- 1 - DESCRI PTI ON PHOTOVASK BLANK, PHOTOVASK AND
METHOD FOR PRODUCI NG THOSE Technical Field [0001]

The present. invention relates to techni ques for
fabricating a photomask bl ank and a photonmask used
for fabricating a sem conductor integrated circuit, a
CCD (charge-coupl ed device), a color filter for an
LCD (liquid crystal display device), a nagnetic head
and so on. Background Art [0002] Finercircuitpatterns
have grown in demand in response to finer processing
of sem conductor devices in recent years,

part | arly in response to higher |evels of
inﬂ%%&%%?%ﬁ*%f | arge scale integrated circuits. In
order to achieve finer circuit patterns,

at echni quef ornmakingfine lines in a wiring pattern

e RHOGONASFa BLANK U iPHOTEMASIC ARD QuerHon” FoR KiroBuaIfhd HeosE
pattern of acontacthol e usedforw ri ngbetween | ayers
making up a cell, and other techniques are necessary.

Theggnki ads tt er ni nghavebeenper f or mredbyopti ca
Iithod%%%ﬁyF%%ﬁﬁg phot omasks, and thus techni ques for

fogovoxy fi ner photonmask patterns with high precision
have been demanded. [0003] In order to forma
phot on&8Rk BRESeat ninvendiphoteoirdsis tobgiobatiqueas tforhi gh

reci sio it i ecessary to first form
P Fa?brlcaging a pho -omas%c %ank and a photomask used for

fabricating a semiconductor integrated circuit, a CCD
(charge-coupled device), a color filter for an LCD {liguid

crystal display device), a magnetic head and so on.

Background lArt
[0002]

Finer circuit patterns have grown in demand in response
to finer processing of semiconductor devices in recent ysars,
particularly in response to higher levels of integzration of
large scale intégrated circuits. In order to achieve finer
circuit patterns, a technique formakingfine lines in awiring
pattern making up a circuit, a technique for making a fine
battern of a contact hole used for wiring between layers making
up a cell, and other techniques are necessary. These kinds |
of patterning have been performed by optical litliography using

Photomasks, and thus techniques for forming finer photomask
-patterns with high precision have been demanded.
{00031}

In order to form a photomask pattern on a photomask

substrate with high precision, it is necessary to first form



- 2 - aresist pattern on a photomask bl ank wi th high
preci sion. Actually a sem conductor substrate is
processed by optical |ithography using reduced
projection, and thus the size of a pattern fornmed on
a photomask used in this exposure process is
generally about four tines as large as the size of a
pattern to be printed on the substrate. [0004]
However, the sizes of circuij patterns witten by
optical |ithography have been nmuch smaller than the
wavel engt hs of exposure light in recent years. \Wen
a pattec ' four tines as.l.arge .as the shape of
2 veepen: FeTE Bt R BRad A R R i peeRieon.
patAdnmlly ta bemtiduaubtbt shBstFARSE8pAREsSORRS &%titégﬁ_
phot omask pattern as it is on a resist filmdle to

t heliithpptamiveusing pednéet presearionheand kbuoftte ghte of
geQ§£§¥€¥%n%%&£Qa exposure. For ‘this reason, it has
been necessaryct S HPRY RSt bifEsIe Pt exposyteprocess
extisayBakYall i SUEEhH Ofhed b1 P ATBSK s $6L YD AR efn
master of a witten circuit pattern. I'n order to

r edfacke tirénted |arerthe sofbdthratent erference or the like
of[éé?_t during exposure, a photomask pattern

SO- ed OPC pattern) having a nore conplicated
shape Lban, t i Lrcuit ttern b
P R e S R B
al Bithogrhplizh agvapuen acd istde e @hanbied %Gglengths of
phot omask patterns, high patterning accuracy is

d EIPPERTY 1Rt oidt Feegnt Yeadbyr afhsn eepdtticqmesifmly four
pels 1hg_[ine processing on sem conductor .
Sﬁ{),j,.ggrgs Lat0dl Ss0ths, SBAPE (hf At ESED| TRt Rattern is

stratesS and So _ _
geizedadd ¥ phoeomaAsSk PHLLOHEX i@lfi,&J, ﬂfﬁ%ﬁ@ Y, “t-rarhsfer the
pny

performance. However, in reality, a lithogra
t bARe pfethe pBotoriank paptewnecas iaf iPaht &£ DesAgt &Film due
ontgn&sk requires a limted resolution equal to or
hi"§IEP “PHARCR IR Shtekfesppre aF thetAbgrAptpht sehnraes
f it EOFEAN Ol R BhEDGARA LAr P foraed on the
{ e Lhd ¥ . . G . y
phot orrask” ont o ‘a seni congrl?c?tsofl saﬁtog?? gﬁe&n necessary to
form a photomask pattern with extremely high precision on
a photomask serving as a master of a written circuit pattern.
In order to. reduce the influence of the interference or the
like of light during exposure, a photomask pattern {so-called
OPC pattern) having a more complicated shape than an actually
. written circuit pattern may be used in some cases.
[0005]

As described above, also in lithography techniques for
obtaining photomask patterns, high patterning accuxacy is
desired as in optical 1ithography techniques for performing
fine processing -on semiconductor substrates and so on. A

limitedresolution is generallyusedas anindexof lithography

performance.  However, in reality, a lithography technique



[ 0006] Photomask patterns have been mainly forned by
el ectron beam exposure, though an exposi ng net hod
using light has been available. Generally, a
photoresi'st filmis first formed on a photomask bl ank
including a light shielding |ayer on a transparent
substrate, a pattern is witten on the photoresist
filmby an el ectron beam and the photoresist filmis
devel oped, so that a resist pattern is obtained.
After that, a pattern (photohask pattern) including a
1ight shielding part and a translucent part is forned
by I ng e _resist pattern as an etching nmask for a
st BoRtotesk G B hER P o Hhe) BRTad oAU fhad LRt t00
St rbdoln€iéd Ala®Ndd lo@f heghdy enbRYEla2RE Zn ldfiilan
shiel ding | ayer. [0007] As finer photoinask patterns
ar el ¥thpapaphyf tachnigaei 6r paprecass afepfitimg. aVhettern
only a éesi 3& pattern is made finer w thout reducing
t he Thrckifedgeophatomasksentq preniqopdustop gubsisatag
as @goejching mask for a mask | ayer increases in
aspect ratio (a. ratio between the thickness of the
resi st Fhokomagkdpat paiiselidsva\bdél hain (£ F0Haed by ¥t ron
th§ aspect ratio of a resist pattern increases, the
sh3pE" §EPefiEep ditcuph anexposipg mgehed psing dighHasibegn
th cy nsferri the,pattern_to a_nask
| PRy b LA SR LI Ry R el S e panyon
s kpholYom&€W &1ank NifXiANG SabRmt 8hP&ldindf 1596 on a
the resist pattern may fall or cone off, So t%at
patia@sRarenissuhprrote un paTherei oveit@n dnter pipitoressk
pathenns are Iéor ned, it is necessary to reduce the
t Ri cKNe<E SFPORTILRE - qpddhepboraresih fid mimdevegpred.
Paiot el HQ:e@ig@SJﬁtlté}.‘ﬁ Is P0Gk DRUE Ny e St e B LY PLAD
aspect ratio. [0008]

(photomask pattern) including a light shielding part and a

Lranslucent part is formed by using the resist pattern as

an etching mask for a mask layer. An ordinary mask layer has
.- a laminated structure of an antireflective layer and a light

shielding layer.

[0007]

-As finer photomask patterns are formed, Tiner resist
pattern‘s are formed. When only aresist pattern ismade finer
without reducing the thickness of a resist film, a resist
part acting as an etching mask for a mask layer increases
in aspect ratio.{a ratio between the thickness of the resist
f£ilm and a pattern width). Generally, when the aspect ratio
of a resist pattern increases, the shape of the pattern is
apt to deteriorate, reducing the accuracy of transferring
the pattern to a mask layer with the resist pattern serving

as an etching mask. Moreover, in extreme cases, a bart of



Incidental ly, a nunber of materials have been already
proposed as |light shielding filmmaterials for
perform ng patterning on a mask |ayer by using a
resist as an etching mask. O these materials,
regardi ng etching of a chrom um conpound film a

| arge anobunt of information is available. In

practical use, a chrome conpound is always used as a
light shielding filmmaterial, which has been
substantial ly established as?*a standard processing
process. For exanple, Patent docunent 1 (Japanese
Patggt LaLd-CEen No. 2003-195479) , Patent docunent 2
( JapandSEPaPahte Y EpkhoRGome PFE3-spoEg3pat teamiloss
Pat ag{ 08 Q56U MBR e PANES I.stered Llit del
No. 3%93632) di s‘%ffél;% exan%r§§‘%8§‘“?%“e"%tgtﬁff‘§ 81\43%)’6‘&“'
of &t gisobermskrp|tenkeduterihe Rhdckiddt o %EQ.’%QQ ubkbh s

havin%ﬁa | ight shielding property demanded o
pho®bHFESRIM FARS fogr PafEraipgsumesk slayteand prevent an

chrom . 4m. nd. The thickness of the |ight
shieldingffﬁﬁﬁgiékgﬁﬁi g?gﬁﬁbut 50 nmto 77 nut, and
t heldoieght shielding filmhaving this thickness is

patterned only with a resist mask. [0009) A
l'i ght sHicdAeR]1i | arember oiff oaterdlisl havhean already

cnPElb B SRR, ohi Slihg EbR BribRiisoFgenpertoming
capetterlh§ &t ahhdd lhyér'by using a resist as an etching
mask. Of these materials, regarding etching of a chromium
compound film, a large amount of information is available.
In practical use, a chrome compound is always used as a light
shielding film material, which has been substantially
established as a standard processing process. For example,
Patent document 1 (Japanese Patent Laid-Open No. 2003-195479),
' Patent document 2 (Japanese Patent Laid-OpenNo. 2003-195483),
and Patent document 3 (Japanese Registered Utilii:y Model No.
3093632) disclose examples of the configuration of a photomask
blank in which a light shielding film having a 1ight shielding
property demanded of photomask blanks for ArF exposure is
made of a chromium compound. The thickness of the light
shielding film is set at about 50 nm to 77 nm, and.the.light
shielding f£ilm having this thickness is patterned only with
a resist mask.
[0009]
A light shielding film of a chromium £ilm and a chromium
- compound f£ilm is generally patterned by chlorine-based dry

etching containing oxygen. In many cases, this etching



condition produces an etching effect that is not
negligible on an organic fil msuch as a resist. Thus
when etching the light shielding filmwith a
relatively thin resist filmserving as a mask, the
resist is damaged and the shape of the resist pattern
i s changed during the etching, so that it becones
difficult to precisely transfer the original resist
pattern onto the light shielding film [0010]

However, it is technically difficult to allow a
photoresist, which is an organhic film to have

et ch'i:.:&gygesi stance (plasna resistance) enabling a

hi gh Fov iprodassl Qi atterning accuracy. Thus in
or deg, 19 reduce the F%% Cglnngaef’é%‘itsth@m&ng,tt B8g1iginy
et chi ng OF985%¢ diidm shioal £ BOrdd il ag,?l forma ©
photlagnsghmhgg%_&th hi gher preci si"8f, Whareetching the
sel ection of a nateh ik arelaeveieh shiglding film
has?t & bk, etnareied. 5 [Patent docunent ?]S Fipmseseing
Patent, Lai d-Qpen No. 28838 poa thieasieiie decurepl 2
Japane$E” Pt ehengei duSpeq o egq%g- 195483 [Patent =t
doaieqs, 3] . Japanese Reg stered UPPki $9 Wedelkit NSocomes
3093632 Precisely transfer the o

° .
nto the light shie.lding f£ilm
[0010)

rigina] resist pattern

and high batt i
: Alterning accuracy. Thug in order to red
%ad on a resigt during the etching o e



[ Pat ent docunent 43 Japanese Patent Lai d-Open No.
[ - Patent docunent 5] Japanese Patent

2001- 312043
Lai d- Open No. 63-85553 Disclosure of Invention
- 6 - (0011]

Problemto be solved by the invention

As to a material of a light shielding film a nunber

O exam nation exanpl es have been already avail abl e.
in Patent docunent 4 (Japanese Patent

For exanpl e,
Lai d- Open No. 2001-312043) , an exanple is reported
filmis used as a |ight

in which a tantal um net al
shielding layer for ArF expésﬁre. In this exanple,

t he

antalumnmetal filmis used as a |ight
0011} .

[0012]

p
)



shielding layer and a tantalumoxide filmis used as

an antireflective layer. The total thickness of a

mask | ayer including these two |ayers is set at about

70 ma. In addition to such a layered structure, in

order to reduce a |load on a_resist _during the etching

of the mask | ayer, the nask7layer I s etched by
mddU0r 118 igasgiepl agnm, .t hatweauses kpkatgvely Fess is  less

damage on the resist . However, even if such etching
cmttW@nsala@e tdelsecERArIA Fed BN oFCFRE { 854 BheCtTon
% eIS %@E‘&%@ qu%b%chh§n§ﬁ§th8noéfterﬂaégmask

ayer as as the I'ight shi'el ding layer and

bkﬂnhrzﬁl@eM¢m@ilmy9erﬁavmﬂ@ aasedabnthﬂck%@%&ptﬁVlty, and

qQut 70. nm are_us 0 wi t the resist _serying a
l%§$ t%%fﬁﬁlﬁ%swav??en Q%h éﬂ%f|cul%sto séff|0|%%t ﬁfeCt
irsaddcgfiyna @Ee@.fmashlghmpra@ES|expdmmﬁmt|on&mﬁ a féoerect

Sk pattern. 10012] On the ot her hand, fechy ayes o,

" necessary in light having this wavelength. However, when

is

using the Si0; film as an etching mask, the reflectivity of
the 8i0, film becomes too high and interferes with the
defect inspection.

[0013]

As described above, in the layered structure of the
conventional photomask blank, it is difficult to
sufficiently respond to a need for high-precision formation
of a fine photomask pattern. This problem 1s serious
particularly in a photomask pattern for Ar¥F exposure in
which exposure 1light has a short wavelength and a high
resolution is necessary.

[0014]

Embodiments of the present invention seek to provide a
photomask blank and a photomask fabricated wusing the
photomask blank. The photomask blank has a configuration
capable of reducing a load cn a photoresist used as a mask
when forming a photomask pattern and capabkle of forming a
fine photomask pattern with high precision, and the
photomask blank has physical properties required for a

defect inspection and so on.

Means for solving problem



a resist during dry etching by using a hard mask have
been attenpted in the past. For exanple, Patent
docurment 5 (Japanese Patent Lai d-OQpen No. .63-85553)
di scl oses a technique of performng dry etching on a
meta/ siliaide filmWwhile using, as an etchi ng mask,
a Sio2 filmforned on the & netal suicide film
~[0Hﬁ ver, the Si02 filmis Iess conductive and thus
¢ ge-up may occur during el ectron beam exposure.
Furihesrdngefecin | aspect i on e appdsmérmmﬁkvebltaxrdﬁ i Sthere
. generally performed based on a reflectivit
o] g i TG el R T 27 ik § R f gromprising:
a defect iJspestdniofy a smeskndiinaAE eXRESUr &indiQididg an
correct defect inspection, a reflectivity of about
ant@us£beobive sLapessSir v inelalgHonpavndg Fiflis which cannot
V. m :
oo e e Ty e e el VR er The S 031 | g not
cobeaonﬁsgto@y@e@h (@hdbaa¢er f an@scaw tihe t dlecltad det chlorine-
inspectio As descri be oye t
bapSIREEY TR & BT CondordT bnal Chhot Shedl ot/ the
anbh@@klettﬂré digfyfdrcubtihg Sﬂﬁafd]@denbhy afesmghd tshjaeldj.ng
need for h- preci sion formation of a fine

LaBSEL e MR o eI U, g5 13 BT ST A 3h Stehed

pyPhehorask -BatEar Rirkore Al RX POSHE £i 1t th Wb £fy &XPQSUT €+ 0)
l'ight has a short wavel ength and a high resolution is

baﬁé@ésslaldy capoiypaletched b oeh Fene ¢rSeRe Presdmhing not
cohﬁggﬂﬂlgk ?gg&lt ?CEVBXEQS HOS‘S H@?fn@l&{%%cark&ﬁ etching

ot ona ricated using t otonask an
thnﬁanhsk @Iinkshasﬂaxconfuguwapmomngaﬁébiea@ﬁlreflectlve

d hot o
o8P iy & pnbt Bhmek PACL ST ahb BARLIETSf Forsiong a mock

fokinae pbgtogaikemaﬁhgrndmtlmlugﬁnmwgﬁmﬁlamxfané thé the
phot omask, bl ank has physi cal i es re uired for he

an&l&%#é%?t+ﬁ%pé6¥F6n 30 o BHEMRaRsSP o s AfiGrg L0 g
1:BRebl &@MeBiing layer by F-based dry etching using the

patterned antireflective layer as a hard mask; wherein the

o+

resist mask has a thickness of 100 nm to 250 nm.



[ 0015] According to an aspect of the present
invention, there is provided nethod of fabricating a
phot omask, conprising: a step of preparing a
phot omask bl ank .i ncluding an antireflective | ayer of
a nmetal conpound fil mwhich cannot be substantially
et ched by chl ori ne-based dr%f“ et chi ng not containi ng
en (O based) and can be etched by chl orine-based
dry etching containing oxygen ((C + 0) based), the
ant Thef medeily & 114y ks b@rﬁéeg@%kea §ftall ightalloy mainly
el di ng-1ayer al L whi ot
S k())gtegntlggl %i/é e%%%se% %&%chrfl%é%ln@e%agggﬁggg &e?%cﬁg d From
tagartlaimni (g oxyigews(te@ ®i)0) baser)ivand(Zan beaetohed(HL),

by chl orine-based.dry hi ng, not _cont ak ni ng,_oxygen :
Vaf%dll%‘seﬁ‘?) ’analfggﬁ%?li ne- ése%lur%/nuer% cﬁggg’(%%&ésggf?amum
(@)fiirst step of patterning the antireflective |ayer

OFUy (A + 0) -based dry etching using a resist mask
[%dr'ded by patterning on a principle surface of the

ant Fretheg! i v | ayerprand-a 5ecend st e of1 ipatt eENi 80ding

the light shieldin ﬁaayer by F-based dry etching
laysirngl $ heagat ter ned ant PreffetEy vell dipfralastalhar dhas an

; in, t resi magk . has hick 1

R M e T e T
waprdenabl yfa expoaturer lalhdy rwidnlhasc enpdsedknsfssatof 15 nm
‘ I$ st _one nmetallic elenment selected fromtantal um

< ?) ™ungsten (W, zirconium (Zr), hafnium (Hf),

[owargdi um (V), niobium (Nb), alum num (Al), and

germani um (Ge). [0017] Further, it _is preferable, .

t hatloFRevET ght* Sshitel dPﬁ@f%?]@rei stefi?afde s ognalre?PeCtWe
1aRlelr abibtky of mekainfilas, hascanieptd cal densbly OB 1.0

of not lower than 2 relative to the wavel ength of
redraggr &9 i ght , waneleagth ohi ERIOSETEf 1T%im arf spncludes
atnniealgt?lglle_ ol g/brc%g\éﬁrium' tcdnﬁqd?lrn%lf eff‘ﬁ{leahﬁa_ta theyicide

antireflective layer has an extinction coefficient k
£igfe.0. 2 The 1.dhreiiat vecmpouhd way elreraftar abfl vex posaempound

l.ight and ingl ugeghgct)ml&z{\st one of a chrom um
M SmEo TGP PPPm and“a" €'t ci de film The chroni um

conmpound is preferably a conpound mainly conposed of

chromum 9



oxide, chromumnitride, or nitride chromate.lt is

nore preferable that the chrom um conpound has a

conmposition ranging from30 to 85 at.% chrom um (Cr),

0O to 60 at. % oxygen (0), 0 to 50 at.% nitrogen (N),

and 0 to 20 at.% carbon (C), [0019] Mor eover ,

the suicide is preferably a”conpound mainly conposed
0xQkeS| 1dHGom QM 98t :Sidd,Cofy Nhifide OFr&hdi&ON AXYaeN more

nitride. It is nore preferabl e that the silicide has
rrefesapdsi t iort réﬁl@l nEtLE Pk 0 COBPSrNgt  nasj |3 ceprposition

o b, St 0 B98O oy SToRS LA 00 o
0x{¥0822] (()0023] t[30032}4]a1{09£)26}trd<161[10(m$} and 0 to 20 at.

carkbon (C).

[0019]

0\0

o

Moreover, the silicide is preferably a compound mainly
composed of silicon oxide, silicon nitride, or silicén
oxygen nitride. It is more preferable that the silicide
has a compositicn ranging from 10 to 57 at.% silicon -(31),
0 to 60 at.% oxygen {C), 0 to 57 at.®% nitrogen (N}, and 0
to 30 at.% carbon (C}.

[0020]

[0021]



Further, it is preferable to include, subsequently to
the second step, a step of additionally providing a
second resist nmask formed by patterning on the
patterned antireflective layer after the resist nmask
is renoved, and a step of patterning the
~antireflective |ayer and tﬂé}light shi el ding | ayer by
- [o@pyetching using the second resist mask. Effect of
the i nvention [0027] I n enbodi nents of the
present invention, materials having different etching
[O%B?racteristics (different kinds of material) are
se écted as the materials of the antireflective |ayer
and the light shielding |layer, the configuration of a
[Oﬂgg]photonask bl ank is used for reducing a |oad on a
Fst mask by using the etching selectivity during
the formati on of a photonmask pattern, and the
conposi tions and thicknesses of filnms making up these
(O0gyérs are properly selected, thereby providing a
phot omask bl ank that nmay have a configuration capable
of reducing a |oad on the resist nmask and form ng a
fi ne photomask pattern with high precision and may
have physical properties required for a defect
i nspection, and a photomask fabricated using the
phot pmask bl ank. Brief Description of the Draw ngs
[0028] - 12 - Figure 1 is a sectional schematic
view for explaining an exanple of the basic
configuration of a photomask bl ank according to the
present invention; Figure 2 is a sectiona
schematic view for expl aining
astruct ur al exanpl ei nwhi cht hephot omaskbl ankof t hepr esen
t invention is configures as a phase shift mask
bl ank; Figures 3A to 3E are draw ngs for
expl ai ni ng a process exanpl ef orexpl ai ni ng
t hepr ocessi ngprocess of the photomask bl ank accordi ng
to the present invention; Figures 4A to 41 are
drawi ngs for explaining a first process exanple for
expl ai ni ng the processing process of a phase shift
mask bl ank according to the present invention; and
Figures 5A to 51 are drawi ngs for explaining a second
process exanple for explaining the processing process
of a phase shift mask bl ank according to the present
“invention.



Description of the Synmbols [0029] 11 phot omask
substrate 12 light shielding |layer 13 antireflective
| ayer 14 buffer |ayer 15 etching stopper |ayer 16
phase shift layer 17, 17aresist film - 13 - [0030]
The present invention wll now be described wth
reference to the acconpanyﬂﬂg dr aw ngs.

[0026]

Furthef, it is preferable to include, subsequently to
the second step, a step of additionally providing a second
resist mask formed by patterning on the patterned
antireflective layer after the resist mask 1s removed, and
a step of patterning the antireflective layer and the light
shielding layer by dry etching using the second resist

mask.

Effect of the invention
[0027]

In embodiments of the present invention, materials
having different etching characteristics (different kinds
of material) are selected as the materials of the
antireflective layer and the 1ight shielding layer, the
configuration of a new photomask blank is used for reducing
a load on a resist mask by using the etching selectivity
during the formation of a photomask pattern, and the
conpositions and thicknesses of films making up these
layers are properly selected, thereby providing a photomask
blank that may have a configuration capable of reducing a
load on the resist mask and forming a fine photomask
pattern with high ©precision and may have physical
properties required for a defect 1inspection, and a

photomask fabricated using the photomask blank.

Brief Description of the Drawings

[0028]



The inventor et al. have earnestly conducted studies
to solve a problemof reducing a |oad on a resi st
mask that is used during the formation of a

phot omask pattern. As a result, it has been found
that by optimally selecting and conbi ning materials
having different dry etching characteristics for an
antireflective layer and a |ight shielding | ayer that
make up a mask layer, it is;possible to reduce a |oad
on a resist mask during the formati on of a phot omask
pattern and obtain a photomask (bl ank) having

physi cag; perstd es ' defect. i nspectiqn
e so o BOEaT] 8 d R IR SR o S P Eg et

| ncnudeghrle af abevesdicBaht fueheNs kb £bh atotohhsk AMRK
material as an antireflective |ayer has been sel ected

i n AACEHABY tacthe texesent dmyestinl:i fi cati on of the
fabri cat;i ess. nce, the gntirefl ective | ayer
ot pdpRle B 3858 ieokEOLR sbhSnlcL fov FLter g ing

C harsagteturalliefamp B th #h RHHAIRThoom&O dHk F'Gie present
processing the antireflective |ayer and the |ight

shiBYeRtdgn| &y eronifagubee msusephaget Bhaft osiskt biask:

providgdl9n tg anéireflectLve | ayer. [0032] In
cont r ast 3% He %rté’s e OEAHRER fPTeexRlafdiing a process

C Osttn@le 2bi- @Rp1 £ YW ebka g}% ' i g
et chi ng charg%teris?ﬁ%ﬁq?gi%%efékt %%%ggg; %ﬁﬁ%ﬁ?@ﬁs
arlelagd| actguliag tatidre akesait anvantismf | ective | ayer
and a light shielding - 14 - layer and a | oad on a

resi st™¥HERS atft 9y 4T here sheuirgh for axphotnimmsk first
P Ogg]ggg eah S GRS UUNEAERT GloPE%AShE i ddddl of a
phase shift mask blank according to the present invention;
and

Figures 5A to 5I are drawings for explaining a second

brocess example for explaining the processing process of a

phase shift mask blank according to the present invention.

Description of the Symbols

[0029]

11 photomask substrate

12 1light shielding layer

13 éntireflective layexr

14 buffer layer

15 etching stopper layer
16 phase shift layer

17, 17a resist £ilm

Detail Description of the Invention



When using the etching selectivity of the
antireflective l|ayer and the light shielding | ayer,
a resist mask can be used , for exanple, only as the
etching mask of the antireflective layer and the
light shielding | ayer can be etched by using the
patterned antireflective |layer as a hard nask
(specifically described later) . As a result, a | oad
on the resist mask is reduced and a change of the
shape of a resist pattern~i$3considerably reduced, so
that the original resist pattern is precisely

%%rred to the antireflective layer. By etching
t he |gﬂt shielding layerwith the patterned

antir ef'i'l?ecbir&@er%ta&%ﬁreﬁ@{éﬂ D91 #Sh& Bgrgesr@zgj]l%)?dawith

predet ermi ned photonask pattern 1's precis

t r sefPeenad tonthdeaddoghanyiiige idawithdsayer . (0034)
Moreover, with the configuration of the photomask

bl ank df*et HBVGRHteTeRt 2t Eave orrrnelsly | Fandsicted céfiuties

us itegsél% g %i‘ioﬁiem%kreiséucs:%grétl ﬁ” gg eog{] g%%;%‘%gg?k &:hat

t hi ckness of a resi st can r édu

fihe yhal abnly PRE L RITMad06S JI0h HRMSRaBKIAAHIAN 2As a

aspect ratio and it is possible to avoid problens
abbefelFat Lerhnst paanfoundcthetdy pptimddybgedecting and

de i.Qrat ed .sha f g pattern, a pattern | oss due
to&gﬁﬂﬁgﬁ' ?%’ ATy r%)%?%lotfaa‘f’élg 5&#@3{“&5’% rEchdnd so on.
[ @3%cteristibBerOBIG! iRk $rdffcielEC Mgt

condi ti onslst ﬁat the anti re}:l ecti vgglia%lu%gg ?Jhy h(:fcal
prdyelfins lagqui tlext makéSup a fask dlayefiechti NspRebivle
arLd so_on. Thus, unlike the conventional photomask

bIEnkeERE A BRRd 9D Fapafibtle mPakefRTIng] gheptosmagion of
63- BRGBoMmaskn £ 5 V] of _.the .antire ctiv .
I ayéﬁ i s r?gt sas’l%”e% g%&]gs&%%aiﬁla P aOtéDé"Fggt ['%’f@'B‘écfe‘Fﬁ?Pg
dichfrs Ded 1 prife-tieesaitfuiradard Qlickebt HPTBEEon and so
specifically described bel ow in accordance with the

f 8Pt owi ng enbodi nents. [Enbodi nent 1] [0036) (Basic
cw&'lgjur ation of a photonask bl ank)

For a light shielding layer included in a conventional
_ Photomask blank, the same material as an antireflective layer
has been selected in view of facilitation and simplification
of the fabrication process. Hence, the antireflective layexr
and the light shielding layer have similar etching
rcharacteristics . and a process of etching and processing the
antireflective layer and the light shielding layer has been
used with a resist mask provided on the antireflective layer.
[0032]
7 In contrast, the present invention uses a new
configuration in which materials having different etching
characteristics (different kinds of material) are selected

as materials of an antireflective layer and a light shielding



[0037] Figure 1 is a sectional schematic view for
expl ai ni ng an exanpl e of the basic configuration of a
phot omask bl ank of the present invention. The

phot omask bl ank includes, on one principle surface of
a photomask substrate 11, a nmetal filmas a |ight
shielding layer 12. The netal film cannot be
substantially etched by chlorine-based dry etching
contai ni ng oxygen ((C + 0)4hased dry etching) and
can be etched by chlorine-based dry etching not
cont ai ni ng oxygen (Cl-based dry etching) and

fl uggine- y_etchin E-baseddr yet chi L
Thehor ana o et AP PR R HEe P cion of

shiebﬂbtqmdsamattéﬁziﬁzﬂaﬁé&d&EMH@QHﬂihéddiﬁF%%1@8tivity.
antiref/ective layer 13. Thenetal conpoundfi | ncannot

be EW3$antially etched by chlorine-based dry etching
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materials. [0038
mask (specifically described later). As a result, a load on
the resist mask is reduced and a change of the shape of a
.resist pattern is considerably reduced, so that the original
resistpattern is precisely transferred to the antireflective
layer. Byetchingthe light shieldinglayerwiththepatterned
antireflective layer serving as a hard mask, a predetermined
photomask pattern is precisely transferred on the light
shielding layer.
[0034]

Moreover, with the configuration of the photomask blank
of the present invention, the time of etching using the resist
mask is shortened and thus the thickness of a resist can be
reduced. Therefore, a fine photomask pattern does not cause
a too high aspect ratio and it is possible to avoid problems

. about pattern transfer accuracy reduced by a deteriorated
shapeofapattern,apatternlossduetoapartiallyexfoliated
resist pattern, and so on.

[0035]

. The materials are selectéd under the conditions that

~ the antireflective layer has physical properties required



In this case, the conditions of (O + 0) -based dry
etching may be known conditions conventionally used
for performng dry etching on a chrom um conpound
film and the conditions of (C + 0) -based dry
etching are not particularly limted. For exanple,
the mxing ratio of chlorine gas and oxygen gas (Cl2
gas: 02 gas) is set at 1:2 to 20:1 in ternms of the
volume flow rate ratio, and inert gas contai ning
helium and so on is m xed Wwen necessary. Further,
it has been confined that when oxygen gas is m xed
with a volune flowrate ratio of 5% or higher
rel 585 \?ed?%PQFhP-BWGﬁélgasan%tﬁmpng gbus. notlike the
subgt aII oceed e netal filmused as th
ot A B Pa P ke SR G heds ki b reeBt Tatent
pr &%enpopé}w:at I @§L85|583! hghes &Q&Qg&&ﬂmgn@@%@m S,
i ncluding the present enbodi nent, etching gas m xed
vwtQ¢t§H§fkﬁ9Mﬁa¢rﬂanyrch$cnduwsoga$ghmashta hdimvar aeeeof
.sca s with aflowrate of 9 sccm and

h e I"’lnﬁfh “IlF ow TPgt Breferdp 1agemhion ratl drudege
i msﬁeé‘:[‘fﬁa‘i!ﬂf EQSEH%’B glo@ 1Brﬁ%%gﬁ§né&{t;iaet§$§6ﬂ%§uh§

set at 2 Pa,” and then dry etching Is per

10688¢diments. Moreover, in the conditions of C -based

dry_etching, the vol une m xing ratio of oxygen gas is

se Embptdmerhdd 5% relative to chlorine gas. It is
fﬁﬁgﬁly preferable to use only chlorine gas as
tching gas. In this enbodinent, only - 17 -

(Basic configuration of a photomask blank)
[0037]

Figure 1 is a sectional schematic view for explaining
an example of the basic configuration of a photomask blank |
of the present invention. The photomask blank includes, on
one principle surface of a photomask substrate 11, a metal
film as a light shielding layer 12. The metal film cannot
be substantially etched by chlorine-based dry etching
.containing oxygen ((CL + O)-based dry etching) and can be
etched by chlorine-based dry etching not containing oxygen
(Cl-based dry etching) and fluorine-based dry etching
(F-baseddryetching). . The photomask blank further includes,
on the light shielding layer 12, a metal compound Tfilm as
an antireTlective layer 13. The metal compound film cannot
be substantially etched by chlorine-based dry etching not

- containing oxygen (Cl-based dry etching} and can be etched
by at least one of chlorine-based dry etchingcontainingoxygen
((Cl +.0) -based dry etching) and fluorine-based dry etching

(F-based dry etching). The photomask substrate 11 is not



chlorine gas with a flowrate of 20 sccmwas used and
etching was perfornmed with a pressure of 2 Pa in the
chanber. [0040] The gas used for F-based dry
etching is fluorine-containing gas such as CF4 and
C2F6. Gas contai ning oxygen and so on nmay be added
when necessary. In this enbodi nent, C2F6 gas is used,
only C2F6 gas with a flow rate of 20 scan is used,
and a pressure in the chanber is set at 2 Pa. [0041)
As a netal filmfor the Iight shielding |layer 12
havi ng such etching characteristics, a netal film

mai nl y conposed of netals such as tantalum (Ta) ,
tun%f’s“tytéﬁ“%h’, 13 teshpith meyzbe an exgisagwm Lrsparent
Vanafs¢ih £ M neali b;!' HIY, al #m n Al an

ger mani um (th)igiog vai %gﬁaes.s‘ gse” n“ﬁég?%%}lsc%éﬂv%hg’gs'
hi gheptbat inmteiroamscoef fici ent than a chrom um (Cr)

metal filmin |ight having a wavel ength of 193 tun
usd®988} ArF exposure, and thus these materials are

advant age to a.,.reduction of Lckness. These netal
fil e e el «hEgRa Plontiad LSBT Sanaair ot ins
di fbgri@Nknewt @bnéidiohs"BIn R tIbAEKAH ub8a TR b b Porming
l'ight shielding | ayer 12. Moreover, the conpositions

- of efchipg gh 4 chpeniamecompodnidiiba, tiod tihegtenditions
elgﬁt%%? %Sd an alloy of two or nore netals sel ected

from BP9 BT shehing fxg M peeticylggly|limited.
| e 8R6m Sl |l c 8

| i ght shiéeiléd?%%é)}lﬁ%yer Jingt%kg %{118% ghn‘%%l?g %ﬂélgégen gas
neldds spsy Q0gq)ovs detaatsut b itel 2041 hh Habkmsiretale RG1ume
property agai nst exposure light - 18 - wused in a
pHIPH FE Frhdhy aphoteant gal ¢entadnpne hedibmeand seage
a ' ensj.t D) _of orhj gher relative to
eggg'gﬂgree ’?egh'{]"‘.‘%eﬁé? {eu 3%‘F‘§e‘f'n’-%38§.be?8 coBfited Eppt
Vaheft dkygenObadi Ghalixb8rwitle aPPOI B H ol adl Fatio of
exposure (exposure |ight wavel ength = 193 nm

eR&ADbPT ryigbert vdlatixepko caliicoringf ghie gilehtngeddednak

of %ﬁt}e resent invention, the thickness of the netal
f F¥ ‘f"’gptﬂf‘i%% rRIACPeL e ghher Bekad ofilmpged aothehdight

OLREN 13090y 8RBE thBnbELEKAES Pl oA A1 JIRLAL LN 2
y'{ h nkof & .
too largé, al oag conmes to0 heavy |erP£tehs‘emglicl:lﬁf‘Iﬁtmn
prmocaEs subbeigueht! Bhbddifisntef, 2HcNARg kBSE Spietent
preferable for precise patterning of the |ight
Seml:gda.rnggt; #f6ping gas mixed with gas containing chlorine
gas with a flow rate of 20 sccm, oxygen gas with a £flow rate
of 9 scem, andheliumgaswithaflowrate of 80 scemis introduced
into an etching chamber, a pressure in the chamber is set
at 2 Pa, and then dry etching is performed.
[0039]

Moreover, in the conditions of Cl-based dry etching.
the volume mixing ratio of oxygen gas is set lower than 5%

relative to chlorine gas. It is generxally preferable to use

only chlorine gas as etching gas. In this embodiment, only



[ 0043] Further, the netal filmmay contain
nonnetal s such as oxygen, nitrogen, and carbon. Wen
the nmetal filmcontains the nonnetals of a certain
amount or nore, the |light shielding property of the
l'ight shielding | ayer deteriorates and it becones
difficult to obtain a predeterm ned optical density.
Particularly in the case of a photonask bl ank for
fabricating a photomask for ArF exposure, it is
preferabl e that nitrogen ant¥ carbon are 30 at or

| ess, oxygen is 10 at .%or |less, and the total of

ni trqgen, carbon, and oxygen is 40 at.%or |ess.

[ 02U orine gagyikh & T TRYR of dPrFamayas ueed 2pg qtehied
on ep NG ..suhs y A d i y
teg%%iaue ingﬁiﬁyﬁanL%%%ﬁﬁgm%€6%2%¥?%ﬁaﬁ%t %8Q§%U a
spUvesj ng net hod. However, a sputtering nethod using
a target containing a predetermned - 19 - netal
makes iTepgagiusied for Fadprgd cBaphching lim of high

uni 1 ty. 10045 a mpterjal_ of the ..
ant% ifh?éﬁné%? ?{1/%3 n&%}grgaf “g'\’?‘oﬁ\‘ﬁ 2 a%%%ﬁ‘fe 1Geghgontaining
shbgy g @nki 8¢ lonl Aafosle sabe BN abse tegh s, a
chrom um conpound or silicide is selected. A chrom um
coffpentithent. €aBdi bgs etscheell bpnthl@Fi wesbaisddadidow rate
et&ﬁbﬁg cont ai ni ng qﬁy en ((C +0O based) but_ has

et ThiNg®TE5 81470 Y EnPOrIsHESHHSs &Be P EE Rt h Fehott
contpgi_ni ng oxygen (C based) and fluorine-based dry
etching ( F based) . Further, silicide can be etched
byl 0f0l4adr i ne- based dry etching (F based) but has

resi stance to _chl orine-based dry etching containing

oxygert] paetalofilgyEer thy Ad-abf| Yrieddipg dageyri2 having
e | C al ning_.oxygen based) .. [0046

TPl S b AL R B e AR g Y, £Ohmosea
f olEl2tang sGxRhaRALESTum P& AthdstBhAGH CiskbRSum (Zr) ,
(tendency) under the dry etching conditions of the
mbaEnien $HE) ET@MEun (V) caiesiunheib et @himiguins(AL) , and
perforned and "NOT ETCHED' indi cates that etching
ASRTHE RS (fih ARtAVATL§bER e uhiese Gokerials have a highex

extinction coefficient than a chromium (Cr) metal film in
light having a wavelength of 193 nm used €or ArF exposure,
and thus these materials are advantageous to a reduction of
thickness. These metal films may be. used as single layers
or a plurality of different metal f£ilms may be stacked to
formthe light shielding layer12. Moreover, the compositions
of these metal £ilms are not limited to single elements and
an alloy of two or more metals selected from the metallic
elements may be used.
{0042]
In order to allow such a metal £ilm to act as the light
shielding layer 12 of a photeomask, it is necessary to provide

a sufficient light shielding property against exposure light



[ Tabl e 1] LAYER MATERI AL F based C based (C1+0)
based ANTI REFLECTI VE LAYER ANTI REFLECTI VE

- I8 -

used in a photolithography process and it is preferable to
have anoptical density (OD) of 2 or higher relative to exposure
light. Particularly inorder to set the ODvalue at 2 or higher
for the photomask for ArF exposure {exposure light wavelength
=193 nm) enabling suitable application of the photomask blank
of the present invention, the thickness of the metal film
is preferably set at 15 nm or larger. On the other hand, when
the thickness of the metal film is toc large, a load becomes
too heavy in the etching process. Thus a thickness of 50 nm

or less is preferable for precise patterning of the light

shielding layer 12.

[0043]

Further, the metal film may contain nonmetals such as
oxygen, nitrogen, and carbon. When the metal £ilm éontains
the nonmetals of a certain amount or more, the light shielding
property of the light shielding layer deteriorates and it
becomes difficult to obtain a predetermined optical density.
Particularly in the case of a photomask blank for fabricating
a photomask for ArF exposure, it is bPreferable that nitrogen
and carbon are 30 at.% or less, oxygen is 10 at.$ or less,

and the total of nitrogen, carbon, and oxygen is 40 at.% or

less.

[0044]
Suchalight shielding layer canbe formedon the photomask

substrate by a known and ordinary technigue including a vacuum
deposition method and a sputtering method. However, a

sputtering method using a target containing a predetermined



LAYER CHROM UM COVPOUND SI LI CI DE NOT ETCHED ETCHED
NOT' ETCHED NOT ETCHED ETCHED
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metal makes it possible to easily obtain a film of high
uniformity.
[0045]

As a material of the antireflective layer 13 provided
on the light shielding layer 12 made of materials selected
thus, a chromium compound or silicide is selected. Achromium
compound is easily etched by chlorine-based dry etching
containing oxygen ( (CL + O) based} but has etching resistance
fochlorine~baseddryetchingnet containingoxygen (Cl based)
and fluorine-based dry etching (F based). Further, silicide
can be etched by fluorine-based dry etching (F based) but
has resistance to chlorine—based dry etching containing
oxygen ((Cl + 0O) based) and,chlorine—based dry etching not
containing oxygen {(Cl based).

[0046]

Table 1 shows, for better understanding of the following
éxplanation, etching characteristics (tendency) under the
dry etching conditions of the materials (“ETCHED” indicates
that etching is perﬁormed and “NOT ETCHED” indicates that

etching does not substantially occur).

[0047]
[Table 1]
LAYER MATERTIAL E cl (C1+0)
based based based
ANTIREFLECTIVE CHROMIUM NOT NOT FTCHED
LAYER COMPOUND ETCHED ETCHED
ANTIREFLECTIVE NOT NOT
LAYER SILICIDE ETCHED ETCHED ETCHEED
LIGHT NOT
SHIELDING METAL FILM ETCHED ETCHED FTCHED
LAYER




NOT ETCHED LI GHAT SHI ELDI NG LAYER METAL FI LM ETCHED
ETCHED NOT ETCHED - 20 -
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[0048]

A chromium compound film having such etching
characteristics includes a film mainly composed of chromium
oxide and chromium nitride or nitride chromate. The chromium
compound filmmay containnonmetals suchas carbon and fluorine.
The antireflective £ilm may be formed of a chromium compound

film having a single composition. Moreover, chromium

compound f£ilms having a plurality of different compositions
may be stacked to form an antireflective layer. The
antireflective layer of the chromium compound film can be

obtained by a known method such as reactive sputtering using

chromium as a target.

[0049]
The specific atomic composition of the chromium compound

Tilm is selected such that an extinction coefficient k is

0.2tol.0relative toexposure light. For example, the atomic

composition ranges £rom chromium (Cr) = 30 at.$% to 85 at.s,
oxygen (0) = 0 at.% to 60 at.%, nitrogen (N) = 0 at.% to 50
at.%, and carbon (C) = 0 at.% to 20 at.%. When the
antireflective layer is formed of a chromium compound, the
thickness is determined according o conditions including
the wavelength of light used for inspecting a mask. When
fabricating a mask for ArF exposure, the thickness is

breferably set at about 15 nm to 30 nm. The antireflective

layer of the chromium compound film having the composition
and the thickness has a reflectivity of 10% to 20% relative
to light having aﬁavelength of 257 nmwhich is arepresentative

. wavelength for inspecting a reflectivity.



[0048] A chrom um conpound fil m having such etching
characteristics includes a filmminly conposed of
chrom um oxide and chromumnitride or nitride
chromate. The chrom um conpound film may contain
nonnet al s such as carbon and fluorine. The
antireflective filmmy be fornmed of a chrom um
compound fil mhaving a single conposition. NMbreover,
chrom um conpound filnms having a plurality of

di fferent conpositions may Bt stacked to form an
antireflective layer. The antireflective |ayer of the
chrﬁm um conpound filmcan be obtained by a known

nmet H#%uch as reactive sputtering using chrom um as
a targe i fic atam.c npQgsi tion of

t he chr%nmpﬁé)nl%éao r}‘%ﬁa%g ?ﬁlr%tisso %"e‘clle“%fl 3g%§u‘%sﬁmfﬁ3?’%q’§ed
extdrnycetaingoeddt4in@Ry dkyigenO¢ &1t @ d) Bak8hRtdniCch®s is
exposure light. For exanple, the atom c conposition

r arfyEserihheck? slimage (ior Yhe €3@hing Witoge8s. aHowevey.gdy

(0),..3..0. %to.60 at.t itrogen =0 at.%to 50
at .kf%aualh%t by Nk i Sspelyive laxgfetiohout
antibriad ltecis ve, | e rpa't§e1!f~rﬁ’rr§9gf Oéneaaﬁb{ﬂh%ghve layer
conmpound, the thickness is determ ned according to

cofigh theonempedieddbefprichthevashepenogt thef rédigitt paseadf ag
in&gecting a_.mask. When fabricating a mask for ArF
exp

e, Y P agec kifds 451 Sht @repably toetrarstasotbels
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conpound film having the conposition anc‘f]t fe
t higlbnpsecidona refl ectivity of 10%to 20% rel ative
to Iight havi ng a wavel ength of 257 =which is a

rdfi®8dént ati ve wavel ength for inspecting a
reflecf Ly idge f_ilxzn]ha_ving the above etching characteristics

includes a film containing silicon oxide and silicon nitride
or silicon oxygen nitride (silicide film} and a film formed
by containing oxide and nitride or silicon oxygen nitride
of transition metals in these films (a £ilm of a silicon
transition metal compound). These films may contain carbon.
- The antireflective‘ layer may be formed of a silicide film
havingasingle composition. Moreover, silicidefilms having
a plurality of differenf compositions may be stacked to form
the antireflective layer.
[0052] |
Transition metals contained in the film include, for
example, molybdenum (Mo), tantalum (Ta), tungsten (W),
zirconium (Zr), hafnium (Hf), vanadium (V), and niobium (Nh).
Molybdenum is preferable in view of ease of etching. When
a silicon ¢transition metal -compound {(for example, MoSiON)

obtained by selecting molybdenum as such a transition metal



(0050) An ordinary resist is not so resistant
to chlorine-based dry etching containing oxygen ((Cl

+ 0) based) and thus is susceptible to damage in the
et chi ng process. However, by reducing the thickness
of the antireflective layer to about 15 nmto 30 nm
the patterning of the antireflective |ayer can be
conpl eted before the shape of the resist pattern is
changed by damage. It is thus possible to transfer
the original resist pattern?dnto the antireflective

| ayer with high precision. (0051) A silicide
filn1having t he abaove etching characteristics

i ncTUYE’Y 30T 1he BUEEFReTid Ve 1avea vk ithe antdrefleqidie
N AR QA ooblshCR N BINORN 1k e 68hd hehde bLLA.-33d
a filmfornmed by contal ning oxide and ni 71 dB or

Si |étmbingxisg@phiéved de @fmphaiadSidthon SREBNS LN tdIeT8e
films (a filmof a silicon transition nmetal conpound)
. HvddtefiaGrvadovennt dhe toatpbvm oXhde Shtn pad thetlight
| ayer \ I f utbcide fil mbaving a_sjngle
co%%%§¥?¥lnia ?g%gég?'é?ﬁfg| égﬁﬁ1ﬁ§ 2RAM eaPatengc

pl waadidpenofio dbb£rARb4sONRASE td gﬁ&mkbﬁa&@%% Y
formthe antireflective layer. [0052]
Tr ahstinednvwith dighcprecisied.in the fil minclude, for

ex 5 nol ybdenum (M), tantalum (Ta) , tungsten
(W, Zi'rconium (Zr) , hafnium (H) , vanadium (V)

and ni phiEe Nohe -5sYBLYBE piiBblsfia AL 6BPLEdd) pyl e
of ease of etching. Wien a silicon transition t al

c ornannind giliedspha thhs$l Gddn bbirai itedn RgtsEbechiben
nol ybhdenum_ as such a transition netal - 22 - is

usEtese fidas sapbeattadped Y pApornaethefie For example,
antinr ' el i.s_conbi.ned with the light .
SrRg] Bhai ek ol B SRIRATR: Hltendtn wilr 4

C pepasarkdMih et ctevdigadt bPmikbatdie 8 08l FEMHIVE gas
| ayer of the tantalumoxide filmand the Iight
shpd|agigep byvayeingfilheorn antbyhdentinl siliicidapardgbdenum
Pat&nt .Lai d-Open No. 2001-312043. Thus a phot omask
paPY EFA1C BE MR¥RASRY filicHigRng sddiconas g basagt -

[0054]

The specific atomic compoéition of the silicide £ilm
-is also selected such that the extinction coefficient k is
0.2 to 1.0 relative to exposure light. For example, the
composition ranges from a transition metal (My.) = 0.2 at.%
to 25 at.$¥, silicon (Si) = 10 at.% to 57 at.%, oxygen (O)
= 0 at.® to 60 at.%, nitrogen (N) = 0 at.% to 57 at.%, and
carboa (C) = 0 at.$ 40 30 at.¥. When the antireflective layer
is formed of silicide, the thickness is determined according
to conditions including the wavelength of light used for
inspecting amask. When fabricating a mask for ArF exposure,
the thickness is preferably set at about 15 nm to 30 nm. The

antireflective layer of the silicide film having the



Further, the silicide conpound fil m obtained by
containing silicide and the silicon transition netal
or carbon in these filns can be obtained by a known
met hod. For exanpl e, the known nethod incl udes
reactive sputtering which is perforned in reactive
gas or mxed air flow of reactive gas and argon by
usi ng silicon, nolybdenum suicide, nolybdenum and
silicon, or nolybdenumsilicide and silicon as a
target. [0054] The-specific atomic conposition
of the silicide film is also selected such that the
extinction coefficient k is 0.2 to 1.0 relative to

ex fe¥RPEitigghand fdye elxiemwpes hasea corfdestivity ofnts to
fropsa it % 25 at, .t,

o PRI e L G TR Gaaed'S oy Saden o 18 Gy Byl v
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and carbon (C) = at.%to 30 at . t.
antli®P8%] ecti ve Iayer is forned of SI|ICIde the
thlckneﬁs I s determ ned accordi to. conditions

i ncl udi ngc?'ﬁ%"WeFléﬁg]tlﬁth“H nﬁs’e%l”froranfin?ﬂfect i ng
a Hﬁﬁﬁef\&@fhwﬁé‘mﬁt&gﬁt ﬁaﬁ&n@ SBSK B4 h%?éQta?éi[i%&nLEQe
thickness is preférably sét at about 5run

r ubhe Bné¢ipeftlactfivecldyes tay e @fcHd@eusind @ desidd Amsk
havinggthe - 23 - conposition and the thickness has

a 7t Feeshielding laver can beostidiedt by using (thgmatkerned
1§89i ngig qplcgaré &epresentatlve

wavel engt or i N pec Ing are ect|V|ty [ 0055]

Bytowsetpi ni ng the [ight shielding | ayer and the

antireflective layer having such etching

char acirepithesx oordshevhen sebé¢idog geclirppdnmcarngoend as

etche u5|n esi st. mask and the shielding |ayer
c&n™ Hndg 6{7 PR eEfee HYe: drRe zmtttﬁem%%%e

| @)éﬁfoﬁﬁe@ oflaffle "Rt rek POREKE! .'ﬂaf’élh% ’thvf(,yhle:ﬁs:l_st
sel ecting a chrom um conpound as™ a terla

amesk efireayh vehlayiek-bpséd @y afcliihg) ebh 041Mithg0Bx dn
antlreflectlve Ieéfr by using the resist mask through

ot i f0-hagedd - dr *e%wiﬁ:ge'é@mrw PFoRpSsxyeenme 511 m

h
s P R B B
Cﬁﬂﬁbtaﬁiﬁ@%ﬂtgﬁ.ﬁlﬁﬁ %Bgnﬁg@ au%f‘@ba‘&é& e.{hd( thds i

0) based) and thus is not substantially e ched
T sflrtanthglly edgheéde phétefored @ntsimef tleepatzeerned

| ayer as a hard mask, the light shieldin er can
- P EreR ity i sbabasanedry the dRpAG sheeiding Layer

fl d. d
PR Rl B0 By ARG Ef o

. logygen | (€1NBhsSaP YA Bl hetine -Dhaebe e€BhDid N PAKKRL .
dry etching not containing oxygen (C based) and

HpeeYero- Khscantivetleadtiing 1y dasiedhouhs s tangiahby

C 0 ItJOﬂ of the antireflective |ayer. Thus
?fﬁ eg?)(g ?ﬂ bape i At ghink "Pﬁc?%f&fwlpﬁeoxmen

eot lﬁa“sfédqcbhd Ceddbiiing- 82008 £HARIEH:ANY2 begew TR5kn
pattern can be forned on t i ght din ayer

#re¢ bhéegbhpig@ ebadDBions of the antireflective layer. Thus
the pattern shape of the hardmask includingthe antireflective
layer is not changed and a photomask pattern can be formed

on the light shielding layer with high precision.



- 24 - [0057] When sel ecting suicide as a
material of the antireflective |ayer, the
antireflective layer is subjected to F-based dry
etching by using the resist mask. An ordinary resist
filmhas relatively high resistance under the
condi ti ons of F-based etching. Thus even when the
netal filmenabling F-based dry etching is etched
successively with the etching of the antireflective

| ayer of silicide enabling Fébased dry etching, a

| oad on the resist pattern can be relatively light in
the etching process. (Enbodi nent 2) (0058) (Phase

shi §995fdsk bl ank) [0059] A mask bl ank of the
present,i nv ' .be confiqured as e shift
mask blgﬁﬁ% SE%%%%¥EP¥1£E0£§% a%%%nﬁﬁfgl%?§§£??8nal

Sc hatare£1atte e f10fye 8 X Rhai dHith gefl sdtivel 1Hyal £X3a)&1eh
a phot omask bl ank of the present invention. The
phdtedirdsre [damle tiching by iuping dhasres ighaweks hifnt ondisiary

bl ank. ra arent or frans]ucent phase shift | ayer
1620844 SRR aRE BT Th BB &Gy auge e ene
phebadBsilons WSt Jristakkchfnd | Ibhus Bl &h hi8 che¥Rtal%11m

and an antireflective |layer 13 (descri bed above) are

s egqbeting| B-pasedclogte ohinpd sphiade dshiddeskfivery #bHth Ahe

varjety of known phase shift filns can be used for
tehidg

t h& ek rite apEYEST RS tiplavee phaskligidet epaidng
1 e pte fil r.ed . i,ning these
{7 telasy CRHERY; & doall bR IRCrBY SOTAER, LI0ee

shidllatieeEr 1Ght in the etching process.
[Embodiment 2]

(0058}

[0059]
A mask blank of the present invention may be configured
as a phase shift mask blank.
{0060]
Figure 2 is a sectional gchematic view for explaining
a structural example of a photomask blank of the present
invention. The photomask blénk is configured as a phase shift
mask blank. A transparent or translucent phase shift layer
16 is provided on oneprinciple surface of aphotomask substrate
1l. A light shielding layer 12 and an antireflective layer
13 (described above) are sequentially stacked on the phase
shift layer 16. A variety of known phase shift films can be
used for the phase shift layer 16, and the phase shift layer
16 may be a composite £ilm formed by combining these films.

Further, the absorber material of the phase shift layer 16



- 25 - may be replaced with a halftone material to
forma hal ftone phase shift |layer. [0061] Layers
denoted as 14 and 15 in Figure 2 are a buffer |ayer
and an etching stopper |ayer. These |ayers are not
al ways necessary but are provided as required
according to the application purpose of a photomask
blank. It is needless to say that the provision of
the buffer layer 14 and/or the etching stopper |ayer
15 is not limted to the ph&3e shift mask bl ank of
the present enbodi nent and thus these |ayers may be

provi ded i n_a photomask bl ank configured as descri bed
" b BRI FFEARCAE VBB GoaLEtone makeragh e EarmifobeLE tone
vargiads G gupations are available for the phase
shift layer 16.” A preferable exanple of a highly
trdgparent filmincludes a single-layer filmmainly
conposed of silicon oxide and silicon nitride or
si | | coragRY etenated sk, L4opnd YodpoBigerd (A pice na ihitghr
th [ r t.acked. [0063 Wen t he phase
shiFfet aé?gf "‘?a‘aet."z‘ir‘%ﬂd%g%legf Pdhor | THe° deRERT AT got
tr angagd heteddGhit but heef hFdvilaBe! @8 qRi fid TeBBEMY to
made of silicon oxide and silicon nifride or silicon
ox Ve APPlLigeitden Psicbpee dE afpHatpmasidblabk | Mrt dsneddiyss
co taini%ﬁ%to ide and nitride or silicon oxygen

t

oo B SEOT b b 08| el PuS TR da¥iek diosqd/om the
i T i E eyt i _
SidichaRgt$1ppll drehgl L ggpqg’lﬁrfal ed ﬁ:??:?xel %ﬂ;{e{gew%élft

contain carbon . Further, the se s
mamaskebiagkred tis Pgefery @ABodLintNBA®| tHuR thddd Thpsra
transmtted |ight attenuation film - 26 -

may be provided in a photomask blank configured as described
in Embodiment 1.

[0062]

As described above, various configurations are available

for the phase shift layer 16. A preferable example of ahighly
transparet_lt filmincludes a single-layer filmmainly composed
of siliconoxideandsiliconnitrideorsilicon oxygennitride,
or a composite film in which these films are stacked. |
0063}

When the phase shift layer 16 is made up of a £film for
-attenuating transmitted light, the filmincludes a £ilm mainly
made of silicon oxide and silicon nitride or silicon oxygen
nitride (silicide £ilm) and a film :E(_)Imed by containing oxide
and nitride or silicon oxygen nitride of transition metals

- in these metals (£ilm of silicon transition metal compound) .
Thesefilmsmay containcarbon. Further, the phaseshift layexr
16 may be formed using a transition metal thin film as a

transmitted light attenuation film.



[ 0064] When the phase shift layer 16 is a
hal ft one phase shift |ayer, the conposition of
materials is adjusted such that a single-layer film
or multilayer filmmade of the above materials has a
transmttance of 2% to 40% and a phase shift anount
of about 180. [0065] When sel ecting, as a

mat eri al of the phase shift layer 16, a naterial
enabling fluorine-based dry etching (7 based) , the
fol | owi ng advantage i s obtakfed: the dry etching
process of the phase shift layer 16 conbined with the
light shielding | ayer does not becone conplicated
nor €°¢%fdn necessary and dry etching can be perforned

wi th hi LSLON. [k 6 i exanpl e of the
hal ft ongﬁbplﬁglgegb éhlggtShfl ?P%a%ﬁjéb %+ a@i‘fﬁoﬁg- ST
et cliyeg, (thehas@plysitiohUee marelihis MR BhYudBAe sAbh that
silicon oxide and silicon nitride or silicon oxygen

ni t% iSd89{sdiegetet $in o mwitkidafyer nfflor madebyf the above
co .0l xi de,_and nitride or silicon oxygen .
i CPtaa B8 SO ke of 7 P 4G9 rnang Tomepi et
of amofht IB0BLEER@NBPI ON netal conpound) . These filns
can be used as either of single-layer filnms or filns
makPReSip a conposite filmof a hal ftone phase shift
filmby controlling the content of oxygen and

ni t r og8RCHFeLPEHAG i 88 HBREPRIAY Of (Hbef Phage shREt layer

XDk Blr S ATIAGI A BOL LI NIRLR D QLRSI skl
i ncl udes a conposi tea i]1 m obt al ne eg:gr%flﬂi‘c(%d’atsﬁ g
si thecfabldwiihad@anithg€ a8 draifiédi ORe mﬁﬁzaétcﬁz%?%éess
fil a metal silicide filmmainly conposed of these
- F7the phggroeiviEt layer 36 mombiinéd Withhel yighsrpdsading
| e %( %QE 1:t‘acnot alum o "’E?Lé:n sten. [ Enbodi nent 3]

[ '? anpl e B f’ﬂ'@p{ﬂ‘ ESSTUS FPGBeBECHTsaxyY and
_ -phﬁt_yOHEélJﬁnQ' 38K)bd YEFhrmea with high precision.

[0066]

An example of the halftone phase shift film enabling
fluorine-based dry etching (F based) includes a £ilm mainly
made of silicon oxide and silicon nitride or silicon oxygen
nitride ( silicide film) and a £ilm formed by containing oxide
and nitride or silicon oxygen nitride of transition metals
inthese films (a filmof asilicon transitionmetal compound).
These films can be used as either of single-layer films or
£ilms making up a composite film of a halftone phase shift
film by controlling the content of oxygen and nitrogen or
transition metals in the films. An example of the composite
filmmade up of these £ilms includes a composite £ilm obtained

by combining the silicide film, a silicon transition metal

compound film, a metal silicide £ilm mainly composed of these



In the present enbodi nent, an exanple of the
processi ng process of aphot omaskbl ankwi || be

descri bed. The phot omask bl ank I ncl udes an
antireflectivel ayerof achrom unconmpound. In the
foll owi ng expl anati on, the photomask blank is a
so-cal l ed binary nmask bl ank (see Figure 1) in which
only a light shielding |ayer and the antireflective

| ayer are provided on a transparent photomask
substrate. [0069] Frgéfes 3A to 3E are process
draw ngs for explaining the processing process of the
present enbodinent. First, a |light shielding |ayer 12
i ncCTUWPHEIS ARt Meitpi FHalvi Rgithe cemrperd ©ifomobrkflenum
thiaq,[ﬁn@?&ﬁ%ﬁlcgf hed ! ? Enmbodinent 1 and an
antireflective [aye Fhade of a chrom um conpound
ar d Emeqamdntabl y stacked on a transparent phot enask
substrate 11. Aresist film17 is formed on the
antl®Péfl ective layer 13 (Figure 3A) . In order to

pr heoc renceof probl ens such as .the

o L EfErpies £ 6 b HHORREOHTS Z2PPRES Bt £ P EPRETR &1ank)
sulpseegient process, it is preferable to perform
surface treatnent for reducing the surface energy of
t he phdndimskresebs tembbdindnthesn regamplrcof aheniroreseing
the resist film17. [0070] - 28 - A preferable

me? HSESG ot onpge Blanleli Hehe dpsctikeds  Fheghivsamask
f gyg | j t sk
SRS S R B P el o BRI g,
| I &yl Ae1NowHRE Gyl ahat @6k £ O pheforfadl beahik Gi% a
process, and other organic silicon surface treatnent
ad@nfelled binery mMask blagod spp|Riguge bk in vipidiogndy a
e Lng the.surface of .the photo k .substrate 11

" HRgAL i1y AP, Bha, e BHTHPERRAYE: LarSre ity
Obrdividsd lon aptatisparbhe suidaext H8AIRRL. agent onto
the surface of the photomask substrate 11. Such
stiPPeeEk treatnent is perforned to reduce the surface

energy of the photomask substrate 11, and then a
resi st 1ISTeHR EQ 3 PE PEQCBRS tHEVHRABE dieraskplaining
SRS th- : fal Det [ st £idm.17. _As

SRS L edshl B-BE Be WA FESLl: LddBihlnc oS Aot o
eyt sl dihg 18fd0d 208 nslivding bR ta8SESim RaSing the
properly selected according to a resist material.
composition and thickness desqribed in Embodiment 1 and an

antireflective layer 13 made of a chromium compound are
sequentially stacked on a transparent photomask substrate
1l. A resist f£ilm 17 is formed on the antireflective layer
13 (Figure 3A). Inorder toprevent the occurrence of problems
such as the exfoliation and falling of a fine pattern in the
subsequent process, it is preferable to perform surface
treatment for reducing the surface energy of the photomask
substrate 11 before the formation of the resist film 17.

[0070]



[ 0071] The used resist is properly sel ected
according to a wite systemused for preparing a
phot omask pattern. As a resist for electron beam
(1313) witing, a positive or negative resist having
an aromatic skeleton in a polyner is generally used.
When fabricating a photomask having a finer pattern,
it is preferable to use a chemical anplification
resist. [0072] The thickness of the resist
film17 is set such that an2gxcellent pattern shape
is obtained and the resist film17 can act as an

etching_mask. Particularly when fabricating a
phot ona8IPTesrraie BREvAIPE thegglhefane theatmsnfaitehndes

a finetRagt Ll o] S50 r o.,set _a relativel
et 8 ' Pordihe FUASEEIT ob. S elEee® o A oo
pr eudiztrate aPESing dbkOmd #H3NaH BEI BASINYEMDE which is
thickness is preferably set at 350 nmor |ess and
norEIPLarky 46ed iser sgmioo®lunhopr faludcati@0p8pcess. and
On other. hand, the |lower Iimt of the thickness
of °thE= PhaFkic Titeet ForeR it rapafinas Tarnipeu o ther. ¢

€ resrs
OVeEapdssa0Ei {d A5E SHEMNEE JNBxFE LRGN Ind C3rshal & he
a used resist material. Wien using an ordinary resist
mabPketenaskisuds thitekliletsta gapoetbe ablfasetrattmébt agent
nor e an(%ﬁ1 re preferably set at 100 nm or nore. Wen

usTh§ PHhof Palrbreatdy; air lrdpa ddre SHuERCY tEsabPent pgant
of | ' il resi d.a | film

1o BN St iRl G pho CRRGK RPN T RUBh shisie
Wi tteadmeotisnpéifurmell €6 reaQBBltHe Shefddeabnergy of the
anplification resist and a silicone surface treatnent
adiptomasie subytaiate Hilg lanssthesf a rheiveds sppiiddiddoaen

be_s Ler,than the .abqve | ue 10074) . A
For B pEbroRA SIS ALY HaloR iy Dhe Fephgt caR 17.
r a8 & mattdiok CoRBE ] GHeCLod IS ohEl LS 3By it LBOHY
witing on the resist film17 at this p0|n? can be
pénfotlre chelthod afetinpingftiEhaesist adicaproperly seibetkd
of EB jrradiation is generally used, which is a
pPEFRTLN%e thet HEFLEE ™2 ¥8%H&g a fine pattern. For
exgePl £, When a chemical anplification resist is used
and witing is perfornmed on the resist by EB

i r'radirRé uesd rékiét 04 pirdpeLIPEal bdtdaddRriRAy WoldWwite
el ectron beam having an energy density of 3 nC/cnR to
Frstemcrsed oy pvepaiing anphdbemdskppatiterar.e foe af Ot

%fter the witin so that a resist pattern is
06’ atla]heecé:ron beam } writing, a positive or negative resist

having an aromatic skeleton in a polymer is generally used.
When fabricating a photomask having a finer patterm, it is
preferable to use a chemical amplification resist.
[0072]
The thickness of the resist £ilm 17 is set such that
an excellent pattern shape is obtained and the resist film
.17 can act as an etchingmask. Particularly when fabricating
a photomask for ArF exposure requiring the formation of a

fine pattern, it is necessary to set a relatively small



- 30 - [0075] The antireflective |layer 13 of a
chrom um conpound is patterned by chlorine-based dry
et chi ng contai ni ng oxygen ((Cl + 0) based, Figure
3C), As described above, under the (O + 0)-based
etching conditions, the etching rate of an organic
filmsuch as a resist is higher than that of
fluorine-based dry etching (F based) . Although
damage on a resist pattern is added during the
etching of the antireflecti¥® 1ayer 13, the thickness
of the antireflective |ayer 13 of a chrom um conpound
can_be %enerall set at about 15 nmto 30 nm

enab KGRt FREPIEFET Uit HHBL&LSNBTswent an aspest ratio
pat £, AaaBIng. t Fhe KR SRndYs %Q%raﬁb{f&ll%ﬁge{' U 318
thi ckness of the resist 1s sufficiently Targer t]?]an

t hatr dbss$ hmmdanbie qfde®etranpy lsayest Lot amber aledfed.
[0076]7 The light shielding |ayer 12 is patterned

af {873 he patterning of the antireflective |ayer 13
(Fi gur g3 . rifhed, abqv tal filmmade:
of net Z)Ins PAS?J c ﬁﬁgjé qlt%gl‘r&}f atfqﬁe mand aﬁjgts {I% n%éen & Lé{ﬁrk‘éﬁ 9t
| Sthe reessCEANE 11 05 AletBhRtha¥Si P1W 6¥F 80ErSUbSS A Hidhs
etching in chlorine-based dry etching containing
ox§8eh a5( the etPhipgserpistafteodf or esed wesigdematerdath

thﬁh«lhx{ glgti shi el di.ng | ayer ,1%, the etchi.ng condition
| ST NGRRT (8 PEGLPT G A4Eh TSP EARL N T ChIERRRRD o
Chpuitenab AR 8E ¥ 50he NlGoPO arPRbAL HirdGe PN HP Bt Che

based) before patterning is perforned. e ‘et chi ng
ofl1Gtham [orgireshi @heli ngihgyenlid) ayeleredisannethod” with
congoun,d filmserving as the antireflective |ayer 13
i & RRPPNFPR AE aepist Afdagi s sahicHRereFirand s dowet
Clgy e ' C j1i_0RS.._Jhus - 31 - 't .
arﬁ;igrﬁzf%fjieﬂcz{ ?S{/l egf&adfe%rgclgg% fa?' gi ent 3? Cgcf‘“s'a%lsngaﬁnegg"d
ettbhng doamingbidtl oFaak) afdiththicOBh & RH1S hRP1 i fication

processing can be perfornmed with ease.
resist and a silicone surface treatment agent, the total
thickness of the resist film 17 can be smaller than the above
values.
[0074]

Aresist pattern can be obtained by processing the resist
film 17 configured thus (Figure 3B). Although writing on the
resist f£ilm 17 at this point can be performed by a method
of photoirradiation, a method of EB irradiation is generally’
used, which is a preferable method for forming a fine pattern.
For example, when a chemical amplification resist isrused

~and writing is performed on the resist by EB irradiation,
writing is generally performed with an electron beam having
an energy density of 3 mC/cm® to 30 mC/cm®, and heating and
development are performed after the writing, so that a resist

pattern is obtained.



[ 0077] After obtaining a mask | ayer 18 nmade up
of the antireflective layer 13 and the |ight
shielding |ayer 12 that are patterned thus, the
resist film217 remai ning on the patterned
antireflective layer 13 is exfoliated, so that a

bi nary phot omask (having no phase shift effect) is
conpl eted (Figure 3E). [Enbodi nent 4] [0078]
(Processing process exanple 2 of a photonask bl ank)
[ 0079] In the presenBlenbodi ment, an exanple
of the processing process of a photomask blank w ||
be descri bed. The photomask bl ank includes an

ant [#%lective I ayer of silicide. The photomask bl ank

of the enbodiment._ wil]_ be al so described as a

so-cal | %g%ﬁﬁgﬁlﬁﬁgg %V%Iqé—ilﬁ T Jh3 \R% i ?:r?%ﬁﬁf“ﬂzu'& JofgApnd 1s

shigltdiebfled Weth B nbhBasdY iar-sf éﬁﬁiiitl\_ﬁec&@tya%.%iﬁﬁ_er xygen
us

provi ded on a transparent photonask Substrate.
t he (ot &3 sharpdprbamms 3Q) .si ks ldasctibdchaboed, knget ahe

3A(%Q §§n_Aa§r§cess.of forqing a resist pattern

~ (Fidures SRAERA SEPirg PHELLd Tor 1B PHoRIAgoFate|gf an
t hergaik: FIRCSuds abNE RLACESSE NG Pfer! PRal 13@LY o BSK
bl ank including the antireflective |ayer of a

c hEdwoximec bapedl day (ctettng Hedbadaie) , Arhdubh Usinage on a

exglanation thereof is omtted. [0080] - 32 - \Wen
sefettTmgatte de added gwrdng stheoetehingms thel ecti ve

| a&r%ire%&eé@iv%r fgﬁrx:apsl ,etﬁé) tﬁfcl:ker%ssto ttlx:é gg%fxdeflective

layer 13 of a chromium compound can bé generally set at about

15 nm to 30 nm, enabling high precision processing with a

resist pattern having a thickness of 100 nm to 250 nm. The

thickness of the resist is sufficiently larger than that of

the antireflective layer 13 to be etched.

[0076]

The light shielding layer 12 is patterned after the

patterning of the antireflective layer 13 (Figure 3D). As
described above, a metal film made of metals such as tantalum
and tungsten and an alloy is so resistant to etching as to
prevenf substantial etching in chlorine-based dry etching
containing oxygen ((Cl + O) based). Therefore, in order to
etch the light shielding layer 12, the etching condition is
changed to fluorine-based dry etching (F based) or
chlorine-based dry etching not containing oxygen {Cl based)
before patterning is performed. In the etching of the light
shielding layer 12, the chrémium compound film serving as
the antireflective layer 13 is not substantially etched in

any one of F-based and Cl-based dry etching conditions. Thus



etching condition. An ordinary resist material has
relatively high resistance to F-based etching. Under
the F-based etching condition, etching can be
performed concurrently (successively) with the netal
filmthat can be etched under the F-based etching
condition. However, in the case of such successive
etching, it is necessary to set the thickness of a
resi st in consideration of damage occurring during
the etching of the nmetal fiPi-Therefore, considering
a reduction of the thickness of the resist, it is
preferable to adopt amethodof first patterning the
ant Fiefrbiiafdect ifpetayer 13 sufficiently acts as an etching

byP- kn t henpat t.er ni ngt hel | ght
ShiE T Fa IS8 By 8 POASOHE -8t cfge= A can be
perdeatrogl sieh tage.Step etching, the patterned

antireflective layer of silicide can be used as a

madi@o78l d -based dry etching perforned on the |ight

shieldh&g IQ%Er“ Thus even when the thickness of the
resi st 1seFeEFI"E HABEEA_RD dB: BRje A ofethe

obhat Hesk 18t v 8fe P $6ha A 11[95@@%‘1%[{8912? ?%yé:o Qélt]hat
(Processing process exanple of ‘a phase s s
bl ark)pqt3682¢d thus, the) relsespresmnt 7esbRginiRGgt on afhe

exanple of the processing process of a phase shift

el K HTRAR WFehiecldser Fo¥Rr 13nks prasiatnd.t seordiat a
S R BB L 4 A e
(Figure 3E). '
{Embodiment 4]
[oo78]
{(Processing process example 2 of a photomask blank)
[0079]

In the present embodiment, an example of the processing
process of a photomask blank will be described. The photomask
blank includes an antireflective layer of silicide. The
photomask blank of the present embodiment will be also
described as a so-called binary mask blank in which only a
light shielding layer and the antireflective layer are

provided on a transparent photomask substrate. Thus the
pProcessing process is similar to that of Figures 3A to 3E.
A process of forming a resist pattern (Figures 3A and 3B)
can be performed in completely the samemanner as the processing
of the binary mask blank including the antireflective layer
of a chromium compound (described above), and thus the
explanation thereof is omitted.

[0080]



[0083] - 33 - Figures 4A to 41 and Figures 5A
to 51 are both process drawi ngs for explaining the
processi ng process of the present enbodinent . In the
processi ng process of the phase shift mask bl ank
illustrated in these drawi ngs, a process of formng a
resist pattern (Figures 4A and 4B and Fi gures 5A and
5B) and a process of patterning an antireflective

| ayer (Figures 4C and 5C) can be perfornmed in

conpl etely the same manner 3% the processing of the
bi nary mask bl ank (described above) and thus the

expl anation thereof is omtted. [0084] After
t he pat Feehisgdeoting Sah%qlrd@f F‘%c% |“\?éeFa§ﬂer°fl3hea | i ght

h
S I‘%ltg.rggl SIGE ng'agﬁase ?It'e era .ll. 2 ZI‘ %Et%%ea}[ “basea

orm a

pr GRS h§ JodHae € ess. Can Jiﬁlﬁéf:-ﬁ&%ibﬁ REMR1aN has
variations. [0085] Figures 4A to 41 show an exanpl e

i n BeHiERvedye hiigh tesishprtelitagFtasmd e2ckiny -t héndsradbe
shi | ayer 16 are nultaneous atterned under the
F- gggeﬁe%tectﬁ%‘ﬁﬁgc H‘?fh \ﬁti”ﬁiﬂﬁ/ q%é‘an)l RALfe™4ed esi st
fi Icﬁhéirﬂé‘}&d\f) (@ucBabi Bl Quttﬂetl?é“hé{ﬁ Ifﬁ%'t“ﬁ%t'@&ﬁe[)e
13 (Figure 4D) and then the remai ning resi st
17etsh®(ﬁmda1atmlFéFaSﬁﬁetc4ﬁ)1g cdndithe . Hnwewms in the
process exanple, a resist mask (second resist mask)
1752%% °F0?'ﬁ’é’ds‘f‘?—?e@§|1§e PErhng c 4ty Sesessyor tpoet the
fi Eﬁél&ﬁe}a% erésl'ﬁsi‘n lc%g%d i%npgf tdagln (\_/}\/ﬂ crc%r.tc:l_gg

phase sh ayer I'S renove a port

subatihgtihel etcAXPOSEGhe methE saMbal I Q‘hbﬁéfd»ﬂéﬁ écﬂ:}é@.ﬁeﬂcﬁng
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the antireflectiv 14#ayer 13" 1s nmade of a suic
mdager dy. C1-based dry etching. By performing such two -step

etching, the patterned antireflective layer of silicide can
be used as a mask for Cl-based dry etching performed on the
light shielding layer. Thus even when the thickness of the
resist is reduced, a photomask pattern can be obtained with
high precision.

[Embodiment 5]

[o081]

(Processing process example of a 'phase shift mask blank)
[0082] |

In the present embodiment, an example of the processing

Aprocess of a phase shift mask blank will be described. The
phase shift mask blank includes a phase shift layer under
a light shielding layer of a metal f£ilm.
[0083]



[ 0086] In the present enbodi nent, the second
resist mask 17a is forned using a negative resist.
The negative resist is applied on the front side, and
a portion where the mask layer is left on the resist
filmis exposed by pattern exposure. Thereafter, when
the entire surface is exposed by irradiating |ight
fromthe back side of a photomask substrate 11, the
resist is exposed only in an area where the phase
shift layer 16 is renoved- Iherefore, by devel opi ng
the resist, a resist mask shown in Figure 4F is

conpl eted, which protects the portion left as the
mask | alyrbmraﬁdm ke $brhildHigwhes At he Hubsé matté process

exgﬁ§ed %? L However, in this process, the
t hi HAWERIZFoxy oXpLlaindng fog DEYCRETHMGRF AGFSEIRE techiiangnt
Pr Q@8 siint. herd fmrﬁysghg#ﬁsoée%% % @{gdsg&%f!e%%i

shift |layer 16 (process Fi gures ure
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13 may be exposed and etched. Wen etching occurs
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thi ckness for the first provided resist filml
35as the processigraief the lrlexawenatgﬁﬁebldnkckﬁma.béd talbeve)

resj st f|| ile avoiding the above problem it
dsthu "’t(?xgg%?tld’%f‘ﬁ’é fof“pﬁ?‘f%“r ‘ng, when the

i s possi B
antdosaf! ect ive layer 13 is a chrom um conpound film
the antireflective layer 13 once and then form ng
anot hekftregsth¢ patleraoDve loifNgn Ginltiras paftivenliyeraliBy a
| eft as_ the mask |layer. According to this nethod, the

suriBhEShdpling daves 42 Pede nleaﬂaawftllaw@r Jp‘i)§1-”? rzveh?d
ClsP1 £EaT S0l SRPrThRRs dheBRRRE) Tpe FSceohlns dFenere
Okad befdrreirbdi {1y Qlvelh® Vdk@utiiongot deviated froma
desi gn val ue. [0089]

[o0851

Figures 4A to 4I show an example in which the light

shielding layer 12 and the phase shift layer 16 are
simultaneously patterned under the F-based etching condition
_withbut reapplying a resist film 17 used for patterning the
antireflective layer 13 (Figure 4D}, and then the remaining
resist film 17 is. exfoliated (Figure 4E). Further, in this
process example, a resist mask (second resist mask) 17a is
-formed. (Figure 4F) which covers a portion finally left as
a mask layer and a portion where the phase shift layer is
removed (a portion where a substrate is exposed). The
antireflective layer 13 and the light shielding layer 12 are

removed by etching in the other portions by the above technique

(Figures 4Gand 4H), and finally the resistmask 17a is removed,



To be specific, after renoving the resist film17
used when the antireflective layer 13 is patterned
(Figure 5D), the resist filml7a is additionally

provi ded on the antireflective |ayer 13 and patterned
thereon (Figure 5E), and finally only a portion to be
left as a mask layer is nasked. When the phase shift

| ayer 16 is a hal ftone phase shift layer (halftone
phase shift nmask), demand for a finer mask | ayer
pattern is relatively | ow- Jherefore, it is possible
to select a resist material used for re-application
whi |l e placing i nportance on etching resistance rather
t hasr &dhpesoOptibs®vhifO nlalskt i¢ hempletal Fofutd@I). This
antireflective |ayer is protected fromthe subsequent
et ARG foRueseralde ey thepriiqedilagtt el aeahel 3 d8megde
matgr hal; S ildlend €584 . mask of the antireflective
layer 13, 1t 1s preferable to set a |large thickness
forfobBelresist. Next the light shielding |ayer 12
and the phase shift layer 16 are sinultaneously

pat t er Néd thp Eesepk epbedingnig the F@condgrediist oppgly 17a
usi.n he .antireflective |layer 13,as an et.chin sk
(R B Whadgn gjesatite Rar- a8 ladierd i inas

anbppeid®6h ithe frafflsidd, Ghath pHFIBNIMAGYRMIRLsk Sayer
renoved by (O + 0) -based dry etching using the

pr &%ilgEd emihet régilsin £7m ds expateghbnpatiskn (dRippsnze.

sq%. Aét%r thgt, the Iight shielding |ayer 12 of a.
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hal ftone phase shift nmask is conplete Figure 51).

[ O3kt is exposed only in an area where the phase shift layer
16 is removed. Therefore, by developing the resist, axresist
mask shown in Figure 4F is completed, whichprotects the portion
left as the mask layer and the portion where the substrate
is exposed.

[0087]

However, in this process, the thin resist 17 is removed
by etching in the etching process of the light shielding layer
12 and the phase shift layer 16 (process from Figures 4C to
Figure 4D), so that the surface of the antireflective layer
13 may be exposed and etched. When etching occurs thus on
the antireflective layer 13, characteristic values such as
‘a reflectivity may be deviated from design values. For this
reason, in the process of Figures 4A to 4I, it is necessary
to set a large thickness for the first provided resist £ilm

17.

[0088]



When it is necessary to finely pattern the mask

layer, it is preferable to reapply the resist

i mredi ately before the etching of a light shielding
pattern. In this case, it is necessary to set a
relatively large thickness for the first provided
resist to easily keep the resist in the processing
process of the antireflective |layer, the |ight
shi el ding layer, and the phase shift layer or it is
necessary to design the thigkness in consideration of
the denaturation of the antireflective layer in the
processi ng process. [0092] When processing a

bl ank f &n caxdphaseredhidet timskicsiary af Sibel cegliestf £11m ag
the antireflective |layer, the resist can be reapplied
i n PHe esarpidpgpthe, ebpre REgblenndite 16| PRSSiPdecke afigpt
i's ! (- [ f
el BFEREPDY peffohlh Tler PE lne kR AR ECRIRL S €5
antd chtongiain y@ngoayar£ixin, t fiee aht ondtracoF ARdr {PRA3)
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i nPEAt TSR LZaTdring anphben Fasict apsk cavering prly srortion

phqt. nk. have been descrjbed in the . .

s aEeh s8EE e, BB BasR i i e ATl SR detpgp.
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present invention is not limted to these

enbeetentedover\Vohe etishinglpfoees . oasd dhushideesurface of
en@gdingnts are within the scope of the present _ |

i nVEhEPEIT IS Ve 38BT i 1Guts PPEE tHe RS & FHthashivhty
Ot&erth\éaiiw%seH’Q{?ddéﬁ%ttédaffm@‘éahlééi’ xﬁ_déqlhﬁ'. n the
scope of the present invention. Industria
Aplgasgeabi | ity [0094] The present invention
provides a photomask including a fine photomask

pat t erf? PBriRaFifich afitgh meriapdrhe aagist Shdm difnuked

blaal Hef JREQULANY;L0S RO PIBSK, ¢ terned (Figure 5D).
the resist film 17a is additionally provided on the
antireflective layer 13 and patterned thereon (Figure 5E),
and finally only a portion to be left as a mask layer is masked.
When the phase shift layer 16 is a halftone phase shift layer
(halftone phase shift mask), demand for a finer mask layer
patternisrelativelylow. Therefore, itispossibletoselect
a resist material used for re-application while placing
importance on etching resistance rather than a resolution,
so that the surface of the antireflective layer is protected
from the subsequent etching process. Fuxrther, when using the
same resist material as the resist mask of the antireflective
layer 13, it is preferable to set a large thickness for the
resist. Next, the light shielding layer 12 and the phase shift

layer 16 are simultaneously patterned under the F etching



- 38 - CLAIM5 1. A nethod of fabricating a photonmask,
conpri si ng: a step of preparing a photomask

bl ank i ncluding an antireflective |layer of a netal
compound fil mwhich cannot be substantially etched by
chl ori ne-based dry etching not containing oxygen (C
based) and can be etched by chl ori ne-based dry

et chi ng contai ni ng oxygen ( (Cl1+0) based) , the
antireflective |layer being stacked on a |ight
shi el ding layer of a netal- 86é|-m which cannot be
substantially etched by chl ori ne-based dry etching
cont ai ni ng oxygen ((C + 0) based) and can be etched
by ednddtiem bhasddgdime wittvefitecitivectayteni I3 Rg OX§GHing
(d b s?gi and fluorine-based dry etching (F based),

a 158 BB P hatterning the antireflective | ayer

by &ﬁkog 0) -based dry etching using a resist mask
fornmed by patterning on a principle surface of the
ant i r efAfgeli tieid pyetermng, the aAtfeIIREtStE€LQer 13 of
patterning the |ight shielding | ayer by F-based dry
et ChFHE™HER FPmPRENG 461 Ramenad Tt { @%ﬁl%’cﬁaﬁedldafye?tcﬁl}ﬂa

AU EHe groyyg hEEFLIL LI (723 B Nt g
f ab6) cahttgr ehphOtREMSHht CRIGNdiSlgNILyeSURSEEIH ilhY £iGm
the second step of claim1l, a step of
add? FPBPERd §Y Shobaekhdra eselbrg (Fiwirst Sihehd ftbe med iby
DA DA% BB, S PR E AL b UL o
is completed (Figure 5I).
[0091]

When it is necessary to finely pattern the mask layer,
it is preferable to reapply the resist immediately before
the etching of a light shielding pattern. In this case, it
is necessary to set a relatively large thickness for the firs"t
provided resist to easily keep the resist in the processing
process of the antireflective layer, the 1light shielding layer,
and the phase shift layer or it is necessary to design the
thickness in consideration of the denaturation of the

-antireflective layer in the processing process.
[0092] |

When processing a blank for a phase shift mask using
a silicide £ilm as the antireflective layer, the resist can
be reapplied in the same steps as the case where fine processing
is necessary for the mask layer, in the processing of the

blank for the phase shift mask including the antireflective
layer of the chzromium compound.

[0093]



a step of patterning the antireflective |ayer and the
light shielding |ayer by dry etching using the second
resi st mask. 3. The method of fabricating photonask
bl ank according to claim1 or 2, wherein the netal
filmis a nmetal or alloy nmainly conposed of at | east
one netallic elenent selected fromtantal um (Ta)
tungsten (W , zirconium (Zr) , hafnium(H ) ,
vanadi um (V) , niobium (No) , alum num (Al') , and
germanium (Ge) . - 40 - -437 Fhe met hod of
fabricating photonmask bl ank according to any one of
claims 1 to 3, wherein the light shielding |ayer is
made uprhef ple Eimasil blankobfstiac pedsamt alnvienki@n anfl. the
“The_net hod of fabricating photonmask bl ank according

t o PRRYORARE SrbEICAtRE ysing Ahephotepask Hélamkgﬁ?ve been

shi ne

o, SGper i B S d b AR Sk b Tuse

aceRafhleg for aiylcndathg ¢haipiBsdntt mn\%enWﬂwraimtﬁ&Ethe

antireflective layer has an extinction coefficient k

of Ppesentoinvepigingis ot dipifed/ etpeﬁ’gwe cimbedipeiiie

li thod abric t otonas hl a
Whspusgind AR S STt chBop ot pET it e

accor 0 an ST
- angddpRf b_ecmevgrleaa@f inReh i8S aah i@as.S.;t o€ fom the
chrom um conpound filmand a silicide film 8. The
nedésgghiptidalthataotigy yholomasbbilametac ege davaj ndle
claim.7, wherein the chron1un1congound i's a conpound
1&% T 5588 oPE Hheo AFEFAYX TBES S %ni um nitri de,
or nltrlde chromate. 9. The nethod of fabricating
phot omask bl ank according to claim7, wherein the
Silndastheidls AppLoegraiiadynai nl y conposed of silicon

oxide, silicon nitride, or silicon oxygen nitride.
[0094]

The present invention provides a photomask including
a fine photomask pattern formed with high precision, and a

photomask blank for providing the photomask.



- 41 - 10. The method of fabricating photomask bl ank
according to claim9, wherein the suicide contains
oxide, nitride or silicon oxygen nitride of a
transition nmetal. -11. The ngthod of fabricating

phot omask bl ank according"t% claim 10, wherein the
transition netal is selected from nol ybdenum ( M)
tantalum (Ta) , tungsten (W , zirconium (Zr) , .
drnism (Hf) , vanadium (V) , and niobium (No) . 12.
The nethod of fabricating photomask bl ank accordi ng
to claim1ll, wherein the transition netal in the
silicide has a concentration ranging fromO0.2 at.%to
25 ath Wethrdl ofhdapatised 108 Rabhicsaliagd pRoreFasknd:

e s EiCed EC TR Atgr & SOREAECHS B ESp GAUOr FonaD
SR A N S R R TRREk oS 1l B o
T TGy GO B S HIG AN Ry e R R hy not
R bt 2 o s bt ded D o 13 ght SRrel d ng

é@ﬂir(é'-zaa%b)l gf;ge@eh%b@o@aﬁﬂrﬂﬁ@e@@}t@ phot anBskased) ,

substrate ( he netal film cannot

Subshantdcailey:-ratehedyby 1841 10f isterdasednds 1 iefrthishgelding
cont ai ni ng oxygen ((C + 0)-based dry etching) and
tanebe etachedaby £ hinowh hek based>de etthtrgtrietlly etched
cont ai ni ng oxygen (Cl-based dry etching) and
By udrlicvetrraseds att ydmst chiaig n(dFdvaded rdmyg eotgieng)(. (Cén+ O)
the light shielding |ayer (12), a metal conpound film
kgsse) amd cefl bet pvehpayley ¢hB)rimgebaeedldcoiieingg not
fil mcannot be substantially etched bg chlorin -baseg,
G- B G @FVEETC 6ht RFHTFY SRFgenuPELRBaRRETF E&R1NY
be etched by at | east one of chlorine-based dry
cont ai ni ng oxygen ((d + 0) based) and

fluo%???ig%sggegn%f%%%Q%%%igg Qﬁgeggtiﬁiglegtive layer by
(Cl + 0O)-based dry etching using a resist mask formed by
patterningonaprinciple surface of theantireflective layer,
and

a second step of patterning the light shielding layer
by F-based dry etching using the patterned antireflective
layer as é hard mask:; :

wherein the resist mask has a thickness of 100 nm to

250 nm.
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2. A method of fabricating a photomask, comprising:

subsequently to the second step of claim 1,

a step of additionally providing a second resist mask
formed by patterning on the patterned antireflective layer
after the resist mask is removed, and

a step of patterning the antireflective layer and the
light shielding layer by dry etching using the second resist

mask.

3. The method of fabricating photomask blank according to
claim 1l or 2, wherein the metal film is ametal or alloymainly
composed of at least one metallic element selected from

tantaium.(Ta); tungsten (W), zirconium (Zr), hafnium (HE),

vanadium (V), niobium (Nb), aluminum (Al), and germanium (Ge) .
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4. The methed of fabricating photomask blank according to
any one of claims 1 to 3, wherein the light shielding layer

is made up of a plurality of stacked metal films.

5. The method of fabricating photomask blank according to
any one of claims 1 to 4, wherein the light shielding layer

has a thickness of 15 nm to 50 nm.

6. The method of fabricating photomask blank according to
any one of claims 1 to 5, wherein the antireflective layer
has an extinction coefficient k of 0.2 to 1.0 relative to

a wavelength of exposure light.

7. The method of fabricating photomask blank according to
any one of claims 1 to 6, wherein the antireflective layer
includes at least one of a chromium compound filmandasilicide

film.

8. The method of fabricating photomask blank according to
claim 7, wherein the chromium compound is a compound mainly
composed of chromium oxide, chromium nitride, or nitride

chromate.

9. The method of fabricating photomask blank accerding to
claim 7, wherein the silicide is a compound mainly composed

of silicon oxide, siliconnitride, or silicon oxygennitride.
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10. The method of fabricating photomask blank according to
claim 9, wherein the silicide contains oxide, nitride or

silicon oxygen nitride of a transition metal.

-11. The method of fabricating photomask blank according to
claim 10, wherein the transition metal is selected from
molybdenum{Mo),tantalum(Ta),tungsten(W),zirconiﬁm(Zr),

hafnium (Hf), vanadium (V), and niobium (Nb).

12. The method of fabricating photomask blank according to
claim 11, wherein the transition metal in the silicide has

a concentration ranging from 0.2 at.% to 25 at.%.

13. The method of fabricating photomask blank according to
any one of claims 1 to 12, wherein the antireflective layer

is made up of compound films stacked with different

cempositions.

14. The method of fabricating photomask blank accerding to
any one of claims 1 to 13, wherein the antireflective layer

has a thickness of 15 nm to 30 nm.



