WD 03/003118 27/ 12/ 2005 PCT/ US02/ 20016 MASK REPAIR W TH ELECTRON

BEAM | NDUCED CHEM CAL ETCHI NG BACKGROUND OF THE | NVENTION 1. FI L 1Cﬂ:/ 3‘5%5
1 NVENTI ON Te opo@set i nvention relates to the field of ser’ri',&%gHZhﬁg
integrated circuit manufacturing, and nore specifically, to a nmethod of
fabricating and repairing a mask with el ectron beaminduced chem cal
etching. 10 2. DI SCUSSI ON OF RELATED ART After coating photoresist on a
senm conduct oMARK&EPAIRSWARHELERTRON BEAM-INDUDEIDCRIENEC RN HRIEHNGt 10
radi ati on, such as deep ultraviolet (DUV) light with 15 nom nal wavel ength
of 248 nanong or 157 nm The wafer is sub- divided into
conti guous i T,

: : ¥tion 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 s8i vd. GIELROFTHE WVENIEO8! mi nes the pattern to be transferred to
‘the photoresist as a result of.the 20 exposure foll owed by a devel op
process. Using a Phase-Shifting Mask (PSM and Optical Proximty Correction
(OPC) vvithDUVI—Im L Je l: I Lt i featyres, with a critical

“di mension (CD) of lr(%%)\%dlt?b@ﬁlrtrl?wr &%&é‘?&%@é‘!‘” HucoRdustoT InteRBehphy  ( NGL)

I S requir edciranit ypanmfctieing L irebmord SpeeifRAhS fah hi . |.t ravi ol et
(ELV) Iitho&ragh , a 25, _Feadi ng cilpnd.i.datyz fo%@fu%ééexggggre light
with a cent?&P Rﬁ\M@é@Wﬁh@ﬁmébeﬁ@ﬂgéu@‘dd@mi&lmdﬁngn EUV scanner may
have 4 4graging mrrors and a Nunerical Aperture (NA) of 0.10 to achieve a
CD of 50-70 nzn with a depth of focus (DOF) of about 1.00 m croneter

(g n). Al t & mISCLESIONaDF REVAIEENART nay have 6 imaging mirrors and 30 a NA
0f/ 0.25 to print. a CD of 20-30 nmwith a reduction in DOF to about 0.17
um 1 WO 03/003118

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 ﬁm 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.




27/ 12/ 2005 RCTIUS02/20016 A DUV or EUV mask is inspected for defects
during fabrication. Repair of «critical defects is perforned q fﬁﬁ%d
ion beam (Ry@osfffhs having a Gallium liquid netal ion sourg 6%%26

defect is covered up by depositing Carbon or a netal, foIIo r'i mm ng
with gas-assisted etch (GAE). An opaque defect is 5 repaired with physical
lon sputtering or GAE with ion bonbardnent. The process to renpbve opaque

def ects shoul d ha@@[é‘deqﬁhlfvenaﬂcism&ﬁeeﬁeﬂlfwdqfedtgdﬁh@gwbdﬂéthdﬁ [{@Baﬁ-eyer The
uf fer

underlying l&?tcal S quartzfl n 3 tran msswe mask for DUV or a

layer in are TS K iarBredmrith SeipndermgEIR topldievangra Galiume scan

to search fok @fne&&ls Rk ﬂ!éé' repaired

portions of the nmask n zo e r%%éhﬂﬁ%fgétg@é&g@lﬂ?lgwqglg&@xg%cg&%ngﬁ am nati on
b

may be deposPei@l fellpwerk mmmmgmlﬂtgw -asgistied etcﬁa(GlAlB)LrFmapsqu‘éB&efézezd npl ant ed
into underlyj, Jum apsor bs at 157 nm and at EW
wavel eng? hs, ﬂ?%fjéf%gtérpégg CRGOR RRUMETRE R éé&dﬂ wnabon%baaﬁwtsghwrmw such
as a 157 nmiBbmoReEpadile RESHLADMIhiNE, V LegLive
mask, such as an_E rge?frsk Under | yi ng Iaigéét@%}dh#&wg&%&éu%ﬁg Ifm%t her
damaged by Wa#tsekhsmgder b’mg‘rbyblyls Quattz inra tBasmaigeive mask fBSRUVaRQIRE a0l €

pr obl ematic H]gregpec F res on the mask shrinks. Lowering the
accel era’_tion Vo age 1 V?ﬂ'@ i reduce the penetration range of

Gal I'i umions, buFIBehay dﬁﬂa@@h'ﬂdskﬁﬁ tRP8LhA sbatRlH el Uit e th
conprom sed. Limting inmagrng tine and overscan area can reduce & ge, but
repair Fr%y a#%#@em%ergpa&hﬁmems dFdls¢ maskaiay Herreag it bysuch as wet
et.ch of gplﬂyartzpsubstrate n a 157 yrun DUV mask or the buffer layer in

an) EW nask RS CTHAIRAtRY oY Ps denosised on b surfase afthermaskng
material MegahReEOBAs ol ﬁeeﬂg)liufltea #%'ﬁid&ﬂgm'é%ﬂrk "l‘JsdaH'é&m 206 9&8?%1?“5 €

error may al so be introduce I'S” nee I's an app us for
and a net hodt 157 nimand esk UHgvaredengtiep dhusidegreasing she thhusagisdion an@ge. 30 2

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 Iéyer 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




27/ 22/ 2005 WO 03/003118 PCTI US02/ 20016 BRI EF DESCRI PTI ON OF THE DRAW NGS
Figure 1(a) - (d) are illustrations of a cross-sectional view of2 %fw{}@(ﬁ
gzéfu@ 6

mask bl ankwigogsigsiigccording to the present invention. 5 Fi g?rrﬁjs
are illustrations of a cross-sectional view of an EUV mask orng
according to the present invention. Figure 3 is an illustration of a

cross-sectional view of an EUWV nmask of the 10 present invention. Figure 4
is an il usBREEE BESGRIBIIONOF- HHE DRAWMINGEew of an apparatus for repairing
opaque defects with el ectron beaminduced chenmi cal etch according to the
present invention. 15 DETAILED DESCRI PTI ON OF THE PRESENT | NVENTION In the
following descriggham (A)UNBY £ HIdeBbhSof SUEL-ReHGRECeld 6f APEGViIsK:

di mensi ons, and processes, are set forth in order to provide a thorough 20
under st andi hignbfornies! gucenting td the@meseohinveigivever, one skilled in the art
will realize that the invention nay be practiced w thout these particular
details.” In other instances, well-known. seniconductor equi pnent and
processes have rRgurd Q) - (@it iRetatidndeialdredsl RELSIAL Melv FANISUY tnaaK0i d
obscuring the present invention. A nmask is used in lithography to print a
" desi r ed - patfosmad agcosingdpdhe prese imverdnwaf er. Deep ul traviol et (DUV).

it hography uses a transm ssive mask for exposure wth |ight having a
wavel ength of 248 nm 193 run, or 157 run. Extrene ultraviolet (EW)

l'i t hography useFiguresik af tlinseralibs bf 4 BlosC¥RESHAIY iV BESn BEW thitsiddd the ondensed
material s are highly absorbing in. the EUV wavel ength range of 11-15 nm
The dediOr edrpeant &vignfigndef i ned in a DUV mask by selectively renoving 30
p_l(ﬁ)ti ons of an opaque Chrone |ayer to uncover a transparent quartz
substrate. WO 03/003118 27/12/ 2005 PCTI US02/20016

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 _ o
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 instanices, 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 portons of an opaque Chrome layer to uncover a transparent quartz substrate.

3




The .desired pattern is defined in an EUV mask by sel ectively renoving
portions of an absorber |ayer to uncover a multilayer mrror o

substrate. ‘gg%(,%k or an EUWV nmask is inspected for def ecté a 71%}7%/8905
the mask fabrication process. The i.nspection is usually doheTWPPH oV
light. A defect may 5 appear clear or opaque. A defect is considered
critical if its size, shape, or location may significantly affect the print

fidelity andThuddsifes pakietR dRBSEd EaL B | iGinity.. A critical
def ect nust be repai rpead or else the vyi ela ‘J’Frg.}yg’ﬂ%‘eéé%ef‘gaee‘&é{%’ﬁgpt°ﬁ % ructure
bei ng fabri c2fta@nbsprber {ayer trawhcov@ihe mul@lapertmirrorantd aibsicae] udes an

apparatus for an of I ri,ng .opaque defects on a DUV nmask or an
10 EWV nask V\Aph%?[%z?%ggofﬁn E%ﬁ% %é"ﬁ%ﬁ&é(ﬁi@r defectorspasheiobe masks of a
met hod of f dhblicabhigoand THeAAFAsN ?sms'éugﬁ d&?é%ﬁgg%gxgg? ﬁIg ggaﬁhg\}vyg esent

i nventiog will be described. First, a substrate
coef fi ci 8nt ABPeRHAPATAr OpRGam S defectdTensideradrotidal #its ke mshapbrdodatish def ect

level | J ' terial. f EUV nmask of th t 15
mvent o A eI e B ARt Sn gt e eesd erstreaie E1 00 mmy
be formed oidinief. Pac@diwaefé@tﬁﬁﬂit%e%gﬁfécﬁ&r éﬁéé@egi@d q}%'ﬁige%%gg{@gert  es.

Second, a nultil a;g;r (M) mrror 1200 is forne ver e su t%8 1100
since an EUthesisIchsdeinsfebueatedwithrtha oiask &Ttef prasetit sivientioh athilcaag

reflector. L ent _is sho i n, Figure b). The ML mrror 1200
i ncl udes abgﬁ?ar%@gg’ o %glﬁi'éo%?pfg??‘émapﬁﬂae %ﬁf(%tﬁ en@fDUVnagk drpgex of
refracti®n EﬁN&hh;’Hwﬂﬁé&&diﬂafetb%dhﬂﬁﬁﬁlger efraction material 1220. The
t hi ckness uniformty should be better”tha .8 % across the substrate

1100. In one enbYaiifenembedisents ofiar methotl 20 atirivatinglead Adpapdg sn BTV

alternatin rs,.of .a.high index of refraction material 1210 and a | ow
i ndex of re F%ﬂ% C?%ﬁdlgg *%Hteégf*%ﬂ“t wysgtionwill ke drsarivad Fivst, asebsteteildt0 mat eri al

of refract s on Tt ert ar 15 e R R A kot F 275 1 o,
As needed, %efechfyichis useg es the280ting snatbrislSopd0BU Viradk ofthé PiegknSi | i con, may
the upngr dfftiol” ab srihodien{ obea snBiawe WoloBioRGsTREII aepG0s |
: 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 J
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 1200in




PCT/.US02/. 20016 an EUV mask. The M. mirror 1200 can achi eve a peak
reflectivity of about 60-75 at the EUV central illum nation wa %I }? @f
about 13.4 wgwse9iisbeam deposition (IBD) or direct current (. S e 0F?
sputtering nay be used to formthe M. mirror 1200 over the su ek 1100.
IBD results in 5 less perturbation and fewer defects in the upper surface
of the ML mrror 1200 because the deposition conditions nmay be optimzed to
snmoot h over aa El&¥ eeisk 0fhe MilemBrdiSLo®éan abhRQe a PeakBdRetivig odbeut 81799 i S

nore confor rpal, t% pI‘OdLII(_Ii ng, better thickness uniformty, but any def ect
on the subst’ atde ELobcentral ifunigation wavelgaghiod abeutldouah the al ternating

| ayers to the up . 17 .Jhird. a buffer
| ayer 1300 is fo?&r{e%é%égﬁtﬁh@ndg‘{)@r%ﬁgf gé}e};e@ft %ﬁgig.ﬁ%g“etfé}} “{Péirﬂeilfgo. An
enbodi ment msayseowsad ito fdring theeM L nfiexpr 1300e0ven tHeayubsayen 108 00D raxits have a

t hi ckness of about 10-55 The buffer |ayer 1300 may be fornmed from
Silicon % O%SEB?’%{P@H°8§“3%‘6W ‘feé%ﬁ%‘ﬂ‘ébﬁﬂﬁp‘%ﬁ“a@c‘( offtp Mlamivsor Fi%cess 15

temper at ur ebedaihl fldopobifih hfBoAYAUY bt BrEAIAS S0 SvdlSSIdabLE to
prevent interdiffusion of the alternatin ayers in e underlyrng M
mirror 1200theGubsirate 180® D@begnauahsmateting icmpr onibinidl Mudprdduchen, may be

~used to formthe buffer |ayer 1300. The buffer |ayer 1300 may be deposited
by Radi o'Frg%ﬂFéﬁI(‘:’ﬁH’EW)‘m‘cﬁﬂé’r%t%ﬁngﬂ £l thg subgiraty I00pvilldendites or ber | ayer

1400 is for - t L35 , ) - ' ' h in
Figure 1 (dg. E%ﬁ%@ggstgf%‘%ﬁ g;elet%&%%%ﬂ%g% tg@;gﬁ%&%@%ﬁtﬁ%%gﬁﬁ nm
of a natleri¥00that will attenuate EUWV light, remain stable during exposure
to, EUV |ight, an&‘érgle or&pa}i bl e V\A'E_ég the mask fabrication Process. The
absorber Iayer * Prg’s‘/‘ Belagenpbi) isfermed Rveschaagnet susface obtheddkt er i ng.

Vari ous net : ' . f th Q[ ber

ayer 1400 KBy ATL0 DA PSR R e O ThE Bt OB T i
and Tungst dave Althiaksess¢ hbioket 10e5manTie hfffeitdy@l 330056 baforAled Tidgtim Copper .

Ceranmi cs inglude conpounds of nmetals and nonnetal s, such as borides,
carbi des, S¥éroniRipxidessuchasadew temperptirgexided L0 Alloyy prasesssul fi des of

met al s.45Ex 4&%}:@&&&9&9%%11}’ 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 aeposited 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

5




5 WO 03/003118 5 10 27/12/ 2005 PCTIUS02/20016 N ckel Silicide, Tantalum
-Boride, Tantalum Germanium Tantalum N tride, TantalumSilicid 7 ay}gbﬁrg
Silicon N t{ig®mwmoadnid Titanium Nitride. The conbination of a ft‘}ﬁ%ﬁ ndo €T
1400, buffer layer 1300, M: mrror 1200, and substrate 1100 resu %s In an
EUV mask bl ank 1700. An enbodinment is showmm in Figure 1(d). The EUV nmask
bl ank 1700 shown in Figure 1(d) may be further processed to produce an EW
mask 1800, aNickelRilitide ManoflumiBoztile] TarghlownGeimantigny, artalueh) Nitidest, an EUWV

mask bl ank 00 .is cover with a radiation-sensitive_layer, such as
phot or esi st g%?mléga_ ﬁéﬁ%ﬁ@g{gﬁaﬂl%ﬁﬁltﬂgg' agdiiepipR S8 about 160- 640
nin. A chem cal | yirauBlintdabiin/cf abstibd GARY 1080, pRfietA66k 13 dRE LA, i er n 1S

formed in the photoresist 160 y sel ective exposu ci ent

radi ati on ofandisubsiapierld@l reatiks incandE@vigndsk bdardd1788. ADkinbodjhtendis sebewt r on

Froure 25 bl (apBrsf HehE-Blrll i hesgldbrekre fidisfo, e

critical di ﬁ%@és&m &g&?bdeée AEU Y IndskABYS, 35 enthdMEASH i WHiH 18 sABwARA | cal . t ool
or a scanning electron mcroscope (SEM. Reactive ion etch (RIE) may be

used to trafsgwe 2(dp pattern fromthe photoresist 1600 into the underlying
absorber layer 1400. F xanpl.e,. .absorber .l ayer,. 1400 may be dry etched
W Eh o gas sont af e BNV ArLbisgk b0 S Sase iy X mribongenat v oty
contai ni ng kL&pid Peotosist 9. TieSphAbR9Rt 1609 HAS 2 WsiSkhedS ofabotifi60-640 9as. In

sone cases, Oxygen may be included. The etch rate and the etch selectivity
may be &Bangsd fshemvidallyramplifitibresish{TAR) may bauedd. thdesired patierrdhanber and

20 ust1 o PRCAIILEnz, SHE 8% ROUSL BEECEUT, SUBL Lol LemETL e, o
- hel p producea fjR688riate wavelength, such as DUV light or electron beam, followed by a

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 jon 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 Cl2
20  or BCls, or with a gas containing Fluorine, such as NFs. 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.




etch profile in the overlying absorber |ayer 1400. Furthernore, the buffer
| ayer 1300 protects the underlying M. mirror 1200 from danmage ri /gB%S
etch of thewomsmnilys ng absorber |ayer -1400. The buffer | aypérdy %]g
protects the underlying M mrror 1200 from damage during any subsequent
repair to renove opaque 30 defects in the absorber |ayer 1400. 6 WO

03/ 003118 27/ 12/ %8%5 PCI[tJS02/ 20016 After conpleting the etch, the
phot or esi st 1600 ige dprretevdhephepresish b é&fﬁwwdf@drtbd(ﬁmoft he
absorber | aygé sehff) h anni ng
el ectron m cros(%opgs{'ﬁmltillyﬁ.§l$ e?ﬁ’é@%’tfpégg‘rgﬁpla‘?gﬁgﬁm &rr %ﬁ@f’%f may be
used to nmeavitlea sdaenpigade toh thiteosko@(SEM)gWakseven apptiptia@fan5 to the

anpl i tude. en t he mask {Ds?ﬁ%ls ected for defects w a mcroscope or an
aut onat ed ,ﬁ%ﬁ%ﬁ{oﬁfbeﬁert%ﬂ e wasp tg‘@@bﬁﬁ?ﬁfﬁ%llﬁl‘tﬁw}‘a&dﬁ@dﬁél%t i cal
techni ques v tHe H& oduci ng
DV T ghte e T (RS i pReRAS oo RARR misro 56 ol

wavel engt hs auiqmteﬂj@spmuonao@ Tlo¢ miaslrirtspettion todlﬁ&agrrcﬂmbfﬁ%oﬁﬂcal 266 rim
257 nm 248,r 198 gptg 193, run. A shorter wavel ength provides
bet t er resofﬁ 8135k to prauifedr3gen A lases Predurieg aphi c

consequenceswbmhﬁ Hﬁg%ﬁ@m@a a8l éo%&dof?ﬂ'm v ,mnoﬂmma%fa%fe figpection

is general l'y ﬁlfdéformad by conparing two nom na trcal erns
printed in g r@ttar@mlthmmi f, 488 nms%S(zdn,e%ﬁmdl%?nﬂf 2@@&19%,15 a

Pt tor 0 ( P e Bl it el ot DE R SARIH AN B SRRt ay or
. amgo after PrRECESTH ﬂiéﬁdﬂ%&ﬁ?hﬁéd&%é nma%m{e%% f&’rfg%&?dg ghget may

ear as a cl ear defect 0 or an opaque n “enbodi nment
is shown i m@&kgure 2 (b). In a clear def ect 1710, the absorber |ayer 1400

opaque dof ect - 1Pslse ediseds EGTRI beroriieg DR BE Mogameabut i ¢ i s
conp! et el Y i@ntRar bdlrhy At @35t hed Yo A EGAM L EY) & QnfihgPe Used

to cover a clear defect” 1710 w
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.

_ J ' 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 Hexacérbonyl or W(CO)e
gas. A post-deposition trim with gas-assisted etch (GAE) may be performed to . -
eliminate any overspray and to achieve the desired poste.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

7




an opaque material 1730, such as Carbon. A clear defect may also be
repaired by ion beaminduced netal deposition from organonmetal hixc/15/2¢
precursor gH4E®/00FdE 25 exanpl e, Tungsten nmay be deposited fpcamashhip@mss en
Hexacar bonyl or WCO 6 gas. A post. deposition trimw th gas-assisted etch
(GAE) may be perforrred to elimnate any overspray and to achi eve the

desired postgdg mat erial 1730. Brom ne gas or
Chl ori ne gas r?a%ﬁlb mﬂe’?ﬁ?ﬁéﬁ%%‘ﬁge C%B%%‘??éafhdbaqh@mlseuse@to 1730
need not haw@ahhhemsh t hi ckness as the chronme 30 on a transm ssive mask or

t he absor ber 1400 on a reflective mask. The 7 WO 03/003118 27/12/ 2005
PCT/ US02/ 20016 d%ﬁ%??%@ﬂtlﬁﬁm sreisiensalsinig/gectainchiath-euead@tainiipie Wi th the

chem cal s ug I nvention envisions using

el ectr ongbegﬁé}ﬂ:ﬁ ducegﬁﬁﬁntﬁgg%@%&?gﬁ?ﬁ%gq 6%&&)3}@ aﬁa%EHd’L@aﬂéE&gtromzo on
a DUV nmaBk beamtindiédroheinicabehinptihs hiy QMM A hing has

hi gh sel ect i Vi EE% to%ﬁhnderl ying | ayers ecaus{é | %wlﬁlgdegg%gélgﬁa’l’s thgm cal ,

unl i ke FI B Yrs esagntiafly; chemifalaynlikg ﬂ%oacﬁ@w}malwammw )d;ttal to the ion
bonbar dnent [ el ectron beamw Il not
damage unde?(l)dj?é\g | a\ggtrtgﬂtei}ngﬁrr}bg cfm?ﬂtgpf‘%ﬁ ‘6’#25’9& ioghsamigFiBrarat ons. An
enbodi nent électetobwam wﬁngwnge(@ﬂder%&g}laya@b 5ntaﬁogtg,§fo r layer 1300

covers andlgréo ect the ML mrror romd urlng rep of the
overlying ab¥5Fi: Iaé%F Amepmb qunfﬁﬁh@msf:gmqal(c)ed for the buffer | ayer

1300 degends onjf hg pHa Y, be rempved by the
repair process. Consequg%ts% awff(%? gfdghmg'é’is R}'P"teﬁts the Mlwieie use of a

t hjn buff erl-'ZD&trem da08godurdng E.l]anﬂifﬂlfe ox/ér Xmg‘a&Hf-ﬁe‘? 'fﬁkjt?ii‘ifdo - 1300 resul ts

a | owner rall absor ber stack that ces shadow ng an |rrpr oves
i magi ng. A esgmqtg{:eq Qflébe vy 1@3195@3(}06&10@3@5 o thechantesofaha@eaer at i ng

B R L G TR A
over the Mallmivs tleruse 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
J - printed in the photoresiﬁt on a wafer. In order to prevent this degradation, the
' buffe; 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 CFs or CsFs. In some cases, Oxygen and a
catrier 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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20 12200 when the EUV mask 1800 is used to expose photoresist on a wafer.

The result is a reduction in contrast that will slightly degrad gb %I’t
of the featwoesoosprsi nted in the photoresist on a wafer. In ﬁﬁ@ﬁ,zﬁy g
this degradation, the buffer |layer 1300 is renoved wherever 1t is not
covered by the absorber |layer 1.400. 25 The overlying absorber |ayer 1400
and the underlying M. mirror 1200 nust not be danmaged when the exposed
portions of SR Fb’&ﬂ‘%mplea?éﬁffqu@mﬂﬁﬁoqué‘ﬁd\fémnsmcﬁﬁpﬁ@fidqfW&'rbeli?»oo formed
fromSilico t, I Ri orine,

such as CF4Qt§ir:Pé %ﬁ*ﬁtﬂ%nl ggﬁ%%é%%%tsgkggut éMS }]hgdl%%oar I’I&gf‘ Rgas R as

. Argon, may bbdnymdhnieﬁwepétﬂemgtbe\tebdafcasﬁéun buffer | ayer 1300 30 may be

wet etched sinc Lgndercut of the absaorber é 1400 would then be 8 WD
03/ 003118 27/ 12/ GSS bl thegpecespdescdbag ab OVFéﬁrare H¥gnask 1809 havieg 2 ayer 1300

formed fg On}eﬁbéﬁﬁ%ﬁgnq)%ﬁignm 29& Eﬁb >dr %;ﬂ] 0 %Oﬁﬁaﬁolﬂ&r%@& of

‘about 3-5 % hydrofltoric acid |na ‘i"on ry etc etch may
be used if ﬂehowaahf-‘f@meﬁ@é)ult of the process descrl bed above is an EUV
mask 1800 havin reflec ive re ion 1750 and an anti-reflective, or dark,

r egi on 1760 An %n%l?ﬁ imegt QfitBGRTesANtENYANtonSs pryEU Vamath&i00&khodi nent  of
the | f . An EWV k
00" nar LRI ARe 2 s oo AR N B U e L T

2700 |ncIu es an a ber 1ayer ayer an M.
m rror 220Guffenthyar 23005 am Miem 1602200 wndHE Mibsaatie 2200 Th: EUAamaak 2¥00st r egi on

2750 a a sec nd regiaon_2 The first region 2750 is reflective because
Cho O NE I & RS B g Onadst ot & gecond ceaio ST TR fitH reBioR21%0 in rective |
reflective pepusd MdMLINETS 2200 R ﬂF@%rQ& I THeRYEInd2A gﬂ?l%gbﬁstanht he EWV mask

2700 of the present invention includes a substrat such as a
gl ass- ceraneﬂ:ecnae,e:rldalrk duedd t]hmabsarﬂen%yeoﬁml cient of thermal expansion 15

(CTE) 8o Sohect bl AR RO S e, RS0 ST AT ()
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,léw 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 Iow index of refraction material 2220. The high
index of refraction material 2210 may be about 2.8 nm thick Molybdenum while
\ ) _  thelow 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
:2390_prot'ects. the underlying ML xhirror 2200 from any damage during the etch of
the overlying absorber layer 2400. The ultrathin buffer layer 2300 also protects the
7 underlying ML mirror 2200 from damage during repair to remove opaque

30 defects.




The ‘"ML m-rror: 2200 has about 20-80 pairs of alternating |ayers of a high

I ndex of refraction material 2210 and a | ow i ndex of refractio v tfy'gﬁlos
2220. I n or@Ooentexiasrent, the M. mirror 2200 includes 40 paipeT/® 0%

index 20 of refraction material 2210 and a | ow i ndex of refraction
material 2220. The high index of refraction material 2210 may be about 2.8
nm t hi ck Ml ybde mi/\/ni%_e the | ow i ndex of refraction material 2220 may be
about 4.1 nm t hi {Re gHatgputieplayeng30fimayobe Silicm Ripxide. pshiasipdewect i vity of

about 60- 75 8dradrs 8RIdedt. TOL I ' | 4 nm 25
Third, an D[S rafucE 304 fengPg;%{gé’g%%ﬁ?lss’%é%é?gg&gﬁnﬁﬁggk&é%@%r 2200.
The ul t r at himeykdd lar udedyfer th2 30Pathin alffertaykd 25, sun fl ock. The ultrathin
buffer |ayer 2300 protects.the un | yi.n mrror_ 2200 from any damage
during the etch Ot fﬁBag’wPﬁaPﬁﬂ Zgﬁéﬁrddﬁgosrg/éyw thg wlratinduifer lasteRi n buf f er
| ayer 2390 S4ROTRE HbsREha 1428 2400518% by hisleMs_{Bsr {0} 7 ge during
repair. to renove opaque 30 def ecfgyg. WO ()t?%o%ﬁgf%gog%%%g?%ég@t%ﬁa

PCT/ US02/ 20&tuinbeEUMtlight iemabudtétde diteing exp@@fe rolUWaight land®a Di oxi de, such

as a |l ow tenperature. oxide O. . Oher materials, such as Silicon
Oxynitri de SR BOH? §n}ﬁ5gb;[’6£§a'iﬁ%"éﬁrqcﬁ§s'the ul trathin buffer layer 2300.

Fourth, an absorpgr. bgg%gﬂ%ﬁgb% | B PRAIE O Y¥EMm. L ' uffer |ayer
5 2300. The absorbear | ayer " 2400 maﬁ’l be aboﬂt 45-0t{§§1dr?rln§’gps§§’ rgrna%)eri al that

wi |l att ergsansicEWetalsgintlude ddwininust, Hiremrdunm) Ndckek plisbines, Tanfalin) | ght ,. and
be conpatihle.with e mask fabricatjon process, The absorber |ayer 2400

may i ncml%ud l%ﬁ%“%f%?@ﬁ?%l@%yﬁﬂcg@,m ““ééPfaPﬁeE’gf'f SRR s | ncl>lude

Al ym num ) ' - Qbj Ti ' ngst en.
AI-’?l %ﬁ%ﬂﬂC%ﬁ&%@raM1&%rHE&nslﬁgﬁggsfd%ed Qo e AHR n@'ﬂetzﬁ, 9

oys include conpounds of netals, um num Copper . ramcs are
conpounds fsochresibénides cerbales, ratmifesaxites adrssilicidesadf vasiotomethds Examphisdes,

Si1fci de, Tanneds DiekesSiek, Tonlniban Uit RaRur CormmrmbrTonsabe e, Tant al um
Silicide, Tagidd, vah@dh®Ridd, Thhdfm 3ol Niffld! Thdirithhidft 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 ihlaging system 440 is used to
J 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, angﬁlar 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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15 The present invention further envisions an apparatus 400 to repair an
opaque defect 405 on a DUV or EUWV mask 410, by using electron bgqrpié\ﬁgggg)
‘chem cal etWei03§031a enbodi nent is shown in Figure 4. In thpcﬁngmﬁ]bm
claimed in the present invention, a mask 410 to be repaired is nounted on
a hol der 420. The holder 420 is positioned in a chanber 20 470 by a stage
430. The Stzﬂ% 430. ¢ r ot at e, til}, and mpve in different directions, such
as al ong t h&™atedtps1005300 migrong (um) fogrogzle Aiametay g0 dosreesitmm verticalled t o

locate an oRaGHERAIFEEId G008 f%ga};&i?}gﬁg 1SRG 56 uad i 440

include an electron cofum. A®gas I Spenses one or
nmore gases fistmce éen thed nozzRopeningrtdthd meslopaice. def ect 405 on the

substrate 410 in.ghhe chanber 470. The gases _ may be fed through one or nore
openi ngs, such aSMh&FST By iclude reRefaphgasprandicagtier gases- dbe rheige of owr ates are

mai nt ai ned paacRelk Yadek ngéx{cg‘ﬁnctﬂgHa@éria‘f?‘{o\ﬁ%%‘cchgﬁ'. er(ﬁﬁ'—:l enﬂﬁ{ 4k el ude
nozzl e dinensions, tilt angle fromnozzle to nmask, angular dispersion of.
gas di spenspkserdriavetitiima tieaedatamh gabes adperhi tnghobpadue deBit 405zaldebeapmii Ng t O
t he surface,of tage sk. .Typi cal values |include, but are not 10 WO
03/003118 29F1%} %fb?’g Be6? FATHFE 8RF- t 0, 100- 300 nicrons (urn) for

| e dianeter, ' - R e, 5-25
nozzl e di anet er i 4DEY %ﬂﬁﬁ&&éﬁ%@%ﬁﬁﬁhﬁ dfef)eer 40(?%%1 fachidet angl e

degrees for angul ar di spersion, an 5 i sttance fromthe

nozzl e operinatgrials subk asrdukmeuctirave. oxXide clgasesnitride, bndirode axgaittidat gases
and carg4 er..gases., The, choice.o react ant - gases, depends on the nmaterials
to be etched ‘f‘}@&ﬁé“%ﬁ%g&i“ﬁ%m&%{’e Ytz %P(? HP“idﬁglé%VisﬁﬁFmt%Q MYRE ant
gases adsorfreli fo ifificPRFEHERSHEGH 149&1@&%&@ ' IfLgd. Argon is an
'exgrrpl e of a carri erc gas. In%a DU?/ transms |é\?re£%‘rjrgs g‘i{i@zﬁl’atﬁ opaque defect
405 may i nchempicallynetay thabpaguecdefers 40 redative to thonedakiigelayehwithe ni tride, or
chrone oxyni#er i.de.%f:I?Or_TkThe underlying | ayer may include quartz. An el ectron
del i very sy&ren{iis §TPe™ used to i nduce a reactant gas, such as chlorine

(G z) and oxygeg, 498UV fefective mask 410, an opaque defect 405 may include absorber

15 layer material such as Tantalum Nitride. The underlying layer may include buffer
.lay'er material such as Silicon Dioxide. An electron delivery system 460 may be
used to induce a reactant gas, such as Xenon Fluoride (XeFz) or Carbon
Tetrafluoride (CF4) 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
Tepair 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
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chem cal 'y et:ch the opaque defect 405 relative to the underlying layer with
a selectivity of 2:1 or nore. In an EUV refl ective mask 410, ap79nNasIkg 005
def ect 405 Wwenp3ddmaliside absorber 15 |ayer material such as genushynie
Nitride. The underlying | ayer may include buffer |ayer material such as
Silicon Dioxide. An electron delivery system 460 may be wused to induce a
react ant gas, .sugh as Xenon Fl uoride (XeFz) or Carbon Tetrafl uoride (CF4)
or Fluorine ?ﬂﬁﬁ?lﬁ!g‘e&ﬂgfﬁ -F@TQ%WH&f@ﬂm%aﬂ@faemﬁsmhasgbaei ve to the

under | yi ng Iay@,ﬁgmadmangeijrg&rsgﬁ%ty of 10:1 or nore. Volatile 20
byproducts, such as Tantal'um Fl udri de, may be renoved fromthe chanber 470

by a punping systiwmel8tonielinerysystpaci6s wed e inddb cheditaldehity may
Car bon- cont %jeFé.mn eréate?ri al, an elegct ron delivery system 460 may be used to
i nduce a reactan ggs,ecgrﬁﬁ'ﬁog‘é“%\ﬁ’f ri0 IRaERR sYPPLY)in 3 SEN xrent thak the t o

chemi cal by ebedsindendpagHmedehesls R ' | nder | vi ng | ayer
with a selectivi t% of 10: 18(%? nor e. FgrE?éé%%?%%‘%ég%é’%‘gg%%éq’fﬁle\érrﬁe be used
to repair aPasPeiiere cibitd prratoSens suah aEbbamenivedt ivehepachgsdaell g@RUCt i ve
buf fer IayerS a?r?%%i gijrg% Car %8@. A Carbon etch may al so be used to repair
an' opaque défect 205 T H B SrEGedM dnibecontiolieddyia computer toncr ease. t he
patterni ng ypehdzaadh kste) Qe Iﬁ&yy)@&h ] bon etch may be 11
WO 03/'003118p27/ 12/ 2005 ~ PCTT US02/ 20016%%%?8{ hF égﬁxburge%ngfsfficult
repair that is rébgelecsomdeliternsysiesk 460 Girbas elgotnens towatdsghe agsldd onal

processiig. tron del lvery system 460 used to induce chem cal

et chi ngicﬂnyd;'l}r;égts“féza(‘}Ir?i(?ﬂ%eti‘gr’1I1 aé;?étw’rrb%eéﬁ’i"ﬂ 19elhe eJestrpmeliyerysystem 460 a SEM
exgept t hat malpénclbdé 8 €stsis SEmSt6 3RO tron beam are
n‘ﬁfe sophi st (B:ratf:ed. I n lﬁ)a?f@isgul ar, %;gﬁl?lgggﬁ% ?gaﬁggélg?@&g%a%smﬁggm

current, pi%BPodimenitiyghlsfetused means that Hie eladbmn beafir S5ds bindller @ad thet r ace
optimze etch rate, etch

geonet 1y, CeEReah iRy ARl Itn e ameliaent hishiy beadshmaes ver y
system 460 tiat gielefectlofUeh R tzel iDVRRNS thAE 20RA%8G 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 sé:condary electron cﬁrrent 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 byproducts 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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10 defect 405 on the mask 410 in the chanber 470. The el ectron delivery
system 460 may include a focusing systemto provide a highly fQW/ZOOS
el ectron bewa o3tm3xde enbodi nent, highly focused neans thaectthgegioegd ron
beam size is smaller than the range of the secondary el ectrons. In another
enbodi ment, highly focused neans that the electron beamsize is smaller

t han about 30% of.n'% hei %%?z%?of the spall est 15 critical defect to be
repaired. In general. car el BB ROHgreEMEA efchirats of she oprque defeatdiser of
about 5-125 dependibhe thé &ida i Y54 4 ses_a |l ow accel eration
vol t age, suchw;bs in thg raggrggﬁ&rbé?%?égé%&%{g@asggd ﬁ}erﬁufrephgerrsz?@?&e spr ead
of emtted et'8efeobransThetpeessarerihdbecioimbicna70mal bé 20oury.d0avp. @ t age al so

i ni mi : ' The 20 em tted el ect includ d
el ect 1 3?2@2&%‘“&2‘2 £ 090 BBl nd b R0 AT AT Carelbrasor ohe epnaopaateet oot cct
That 1s adsorbeq Snd G Saoel i ae okt teal &Rsl ally il decfepORERB6Y  O°°

that i s adsorbed and di ssoci ated on the sur
desired, thé‘@@é&iﬂfé?&(n@l)eﬁlqwhmrheemhﬂayeMeﬁﬁmlE%&dte&@ud@ji ect the etch

endpoi nt. 2% ~clhe el ectron beanjnduced chem cal” etch is
reaction-1im: gﬁwﬁlg&ﬁgga% ESFF‘HH%F% eFroRs Lhe eteh satefewuglly aba chi ng of

the opaque dehémundbd ahycceldigtseesitARlf 9BSuA Sley0l atil e byproducts
t hat di ssociate M@omthe mask and E“%gy be ren(ggéég&fsl?%%the chanber 470

hol di ng t he maskMany embodiments gnd purencusiBiaiblave bbassey &sesaive ol ati | e
mat eri a f r 47 t hus, creati.ng a 30 vacuum i nside the
- chanber l].?l?QF:’pélEi H{)}@rcﬁgﬁ% gtiofgu%?ﬁ%r s'andingsE e rrsser damentivhOnt skilledbn
bogen L ducetr taar wil arrdateaha nidny dIAORARYE: AR e ORISR 1"

e
tial pressure of the reactant gas and the current densrtyrofdy
el ectron be3pRlicrhie tp pthes gmborlimartie Qrieaskiilkd id 7he amyvillalsabpptecihOfk- 0. 200

mlliTorr (fak | 1.y _and ahout 0.500Q-10.000 nl |ocally over the opaque
defect 5 40@%@%%?%&%5%5%%%%? SRtuliens fopthossspasifinmatarialay be about

0. 0501 1. 00Cpronesefdpaéreorsdncerkiitichs AL dRBrltRA Rkl 1R BR G Al O 1t
- 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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depends on the yield of the secondary el ectrons. The etch rate is usually
at a maximum for an acceleration voltage of about 1.0 keV Iﬁ%s Many
enbodi nents and nunerous details have been set forth above |n order to
provi de a thorough understandi ng of the present invention. One skilled in
the argrLmmk! appreciate that many of the features in one enbodi nent are
equally applicable to other enbodinents. One skilled in the art will also
appr eci.at e Ahsppahislcbiprising: make vari ous equival ent substitutions for those
specific materials, processes, dinensions, concentrations, etc. described
herein. |t &Roldeptayeownhaleubstralesd 15 t hat the detail ed description of the
present invention should be taken as illustrative and not limting,

wher ei n theagﬁ%%p%?t“’f‘ﬁ@db?'é@’éh@chﬁﬂlﬁ’éht| on shoul d be deternined by the
clainms that_f.oll §Ef§§ SCri bed an apparat us for and a

27, 2892855f%£%{§§bum Dd%gfstfa%%%' i R asﬁfﬁl@ﬁ%ﬁi{&fq%g‘zﬁ il

substrate; a stage to p05|t| on sai ~an i magi ng system
to | ocate an opaque defect on said substrate, said i nmaging system di sposed

verti cal |y Teapgarstad 6f cRitDS Whérbin said aLbirbieREh A S Y SLRMIGRETIUNSIAG a first
el ectron colum, said first electron colum to direct a first set of

el ectrons towards said opaque defect; 2. The apparatus of claim 1l wherein
sai d slubst rlAe&reanivy ¢f slaim 3whergin sai oBdaue dejeht comprices Grofitendeaplareatansgasf ¢l ai m
3 wherein scama"fﬁﬁa*d‘er@eeaq!@@fsereonpn ses chrone and said reactant gas

conpri ses chlorine and oxygen. 4. The appar atus of claiml wherein said

bst rat f] ect tus of cl 5
wnerortn sai doaphne GepHL] 9 I?%%P?Eé o 5Bt 7 PIRA S P PBlct ant - gas

conprises Xenon Fl uoride (XeF2) 6. The apparatus of claim1l wherein said
opaque..def aBk agsaradd & 8BinRRRSEN 3818 opRE dE8ACbAHse I8 absorber and said reactant gas

comprises Xenon Fluoride (XeF,).

6. The apparatus of claim 1 wherein said opaque defect comprises Carbon and said reactant gas
comprises water vapor or oxygen.

7. The apparatus of claim 1 further comprising a focusing system to highly focus said second set of
electrons on said opaque defect.

8. The apparatus of claim 1 further comprising a scanning system to scan said second set of electrons
across said opaque defect.

9. The apparatus of claim 1 further comprising an acceleration system to provide a low acceleration
voltage for said second set of electrons.

10.  The apparatus of claim 1 further comprising a computer to control said electron delivery system,

11.  The apparatus of claim 1 wherein said gas delivery system is further to dispense a carrier gas
towards said opaque defect.

12. The apparatus of claim 1 wherein said gas delivery system is to dispense said reactant gas with an
angular dispersion of 5-25 degrees.

13. The apparatus of claim 1 wherein said reactant gas is to absorb to said opaque defectand is to
become disassociated.

14




conprises water vapor or oxygen. 7. The apparatus of claim1 further
conprising a focusing systemto highly focus said second seb | Qg 05eI ectrons
on sai d opaque defect. 8. The apparatus of claim]l further corrprl sing a
scanni ng systemto scan said second set of electrons across said opaque

def eCtyy 9. THRGpAPRGS Foldfn PhnGhitlsHl Enditlet {:}E{A)rig&@ﬂréﬁhr%gxf Hbues gfﬁlls‘ﬁ)r dh! on

systemto ﬂﬁum’lférﬁﬁwﬂlo MY 0P S8k Bp&Hub @BfectV 0! sai d second set of
el ectrons. 10. The apparatus of claim1l further conprising a conputer to

control said electron delivery system 11. The apparatus of claiml wherein
sai d dés ddheaprayatssstiaim 1 ghérein shid sedood shit spadteronsas o £heagB@mptiovpd ds sai d
opaque def egtrent 0aboTIPNSAI AL abne\mpbresei)m 1 wherei n sai d gas delivery
systemis to di spense said reactant gas with an angular dispersion of 5-25
degre The apparatus of claim 1l wherein said reactant gas is to
absor Bt o d%mae ﬁ mefﬁ'ﬂaﬁ'ﬂ Secpp 6, BLRPRIOH S 100 SRRIFOmPASIDA 8 2005
14. The appar af ™ wherein said chanber conprises a pressure of
about 0.500-10.000 mlli Torr (ml) locally over said opaque defect. 15. The

appar ayus ahe ahgaditslor WART @@vﬁbrérﬁ%gd §@c%9&‘gat 3EdiectbnBt RbLMBHR 4 énélecbf b @r3rﬂ a beam

conprisingkay. current of about 0.0 1. 000 nanoAnperes (nA)
apparatus of claiml wherein said second set of electrons is to form a beam
conprising a tail diameter of about 5-125 nm 17. The apparatus of claiml

wher eilB. saiftl apeardugicosarising: el ectrons is to conprise a range of 0.3-3.0
keV. 18. An appar atus conprising: a chanber; a stage di sposed in said
chamber, s&ice8%ge to m)ve in different directions: hol der positioned
in said ché1 ?d'ﬁ 5§ |n ?ner Wé?gerﬁ)’ﬂﬂ‘teé'ﬂd'gﬁe@gir%"ﬂ'ﬂﬂ der; an opaque
def ect di s§ g B B 583PREFsyst em for sai d chanber, said

P e

I magi ng SY%BSEQqaLIeE&Qé% Léé{mQQQVe sai d opaque

an imaging system for said chamber, said imaging system disposed directly above said opaque
defect, said imaging system to locate said opaque defect;

a gas delivery system for said chamber;

a gas dispensed by said gas delivery system towards said opaque defect;

an electron delivery system for said chamber;

electrons directed by said electron delivery system towards said opaque defect, said electrons to
induce said gas to etch said opaque defect without damaging underlying layers; and

a pumping system to evacuate volatile byproducts of said eich.

19. The apparatus of claim 19 wherein said electrons comprise a range of 0.3-3.0 keV.

20. The apparatus of claim 19 wherein said electron delivery system further comprises focusing
confrols.

21. The apparatus of claim 19 wherein said electron delivery system further comprises scanning
controls.

22.  The apparatus of claim 19 wherein said gas comprises water or oxygen.

23. The apparatus of claim 19 wherein said gas comprises Xenon Fluoride (XeF3).

24, An apparatus comprising:

a chamber, said chamber to hold a mask;

an imaging system for said chamber, said imaging system disposed directly over said mask, said
- imaging system to locate an opague defect on the mask;

a gas delivery system for said chamber, said gas delivery system to dispense one or more gases

towards said opaque defect; and

15




defect, said imaging systemto | ocate said opaque defect; a gas delivery
system for said chanber; a gas dispensed by said gas delivegry,sys em
towards sai d opaque defect; an electron delivery systemfor sald chanber
el ectrons directed by said electron delivery systemtowards sai d opaque

def ect, saigh edcash GQO&K bten RRFLHECHaAbE, SRBeld@of HORer 3stbrP RIS dBFRET
wi t hout dan@gardgsaiélREue/ deiébt, sai @leStrond Bdinduch YREM S eRiiRd Xkl SpRN 8 atadiDy
vol ati | e bygeidohe ot sioefgasa vithedt@bmadi®y undbginapp@rsat us of claim 19 wherein

said el ectrons conprise a range of 0.3-3.0 keV. 20. The apparatus of claim
19 wherein said electron delivery systemfurther conprises focusing

cont r of%. 2hhe appasatys,pfolailp 43 wherein saifl Rleatnapemmsisn ak atcdlewtiettaltage o ebdut bPy
system furt gﬁrgﬁﬁprises scanning controls. 22. The apparatus of claim 19
wherein said gas conprises water or oxygen. 23. The apparatus of claim 19
wher eigp sai r . Wor . F2). .24 . An_apparatus

conpri isa;i' ng: ;ﬁﬁggﬁa zg ngé;?,dasﬁﬁ?sd%ﬁ%%ﬁ%% &%84 '%g?tg%@g 'ﬁl}%es""‘ ﬁt;'°“§'ﬁ"?d;ad“g‘i rﬁgm%s)?lsfﬁagﬁ?rf or
sai d chanber, said inmagi ng system di sposed directly over said nask, said

i mgi ng systemto |ocate an opaque defect on the nask; a gas delivery
system for said chanber, said gas delivery systemto di spense one or nore
gases towards said opaque defect; and 15 27.12.2005 an electron delivery
system for said chanber, said electron delivery systemto direct el ectrons
towar ds sai d opaque defect, said electrons to i nduce chem cal etching of
sai d opaque defect by said one or nore gases w thout danmagi ng underlying

| ayers. 25. The apparatus of claim25 wherein said electrons conprise an
accel eration voltage of about 1.0 keV or less. 26. The apparatus of claim
25 wherein said chemical etching is reaction-limted and not mass transfer-
limted. 16
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