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| MPROVED ABW%@ 75 BACKGROUND OF THE I NVENTION 1. FI ELD OF THRTKYBMDWG
The present VEHPPGn relates to the field of senmiconductor BGREHRAEd 10
circuit manufacturing, and nore specifically, to a nask and a method of
fabricating a mask used in extreme ultraviolet (EUV) |ithography. 2.

DI SCUSSI ON OF RELATED ART 15 Conti nual inprovenents in optical |ithography
have al |l owed t he Eﬁ'ﬁkﬁh}aﬁ B ESO0G, i { i (10 to
produce devices Wt E g gFﬁggﬁsity an gp?%?ﬁgg$?§?%g%g§£y%gg§éasing t he
wavel ength used for exposure inproves resolution and mtigates the effects
of diffraction. Deep wultraviolet (DUV) light with a wavel ength of 248 or
193 nanongt ensa CRARJIINBROM AR MHSEECher exposure through a transm ssive
mask fabricarEd—grunrafquarrz—_subsrrare. DW light with a wavel ength of
157 or 126 nm may be used for exposure through a transm ssive mask nade
fromCal cium Fl uori de. However, at around the 70-ran node, Next Generation
Li t hogr aphy (INGEIELWOH THE INYENTAONNGL i ncl udes EWV | it hography, electron
projection |ithography (EPL), and 25 proximty x-ray |lithography (PXL).
PXL has been characterized the nost extensively, but this technology is

trained by th ' f t d th ifficult
e e o B ASTE b S T B Pap U SR oo
I ntegrat ?é C'cf\'gﬁ’ilt h%n(lé%llﬁ:iﬂ , Q('rﬁ n{ol?é %mgﬁy,'té af&sﬂ%ﬁ'aﬁgm&ﬁ cﬁegr aded

whenever conpl enmentary strictures are patt€rned since 30 two passes are

requi red Wt RalaicStRH e nlasRasdd infbdMehichil@gviaRIYETY) 16 ited for WO
02)079875 27/ 06/ 2608 | YEUY) B@sgraphly

2. DISCUSSION OF RELATED ART

15 Continual improvements in optical lithography have allowed the
shrinkage of semiconductor integrated circuits (IC) to produce devices with
higher density and better pex'fofmance. Decreaéing the wavelength used for
exposure improves resolution and mitigates the effects of diffraction. Deep
ultraviolet (DUV) light with a wavelength of 248 or 193 nanometers (nm) is

20  widely used for exposure through a transmissive mask fabricated from a quartz
substrate. DUV light with a wavelength of 157 or 126 nm may be used for

. ) exposure through a transmissive mask made from Calcium Fluoride. H.owever, at
around the 70-nm node, Next Generation Lithography (NGL) will be needed.

NGL includes EUV lithography, electron projection lithography (EPL), and
25  proximity x-ray lithography (PXL). PXL has been characterized the most

extensively, but this technology is constrained by the requirement for a
synchroton source and the difficulty of scaling down the 1X-masks. EPL is
suitable for application specific integrated circuits (ASIC), but throughput is
significantly degraded whenever complementary structures are patterned since

30  two passes are required with a stencil mask. EUV lithography is best suited for |
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PCT/ US02/ 04914 manufacturing of menory chips and m croprocessors since the
hi gh costs 8} an_ EUV mask and an EUV source can be spread over 27 h0§H@005
vol une of p Sdlro37s euv | i thography is based on exposure w tRETHFREO2/BHI4i on
of .t he el ectromagnetic spectrum having a wavel ength of 10 -15 nanoneters.

An EWW 5 step-and-scan tool may_have a 4-mrror, 4X-reductjon: projection

System with EETUARGRF FERIOUGIRANE TIQ9ProRseRsys dce fie gk 6ot pdited by

stepping fi el b Wels I the EWV
FB QYK and METEY sGide %&g?ém!a@&%%@iggpggu@_@% gfbd.%fct

mask across each fireld. A critical sion nm may be
achi eved with a dEpilithbgfapdiyss badaden exposdrentiti th pordne béthe( um) .
Al ternatively, an EUV step-and-scan tool y a 6-mrro

10 hav ,
4x-r educt i on SFBPREETEH SRFSEER DRiRE 2 WEvelsngik ¢i Oy %ﬂ@}%ﬂr-uﬁﬁl EUD of 20
- 30 nm gt fs{ee,-aﬁfaoﬁamoafm?s heHUE 8dhn; -,-4>§Léa%rcﬁaﬂ ojgc‘é%gﬁy&em%ﬂ‘xﬁ 5X- or

a 6X-reduction”projection system nmay al so be used for I t hography. A
mask for DUVOIIDMhogesp\Apesture N2y Sgionere i meompilisbedl bg teppingdieldsraveon  a

DUV mask is defined se| ectivel y removing ue | ayer, such.a

Chrome. 18 £3AMCOVERaBEHE BTSRRI E U, SR erme LR At e,

such as quar pZycATAWRYRSion YD HES] Y 7(4uh HP m&&mFﬁa% #8304k at the

EUV wavel ength so a nask for EUV |ithography 1s reflective. Consequently,

t he desired (20FeofnbontdmicEuvetmnfin). dlidefatively, by FSBI gep-audisyantonbmang an

absor ber Jjaygzr1 t o_uncover Q rtjions of an underl, iqr,]\ﬁ?? jrror coated on a
D2 :

substrat 89 208HRIETIRIA X SeHKEFBPTPISCHUAR FERT T AntOIRTBY 8vB¥ &bs or ber
| ayer and  acirid 3ginoh ahEatddide SMLRARRdMOTA B ther tobFsfbhS it X EF
DESCRI PTI ON OF THE DRAW NGS 27/°09/ 2005 PCT/ US02/ 04914 5 Figure 1 (a) - (d)
are il |l ustr abi o65-reducicrpspcsen sydealmay aso bé usad e/EUVakthography.
A mask for DUV lithography is transmissive. Thus, the desired pattern on
a DUV mask is defined by selectively removing an opaque layer, such as Chrome,
15  to uncover portions of an underlying transparent substrate, such as quartz.

However, virtually all condensed materials absorb at the EUV wavelength so a

mask for EUV lithography is reflective. Consequently, the desired pattern on an

EUV mask is defined by selectively removing an absorber layer to uncover

portions of an underlying mirror coated on a substrate.

20

) _ Thus, what is needed is an EUV mask with an improved absorber layer and

a method of fabricating such an EUV mask.




bl ank with an inproved absorber |ayer fornmed according to the present
invention. Figure 2 (a) - (d) are illustrations of a cross-sectiZhaDoviz005
of an EW r’rﬁg(gcz’(%’”\ﬂ/ith an i nproved absorber |ayer fornmed ad&dréigiteé t he
present .invention. Figure 3 is an illustratiqQn of a cross-sectional view of
an EWmask wth an inproved absorber |ayer according to the present

i nvention. 15 WD 02/079875 DETAI LED DESCRI PTI ON OF THE PRESENT | NVENTI ON
27/ 09/ 2005 PCT/ US02/04914 5 In the foll owi ng description, numerous
details, such as specific materials, dinensions, and processes, are set
forth i n or dERIEHDESCRIIEON ORI DRAWRGE st andi ng of the present

i nvention. However, one skilled in the art will realize that the invention
may be practiced without these particular details. In other instances,

wel | - known sem conduct or equi pnment and processes have not 10 been descri bed
in particelar detHFhreSD(a"}lS (&)pare Vidistra6ib8Cof1al dRgss ftetiPhA et of ay BUM mask
Nearly all materials absorb Extrene Utraviolet (EUV) |ight so a mask for
EWV | it hogr aplaykivatir af inepioived abgorbatlewar dommedmccBtiingds the presiati ned by
selectively  rempving portions of an absorber layer to uncover an
under | yi ng nif"eBRO™The absorber |ayer controls critical dinmension (CD),
defect level, and registration. 15 Thus, the absorber |ayer on an EUV nask
has a direct inpact on the quality of the mask. The present invention, is
an EUWV nmask with i Vv 1ef: [y eyl T i ng
SUch an 0V mask OA T ReL B e o B o B o e pp e BV B
mask® accon di wgth ahQmiphevdd f#86fHer I4)¢Lfrined avddriiripetodts prdsbrtinkention. Fi rst, as
shown in Figure 1 (a), a 20 substrate 1100 with a | ow defect |evel and a
snooth surface is used as the starting material for an EUV mask of the

present invention., It is desired to formthe . )
Figure 3 is an illustration of a cross-sectional view of an EUV mask with an

improved absorber layer according to the present invention.

15




substrate 1100 out of a glass or glass-ceramc material that has a | ow
coefficient of thermal expansion (CTE). In certain cases, the s2bg09at2005
1100 nmay be WQOPHEASFrom Silicon despite its large CTE as | oPGI/ESO2/0eeRs can
be.renoved uniformy and 25 effectively during exposure. Second, as shown
in Figure 1(b), a nmultilayer (M) mrror 1200 is fornmed over the substrate
1100. The M. mrror 1200 has about 20 - 50 pairs of alternating |ayers of
a high index of refraction nmaterial 1210 and a | ow i ndex of refraction

wih 30 hi gh BRI IR pR IOk L Rt B DBl ™! A o ndex o
wi th 30 high ' Fght. A | ow i ndex of
refraction WO 02/ 079875 27/ 09/ 2005 PCT/ US02/ 04914 material 1220 incl udes
el enents with | ow atomi ¢ nunber which tend to transmt EUV Iight. The '
choi ce of Jmt eri alls thefdoevivg desaription] @@ ertesaietislsomch hespdcifinmatatinlon

wavel ength, |anbda, To first approximtjon, each | ayer_ has t hi ckness of
about 5 one q ec“éfonﬁfaq%aﬁlm&%ﬁse%?ees%f@ngfﬂ@&qERP’PH@QPHPE' s of the

i ndi vi dual Iamésfaf#&awih@ﬁgsm_mbéﬂﬁsnnﬁome%ﬁskmg&ﬂythteaamﬁz and the
i ncidence angle of the” illumnation [1ght. For EW the wavel ength is about
13.4 nm and tieeliimibhtitedeverdivgl may be pantited widgnedese pardculhi détads des of t he

alternating layers are tun to maximze the construcgtive interference of
the EUV |i ght®hefPgRred: Wﬁﬁgﬁ@ﬁfq %PEF?’EE%“‘?E’(F%EHH“?‘H REAESES RS BOkr al |

absorpti efp Ofbeteﬂ%[e?clr%ehiiﬂgﬁrﬁc-ﬁlﬁﬁ Meaillkd 100 AR R0 ol %ﬁﬂhﬁé’&n@ﬁ%hﬁ@q - 75
he peak 1l I o

%reflectivity at the | um nati on wavel engt h. e enbodi nent, the

I\/Lﬁm rror 1200 hasVedtlymdi msteohlsabsernBittiange Ultyericlet (V] lightbo & ndek faf
refiraction rial 1210 and_a | ow i ndex of r ction materj al 220. For
exanpl e, thgaﬁ%ﬁ_éhﬁ% Uofs rﬁ%@%@vﬁﬁ#ﬁﬁ%%ﬁ%ﬁﬂﬂ@%?%@f%ﬁfﬁ%‘af_ VB8 15
about 2.8 nmﬁ%@h@%ﬁ?ﬂ@&% (0B btk tb B%cA&Wah Hlﬂﬁé-lﬁing SR CEeON A

material 12220 ma ormed fromabout 4.1 urn thick“Siticon (Si).
needed, a cappsmber layer controls critical dimension (CD), defect level, and registration.

15 Thus, the absorber layer on an EUV mask has a direct impact on the quality of the
mask. The present invention is an EUV mask with an improved absorber layer
and a method of fabricating such aﬁ EUV mask.

Various embodiments of a process for fabricating an EUV mask according
to the present invention will be described next. First, as shown in Figure 1 (2), a
20 substrate 1100 with a low defect level and a smooth surface is used as the starting
material for an EUV mask of the present invention. It is desired to form the
: ) ' substrate 1100 out of a glass or glass-ceramic material that has a low coefficient of
thermal expansion (CTE). In certain cases, the substrate 1100 may be formed from
Silicon despite its large CTE as long as heat can be removed uniformly and
_ 25 effectively during exposure. _

Second, as shown in Figure 1 {b), a multilayer (ML) mirror 1200 is formed
over the substrate 1100. The ML mirror 1200 has about 20 - 80 pairs of alternating
layers of a high index of refraction material 1210 and a low index of refraction
material 1220. A high index of refraction material 1210 includes elements with

30 high atomic number which tend to scatter EUV light. A low index of refraction
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| ayer 1230, such as about 11.0 nnml thick Silicon (Si), may be forned at the
top of the M nmirror 1200 to prevent oxidation of Ml ybdenum by2@xXpo12@05
to the enviYORHRAE?S 20 The AIL nirror 1200 is formed over tHME/ESBYHMAL e
1100 by using ion beam deposition (1BD) or DC nagnetron sputtering. The
t hi ckness uniformty should be better than 0.8 ;ﬁgcrog{s t he sugstr'a e
1100. |1BD resliﬂ#%’lﬁlﬁz?%'émﬂéﬁ?%Fﬁ&fﬁ%ﬁhé%at%ﬁ& e which R FEanimiE
surface of thEUM_]%%{'Jrror 1200 because the deposition conditions can

usually be optim “to snooth over any defect on the substrate 25 1100. DC
magnet ron sputt er i Tige dtpideaif enateridle irneie, MLmuisrop 1 20dukzpagd hed therilluttimatiomes s

ni f 1t but def ect t bstrate 1100 wll_t . t
through the aNPEERRESEaElrere 2 LB P IS BB OB PR A PE A e S AL 200,
Third, as shoyg, &by fdr A $hore 2pBUEESTy, HAYRIIAIO0 e Rtk pyefs the M.
mrror 1200. T e(ll Jﬁlgjrﬁzﬁna@%rﬁ%%sgpnaa% ﬂig\’/e a tchrl]%gness of about \’(’go --105
run. The 30 defednels onalieillubInatiomwabelehgtinbanfdapmdSheinoderitieomghef s 02) ,

such as a low -5 WD 021079875 27/ 09/ 200 PCT/ US02/ 04914 -t epper at ur e oxi de
(LTO . A | ow Puzesation ighteFor B Y, thegpavekngih is Qui A T gt ¥§6§eeffe i s
desirable to ' ' L, O d'r%q | e
under | yi ng I\/L;mrﬁq c?fs(';%bo?g%gégﬂ&fe %g?l E%Cg%?%g?ﬁéigﬁeggi | ia* %gﬁf%%‘%fl??l de

(Si OxNy) or Gakintine (&) conpyuctivedntrefcuard of die EUE liphtf rkHectbdyeeach3B@rfathe

buf fer Iq er 1300 5 may be depo i%ed by RE net.ron ﬁer,i ng..fFourth, as
ehown i n 1P gunel tp(rginimyze tbﬁﬁvwﬁdt sppsionet ﬂ@%&? ghipBhE 5& RUFRBIRUGER 1t he
buffer |ayer ' Qy AR 06 S grmed from one
type of mat ere‘]caﬁ%ggra-g ?toénd]n:r Ss)gg%&&g? Hglt%? Fh eelrl%)rl%tE ﬂlr%%glgtilg?s .abgg? ation in the
| ayer, if present Inoay ebdodoméntntheldl.anirroayl 280chadi4f pags of alitdrnadnglayest 10

interfaces. In one enbodinent, the i oved absorber | ayer 1400 is .forned
from orfl a high index of refraction mategg{ 1218 a;mil 2 Tow mdex of Yefraction material

1220. For example, the high index of refraction material 1210 may be formed from
15  about 2.8 nm thick Molybdenum (Mo) while the low index of refraction material
1220 may be formed from about 4.1 nm thick Silicon (Si). As needed, a capping
layer 1230, such as about 11.0 nm thick Silicon (5i), may be formed at the top of
the ML mirror 1200 to prevent oxidation of Molybdenum by exposure to the
environment.
20 The ML mirror 1200 is formed over the substrate 1100 by using ion beam
deposition (IBD) or DC magnetron sputtering. The thickness uniformity should be -
) o better than 0.8 % across the substrate 1100. IBD results in less perturbation and
_ fewer defects in the upper surface of the ML mirror 1200 because the deposition
conditions can usually be optimized to smooth over any defect on the substrate
25  1100. DC magnetron sputtering is more conformal, thus producing better
thickness uniformity, but any defect on the substrate 1100 will tend to propagate
- up through the alternating layers to the upper surface of the ML mirror 1200.
Third, as shown in Figure 1 (c}, a buffer layer 1300 is formed over the ML
mirror 1200. The buffer layer 1300 may have a thickness of about 20 - 105 nm. The
30 buffer layer 1300 may be formed from Silicon Dioxide ($iOz2), such as a low
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Tantalum Nitride (TaN) in which the stoichiometry is changed thro_g?h t he
thi'ckness of whBuhighm The inproved absorber |ayer 1400 has a t & 09/2005
t hi ckness of about 45 -- 215 nun. In nost cases, the inprovBETASEHHILY

| ayer 1400 nay be deposited by RF 15 sputtering. Depending on the material

| ected, the,] d | 140 be d i ted by '
el e BB RN A B TP ERR) 5 i B
deposited by 18MCPRUFHANOE preventihRRNiffEion 08 MlelallctiRin G@the vapor

deposition (ALC). The inproved absorber |ayer 1400 may be forned entirely
or partially waderlyipgdiLl gremoni208pPtharenatbralarsych aebitichroPxpaitride EHGKNEY,

el ude Tant ol LR ) HINGUEER 56 oA e BRI I OB T ARt Y The

i mproved aPsopisibd @RkiteiBORFBIagRkEOn tft@ﬁ{ge,d from anor phous al |l oys of
met al s. Exanpl gg’ri ncl ude Tant al ur%aSi i ?%?1 (TasSi) and Tantal um 25 Ger mani um
(TaGe). As shown iFowrtlyas shaws in Figureel (dhndsi imepriowed absozberilayrrddB@lisabsor ber

| ayer 1400, buffer | ayer 0 1 ryor 1200 nd, substr. 11Q0 results
o o bt e WS Ry et The brdoned BB ruiinve A Erpe 1 )
can be furt hefornRUJesE 906 S’Ec?é P RS S R TrdaY shRE bf dBRPeAnABANS, Varidtiaur e 2
(d). WD 02/079875 27/09/2005 PCT/US02/04914 First, as shown in Figure 2

(a), an EUV niasthe hyenidf preoenti may be ceriEnugus lor ayrbedlisareterwitedistincve | ayer,

such as toresi st 1600, that.is ted, exposed nd eloped.with a
dosi rod patt SPTEERHEINShe pEPL PRt e Sl rbrrlaty HPURERFCa i %6a0
nm As desi r efani@luaRitRide ATANY idWhich Hiedstb RRlosletlyGABarpRY theb e ©
Dependi ng on the photoresist 1600 used, exposuré is perfornmed on an

el ectron beahidkeesseite filmi.t er or a |aser witer.
The improved absorber layer 1400 has a fotal thickness of about 45 - 215

nmn. [n most cases, the improved absorber layer 1400 may be deposited by RF
15 sputtering. Depending on the material selected, the improved absorber layer 1400
may be deposited by DC sputtering. In some cases, the improved absorber layer
1400 may be deposited by ion beam deposition (IBD) or atomic layer chemical
vapor deposition (ALC).
The improved absorber layer 1400 may be formed enﬁrely or partially out
20  of one or more metals and their borides, carbides, nitrides, oxides, phosphides, or
_ sulfides. Examples of suitable metals include Tantalum (Ta), Tungsten (W),
_ ) Hafnium (Hf), and Niobium (Nb).
The improved absorber layer 1490 may also be formed from amorphous
alloys of metals. Examples include Tantalum Silicon (TaSi) and Tantalum
-.2_5 Germanium (TaGe).
As shown in Figure 1 (d), the combination of an improved absorber layer
1400, buffer layer 1300, ML mirror 1200, and substrate 1100 results in an EUV
mask blank 1700. The EUV mask blank 1700 shown in Figure 1 (d) can be further
processed to produce an EUV mask 1800 as shown in Figure 2 (d).
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Af teer post-devel op neasurenent of the critical dinmension (CID) of the
features in‘&B%z/R@%;qern in the photoresist 16 00, the pattern i 27/09/2005
~transferred Tnto the inproved absorber |ayer 1400 as shown YQI/ESGE#E42
(b)y. Reactive.ion etch. may be 10 used. For exanpl.e, an inproved absor ber

| ayer 1400 may be dry etched.w.th s _which cont ai chl oripe, .. sich as
Cl2 or BC13, or V\A'Pg’f‘?{zfsé %WWV\% ei%@ii %g:%%aé'krh?ggﬁé cg:gr e%I%BWiﬁ%gon
(Ar) may be Us@thiRS-Rn&BYE 129Er, 9@ asiphot &S 1686, 2hat is UMEE expORY, BRY al so be

included. The etch rate and"the etch selectivity depend on power,
pressure, andlevelgedarith a depedgratien. The phhtorgistflép hagathidaws dabpes as an

tch st I r. to_hel hi t gh. f.il inth i ng-
Cr oved: abeotBer i Agerasientd ardefirng Sl B s SEpeIEL Y "
under | yi NG MDaferidate d20R JHoRbsiSlaRBORs biued §lpeabikbe oniafRlevof

absorber |ayer '1400." React’ive ion etch may ‘not be feasible for patterning
t he i nproved kebgofedwam) 2ritengwr lageroexifef. t he byproducts of etching are not

volatile and thus nnot. be renoved fro e cha r_by. ' Then t he
i nproved absor ber ?&Osﬁ‘gﬁ’ﬁioprfﬁf/asﬂéelﬂ%? toz%heeﬂ'%g?‘ﬁméerébcg@r)i%géh Process in
an Argon pl agBRurdsfin @RSpatean ifthd Yhotorbiaee0 e PaBindeAahif¥Rd aRGRheRY be

used. Alternatively, if selectivity to the nmasking material is adequate,
ion milling rmproesdabsdrienlayar 1490 rs shewh ipFiguee 2 (D5Reantive e et yaay He100.

Renoval t he toresist 1600 is.foll d by post-etc Sur nt _of
the 0D o0 nesrE PPl ehiRay s it fi el ot Sl e i Lk 400
Th*; CD  nmeasuieestiafR kG iRoRARRYSs (1. & BCRIGY With 888 Wi frtdinscope ( SEM
or-/an optical nmetrology tool. Then defect inspection is done at a

wavel engt h t Fhiarade yucizas\NF:0 A+ iO@Apndy Hedsedas5a cRCEr gsd bh 6died dadeet ween 150

- 500 mu. The defect inspection js hased on a conpari son of. the |ight
Oxygen (O2) mayp also be include_g. ’ﬁ‘te etch rate ancrlr?he etch selectivrity depegg

on power, pressure, and substrate temperature.

15 - The buffer layer 1300 serves as an etch stop layer to help achieve a good
etch profile in the overlying improved absorber layer 1400. The buffer layer 1300
protects the underlying ML mirror 1200 from damage during etch of the |
improved absorber layer 1400.

Reactive ion etch may not be feasible for patterning the improved absorber
20 layer 1400 if the byproducts of etching are not volatile and thus cannot be _
removed from the chamber by pumping. Then the improved absorber layer 1400
) may be patterned with a sputtering process in an Argon plasma. If desired, a dual
frequency high-density plasma may be used. Alternatively, if selectivity to the
masking material is adequate, ion milling may be used to pattern the improved
25  absorber layer 1400.
Removal of the photoresist 1600 is followed by post-etch measurement of
the CD of the features in the pattern in the improved absorber layer 1400. The CD
‘measurement may be done with a scanning electron microscope (SEM) or an

optical metrology tool. Then defect inspection is done at a wavelength ty pically
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signals'in the patterned regions relative to the non-patterned regi ons. As
shown in Fi q,g{)]ﬁ 187 %p_) defects may occur in the inproved absorbe?7/8Per2005
1400 as a reSUP¥"Bfthe pattern transfer fromthe photoresi sPCT/EHS00BLK i r st
type 5 of.defect is a clear defect 1710 while a second type of defect is

an opaque defect 1720. In a clear defect 1710, the inproved absorber. |ayer
1400 shoul d hetyeestl - 5005n. The defeci fpspeglign ’érbafﬁff PR & FPRIPRRLCL "2 8{‘9— ﬁ%htan
opaque defect_ 1720, Lapr : ; h be renoved,
but it is entsfénglgsgm()t?@g)gr %&??‘%ﬁ?@ﬁ‘%ﬁéﬂﬁ%‘?ﬁ 6’%‘ ﬁg%fegc%bﬁqsn t he i nproved
absorber |ayer 140G shewicihfFagured (b, tdefets thly boaudadhd imprbeairisbilgy t ool as
needed as shown in Figure 2 clear defect 17 I S filé}ed in with an

. A 0 ]
opaque repai rlaYﬁi't]éPq)a$ai%5.°(f%?m¥}éfaﬂéﬁeégpnlm agoresigh 600 £ HfsE iR a

Gal I'i um stai | ) Wplo i puffer
| ayer 130% alqg éizgéggisec{lgﬁt#%qﬁ%ﬁér%éggéﬁhﬁn egéf (?Lez%glsfar tgmsd éﬁ‘r‘rgg%c during
repair of tha7poqinavdehraletor 1190, thayeprdvdOabstiber ey eb 14Meholikl/erpre 390,

i ncreases |ight absorption over the M. _mrror 1200 when the EUV pask 1720
i's used duri iyt éxpenitedy ef PaHaly: puLTiRg. [pAn grage fefeqtd20, tRRIMPTPRE r educt i on

in contrast Li- ] rQle ;04 of- i b ed in the
phot or esi st %ﬁg%l%\?v}a g%{ ¥ﬁﬁ§?§é‘§ﬁ§”&?8 Fg)gg'lti’slgh&glg re g@g%%s%ug{@ ggégfat St s
desirabl e to.renoRepaidef detetts in HayiaiprddaDabdoeiserlayeriltold is padforoed/ eidch by t he

20 i nproved absorber |ayer 1400 as shown in Figure 2 . The buffer |ayer
1300 may e femisediprpedm &I} fpobisrredrd as ghawnin figgye é%v‘éﬁgﬁhg%ﬁﬁ"éb t he
t processes, ¢ . . i tQ. I Lfer |ayer
12,80 must no?S fﬂ%@%?ﬁ%?@@%ﬁ?&ﬁ%uﬁﬁ%@ f)lve gb%f)lrogg&y f%{;%? 1{%% or the
under | yi ng Merfbvéd)leahdfPa GABiubh stabiviT4erin ey end B0y baffertieyetr1p0®iitined wi t h
a gas which contains Fluorine, such as CF4 or CAFs. Oxygen ( and a
carrier gas, tReuwfferdaygrddpo plae protegis thagandestying ML mmarrfﬂ%@?wcﬁl gYes a

eener 2 of b 3L el o B0 [, v 1900, The
15 The buffer layer 1300 increases light absorption over the ML mirror 1200
when the EUV mask 1720 is used during exposure of photoresist on a wafer. The
resulting reduction in contrast can slightly degrade CD control of the features
printed in the photoresist on a wafer. Throughput is also decreased. As a result, it
is desirable to remove the buffer layer 1300 wherever it is not covered by the
20 improved absorber layer 1400 as shown in Figure 2 (d).
The buffer layer 1300 may be removed with a dry etch or a wetetch or a
) combination of the two processes. The dry etch or wet etch used to remove the
buffer layer 1300 must not damage the overlying improved absorber layer 1400 or
the underlying ML mirror 1200.
25 The buffer layer 1300 may be dry etched with a gas which contains
Fluorine, such as CFs or CaFs. Oxygen (O2) and a carrier gas, such as Argon (Ar),
may be included. A dry etch provides a steeper profile and a smaller undercut in
the buffer layer 1300.
The buffer layer 1300 may also be wet etched, especially if it is very thin,

30 since any undercut would then be very small. For example, a buffer layer 1300
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30 since any undercut would then be very small. For exanple, a buffer |ayer
1300 -8 WO %96@% .5 27/ 09/ 2005 PCT/US02/ 04914 fornmed from SiI122669/2005
Di oxi de (Si V' De etched with an aqueous sol ution of alFéUY204934 0,

hydrofluoric (HF) arid. A wet etch can conpensate for | arger variations in

t hi ckness of the buffer. Iay he result of rocess, descei bed
above is an IE_‘?NI‘?FEE *ﬂx#é gloz-@rn?aéwee%b?}ﬂ%w 67‘6 ef‘?‘?)ﬁ‘)]ﬁﬁﬂné’f dar k
region 1760, ,85,SHowR; 2dﬁfﬁ%ﬁ€gﬁ1¥ (4. A ARRERRaRBRANLABRLO hxidhie Pr esent

i nvention is an EUV nas hown 1n Figure 3. An EUV mask 2700
i ncl udes an wapadvedindbibnésof theyerdfe? &G®r 13€0.buf f er | ayer 2300, an M

mrror 2200, and subs te 2100. The mask 27 h first region
2750 and a second%%@ffsb‘ﬁfcgfwm‘ﬁ?édF?cr‘éb[eg\r‘{’é’QVBi’?E?W%gvﬂaafﬁqﬂel&lu%%
because the %ﬂe’Eh%?é gﬁg%d&d%%lé‘% tn 1766 ageﬁcswﬂn{ oY  @if60 's dar ker

due to the top layer 2500 and the inproved absorber 00. First, the
EW mask 2700 of m&memwwﬂvmmmesmIMOa1samEUVana5k2Y0(Dasvm t h a

I defect | I d as. th ti f
an" EOV. sk DR FifrsE i SR e o O S e SR OO P o | ow
15 coeffici lebu?ffer iah"éf %o, SX RANRILH 4760 Find J BebsBdRT1 6@ 8e %Wnﬁ@y zﬁﬁ‘) a low

CTE gl ass or ow CTE gl ass-cerami c. ‘However, in some cases,
substrate 2166)5 a ﬁrstﬁagmndﬁso Adthspaghd Sigion @r6thAbe first wggm 5B i Mctﬂw

result i esira di s mant of pr| t ed | al so has a
i gh ¢ helhm) bEaHIR Rt WAyl 2500 pceerbl Pharect WG Rna780 bifiyiitnoat
can be rem)vg\q tshﬁé)@r%édéﬁu{{h@ PP&M&OJL&QIQ}&QM exposure. Second, a

mu?tllayer (M) rror 2200 1s dfsposed over the substrate 2100. The M
m rror- 2200 has albmll,tthE(EUV Bﬁslpwmsnfcuhe lafdsemmvem@nlmglﬁa aofubatrhie@i0® ndex

of refraction er| 2 d aI i ndex of refraction materjal 2220. A
hi gh i ndex ‘Hfﬂ‘ wade F‘E)tﬁ ‘ngf"éCP? éT“O? EP?@I‘?JE@Q aélﬂéerﬁ?fpgg\ﬂ‘?tﬁ“?ﬁfgﬁaﬁt om ¢

number whi Cheyy mask of the present invention. The substrate 2100 should have a low
15 coefficient of thermal expansion (CTE). The substrate 2100 may be a low CTE
glass or a low CTE glass-ceramic. However, in some cases, the substrate 2100 is
Silicon. Although Silicon has a large CTE that may result in undesirable
displacement of printed images, Silicon also has a high thermal conductivity and
thus is a viable substrate as long as heat can be removed efficiently from the mask
20  during exposure,
| Second, a multilayer (ML) mirror 2200 is disposed over the substrate 2100.
) The ML mirror 2200 has about 20 - 80 pairs of alternating layers of a high index of
| refraction material 2210 and a low index of refraction material 2220. A high index
of refraction material 2210 includes elements with high atomic number which
25  tend to scatter EUV light. A low index of refraction material 2220 includes
elements with low atomic number which tend to transmit EUV light.
The choice of materials in the ML mirror 2200 depends on the illumination
wavelength, lambda. To a first approximation, each layer has a thickness of about
one quarter of lambda. More specifically, the optimal thickness of the individual

30 layers depends on the illumination wavelength, lambda, and the incidence angle
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25 tend to scatter EUV light. A low index"of refraction material 2220
includes ehggpab@msyd th | ow atomi ¢ nunber which tend to transmi t2E009/42005
The choice of materials in the M. mirror 2200 depends on t he?§VP3%HaH on
wavel ength, | anbda..To a first approximation, each |ayer.has a thickness of
about one qu BI' SuoP ificallw .t tJd mal_t:hickness of
the indivi dua‘?i{%gh} aye'rasgggglé%ggg on tﬁ% W%‘Tegerrrllg#}ftsiagﬁm\%%&e er?é‘td%gl anbda,

and the inci dieoiclenenghge ishbW@ DAHLEQ0The 3PPl QR DessE I thiSaReRASRE of the
il lumnation |ight. For EUV, the wavel ength is about 13.4 nmand the
i nci dence angpECTs sadmize the genstiadve mirriapnderithe BUY kighteflocist at gach

alternating .layer é!.g}%s e co ctive dnt I fthe EUV |ight
reflected at ]Le%\({:ﬁlcgfﬁ?er aceer(glﬁr.{e YT ﬂnf%gsggﬁ%%eo%g%gmgégg@ﬁg\@&ﬁnﬁ?r t he EUV
light. Thé M2200 he9aboutdD0T5 hasflaktuty £iGhe pddk ifuididtRaWwatielohgtih. t he peak

i1lum nation wavel ength. In one enbodi ment, the ML mrror 2200 has 40 pairs

of alternating | ayege egpodimenirthe penivpr 2200has 40 pairnefiadtervatigplagersnd a

| ow i ndex of reefil: ' I ~agdne high index.of refractio
e al 2910 e WP AR anfitloaid St P R B RirebBioh BAERR »
run whil e t he2bewWhertdgh itfexiof tdfRetioR mat@ia ph R may 2Q1uke MBlybhestukd®16) | | con

i) with a thickness of about 4.1 nm needed, a capping |ayer :
(Si) with hi ckne f ab 4.1 _As d oJ | & 230
such as aboutwith a ghigknessiof gbogit 2.8 swm witdle)the loxyindex phrefragiéen axaterfpd 2229 of
the ML mymror { . eV, i dat i,on_ of I enum b environment .
Third, o pur FE PR SAEETEY it R MBI R R A SRR DUt 1 o1
| ayer 2300 niyyehay®, suélhhLdtoas sl PhnPBRKSI RO (Si,0Ray e inthelel 4 i8S tdpporer 2300
15/ protects the und_erlylg'g M. mirror 2200 from danage by acting as an etch
stop |ayer & Mignaren2P te heeveltspridation efyelybdonim by thdrrivivomrhenter 2300
al so protects t inder | al y.rror 2200 fr amage [ repair of
the i nproved .abrslgfr"jég’raplé%eel?%f%ﬁdn is dlSpOSECp over tﬁm RRT ﬂub.ﬂ%bu_f?er

layer 2300 may have a thickness of about 20 - 105 nm. The buffer layer 2300

156 protects the underlying ML mirror 2200 from damage by acting as an etch stop
layer during etch of the absorber layer 2400. The buffer layer 2300 also protects
the underlying ML mirror 2200 from damage during repair of the improved
absorber Iajer 2400.

The buffer layer 2300 may be Silicon Dioxide (5iOz), such as low
20  temperature oxide (LTO). Other materials, such as Silicon Oxynitride (SiOxNy) or
Carbon (C) may also be used for the buffer layer 2300.
) o Fourth, an improved absorber layer 2400 is disposed over the buffer layer
~ 2300. The improved absorber layer 2400 may have a thickness of about 45 — 215
nm. The improved absorber layer 2400 mwust absorb EUV light strongly, remain
25  physically and chemically stable during exposure to EUV light, and be
| compatible with the entire mask fabrication process, inciuding photoresist
patterning, absorber etch, photoresist removal, FIB repair, and buffer layer
removal. Control of the critical dimension (CD) must be maintained and line edge

roughness (LER) must be minimized.
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The buffer | ayer 2300 may be Silicon D oxide (SiQ), such as |lo 9/20
t enper at ur e WRIWMO7TRETO). Ot her materials, such as Silicon Q(p{@i;/é% %]4 05
. Fourth,

(Si OxNy) or Carbon (C) may al so be used for the buffer |ayer
an i nproved absorber |ayer 2400 is disposed over the buffer-layer 2300.
The i nproved absorlbérddsaykle {@400 impuovhd wbsaabirtihpde?d8Gtodie axhitt a#d5 - - 215

nm The i nproved ahsorber | ayer /2400 nust_ absorb EUV |ight strongly, remain
25 physi cal | yP%’ﬁHC%hi%ﬁi ey i rainimize agy shafpveng sHeF dWwHSENROFghin olend be
conpatible w t.] L CatJ | RG:k LGl ot or esi st
pat t er ni ng, a%rggé e}&g’tt%ﬁ,ﬁn otE %%g%%%iq%%%séaq?qéﬁ%i‘f%ggﬁw@é g%%lp%uffer

| ayer renovathickGest of&0 -afd0 e The ELVCEkmdhamnishaam (ypRallyhas abéngidénebai ned
and |ine ge rqug*{l’ess (LER) nust be minimzed. 10 WO 02/079875 27/ 09/ 2005
PCT/ US02/ (%4913Rgl¢ Of by 9{degiseesq BHnipwang ARY shadevang grpes ekegere4lo to be

as Uhin as BiaGtd GAR) ol SupAAR, o R Dl R A SHRNAELT 86! i ng

exposure. I n one odi nent, t’he i1 npro I's Tantal um
Nitride w th improhed kivsesberdiyeb Q400100 rathuceldteh EHaly/ Theletigh iag foaTabedam
typically hasNan_ i nci gence 5 angl e of aboui 5 degrees so m nim zing_any
shadowi ng durlNHde s esrestuged fo lessdh &) piy Redumngpring bipg apd gtch biaswilk i ng

any shadow ng, i A0k 1aff 1 whdR, ' educe
etch bi as. Thég!él{ fé Egst;i@llafépggre- aﬁ} gklﬁtgﬁlr‘% eggegﬁ{rg%a%ﬁ%tg%g?%mohghsé t han
10 nm REOuciBI§V pnasht2700 asd thud well phrohit dse svalihg tonmedler lesigs irates fndterd He

e-bear witer,to resolve the fea;qlﬂlres tgrbe patterned on the 10 E LTV nmask
2;@0 and t husleRpe feagupsire lopteddy-the pich.Jataliumdyitde shawld beexstepddie ¢ he
den

Gense | L SR H AR A Bl ol um 1 11 shoul be
i nproved absor ber ThafdiE dI400inghoutdlalizerbeilayley 24000belld be fairly closely
matched with the CTE of the other materials in the EUV mask 2700. In general, a
15 low coefficient of thermal expansion (CTE) is desirable for the improved absorber
layer 2400. Furthermore, a high thermal conductivity in the improved absorber
layer 2400 is helpful in minimizing hot spots during exposure of the EUV mask
2700.
Reducing the thickness of the improved absorber layer 2400 is further
20  advantageous since the stress in the film will also be decreased. Mechanical stress
in tﬁe film is undesirable since it may lead to distortion of the pattern on the EUV
) mask 2700 during e-beam writing of the EUV mask 2700. Excessive stress may
also distort the pattern printed on the wafer during exposure of the EUV mask
2700. |
25 Over a wide range of wavelength, lambda, the absorption coefficient of an
element-with.'a density, rho, and an atomic number, Z, is proportional to
- (rho)(Z)*(lambda)>. Elements from period 6 and group 4 - 11 of the periodic table
are potentially good candidates for the improved absorber layer 2400. Examples

of elements which have large rho and large Z include Hafnium (rho=13.3.0 g/cm3,
30 Z=72), Tantalum (tho=16.60 g/cm?, Z=73), Tungsten (rho=19.35 g/cm3, Z=74),
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mat-ched with the CTE of the other materials in the EUV mask 2700,
general , a wéokemmgeoefficient of thermal expansion (CTE) is ELF/ [7[ ;é%Q)Q

the inproved absorber |ayer 2400. Furthernore, a high therna conductitvi ty
in the inproved absorber -|ayer 2400 is hel pful in mnim zi ng Hhot spots
during exposURer@fm!(Reo-20¥3 3, 2499, ORRAUA IR0 as bhiaKNEsE) Alatdliin

i nproved absorber |ayer 240 further 20 advant ag eous since the stress in
the filmw | |C<3 95/ ded é’&gé)danmﬁohhfrhoaw @g,émf Z979). Aedd dlemérgs

undesi rabl e since]rlnibt ma%{ % o d| rtion. of t ttern on the EW nask
2700 during EPBEANPRARPPH 0‘1“ RS RETTEPT stress may al so

distort the patt emsre{eisﬂlﬂslfd}flhé 1\%%&%96%5&{‘19 @%m&%ﬁa@ JodGadReMoBSK
2700. 25 Over a wi de range of wavel ength, anbdg t he absor%tlon

coefficied dbthnundéniringbuifet hyer mnsnﬂyqsneladed,atndnﬁnvaﬁjungwmquﬁ)er Z, is
proportional to r ho), ( 3. Elements, fromperiod, 6 .and group 4 -11
of the peri ochBalfgtﬁ @)la@‘e&%?‘gﬁff ok pllya5e5 a@é\’?ﬁﬁ’ﬁéﬁ*@é’e}“ﬁfﬁc“ﬁlﬁ‘é i mpr oved
absor ber | aY%nQ-ﬂﬂﬁmg@SQHPB@éall %bx@.h‘f‘é&'@ﬂf ﬁae‘ﬁU@%d@ﬁ‘ﬁod FLAQIIH %orad | arge Z
i ncl ude Hafnium (rho=13. 30 g/ czn3, Z=72), Tantal um (rho=16.60 g/cnB,

Z=73), Tungstgend filims=-Teng3Eerdfilordre Ha;zme)nd adHera@®, A BPHINSE 02idtHHe2005

PCT/ US02/ 0- 4914 Bheni um (r ho=20. 53 / n8, 7=78)  Osmium (rho=22.48 g/ cng,
7=76), Pl ati RQAE l‘iﬁﬂ h £85esy g%)s W’ﬁﬁa EYRRORMh Slove Ve afltms 7=79) .

These el QUENPEririRY filthb 2fR€ DRI £€ s)ﬁfttaﬂd@{awgybo%al%%ht ering or RF

sputtering. It is desirable for the inproved sorber layer 2400 to have
gogd adhesi on 5 €erthinealioysend y&ragud:sm‘ré alsolsaitalble 28300e amgromd abhsetled, to any

o e Yo B EosdE Boe B i o5 e ok SR TR ek
2700. Tant al ghQh#fRn. Examples of ceramics include Tungsten Carbide (tho=17.15 g/cm3),
Tantalum Nitride (rho=16.30 g/cm3), Tantalum Carbide (rho=13.90 g/cm?),
15 Hafnium Carbide (rho=12.20 g/cm3), Tantalum Boride (rho=11.15 g/cm?), and
| Hafnium Boride (rho=10.50 g/cm?). These ceramics may be formed by DC
sputtering or RF sputtering. Tungsten Boride (rho=10.77 g/cm3) may be formed
by RF sputtering. Tantalum Nitride may also be formed by Reactive RF
sputtering. Tantalum may be evaporated in 10-3 Torr Nitrogen.
20 The improved absorber layer 2400 may include one type of material or may
be a stack of different materials. Variation in the layer, if desired, may be
) continuous or may be discrete with distinct interfaces. For example, in one
embodiment, the improved absorber layer 2400 is a TaxNy film or Tantalum
doped with Nitrogen in which x=1 and y<0.6. In another embodiment, the
25 improved absorber layer 2400 is Tantalum Nitride (TaN) in which the
stoichiometry changes through the thickness of the film.
Many embodiments and numerous details have been set forth above in
order to provide a thorough understanding of the present invention. One skilled
in the art will appreciate that many of the features in one embodiment are equally

30 applicable to other embodiments. One skilled in the art will also appreciate the
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good filnms. Tungsten filnms are hard and adherent, although the oxi /azre
vol atile. | w@gerdagm cases, Rheniumfilnms will self-evapor atl’trn@%?éw 005
both 10 Platinumfilns and Gold filnms are soft and have poor adhesi on.
Certain alloys and ceram cs are also suitable for the inproved absorber

| ayer 2400. Biahtyltesnalfe wrimuslequivakht sylstitutidnsder thesd slevific Sdtériadsn and
Tantal um Germani um Exanpl es of ceram cs incluyde Tungsten-

bi d
(rho=17. 15 g/RFRE§sses fHREDIIORS RPIeRRIqISheic14sanbeyt bera Ifi%ﬁ?t%[‘@?#%&??ﬂ de
ho=13. 90 g/ Haf i L i = Borid
E;hgzll. 15 g/%‘%‘? d;eﬁ%déaHa %&#{B%rtﬁggﬁ%rgﬁoﬂ:‘%&g%%}%%?e tE?ﬂ‘({a%eu(r:ner g;n! cg

- may be fornmedlbstdde mplndtdinitiggowh&Eirsihetstapd sfghe prasgstiaverBionisHeuld be

(rho=10.77 g/ ¢nB) .may_be faorped. by RF sputtering. Tantalum Nitride may

al so be for necfft%%‘“%‘i@i’it\‘/%aﬁms@ﬁ 8Fing. Tantal um nay be evaporated in
10-3 Tarr Nitrogen. 20 The inproved absorber |ayer 2400 may include one
type of material or nmay be a stack of different materials. Variation in
the layer, if desired, may be continuous or may be discrete with distinct
interfaces. For exanple—in-one enbodinent —the |pproved absorber |ayer
2400 is a TaxNy filmor Tantalum doped with Nitrogen in which x=1 and

y<0. 6. I n another.enbodi rent, th 5 ] oved apsorber |agyer 2400 is
Tantalum Nitride ﬁ'd’f‘(l)w‘? Hg‘(ﬁn‘???ﬁ“ﬁq‘fﬁmg ’ i B o e ARy PR Sql'ﬁ?’blﬁﬁﬂ t he

t hi cknesgpof ;hhe hhéthbu Miéﬁg%mmwﬁwmr ous details have been set
forth above in order to provide a thorough understanding of the present
inyention. One skilled in the art will appreciate that nmany of the
features in one enbodi ment are equally 30 applicable to other enbodi nents.
One skilled in the art will also appreciate the -12 WD 02/079875 27/ 09/ 2005

PCT/ US02/ 04914 ability to nmake various equi val ent substitutions for those
specific material s,
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processes, dinmensions, concentrations, etc. described herein. It is to be
understood that the detailed description of the present invention shoul d
be taken as illustrative and not limting, wherein the scope? Zmﬁ
present invention should be 5 determ ned by the clains that O||OM/ us,
we hqvgd%ﬁﬁcribed an EWmask wth an inproved absorber layer 10 and a

nmet hod of abricating such an EWnmask. -13 2 7 SEP 2005 W claim 1. A

nmet h d conpri, sin roviding a substrate; formng a nmultilayer mrror over
said rr1&8118mnﬂléﬁl’ﬂlgnultllayer mrror being reflective at a wavel ength;
fornlng an i nproved absorber |ayer over said nmultilayer mrror, said
|npr6W@H @E@éﬂ%ﬁﬁﬂ%ayer bei ng absorbent at said wavel ength, said inproved
absorber | ayer having a thickness, said inproved absorber |ayer conprising
a fi fetmisf emeritilagapetroniovtr saidsmbstrude, ahidmeuitilayadhmirsiribemgrrefiéctive afa sai d
secomwhveleagant to said first elenent is less than 0.6 to 1.0, wherein said
rati o changes through said thickness; and renmoving said inproved absorber

| ay erornfing af irﬁﬁ%vécﬁﬂisgfbe}“’fyylexeo\}e?@éiﬂ ﬂgﬂﬁ%} rhitdRk, %mci EQ%OH)&M%F er 1N A

secomgd;\ %gk&ﬂent 2t saldGa 08 %\@d a ﬁér 5)&1;'% bl

COMPI L3S e SRl Tyer %3 egf ey e e rS%n ShpTent
: t

com] Al 6%1% eS%hailgléi: ‘v}fﬂi eFF‘%%ﬁl a§’é’c° I

corrp of §3é S?B(iié Egeg}‘i’m s
conp FSS: 2 The nethod of claim 1 wherein said second el ement

conprlses Carbon. 7. The nethod of claim| wherein said second el ement
Corrpp’eplg@\gnggﬂid) ﬁnprpz{ed absorber layer in a first region while leaving said improved absorber layer

in a second region.

2. The method of claim 1 wherein said first element comprises Tantalum.
3. The method of claim 1 wherein said first element comprises Hafnium.

4. The method of claim 1 wherein said first element comprises Tungsten.

5. The method of claim 1 wherein said second element comprises Nitrogen.
6. The method of claim 1 wherein said second element comprises Carbon.

7. The method of claim 1 wherein said second element comprises Boron.
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