiprgerddichiioraMHhugNihk AppHaYanee BOGE hREAsOR bnd BRbSIMAST 3% Lan

-embodiment™, or “in a preferred embodiment” in various places throughout the
15 specification are not necessarily. all referring to the same. embodiment. F urthermore, the
particufar features, structures, or characteristic- may be combinéd in any suitable manner in

one or more ermbodiments.,

- :) - Referring to Figure 2, a substrate 201 is provided upon which a pattern layer 203 is
deposited. In. one 'emb'odiment., the substrate 201 may be silicon and the pattern layer 203
.20 may be silicon dioxide. However, a host of other n_iaterials may be used for both
structures, insofar as fhc purpose of the substrate 201 is primarily to provide a base upon

which the reflective and absorptive portions of the photomask may be formed. Therefore,
 the substrate 201 may be formed from materials, such as quartz, ultra-low expansion

titanium silicate glass (ULE), and zerodur which exhibit good thermal stability.




201 with near zero defect and (2) the material should have good etching
.selectivity to the substrate 201. If the substrate is silicon gg /g /QQBG
di oxi de, the 8attern | ayer 203 may be fornmed, for exanple, from-car

‘The advant ag&kCdf"t#3¥hg carbon as the pattern Iayer 203 is tﬂtatlusmp/tmsal

i nspection may be used to determne if defects in etching of the pattern

llayer 10 203 ar egifiRae Rt wilth@Eabdidy, ¢ ngmﬂﬁ‘g g?r Dsd R aﬁfm l??'e(r)?‘%”ﬂ'ﬁ?cﬁ\a/_ﬁ ﬁg

t hi ckness that wil | cause about a 18 A& 1S

- radiation r E(folvﬁigt ﬁgeof 5648 Ithn%lﬂaé g?eda qg&%@greff H atslg \éﬁgt IP JP%CC %@ip%&%g& er n

radiation reflected from unrai sed areas 0

naving a teeknghs TaPS R b AR R0, LK 8P £ARET of PG 150
and 015 TR A, ?Cffge’é%ag 't‘féﬂ“?ve' RO R Y rRSR Vet RO ot

angl e ofg 5 [ att n.laye 03 shaul d thus_have a thickness of
about 3,736 tﬂggna%éla{sho?l% gtec?fll—’F‘éeuF@ thy and prtopm byt depesitedhgar theosybstater hen
pat t er ned a;bce{ et.ched tod% ‘é‘f&s rai sed areas on the substrate 201. It can
be appreci ated’} %‘ﬁar el e theyragterssh shouddiane gopdrtchingeseeiigtyriethsl y
illustrative, an qu n actual practice, pattern layer 203 is . typically a
conpl i cat ed" h%%&)"’tr tIFlQF sprstratg dssiticns gy silicat Aiowie,ttheepatten oy 203 nRiybs,
pattern Iayer 203 is formed throughout. the photomask in the desired
phot omask  paFR%Er r cxampi 5o saben-\ibeogyantase 26 UsirCR 0l SOhe PALSSH lavend03 t ur ni ng
to Figure 4 a multilayer stack 205 is deposited over the substrate 201 and
Lge renai n#%‘@afmﬁwa@ﬁsectlm maxke wiad teedeterining éf deROB in ttchinmer therpadtimiydr, 40

irs of nolybdenum silicon thin filnms conprise rnultilayer stack 205.
Howevel) oPPkprepessenti als may be used to formthe pairs of thin films and
the present invention should not be limted 5 to nol ybdenunm silicon thi n
films. For exanPereraliypthy paemutaydp@03/sHotildave NihRRidssThROs Yl dairsébout a 180
rut heni um beryl lium rhodium beryllium or silicon/rutheniumthin film

pairs.. magegre piesel shifivintil@hinatidierapRitib® rélectediffdnd ihk FRisdPYreh N fIHAE &N -
|nterlayer between the first and second filns to increase thernal

stabi ity HinchifatingtRNGIBh rdfilRéted Soml 11174943 arekl Bf the substrate (where pattern layer

203 is not present). It has been found that a pattern layer 203 having a thickness of
15 A/(4cosb) is appropriate for genérating a 180 degree phase shift, where X is the wavelength
of the illuminating radiation and @ is the incident angle. For 13.4 nm EUV wavelength

and an incident angle of 5 degrees, the pattern layer 203 should thus have a thickness of

about 3.36 nm.
Next, turning to Figure 3, the pattern layer 203 is then patterned and etched to
- 20 leave raised .dreas on the substrate 201. It can be appreciated that the pattern layer 203 |
shown iﬁ Figure 3 is merely il{ustrzitfvé and that in adtua;l'practice', pattern layer 203 is
typically a compl-icatcd. network that defines the pattern of the photomask. Thus, pattern

layer 203 is formed throughout the photomask in the desired photomask pattern.




interlayer may be, for exanple, carbon. 10 Typically, each pair of

.ol ybdenunisilicon thin filnms is approximately 7 nm(or 70 angégr/@rgs)z 6
t hi ck. Using._known physical relationships, it has been found theoreti ca?Py
that 40 pair¥9B1%28b nm t hi ckness) of nol ybdenunt silicon thparisdnaeasi | |
provide nearly 75% reflectivity for 'wavel engths in the EUV band(e.g., 13.4

nm. Still refer Nergtir@ingtcgtisge 4, a Aulbildh ol 858 itel jhed over
the nultilayer 15 stack 205. Ast\I/ilIlI ger sagen bé ﬁ%tﬁdﬁgérgﬁ%uggtpal?%otelr 207

- Will be usedndsharuitty 5b@bns JiBe PufdBNaybRYES grgﬁ?ez.%}%qm% LfH gaﬁﬁnoe}l erial

t hat has good etching selectivity between the erira
nol ybdenun sadijieemim/Egtoreha k8. comdfifohul used. r Never thel ess. ot her
materials, such as oxide, chromcamﬁlor?Hﬁ%%ﬁﬁﬁfﬁaﬁyf{%‘gevﬁ%@ eéé“afeﬁ*é‘s buf f er

G2YRr- L0 2maalte aaduabin REBAROTRIM n1dd i B S AUREG 200 Sodubbed, 20

Still referring to Figure 4, 1 n accordance an
addi ti onal t&UmQ%deQIﬁud%iirEél of.: ol enuntsilicon,thin fi]Jnms are deposited
over the buffer layer 207. I-frtlh"gﬁem@?rbod?%n%nt ?‘\aﬂ;’!"‘pai'P%Iy%”‘t"ﬂ'fbﬁryfliup‘l’rs are

deposi ted, i - ' i4d 70 .nm. in.thickness. These 1Q pairs .
of pml'ybdengﬁggi&?ﬂie@glﬁhﬁ SR, SpdPReriime prsicondruthenive) Bient al

multilayer gigHs209 pek 10242006 WO 03/.019291 PCT/ US02/ 24659

" Nevert hel ess, gsrs'ﬁebg%gg%vlg,@{h%rf &1&;3 a'tril?)@é’“ i"?‘“? BAY Weupsan wiriaygribpiween

conbi nati ong far.the supplenental nultilayer stack 209.

I ndeed, the t wa??%r%&z%ﬁ%l}sﬁaf?cbﬁ?s%ti}g%’f%q‘L‘tyﬁéd%Hﬁ\’"@ diffugion-t Thayer

stack 209 Lfferent fromthe thin filmconbination used for the -

ltilayer nig%ég%%r g‘éggc’érwrflpgb@rbé’gén bel ow, trenches will be formed in the
stac;l of thin fiilc . Nefxt, still referring to Figure 4, a planarizing cap

| ayer- 1 s de pERiF Gy cherain i nolbdppymisitisanahiniiilms iy appeoximsatalyk? @d%or The cap
| ayer 211 i7% aﬁcr,eferal?ll_ on.the order of 40 to 120 angstrons thick. In one

“embodi ment , & IOREH! |"%ye§151@1@0w§ Phyvieb blationshinsi it hasdreen fotind dlreoeticallyl y, t he
cap | ayer 2hll max_ be fornmed fromother materials, such as ruthenium 10
Next that 40 pairs (or 280 nm thickness) of molybdenum/silicon thin films will provide nearly

. 75% reflectivity for wavelengths in the EUV-band (e.g., 13.4am). -
Stili ,rcfer;ing to Figure 4, a buffer layer 207 is then deposited over the multifayer
IS5  stack 205. As will be seen below, the buffer layer 207 will be used as an etch stép. The
buffer layer 207 should be of a material that has good etching selectivity between the
buffer material and molybdenum/silicon. - For example, carbon may be used.
\) Nevertheless, other materials, such as oxide, chromium, or ruthenium may be used as the
buffer layer. In an alternative embodiment, the buffer layer 207 is omitted.
20 st referring to Figure 4, in accordance with the present invention, an additional
- number of pairs of molybdenum/silicon thin films are deposited over the buffer layer 207.
In one embodiment, 10 pairs of thin-films are deposited, resulting in an additional 70 nm
in thickness. These 10 pairs of molybdenum/silicon thin films are referred to herein as

supplemental multilayer stack 209.




referrihg toFi ue5t h501, gr , renc es are fornmed in the cap silicon

layer 211 and supplenental nultilayer stack 209. The trenches 5@%(1?)’2596
formed using, . conventional patterning and etching processes. Theé buff'er

| ayer 207 i sVQB# % an etch stop. layer, and thus, the. trermbsmr5&Gs
extend down through-the entire supplenental nultilayer stack 209 to the

buf fer |ayer 207Netartlichey, as gare@staht, oihet HBestJreORES r 5 for to be
substantially. over the borders bet vveenGFehe patterrltﬁﬁg@grcgﬁ%’:?atéoﬁjag}%ﬂe

csubstrate  20Lscdibt houghidnhuat BRIE8Eback 180 IWALAT ), AYSE 20T 5Bl eLer ably
|

"formed to a thickness dependent upon the wavel eng 0 ting

radi ation, tfrehe epblepenthl QBiRleld Rk b of; ract j.on.of.. t he .etching
stop. layer (n), and the angll fge of I n?:\}ijlﬁén%eeé'g%g{tr@”} #hFH}W ﬁglg fq%bmaélan

radi ati on ( @jedor thbendi@hyPWaRQ26L! AL | oM | ckness=. ncosp) where m
is an integer. 08/02/ 200% WO 03/01‘3%8?‘%@?%@’%?@%3W@4 %WBFEH‘gfII%ngI e of
i'nci dencé oktabk SFegh ¢RSs, an exposure wavel ength of 134 angstrons, using

oxi de as the buffer layer having a real index of refraction of 0.9735, the
Next, still referring to Figure 4, a planarizing cap layer 211 is deposited over the

supplementa] multilayer stack 209. The cap layer 211 is preferably on the order of 40 to
120 angstroms tliicil{. In one embodiment, the cap layer 211 is formed from silicon.

Alternatively, the cap layer 211 may be formed from other materials, such as ruthenjum.
:"h%/ i0 Next, referring to Figure 5, trenches 501 are formed jn the cap siliconr layer 211
and supplemental multilayer stack 209. The trenches 501 may be formed using
conventional patterning and etching processes. The buffer layer 207 is used as an etch
. stop layer, and thus, the trenches 501 extend. down through the entire supplemental’
multilayer stack 209 to the buffer layer 207, Further, generally, the trenches 501 are
15 formed to be substantially over the borders between the pattern [ayer 203 and the substrate

201.

Although not required, the buffer layer 207 is preferably formed to a thickness
dependent upon the wavelength of the illuminating radiation, the real portion of the index
of refraction of the etching stop layer (n), and the angle of incidence of the illuminating

20 radiation (B) by the following relationship:
Thickness =ma/(2ncosh)

- where m is an integer.




opti mal thickness is about 7 nm For a rutheniumbuffer |ayer, the optinal

.thickness is still approximately 7 nm The buffer |ayer 207 capgle)3 ppued
from an oxi d@v,o 7 oToTFS chrom um ruthenium or other materials. The
fornmul a given above 'is valid for a nultilayer stacks 205 andPQUYSER4¢5%has a
substantially uniformperiodicity. Periodicity refers to a consistent

pattern of thin fThus fot hihckpless iﬁﬁﬂeﬂc@%f@ééé&@ﬁrhldnék?béui-ec%vél%}%{}. &;h pairs.
Irn Tl

In one exanple, this results in pairs of 2.8 nm nol ybdenum m and

-4.2.nm si| i conpsttduiaq ubind RidFRrhobiTRS L¥PRiRla BRIALL BF Rl Yronss e Lhi n
filmpairs, it can be appreciated that other thicknesses are used’.’ n any

event, a uni i paskinesliChst 7RET Bor PuhRNACLERNRYS! BT LRLCRERSER 1 n the

thin filmpairs throughout the nultilayer stac oader

terms, the tdillcdpestnadf 7the Ut bee |§¥§r207icgr? Lé‘gérﬂxlgg 3‘% %P%éyhigé{ tec%r%gﬁ"s or

underages in thickness relative to unitorm periodic incfilm

| ayers disr ebdhkdm,'uﬁ;,.,aﬂﬁﬁhg,i&id@guqrggeﬁggffer | ayer, should have an optical
path that is a multiple of 2;t. Thus, as an exanple, assune that the

he nom nal 4.2 1 Trrebraee Bof e e EXR Fhfrr ona i R R ckness

the nom nal 4.2 nmthickness. n suc

opt i cal pat e AL for ety el wiES i 4B PRI iobHun By

optical path. The buf I"ayer 7 serve

when the tr ar formed i.n_the supplenmental] nultil ayer  stack
209, ‘the pr g@%géc@%hﬁigﬁ b??c:"élmgsr'lécr?erqgg ﬁ%bffa'ﬁsaﬁgo‘ﬂf’eexﬁﬁpkoﬁhfﬂ’9“36!1’(9‘*6?I ed.
Second, if rror .,S,.made.in the etchi process of the trenches 501 is
discover ed, %P%ig n@ﬁ‘bopwbedﬁ%ﬂ? g]m ﬂ[ﬂ'?rﬂ 'gélé’l’” 538%‘&""2@9‘- Fanetherdppas afmpatepaly ) can
be’ stridppe away, and ﬁx new supErIEj mental nultilayer stack 209 can be fornmed
on the -l {9 PEEPe WnLiim payes, RR e apfrecipted tht ofier thisknesses aramsade Ineny ect ed

W t hout destroyi n_g. an 25 expensive mask bl ank. Conceivably, mask bl anks may
be even reu®El. 28N HBICRGISEY WiF 30 badmpaonFig FoknEsse s HOth tthic it pairs :
appr eci at edlthat_ the trenches 501 shown in Figure 5 are nerely illustrative
and that i ntERuekpyt the mudtinyes stagks A% meds20801 are typically a conplicated -
network that defines the pattern of the photomask. Thus, trenches 501 are
fornmed throughod® broaderdermsothg dkickngss of the buffer layer; including for any overages or - & -
¢ underages in thickness relative to uniform periodicity in the thin film layers directly
15 . adjoining the buffer Jayer, should have an optical path that is a multiple of 2z, Thus, as an
example, assume that the topmost thin film layer in the multilayer stack 205 is 5.2 nm,
instead of the nominal 4.2 nm thickness. In such a situation, 1.0 nm of this thickness
;,) should be accounted foras part of the buffer layer in calculating its optical path.
The buffer layer 207 serves at least two functions. First, when the trenches 501 are
20  formed in the supplemental multilayer stack 209, the precise depth of the trenches 5-01 can
be uniformly controlled. .Second, if an error is made in the etching process of the trenches
501 is discovered, the_--s‘uppl'emental-multil'ayer stack 209 (and cap layer 211) can be
stripped away and a new supplemental multilayer stack 209 can be formed on the

multilayer stack 205. Thus, errors in patterning can be corrected without destroying an

-25  expensive mask blank. Conceivably, mask blanks may be even reused.
5 _




1

the desired photomask pattern. Next, turning to Figure 6, the trenches 501
.are filled with a nmetal layer 601, typically using a blanket sggtteer/2006
process. Al t‘e,;,ror]}ﬁ}i vel'y, physical vapor or chenical vapor deposition nmay
al so be used. d3tal 1ayer 601 may be, for exanple, tantBGCHVSREIGe,
tungsten, copper, chrone, tantalum tantalumnitride, alum num germani um

or silicon ger miuatiBe apprechiad theeR thAchas SO AbiAT RS : ¥ alk Rfdre 1P BRLEBRIEM OF
al umi num provide a 10 preferred | evel of performance as the netal |ayer

- 601. | ndeed an@that Rchlal Blacticl aenkifes 36D @FAy hi¥alBSQRPlENG RbwdiMat kiggHeat | on

may be used. However, 1t should be noted that the nore absorptive the

mat eri al  useith patth® deaeIhofoRgsid gk %ﬁc‘?]eééﬁoﬂelﬂh@foﬁﬂ&%n%@@?ﬂthﬁ ghﬂrtrg#!ggmf ;ySt ack

209 need be. Still referring to Figure 6, the portion o er

601 t hat istmﬂkﬁhﬁqmbkﬁﬁgﬂﬁﬁ,n501 is removed. Typically, this is
acconpl i shed using 'a chenicaf mechani cal polishing (CW) process, using the

cap | ayes 211 asngpalhifd i %%Hre g, hl'ﬂg trehdhel §Ogéleer g{[ﬁ"dﬁ\gitﬁ gal%ct%lhl%y Gagy,! ayer

211 be formed froma mat2rial® that has goo sél'ectivity to the

, [ . i ively,..the.. i f th L, | 601
L Yer oty B bl B AL ANPRROL a5 R LB 5"

that 1s outsi renpved usin 0
Finally, tuphy I i an ti | step, a thjn amprphous silicon
Cayor yo1 - Pelflod fay a8 bEucte, Te FuPRlerd0Tnd o8l SabplroriFiryBifeoy. ~°" -
within the h 01, The i ckness of. t he anorphous sili.con,.|layer 701
L ot o or bl GEREY SoprE stpobitantali. SRR i o RGBS G PR |
Several advantages of .th hot omask of Figqure 7 can be seen. First, because
,'tSDe 25 | nc% Eéﬁ'ﬁ”rﬁmﬁrfﬁﬁ?’&’?‘i g’H“‘{TE" ’E’I"Paélgf gﬁt BSFMERLM S BN RICVISRIAL i | ayer
st/ack ﬁ%Q whi ch {'s %é 9.08/02/ 2006 5 W 03/019291 PCT/ US02/ 24659 _
subst a tlaJWQEVﬁﬁegﬂ pesfomance pehiemetlayi&Ohet al | ayer 601, the shadowi ng

effect is nearly nonexistent. Second, because the nmultilayer stack 203 and
“the suppl enent alln4FE:t30y W@pa!stp%{dkgenera’lly absorptive of EUVL radiation may be used.

However, it should be noted that the more absorptive the material used, the fower the
. “thickness of the supplemental multilayér stack 209-need be. "
Still referring to Figure 6, the portion. of the metal {ayer 601 that is outside trcnchcs
15 501 is removed. Typically, this is accomplished using a chemical mechanical polishing
{(CMP) process, using the cap layer 211 as a polish stop. Thus, it is preferred that the cap \
layer 211 be formed from a material that has good polishing selectivity to the metal layer
‘) : - 601. Still alternatively, the portion of the metal layer 601 that is outside trenches 501 is
removed using an etch back process.

20 Finally, turning to Figure 7, as én optional step, a thin amorphous silicon iayer 701 -
is depdsited over the cap layer 211 and the metal layer 601 within the trenches 501. The
thickness of the amorphous silicon layer 701 is preferably a few angstroms, in the range of
40 to 120 angstroms.

Several advantages of the photomask of Figure 7 can be seen. First, because the -

25 . incident EUV radiation is reflected by the 'supplemenfa!_ multilayer stack 209, which is at




301 are conductive, the overall conductivity of the photomask is increased,
.which facilitates protection of the photomask from.particle 0g8/02/2006
cont am nat i 0@0{;%29{29 t he phot omask design' of the present invention is
anenabl e to optrc l nspection and focused i on beam (FI B) relfa’¥SR&¢HHol ogy
for opaque etched defects. O her known techniques for repairing clear

defects may sbgwtbiy tsedme panarduaip ©e nRBE Y8 4100 the isfadd@fifz! difR@ds hihl. S. -

Pat ent No. 5,935,737 to Yan and assigned to the sanme assignee as the 10

- present i nvemhedsieatFourth, because the surface of the photomask is
substantially flat, it can be easily cleaned, when conpared to prior art

EWL reflective &kdoadnaichuse tRhAGE! &H‘Jtetck@fo@taﬁafafekﬁxgpi&(Qﬁtﬁl%ﬁ@ﬁih%%i@kSe of

the cap layer 21 1 and the optional anorphous silicon -

cl eani ng pr doessesoduclivd) ohe dRBRO & ENRGWRISE livd | i | ayer
stack 209 or 15 the netal [|ayer 681. 'Il'hgpprésegﬁt?ﬁ%nﬁ{@g&g%%nﬁéﬁhodi fied

to aid |6 { imilienasicth T phEBRbd fin paieole BRGLANRRK during its

manuf acture. In particular, turning to Figure 8, 1 n addition to the

mul tilayer stackT@fp thd e £ Y& h lement al, nul ti.l ayer
stack 209, and the ctaprb:ﬂgtsgéglZ?chl%eﬁ\%]g%%sgﬁsﬁ @;%ﬂgg ‘éoaﬁ‘%er“%’é‘i thgPIRyer 901

is al so depgsi . I l. r 801.is a mater,i t hat can
provi de goo’gﬁ%:%ﬁg? %n-sE?S %%?%gﬁéﬁ@%eﬁ g aéﬂgcglﬁglo%gf apieye Ftélzﬁddﬁéc?f _@Fhef orm ng
trenches 50 L0g: Fcal d.n ctign techniques., I n one enbodi nent, the
cont r ast Ia%/ﬁeorv}h 8 ﬁ"qé‘gg} %)g?ef%'r"ﬁ%glg?rr‘fg%c%g}aﬁﬁﬁ?%ﬁéﬁ'ﬁ’mlﬂbe’f"’ﬁ@%H‘EFe‘F’F‘??%g cap
| ayer is . ihkcon dioxide,..or gther material that contrasts well
wiit h car bgﬁg %egﬁ{'l? %nllﬁudmg'ﬁli%cpfgg',3’%(;#?2%%%?@&3%@3“6‘? the [ipBRRIgnesey i so be
‘used asy g g&rgstc{]p.gt h.a er 801. 10 08/02/2006 WD 03/019291 PCT/ US02/ 24659
After patter [T 0'g_tchi ng of the photomask, optical inspection can be

ning a
conduct ed beca:llgse 2 hlag‘h '?‘Et i cal ?nt rast can be obtai ned between the
etched region ang fh&ccayiie sudcs Béi 16 RhQteRaskdl supstapvndly flantit eastbeleasir 801,
In Figure 9 E}%f &ly‘E)es of defects are shown: a protrusion defect 901 and
an intrusi GIF2HEs SEEN gempared ta i it EYN Laeflestive alierntiveiplsse shifiphatbmasihot omask
t hat shoul d be etched, but has not been etched. An intrusion defect is an
A Moreover, because of the cap layer 211 ‘and the optional amorphous silicon fayer-70t; =
cleaning processes will notdamagc the underlying supplemental multilayer stack 209 or
15  the metal layer 601-
The present invention can be modified to aid in the inspection and repair of the
. photomask during its manufacture. In particular, turning to Figure §, in addition to the
- ) : multilayer stack 205, the buffer layer 207, the supplemental multilayer stack 209, and the
cap layer 211 being deposited, a contrasting layer 801 is also deposited. The contrasting
20 - layer 801 is a material that can provide good contrast between the etched and unetched
regions (for forming trenches 301) using optical -inspection techniques. In one
embodiment, the contrast layer 801 can be formed from carbon, assuming the underlying

cap layer is made from silicon dioxide, or other material that contrasts well with carbon. .

Titanium nitride, tantalum nitride, or chfomium may also be used as a contrast layer 801,

- 10




aréa of the photomask that should not be etched, but has been etched. A
_protrusion defect can be repaired using conventional focused i@g/lg 006
(FIB) t_echno\é,gglx %98' renove the protrusion defect 803. An intrusrion defect
903 shoul d ba 3w8I%ded in the patterning process by using otHE/UIRHBHKHY
techni ques. For exanple, one nethod is described in U S. Patent 10 No.

5,935, 737 to Yaafanftashgneetckig bh@e §Iﬂﬁ@‘na§§$§lpgmﬁxsl?e%tiéﬁ‘&nnfe‘%§ﬁ%ted
i nvention. However, the use of the contrast [ayer 801 is useful for

. i denti fyi ngetdie Hefi@ChstcS LoMrastOBIn 6lobhRE BEGMES the TRERIIEABINI AAE &S €PS
shown in Figures 6-7 may then be carried out after the defécts are renoved.

Thus,. the ngtded a8l cRBid by tleRMGES: RFeO0R! 1H ?%ufé@&%@ﬂ%?és BPgbea e al  CVP.

I
15 process is perforned. The contrasting |ayer 801, I n0ne enbodi nment

car bon, Magh&lS @ pRELNEn e 9%11@5&9&&5?6\5%@&?@05.6& ptr%}ﬁ.ls%eﬁrcﬂﬁ G sred S

stopped on the contrast |layer 801, the surtace of e netal lTayer 601 is
eianifi et . . . »
Sontrol 7ot s PRAGHRIARE fiou NS Al T s RO E Rl CRRATSRIBEAR L Y |
this exanblgs of e sl YK siohh 4ot b9§t§%1dal§.|t L&ls%egr;@gfb.{d%efm@s@ n q%?elfcg?“ he

resi due can renmoved Vi a oxygen asma e ernative

contrast |ayer. 801 - e I v e a, convent | | Jift-off rocess. In |
t hi s case, %%/ ée fc%{:e ness of &{Tn%gmgoéé N %‘s'tonl g?gr(kfﬁ;qﬁﬁj@f’fé%gﬁ’ §enlwg'§g§°t han 20 .
nanoneters. Al though, §hi s nethod ) S,in surface th i.S not as pl anar
a0t ai nebrotufi R 403 AsTBlaE dFt adne B Ak E RSt Pl eshar "t han
advant age B SRR IGOUb RePaLES P BRPIS ) KPR ¢ oot Oy 58006 vO
'03/012é?1 PCT/ SO%IZ%&XQ prgcess is toretain.a good filmuniformty of the
cappi nig’ | alfer 731737 Ao gpd psyieradcly the rsgme Rsighef 25| (e JHFseRc KveRig™hi gher
selectivity to the silicon capping |ayer as conpared to the CMP process.
Still alt eﬁﬁ‘&fﬁvﬁré’l‘eyyseo‘éﬁ‘ e éoﬂg?ﬁé\}‘i)’ﬁgs 1hie useil fosddentibyjreg theydafqetst usyres

process, a blanket 5 etch of the netal layer 601 nay be perforned so as to
recess t heoptealagchnigyesr 601 under the capping layer 211 or the suppl erent al

mul tilayer stack 209. The recess depth can be in a
S - The remaining steps shown in Figures 6-7 may then be carried out after the defects

are removed. Thus, thc metal layer 601 is deposited over the photomask and a metal CMP.
' .15 process is performed. The contrasting layer 801, in one embodiment carbon, may also
serve as a CMP stop layer. After the CMP process is stopped on the contrast layer 801,
the surface o.f the metal layer 601 is significantly ﬁaore planar.. This in turn insures
B \_) increased uniformity control in the next polishing step to remove the cfmtrast layer 801,
In this example, the cap layer 211 is used as the stop layer. Any carbon residue can be .
20 . removed via oxygen plasma etching.

Alternatively, the contrast layer 801 may be removed by a conventional lift-off
process. In this case, the thickness of the contrast layer is preferably less than.-20,
nanometers. Although this'method results in a surface that is not as planar as obtained

- using a CMP process, this technique is still more planar than a photomask fabricated using. -

25  a subtractive metal technique. The advantage of removing contrast layer 801 by a lift-off
: ' i o ' '




range of 0-30 nm The contrast layer 801 is then renoved. using a lift-off
.process by either a dry or wet etch. For certain netals form nggyne nebals
| ayer 601, t ed nmetal |ayer has performance advantages. 10
Finally, Ii kgﬁ)t%@q{iﬁgodi nment described above, a thin anor phoggwé’?‘fzi':’dfbﬁ
coating may be placed over the photomask as an optional step. Another
advant age ofocessiing rethim a goodtfilmsenifoayier o8¢ cippingHagter £hle  dometraadty etelyer 801
can be used as an "etching test layer”. Thus, any errors in the etching

- pattern toptyeess mprlintadicbisvohighe sphoivipiste sdirorbappidg laeminadpbyed fid r st
etching the contrast |ayer 801. If errors are found, then the contrast 15

| ayer 801 twiCNfRpmoegpai red. Then, the contrast |ayer 801 can be used as a
hard mask to etch the underlying supplenental nultilayer stack 209. Turning
next to Fi gur esStiliGi@atily, bkfoer leaboyivg tierdbmehstaydr befliftdfé pcesanblasket/ent | on
is showmn. In this enbodinent, instead of using a pattern |ayer 203 to raise
porti orfs oéicli bitthe etk layen el may o€ ferBPined $ohe tamekas thinvtal $ybs6@Etdérshet ched so
~as to |l eave recessed regions that 20 will |ower portions of the nultilayer
stack 205. cappinBiidyer 11Q dricigiupidMental BulbRydrafack 200 Thé fecis e¢ptiiedn bd e
substrate is patterned and etched to provide recesses 1003. In one

enmbodi ”Entr,an%ehﬂ'osmbﬁﬁ. Tt BortRAOayBR B0 DR tienlréfidved 0sing AN HH6cesfBy di@ted above,
a host of other materials may be used for both structures, insofar as the

pur pose ofa dr@r Gedsdh Fbcek@Mimétls BdriniiIthd MethiQayRF OV, €R réccBRdMethp @jerthi ch t he
25 reflective and absorptive portions of the photomask may be forned.

Ther ef or e, hat D& fobRaRBLAZhRRA6 WO 03/ 019291 PCT/ US0212 1659 substrate 1001
may be formed frommaterials, such as quartz, ultra-low expansion titanium

stlicape glass Fiﬁbﬁgwqﬁlﬁg&gﬁﬂ% aefse&gd EHOE fihe aOHosGHiHRlcomdal | T LY.

As wi Il be seen romary purpose of t recesses 1003 1st

provi de !n%&el;eg;gac @?gﬁ_tﬁﬁhﬁﬁOé%Ask eag%g%gﬂo%%ép? eArE;mg r%{ibz[hlglzfcr@fcéf%‘s\’lﬁ?ﬂw

illumnating radia ppreciat'e &€ recess 1003 shown

in Figure 10 a Ly jllustrative apd that in, actual .,oracti »l €Cess

1003, (s ¢ yorEa) Ry ReS gt bk ief RO el istd RER PreRBaTRL BTt * The

. photomask , Fhus, 1608588 003 3hberk %6 TSmO UARV et i RRRL RS 11 the
determined by first etching the contrast layer 801. If errors are found, then the contrast -

15  layer 801 can be repaired. Then, the contrast layer 80] can be used as a hard masKk to etch

the underlying supplemental multilayer stack 209.

Turning next to Figures 10-13, an alternative embodiment of the present invention . e

- ) . is shown. In this embodiment, instead of using a pattern layer 203 to raise portions of the
mﬁItiIayer stack 205, the underlying substate is etched so as to leave recessed regions that
20 - will lower portions of the multilayer stack 203.
Turning to F i.gure 10, a substrate 1001 is provided. The substrate is patterned and
" etched to provide recesses 1003. In one embodiment, the substrate 1001 may be silicon or
- an oxide. As noted above, a host of other materials may be used for both structures,
insofar as the purpose of the substrate 1001 is primarily to provide a base upon which the

25  reflective and absorptive portions of the photomask may be formed. Therefore, the
_ > _




phot omask pattern. One di sadvantage of the enbodi nent of Figures 10-13
.conpared to the enbodinent of Figures 2-7 is that optical inspggligdV PBye
not be used {‘,Q,(gﬁ,‘ r{n ne if 10 defects in etching of the recesses 1003 are
present. This iS bécause there is little to no optical diffcfEHEM2BEReen
the recesses 1003 and the substrate 1001. Cenerally, recesses 1003 shoul d
have a dept hsubsteate P01 neguse faibeditfran b8fridegred aphase, siiaflowidkpansion
illumnating radiation reflected fromthe |owered areas. relative to

- 1 11 um nat i nefitaidh atifcatn ghef (URE), @dd faradur whicheriibit- asarerail stabRingubst rat e
(where recesses 15 1003 are not present). It has been found that recesses
1003 having a depishwitlf be3sted Geis®) tleSprinaPP bofpbicadhe FREssGeIRBat kdGroRidk 80
degree phase shift, where . is the wavelength of the illumnating

radi ati on .arow&ed srehNehai Wi desta pingé ﬂuftﬁ'@'i'efﬂz@{edjfllfbmnﬁwv YRWELEN# dnard 5
degrees incident angle, the recesses 1003 shoul d thus have a depth of about

3.36 rimS Nasprecisted khat tief @dsé ngo3t Qlotﬁhqwmﬁgul@io %ermérrslg 1%}’3%:1»%%@19“111&995 s
n

deposited over the 20 substrate 1001 a into reces one

embodi ment , adalnRidtise, dbcessTOY AGpiAN;Sd édnﬁﬂfeatw{aagéﬂk t@ogﬁ’x{é?'iﬂesﬁuém' Jel | ayer

stack 1005. However, other materials be use rmthe ‘pairs of thin
filns and the MoRsASE mige.ra&egyal ME
nol ybdenunt si Ilfhcon thin s. §b]:pexgmrrg\% t@%llb@éﬂenﬂ]nfqbeﬁ MG the desnrcd

St T i
P, o OB et 8 L e TR
IR o T T T N
0t i Ly 20, P
L) Ol o o S

referring tiglfi gure 1Qr buf fer Ia er .1007 is then deposited over the
mul tiFayer hIfto it ‘]%‘“W"EI ’aﬁ@“g'éefﬁﬂ%'&qdoﬁlomt e loweredr areasy eqlati@oe wi | | be

used as an_, ., . .
o illuminating radiation reflected from unlowered areas of the substrate (where recesses
15 1003 are not present). It has been found that recesses 1003 having a depth of M(dcos8) is
- appropriate for generating a 180 degree phase shift, where A is the wavelength of the
illuminating radiation and 8 is the incident angle. For 13.4 nm EUV wavelength and 5
: : \) degrees incident angle, the recesses 1003 should thus have a depth of about 3.36 nm.
| Next, still referring to Figure 10, a multilayer stack 1005 is deposited over the
20 substrate 1001 and into recesses 1003. In one embodiment, 40 pairs of -
molybdenum/silicon thin films comhris’c multilayer stack 1005. However, other materials
may be used to form the pairs of thin films and the present invention should not be limited
- to  molybdenum/silicon thin films. For example, molybdenum/beryllium,

- niobium/beryllium, ruthénitnm/beryll-ium, rhodium/bc"ryilium, or -silicon/ruthenium thin

13




10 etch stop. The buffer layer 1007 should be of a material that has good
etching selectivity between the buffer material and nol ybdenun ggl/igcpn2 0b®
exanpl e, car anoHRy2de used. Neverthel ess, other materials, such as silicon
oxi de, chromium or rutheniummy be used as the buffer |ay&CT/YSHV/H§59
alternative epgpodiment, the buffer layer 207 is omtted. Still referring to
“Figure 10, i nl'AtBYrSdeaYclE wikd HFurther, the esienaf thinvidms map inchrde awlihicrihgnaktwkon
nunber of pairs of nolybdenunisilicon thin filns are deposited over the

- -buffer |ayer thedies and pecond filsro dicmese therh®l prabitity il t6 picvent idte¥BiffLiSn. The
deposited, resulting in an additional 70 nmin thickness. These I0 . pairs
of . mol ybdenuni'stlryes 81aytbhi fiar §xaings, @rbenr ef erred to . herein as suppl enent al

mul tilayer stack 1009. Neverthel ess, as noted above, other types of
reflective thin filypicalntsachepainofanoiphde@On/biticarsiith filds it RgprSGRREIGNERA 2br

mul tilayer. stack 1009. Indeed, the thin filmconbination wused for the
suppl emental ThAngstioays thisit. addinglH@Im physidnt reditioh i@t hhy Gudh ERAd tiRbloetikdllym
conbi nation used for. the nmultilayer stack 1005. As will be seen bel ow,
trenches wi | Ithas€0 phivs (r@SD mmt thizknesd) @€ knobfbdérindisifiddnTBin fNG&Lil &oﬂli@ﬂéa‘i‘igi zing
cap layer 10.11 is deposited over the supplenental multilayer 25 stack
1009. The cafisveayBectiviy forimavaérmiie vt FUbahi .Q,rggfnngt 4040 120 angstromns
thick. In 14 08/02/2006 5 WD 03/ 019291 PCT/ US07/ 24659 event, a uniform
periodicity referStll aefeaiticn® Ermei 8L enbufidd kiSRS ' il mpairs
t hroughout the nmultil ayer gstacilgs 1005 and 1009. §(;mr? gr@%‘?ﬂ?&%@@r@@ﬂ% '
t hi ckness of muhHayerfker (0@Y eLs wilnge d6H , underages in
t'hi ckness rel ati v)lg to uniform p’el%o%ig{cP??/‘L%le?ﬂgef%ﬁq?ﬁ%ﬂ{ téey'ésregg?jfl ectly
adj oi ni nd t hechubs emhd : : i+ th that. is a.mltiple
of Zit. Thus, as gn e%ﬁﬁgllaey?pggzS@@%a@tﬁ@%’%gﬂr%g% ﬁoﬁ‘lti ﬁ“‘@w RETEVEY in
the nmul til aygdw S i d the nomnal 4.2 rim

t hi ckness. 1n sﬁégﬁﬁﬁbéﬁgﬁﬁ@gﬁ?r‘%ﬁ [g}br?ﬁb l(;)]’?;s@ ?"S'O%?{ieé?lwg%?@ﬂ%maﬁ%ﬁésed-
accounted f t huffer layer i alculating its optical path.
The buffer %§§§h€%7°tgéerrr{’/£§'a§t Eulcggss lﬁ%\f\'/c)‘)h dgh‘gw’BWE‘r O 'P‘}‘m\m%’rp"tqﬁ%d
Lrenches eaak it Byl R lRab i n R dRR R B fhbre ek b A Shick 20K 2009 the

Still referring to Figure 10, in accordance with the present invention, an additional
15 ‘number of pairs -of molybdenum/silicon thin films are deposited over the buffer layer
1007. In one embodiment, 10 pairs of thin films are deposited, resulting in an additional

70 nm in thickness. These 10 pairs of molybdenum/silicon thin films are referred to

“\) herein as supplemental muitilayer stack 1009. |

Nevertheless, as noted above, other types of ref_I_e_dive thin film combinations may

20  be used for the supplemental multilayer stack 1009, Indeed, the thin film combination
" used for the supplemental multilayer stack 1009 may be different from the thin film

- combination used for the multilayer stack 1005. As will be seen below, trenches will be

formed in the stack of thin films.
Next, a planarizing cap layer 1011 is deposited over the supplemental multilayer

25  stack 1009. The cap layer 1011.is preferably on the order of 40'to 120 angstroms thick. In
: ‘ 14




1101 can be uniformy controlled. Second, if an error is nade in the
.etching process of the trenches 1101 is discovered, the suppleggned /2006
mul til ayer (and cap layer 1011) .can be stripped away and a new
suppl ement aﬁ%&%@@,ﬁ%ﬂ stack 1009 can be formed on the nul tRGTAYR/ 24659 ck
1005. Thus, errors in patterning can be corrected w thout destroying an 15
expensi ve rESR: Bluaviem @oindieity edfiiry fo hevirlg dahaak thidknekss RUROHIL RS Paird t Can
be appreciated that the trenches 1101 shown in Figure 11 are nerely

- i1 ustrati veroggibut thamuitileyacstavih 1G05a@t 108, trenches 1101 are typically a
conplicated network that defines the pattern of the photomask. Thus,

trenches 1101 adiebfoadaredtmsthe ugdiatds drite blﬂf&f)la%F?-ﬁxKluHmgtf&eange@iefﬁ% @hot omask
pattern. Further, generally, the trenches 1101 are 20 forméd to be

subst ant i alungeragesrintthiekragy eieitive BE iR LARAIES 85 58S thh0 93 A | bstrate
1001. Next, turning to Figure 12, the t?encﬁgg 1101 are@Ti ?%é% g\fct?lg a netal

| ayer 1201 adjoinjj th@bdffer g hodld a0 edptRR phih Fhat RI-GFAT e o%&.efdl{lf’é}fiﬁ‘éﬁ' Y,
physi cal vapor or chem cal vapor deposition may al so be used. e netal

| ayer 1201 ermyplgessubie/th@ @ BhRost AR A WhePintthd A rét%%gr%%?&o er,
chrome, tantalum tantalumnitride, alum num gernmani um or siTi &h 16

08/ 02/ 2006 irdfond bB bl bR 4RCH OIGled SR IPL TR 1. b8P pRERR LU

prelimnarily that germaniumor alumnumprovide & ‘preferr

per f or mancéhoaR Hehige . material that is generally
absorptive of EUVL %?gr%%%ﬂn%@ ge %ls@ge?%%@g%lg?fs?qt’La'rpﬁ }d be noted that
t he nore absor pgy | d..the lower_ the 5 thickness of the
suppl enental mu Htc;bﬁg%/lje]?yeg? gﬁge@ﬁﬁgﬁﬁa&f}vc’n@?ﬂgﬁIlf"sf’é‘fh?f‘ thedgnelsstiQure 12,
tHe pgmti metal, |ayer 1201 that s outside trenches 1101 is
emoved %%?é:%\t‘ﬁ'f "}chsf‘%f"‘f‘ge%ﬂgé'b‘#‘b'ﬂ% 156 fa@s%ﬁ'eér%rﬁee@l ofrthe Heprhes|
pol i shing r oces usi the cap layer 101 1 as a_ polish stop. Thus,
itis prefle[rgryggcp b%t"ﬁ‘é{?“ﬁ%é"%féﬂgq- a{}é?"dszn Breorripmadedn thegtahingriecess ofithe hat  has
good pol i %H:in&% ﬁﬁ@eﬁ [vity t@ the 10 netal layer 1201. Still alternatively,
the portion or° §discqveredy br supplemeniahmultilayer atask d 809 (and nahlagerl00l) i s

removed using an etch back process.
© <+ o canDe siripped away and a new supplemental multilayer stack 1009 can be formed on the

- multilayer stack 1005, Thus, errors in patterning can be corrected without destroying an
"15  expensive mask blank. Conceivably, mask blanks may be even reused.
It can be appreciated that the trenches 110i shown in Figure 11 are merely
illustrative and that in actual practice, trenches 1101 are typically a complicated network
\) _ that defines the pattern of the photomask. Thus, trenches 1101 are formed throughout the
photomask in the desired photomask pattern. Further, generally, the trenches 1101 are
- 20 form_ed to be substantially over the borders between the recesses 1003 and the substrate
1001.
Next, turning to Figure 12, the trenches 1101 are filled with a metal layer 1201,
typically usfng a blanket sputter process. Alternatively, physical vapor or chemical vapor -
deposition may also be used. The metal layer 1201 may be, for example, tantalum nitride,

25 . tungsten, copper, chrome, tantajum, tantalum nitride, aluminum, germanium, or silicon
o 16




Finally, turning to Figure 13, as an optional step, a thin anorphous
.silicon layer 1301 is deposited over the cap |layer. 1011 and tpg/metado06
| ayer 1201 qubm)g e trenches 1101. The thickness of the anorphous
silicon.layer 13074 preferably a few angstrons, in 15 t he ¥dAg@2846520 to
120 angstrons. VWil e specific enbodi ments of, and exanples for, the

i nventi on a$EM@RyBdr | Kdds bher Bund fporlimiihdrilys thaa péruRnikmr BOFERinuMAploPME a

equi val ent nodifications are possible within the scope of the invention,

- as those skitpieged feveliofiperformanae kd the eetabhiard20iThese nodifications can be
made to the invention in radiation of the detailed description. The terns

- used in the 20 flulekdwinpgattial tha is henstatly ablorfive ©OREVLUSSatidh thiybd udkiie
invention to specific enbodinments disclosed in the specification and the
cl ai ms. RatHmrevet lieshookipte mfedtther thawesié bBrotise tHe rﬁﬁeriaﬁi%ﬁ{ @ﬁé’%@«eﬁﬁfei rely by
the foll owing clainms, which are to be construed in accordance wt

est abl i Shedhidiaess dfniessupplertdntd] MultiRF RAGE MDY AR b17 U8/ 02/2006 18 What is
claimed is: 1. A photolithography mask for use wth extreme ultraviol et

l'i t hography (EUS réfbeing U6 BsufXtZ, ah® pbitibh 3 Rl Gkiaf 1201 'néﬂ% Aakiaad
radi ati on, said mask conprising: a pattern layer sefectively Sried on a
substrat e imnched N AEBKOVERT TR k1A | f.prned over .said
pattern | ayer and said substng%ntyhg]?ﬁiktsawsog%géhgﬁﬁlgg%(Ffﬂénélf:%e"&?cﬁ%mf sai d
EWV i || um pélishing (CVEY nieds® Nisi | al 1l aver..st ack formed atop
said multi ngyer gét lia/?glp ans%méﬁgéﬁg%?b‘gﬁ?rqrg?earsir%ﬁoth?%gﬁ%dlﬂ e ﬁl‘%ﬂ&f‘?gg‘g
patterned inat@e 88 [Bves |t r..stack, sai.d absarber terial
bei ng substantiagilllg}gl ggggéra%??%/agh% é‘ﬁ‘%ﬁ%@i’?aF|gﬂ?ﬁR?§?*r'%se?%fH?“§f€°dHf? sai d

T i d ial the b : i d patt
Ty o | PRLA0 8RR ST RREARNLR) It (ANEh . SRRl Bl 38! M oty b cnp

| ayer for 3 i Lenmental, nmultilayer stack. 3. The mask of claim
2 furtherwgégﬁ%\réiqé?ﬁ%r%mﬁﬁ?%m PRSI PSS on | ayer forned over said cap

| ayer and said absorptive Jmterjal. 4. The mask of claim| wherein said
mul ti | ayer stagﬁ“‘gﬁ&g@é{lﬁd"&% iMﬁ&lOPHma! SiERyAethingamprphoas silicer feer from

p_ai rs CorrHr:;bf iisncgcposﬁtcgglvz'bt éa Qalfnnlqa}rerll',ilralf iaxladmthgr:r?ctaﬂ l:yie:' ilfoolnw;[tt?ii\ r:hc: tirel:nThcs
1101. The thickness of the agnorphous_si!icon layer 1301 is preferably a few angstroms, in

15 the range of 40 to 120 angstroms.
While specific embodiments of, and examples for, the invention are described
herein for illustrative purposes, various equivalent modifications are possible within the
) scope of the invention, as those skilled in the art will recognize. These modifications can
be made to the invention in radiation of the detailed description. The terms used in the
20  following claims should not be construed to limit the invention to specific embodiments
disclosed in the specification and the claims. Rather, the scope of the invention. is to be

determined entirely by the following claims, which are to be construed in accordance with

established doctrines of claim interpretation.
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5. The mask of claim | wherein said absorptive Iayer is formed from

chrom um tungsten, tantalum tantalumnitride, alumnum ger nﬁﬁl/tﬂﬁ/2006
silicon germani umor copper. 6. The nask of claim|l wherein the top of said
absorptive layer is substantially planar with the top of said suppl enent al
mul tilayer stack. 7. The mask of clai ;{hl further including a buffer |ayer
formed between said nultilayer stack d said supplenental nultilayer

stack. 8. The nmask of claim7 wherein said buffer |ayer has a thickness

dependent upon the wavel ength of the EUV illum nating radiation, the real
portlo\g of Ithe j ndex of refraction of the etching stop layer (n), and the
angl e BPSSRMELce of the EW illuninating radiation (theta ) by the

follo Iatl nshi ‘thic S |s an
i nt eg\g;] :m%:? gémaﬁ el usc wzdx :h:?mwtmvgleﬁr@éﬁa@y&é{\@gﬂl uécs gﬁremrla %’l“é VIO @g

ating .
. overages or Unde erag es |n t |c ness relative to unlform periodicity in sald

mul ti Q'p@%ﬁlaﬁ?s@l‘ééﬁv@ﬁdo&leﬁ‘bﬁ'ﬂsuﬁsﬂﬁei*i]':lfalfoﬁﬁnaik%){t fl; has a thickness that provides
an optical path that is an integer’ nultiple of 2.pi.. 10. The mask of

cl ai My nuh§é bk rSmbLbvbrail Eﬁfttcrh RY indisiid SubritBalac fs'sustmaiyremcrive B sSIEUVNIuRKbERR
or rutfmeénm 11. The mask of claim| wherein said pattern |ayer has a .
thickness approximately 11(4 cos .theta.) of the wavelength of said EUV

1 |1 umiagdppleménial adliilayiet stiak fordve iep sakd ettidyer ktsckiake | nci dent angle. 09, ' 02f/ 2006

- 12. A photolithography mask conprising: 19 a pattern |ayer selectively

f or medn Weprigr mavyst feratedin irpncles pitternagrimessaid papbltremnial multilayed stagk, spidabsoderanaierifl bainged on
sai'd prestantiplly absaiptive ofsaid BERY] ifindnatingiradiatien. saidivpnches beingddcated spbstanialiy qvgr thsfborders batwags

t hi'n_$4id peilom Iaysepndpidgisiotet i ve | ayer disposed in trenches formed within said
mul til ayer stack, said absorptive |ayer being substanti al | absorptive of
an. EUY Tf meskPhFe hihea gAmerisiest, "*‘%'é‘iﬁblf"'i"}"%ﬁ"e"rfé'gs BIPTal B st ¥“§'ﬁbst antially

over: d tween said atte a nd sai d.substr L. 1.3.. The
Pt of [P ARE &I AR Sreg e e sl B B R SRR R0 BBl se
armly%ffenumthlnfllmandaS|I|con thin film 14. The photolithography

mask: ¥ f‘l"hc?ljn:ﬁk S@cpafnﬁ N)&Fcﬁ% sgid Qllug &Q&Q ErBtsiuy ﬁfvdl@n\éﬁlgl nluﬁlla QEH&quf&BEH tfonlrpg’m cUIm!nsmg |

- tant al HEybdkRbia manﬁlhhf.&o fhin M9 um num germni um Silicon .
ger mani um or copper. . The photol |thography mask of claim 12 further

conpr 5. ThdVfasBofRn | M in stlie LEBP3 198 isTormSSidh dfﬂﬁbhnkdn{ ﬁa)f@fen SdnAkile, tantalum nitride,

alummum, germamum silicon germanium or copper.

6. The mask of claim { wherein the top of said absorplwe layer is substantially planar with the top of said supplemental
multilayer stack.,

7. The mask of clalm 1 further including a buffer layer formed between said multilayer stack and said supplemental mululayer
stack. :

8. The mask of claim 7 wherein said buffer layer has a thickness dependeni upon the wavelength of the EUV illuminating
 radiation, the real portion of the index of refraction of the etching stop layer (n), and the angle of mc1dence of the EUV
' lllummaung radiation (.theta.) by the following rclatlonshlp

Thickness=m.lambda./(2n cos .theta.}
. where m is an integer.
9. The mask of claim 7 wherein said buffer layer, including any overages or underages in thickness relative to uniform

~ periodicity in said multiplayer stack adjoining the buffer layer, has a thickness that provides an optical path that is an integer ,
multiple of 2.pi.. _ -

10. The mask of claim 7 whercin said buffer layer is formed from carbon. chromium, oxide, or ruthcnium.

" 11. The mask of claim I whercin said pattern layer has a thickness approxlmatcly 1/(4 cos .theta.) of the wavelength of said
. EUV illuminating radiation, where .theta. is lhc 1nc1dcnt angle. :




16. The photolithography nﬁsk of claim 15 wherein the top of saig, a
absorptive layer is substantially planar with the top of said ¢ p‘%%(?@@ﬁ
| ayer. 17. The photolithography mask of claim1l2 wherein the top of said
absorptive layer is substantially planar with the top of said multilayer
stack.;,1 et r r.m.ng a photl¥ it hography mask conpri sing:
provid?ﬁgpgt8g§f§$ﬂm%g$g&8g%Tectiver di sposed upon a substrate, said

PaLt SRl o Rfer dflelct PRALRBRANLRA i € bibionk Rplilcg OVer said pattern layer and

sai d substrate a nmultilayer stac onpri of a plurality of pairs of thin
i1 M8 g muluy8rsRek irmSHRARNEFRGH Rler Mdlsdid duBVQE co%&ﬁs@ckofqgluéﬁ’ty ok pgi!rkl of InlnBGL ani € ACK;
patterning and etching trenches in said supplenmental nul'tilayer stack, said
t r enc R sbsErprive Gydr OigiRatee th tShthS rshnéd valhin YaiPM@iilaye @D iddBhoptivdISEMREDsuBBhtupat tern
| ayer assoghtieat sh EUVIBnTi@lig;radansh, HRNSAcRE bas) 1ethsDshRiahtaBy dvaRibodd&H Btwead shd pattern
t r enclge andsaidebbatheor pti ve | ayer being substantially absorptive of an EUV
illumnating radiation. 19. The nethod of claim 18 further conprising
f or m n3 Tae paplithezpphy raslesf climi (@ wirerbih sdidppaiey of sirefilis @Mpi@E a telytidaund (Gin Mad dnd Rsitidon
sai d iy @neches. 20. The net hod of claim 19 further conptising forming a
t hi n_ anor phous silicon |ayer over said cap silicon |layer and said
absor it Therhpialithagraphy masky elaimel  phgteinfaidabsaiptivel@yer if famicth from choamieni, sinkilymdentahei t i ng
a conbiirigetlunesiipeglumipugy, sceminipne wiisor gAFBANIUmSF 6aPPE0 f or mati on of the trenches.
22. The hod of claim?21 further conprising repairing defects in said
phot o F‘a ?%3’&}?‘865‘?%’%&25%?'@?‘ % Frher sampEtinEc FarYCElgimyd 2pn ab pidjedtitayerstack. The
met hog. of claim 21 wherei,n I d contrast .layer is remved a lift-off

5, o By WA aT 1S Perfstt e S e BEGRIRADIBE Fh e forg

. technjq oot 1
forné"?%gﬁlgaﬁ%on,.chroniun1 oxide, or ruthenium 25. The nethod of claim

21 f upt RRGhéSIR ksl RS i ' PLive: '
absOr @i inidi hlya,@éfia [?hg H'?sé( c g(gzglg é@ ??\ct?%i tgeati@[g&%&e)%]b(%ﬁg% a%/fﬁg S%%J.ﬁal@mgﬁﬁ%@’ g“’ top of
renoving said contrast layer. 20 26. The nethod of claim 18 wherein said

absor I8! A weibEy e APhdtiBerahy hsR dbprikind: ani um tungsten, chrom um copper,
germanium silicon germanium tantalum or tantalumnitride.
- providing a pattern layer sclectively disposed upon a substrate, said pattern layer in a photomask pattern;

' forming over said pattern layer and said substrate a multilayer stack comprised of a plurality of pairs of thin films;

* forming a supplemental multilayer stack on said multilayer stack;

- patterning and ctching trenches in said supplemental multilayer stack, said trenches being located substantially over the borders
- between said pattern layer and said substrate; and

_forming an absorptive laycr into said trenches, said absorptive layer being substantially absorptive of an EUV illuminating
radiation. -

19, The method of claim 18 further comprising forming a cap layer over said multilayer stack prior to the formation of said
" trenches.

20. The method of claim 19 farther comprising forming a thin amorphous silicon layer over said cap silicon layer and said
absorplive layer.

. 21. The method of claim 19, further comprising depositing a contrast layer atop said cap layer prior to formation of the
trenches.

- 22. The method of claim 21 further comprising repairing defects in said photolithography mask after the formation of said
-~ trenches. .

23. The method of claim 21 wherein said contrast layer is removed by a lift-off technigue.
24. The method of claim 21 wherein said etching stop layer is formed from carbon, chromium, oxide, or ruthenium.
25. The method of claim 21 further comprising:

- etching said absorptive layer such that said absorptive layer is recessed into said trenches; and




27. The nmethod of claim 18 wherein the form ng.-of said absorptsim\&?ﬁ&yg?{SE
conprises: depositing said absorptive |ayer over said multilayer stack and
into said trenches; and perform ng a chem cal nechanical polishing step to
remove a portion of said absorptive Iaz)ber outside of said trenches. '28.
The nethwoihgesfid @htesttayd8, further conprising depositing a contrast |ayer atop
said nultilayer stack prior to formation of the trenches. 29. The nethod
of cl dibriihtBcthedraf Haim 18 mbéreidl saiipbioqriva layer camjrisésfaRimink@ytmiubetveen cigahith, copper,

mul t i |segrenivmisiicda gafrrdmsraltdlt@mppttamblntrahde mul tilayer stack. 30. The nethod of
claim29 wherein said buffer |ayer has a thickness dependent upon the

wavel ehdihpmehodohsigm i hardin thpformingiofyid absamtiiaidyeeommriee: r eal portion of the

i ndex of refraction of the etching stop |ayer (n), and the angl e of

i nci d&fRogtingmaid W@W@“””?Vre‘r%'ﬂf“a'f‘?'ﬁﬁs“\c"t“Hé‘EOaFa'Y tegpghes; B f ol | owi ng rel ationship:
Thi ckne theta.) where mis an integer. 31. The mask of

nmhd
ol & mPEB’%"mr@%f'wc@grcéa ing ﬁ?é‘f"““‘?"ﬁé?‘tﬁ‘dﬁ"Hbsa'éﬁ'if°'8‘t}’éf“&"gé§5"€9r°fﬂlﬁ'dré'r‘5‘§es i
t hi ckl t |
i or bR peths bt i 12 é‘“%?‘% PP Bhosife b w30 B sk Fomts Betosonsr e

t hat |s an I nt eger rrultlple of 2.pi.. 32. The mask of claim 18 wherein

sai d PRirhéhdhol S¢RIn AR bR BRSS: 4 %QEJ/&Q.géh Or%tl. %tﬁt,{ur’m g{{s.&mﬂ ;rg.ltpsra%nz of

sai d fbMaydr khatmi nating radiatron. ography mas use with
extreme ultraviolet |ithography (EUL) that uses extreme ultraviolet (EU):
i || un3onatici mitthod erdiaind J9MRerei &h&buff&&ljcr(ﬁﬁﬁﬂﬁdkﬁdsﬂ@pen@mﬁr\d@ﬁﬁervﬁnﬁengﬁwsﬂgEWﬂﬁﬁﬁlﬁﬁlg
" et cheddisthenteirdal foaioh it islc PSTOIHANIBSH anaartcrt.@r sibp lager (H;l,hﬁd thNGE ofScRBHce raHe R LOVEr
sai d iretaiss@betarbl lfteénlldwmgrbs:tmsrﬂﬁ;e that is substantially reflective of said
EUV illumnating radiation; a supplenmental nultilayer stack forned atop
sai d Thifkesss—ajesbdsAZacts themdl an absorber naterial formed in trenches
patterned into said supplenental nultilayer stack, said absorber materi al
bei ng" e'§t!i‘b’§f"&ﬁ‘f’$“él |y absorptive of said |:UV illunminating radiation, said

trench beln ted substantlally over the borders between said

reces’ %‘é 'q eefrsad bufferfayer, includingeany overses praindeiages urlhrrltﬂﬁérc'abtfrrprﬂrf@nng a
cap I8 r“’f g? mylplAxe stack adioioing (b bifter{pyay, hasa thickyessythat prevides.an optieg! patihal irandneses
clal fur fer conprising a thin anorphous silicon |ayer fornmed over said

| ! m - 36. T 3
ald 3%&?@,4%35@;}?@,2?% g R s A TR R A
f rompairs

33. A photolithography mask for use with extreme ultraviolet l|tho='raphy (EUVL) that uscs exlreme ultravsolet (EUV)
- illuminating radiation, said mask comprising:

a substrate having recesses etched therein to form a photomask pattern;

a multilayer stack formed over said recesses and said substrate that is substant:ally reflective of said EUV illuminating -
R radiation;

SN
i

a supplemental muItilayer stack formed atop said multilayer stack; and

. an absorber material formed in trenches patterned into said supplemental multilayer stack, said absorber material being

~ substantially absorptive of said EUV illuminating radiation, said trenches being located substantially over the borders between
said recesses and said substrate. .

~ 34. The mask of claim 33 further comprising a cap layer formed over said supplemental multitayer stack.

3s. 'I'heI mask of claim 34 further cumpnsmg a thin amorphous silicon layer formed over said cap layer and said absorplwe
materia

~ 36. The mask of claim 33 wherein said multilayer stack and s2id supplemental multilayer siack are formed from pairs
~ comprising a2 molybdenum thin film and a silicon thin film.

- 37. The mask of claim 33 wherein said absorptive layer is formed from chromlum tungsten, tantalum, tantalum nitride,
- algminum, germanium, silicon germanium or <copper.




conprising a nmolybdenumthin filmand a silicon thin film 37., ThE_ mask of
claim 33 wherein said absorptive layer is fornmed fromchrom un?’& E@sgm
tantalum tantalumnitride, - alum num germani'um silicon gernmani um or
copper. |IS FE 2006 21 38. The nask of g aim 33 further including a buffer
| ayer -formed between said nultilayer stack and said suppl enent al
mul ti | 2% &7 iRt KlaimP furtipes inclydiaga byfter layes formed Getyer paisi multitayerdtadiiahd seid supplgtemiahas a
t hi cknBUE¥¥ENEKRdent upon the wavel ength of the EUV illuminating radiation,
the re orti .of the .index of refraction of the etching stop |ayer (n),
and th%‘é’;%g ;%‘;3‘ g P "‘%Fff ger s ythickneps dpgeriantiupry the adelengtiont the EUNaHumigatizy
t he foiluﬂlﬁml'iggragﬁﬁgm@é e l‘ﬁﬁ'f‘%’f%’?? drfinaip B (nh Anddissngle of inpidenye of e EBVM i s

i 40, TR Bowine HalierstiP wher ei n sai d buffer |ayer, including

an integer.
any OVRERLES mAmbHD rcﬁs%%a.i n thickness relative to uniform periodicity in
said mul tiplayer stack adjoining the buffer |ayer, has a thickness that

provi degreddlis #hikgeal path that is an integer ‘Tultiple of 2.pi.. 41. The
mask of claim 38 wherein said buffer layer is formed from carbon, chrom um

oxi Ede,40.01]’hc bk BEdMichi B8 wifbrin sdild BurBS/Kr, Qéluc@dg%ﬁfﬂva‘gtcm%d@a s B |&ansergl§I§r§%§1 J?oav-e a
dept h peicinpdh sad idigplalérdtadiadibinmy MEMALARHL Khs QJhicﬁﬂis%aﬁr&idhﬂnU cﬂgﬁaﬁ [t} isnz:n il:l]cger
r adi atmubiple oi2pi..A met hod for form ng a photolithography nmask conpri sing:
sel ectively etching a substrate such that recesses are forned, said :
r eces $bJh¢ mashofishin vsicinpad buberayef iofffict Gord vhebion, Rbdiu SRR S6Shewleh, sai d
substrate a nultilayer stack conprised of a plurality of pairs of thin
f il s #2- Thgpask o glaim Buyhpicie midveesisesyhatetaidépsyupproximadk /00T tie Siacticng dfisdiBBEY ilshanisg
. p-atteF‘H'F"f?Q° and etching trenches in said supplenental nmultilayer stack, said

trenc@eg bm}yg\ | ocated substantially over the borders between said

reces&ed "% hiognies Arbptplpesranhy sk QPPsiHg an absorptive |ayer into said
trenc I,d absorptive |ayer being substantially absorptive of an EUV
il umgﬁg‘{vf'ig"“'“éé‘é'?’é‘ |°(§‘r‘1%{’ hphye ycsf?fé’”ﬁ‘@?‘%‘oﬁ’dd?mé‘iséﬁ“rﬂ‘%%““ﬁww'ér conpri si ng
for m QRghitk S@Raid A¥%Ek k | | tilayer stack prior to the faormation of
sai d tr"ggnche‘g. %%ES a'(ii%%ldr?‘g}% o%fn%l%ll'lzgfrélx'c cﬂﬂp"fs:ﬁ}r(ﬁfﬁﬁll’ml&b%f“fsgf ‘H'Q%’f"ﬁr nng a
thin @ﬂ_{?s{gﬁh%ﬁ:m‘éﬂldl hﬁ@ﬁyér@ﬁ(&'ﬁn QIY(ﬁﬁullﬁzf%rqla&fap silicon layer and said ‘
absorptive |ayer.

: patterning and etching trenches in said supplemental multilayer stack, said trenches being located substantially over the borders

between said recesses and said substrate; and )

. fo:l'{niftg an absorptive layer into said trenches, said absorplivé layer being substantially absorplive of an EUV'i!Iuminating
radiation. :

44, T:c method of claim 43 further comprising forming a cap layer over said multilayer stack prior to the formation of said
trenches.

_ w - 45, Thc method of claim 44 further comprising forming a thin amotphous silicon layer over said cap silicon layer and said
- i~ absorptive layer, _ _

- 46, The. melhc'x! of claim 43 wherein said absorptive layer comprises aluminum, titanium, tungsten, chromium, copper,
- germanium, silicon germanium, tantalum, or tantalum aitride.

_47. The method of claim 43 wherein the forming of said absorptive layer cdmprises:
depositing said absorptive layer over said multilayer stack and into said trenches; and
performing a chemical mechanical polishing step to remove a portion of said absorptive layer outside of said trenches.

48. T:e micthod of claim 43, further comprising depositing a contrast layer atop said multilayer stack prior to formation of the
trenches.

49. T:c method of claim 48 further comprising repairing defects in said photolithography mask after the formation of said .
trenches. '

50. The methed of claim 48 wherein said contrast layer is removed by a lift—off‘lc.chniquc.

51. The method of claim 43 further including forming a buffer layer between said multilayer stack and said supplemental




46. The nethod of claim43 wherein said absorptive |ayer conpri % FE8 annn
al um num titanium tungsten, chromium copper, germanium silicon =% #&h
germanium tantalum or:tantalumnitride. 47. The nethod of claim 43
wherein the form ng of said absorptivey4 ayer conprises: depositing said
absorptive layer over said nultilayer stack and into said trenches; and
perform ng a chem cal nechanical polishing step to renove a portion of said.
abso&apilg%psdcg_yer outside of said trenches. 48.. The nethod of claim 43,
further ‘conprising depositing a contrast |ayer atop said nultilayer stack
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f or nEVIOIRaddfiioS @hdke.) by IR MAIBRSg relfbonshif?e Met hod of  cl'ai m 48 wherein said
contrast layer is renmoved by a lift-off technique. 51. The nethod of -claim

43 f Thidkhees=milatdatinees hasm ng a buffer | ayer between said nultilayer stack
and said supplenental 22 nultilayer stack. 52. The nethod of claimb51
wherwhetem is ai iskegprif f er | ayer has a thickness dependent upon the wavel engt h of
sai:d EWW illumnating radiation, the real portion of the index of
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"Bl J\Apiirradiation (.theta.) by the follow ng rel ationship:

Thi ckness=m | anbda./(2n cos .theta.) where mis an integer. 53. The mask of
cl aidhTha methrdrobelimS A whergin foiddutor lycs s fdvmed fppmcatbericpheosnium, ptide, g5 Fudighisles an opt i cal
path that is an integer nmultiple of 2.pi.. 54. The nethod of claimb51
wherdi e @25k of i fhyhefeinsaid repesses gy Adgpth srprprigaiehy it cotHpahel thaatsienaiieof sgig EUV

r ut HATNPAS "¥tonrne nask of clai m 43 wherein said recesses have a depth

appr.oxi mat el /, os.theta.) of the wavelength of said EUV illum nating
T adisgﬁ%ﬁ?ﬂ’e"géf&ﬁgs ﬁ'ﬂﬁ‘ﬁf)‘(’:’i“pgf'“ |l ai m 48 further conprising: etching said
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removing said contrast layer. -
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