15/ 12/ 2005 5 WD 031012546 PCT/ EJS02/22 t 04 DAMASCENE EXTREME ULTRAVI OLET
LI THOGRAPHY (EUVL) PHOTOVASK AND METHOD OF MAKI NG Technical Field of the
.I'nvention The present invention relates to photonmasks, and nore 16/12/2005
particularly, tq a _damascene structured photomask fornmed for use with

ext rene u|tr‘3’\%"§1“é%"‘€5uv) light illumnating radiation. BacRGHUSMQ2UH the
I nvention 10 Photolithography is a common step used in the manufacture of
integrated circuits and is typically carried out in a tool known as a
"stepper”. In_phatalithography, a silicon wafer substrate having a |ayer
cof filmto be2AMASCRYE EXIRENNE UL TR A QLdi T A THORABIY (EUNE) waf er
i's then placed within PHOTOMASK AND METHOD OROMAKING S placed above
and over the wafer. The photornask (also known as a reticle) contains the
15 pattern that is to be replicated onto the wafer. In“the case of a
transm ssbve photomask, the maspechadal BeR of heQhRali&f by transmi ssive
portions and absorbing portions arranged 1n the paitern on the mask. A

sel ected wavel engre préshe ifveRiioH Rlated At HORMASRL S1dSnd P Mrticiely [ fﬂhﬁgéfeﬂg

radiation is shi.ned through the mask. The transm ssive portions of the

mask, Wi Ch &l PPRRAAR forkdd |hue QiflPL @ YR NRRIE] B9 Mign b Atalifle |1 9t

to pass through the nask. The absorbing portions, Wwh e opaque to and
absorb the sghggsed wavel ength, block the transm ssion. The pattern on the
mask is thereby replicated onto the photoresist on the device wafer. ‘In

cnosher (ype, of DROLOTRSK, Kol Aol ShE BTN 12 SOl
a jel eCtl%d wavel %’nt%)ﬁthography is a common step used in the manufacture of integrated circuits
and is typically carried out in a tool known as a “stepper”. In photolithography, a silicon
wafer substrate havi_ng a layer of film to be patterned is covered with a layer of
photoresist. The wafer is then placed within a stepper onto a stage. A photomask is
placed aboyc and over _;he; waler. '_l"hq ,_photor‘naslg (also known as a reticle) contains the |
15 pattern that is to be replicated onto the wafer.
| In t_hc case of a transmissive .phot.omask, ’the. mask pattern is created by
transmissive portions and absorbing portions arranged in the pattern on the mask. A
selected wavelength, for exa.mplc, 248 nanometers (nm), of irradiating radiation is shined
) through lhé mask. The transmissive portions of fhc mask, which are transparent to the
20 selective wavelength, aliow the lightr 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 ty;;c of photomask, known as a reflective mask, thc- photomask surface
contains reflective poh_ions and absorbing portions. When light of a selected wavelength

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

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



“~shri nk. Ther

25 is applied to the photomask, the light is reflected off the reflecting
portions. The reflected inmage fromthe mask usually is further reflected
off of a mrror or lens system then onto | 16/12/2005 WD 03/ 0135A462/2005
PCT/ US{}2/ 22104 the wafer. Once exposed, the photoresist on the wafer is
devel oped bY¥WO4¥HEHE in a solution that diskoives either erpo&Se/B10+
unexposed portions of the photoresist, depending upon positive or negative
tone of the photoresist, to create a pattern in the photoresist that
mat ches t he B‘st%’?’h nee 53PStb tmBRooresst K8 theviaks ih Weedepad ibyrrinsingrisases,
t he di mensi 0%5 of Leﬁtu_r es in the integrated-circuit devices alsg nust
Yop thatidissqlygs sihes sxnosesl or aBRESed npandend of vhe phatoresistt dupendinghy
must have shorter and shorter wavel engths to pattern successfully in
shrinki ng di tREAPOSHEE O egRiive toric vl theginplgresisEtommeatmalpalBih inthegshowessdt dimgt hs
are all currently being devel oped. These wavel engths are generically known
as the deep RKChesFaraltandf tigphetardaskacuum UV 10 range (157 nm). However: EUV
radiation is strongly absorbed generally by condensed matter, such as
quartz. Phus, a rsfdeiseinegrploircrask thsdioensionslof fased if e ilkMhted ciganer al | y,
the reflective mask consists of a nultilayer stack of pairs of nolybdenum
and . si | i con dewices alsa inngt.shifike Therefore,aye ilustiradikg vididtion @fddas phétbMhsgshnat i on.
Formed atop of the multilayer stack is a patterned absorptive netal |ayer.

The patt er ngust lidye ahster pid shertgrataadiengeis @ patratdeTinBdn stk efiecshhom a
bl anket netal |ayer that is deposited onto the nultilayer stack. This type

of reflecti Petdrmiak using KODWR 2d 137 STHDAT RSleleyBihiBleall c&r%ﬁthﬁﬁéiﬁé’@cv@ﬁg&.
Anot her type of reflective mask is known as a damascene reflective nask.

| t hi 1 ofa f ed Il that i
dg% i's t Yh&e Ofavéragdths dré Qﬂﬂgﬁftﬁfy RfcRvnf 49 tHERM g OV3anike g %qmgﬁé??cpﬁégjv that 1s

deposited atop of the 20 nultilayer. The trenches with an

Soro I, PRSI RS N SRR BB, b slegt P
matter, such as quartz. Thus, a reflective photomask is commonly used for EUVL. -
Generally, the reflective mask consists of a multilayer stack of pairs of -
molybdenum and silicon thin. films. The multilayer stack will reflect EUV radiation. -
Formed atop of the multitayer stack is a patterned absorptive metal layer. The patterned
I5  absorptive metal layer is panc;ned and etched from a blanket metal layer that is deposited |
onto the multilayer stack. This type of reflective mask is known as a subtractive metal
reflective mask.
' ) . - Anothér type of reflective mask is known as a damascene reflective mask. In this
type of mask, trenches are formed in a silicon base lziyer that is deposited atop of the
20  multilayer. The trenches are then ﬁi};:d with an absorptive metal layer. One such -
damascene reflective mask is described in detail in U.S. Patent No. 5;935,733 to Scott et
al. and assigned to the assignee of the present invention.
Spcciﬁcélly, turning to Figuré I, a prior art photomask 101 is shown that inéludes

a multilayer stack 103, a silicon base layer 105, a metal absorber layer 107, and a cap

25  silicon layer 109. The multilayer stack 103 comprises alternating thin film layers of
2




al . and assigned to the assignee of the present invention. Specifically,
turning to Figure 1, a prior art photonmask 101 is shown that includes a
_mltilayer stack 103, a silicon base |ayer 105, a netal absorberlgAy&ay 20005
and a cap 25 silicon layer 109. The nmultilayer stack 103 conpri ses
al ternati ng WRPHORHM6mM ' | ayers of 2 16/12/2005 WO 03/ 012546 PREUSIZRARS 22 t
(I-t nol ybdenum (Mb) and silicon (Si). Typically, the multilayer stack 103
consists of 40 pairs of Mo/Si thin filmis; each pair of thin filns
appr oxi mat eMplybdenqum (o) 35 sklisag £S).ndwpicallyy fis mHRKH Strsk J0F iceprsihels® | ayer
105 is.deposited onto the mul-tilayer stack 103. Trenches are etched into
“-the siliconPdess¥ Mef§icthinfonsadeh pair efishisdnhaprmadinately Jam in Giskaess.t ¥ext rt'o t he
5 trenches. Finally, a silicon capping |ayer 109 is deposited to protect
t'he phot ormatk amomhpusomiieeg base layenliSris dengsited opteithpamnetigysy slack h@3. | Trenches
reflected by the nultilayer stack 103. Incident light on to the absorbing
met al | ayer art@rhédsinwisbosilicod baserayer p03 and aarabsqpiog oaeki07 ih depositaddntalthe
di sadvantages. First, the silicon |ayer 105 tends to attenuate the anount
of 10 EW |irglehesl Finallpa silicon cafpimriaest 109 istdeposited toi graty@nhesplacdma®FomFor a 70
nrn thickness of silicon, the attenuation is on the order of 22% This
att enuat i ondamadgt. eventual |y | ower the throughput of the stepper machine.
In other words, a photoresist |ayer that nay ordinarily take five seconds
t 0o expose, becauseperatido)éncideheRUST ligh HiTh i$ heflested ibgahe InAaméayet Glack may.
require six to seven seconds to expose. 15 A second di sadvantage can be

seen in Fi guEiBent lighdhni 16 theedbedrbing nictal asyct 10T is ABsdbal N This@ribesh phdleaamtse in
EUVL, the incident radiation-cones at an angle fromnornmal due to the

najure of &ak edveRE Uisk®amBad, Fibe HROiion adycP NOPien@oi Ateuatd theFhdaki e with a
meh-zero height nmetal |ayer 107, a shadow ng effect exists which needs to
be corngct gd;pYigRdi 14SthitNgrdid@ed by the multifayer stack 103. For a 70 nm thickness of
‘silicon, the attenuation is on the order of 22%. This attcnualion will eventually lower the
' (hroughput of the stepper machine: In other words, a photoresist layer that may ordinariif :
take ﬁvc seconds 10 expose, because of the attenuation in the silicon layer 105, may
require six to seven seconds to expose, .
15 : A second‘disadvamage can be seen in Figure | and is referred to as the shadowing
effect. Because in EUVL, the incident radiation comes at an angle from normal due to the
nature of a reflective mask, the combination of oblique illumination with a non-zero height -
\) : metal layer 107, a shadowing effect exists which needs to be corrected by adjusting the
size of the photomask features. Typically, the photomask is biased toward a smaller
20 - dimension in or&er to compensate for the shadowing effect. As EUVL technology extends
to smaller d'esign rules, the biasing requirement may place a limitation on EUVL mask
fabrication.
Finally, for a subtractive metal reflective mask, while the absorptive metal layer is

a conductive layer, its passivating silicon oxide layer is non-conducting. The non-

25  conductive photomask may cause pinhole defects during mask transfer or handling
' 3




size of the photomask features. Typically, the photomask is biased toward a
smaller 20 dinension in order to conpensate for the shadowi ng effect. As
EUVL technol ogy extends to snaller design rules, the biasing requ/Ea¥I005
“may place a limtation on. EUWWL mask fabrication. Finally, for a

subt ract i veWRdB8I25#ef | ective nask, while the absorptive netetT/Usneeriits a
conductive layer, its passivating silicon oxide |layer is non-conducting.
The non- 25 conductive Eho_tomask may cause pinhol e defects during nmask
transfer. orPrsasieR fuide shargina.2Appgsrastiudd rp dobgduptiingtan$ekBetGan ptratesses
due to charging. Any charge build up during handling and exposure can
-attract cikbFgspapisiasithat s verysliffigeletoyesrayredi ffi cul t to-renpve. BRI EF

DESCRI PTI ON OF THE DRA W NGS The invention is best understood by reference
to the f4gures whereinr RIBT FITHEDR 4WdNESce. nunbers general |y
indicate identical, functionally simlar, and/or structurally simlar

el ements. Fi gur eThe ingergiopns best anderslanelycre feecnBt M thp Hiruessaeicreifrirgtieme?- 7 ar e
cross sectional views illustrating a method for formng a EUVL phot onask

i n accorflanedth viikehrefednence pruetberst genava by tiidivate ienikchiy UuketBndlBy SinfilkQShdBeECt | onal
vi ew of a photomask during manufacture showi ng a protrusion defect and an

i ntrusi on dsfeeatallylsingilar eleBents, a cross sectional view of a photomask forned-
i n accordance with an, alternative enbodi nent of the present: invention.

DETAI LED DESCRI R (& phidEat BErERRERURBHRMENTS 15 |1 n accordance wi th

the- present invention, a nethod for -formng a extrene ultraviolet

li thography (EU¥igurdBot QERANKs isseihal Geds Qflustchiihg D nelidl! SIrMhihes glivit | on of

) photomask in accordance with the present invention.
- 10 Figure 8 is a cross sectional view of a photomask during manufacture showing a
protrusion defect and an intrusion defect.
Figure 9 is a cross sectional view of a photomask formed: in accordance with an-
alternative embodiment of the present invention. .

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

15 In accordance ‘with the present inventibn, a method for forming a extreme
ultraviolet lithography (EUVL) photomask is disclosed. In the following description of
the preferred embodiments, numerous specific details are provided to provide a thorough

g \) - understanding of embodiments of the invention. One skilled in the relevant art will
recogﬁize, however, that the invention can be practiced without onc or more of the specific-

20  details, or with other methods, components, materials, etc. l.n other instances, weil-known
structures, materials, operations are not shown or described in detail to avoid obsburing
‘aspects of the invention.’

Reference throughout this specification to “one embodiment”, “an embodiment”,

or “preferred embodiment” means that a particular feature, structure, or characteristic

25  described in connection with the embodiment is included in at least one embodiment of
4




the preferred enbodi nents, nunerous' specific details are provided to
pr-ovi de a thorough understandi ng of enbodi nents of the invention. One
skilled in the relevant art will recognize, however, that the iIgEnRV¥emO0O5
" can be practiced without one or nore of the specific 20 details, or, wth
ot her met hoW® B@¥pbnents, materials, etc. In other instanceS/usigRRIKNOWN
structures, materials, operations are not shown or described in detail to
avoid obscurjng aspects of the invention,_ Reference throughout this
speci ficat | dl‘F 'SSWBE‘ée%%oéﬁhH%ﬁ*ﬂﬂ'?Ppeaa?ﬂ‘:%ﬁﬁﬁ’aiH‘?@ﬁ% ¥in ong embpdaear, gy an
enbodi nent " means that a _particular feature, structure, or characteristic
-25-descri beMPAAEERe Of i 3f % Rreferer cawpdmERENI Variaupcplerse dthiavghaut [thast one
enbodi ment of 4 16/12/2005 WO 03/012546 PCT/ US02/22104 the present
i nvention. TPRFHcatiqnerre pplanseessartdy ol rafereingiorthe samtd embodimenhbBetthemmare, the i n an
enbodi ment"”, or "in a preferred enbodi ment” in various places throughout
the speci f iPartiEylerieaiyres; sivtctyfes estharaciesistigIntay be tembingibin anpsuitable sanmer in
enbodi ment. Furthernore, the particular features; structures, or
char act e?i spheormgye abadémtritned i n any suitable manner in 5 one or nore
enbodi ments. Turning to Figure 2, a EU/WL mask blank 201 is provided. The
EUVL mask bl ank Twwingtosifigure®, @EQVUnadsk blunto20 ipaprosided. il BUDE mask Bladk con
thin filnms. In the preferred enbodinent, 40 pairs of nolybdenunisilicon
thin films csigsicfea plunality idfqpaers oftrasikbd2Rian/silibat thiomfmgs.t e &b\jeefeeak bl ank.
However, other materials may be used to. formthe pairs 10 of thin filns
and the preassdinieny &0tpais oS MElYbEENNATsiIREn WHinThlnCednfpris®h YRMtaPLEdd 2030n thin
15 films. For exanpl e, nolybdenum beryllium niobiunm beryl!l’ium
T ut heni unt bifisYorrisWkB EUVD @faskiBIRE v evThth@ matdrlalsGRLY BeUlsi bt thdpdlrsf || M
Irs may be used. Further, the pairs of thin films may include an

interlayger Jreking®is et breSdnt A RASROHd fibd P8R d! b HARIEDES R thin

films. For example, molybdenum/bcrylliu.m, niobium/beryllivm, ruthenium/beryllium,
rhodium/beryliium, or silicon/ruthenium thin film- pairs may be used. Further, the pairs of
thin films may include an interfayer between the first and second films to increase thermal -

stability and to prevent interdiffusion. The interlayer may bc,. for example,.carbon.

15 ‘Typically, each pair of molybdenum/silicon thin films is approximately 7 n.m (or
70 angstroms) thick. Using known physical relationships, it has been found theoretically "

. that 40 pairs (or 280 nm thickness) of molybdenum/siticon thin films will provide nearly

a) 75% reflectivity for wavelengths in the EUV band (e.g., 13.4 nm).

Next, turning to Figure 3, in accordance with the present invention, an additional

20  number of pairs of molybdenumléilicon thin films are deposited. - 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 301. However, it should be stated that whatever the terminology used, the present

invention discloses the use of a stack of molybdenum/silicon thin films.
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stability and to prevent interdiffusion . The interlayer may be, for
exanpl e, -carbon. Typically, each pair of nolybdenum silicon thin filnms is
approximately 7 nm (or 70 angstrons) thick. Using known physicale/12/2005

“rel ati onshi [ been found theoretically that 40 pairs (or 280 nm
Somys

t hi ckness) enunisilicon thin films will provide nedtdiyusi2894i4
reflectivity for wavel engths in the EUV band (e.g., 13.4 nm. Next, turning

to Figure 3, in a e_ W he present invention, .an additional 20
nunber of pairs oﬁg%roﬁqgig%eﬁsu@egi"Itbf"éeoﬁthfrﬁ?'?%aslohe Ctﬁ’Fé““Ei@BB§?’f"é‘d?“°l"ﬁ"‘éhe

mbodi t, [ f thin fil i'ted, ul ti in ‘
i i onal 78 HREB LS poeftuel miRegt b B naes dechpmrompmenitesad  hi n

films are re}ertﬁ ed to _herlei .as su%ﬁg{emant al, nmultilayer stack 301.
However, it SHAU fPREMERtafmuytilayes stagh 34 avaybe different fiaimiths Gin flseambinatien
present invention discloses the use of a stack of nolybdenum silicon thin
Filme. T SUFRAANOBOkiE a3 45 Pltb S Irion grchensiloha foeheb, tas

not ed abave, ot her ,t¥_ es of reflective thin filmconbinations may be used
for the pp¥‘%ﬁt#éﬁt"aﬂ M-t Thugyenlike thg arionmy, the)treelead aret faemedhivithis therstack of
conbinati 6ir used for the supplenental nultilayer stack 301 nmay be

di fferent frigtiimeapdnag withing slinenbesstdyen used for the nultil ayer stack
203. As will be seen below, trenches will be formed in the 5 stack of thin
films. Thus, unliAdditiondiypra sificaangapping laycerd®Reis depesitbdrommdthai supplemeiel St ack
of thin filnms and not wthin a silicon base layer. Additionally, a silicon
cappi ng | aydnulBlagristackigplo fire ferblynthosititvn capying lepe30his onmhd dridray @0 tsizck 301.
Preferably, the silicon capping |layer 303 is on the order of 40 to 120
angstrons t lareseom¥ithclsi Theoliconapppinglayayios isSR3fil s proetiidg the st @€tHeng t he
sufface of the 10 supplenental multilayer stack 301 during cleaning and

ot her hifdl swplenfentahmupitayeonakian! divngtcleaning &id duRg hhilifk GEHLE pHotordask! ench 401

is formed in the silicon capping |ayer 303
' Next, referring to Figure 4, a trench 401 is formed in the silicon capping layer 303
and the supplemental multilayer stack.301. While in this embodiment the trench 401 does
not necessarily extend into the multilayer stack 203, the trench 40! may be of variable
depth. The trench 401 is formed using conventional photoresist patterning and etching.
15  Though not required, in this embodiment, the trench 40! extends down into the
supplemental muitifayer stack- 301, but not into the multilayer stack 203. It can be
appreciated that the trench 401 shown in Figure-4 is merely illustrative and that.in actual
) - practice, trench 401 is typic_a!ly a complicated nctwork that defines the pattern of the
photomask. Thus, trench 401 is ‘formed throughout the photomask in the desired
20  photomask pattern.
Next, turning to Figure 5, the trench 401 is filled with a metal fayer 501, typically
using a blanket sputtering process. -Alternative, phiysical vapor deposition or chemical

. vapor deposition may also be used. The metal layer S01 may be, for example, tantalum,

tantalum nitride, tungsten, copper, chrome, aluminum, germanium, or silicon germanium,-



and the supplenental nultilayer stackr 30l. Wihile in this enbodi mnent the
trench 401 does not necessarily extend into the nmultilayer stack 203, the
trench 401 may be of 'variable depth. The trench 401 is formed W/ Db@/2005
" convent i ona:)f,é(ghot oresi st patterning and etching. 15 Though not required, in
thi s enbodi AP 12}4¢e trench 401 extends down into the suppCafisnz/zaied
mul tilayer stack 301, but not into the nultilayer stack 203. It can be
appr eci at ed hr}"%g bé hg. traen h .40.?1‘" hown in Fig= 4 is nerely illustrative and
that 'in actual™ Tpract ¢E MpaEnCHAESTMnn i alupipym prvites prefsiredieyrd ofior k
t hat defi nes tp_e gattern of Fhe ghotomask. Thus, trench 401 is forned
"t hroughbut t REIPRAISARLE Mel! ke S8&sired 20 phot oiask pattern. Next,
turning to Fi gur g g the trench 401 is filled with a netal |ayer 501,
typiteal |y usi ng %A dtateBlithatls gprpralb obesrtivemfl EbMiaradiation may bt gsed. vapor
deposition or, chem cal vapor deposition may al so be used. The netal |ayer
501 may be, FBWevERdhphauld beannted thay theiragfe absorntiv ttha mieterialirsed: tthe Joveo pher |
chrone, um num germani um or silicon germanium 6 16/12/2005 WO
03/ 012546 Pcirickisspatitba gupplementsaeultiexar stdUHU npecthe ni nari |y that ger mani um
and al um num provide a preferred | evel of performanceas the netal |ayer
501. z 111, | ndedext, ryingrte Bigiral6, thagortion ofj drenend! |layeabiiothpt is wetside @endBUVL
radi ati on may be used. However, it should be noted that the nore
absorptive tiéinwmevidl Tymsatly, thises kaomplishee usiby & BhakiogshechiniE @olishin
suppl enmental nultilayer stack 301 need be. Next, turning to Figure g t he
. portion of (GkPyrptoatss)Bingthecdp sitiba lay@ 3031664 plaiskin@Beh THOEsd!Bis sesvmvid-
Typically, this is acconplished using a chem cal nechanical polishing
(CWP) proce§guressi ng the cap silicon |ayer 303 as a polishing stop. The
result is showmn in Figure 6. 10 Finally, turning to Figure 7, as an

optionalQstep, aFihdlly)uadIRY Ggise Bas ak OPtidngY&lp, 4 Bdn amorphous silicon layer 701
is dcpoéitcd over the cap silicon layer 303 and the metal layer 501 within the trenches.
The thickness.of the amorphous silicon layer 701 is preferably a few nanometers, in the .
range of 4.to-12 nanometers. The resulting photomask is shown in Figure 7.
Several advantages of the photomask of Figure 7 can be scen. First, unlike the
15 prior an, there is no bulk silicon fayer to act as a radiation attenuator. Instead, incident
EUV radiation travels through, at most, the thin amorphous silicon {ayer 701 and the tﬁin
cap silicon layer 303 prior to being reflected by the‘ supplemental multilayer stack-301.
) - The thickness of the silicon capping fayer 303 and thie thin amorphous silicon layer 701 is
on the order of 10-15 nanometers, which resuits in significantly less attenuation than that
20  of the prior art buik silicon layer, which was typicaily on the order of 70:to 100 nm.
| Sccond, because ‘the incident EUV _radiation is reflected by the supplemental
multilayer stack 301, which.is at substantially the same planar level as the metal layer 501,
the shadowing effect is nearly nonexistent. Any shadowing effect caused by the cap

silicon layer 303 is negligible due to the thinness of the cap silicon layer 303. .




I s deposited over the cap silicon layer 303 and the nmetal layer 501 within
the trenches. The thickness ,of the anorphous silicon layer 701 is
preferably a few nanoneters; in the range of 4. to 12 nanonetens/ITh¢2005
" resulting photomask is shown in Figure 7. .Several advantages of the

phot onmask of Y@PYUEE7 can be seen. First, unlike the 15 priRQT/ugme/22toher e
Is no bulk silicon layer to act as a radiation attenuator. I|nstead,
incident EUV radiation travels through, at nobst, the thin anmorphqus
silicon layer 701niEhgcqaHs tbﬁmﬁlttla@fsrpsta§%2péaw e juplegsatapmplifyeiaskishy
reflected by the supplenental multilayer stack-301. The thickness of the
-si’licon cappierfgniugivs. thpovesicanuctivity Af dsphpRmagk §jingrassd. Wi faghties s on
the order of 10-15 nanoneters, which results in significantly |ess

- att enuat i onProfRsHoR efhe phagomssk friva pprticlscoptpmingid silicon | ayer, which was =
typically on the order of 70 to 100 nm Second, because the incident EU
-radiation is refdquabst te phptarrek sappl efrthet preseniirveitioayie rangnaldk tS@pticahhi ch.
is at substantially the same planar |level as the netal |ayer 501, the
shadow ny einfpection andrieass¢djiom beagx(F Jonpair térimolegrafbo wpaqge exfied defeciauddr by t he
cap silicon layer 303 is negligible due to the thinness of the cap silicon
| ayer 303. khoid/18dhR0ESo\@Bpddngdliearsi4GcRGlYy BESOR 12A1 For dhimptt, ohexeathe® t he
mul tilayer stack 203 and the supplenental nultilayer stack 301 are

conduct i ve,is daeribadeind).5. RaendNG13,935A370d Yhhendphsipadas theissme asigaesadhe whi ch
-facilitates protection of the photomask from particle contam nation
Fourth, theresephintentiek design of the present invention is anmenable to
optical 5 inspection and focused ion beam (FIB) repair technol ogy for

opaque etched det@ebecause (B surfict Qfhd SHofmhadkl @SsubQinthaBP Waf, lin€anWeeasilydef ect s
rey al so be used. For exanple, one method is described in U S. Patent No. .

fnggﬁt Iﬁgz teQaN@l) whBS cARpI NS LobRnlibHal SABCRS Mt PRcaSed iRBd fd?pReBRHask
' fabrication. Moreover, because of the cap silicon layer 303 and the optional amorphous
. silicon layer 701, cleaning. processes will not damage the underlying supplemental
multilayer stack 301 nor the metal absorber 501.
The present invention can be modified slightly to aid in the inspection and repair of
15  the photomask during its manufacture. In particular, turning to Figure 8, in addition to the
multilayer stack 203, the supplemental multilayer stack 301, and the cap silicon layer 303,
" a contrasting layer 801 is also deposited. The contrasting layer 801 is a material that can
) - . provide good contrast between the etched and unetched regions using optical inspection
techniques. ' In one embodiment, the contrast layer 801 can be formed from carbon.
20 Titanium nitride, tantalum nitride, or chromium may also be used as a contrast layer 801.
" After patterning and etching of the photbmask, optical inspection car'l be conducted
because a high optical contrast can be obtained between the etched regionl. and the -
unetched region covered by the contrast layer 801. In Figure 8, two types of defects are

shown: a protrusion defect 803 and an intrusion defect 805. A protrusion defect is an area

25  ofthe photomask that should be etched, but has not been etched. An intrusion defect is an
8




Fifth, because the surface of the photomask is substantially flat, it can
be easily 10 cl eaned, when conpared to conventional subtractive netal
processes used for photormask fabrication. Mreover, because of 1tg)124R005
" silicon layer 303 and the optional anorphous silicon |ayer 701, cleaning,
processes WOPMBHdamage the underlying suppl enental m u PCO/USOY2318+ st ack
301 nor the netal absorber 50 1. The present invention can be nodified
slightly to aid_in the inspection and repair of 15 the photomask during

i ts manuf acfr &f the phojameskehat shouldingr b #ighed obuthefuhcen gehedn Aetrysiopidefest ¢ he

mul tilayer stack 203, the supplenmental nultilayer stack 30 1, and the cap
-silicon | ay&3" Bompaired esingt soavantipep! [fegpend @0 beprg (BIBY dechaplosy tegmorhdhe
contrasting layer 801 i's a material that can provi.de good contrast between
t he etched BRHuserdedene 803 Syl ininesiangiefegt &S tshadd by aveided ini tompatieenirigprepssss. - | n
one enbodi nent, the contrast |ayer 801 can be fornmed from carbon. 20

Ti tani um ni by dsiRg othemkraivaechiiivdsddFor example; oné mhothjs debgibeden Usedtatest a
contrast layer 801. After pattem ng and.etching of the photomask, optical

i nspect idon Bans,B35,thduldeednt esagred ta thi ghmepssigme asoht mpastntciavenien.obt ai ned
bet ween the etched region and the wunetched region covered by the contrast

| ayer 801. Howdveguhe ul: of the compms lagér 89¢fie aubcfulafoe idenlifyimg: tha defeots russigon
defect 803 and an intrusion defect 805. A protrusion defect is an area 25
of the photopried kechiigiesshoul d be etched, but has not been etched. An
intrusign defect is an 8 16/12/2005 WO 03/ 012546 PCT/ US02/ 22104 area of the
phot omask that RO Enthirdiey stdpe siwihe tiguRd - Nasy ek @hfdaed: affr He@efetisi ONn

defect can be repaired using conventional focused ion beam (FIB)

- t'gchnol 0gy afedrem8 Y erhl:élthe it dyeS30ANs Spbaicl 08Q3ne ABIoRALI MRl AReistefiget 805
ould be avoided in the patterning process by using other known

techni gges tprcE@srs ISPETRRd. GNE HRLAAG hyer $85Ch! A8 Ambbdilent: calidh €Rby 21sHVO-

5,935,737 to Yan and assigned to the 'sanme assignee as the present

: gggtnit ; Sinha“”tb%é@ég?“e"c%@‘ﬁﬁgﬁ éﬂier tHRCCMP PdcBtis byl off He donerkist Syl sdi0f
the- surface of the metal layer 501 is significantly more planar. This.in turn insures
increased uniformity control in the next contrast layer 801 polishing step to remove the
contrast layer 801. In this examplc, the cap. silicon layer 303 is used as the stop layer.

15 Any‘carbon residue can be removed via oxygen plasma etching.
Alternatively, the contrast layer 80! 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

20  a-subtractive metal technique. The advantage of removing contrast layer 801 by a lift-off
process is to retain a good film uniformity of the silicon capping layer 303. A wet or dry
etch process usually can achieve higher selectivity to the silicon capping layer as
compared to the CMP process.

Still alternatively, before removing the contrast layer by lift-off process, a blanket

25  etch of the metal layer 501.may be performed so as to recess the metal layer 501 under the
_ o ‘




optical techniques. The remaining steps shown-in Figures 2-7 may then be
carried out after the defects are renoved. Thus, the netal |ayer 501 is
deposi ted over the photonmask and a metal CMP 10 process is perfigyneg/ 2005
contrasting |layer 801, in one enbodi nent carbon, may al so serve as a CW
stop | ayer WPYHRS46he CVP process is stopped on the contradficT&par2igH
the surface of the netal layer 501 is significantly nore planar. This. in
turn. insures increased uni form'tpﬁ conﬁroh. in tth& $§X heCQRLL ast l:a er 801
pol i shing stencapringBYes 3Phar the shrromsntal myltjavgpyack, 301, Hhesreasss S0l o cap.
silicon |ayer 303 is used as_the sto;? | ayer. 15 ﬁ\nl% gariﬂon r esi d%e can be
-, reroved vi sbegryrg@ngetidihnmt Bha sogtrashlayen i Arsnvemovedigioe AP UFOFR A - 801
may -be renoved by a conventional |ift-off process.. In %@I s, case, the

thi ckness ofithee doben Weisatch akesrcertain sressis fosmmg e aetal fayar SY). the esisidet er s

Al t hough this nmethod results in a. surface that is not as planar as

obt ai ned usnstg layeChvi® porforonages adviitages-echni que is still nore planar.than a ph
ot omask, fabricated using 20 a subtractive metal technique.. The advantage
of renodi ng confFiradly, likaythe e@badibyntadepdribed affove, Pt amgrohaus BliqoatRAtNEs good
filmuniformty of the silicon capping |ayer 303. A wet or dry etch
process usumdy be glased acty thy ehdiomdskras 9rfopdanal/stery Acotheredyintage of ugiapflieng | ayer
as conpared to the CMP process. Still alternatively, before removing the
contrast | ay@asblaytd §0i- ftfiat phiocomact laycbi8hlcat be 25d astxctetelfing Ivst lagtral | ayer
501. may be performed so as to recess the netal |ayer 501 under the 9

16/ 12/ 2005 W%, O3 OV irPERE/ &40017¢ 221D 15 ibki iaprined pptonthel photomBOFaorbet he
suppl emental nultilayer stack 301. The recess depth can be in a range of

O'Ijo nm  TheeRRtd By first 88ihg ki doReat l9ersoad 08drery age fodd, tiednfthpratess by
either a dry or wet” etch. For certain netals formng, the netal |ayer 501,
the regg Ss?a(}er 801 can be repaired. Then, the contrast layer 801 can be used as a hard mask to etch
the underlying supplemental multilayer stack 301.
Tuming to Figure 9, an alternative embodiment .of the present invention is shown.
In this embodiment, an etching stop- layer 901 is formed between the supplemental
multiplayer stack 301 and the multiplayer stack 203. This etching stop layer 901 (also.
15 referred to herein as a buffer layer) is formed to a thickness dependent upon the
wavelength of the ilrlﬁminating radiation, the real portion of the index of refraction of the

etching stop: layer (n), and’ the angle of incidence of the iliuminating radiation (6) by the

J : following relationship:

20 Thickness = mA/(2ncos9)

- where m is an integer. .
Thus, for an angle of incidence of 5 degrees, an exposure wavelength of 134
angstroms, using oxide as the buffer layer having a real index of refraction of 0.9735, the

25  optimal thickness is about 7.nm. Fora ruthenium etch stop layer, the optimal thickness is
10 '




| ay.er .
" - enbodi ment o?altgtéHEChﬁ?%'g'é'nf"tneﬂ\'f@n?riO(SFFFT fréteg !
etching stop | ayﬁ’ée %01 *s forned bet }/I\ggg t he supplenenta ) nmultiplayer .

netal |ayer has performance advantages. 5 Finally, |ike the enbodi nent
descri bed. above, a thin anorphous silicon coating nay be placed over the
phot omask as an optional step. Another advantage of using the d®f12912005
| ayer 801 is that the contract |ayer 801 can be used as a "etching test
layer". ThU@ P86 rors in the etching pattern to be i npr PET/ES26AS t he.
phot omask can be determned by first etching the contrast |ayer 801. |f

errors are fgoun : t contrast, .10 | ayer 1 can he repaired- Then, the
contrast | ay%rﬂ %’B‘i"g‘t’}ﬁ%‘”%g’e e s 7t0P ?(Fﬁg"kg&o%t E%?Offnﬁ‘é (oRURY PYifhg
suppl enent al | t] stack 301. Turni ngm;]o Figure 9, an alternative

. In this enbodi nent, an

stack 301, and t IFEPAPOE R a mlfilayest Yackn 40k ensi W3 athashage 1
(also. 15 referre Ito .herein as a buffer layer) is formed to a thickness
~ dependent upt¥AHEIY Yrilamansgediciys Pasiedicity trferade Armgnsisielit aritom of tHie fimeal
portion Qf the index of refraction of the etching stop, layer (n), and-
the angl 8 ofhishigssdfante mofybdenunysilicerritrimfiinm gairsadi a0d ©RmPR) thisyeduliein fabk | owi ng
rel ationship; 20 Thickness = n¥V(2ncos9) where mis an integer. Thus, for
an angl e of °f A8 negnelsbdsnums thie flne e 4.2mm sitipersthineli e \Fer ethert thpes bf thaérials
angstronms, using oxide as the buffer |ayer having a real index of
refracti on &rm@gghathin filve paigsitopn beragpraciiodihae sther shicknessts ate nsed. FPEnA
rut heniumetch stop layer, the optimal thickness is 10 16/12/2005 WO
03/ 012546 POFAUSOR}H D1 Pericdicity Irefepe basiimmedonbitent thidkneddee ireihe iR Gitré aies | ayer
901 can be fornmed from an oxide, carbon, chrom um ruthenium or other
~mat erials. (hivaglicn rglnauldfayee siadddd0band293val id for a nmultilayer stacks 301
arfd 203 that has a
10 In broader terms, the thickness of the buffer layer, including for any overages or
underages in thickness relative to uniform periodicity in the thin film layers directly
adjoining the buffer layer, should have an optical path that is a multiple of 2x. Tﬁus, asan
example, assume that the topmost thin film layer in the multilayer stack 203 is 5.2 am,
instead of the nominal 4.2 nm thickness. In such a situation, 1.0 nm of this thickness
15 should be accounted for as part of the buffer layer in calculating its optical path.
The etching stop layer 901 serves at least two functions. First, when the irenchcs
401 are formed in the supplemental multilayer stack 301, the precise depth of the trenches
) , 401 can be uniformly controlled. Second, if an error is made in the etching process of the’
" trenches 401 is discovered, the supplemental multilayer stack 301 can be stripped away
20  and a new supplemental multilayer stack 301 can be formed on the multilayer stack 203.
Thus, errors in patterning can. be corrected without destroying an expénsive mask blank. - l
Conceivably, mask blanks may be even reused.
While specific embodiments of, and examples for, the invention are described

herein for illustrative purposes, various equivalent modifications are possible within the

25  scope of the invention, as those skilled in the art will recognize. These modifications can -
11 '



substantially, uniformperiodicity. Periodicity refers to a consistent
pattern of thin film 5 thickness for the nolybdenum silicon thin film
pairs. In one exanple, this results in pairs of 2.8 nm nol ybdenumltéyf h2¥i2005
and 4.2 nm sWOitgomRsghin film For other types of materials formng the
thin filmpairs, it can be appreciated that other thicknessesp'pggﬁg%HH I'n
any event, a uniformperiodicity refers to having consistent thicknesses

in the thin fbtmagato e intentborgihatdiatod & detdiia 8éscabiRAK I3 0dmandeQ3he 10 1N
broader terms, the thickness of the buffer |ayer, including for any

overages or (nlideimggdsms shduld sdtnRBnst@bRlol 4Gt 1R IELESH 1B sﬁgJi{EPQjHEJdErXeﬂtsn the
thin filmlayers directly adjoining the buffer layer, should have an

optical path disdased & therspédifiqation £fd ROL1ifRURauRS tﬁé"f(cogz?égt’@!é ﬁg’e'gﬁ’ﬁﬁ%% l}g’ehat

the topnost thin filmlayer in the nultilayer stac nstead -

of the nomi nadetefmed BntirBlyByNRSSilowie SHGR BhiSi bO@lhnstued il My, LIS
thi ckness 15 shoul d be accounted for as’pa'?'fgrlg?%){igb" % egé'}a‘i‘:agﬁ’é?“i“ﬂ"‘

cal cul ati g idsmbiished gatriablelaitiftefldiloR9 Stop |ayer 901 serves at |east

two functions. First, when the trenches 401 are forned in the suppl enental -
mul ti'layer stack 30 1, the precise depth of the trenches 401 can be
uniformy controlled. Second, if an error is nmade in the etching process of
the trenches 401 is discovered, the supplenental nultilayer stack 301 can
be stripped away 20 and a new suppl enental nultilayer stack 301 can be
formed on the nultilayer stack 203.. Thus, errors in patterning can. be
corrected wi thout destroying an expensive mask bl ank. Conceivably, nmask

bl anks nmay be even reused. Wile specific enbodi ments of, and exanples for,

. the/invention are described herein for illustrative purposes, various
equi val ent nodifications are possible within the 25 scope of the
invention., as those skilled. in the art will recogni ze. These

nodi fications can 11 WO 03/012546 . 16/12/2005 PCT/USO 2/2 2 1114




be made to the invention in radiation of the detail ed description. The
terms used in the follow ng clainms should not be construeq t? b)%mt t he
invention to specific enbodinments disclgsed in the specifiéﬁ s and the
claims. Rather, the scope of the inventionis .to be determned entirely
by the follow ng clainms, which are to be construed in accordance with 5
establ i shed doctrines of claiminterpretation. 12 13 16.12. 2005 Wat is

cl ai Mghdt% calmedisPhot ol i t hography mask for use with extrene ultraviol et
l'ithography (EUVL), conprising: a nultilayer stack that is substantially
ref | ect. apaotelithsyadptly FabLiot ise@bth akiieRid; ultvBIePRhEFRAY UV cbhprRingr st ack for med
atop said nultilayer stack; and an absorber material forned in trenches
pat t eravedtiayer stackdthat issupgtheiathyretdctiveudf saidl BYEL irstiatde; sai d absorber nmateri al
bei ng substantially absorptive of said EUVL irradiation. 2. The nmask of

cl ai m3asuppipPema MuEiRYeT dackderaed atep 83id muldlaver aipel: andr ned over sai d
supplenental nmultilayer stack. 3. The mask of claim2 further conprising a
Chin J @%@%ﬂgﬁﬂﬁ%ﬁ%%ﬁ%ﬁfﬂ%@g tfa 32 aprpecnepeLb ey spely 870 ab8Hipes
absor priVE nalSeTPerialy abTpRIVE QL e TPH P Wherei n said multilayer stack
and said supplenental nmultilayer stack are formed frompairs conprising a
mol y bdenpdmbdki g cibihd TRuARE cémsising 8@Bp bilitoR Iybr tBimer-ovdr8id FBSHenhtaf hattiBy ek

wher eisicgai d absorptive layer 1's forned fyrom chrom um tungsten, tantal um
tantalumnitride, alumnum germanium silicon germaniumor copper. 6. The
mask of claim1 wherein the top of said absorptive |layer is substantially
pl anar3. Whe haskivéclaiog? fofthes apraprisipg p i amerpladus siliban l4yvey ormest ayesaidtap $hieniayek of
cl ai mand £3j¢ pbserptiyeptadalng an etching stop | ayer forned between said

mul tilayer stack and said supplenental nultilayer stack.

4, The mask of claim 1 wherein said multilayer stack and said supplemental multitayer stack are formed
from pairs comprising a molybdenum thin film and a silicon thin film.

5. The mask of claim 1 wherein said absorptive layer is formed from chromium, tungsten, tantalum,
tantalum nitride, aluminum, germanium, silicon germanium or copper.

6. The mask of claim 1 wherein the top of said absorptive layer is substantially planar with the top of said
supplemental multilayer stack.

7. The mask of claim 1 further including an etching stop layer formed between said multilayer stack and
said supplemental multilayer stack.

8. The mask of claim 7 wherein said etching stop layer has a thickness dependent upon the wavelength of
the EUVL irradiation, the real portion of the index of refraction of the etching stop layer (n), and the angle of
incidence of the EUVL irradiation (.theta.} by the following relationship:

Thickness=m.lambda./(2n cos .theta.)

where m is an integer.

- 9. The mask of claim 7 wherein said etching stop layer has a thickness that provides an optical path that is
an integer multiple of 2.pi..

10. The mask of claim 7 wherein said etching stop layer is formed from carbon, chromium, oxide, or
ruthenium.




8. The mask of claim7 wherein said etching stop | ayer has a thickness
dependent upon the wavel ength of the EUVL irradiation, th(? rg% portion of
the index of refraction of the etching S, op | ayer (n), and e é)r?gl e of
i ncidence of the EUVL irradiation (.theta.) by the follow ng relationship:
Thi ckness=m |ambda./(2n cos .theta.) where mis an integer. 9. The mask
of claim?7 wherein said etching stop | ayer has a thickness that provides an
optic ; ' - ' er multiple of 2 .pi.. 10. The mask of claim
7 Me?giﬁﬁﬁllﬁg%gﬁmﬁﬁgﬁa@%ﬁ yer is formed from carbon, chrom um oxide,
or rutphfiMydritackd 16. 12. 2005 11. A photolithography mask conprising: a
mul til ayer stack; a supplenental nultilayer stack fornmed atop said
mul ti laayewersdrtet kultizpet staiok fobsat gdy sskd halyieyer stagpasied i n trenches forned
wi thin said supplenmental nmultilayer stack. 12. The photolithography mask of
cl ai man absovdive laver sispesethin tranckepdermed wilkin agidisupplerestalspiidavenstadk. nul ti | ayer
stack are fornmed frompairs conprising a nolybdenumthin filmand a silicon
thin fjl 3. .The photqli.thography .mask of. claim1 erei,n said

r litho R %c \gﬁg ulir ? ]d\/\iéﬁi izl ilgyer
avsor gy Feridouedey Bribs Rt Sl Pt e SO T P
tungsten, ~alumnhum ~ger nani ur% SRER germanium or copper. 14. The
phot ol i t hography mask of claim 11 further conprising a cap silicon |ayer
f or med3 atheRh&biitsodthny BT SERN 1Blheraih §did AsBHptivelIafKis fokMed FFHYR chromium,
phot okdntaneg taneiym AREE, tGigseh adlumiduin, Woetagium, biikdn gemadiumSaicsbpahsor pti ve | ayer
is substantially planar wth the top of said cap silicon |ayer. 16. The
phot ol i t hography mask of claim 11 wherein the top of said absorptive |ayer
i s sub4tTaaphetblitiogrspymesk oficteim tierthes porerfrisivaia damseiljsph awerieraied aiob o1 $aidy er
st ack suppiementgemiiayer 8fcks| ai m 11 further including an etching stop |ayer
formed between said nultilayer stack and

15. The photolithography mask of claim 14 wherein the top of said absorptive layer is substantially planar
with the top of said cap silicon layer.

16. The photolithography mask of claim 11 wherein the top of said absorptive layer is substantially planar
with the top of said supplemental multilayer stack.

17. The mask of claim 11 further including an etching stop layer formed between said multilayer stack and
said supplemental multilayer stack.

"18. The mask of claim 17 wherein said etching stop layer has a thickness dependent upon the wavelength
of the EUVL irradiation, the real portion of the index of refraction of the etching stop layer (n), and the angle
of incidence of the EUVL. irradiation (.theta.) by the following relationship:

Thickness=m.lambda./(Zn cos .theta.)

where m is an integer.

19. The mask of claim 17 wherein said etching stop layer has a thickness that provides an optical path that
is an integer multiple of 2.pi..

20. The mask of claim 17 wherein said etching stop laver is formed from carbon, chromium, oxide, or
ruthenium.

21. A method for forming a photolithography mask comprising:

providing a multilayer stack comprised of a plurality of pairs of thin films;




said supplenmental multilayer stack. 18. The mask of claim 17 wherein said
etching stop |layer has a thickness dependent upon the mavelg&g%&S of the
EUVL irradiation, the real portion of t i ndex of refracti t he
etching stop layer (n), and the angle of incidence of the EUVL irradiation
(.theta.) by the follow ng relationship: Thickness=m |anbda./(2n cos
.theta.) where mis an integer. 19. The mask of claim 17 wherein said

et chi fgs Wb A ntehﬁ\pn.gyér*ala KBeeR hiRbyPLau; des an optical path that s

an intege tiple mas ¢l aim 17 wherein said etching
stop |payeing &dféwhrﬁg@eﬁ&@mn@ardlegﬁbserﬁémmjmﬁyer@tsue!@aldQénchéaubhmﬁ@ am 21. A
met ho@ghdteithdgfpRy Meskepapéraiamdi t hogr aphy mask conprising: providing a

mul tilayer stack conprised of a plurality of pairs of thin films; 15

f or m fgmiangsoppioarieqlegdr maisaid frengess. st ack on said nultil ayer stack;

16. 12. 2005 patter ni ng and etching trenches in said suppl errent al multil ayer
stack, said trenches ‘f% gq]otollthogra hy mask att : gform
an abie ge;yéh gggﬁ'm@ﬂtﬂaﬂ'&a MPYF ASH{OFIIEG 2 939 SiHehLIAYAS OYS G MUl 425k PIR IS her
corpr S GG $HSAG rE"LED silicon 1ayer over said multilayer stack prior to
the formation of said trenches. 23. The nethod of claim22 further

conpr b§i1e nfeticdlofdaif ztzmrmeﬁésﬁ{pﬂé]ﬁ%ém%h & PN dRRLs AEBR 1a5&H HerlBR c§b LiliceRN
| ayer |a38hng ahidl aBRsildkiere | ayer e nethod of claim22 further
conprising depositing a contrast |ayer atop said cap silicon |ayer prior to

formati on of the trenches. 25. The nethod of claim 21 wherein said
absor p4.iThe niethpd of damERifigthsr @imprisinadpposiiingartoningst Bymgbpenaid cag sikconiayenpriedpper
ger naffmajonsf thg gereheer mani um tantal um or tantalumnitride.

25, The method of claim 21 wherein said ahsorptive layer comprises aluminum, titanium, tungsten,
chromium, copper, germanium, silican germanium, tantalum, or tantalum nitride.

26. The method of claim 21 wherein the forming of said absorptive layer comprises:

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.

27. The method of claim 21 further comprising depositing a contrast layer atop said multilayer stack prior to
formation of the trenches.

28. The method of claim 27 further comprising repairing defects in said photolithography mask after the
formation of said trenches.

29, The method of claim 27 wherein protrusion defects are repaired using a focused ion beam.

30. The method of claim 29 wherein said etching stop layer is formed from carbon, chromium, oxide, or
ruthenium.

31. The method of claim 27 wherein said contrast layer is removed by a lift-off technique.

32. The method of claim 27 further comprising:
-etching said absorptive layer such that said absorptive layer is recessed into said trenches; and

removing said contrast layer. -




26. The net hod bf claim 21 wherein the formng of said absorptive |ayer
conprises: depositing said absorptive |ayer over said nulHng&&# stack and
into said trenches; and performng a chq%ical mechani cal poli'sfifg step to
remove a portion of said absorptive |ayer outside of said trenches. 27.
The nethod of claim 21 further conprising depositing a contrast |ayer atop
said nultilayer stack prior to formation of the trenches. 28. The nethod
of claim27 further conprising repairing defects in said photolithography
mask  afst e h&tRod dr i QiR fncB@hgliokhiRR S EShing stdlayel BAWEE RN Hayet fbdld 27
wher eidnd Bsig klippfdnRtafiaiifigfes s@ie repaired using a focused ion beam 30. The
nmet hod of claim 29 wherein said etching stop layer is forned from carbon,

chrom um oxide, or ruthenium 31. The nethod of claim 27 wherein said
cont r &%t Theayethod of cleienddmdebrdiy said ¢ttHing sidrf lastee b thigknes8@epeident b tied of cl aim
27 f uravelpngtibeiiing BY Yigradiation, theyregknodion bkthe index/ refeaptéan of the lstehingistog laief (),

absaor g e anglp &f insidenpe eidbes BYVE Fegjationi( dhefar )b dedeliowligdelatioaphiii ng sai d
contrast Iaégrﬁw% é?.lZ.t 00? 33. The nethod of claim 21 further including
for ni ng " KPFSETY 8& HFSI858? between said nultilayer stack and said

suppl | ilayer stack. 34. The nethod of claim 33 wherein said
etchiﬁggg%ggiﬁ%%¢$has a thickness dependent upon the wavel ength of the
EUVL irradiation, the real portion of the index of refraction of the

et chi r3g. Bieopask af/edim (38 wheremitdidteiuhing BHb €ayerf has AchickpesahAbrdvides &l dfticdl pataehaat i on
(. t hetissar) infogertrhuitiplear 2.0 Ng rel ati onshi p: Thickness =m | am bda./(2n cos
.theta.) where mis an integer. 35. The mask of claim 33 wherein said
etching stop layer has a thickness that provides an optical path that is
an integer nultiple of 2. pi.




