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CHEM CAL ETCHI NG BACKGROUND OF THE I NVENTION 5 1. FIELD OF THE | NVENTI ON
The presewo apuangion relates to the field of sem conduct @CTiushgoas ed
circuit manufacturing, and nore specifically, to a nethod of fabricating
and repairing a mask with el ectron beaminduced chem cal etchi ng. th 2.

DI SCUSSI ON After coating photoresist on a sem conductor
wafer, a sé@éﬁﬁﬁggp%mgwpﬂ%&%Mﬂé’%gﬁ&G&EMI%L EZEHHN®N, such
as deep ultraviolet (DW) light with 15 nom nal wavel ength of 248

nanomnet er SBAS:E%R(%Q&Q&HG E E e wafer is sub- divided into

conti guous ction projection systemis used to
scan |ight across a mask and onto each field. One or nore integrated
circuit_(1C) __chips is fabricated in each field. The mask, which may be
transm'ési]/-eﬂELDE)\FLTHEINKENT}QNPrm nes the pattern to be transferred to
the photoresist as a result of the 20 exposure followed by a devel op .
process. Using a Phase-Shifting Mask (PSM and Optical Proximty Correction
(OPC) with DUV Theghresatit inveatibRvelptes B3 iHaGield of é%ﬁ{iéﬁrﬁﬁl_ci’éﬂrtiﬁ'tegra%d tical

di mension (CD) of 100-180 nm However, Next Generation Lithography (NG.)
i s requi r e®Fqudt mpppfaeturiag: andemovg specifigally, sorameashodops fabricatangeand t r avi ol et

(EUV) lith Jheadi ng .candi dat e for N uses exposure light with
a central %\%gle%ag{nﬁsllgﬁ'ltlt[‘h%&rog&gegmo?gﬁﬁdl@eﬁﬁfa Rlf scanner may have 4
imagint mrrors and a Numerical Aperture (NA) of 0.10 to achieve a CD of

50-70 nmwith a depth of focus (DOF) of about 1.00 mcroneter (un).
Al ternati V%IQES%%)N QEREAATERIORAave 6 imaging mrrors and 30 a NA of

0.25 to print a CD of 20-30 nmwith a reduction in DOF to about 0.17 um 1

—

After coating photoresist on a semiconductor wafer, a scanner may be used
to expose the photoresist to radiation, such as deep ultraviolet (DUV) light with
15 nominal wavelength of 248 nanometers (nm), 193 nm, or 157 nm. The wafer is sub-
divided into contiguous identical fields and a reduction projection system is used
to scan light across a mask and onto each field. One or more integrated circuit (IC)
chips is fabricated in each field. The mask, which may be transmissive or reflective,
determines the pattern to be transferred to the photoresist as a result of the
20 exposure followed by a develop process.
Using a Phase-Shifting Mask (PSM) and Optical Proximity Correction
(OPC) with DUV light will allow printing of features with a critical dimension
(CD) of 100-180 nm. However, Next Generation Lithography (NGL) is required to
print features with even smaller CD. Extreme Ultraviolet (EUV) lithography, a
25  leading candidate for NGL, uses exposure light with a central wavelength in the
range of 10-15 nm.
An EUV scanner may have 4 imaging mirrors and a Numerical Aperture
(NA) of 0.10 to achieve a CD of 50-70 nm with a depth of focus (DOF) of about 1.00
micrometer (um). Alternatively, an EUV scanner may have 6 imaging mirrors and

30 aNA of 0.25 to print a CD of 20-30 nm with a reduction in DOF to about 0.17 um.



WO 03/003118 PCT/ US02/ 20016 A DUV or EWV nask is inspected for defects
during fabrication. Repair of critical defects is perforned with a focused
i on beamyblBpozie®l having a Gallium liquid nmetal ion sowcaaisoZemhear
defect is covered up by depositing Carbon or a netal, followed by trinmm ng
W th gas-assisted etch (GAE). An opaque defect is 5 repaired with physical

ion sputtering or E w i on. bonbardnent. The process to renpbve opaque
def ects shoul d %’R}gé Qaga'b};’ﬁ"és%fsdﬂsgege dPr defests dyripg abygtenRapgir afayer . The

under | yi ngcﬂi@éﬁ@ﬂefeéts%ﬁér?@rn%éa With h30ELELS %dn;s‘eggﬁggmf {61 %@5 CRURHAT e

| ayer in a reflective mask for EUV. FIB ma € a mask during the scan
to search ligniddeétetion sonradudictegr tibfect is Oovezpdinp byfdepesidng CarBdreor £pai r ed

oy be denbelilcalBReA TS tunriaad i Srrsoiiadieieh (AT o qraae REGuR | mpl ant od
i nt o ungler tepaidd ManepRysidakidr dﬁ@t@ﬁﬁg P& A (WARGbY bobarkdert?! otbssEWV

wavel engt hs, thus decreasing the transmssion in a transm ssive nmask, such
as a 157 nin ROwvVeRprquerlefdets shaidigve hdequatd eich saledtiyityrio the dndefjlingt i ve

mask, such; as E sk.. Underlying layers of th e further
danaged bylaﬁﬁ%?%-e 6‘#38’%{%5‘5&%er6§/q‘6%h ’%Li‘htlr TSaHERE ?‘Bw\éégﬁﬁr nor e
probl emat i myasint AR mhdkerot gtwures on the mask shrinks. Lowering the
acceleration voltage in the FIBwill reduce the penetration range of

Gal liumions, bIB meaxfamegesmagk dyring thesyan tabeardsfor defeots ondariag Otlhe ;
conprofased. Limting i in i me.and_ qverscan area can reduce damage, but
r eggi rmmayregfa lsroomﬁske&%v@%gﬂpﬁ‘s&a PERYY of %beslf@?cke’b’ﬁy eIy eﬁﬁﬁg}’ such as wet
etch of  t ittt OrgaisidrdMinalion rddy/bddRdslYedBS thefurfalobitb iRssk! ayer in

an EUW nmask, wll renove inplanted | liumions, but the underlying
mat eri al neglivarisme may heigplanted éntbfundedpingeyees.iGallivrs absorby elonglyphase
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transmissive mask, such as a 157 nm DUV mask, or decreasing the reflectivity in a
15 reflective mask, such as an EUV mask. Underlying layers of the mask may be
further damaged by knock-on of atoms by Gallium.

Damage to a mask becomes more problematic as the CD of the features on
the mask shrinks. Lowering the acceleration voltage in the FIB will reduce the
penetration range of Gallium ions, but etch selectivity and spatial resolution are

20  compromised. Limiting imaging time and overscan area can reduce damage, but
repair may also be adversely affected. Post-repair treatment, such as wet etch of
the quartz substrate in a 157 nm DUV mask or the buffer layer in an EUV mask,
will remove implanted Gallium ions, but the underlying material may become

pitted. If sufficient material is removed, a phase error may also be introduced.

25

Thus, what is needed is an apparatus for and a method of fabricating and
repairing a mask without damage.

30



30 2 WD 03/003118 PCT/ US02/ 20016 BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure
1 (a) - (d) are illustrations of a cross-sectional view of an EUV nmask

bl ank forwexhsmezias di ng to the present invention. 5 Figurep2r(ign2/20006l) are
illustrations of a cross-sectional view of an EUV mask formed according to
the present invention. Figure 3 is an illustration of a cross-sectional

vi ew of an_EUWV f re t._jnvention. Figure 4 is an

illustrat Mﬁ%ﬁm&B@Mf an apparatus for repairing
opaque defects with el ectron beaminduced chem cal etch according to the
present invention. 15 DETAILED DESCRI PTI ON OF THE PRESENT I NVENTION In the
fol | owi ng descFigate dif) -{dpareclisstoidioas bfa cxoaebecionalpdew fof an fbtVemiagk s

di mensi on d processes, are set forth.in order to provide a thorough 20
under st an W%r}BFR?‘?O@CCBF‘g‘?gﬁ? h?eer@?“ﬁnitbrhV.enFBWever, one skilled in the art
w1l gealize that the invention may be practiced without these particul ar
details. In other instances, well-known sem conductor equi pnent and
processes haveFigure 2 @er(djeredliiggeations opa eraseegcsionalatien (of 3p EAY m@skay oi d
obscuring the(ﬁrese t 'nﬁxf\entiont. A.m k is used in lithography to print a
desi red p&adhasepr %koo SRR waf er. Deep ul traviol et (DUV)

| ithography uses a transm ssive mask for exposure wth |ight having a
wavel ength of 248 nm 193 nm or 157 nm Extreme ultraviol et (tEU\/)

|i t hogr aphy us Eiguae B éf aidlupiyationefia qress-segheral views phaeEH¥ apask ofithe condensed
materi,gl s _are E{Wghliéoabsor bing in the EUW wavel ength range of 11-15 nm The
desi ré pé’lr?sgf‘ §'9% i ned in a DUV nask by selectively renoving

Figure 4 is an illustration of a cross-sectional view of an apparatus for
repairing opaque defects with electron beam-induced chemical etch according to
the present invention.

15
DETAILED DESCRIPTION OF THE PRESENT INVENTION

In the following description, numerous details, such as specific materials,
dimensions, and processes, are set forth in order to provide a thorough
20 understanding of the present invention. However, one skilled in the art will
realize that the invention may be practiced without these particular details. In
other instances, well-known semiconductor equipment and processes have not
been described in particular detail so as to avoid obscuring the present invention.
A mask is used in lithography to print a desired pattern in photoresist on a
25  wafer. Deep ultraviolet (DUV) lithography uses a transmissive mask for exposure
with light having a wavelength of 248 nm, 193 nm, or 157 nm. Extreme ultraviolet
(EUV) lithography uses a reflective mask for exposure since nearly all condensed
materials are highly absorbing in the EUV wavelength range of 11-15 nm.
The desired pattern is defined in a DUV mask by selectively removing

30 portions of an opaque Chrome layer to uncover a transparent quartz substrate.

3



30 portions of an opaque Chronme | ayer to uncover a transparent quartz
substrate. 3 WD 03/003118 PCT/ US02/ 20016 The desired pattern is defined

i n an EUMW0mBBkotiys sel ectively renoving portions of an abeorhesobayer to
uncover a nmultilayer mrror on a substrate. A DUV mask or an EUWV nmask is

i nspected for defects as part of the mask fabrication process. The
inspection_js usually done with DUV light. A defect may 5 appear clear or
opaque. A dBf8etirgkpitngiigdefingddn anELA] mask by seleitively whmying portiomsat i on nay
significan I fideldty and qualit f the mask features in
the vici n?’%r}g%og?%rtl%ﬁlt%%?e‘&e aqrrﬁlélttﬁ e repal P8a Sﬁ?&@“’se the yield may be

degraded on tha BUVunidk@ Ay niakis Bapetedior Aeteb® aTRak of TREmREES ENt
invention includes an apparatus for and a nmethod of repairing opaque
defects onfaPrIsRRONRICeSs: The inspectionys pewllydankovith BAVakightt & defete niayi ng

| ayers. g5 Vay] ' S AO d _of, fabri.cati.ng and repairing an EUV
mask accor 3*’%2%55%'3?%85%%2&%&4%6 gﬁctolggl%e’\%idl CIH%S%II %&% %IF?Q’BE?PG’ = P%CP?O%
substrate fk§Gigtificdmiy afebotie poiet fitlelignindefualiRes TRt nRXRaRSRP i GEE) . a
snoot h surface Zpd_a{ w defect level is used as the starting materi al
for an EUVVIGHYER- Arcritica gﬁ"fé%téﬂ‘t‘“i’s repajedtqr sise theyyislbody e degiasledioown i n
Figure 1 (&) . f-Qr out of .a gl ass-ceramc

mat eri al Wa%ehsﬁuﬁglrsgg?gefg&g?%%g%ﬁ}s{? Héélé(;%&: Tﬁgserr}gﬂqepg%ﬁmﬁ{ef Mirror 1200

is fornmed apmaratusdosaribi netitodldfQEpaisingePadite EMMCEBE K PP RDraQ t he
pri nci P(ae g{wa di str'hbut d Bragg reflector. An enbodiment is shown in
Figure'd (BYY mak withpytdapagetgomdseyngdayesbout 20-80 20 pairs of

alternating | ayeLsoQ i j g%?( gﬁ nefr Lon material 121 dalow
i ndex of refracti oﬁ %1%@3??%1&14{421 . é)dt flf%%}ncgggg BN fe(ﬂ’af‘ﬁu?%/a%gyy]d be
better thamasKa&ofdiag ot presers ibahtiah evill bEAesdribe@@rst s ARRII100 he M

mrror 12019 i.ncl hldes 42_ paiéfs of alternz,atiﬁr&qrr | ayers of a high i ndex of
ref ract i on"HERERIAY cofiigienhef theypal expamrsion(C i a sineothsurfaee, pad edowl  1220.

The hi gh | ageet 1001 iEldeA G MR HRES theritibP N BY VPR lIOSRY phd2

15 invention. An embodiment is shown in Figure 1 (a). The substrate 1100 may be
formed out of a glass-ceramic material with the desired properties.

Second, a multilayer (ML) mirror 1200 is formed over the substrate 1100
since an EUV mask operates on the principle of a distributed Bragg reflector. An
embodiment is shown in Figure 1 (b). The ML mirror 1200 includes about 20-80

20  pairs of alternating layers of a high index of refraction material 1210 and a low
index of refraction material 1220. The thickness uniformity should be better than
0.8 % across the substrate 1100.

In one embodiment, the ML mirror 1200 includes 40 pairs of alternating

layers of a high index of refraction material 1210 and a low index of refraction
25  material 1220. The high index of refraction material 1210 may be formed from

about 2.8 nm thick Molybdenum while the low index of refraction material 1220

may be formed from about 4.1 nm thick Silicon. As needed, a capping layer 1230,

such as about 11.0 nm thick Silicon, may be formed over the ML mirror 1200 to

prevent oxidation of Molybdenum at the upper surface of the ML mirror 1200 in



about 2.8 nmthick Ml ybdenumwhile the | ow index of refraction materi al

1220 nmay be fornmed fromabout 4.1 urn thick Silicon. As needed, a capping
| ayer 123@p o3momhs as about 11.0 nmthick Silicon, may be frommsd2iomeé the M
mrror 1200 to prevent oxidation of Ml ybdenum at the upper surface of the
M. mirror 1200 in 4 WO 03/003118 PCT/ US02/20016 an EW mask. The M. mirror

1200 can achi eve a peak reflectivity of about 60-75 %at the EUV central

i |1 uni nat iaaEUNmaskntheMbmigtns J200 ginachipve ppgak seflectvign ef ahayk 6¢07BD)  or
direct curyen (Ell'g)g} ne i to formthe M. mirror
1200 over ?ﬁtetthgu stfa elil%’gglaﬁ%%%agélﬁﬁg%‘ﬁ%ﬁogte\“%:%qbertur bati on and fewer
defects in theldipiain depdsain @BD) drediMct tirérar (DL Ghghegan sputtditngdeposi ti on
conditions may be optim zed to snooth over a defect on _the substrate 1100.

DC magnet meAy Bputedde iforgn the MbrmairgasdR0R erear the sbstatedd @i 1R repdtsier ¢ hi ckness
uni f or g‘ Yass %}éﬁm%%oﬂ%a%w%déflé‘&s ﬁﬁtg%ysggfs&}a%g ofdtel yt?ﬁgr&%od’ ropagat e up

t hrough the ernating layers to t surtace o M. mrror 10
1200. Thi mdcaie bivf derositRineiond s nsyflerapetniordto srheothpper a defettame of the M
mrror 1200. An enbodi nent is shown in Fi i%\ure 1 (c). The buffer |ayer 1300

may  have the SHRsERIO0 JPC apagaeton SBEHEHRG FRAOTBGPRISFMAL s PESBECIRAY  be
formed 1§ iiihol Qhifithtl6, batih) d@fedt oh AME LEAREIANS RiRKAL(LTO - A T ow

process 1 enperature, typrcally-less t ut 150 degrees C, is

desi r abl e grepgyaeyepthrouph eedilternestingrlapérs tdithealgper matfacewf tiay®il smirrort he

under | %i ga M. mirror 1200. Other materials, such as Silicon Oxynitride or
Car bord! 90%e used to formthe buffer |ayer 1300. The buffer |ayer 1300

may be deposi t%ﬁnﬁ,{ %rgaférquﬁﬂqgnﬁﬂzﬁveergﬁ??@&%ﬁﬂ%@é‘&fttﬁEil\)ﬂg- 20 Fourth,

an absorber |ayer % ornmed over t | ayer 1300. An enbodi ment
i s shown iniirfdrga0® Aln édpodifiteart showhen Figured (4)4T0e buffertiay drdBfEohayf r om about
45-125 nmh%];/eg thn;%i[(ggsls %lf algorh%tlo-\-l\g; r{m.a te qﬂ etr ?ay%yig()loi rggg be o?nn;%idr}rosr}labl ©
Silicon Dioxide, such as a low temperature oxide (LTO). A low process
15  temperature, typically less than about 150 degrees C, is desirable to prevent
interdiffusion of the alternating layers in the underlying ML mirror 1200. Other
materials, such as Silicon Oxynitride or Carbon, may be used to form the buffer
layer 1300. The buffer layer 1300 may be deposited by Radio Frequency (RF)
magnetron sputtering.
20 Fourth, an absorber layer 1400 is formed over the buffer layer 1300. An
embodiment is shown in Figure 1 (d). The absorber layer 1400 may be formed
from about 45-125 nm of a material that will attenuate EUV light, remain stable
during exposure to EUV light, and be compatible with the mask fabrication
process. The absorber layer 1400 may be deposited with DC magnetron
25 sputtering.
Various metals, alloys, and ceramics may be used to form the absorber
layer 1400. Metals include Aluminum, Chromium, Nickel, Tantalum, Titanium,
and Tungsten. Alloys include compounds of metals, such as Aluminum-Copper.

Ceramics include compounds of metals and nonmetals, such as borides, carbides,

30 nitrides, oxides, phosphides, silicides, and sulfides of metals. Examples include
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during exposure to EUV |ight, and be conpatible with the nmask fabrication
process. The absorber |ayer 1400 may be deposited with DC magnetron 25
sputteri ngo ovanilotis netal s, alloys, and ceram cs nay be ueed/usoztmien t he
absorber |ayer 1400. Metals include A umnum Chromum N ckel, Tantalum
Titanium and Tungsten. Alloys include conpounds of netals, such as

Al um num Copper... Ceram ¢s include conmpounds of t al tal s, h
as bori deleCE%lerli“‘dl‘é% T agwl‘ﬂﬂ‘tﬁqr{ﬂ]@sfa’ﬁ%gpabg?”’bﬂg@ﬁ‘h' ﬁ‘gtgl,sung Bﬂ??‘@ggﬁ, aafld >t

Sul 11 des of il i Bl AELQ1ri8 RAOR:ARZ NIRRT/ USO2/ 20016 N clel

Si I | ci de, Tanta , Tantalum Germanium Tantalum Nitride, Tantal um
Silicide, TantdharoBbination okiabsorber, lapard400, baffeulaydi 130DdL meorddfdi nat i on

of absorber |ayer 14 buffer | r 1 irror.1200, .and bstrat
1100  esul 1 S EHeA Hdle B Ak Tk bl HERE ST 8 R H gl e
1 (d). 5Th%'i&%(.m5(ﬁ)h4h%@0\lm9k SHARA 700 s Hover FrEFidufed) (dymayse fithbher
processed to produce an EUV nmask 1800, an enbodinment of which is shown in
Fi gure 2 (ptpcesked &t prodncEVERYskash 100, arzobgdimeptefrwhichiis shogyn in

radi ation- en%Li@‘e | ayer, such as photoresist 1600. The photoresist 1600
has a thickf “about 160-640 10 nm A chem cally-anplified resist

(CAR) may be usgd ah FISS hiRR bRAKIGDMisicEvéRE Math 4 Fadilorph@bitivesdyet, 1600 by
sel ective exposure with sufficient radiation of the apgropri ate

wavel engt hsuck ae phatoreisy 169Q fhe photsiresist 169D asarthickpessohabowl68-64et or dry

devel op, process, An enbodi t . in. Fiqur . devel opi n
the patter® CPFI'EKSﬁ&angégﬁg tre%%dg?x%a}}g?el l%slgga‘ig déf‘%&ng?tﬁ%h?gw) of thg 1%
features iRrBasYRGMHYSRsiBIN P LY Galectivetixposura widesuificigntahdztivanf M cr oscope

(SEM. Reactive ion etch (RIE) may be used to transfer the pattern fromthe
phot or esi sthe 2ppOpiritoweakelengiliesuchias PEY Sshbareleckpaybeanp foll B@&npl e, an

wet or dry develop process. An embodiment is shown in Figure 2 (a). After
developing the pattern in the photoresist 1600, the critical dimension (CD) of the

15  features is measured with an optical tool or a scanning electron microscope
(SEM).

Reactive ion etch (RIE) may be used to transfer the pattern from the
photoresist 1600 into the underlying absorber layer 1400. For example, an
absorber layer 1400 may be dry etched with a gas containing Chlorine, such as Clz

20  or BCls, or with a gas containing Fluorine, such as NF3. Argon may be used as a
carrier gas. In some cases, Oxygen may be included. The etch rate and the etch
selectivity may be changed by modifying the configuration of the reactor chamber
and adjusting parameters such as power, pressure, substrate temperature, and gas
flowrate.

25 The buffer layer 1300 serves as an etch stop layer to help produce a good
etch profile in the overlying absorber layer 1400. Furthermore, the buffer layer
1300 protects the underlying ML mirror 1200 from damage during the etch of the
overlying absorber layer 1400. The buffer layer 1300 also protects the underlying
ML mirror 1200 from damage during any subsequent repair to remove opaque

30 defects in the absorber layer 1400.



absorber | ayer 1400 may be dry etched with a gas containing Chlorine, such
as Cl2 20 or BAA 3, or wwth a gas contai ning Fluorine, such as NF3. Argon
may be uswo m@mozi1scarrier gas. In sone cases, Oxygen nay peTiUusod/oameel. The
etch rate and the etch selectivity may be changed by nodifying the
configuration of the reactor chanber and adjusting paraneters such as
power, pressur substrate flowate, .25 The buffer

e, e ratuce, an . t
| ayer 1300 ser\f&erﬁgm&iet@tgcthe g{ég‘p&‘fe3&8?“?565(1}}36%35?‘88&% and thedP %t ch
profile i nnbRer@ée Fdriticdtn 3RS MReBer 13 1 40040 theabiict REEHTR Bpti¢dl o)t f er | ayer
1300 protects the underlying M. mrror 1200 from damage during the etch of

the over|withg seygimdelectrerymicrosrope (SHM). Blener e appsepri®earal so protects the

underl yin mrror 1200 from damage durin ny. subseguent .repair to
Femove. opafliteraarREmaTE ord Fhieatae iscyas gt Al SRR AT g 581 1o

PCT/ US®2/ 28@B&ampfitile. TREDIG Ihdxd i$ isp&lt€dfor defcRROItIPA @it Ssc ans renoved
and the CD of the features forned in the absorber |ayer 1400 is neasured

with an optutempteddaspestion ol he meskAnsnegtien kols way rembbwapyisal SEM) .

Whenever r.Qpri.at. i Nt I ter u syre the phase
of the Ii 3%&“%“&%‘*331%‘?‘ rainir %f?fé‘%lg‘gglfng’ ?Cﬁggg}r{r‘p’ﬁ‘%%suégigse;rﬁé@@% mask is

i nspect ed vy DU/ BglitSs whitdilyaisodl 6§ Beeoffe ilAfininatbh Myiped] asplefigihen t ool .

The mask inspection tools may conbine optical techniques with scanning of

t he nmask tigclydgdiut arq peidinitedato, 438mm3asaumeiZeg o D P&y 198 wBual |y used

ot oty A YL oo PR 1o R SOl B e R "o
run. A shogre@ictotay eheclithbfraphitvdofiesueatdser theadaibdid thabarifdunidyniiee a better

predi ctor of the |ithographic consequences of the defects that are found on
the mask.MEdF ect I nspection is generally performed by conparing two

?g{ﬁe[‘?y_ Y ei) dg;ﬁeg%%\a???%t{go%rig SeRdrhily B bl by &Rl A3Rirliya mask

identical patterns printed in different portions of a mask (die-to-die) or comparing

15  a pattern printed on the mask and the corresponding layout data for the pattern
(die-to-database). A defect may be found in the absorber layer 1400 after pattern
transfer from the photoresist 1600. The defect may appear as a clear defect 1710 or
as an opaque defect 1720. An embodiment is shown in Figure 2 (b). In a clear
defect 1710, the absorber layer 1400 should be present, but it is completely or

20 partially missing. In an opaque defect 1720, the absorber layer 1400 should be
absent, but it is completely or partially present.

A focused ion beam (FIB) tool may be used to cover a clear defect 1710 with
an opaque material 1730, such as Carbon. A clear defect may also be repaired by
ion beam-induced metal deposition from organometallic precursor gases. For

25 example, Tungsten may be deposited from Tungsten Hexacarbonyl or W(CO)s
gas. A post-deposition trim with gas-assisted etch (GAE) may be performed to
eliminate any overspray and to achieve the desired post-repair size for the opaque
material 1730. Bromine gas or Chlorine gas may be used in the GAE. The
deposited opaque material 1730 need not have the same thickness as the chrome

30 ona transmissive mask or the absorber layer 1400 on a reflective mask. The
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15 a pattern printed on the mask and the correspondi ng | ayout data for the
pattern (die-to-database). A defect may be found in the absorber |ayer 1400
af ter patwerm/oozinansfer fromthe photoresi st 1600. The defreatuSomgooappear as
a clear defect 1710 or as an opaque defect 1720. An enbodi nent is shown in
Figure 2 (b). In a clear defect 1710, the absorber |ayer 1400 shoul d be
present, but it js conpletel 20 rtially mssing.. In apn opaque defect
1720, "t he eBiskPay SpateeldSh oin e Be comathit Wil A cheichlE B & ol v or
partial |l y qua@3B8as® focused ion beam (FIB) tool nay be used to cover a

clear defect 1710 with an opaque material 1730, such as Carbon. A clear
def ect may al sdhp@resephinyentigryenviisionsysing ¢laduaebeaneiralucdd phanicabn from

organonet gl l,i.c precursor gases.. Far,25 e | e, . Tun e deposited
Pt om Tungat it B ARHF 58 orPafs Setpredyad on g B0 nfste Y G RO LY wivots HlFacirt <

gas- as$i strameindicdd¥Memitd@ ¥ tdden PR Bdedtity @b ki) B gderO¥LRLARS @y and to
achieve the desired post-repair size for the opaque " material 1730. Brom ne

gas or Chlibisiepeengjally ehgmisel, uslée FIR of kA Gaghichr plwvayd dpvs i pbyisioglaque mat er i al
1730 need e hick he .chrone 30 on ransm ssive
mask or tﬁg&tapgggkr{tb%égﬁ%atégﬁ‘l%’égagﬁg‘zeg?g‘f egtwl\g;‘e{hﬁ'é?“kgeam@%#% 03/ 003118
PCT/ US02/ 204#6n bdamosill et dapagd endedping ddyetsBPionhaipishthgoconpat i bl e with
the chemicals used to clean the nask., The Eyesent i nvention ‘envi si ons

usi ng el ecfPeropOhatom deeambasimentis shewrin figure2(dpai r an opaque def ect
1720 a Duv t i d._chem cal

et chi ﬁg has hi gﬁﬁggﬁgfcﬁﬂgﬁ{/ﬂ “?%%P{E‘Eﬁ%@icéggf 35%?’2&%%8%’%@%1 TS essenti al | y

chem cal , 1000 frism ddrBager dubiiy rephir off tiad oveylyidpeat8otbep st €400. TRONMPOnent due to
the ion bonbardnent. Unlike wth the ion beamin FIB, an electron beam

will not dhiskeess geryaradyionthe bufter vy 1309 lepapdson theiawantly efymateriabk- on of

at ons. A RARAH YEAinok 8 B WMErdpRirPrBHEE Conklduent, d Righ'bdi BBty @ bUTfer

| ayer 1300 covers and protects
allows the use of a thin buffer layer 1300 on an EUV mask. A thin buffer layer

15 1300 results in a lower overall absorber stack that reduces shadowing and
improves imaging. A thin buffer layer 1300 also reduces the chances of generating
printable soft defects during the removal of the buffer layer 1300 after completion
of repair.

The buffer layer 1300 will increase light absorption over the ML mirror

20 1200 when the EUV mask 1800 is used to expose photoresist on a wafer. The result
is a reduction in contrast that will slightly degrade CD control of the features
printed in the photoresist on a wafer. In order to prevent this degradation, the
buffer layer 1300 is removed wherever it is not covered by the absorber layer
1400.

25 ~ The overlying absorber layer 1400 and the underlying ML mirror 1200
must not be damaged when the exposed portions of the buffer layer 1300 are
removed. A buffer layer 1300 formed from Silicon Dioxide may be dry etched
with a gas containing Fluorine, such as CFa or CsFs. In some cases, Oxygen and a
carrier gas, such as Argon, may be included. Alternatively, a thin buffer layer 1300

30 may be wet etched since any undercut of the absorber layer 1400 would then be
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1200 from damage during repair of the overlying absorber |ayer 1400. The

t hi ckness required for the buffer |ayer 1300 depends on the quantity of

mat eri al wolstooswig$ | be renoved by the repair process. Coneequesot/booié a hi gh
etch selectivity allows the use of a thin buffer |ayer 1300 on an EW
mask. A thin buffer layer 15 1300 results in a |ower overall absorber stack

t hat reduces shadowi ng and roves thl buffer Layer 1300 al so
reduces t Hénalhgpteamy e'gfelﬁgfeét?yﬁﬁ13%4"%&‘“@%@‘?“&! fedS™M @i PEng t he

renoval of L r Bkt £8MPh&diofRori® hiciieR@bmbidddnbuf f er
| ayer 1300‘3&1‘“31(a Vpﬂ%ﬁéﬁé@%ﬁg@%ﬁ?&ﬁﬁ on ovfe(g K 8HNLC1m rror 20 1?00 when

t he EUWV rr&sfldr)’kaﬁﬁainﬂvuet@dchmapbpuselqﬁﬂemmdesl st on a wafer. The result is
a reduction in ontr hat will sligh I of the

features print r?ﬁ‘l‘ éf"?)RB%CS?Se‘E beg]na %}ﬁg§ﬁ“%s}<§§ﬁ6ﬁﬁvlﬁg€vent this
degradaf i qReedhiR refBhA950 Juﬁy&ﬂ a2 Pk Bvd, SRBYAY réfi6H EM6Y Alntentlfodi@bneover ed
by the absorber |ayer 1400. 25 The overlylng absorber |ayer 1400 and the

under | yi ngsklh_ovlvmmbngum@()d) rrust not be damaged when the exposed portions of
the buffer |ayer d. A buffer.|ayer Of dfromS|I|con
Di oxi de may be {T‘ﬁft ¢ prse tOIHY%Phrﬂnn%ml}lEé%?I e, sucah as CF4 or

CSF8. 1N soRR LTSy re@MeEU‘amx%sﬁ 270®dnciules SR 8bsosbayas 240@anthin™y be
i ncl uded. Alternati veI y, a thin buffer layer 1300 30 ﬁvbe wet et ched

si nce any eufbe dayet 23110 ahMlabyueha?00} aryba subsbete B0 dTh peask@70dh 03/ 003118

D oxi o st EREE AP R engas oty o ek B el O B TR Do o

acid. A copRhwttheML ffirref YZOQHélhn@ﬁdré&GTheé&bnﬂmyglbﬁz’ZEHd ahfi- deSI red. The
result of the process described above is an EUV mask 1800 having a 5
ref | ecti vereflegivenotdad, dweitosthe ahtarberdeyes@de, or dark, region 1760. An

embodi ment i s F?J%B‘%Qe EﬂVFmgsli{ f708 of Epe present invention includes a substrate 2100,

such as a glass-ceramic material, that has a low coefficient of thermal expansion
15  (CTE), a low defect level, and a smooth surface.
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.
In one embodiment, the ML mirror 2200 includes 40 pairs of a high index
20  of refraction material 2210 and a low index of refraction material 2220. The high
index of refraction material 2210 may be about 2.8 nm thick Molybdenum while
the low index of refraction material 2220 may be about 4.1 nm thick Silicon. The
ML mirror 2200 has a peak reflectivity of about 60-75 % at a central illumination
wavelength of about 13.4 nm.
25 Third, an ultrathin buffer layer 2300 is disposed over the ML mirror 2200.
The ultrathin buffer layer 2300 is about 10-55 nm thick. The ultrathin buffer layer
2300 protects the underlying ML mirror 2200 from any damage during the etch of
the overlying absorber layer 2400. The ultrathin buffer layer 2300 also protects the
underlying ML mirror 2200 from damage during repair to remove opaque

30 defects.



Anot her enbodi ment of the present invention is an EUV mask 2700 as shown
in Figure 3. An EUW mask 2700 includes an absorber |ayer 2400, a thin
buffer | aywero3@80@s an M. m rror 2200, and a substrate 210@cTiUse2/kddvs mask
2700 10 has a first region 2750 and a second region 2760. The first region
2750 is reflective because the M. mrror 2200 is uncovered. The second

region 2760 is_anti- reflective, or dark, due to the absorber |ayer 2400.
First, the EUvIRg&krathgpbyfferdayer 230may ll(’? ﬁ&’éﬂ’i‘i 6??‘1Hﬁéluﬁlaé%a g’“éubst rate

2100, suqangﬁra@u&' 513%&? %rqgrmelﬁrﬁ{a%&aaé, subia sifiésh @)é)lrrﬁWicfé)@rféJrBBRnt of

t hermal expansion , a low defect level, and a snooth surface.
Second, a may slisb by esed fd Yherittrathyin 2Rfer lagexl?3¥posed over the substrate 2100.

The ML mirror 2200, has abaqut . 20- ai.rs of alternati lLayers of a high
i ndex of refr BFftBnaWSQ%eéllayfﬁ%8005?181580?%‘{%31&‘%%?%{ ‘%Xﬁr mat eri al
2220. 15N ongy HRQBs6m®RE laybh 1ol mdYl B Mout 28025 Rel SeHatPiaPRHat #i0f a hi gh

index 20 of refraction material "2210 and a | ow i ndex of refraction

mat eri al 2@R0uattHdIVilight, rémaipstable defingexposnrentetEdfY liphzandbeay be about 2.8
nm t hi ck Mol ybdenumwhile t |l ow index of refraction material 2220 may be
about 4. 1?Hﬁ’a?’ﬁﬂ’c‘ﬁltg%‘f%ﬂfpa?H&%ﬁﬂ_Prl%c?slsbr 2200 has a peak reflectivity of
about 60-75 % %eabg&ﬁbm&eﬂdmumagahﬂaae ona¥EhRRGinktalf, aBOR And 3. 4 nm 25
Third, an ultrathin buffer |layer 2300 is di sgosed over the ML mirror 2200.

The ul t r atderamiss Nl etals|inglade Abooinuem, sByamium. Fikel, Niehitgy Tamgbur) ¢ r at hi n

buffer, | a . 2300 otects e underlyin Frror 2200 from any danmage
duri nd% hé%{?f'&‘ff“b?ndof'ﬁ%gsg%A&G?Iﬁgwgbd;e&%B‘gr%upaf/grmf%(%.su & ultrathin buffer
layer 23007 RhSAuRObSSrSChiighicdHid e6hpbitgdMoritied Hin 2@ds andnvdasage during
repair to renove opaque 30 defects. WO 03/003118 PCT/ USQ2/ 20016 The

ul t r at hi n spoh hebotidgserarbBizs, mtideseoxdids; ennligilesdfdariogs sietals Examples
'[Cg;’r}ggrnat urirelclaéie gﬁclgell'gﬂcide%g'ﬁglu%aﬁgrricilg‘ l"[%hta?tlljr(r:\ e@‘?na%%d&,cpa%t%%m tride or
Nitride, Tantalum Silicide, Tantalum Silicon Nitride, and Titanium Nitride.
15 The present invention further envisions an apparatus 400 to repair an
opaque defect 405 on a DUV or EUV mask 410, by using electron beam-induced
chemical etching. An embodiment is shown in Figure 4.
In the apparatus 400 claimed in the present invention, a mask 410 to be
repaired is mounted on a holder 420. The holder 420 is positioned in a chamber
20 470 by a stage 430. The stage 430 can rotate, tilt, and move in different directions,
such as along the x-axis, y-axis, and z-axis. An imaging system 440 is used to
locate an opaque defect 405 on the mask 410. The imaging system 440 may include
an electron column.
A gas delivery system 450 dispenses one or more gases from reservoirs
25 towards the opaque defect 405 on the substrate 410 in the chamber 470. The gases
may be fed through one or more openings, such as nozzles, into the chamber 470.
The desired flowrates are maintained by adjusting flow control valves.
Critical parameters include nozzle dimensions, tilt angle from nozzle to
mask, angular dispersion of gas dispensed, and distance from the opening of the

30 nozzle opening to the surface of the mask. Typical values include, but are not
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may al so be used for the ultrathin buffer |ayer 2300. Fourth, an absorber

| ayer 2400 is disposed over the ultrathin buffer layer 5 2300. The

absor ber wayBsno2490 may be about 45-125 nm of a material tPloarusor/idole
attenuate EUV |ight, remain stable during exposure to EUV |ight, and be
conpatible wth the mask fabrication process. The absorber |ayer 2400 may

i nclude one or nore netals, alloqys, and _ceramcs. %{%’Eﬂal s _include Al um num

Chromi um Linidgdto; 10§-300 migrorspyifermozzierliameten; 490 diggeepiHgat ¥itical) | oys

i ncl ude c¢ Of ta } {GRAPREL 50- i are
comoundsqggﬁ%g??ggﬂgﬁé??geg}é fr?gaﬂéltﬂg{g{wé%uch ass%g:rﬁlI esf,&scar bi des,
nitrides, distafl@Stromrthénbialé dpaning tostheinnask soefhed. s. Exanpl es i ncl ude N ckel

Silicide, Tantal um Boride, Tantalum Gernmani um  Tant al Ni.tride, Tantalum
Silicide, TantdhagAsssimapiRciiderpatantgasespndLATIEhERPeS: 1 prehoiee ofhe present

i nvent izon [ S LAt qan'SR3dbodineARFAHe def ect
405 onsg Iﬁ?ﬁ%&%@%ﬂdnﬁbag% @Q%gﬁaﬁgggfgggfonnbeam ibnducgd chem cal
etchi ng. Aressmbodientinh, the redutan gases Ridsprbéo the dpaqubdefeoptiSandsedddecl ai ned

in the pr%ent_invention, a mask 410 tq be repaired is nounted on a hol der
420. The HUpWsiatetbArgen FAn PRBIREYC, 48 B 8Ather 20 470 by a stage 430. The

stage 430 can RRLAEV thinkhissRRAGnATRVE0) dh di;atlt,gﬁ@f&tmmﬁg}t ieAste such as al ong
the x-axis, y-axis, and z-axis. An imagi ng system 440 i's used to |ocate an

opaque defmateridBSudnas tteonmshrd i@ oxidee clinonyy nityidey ot drome®xyaitridacl ude  an

el ectron cQl um .0 del i ver ste 50.dis es_one _Qqr re gases from
reser vl r sﬁﬁ“ﬂ?‘ﬂgﬁﬁaﬁ'ﬂem%g&%éf%ﬁaég ﬁ&ﬁéechrr? B'?i%gv%ré’bs%’ Pieht %éaoﬂﬁy 'h the
chamber 4 fed IHARS S eadtiih 436 sLllad HIGUNCONGIAIOXFRER (@RI NOS, Such as
nozzl es, into the chanber 470. The desired flowafes are maintai ned by

adj ust i ng dhemicatigretctothevwphyes deferti40b celhtiyeatodhe upderlying layge witva | e
di nensi ons, _tilt a{]%l e fromnozzle to mask, angul ar dispersion of gas
di spensed,se};ﬁ‘fﬁvwg AOEYEm t he opening of the 30 nozzle opening to the

surface of the aRiEUVYdce@le ¥ASINER, ARGPAIR ddiett 408 Ba) @hclude absorber

15  layer material such as Tantalum Nitride. The underlying layer may include buffer

layer material such as Silicon Dioxide. An electron delivery system 460 may be
used to induce a reactant gas, such as Xenon Fluoride (XeF2) or Carbon
Tetrafluoride (CFs) or Fluorine (Fz), to chemically etch the opaque defect 405
relative to the underlying layer with a selectivity of 10:1 or more. Volatile

20  byproducts, such as Tantalum Fluoride, may be removed from the chamber 470
by a pumping system 480.

When an opaque defect 405 includes a Carbon-containing material, an
electron delivery system 460 may be used to induce a reactant gas, such as water
vapor (H20) or Oxygen (Oz), to chemically etch the opaque defect 405 relative to

25  the underlying layer with a selectivity of 10:1 or more. For example, a Carbon etch
may be used to repair an opaque defect 405 on an EUV mask 410 that has a
conductive buffer layer containing Carbon. A Carbon etch may also be used to
repair an opaque defect 405 in a photoresist pattern on a mask 410 to increase the

patterning yield and to reduce rework. Furthermore, a Carbon etch may be

11



10 WO 03/003118 PCT/ US02/ 20016 Ilimted to, 100-300 m crons (urn) for

nozzl e di anmeter, 45-70 degrees (fromvertical) for nozzle tilt angle, 5-25
degrees fwoeamguhar di spersion, and 50-150 urn for di st arcanfsommotde

nozzl e opening to the nmask surface. The gases nay include reactant gases
and carrier gases. The choice of 5 reactant gases depends onht he ma: erltal S
to be etched, .In one enbodinent of the present invention, the reactan
gases adso SIHﬁb“f‘ﬁge Biosg dutict wpair dbat inrrguired after a glask 410 hasgbneAr gon is an

exanpl e of ydouehhH8tidd@Bprokss transm ssive mask 410, an opaque defect
405 may i ncl ud materials sucly as chrome, chrome oxide, chrome nitride, or

chrome oxyni tri Gee ele@rdidelivedesysyemde6d ayeltoriBduderchbmital efdRinZnayAn el ectron
used to jnduce a reactant gas, such as chlorine

del i very system 460 be | :

(C12) a%d \BI%?;‘?B@F "(lb%‘g?‘}/‘?fb‘md’ﬁ‘@rﬂse F ymagedsapie Bpmekd exesrichatabs rel ative
to the SIndesdu¥inBGhnliav&iniMg tbhtfols fRRE btk &Y b&m 2 icdtPa dp_EWV
reflective r(r:ask%ﬁ\o, an opague f:lef ect 405 ma%fI? nceljlﬂgg Sggfsugpﬁ%gdq%S | ayer
mat eri al spaticutar;anical paraidetars, dach dhleeannderdéntj pigellspyeing ndwyell tiglepide buf f er
| ayer materi al uctg n Di oxi de. An el ect{lon del I ver g/@syst em 460 may

Sili
be  used t & HACE egﬁé‘&i:etlﬁﬁgr%?t%ﬂ‘aé’ XERBA ¢l boacowPusast?) or Car bon
Tetraf | uor bpgmiAAdh Rite, BtdhQfdoRR by h uhFoiRRY a%]a' su¥fald fd%gh{l&fopaque def ect

405 relative to the underlying Nayer with a 'selectivity®o 0:1 or nore.
Vol atile 20 bypFeakledteon dalivhrasyskandél dineds electiats towandsitbe opagueed from t he

i 480. efect 405 includes a
oot bon 0 onfleiefasd oRTE b BERR: LR PP i AR R oo be used to

i nduce a rﬁﬁytiﬁdlﬁdga&cusmghyéﬁm%tpﬁbvid‘éaﬂﬁ’%hlfz ki?&)se&éle%rgﬁéhn(ﬁﬁ)onet 0
chemcally etch the opaque defect 405 relative to 25 the underlying |ayer

with a sel dabpdimantdighly.focused maaas thag theesleaipsingheam ar somaliecthanthy be used
to repair Ahgl B?ﬁ\%esegc?r{cﬁi%l eftdRo] Inaarllno% er;rnagokdi%%gt, ilpg%tly ?o%ﬁse means
that the electron beam size is smaller than about 30% of the size of the smallest

15 critical defect to be repaired. In general, an electron beam has a typical tail
diameter of about 5-125 nm.

The electron delivery system 460 uses a low acceleration voltage, such as in
the range of 0.3-3.0 keV, to limit the lateral spread of emitted electrons at the
surface of the mask 410. A low voltage also minimizes surface charging. The

20  emitted electrons include secondary electrons and backscattered electrons. A
chemical etch of an opaque defect 405 is induced when secondary electrons
interact with the reactant gas that is adsorbed and dissociated on the surface of
the mask 410. If desired, the secondary electron current may be monitored to
detect the etch endpoint.

25 In most cases, the electron beam-induced chemical etch is reaction-limited
and not mass transfer-limited. The chemical etching of the opaque defect 405 by
the reactant gas produces volatile by products that dissociate from the mask and
may be removed from the chamber 470 holding the mask 410. A pumping system
480 evacuates gases and volatile materials from the chamber 470, thus creating a

30 vacuum inside the chamber 470.
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conductive buffer layer containing Carbon. A Carbon etch may al so be used

to repair an opaque defect 405 in a photoresist pattern on a nask 410 to

i ncrease wios/opats erning yield and to reduce rework. Furt lpemvmsog2o00a6 Car bon
etch may be 11 WD 03/003118 PCT/ US02/ 20016 hel pful in the nore difficult

repair that is required after a mask 410 has gone through additional

processi ng. The.el ectron delivery system 460 used to induce chem cal
et chi ng may rgglé Fcéméﬂbeéfré'lﬁdr“ﬁigfl EAnNisR efdoate of thaapadue defeqs85i n a SEM

except t hatiepdifisonltRE PaHDYpAACLLIBGRRN RGtEA Y Ohd tholurtdlf hEFS §QR, Deam are
nore sophisticated. In particular, critic paranmeters, suc s 'heam

current, peketrorpeasiidie phossiure ini thre charsberd70 aiay, ber atoe8001-0ee and retrace
time, m cont r ol a,c u O _optimze etch rate, etch

beomet 1y BYSHePh elthal RAGOERH Sloat onuiRhiekaly ke B epaumicient ver y
Syst em 8160405 bead FepRlred bhaRS maOW @05 Thi BEyRRAAER: hly 995@8& o438 14gpot he mask

410 in the chanber 470. The el ectron delivery system may 1 nclude a
focusi ng sY¥IEHTPEep(BY) dbe glepirgmbsani-oulised chératataich beamsudlly one

enbodi nent ighl ans that the electrqgn beamsize is smaller
than the crl%ér?élggg t{‘%@%g(g‘gfcfge3erc>9ng?’é’cefl?c6rr?§‘.s' ottt ushplbartfent , highly
focused nemmsimuhdbr dthacceleRohGbIREANT SHoke10%esBrIIdQr than about 30% of the
size of the smallest 15 critical defect to be repaired. In general, an

el ectron beam HYanmemppdisants and numproms details hawbbeen s6t f26h abwwe iThe el ect ron

deliv S . yse | gw agcel er.ati vol tage, such as in_ the range
of 0. 3%, oHEECD AT ol uRErSR LBk obHheessti Fivedtar cBte gttt ne
surface ofintthearasik #ppbecide HRAVMEW AT RhELed gl @ﬁ%{ﬂ ing. The
20 emtted el _ectronsa%?nccllude secokdary el ec‘l?rons]n gﬁgj%ggdéﬁli%gfgf recXg

el ect r ons. DRliceblg e edher embpdigterds Quesdilledde tlecart 268 alse appriuiesthahen
secondary gl .0 t. with the reacta as that is, adsorbed and
di ssoci at eaghgtﬁtt{) Igie S l}) & P léggeg(_glfwgrfe Wes“??ﬁgti? ﬁTf)L)r F}F‘O‘%@B P ‘a{na#ﬁ@?% econdary
el ectron curocesds, tayerBfon¥Pivnkeiteddions, etc. described herein. It is to be understood
15 that the detailed description of the present invention should be taken as
illustrative and not limiting, wherein the scope of the present invention should be

determined by the claims that follow.

20

Thus, we have described an apparatus for and a method of fabricating and

repairing a mask without damage.

25
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detect the etch endpoint. 25 In nost cases, the el ectron beami nduced

chem cal etch is reaction-limted and not mass transfer-limted. The

chem cal woabiong11®f the opaque defect 405 by the reactantrcgassope@deces

vol atil e byproducts that dissociate fromthe mask and may be renoved from
t he chanber 470 hol ding the mask 410. A punping system 480 evacuates gases
and vol atiﬁm fromthe chanber 470, thus creating a 30 vacuum

i nside the .12 WD 03/003118 PCT/ US02/ 20016 The el ectron

beam i nduced chem cal etch rate of the opaque defect 405 depends on the
partial pressure of the reactant gas and the current density of the

el ectron beam Wedaipressure in the chanber 470 may be about 0.001-0. 200
mliTorr (ml) globally and about 0.500-10.000 nil |ocally over the opaque
defect 5 405 being repaired on the mask 405. The beam current may be about
0.050- 15 000 NAN@SpmERBTokpAkingI Ne €l ectron beaminduced chemical etch rate
usual |y depends on the yield of the secondary electrons. The etch rate is
usual |y at a nax# holdef adapted tomelint asubsiraten| t age of about 1.0 keV or |ess.
Many enbodi nent s d numper.o detai |l s.have been set forth above in 10
order to provide %%ﬁ%?%@dﬁggonﬂ%sﬁg?’bﬁﬁﬁﬁﬁtﬁfmt%%hﬁﬁté?éént i nvention. One
skilled in the aspumipihg SRRmEEAAEd td@lacTRR Y@l chhffbef,eat Ures in one

enbodi nent are equally applicable to other enbodi nments. One skilled in the
art will al so apptietngging syaem giapted yo lasatemineopagne defectsqshidadubstrate;
substifqtions for 0$8: ific terials rocesses, di nensions,
concenﬁdrjati ons, el g?s %22’%%?%5%’%%@%?%‘5 kq ihSPPS“SFS rB%C%?m&?F By ¢s $89t hat t he
det ai | ed dédedtjgaid on of the present invention should be taken as
illustrative and not limting, wherein the scope of the present invention
shoul d be det er nihelectign deleveey syistrm adented & disert eRotFhuwands beide descri bed
an appar at&b%qL%ePeQQ a nethod of fabricating and

15

2. The apparatus of claim 1 wherein said imaging system comprises an

electron column.

20 3. The apparatus of claim 1 wherein said electron delivery system comprises

an electron column.

4. The apparatus of claim 1 wherein said substrate comprises a transmissive
25 DUV mask.

5. The apparatus of claim 1 wherein said opaque defect comprises chrome and

said reactant gas comprises chlorine and oxygen.

30
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repairing a mask w thout damage. 25 13 WD 03/003118 PCT/ US02/ 20016 |IN THE
CLAIMS W claim 5 1. An apparatus conprising: a hol der adapted to nount a
subst r at ewoa3mbage adapted to position said holder in a clramaeo/200a6 punpi ng
system adapted to evacuate said chanber; an inaging system adapted to

| ocat e an opaque defect in said substrate; 10 a gas delivery system
adapted to di spense a reactant gas towards said defect; and an el ectron
delivery system adapted to direct electrons towards said opaque defect. 15

2. The appgar at l Al : Lk Sal: @ i [ m cenprises an

el ectron cglugﬁéag%agfé#ﬂg%g%gg$§%§?§%?Qé?%?%¥€g“§%$%§HJEQE V&l ectron
del i very siEVemaskonprises an electron colum. 4. The apparatus of claim1
wherein said substrate conprises a transm ssive 25 DUV mask. 5. The
apparatus of claim1l wherein said opaque defect conprises chrome and said
reactarg gas conprises chlorine and oxygen. 30 14 WO 03/003118

PCT/ US02/ 20016 6. The apparatus of claim 1l wherein said substrate

conpri ses & rdhkappanagus of claim 1 wherein said opaque defect comprises an absorber

and said reactant gas comprises Xenon Fluoride (XeFz).

10 8. The apparatus of claim 1 wherein said opaque defect comprises Carbon and

said reactant gas comprises water vapor or oxygen.

9. The apparatus of claim 1 further comprising a focusing system adapted to

15 highly focus said electrons on said opaque defect.

10. The apparatus of claim 1 further comprising a scanning system adapted to
scan said electrons across said opaque defect.

20

11.  The apparatus of claim 1 further comprising an acceleration system adapted

to provide a low acceleration voltage for said electrons.

25
12. The apparatus of claim 1 further comprising a computer adapted to control

said electron delivery system.

30 13. A method comprising:

15



EW mask. 5 7. The apparatus of claim1 wherein said opaque defect

conpri ses an absorber and said reactant gas conprises Xenon Fluoride
(XeF2). 1wod30dhes apparatus of claim 1l wherein said opaquecdafsegiooc©npri ses
Carbon and said reactant gas conprises water vapor or oxygen. 9. The
apparatus of claim1 further conprising a focusing systemadapted to 15

hi ghly focus said el ectrons on said opaque defect. 10. The apparatus of

claim1 further C(ff{ﬁ?’idéﬁ‘%@js‘éb”'?@%ni ng system adapted to scan said

el ectrons across sa}ﬁ%mgrg@%;%asuggr&;. The apparatus of claiml
further conprising an acceleration system’adapted to provide a | ow

accel eration vol t agéteting said dayer édbrdist regonlkd aldeeomppgiati;us of claim 1

further conprisin e 050 sut r adapt% .to control said electron delivery
system 30 13. A nethod ecoifhPy S RGHTE {883 003118 PCT/ US02/ 20016

provi di 6g a subst nAdpRctih@E4il RgstRedidN Br AVGJagidlqdresubst rate; patterning said
| ayer into a first region and a second re(?i'gn; refoving said layer in said
first region; 5 iAePedgiatgadentgasovetsaikgpayuefdefecgrandpaque defect; formi ng

a reactant gas ovey ' aque defect; and directing el ectrons toward said
: g&%@‘e@?@%ﬁ% stRyaeS 74 oragye deferts sat elgetEonsdndy@ng saj d

opaque defect, sal
opaque def esitl.reddlant gas to etch said opaque defect.

10

14.  The method of claim 13 wherein said reactant gas etches said opaque defect

without damage to said substrate.

15 15. The method of claim 13 wherein said opaque defect comprises chrome and

said reactant gas comprises chlorine and oxygen.

16. A method comprising:
20 providing a substrate;
forming a mirror over said substrate;
forming a buffer layer over said mirror;
forming an absorber layer over said buffer layer;
patterning said absorber layer into a first region and a second region;
25 removing said absorber layer in said first region;
inspecting said first region for an opaque defect;
dispensing a reactant gas over said opaque defect;
scanning an electron beam over said opaque defect, said electron beam
inducing said reactant gas to react with said opaque defect to form a volatile

30 byproduct; and

16



14. The method of claim 13 wherein said reactant gas etches said opaque
defect w thout damage to said substrate. 15 15. The nethod of claim 13
wher ei n swod3opaaqsie defect conprises chrome and said reaecarisogam®ic
conprises chlorine and oxygen. 16. A nmethod conprising: 20 providing a
substrate; formng a mrror over said substrate; formng a buffer |ayer
over said mrror; forning.a é&Ps r ber I%¥§r over said buffer |ayer;
patterning said abd87d8é ?13’ Cf 8" R A1 LYst Fegditbn and a second region; 25
removi ng said absorber layer in said first region; inspecting said first
region for an opaque defect; dispensing a reactant gas over said opaque
defect; scanning an el ectron beam over said opaque defect, said el ectron
beam i ndugi ngysai d,reactant .gas to regct wt ai d opaque defect to forma
vol atile 3 'by|51re d 38?&@??8“’1%9\‘7%66%’/‘%gffgq@?f%é@gmmﬁan plsepRarng said

buf fer 3 ayg@id said S@icthnit igé§éorﬁ§8§e@B(enéﬂFIuB@ﬁe'{ﬁ&ﬂ(}?.d of claim 16 wherein said
opaque defect conprises an absorber 5 and said’'reactant gas conprises

Xenon Fluoride (XeF2). 17
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