1A - DESCRI PTI1 0N REFLECTION TYPE PHOTOVASK BLANK, REFLECTI ON TYPE
PHOTOMASK, AND METHOD OF MANUFACTURI NG 5 SEM CONDUCTOR DEVI CE USI NG THE
SAME Technical Field The present invention relates to a nethod of

manuf acturing a semi conductor device by 10 photolithographic gmmemeﬂMMﬁ“
extrene ultraviolet (EUW) light, especially light having wav

soft X-ray region, a reflection type photomask and a reflection type.
phot omask bl ank used in this nethod. Background Art 15 | n-the—+recenttrend _

of high degree of integration in sem conductor elenents, them’ "M WMMMF'
increasing demand for mniaturizatio f_necessary pattern i
substrate by photolithography. | t%eyccgrﬁ‘/e%t? onat 9 hod of .
photol ithography 20 using a lanp light source (wavel ength of 365*@#2*or an

. . : ¢
vl angth of 11 ght solegic LR atery Bortilelliglane 3 %”?’gg’géeﬂ'eﬂge"
R EERLE s o S
processing as finely as 10% nm or | ess. Fn t'he "devel 6pnent  of
photolithography, it has been pronoted to use F2 |aser |ight (wavel ength
of 157 nm which is exciner |aser |Teghiniignla sikard er wavel ength regi on.

However, since the half size of
The present invention relates to a method of

manufacturing a semiconductor device by

10 photolithographic method using extreme ultraviolet
(EUV) light, especially light having wavelength in a
soft X-ray region, a reflection type photomask and a
reflection type photomask blank used in this method.

Background Art

15 In the recent trend of high degree of integration
in semiconductor elements, there is an increasing
demand for miniaturiiation of necessary pattern
transfer on Si substrate by photolithography.

In the conventional method of photolithography

20 using a lamp light source (wavelength of 365 nm) or an
excimer laser light source (wavelength of 248 nm or
193 nm), shortening of wavelength of light source is
nearing the exposure limit. There is hence an urgent
need to establish a new method of photolithography

25 capable of processing as finely as 100 nm or less.

In the development of photolithography, it has

been promoted to use Fy laser light (wavelength of
157 nm) which is excimer laser light in a shorter

wavelength region. However, since the half size of



2 exposure wavel ength is usually the substantial limt of devel opnent,
the processing limt is about 70 nm As disclosed in Jpn. Pat. Appln. KOKAI
Publ i cation No. 2001-237174, a new nethod has been devel oped, that 5 is,
EUWV |ithography using a |ight source of EUV |ight (wavel ength of 13 nm
havi ng a wavel ength nore than one digit shorter than in F2 |aser |ight,
specifically 10 to 15 nm Refractive index of substances in a wavel ength
10 region of EUV light is only slightly smed ler than 1. In this method of
EUV |ithography, since a refractive optical system cannot be used unlike

in the conventional exposure light source, a reflective optical systemis
used for exposuFé‘PqSHrteEé"ana&n&qﬁ‘t H 518! Séditdhn B 5agHtia la gkt Q9

subst ances have i | i.gh bsaqrhi property. .Therefaqr as a phot onmask
for pattern tr arcllg?’}e%rl,%%énernécf’l tetc%l %%Otcf%%‘lp oﬁ&ﬁ%ék % ab@s‘%deﬁon%ad of the

exi sting transm ssiond m%ﬂW%'JﬁmusPati.nA 8 LR Ofp BN cation

| i t hography, the 20 optical system and t he photdnmask used in exposure are

evidently diffenent 2fonamihose , used el reh@ ccoMUENHRAlde RN, that
technol ogy. This reflection type photomask for the EUV |I|ithography is

conposed bf a flat SUVsubhshoatrapdly asidy @onpeditt &oguald » fSEBL Nalgt a
mrror (reflection mrror) having a high reflectivity in an EUV wavel ength
region formed tleagedcnand afl ighnmabserphnigon Wayelesfgth more than one

digit shorter than in Fp laser light, specifically 10
to 15 nm.
Refractive index of substances in a wavelength
10 region of EUV light is only slightly smaller than 1.
In this method of EUV lithography, since a refractive
optical system cannot be used unlike in the
conventional exposure light source, a reflective
optical system is used for exposure. In the wavelength
15 region of EUV light, almost all substances have a high
light'absorbing property. Therefore, as a photomask
for pattern transfer, a reflection type photomask is
used instead of the existing transmission type
photomask. Thus, in the method of EUV lithography, the
20 optical system and the photomask used in exposure are
evidently different from those'used in the conventional
exposure technology.
This reflection type photomask for the EUV
lithography is composed of a flat Si substrate or a
25 composite quartz substrate, a mirror (reflection
mirror) having a high reflectivity in an EUV wavelength

region formed thereon, and a light absorption layer of



3 heavy netal having a particularly high absorbing property of EUV |ight
formed further thereon, being patterned according to a desired exposure
pattern. The mrror (reflection mrror) reflecting the EWW 5 light is a
multilayer reflection filmconposed of materials largely different in
refractive index. The refraction type photonask transfers the exposure
pattern by contrast of EUV exposure reerct#vity between the absorption
region having the nultilayer 10 reflection Tilmsurface covered with the
i ght absorption Iayer and the reflection region haV|ng the mul til ayer

reflection fiIm pased w t hout .t.he h&ﬁt sor Pl Iayer

Usual |y, the pat ﬁﬁﬁg?ﬁédqbnjfﬁbali j;;i§§%ﬂ£§ 3 t@ ;F%blnfpigge?
by emitting dee dravigy i v of__abou 0
260 nmto the nggfﬂéurfaéé %%%tectlng theere%%ggpe %P%Q%O 5 nébsurlng

the contrast of gaefdeatlddViddtordIRRLitld Galdek: Ak oS at%e%ffer layer
which is 20 provided i medi ately beneath the Ilght absorp ion layer as a

protective |ayer of tie mildrdmayefe flefdrdeln el driddn rieFiused s thd gfdvect i on
region. Then, before processing the pattern of the |ight absorption |ayer,

based on fhe codﬂ9@§tl@far@bﬂ@@ﬂﬁwemynmﬂﬂhcth@n251abs@bppbsndreglon of the

patterned |ight absorption Ilayer surface, it is inspected whether the

| i ght absorptl8ﬁtﬁé9éﬁsléaﬁaﬁﬂérﬁééf&ﬁénﬁoﬁﬁedeéga@éswﬁedndex The

refraction type photomask transfers the exposure
pattern by contrast of EUV exposure reflectivity
between the absorption region haQing the multilayer

10 reflection film surface covered with the light
absorption layer, and the reflection region having the
multilayer reflection film surface exposed without the
light absorptibn layer.

Usually, the pattern formed on the light

15 absorption layer is inspected by emitting deep
ultraviolet (DUV) light having wavelength of about 190
to 260 nm to the mask surface, detecting the reflected
light, and measuring the contrast of-reflectivity.
Specifically, the surface of a buffer layer which is

20 provided immediately beneath the light absorption layer
as a protective layer of the multilayer reflection film
is used as a ;eflection region. Then, before
processing the pattern of the light absorption layer,
based on the contrast of reflectivity with the

25 absorption region of the patterned light absorption
layer surface, it is inspected whether the light

absorption layer is patterned and formed as desired.



A Inthis first step of inspection, it is intended to detect whether the
| i ght absorption |ayer to be renoved by etching is left over on the buffer
| ayer (black defect), and whether the |ight absorption |layer to be 5 left
over on the buffer layer wi thout being etched is partly renoved by etching
(white defect). After correcting the defect detected in the first step of

i nspection, the buffer layer is renoved, angl the surface of the nmultilayer
reflection filmbeneath 10 the buffer layer is exposed, after which the
pattern forned in the Iight absorption layer is finally inspected in the

second step. Therd ivhls finspecddan d6 iRgdaringd by °P§e{r¥ﬂét}%jé+“ec ontrast
e

of reflectivity between the absorption region conposed o i ght 15

absorption | ayedengdaahenttt htd efil@nt isdRe ih ofaydhe dd i }aysfed
reflection filmsurface. It may be inspected w thout renoving the buffer

| ayer, but the bwfeftarhilrgydrs ilefof tearer enmpwek hecaese theexjstanice of a
coated filmof the buffer layer on the nultilayer 20 reflection film
surface tends t &€&y t faG ehegdaitthe lgfghtthebmerrt imyrerl aveft ent iton il m

The inspegtion of the |ight absorption |ayer pattern by DUV inspection
light in the firsttany SeondnestdifL gt Liaviegnded hos tothedmee atimhasbrits ast  of

DU light 25 r %ﬁtivit v%ﬁé@@en t he buﬂ&%ﬁ | ayer_ surface fromwhich the

fl
li ght absorptioh - Fayer dd SHTE e §Ft 485&5 Dt on | ayer surface

on which the light afrier correcting the defect detected in the first
step of inspection, the buffer layer is removed, ‘and
the surface of the multilayer reflection film beneath
10 the buffer layer is exposed, after which the pattern
formed in the light absorption layer is finally
inspected in the second step. The final inspection is
performed by observing the contrast of reflectivity
between the absorption region composed of the light
15 absorption layer surface and the reflection region of
the multilayer reflection film surface. It may be
inspected without removing the buffer layer, but the
buffer layer is often removed because the existence of
a coated film of the buffer layer on the multilayer
20 reflection film surface tends to lower the reflectivity
of the multilayer reflection film. |
The inspection of the light absorption layer
pattern by DUV inspection light in the first and second
steps is intended to obéerve the contrast of DUV light
25 reflectivity between the buffer layer surface from
which the light absorption layer is removed and the

light absorption layer surface on which the light



5 ahsorption |ayer remains wthout being renmoved, and between the
multilayer reflection filmsurface from which the buffer |layer is renoved
and the light absorption |ayer surface. Therefore, to enhance the 5
precision of inspection, it is desired that the difference in reflectivity
is greater in the DUV inspection wavelength region, between the buffer
layer surface and the light absorption layer surface in the first step,
and between the nultilayer reflection film10 surface and the |ight
absorption |layer surface in the second step. Disclosure of Invention The

invention is co ionest it | it ho , it is hence an
obj ect thereof '?%eé 15 prlocf/hi dl%%%%%gt%% lptﬁﬁgqp%rﬁﬁg%sﬁ(e@%eé’c|aenn ly | ow
not only in the b@ﬂwaeirgftmeem&m%&ﬁ lreGtiaddibrate ithe s fd fR. Ofe Adpansfer of
an exposure pattern, but also in l'i ght exposure reflectivity at the
time of patternwhindpetid euidfera layght iabsemplviean dramivmat ad Jrayer, 20
having a light absorption |am nated [ayer capable of obtaining a
~sufficient refl ebsionpty ccoiayast siur facer.ef ITeetriedo reggiten e rvathzapall e of

hi ghly accurate inspection and mask pattern transfer. It is also an object
of the inventi oRTESLSEOW @& dnsPsctdphectiton st Yles iplest ¢imagk tileank obt ai ned

by processing reflection type photonask sufficiently |lownot only in
the EUV |ight eaﬁggﬁfganfP@cfﬁé#?&téylFﬁelﬁlﬁéeéﬁer in the DUV

inspection wavelength region, between the buffer layer
surface and the light absorption layer surface in the
first step, and between the multilayer reflection film

10 surface and the light absorption layer surface in the
second step.

Disclosure of Invention
The invention is conceived to improve the EUV
lithography, and it is hence an object thereof to

15 provide a reflection type photomask sufficiently low
not only in tﬁe EUV light exposure reflectivity at the
time of transfer of an exposure pattern, but also in
DUV light exposure reflectivity at the time of pattern
inspection of a light absorption laminated layer,

20 having a light absorption laminated layer capable of
obtaining a sufficient reflectivity contrast in a
reflection region, and capable of highly accurate
inspection and mask pattern transfer.

It is also an object of the invention to provide a

25 reflection type photomask blank obtained by processing
a reflection type photomask sufficiently low not only

in the EUV light exposure reflectivity at the time of



6 transfer of a mask pattern, but also in DUV |ight exposure reflectivity
at the tine of pattern inspection of a |light absorption |am nated | ayer,
having a |ight absorption |am nated |ayer capable of obtaining a 5
sufficient reflectivity contrast in a reflection region, and capabl e of

hi ghly accurate inspection and mask pattern transfer. It is a further

obj ect of the invention to provide a nethod of manufacturing a o

sem conductor device 10 capable of transferfing pattern at high precision
by EUV light. According to the invention, there is provided a reflection

type photonmask Rkl apk i S| no. rate; a ,mul t.il reflection film
p?/gvi ged on thebC15 su %?‘; Q%nsffalsc:.%%n’at?giotr patlisoon J1na;,J]T:%ﬁr?)z'itl?alc?jtayer
including a firsxkddgite aRsarid; r i : ,
reflecti gn film arlichlj cont ai ni r?gltdtlgilltda}?ﬁ bg{lééwsl?[%?co?;,péa%%wsltedcﬁﬁﬁoéht
absorption layewnf lsamiraitedben ddte di Nsimilighld absemt iR imyer 1anh20
containing at | east one of nitrogen and oxygen, and tantalum and silicon.
Accordi ng to thebispvertioon,larhierast dds lpryevr degadpler effl etttadmitngpe phot omask
conprising: a reflection type photomask bl ank which includes: substrate; a
mul til ayeg 25 r eNf&dCiloRt inedlgchiivded cwnithe ssuist ratref lamt imnl i ght
absorption lamnated layer including a first |light absorption |ayer

provi ded on thefREAMPapdf FéPRELE &f highly accurate inspection ‘and

mask pattern transfer.

It is a further object of the invention to provide

a method of manufacturing a semiconductor device
10 capable of transferring pattern at high precision by
EUV light.

According to the invention, there is provided a
reflection type photomask blank comprising: a
substrate; a multilayer reflection film provided on the

15 substrate; and a light absorption laminated layer
including a first light absorption layer provided on
the multilayer reflection film and containing tantalum
and silicon, and a second light absorption layer
laminated on the first light absorption layer and

20 containing at least one of nitrogen and'oxygen, and
tantalum and silicon.

According to the invention, there is provided a
reflection type photomask comprising: a reflection type
photomask blank which includes: substrate; a multilayer

25 reflection film provided on the substrate; and a light
absorption laminated layer including a first light

absorption layer provided on the multilayer reflection



JZ filmand containing tantalum and silicon, and a second |ight absorption
| ayer | am nated on the first light absorption |ayer and containing at

| east one of nitrogen and oxygen, and tantalumand silicon; and a 5
pattern processed in a light absorption |am nated |ayer of the reflection
type photomask bl ank. According to the invention, there is provided a

met hod of manufacturing a sem conductor device conprising: emtting
extrene ultraviolet ray to a 10 reflection type photomask conprising: a
reflection type photormask bl ank which includes: substrate; a nultil ayer

reflection fil mgproyigded ﬁhgﬂ%ﬁ'@%é’rﬁ;ﬁun@%@ Allj?l;%/oerll’,abérg)cﬁ P11 O ong

| am nated |l ayer including a first 1ight absorption provi ded on the
mul tilayer refl actgron addofd iBramc wont @ini g dand@l e and-si 11 o0, and a
second |ight absorption |ayer lamnated on the first |ight absorption

| ayer and cont aiabswyretidredstyeonearaf carntdaiogeny aitd lexagennnanst t ant al um and
silicon; and a pattern processed in a |light absorption |am nated |ayer 20
of the reflecti dntsqEemplrothrasiodt arkid eqposiingr and esi stcdayernd ox
extreme ul traviolet ray provided on a sem conductor substrate by a

refl ected?l i ght PPt RARIES T g N patitadytn 2B it idws ckaptnaredflayemi ngs
25 FIG 1 is a sectional view.show ng an enbodi ment of a reflection type

phot omask bl ank %5f e GSV&RIGT CYRSGPR fas ks ddiddval vi ew showi ng an

embodi ment According to the invention, there is provided a

method of manufacturing a semiconductor device
comprising: emitting extreme ultraviolet ray to a

10 reflection type photomask comprising: a reflection type
photomask blank which includes: substrate; a multilayer
reflection film provided on the substrate; and a light
absorption laminated layer including a first light
absorption layer provided on the multilayer reflection

15 film and containing tantalum and silicon, and a second
light absorption layer laminated on the first light
absorption layer and containing at least one of
nitrogen and oxygen, and tantalum and silicon; and a
paﬁtern processed in a light absorption laminated layer

20 of the reflection type photomask blank; exposing a
resist layer for extreme ultraviolet ray provided on a
semiconductor substrate by a reflected light; and
transferring a pattern.

Brief Description of Drawings

25 FIG. 1 is a sectional view showing an embodiment

of a reflection type photomask blank of the invention.

FIG. 2 is a sectional view showing an embodiment



8 of. areflection type photomask. FIG 3 is a graph show ng an exanpl e of
X-ray diffraction data of an alloy filmconposed of Ta and Si. 5 FIG 4
is a diagramshowi ng the relation between danping coefficient and sheet
resistance related to a TaSi-based material. FIG 5 is a diagram show ng
the rel ati on between danping coefficient and sheet resistance related to a
10 TaSi -based material. FIG 6 is a diagraq1shomﬁng the relation between
danpi ng coefficient and sheet resistance related to a TaSi-based naterial.
FIG 7 is a diagramshowi ng the relation between 15 danping coefficient

and sheet.resisk&n%eﬁgyygd%idﬁ)5§péT%ﬁotQ?%gq”nateriaI. FIG 8 is a diagram

showi ng the rel ation between danping coefficient and sheet resistance
related to a TaSi-based Mty ialgradh BHGwihd S SN «shaning fhe

rel ati on between danping coefficient of a first |ight absorption |ayer
and filmthickness fofaca isecondal icghtanaladdogt ifanm ayaposeElGorl@a ainad
schematic sectional view of a manufacturing process of an exanple of a
refl ection 25 Sype photomask according to a first aspect of the

invention., FIG 11 is _a schematic sectional view of a .
5 FIG. 4 is a diagram showing the relation between

damping coefficient and sheet resistance related to a
TaSi-based material.

FIG. 5 is a diagram showing the relation between
damping coefficient and sheet resistance related to a

10 TaSi-based material.

FIG. 6 is a diagram showing the relation between
damping coefficient and sheet resistance related to a
TaSi-based material.

FIG. 7 is a diagram showing the relation between

15 damping coefficient and sheet resistance related to a
TaSi-based material.

FIG. 8 is a diagram showing the relation between
damping coefficient and sheet resistance related to a
TaSi-based material.

20 FIG. 8 1is a graph showing the relation between
damping coefficient of a first light absorption layer
and film thickness of a second light absorption layer.

FIG. 10 is a schematic sectional view of a
manufacturing process of an example of a reflection

25 type photomask according to a first aspect of the
invention.

FIG. 11 is a schematic sectional view of a



9 manufacturing process of an exanple of a reflection type photonmask
according to the first aspect of the invention. FIG 12 is a schematic
sectional view of a 5 manufacturing process of an exanple of a reflection
type photonmask according to the first aspect of the invention. FIG 13 is
a schematic sectional view of a manufacturing process of an exanple of a
reflection 10 type photomask according to §¢he first aspect of the
invention. FIG 14 is a graph showi ng spectral reflectivity characteristic
of a light absorption |am nated | ayer by changing the thickness of the

first .1ight abseipfirtlalayeandd he %%C%gl%hto@%qgli%oé}t#&yer' FIG

15 is a graph show ng spectral reflectivity racteristic o e |ight
absorption | am ngiped ghayeina 0 Lanaiing the dHi gkness Lfddhe J¢ ngle | i ght
absorption |ayer and the second |ight absorption layer. 20 Best Mde for
Carrying Qut theénvenedbinan A reflection type photomask bl ank of the
invention includes a substrate, a nmultilayer reflection film provided on
the substrate, and afliGghtl Zabsorptidremdtam rsatogd dreglerviprvovdfled on t he
multilayer reflection 25 film wherein the |ight absorption |am nated | ayer
is fornmed in aMPRRMLAGTEE 186G RPECGES ScOfsiadt iergnefl ea offi estre filiegitticabsor pt i on

| ayer containing tantglun1an silicon, ,
ype photomask according to the first aspect of the

invention.

FIG. 13 is a schematic sectional view of a

manufacturing process of an example of a reflection
10 type photomask according to the first aspect of the
invention.

FIG. 14 is a graph showing spectral reflectivity
characteristic of a light absorption laminated layer by
changing the thickness of the first light absorpfion

15 layer and the second light absorption layer.

FIG. 15 is a graph showing spectral reflectivity
characteristic of the light absorption laminated layer
by changing the fhickness of the first light absorption
layer and the second light absorption layer.

20 Best Mode for Carrying Out the Invention

A reflection type photomask blank of the invention
includes a substrate, a multilayer reflection film
provided on the substrate, and a light absorption
laminated layer provided on the multilayer reflection

25 film, wherein the light absorption laminated layer is
formed in a laminated structure consisting of a first

light absorption layer containing tantalum and silicon,



10 and a second |ight absorption |ayer containing tantalum silicon and
nitrogen and lam nated on the first |light absorption |ayer. A reflection
type photonask blank is a product 5 before processing of the reflection
type photonmask, and its |ight absorption |lamnated |ayer is not patterned
according to the exposure pattern to be transferred. The reflection type
phot omask of the invention has the sane structure as the reflection type
phot omask 10 bl ank except that the |ight absorption |lam nated |ayer is
patterned. According to the invention, the |light absorption |am nated

llayer used in thed ef lLetd QN Livpg %Q%&ﬁggﬁgﬁ¥?%§%ﬁi?gﬁﬁum?ﬂh l ection type

phot omask i s conposed of 15 | am nation absorption | ayer

low in reflectivdrtyalain, east do B IHiGhHo PRSI ardithta SREME |1 ght
absorption layer lowin reflectivity to EUV |light exposure and
reflectivity to D1 ilghiht edpeswtaonlhnenefrare, an excellent reflectivity
20 contrast is obtained in the reflection region, not only at the tine of
pattern transfer expdsures IpctBlOvt Ityglet phdigimaadks o lank hies td meraafudtnspecti on
exposure by DUV light. As a result, the inspection precision of the

refl ecti of typePpicStIEnRscand ipat Lér it her aesilecti®nptaries pd tare sénhamced.

The nmet hod of manufacturing a sem conductor device of the invention
i ncl udes a steplSF ﬁﬁgﬁ§fé Fpﬁﬁtﬂﬁg laminated layer is not patterned

according to the exposure pattern to be transferred.

The reflection type photomask of the invention has

the same structure as the reflection type photomask
10 blank except that the light absorption laminated layer
is patterned.

According to the invention, the light absorption
laminated layer used in the reflection type photomask
blank and the reflection type photomask is compésed of

15 lamination of a first light absorption layer low in
reflectivity at least to EUV light exposure, and a
second light absorption layer low in reflectivity to
EUV light exposure'and reflectivity to DUV light
exposure. Therefore, an excellent reflectivity

20 contrast is obtained in the reflection region, not only
at the time of pattern transfer exposure by EUV light,
but also at the time of inspection exposure by DUV
light. As a result, the inspection precision of the
reflection type photomask and pattern transfer

25 precision are enhanced.

The method of manufacturing a semiconductor device

of the invention includes a step of transferring the



A1 pattern by emtting an extreme ultraviolet (EW) light to the
reflection type photonask, and exposing the reflected light to a resist

| ayer for EUV light provided on a sem conductor substrate. 5 In the next
devel opi ng step, an unnecessary portion of the resist layer is renoved,
and a pattern of the resist layer is formed on the substrate. Thereafter,
a processing object |layer is etched by wusijng the pattern of the resist
layer as a mask, the 10 pattern of the resist layer is renoved, and then a
pattern precisely conformng to the photomask pattern is transferred on

the substrate. Idgyddd S MAANGI: @ nF el Cé%!%eorqJ]dceﬁ’allxgieqbliaescngféetﬁ}'s)”eldigfr}tcal y

Referring now to the drawi ngs, the invention w peci

described bel owtdFlthe kdfSl c-tSieat i1 pHAWM s 1@n Hpedi {%?ﬁtﬁé

refl ection type photomask bl ank of ‘the’invention, and G Zis a
sectional view ofefdrcrebdiingit tof 2 rasfdteatdy@r toqre mhwtiampsk. 20 As
shown in FIG 1, a reflection type photonmask blank 10 of the invention

i ncl udes a nul t idraydded effl ectseon darldncora sulffteratdeayer 3, and a |ight
absorption lam nated |ayer 4 sequentially lamnated on a substrate 1. The
| i ght absaor ption | anilfattd® Ingper @?‘%lqmﬁi%bqwrl a?lsIErurB”tZQﬁﬁslﬁére/ of a fldr st
| i ght absorption |ayer 41 provided on the huffer layer 3, and a secon
Iight absorBti ok O &y & &’% Pr6vitded SthePdGF. 1Ph&eB\eresl: and a pattern

of the resist layer is formed on the substrate.
Thereafter, a processing object layer is etched by
using the pattern of the resist layer as a mask, the

10 pattern of the resist layer is removed, and then a
pattern precisely conforming to the photomask pattern
is transferred on the substrate. 1In this manner, a
semiconductor device is obtained.

Referring now to the drawings, the invention will

15 be more specifically described below.

FIG. 1 is a sectional view of an embodiment of a
reflection type photomask blank of the invéntion, and
FIG. 2 is a sectional view of an embodiment of a
reflection type photomask.

20 As shown in FIG. 1, a reflection type photomask
blank 10 of the invention includes a multilayer
reflection film 2, a buffer layer 3, and a light
absorption laminated layer 4 sequentially laminated on
a substrate 1. The light absorption laminated layer 4

25 has 'a two-layer structure of a first light absorption
layer 41 provided on the buffer layer 3, and a second

light absorption layer 42 provided thereon. The buffer



12 l,ayer 3 is provided arbitrarily. The nultilayer reflection film2 has
a lamnated structure, but is sinply shown as a single layer in the
drawing. As shown in FIG 2, a reflection type photomask 20 5 of the
invention is simlar to the structure in FIG 1, except that a |ight
absorption |lamnated | ayer 4a consisting of a patterned first |ight
absorption layer 4la and a patterned seco | i ght absorption |ayer 42a is
provi ded i nstead of the |ight absorption layer 4 10 consisting of the first
| i ght absorption |ayer 41 and the second |ight absorption |ayer 42, and

that a patterned, auyf er sl ayek i34 $ BLQW i ns d_of .t. uffer |ayer
3. In the reflectybn tysg %hoténask 50} ggﬁgﬁfs gggtg@%tgﬁg ggéing, t he

l'i ght absorptioretddcanbnatedml ayaks4al 3apdhbkrdr erRved and e spartly
exposed portion of the surface of the nmultilayer reflection film2 forns a

reflection regi eimBlywshben thear etagiiengasuif asetak dhawlinght absorption

| am nated |ayer 4 forns an absorption region A At this tinme, 20 the

mul til ayer reflectiodsfishew2 danFBE.pLot ectred lpyt iiont erypes iphg tareaykpi2tg

| ayer (not shown) between the buffer layer 3 and the nultilayer reflection
film2. The mafertBe éPVEREieBppPngilmayar tAckhdestriiotusranpl EIGRul, Zr,

Si, Nb, and nitrides_ and oxidis 25 thereof. The first Iight absorption
|l ayer in the | of8FSPlayBRtof tRENFi §RECEBELPPL LBRINARFAatedeFagér cont ai ns

consisting of a patterned first light absorption layer
4la and a patterned second light absorption layer 42a
is provided instead of the light absorption layer 4

10 consisting of the first light absorption layer 41 and
the second light absorption layer 42, and that a
patterned buffer layer 3a is provided instead of the
buffer layer 3. 1In the reflection type photomask 20,
by this pattern processing, the light absorption

15 laminated layer 4 is partly removed, and the partly
exposed portion of the surface.of the multilayer
reflection film 2 forms a reflection region B, while
the remaining surface of the light absorption laminated
layer 4 forms an absorption region A. At this time,

20 the multilayer reflection film 2 can be protected by
interposing a capping layer (not shown) between the
buffer layer 3 and the multilayer reflection film 2.
The material of the capping layer includes, for
example, Ru, Zr, Si, Nb, and nitrides and oxides

25 thereof.

The first light absorption layer in the lower

layer of the light absorption laminated layer contains



A3 Ta and Si. Ta is a material having a high absorbing property for |ight
in a short wavel ength region such as EUW I|ight. However, a single film of
Ta tends to forma 5 crystalline filmsuch as a-Ta or R Ta. In such a
crystalline state, the surface becones rough due to effects of Ta crystal
particles, and it is hard to obtain a |light absorption |am nated | ayer
surface of high snoothness. Further, due g effects of the Ta 10 crystal
particles, it is hard to obtain excellent etching anisotropy of |ight
absorption lamnated |ayer wth respect to dry etching, the pattern edge
beconmes rough, Tandiddheipatterning precision tends to decline. To assure
snoot hness on the |ight absorption |amnated 15 | ayer surface, and to form

a pattern by ani sotrdp ds pr acassiing Mawsige dHiyreteidieion tHiedd ahit
absorption lamnated layer, it is desired that the crystalline state of
the |ight absorﬁ@wodlD@¢|n@t@dshay&rwbaelamgmphmegloaosB¢hadd|mgva proper
anmount of Si to Ta, the obtained alloy tends to be anorphous easily. FIG

3 is a graph shéwiomg -anHexavsire 6f Sinoade Idilff pdcTiRonedasatof fanmalal oy fil m
of Ta and_Si. In the graph, reference nuneral 301 shows the 25 result of
measur enent of REYE)2 lﬂPFaéﬂlﬁnswﬁgna?aarga e60Pafey 3d2 §H6@sathe resul t

_ 0 0
ngneasurenent Of Xta§¥1nglggg%cglgge surfacelge%gmgsagé%%gd IS 3.6 at%

effects of Ta crystal particles, and it is hard to
obtain a light absorption laminated layer surface of
high smoothness. Further, due to effects of the Ta

10 crystal particles, it i1s hard to obtain excellent
etching anisotropy of light absorptidn laminated layer
with respect to dry etching, the pattern edge becomes
rough, and the patterning precision tends to decline.
To assure smoothness on the light absorption laminated

15 layer surface, and to form a pattern by anisotropic
.processing by using dry etching on the light absorption
laminated layer, it is desired that the crystalline
state of the light absorption laminated layer be
amorphous.

20 By adding a proper amount of Si to Ta, the
obtained alloy tends to be amorphous easily.

FIG. 3 1s a graph showing an example of X-ray
diffraction data.of an alloy film of Ta and Si.
In the graph, reference numeral 301 shows the

25 result of measurement of X-ray diffraction when Ta is

100 at%, 302 shows the result of measurement of X-ray

diffraction when Ta is 96.5 at% and Si is 3.6 at%, and



A4 303 shows the result of neasurenment of X-ray diffraction when Ta is
94.1 at%and Si is 5.9 at% Peak C represents the presence of a a-Ta (002)
pl ane, peak D represents the presence of a Si (400) plane, and 5 peak E
represents the presence of a R Ta (004) plane. As understood fromthese
graphs, by adding Si to Ta, the crystallinity of a Ta layer is |lost, and
the layer tends to be anorphous in an allagy state at Si  content of about
5.9 at% Hence, the first light 10 absorption |ayer preferably has S
content of at least 6 at%in the |ight absorption film Estimating the

first light absoypifibdavele e 1000 ffdomidie. yienwppipt of fine

processing, the content of Si in the |ight absorption filmis preferred to

be 15 at% or 1@ifSssictMure Wil erably, o4 he iy sdnd ight; absos pidon | ayer
preferably has Si content of 6 at%to 15 at% and Ta content of 85 at%to

94 at% Wien thé<Sik cbmtepmedantd hehd igghiseatsorq iopB4Td ma® )i pidre: ,above
range, the <crystalline state of the first |light absorption |ayer 20 tends
to be anor phous.Pedk dutrepfrasant s drige priasararedf tao e 4Ot gpldme,. alen
the Ta content in the light absorption filmis in the above range, the
crystalline st&%¢'of Mf@TTELS itgift PaRsEIRS i 13yrTa e it @ e -
the ke i's added {0 Fa et SR b AR \FRE Attt O (99 TS Shieh ned
due to SinilarT%tf%%Escrystallinity of a Ta layer is lost, and the
layer tends to be amorphous in an alloy state at Si
content of about 5.9 at%. Hence, the first light
10 absorption layer preferably has Si content of at least
6 at% in the light absorption film. Estimating the
first light absorption layer to be 1000 A from the
viewpoint of fine processing, the content of Si in the
light absorption film is preferred to be 15 at$%$ or
15 less. More preferably, the first light absorption
layer preferably has Si content of 6 at% to 15 at%, and
Ta content of 85 at% to 94 at%. When the Si content in
the light absorption film is in the above range, the
crystalline state of the first light absorption layer
20 tends to be amorphous. If out of this range, it tends
to be crystalline. When the Ta content in the light
absorption film is in the above range, the crystalline
state of the first light absorption layer tends to be
amorphous. If out of this range, it tends to be
25 crystalline. When Ge or the like is added to Ta, an

amorphous light absorption film is obtained due to

similar effects.



15 However, when the |ight absorption |lam nated |ayer is fornmed of a
single layer of an alloy of Ta and Si, the reflectivity of the light
absorption |lam nated |ayer surface on light of a short wavel ength region
of 5 EW is |owered. However, on the DUV (deep ultraviolet) 1light for

i nspection nore than one digit longer in wavelength than EUV |light, the
reflectivity of the |ight absorption Ianipgted | ayer surface tends to be
relatively higher. For inspection of a reflection type 10 photonmask for EW
| i ght exposure, it is intended to neasure the contrast of reflected |ight

obt ai ned by enittin@ddé@@&,okh%nD@Melhggﬁﬁmgfgb%%QH%nr?%-qga%%d qhopt,. 190

to 260 nmin wavel ength to the mask. Accordingly, the | t absorpti‘on

| am nated | ayer iiss fhamdenefdadstaghe hayer o EWVahight cexpasuhe si,
reflectivity than in a buffer layer surface or a nultilayer reflection
filmsurface. Wibn trkéleetlhiedtiyvbifytbk Dightl egbbrbatonnspeéhaeedon t he

| i ght absorption |lamnated |ayer surface is |ower than on the buffer |ayer
surface 20 or thaveyl slriger pef léehtonff Bl sheukf megelandthheegdiohf erfence

therebetween is_greater, a high contrast of reflected |light by DU |ight
f or inspggtion FEV dBt aPHegedandHanesesur ahethAspPEYt i(BAEPsSUpEESVBIPEetThe
i nspection maveh§§g§h contrast is preferred to 25 be nore than 50%

Contrast val ue f8TexPrRESEYCHS™PHPI HRED ORe=digkm LOREFF(RM + Ra)} x
100% wavelength than EUV light, the reflectivity of the

light absorption laminated layer surface tends to be
relatively higher. For inspection of a reflection type
10 photomask for EUV light exposure, it is intended to
measure the contrast of reflected light obtained by
emitting light of a DUV light wavelength region of
about 190 to 260 nm in wavelength to the mask.
Accordingly, the light absorption laminated layer is
15 demanded to be lower in EUV light exposure reflectivity
than in a buffer layer surface or a multilayer
reflection film surface. When the reflectivity of DUV
light for inspection on the light absorption laminated
layer surface is lower than on the buffer layer surface
20 or the multilayer reflection film surface, and the
difference therebetween is greater, a high contrast of
reflected light by DUV light for inspection is
obtained, and an accurate inspection is possible.
The inspection wavelength contrast is preferred to
25 be more than 50%.
Contrast value r (%) is expressed as follows:

r = {|Rm - Ral|/(Rm + Ra)} x 100%



16 where Rmis reflectivity on a nmultilayer reflection filmsurface or a
buffer |layer surface, and Ra is reflectivity on a |light absorption

| am nated |ayer surface. The pattern formed on the light 5 absorption

| am nated | ayer is inspected by detecting the reflectivity contrast of the
i ght absorption |amnated |ayer surface on the buffer |ayer surface and
the nultilayer reflection filmsurface. Hengin, the reflectivity of the
buffer |ayer surface is often 10 smaller than that of the nmultilayer
reflection film surface. Hence, in the |ight absorption |am nated | ayer,
it seens to be slightiher®rmen did fictldctorobf all a aneitrastrto the buffer

| ayer surface, than the case of assuring contrast, that i's, difference in
15 reflectivity nef teve imnl tfiillay erunfafdeeatd en Hufflers waaee . suddier,i alrd for a
buffer layer include SiQ2, Ru, ITO Cr, O XNl-X, C XOLl-X, C, B4C, and the
like. In the cdde igf rSifdecirivALy tdre a dfilghgt iakistop bt dDUM driigiatt edvavel engt h
region is required to be about 40 to 50% 20 t hough vari abl e dependi ng on
the filmthi ckndsyer Feferere, Ticomatie rabdwramest m & hexpricddi ng t he
contrast, _.a ran of reflectivity to DUV |ight necessary for the |ight
absorptioR | anmi g’ts&fpltéfélr LGS 2 STonrtr dSEPEC RS &Y gt 509 Can be

ayer 10 DUV T G I AEEEHEd o BE LRI 6F (Han 1R PRECERATG 1o a first
aspect of the inweAhi@Rd WRyer surface on the buffer layer surface and
the multilayer reflection film surface. Herein, the
reflectivity of the buffer layer surface is often

10 smaller than that of the multilayer reflection film
surface. Hence, in the light absorption laminated
layer, it seems to be slightly more difficult to obtain
a contrast to the buffer layer surface, than the case
of assuring contrast, that is, difference in

15 reflectivity to the multilayer reflection film surface.

Materials for a buffer layer include SiOp, Ru,
ITO, Cr, CryxNj_x, CrxOj1-x, C, B4C, and the like. 1In
the case of SiOy or Ru, the reflectivity in DUV light
wavelength region is required to be about 40 to 50%

20 though variable depending on the film thickness.
Therefore, from the above formula expressing the
contrast, a range of reflectivity to DUV light
necessary for the light absorption laminated layer to
obtain a contrast of more than 50% can be determined,

25 and the reflectivity of the light absorption laminated

layer to DUV light is desired to be smaller than 13%.

According to a first aspect of the invention, in



A7 order to lower the DUV Iight exposure reflectivity of the |ight
absorption |l am nated | ayer, a second |ight absorption layer different in
conposition froma first |light absorption |ayer and containing Ta, Si and
Nis 5 lamnated on the first |ight absorption layer. The second |ight
absorption layer is formed of a netal nitride, its DUV Iight exposure
reflectivity can be |owered as conpared whth the case of a netal film
alone. At the sane tine, by nitriding of netal, the 10 filmis advanced in
crystalline or anorphous state than 1in nmetal alone, and thus the surface

snoot hness is  epbrnced 1HRSeERNGUN ANlGraAdSOLRIH A1 !zae\ﬁreét_sivipcrfoeﬂ ably

formed in the uppernost surface of the li'ght absorption |amnated |ayer
Wien a netal oxicte il9ghsedbldras ithe 19660Re dd ghlyahsar pldhd angyht siml ar

effects are obtained in |owering the DUV |ight exposure reflectivity, but
in this case chabgeppitendsyes oddiferette iho cdeplasie ieh dartuct ifdidst
According to the first aspect of the invention, 20 the second |ight
absorption | ayedighéf apapirptéont dener Sndpygosdatioisq &% SNbrediefier ably,
t he secong light absorption |ayer contains Si by 40 to 60 at% and Ta by
2 to 7 at% Fur tABATEEEFePROIRS fhéSSeddAd t PEROTPABSSY BEIYSH -1 ayfé¥e cont ai ns
Si by 40 to 60 at%% Ea Q% % 2% to Z.at%ﬁ and N b% 6 to 15 at% gg the first
aspect of the i V& PPoh IO PRECSPTIONLENET] St h8TRECoRE Fi §i3dbsor pti on
layer is SmalleFlitride, its DUV light exposure reflectivity can be
lowered as compared with the case of a metal film
alone. At the same time, by nitriding of metal, the
10 film is advanced in crystalline or amorphous state than
in metal alone, and thus the surface smoothness is
enhanced. The second light absorption layer 1is
preferably formed in the uppermost surface of the light
absorption laminated layer. When a metal oxide is used
15 as the second light absorption layer, similar effects
are obtained in lowering the DUV light exposure
reflectivity, but in this case charge-up tends to occur
due to decline of conductivity.
According_tolthe first aspect of the invention,
20 .the second light absorption layer preferably contains
Si by 40 to 60 at%. More preferably, the second light
absorption layer contains Si.by 40 to 60 at%, and Ta by
2 to 7 at%. Further preferably, the second light
absorption layer contains Si by 40 to 60 at%, Ta by 2
25 to 7 at%, and N by 6 to 15 at%.

In the first aspect of the invention, if the Si

content in the second light absorption layer is smaller



A8 than 40 at% the DUV Iight perneability in the second |ight absorption
| ayer tends to be smaller. Accordingly, the action of interference tends
to decline between reflected light (1) on the first light 5 absorption

| ayer of the |ight absorption |amnated |ayer, and reflected light (2) on
the second light absorption |layer. The action of interference depends on
the nutual ly canceling effect of lights of ;two routes of the reflected
light (1) and the reflected 10 light (2). +he greater this effect, the
lower is the final reflectivity on the surface of the |ight absorption

| am nat ed | ayer 4.5 \Wyen QQ@ SheC RNt drs  Jedh@eh ;5han 0
| i ght perneabilit;q n tﬁ% first Iighﬁdgbsgkpggbﬁlﬁgégfq?é%&é)f% %gﬁt?éher

and the 15 refl edlged labgtrgtlon 9 dyiekeleria® B Lar gafa11Ehus, the effect of
low reflection is likely to be lost. By increase of Si content, the

conductivity i sAcowerdadglyt hehehargiing afount:eirs eeleevat ednadand st he char gi ng
effect, for exanple, occurrence of defective pattern in 20 pattern draw ng
by using el ectr gdgclaypecdetoeebe reifgeoted. lighthd1i ost thspddrsaf ltikght
invention_if the Ta content in the second |ight absorption |ayer is
smal ler Phan 2 3REGrPLhENaBSYEEt odn toe RUYhLi ghsorstioneledinated25 t hus a

greater filmthickness y be_ required for obtaining a specified |ight
absorption. |f hﬁéefa aggnfgﬁﬁeF ethd 198Eorid) | PEhEREhSEFRFR 108Fer s

I ar ger absorption layer. The action of interference depends
on the mutually canceling effect of lights of two
routes of the reflected light (1) and the reflected

10 light (2). The greater this effect, the lower is the
final reflectivity on the surface of the light
absorption laminated layer 4. When the Si content is
larger than 60 at%, the DUV light permeability in the
first light absorption layer tends to be highér and the

15 reflected light (2) is likely to be larger. Thus, the
effect of low reflection is likely to be lost. By
increase of Si content, the conductivity is lowered,
the charging amount is elevated, and the charging
effect, for example, occurrence of defective pattern in

20 pattern drawing by using electron ray cannot be.
ignored. |

In the first aspect of the invention, if the Ta
content in the second light absorption layer is smaller
than 2 at%, the absorption of EUV light is lowered, and

25 thus a greater film thickness may be required for
obtaining a specified light absorption. If the Ta

content in the second light absorption layer is larger



A9 than 7 at% the light absorption is increased and the DUV |ight
pernmeability drops, and thus the effect of lowreflection in the second

| i ght absorption layer tends to be lost by the action of interference. 5
Further, in the first aspect of the invention, if the N content in the
second |ight absorption layer is smaller than 6 at% the |ight
perneability declines, and the effect of Lhgw reflection in the second
light absorption |layer nay be lost by the action of 10 interference. If
the N content in the second light absorption |layer is larger than 15 at%

the EUWV light abserpti0n deeld NegntAS R JresUldy 1& 9rRatelsdd | jckness
tends to be denanded fgr obtaining specrﬁﬁgi ﬂ i&ht a%g%%ﬁﬁ%m%HQak S he

surface roughnesgvt andstt @eheabd it @ased, ARG tHe e dder $r aspect
of the invention, if the second |ight absorption |layer contains Ta, Si and
N w thin each 3dpecirkifédcrtdpge int hdesukelate rnaighectabsdnpt iamd 19@at hness
are inproved at the sane tine. Thus, in 20 the invention, by formng the

| i ght absor pti ohendgnitwabed lolsay by ithea alcarionatdd istteudtemeacs.t is

possible to suppress the reflectivity at exposure wavelength in the |ight
absor pti of | ani nat ed flugféer ad@ thiee Tiamiteasip@iaty oft tihes pecieindr amavelfengt h
in the |ight 25 absorption Ianina%ed | ayer surface to be |ow. The materi al
havi ng |i ght abgngﬁngoBFSBErﬁﬁ &he BEEOPAght 9Nhc PRGELPEL ORi LAYEE Adt

containing Ta. Lﬂaller than 6 at%, the light permeability declines,

and the effect of low reflection in the second light
absorption layer may be lost by the action of

10 interference. 1If the N content in the second light
absorption layer is larger than 15 at%, the EUV light
absorption declines. As a result, a greater film
thickness tends to be demanded for obtaining specified
light absorption, and the surface roughness tends to be

15 increased.

According to the first aspect of the invention, if

the second light absorption layer contains Ta, Si and N
within each specified range, the surface reflectivity
and smoothness are improved at the same time. Thus, in

20 the invention, by forming the light absorption
laminated layer in a laminated structure, it is
possible to suppress the reflectivity at exposure
wavelength in the light absorption laminated layer, and
the.reflectivity at inspection wavelength in the light

25 absorption laminated layer surface to be low.

The material having light absorbing property of

DUV light includes Si nitride not containing Ta. In



20 such a case, however, there is an di sadvantage that since the
absorption of EUV light is lowered, the thickness of the first |ight
absorption |layer nmust be increased. In the invention, the structure
contains 5 Ta, that is, a material of high absorption of EUV |ight, not
only in the first light absorption layer in the | ower |ayer of the |ight
absorption lam nated |ayer, but also in the second |ight absorption |ayer
in the upper |ayer, and hence the entire |ight absorption 10 | am nated

| ayer cab be reduced in filmthickness. 1In the |ight absorption |am nated

| ayer of the inuen ioaddie wdaag roughnass drs rfRiareddd diar 1 nm Rs
or less, or nore preferably 0.6 nmRrs or |ess. Wien the surface roughness
is 1 nmRns or lsssse hed mbsatdegrininng th\EUr \ iethahiing lefwerhel,| itght
absorption lamnated layer, it is easy to obtain linearity at the pattern
end portion aftéhigroesssiafy.thdovevet, lifghthebsonptiiare lapeghmess éeceeds 1
nm Rms, the surface end portion of the |light absorption | am nated | ayer

tends 20 to be rOFFFASEM t HE f&et dnVeptd@insi dhe idaatetse candadmed.
According:to the _inyention, the |ight absorption |amnated |ayer is
conposed 3f the%?Vr§$aFidﬁﬂ 2aBg6F ﬁﬁ&nolayéﬂhaﬁESPﬁgt§€@oR§Iﬁ@ﬁn

sosor L on LoVl i8Rl ARLALAT ) D B Soge: onhe UG HL MR glect on
absorption layegnareoham nated of the light absorption laminated
layer, but also in the second light absorption layer in
the upper layer, and hence the entire light absorption
10 laminated layer cab be reduced in film thickness.

In the light absorption laminated layer of the
invention, the surface roughness is preferred to be
1 nm Rms or less, or more preferably 0.6 nm Rms or
less. When the surface roughness is 1 nm Rms or less,

15 in patterning by dry etching of the light absorption
laminated layer, it is easy to obtain linearity at the
pattern end portion after processing. .However, if the.
surface roughness exceeds 1 nm Rms, the surface end
portion of the light absorption laminated layer tends

20 to be rough, and the pattern precision tends to be
lowered.

According to the invention, the light absorption
laminated layer is composed of the first light
absorption layer and the second light absorption layer

25 laminated in this order on the multilayer reflection

film. However, when the first light absorption layer

and the second light absorption layer are laminated



21 reversely, the reflectivity is determned by the surface of the first
| i ght absorption |ayer, the action of interference declines, and it tends
to be hard to obtain the effect of lowreflection. 5 The multil ayer
reflection filmis obtained by repeating |am nation of M |ayer and S

| ayer, or Mo layer and Be |ayer, by about 30 to 40 cycles. Each |ayer is
formed in a thickness of, for exanple, 2.8,yqm to 4.2 nm 10 According to
t he net hod of manufacturing a sem conductor device of the invention, in
the EUV lithography, pattern transfer of high precision is possible, and

a sem conduct or ' Vi f it 1 . C ed. That is,
EWV light 15 emﬁédrcsferlgﬁﬁ ter']}(% %?%Jlgﬁicse%s&?o@geﬁ ;:b;{ g{cp eby a
focusing mrror Anddef lacted andenitdad 40 dh8 1 e 8 O YRR tion
phot omask of the invention, and the E light fornmed 1n pattern by the
reflection type ofphottarskdrs o ethitathe Pr Qirectiad @MELXPOIRI Hivd he 20

waf er surface coated with EUV |ight resist by way of a reflection and

proj ection opti cddtasiysttérm e fSigdvgequfertdwy ,redf ldesiireed resi st pattern is
formed by developing, and using this resist pattern as a nmask, the wafer
surface i 8 etched to Tenafedtivrayer 28 fdavitdomduGitior idevilte read gy fi ne
patterns. According to a second aspect of the invention, in order to | ower
the DUV | i ght e%ﬁ@%&rté“tgefllaék%ﬂa\ﬁlﬂ? & Mo layer and Si layer, or Mo

layer and Be layer, by about 30 to 40 cycles. Each
layer is formed in a thickness of, for example, 2.8 nm
to 4.2 nm.

10 According to the method of manufacturing a
semiconductor device of the invention, in the EUV
lithography, pattern transfer of high precision is
possible, and a semiconductor device having fine
patterns can be manufactured. That is, EUV light

15 emitted from the EUV light source is concentrated by a
focusing mirror and reflected, and emitted to the
reflection type photomask of the in&ention, and the EUV
light formed in pattern by the reflection type
photomask is reduced, projected and exposed on the

20 wafer surface coated with EUV light resist by way of a
reflection and projection optical system.
Subsequently, a desired resist pattern is formed by
developing, and using this resist pattern as a mask,
the wafer surface is etched to manufacture a

25 semiconductor device having fine patterns.

ACcording to a second aspect of the invention, in

order to lower the DUV light exposure reflectivity of



22 the light absorption |am nated | ayer, a second |light absorption |ayer

different in conposition froma first [|ight absorption layer and
containing Ta, Si and O is lamnated on the first light absorption |ayer.
The 5 second |ight absorption |ayer may also contain Ta, Si, 0 and N. By

form ng the second light absorption layer froma netal oxide, the DW

| ight exposure reflectivity can be further,l owered than in the case of a
metal film alone. By form ng the second |ight absorption layer 10 froma
nmetal oxide layer or a metal oxynitride layer, as conpared with a |ayer of

a metal filmalong the: UsAldide o HIRIUS S ALe do flomigad

Accordi ngly, the snoothness of the I i ght sorption layer surface is

i nproved. The seeend-ddig 1ahsar Rl A d ayercdnp el &5 ed-dp e ardred on
t he uppernost surface of the |ight absorption | am nated | ayer. However,

when the upper misigHtaygrscofptiifes lliaghir absdrqtritendiay mat,edsi ayer g sid or med
as a reactive film of oxide or oxynitride, charge-up accorrpani ed by 20
decl i ne of conddemiviatedrey dabdeurf idegeidiang @bstdrptirgadiayit.y dhedegree of
Si ratio in the second |ight absorption [ayer. Hence, in the second aspect
of the inventiofecORg n@blsloglﬁttla?@sdlamelromlaJYa;aérsmmt@am dlans SHa, Si,

and 25 0, its danpin coeff|C|ent is smaller than 1, and its sheet
resistance is 5% %%9! g‘r | &Ys LOrmiPRe t?@céﬁ&olnldgﬁtlgélﬁs@fb&tq%méyel@mf t he

first from a metal oxide, the DUV light exposure reflectivity
can be further lowered than in the case of a metal film
alone. By forming the second light absorption layer
10 from a metal oxide layer or a metal oxynitride layer,
as compared with a layer of a metal film alone, the
crystalline or amorphous state is promoted.
Accordingly, the smoothness of the light absorption
layer surface is improved. The second light absorption
15 layer is preferred to be formed on the uppermost
surface of the light absorption laminated layer.
However, when the uppermost layer of the light
absorption laminated layer is formed as a reactive film
of oxide or oxynitride, charge-up accompanied by
20 decline of conductivity may occur depending on the
reactivity or degree of Si ratio in the second light
absorption layer.
Hence, in the second aspect of the invention, the
second light absorption layer used contains Ta, Si, and
25 O, its damping coefficient is smaller than 1, and its
sheet resistance is 50 MQ/O or less.

In the second light absorption layer of the first



23 aspect of the invention as well, the danping coefficient is preferred
to be smaller than 1 and the sheet resistance is preferred to be 50 MY "
or less. Since the sheet resistance of the second light 5 absorption |ayer
is 50 MY " or |ess, charge-up of the uppernost |ayer of the |ight
absorption | am nated | ayer can be prevented, and thus defective pattern by
charging hardly occurs at the tine of el ecpnon beam drawi ng of the |ight
absorption |lamnated |ayer. 10 By using Ta, |ight absorption of EUV |ight
is obtained, and its filmthickness can be reduced. Since the danping

coefficient is sysddar dhamhel,irdvents orPessivig ,t @ ras dimd itd@anspar ency for
obtaining the action of interference of reflected light in the second 15

| i ght absor pti ordesydrcidrdt tile pdafEmgpd aef fdecisanatl liexr drargdr drdhrthl
transparency in the second light absorption |ayer is not enough. As a
result, the actShe®tofrasitsdinacence riedlanres! et Wweerbd M82f@fdectess. | i ght
of the second |ight absorption |ayer and the 20 refl ected |ight of the
first |ight absorptionNGFdihe iffta arfstansd dethingh sscqansiv Yigiitection i s

ol potakned. I aocer At o Lo sargac, aspect o, Lhe i pveption. the
oo L he e PR e HecnshL e R TR o
can be prevented, and thus defective pattern by
charging hardly occurs at the time of electron beam
drawing of the light absorption laminated layer.

10 By using Ta, light absorption of EUV light is
obtained, and its film thickness can be reduced. Since
the damping coefficient is smaller than 1, it is
possible to assure transparency for obtaining the
action of interference of reflected light in the second

15 light absorption layer. If the damping coefficient is
larger than 1, transparency in the second light
absorption layer is not enough. As a result, the
éction of interference declines between the reflected
light of the second light absorption layer and the

20 reflected light of the first light absorption layer,
and a sufficient action of low reflection is not
obtained.

Thus, according to the second aspect of the
invention, the smoothness of the surface of the second

25 light absorption layer is assured, the pattern edge is

sharp because the crystal state of the material to be

formed is amorphous when forming patterns on the first



24 and second |ight absorption |layers by anisotropic dry etching, and
charge-up in the second light absorption layer is prevented, so that the
pattern precision of the light absorption |lam nated |ayer is excellent. 5
In the second aspect of the invention, when the Ta ratio of the second

i ght absorption layer is relatively small, for exanple, when the Ta
content is about 40 at%or less of the secgnd |ight absorption |ayer, the
danpi ng coefficient and sheet resistance og 10 a desired range can be

obtai ned by using an oxide film substantially conposed of Ta, Si and 0, or

an oxynitride fiddnshstant; y}£9ﬂ§9§ fo L ' . as, t he
second | i ght absorcgti on I(ﬁ;lelr(frHFlaGS. aﬁog‘ gagh‘%v? t e a%e%%ro#“b%td} en
danpi ng 15 coefdictiieni, anth sheatgd-eg stranae fedn@Srdiasedsdmierdal
relatively small in Ta content. FIG 4 shows the characteristic of an oxide
film (TaSi O fillmyerand Er@ventshigwsd hthahamactreritsd it e dins i Xy tri de
film(TaSION film. 20 The sanple used is manufactured by form ng TaS of
75 nmin thicknéde dd atf igbstorptglen dlssdmpttiesh lsaseer ion exaceslyiddtet i ¢ quart z
substrate_of 0.525 nmin thickness, and then formng an oxide film (TaSi O
film or an oxynitride 19 HYCPISI @¥HGdtofoft ey immant 1dni ckiiess the 5% a
second |ight absorptio er. The oxide filmand the oxynitride film of

|
the sanple arerﬁ3ﬁﬁe8%b§ yh§e§ﬁ@9téﬁﬂﬁ§ AESKRE@Lion layer is

relatively small, for example, when the Ta content is
about 40 at% or less of the second light absorption
layer, the damping coefficient and sheet resistance of
10 a desired range can be obtained by using an oxide film
substantiaily composed of Ta, Si and O, or an
oxynitride film substantially composed of Ta, Si, O and
N, as the second light absorption layer.
FIGS. 4 and 5 show the relation between damping
15 coefficient and sheet resistance of a TaSi-based
material relatively small in Ta content.
FIG. 4 shows the characteristic of an oxide film
(TaSiO film), and FIG. 5 shows the characteristic of an
oxynitride film (TaSiON film).
20 The sample used is manufactured by forming TaSi of
75 nm in thickness as a first light absorption layer on
a synthetic quartz substrate of 0.525 nm in thickness,
and then forming an oxide film (TaSi0O film) or an
oxynitride film (T4SiON film) of 27 nm in thickness as
25 a second light absorption layer.
The oxide film and the oxynitride film of the

sample are formed by the sputtering method.



25 For sputtering of each |ight absorption layer, first, when formng a
first light absorption |ayer, two elenents are used, that is, a TaS alloy
target and a Ta target, and when form ng a second |ight absorption 5

| ayer, DC power to be applied to targets is adjusted by wusing T and Si
targets. Sputtering gas atnosphere is Ar in the first |ight absorption

| ayer, and Ar and 02 in the case of TaSi O2sor Ar, 02 and N2 in the case of
TaSiON in the second |ight absorption |layer. 10 As shown in FIGS. 4 and 5,
films having danping coefficient smaller than 1 and sheet resistance

smal | er than 50 MS2/Foarspwbtedires ¢h dmtth Liofmosiddonst o6n TeSj&, and
TaSION. OF the films shown in FIGS. 4 and 5, concerning 15 the danping
coefficient and fsihet, ndsirstfmengas f1inssulitghof admsad nest iorofl apongposiwe on
of a filmsatisfying the desired range of the danping coefficient and
sheet resistanédemerdesiaied Yshthe thatf dund & Fasd Bd lofy 3;nget &ndatad4 and
conposition ratio of Ta and O SﬂTa:O) of 1:1 20 to 1:2 in the case of TaSi O
In the case of TASITANISE: G&H MEETY dRFEITY PodFENE B Iht FOTTRIGAD at %

o Taand N (TR PO R 22 b GREARTY LTI (5 ABCHVSTG | <
e e 2o iRg T A BT, ghkagahneal wp A S
for fine procesaiN@n the first light absorption layer, and Ar and o
in the case of TaSi0O, or Ar, 0Op and Ny in the case of
TaSiON in the second light absorption layer.

10 As shown in FIGS. 4 and 5, films having damping
coefficient smaller than 1 and sheet resistance smaller
than 50 MQ/0 are obtained in both compositions of TaSiO
and TaSiON.

Of the films shown in FIGS. 4 and 5, concerning

15 the damping coefficient and sheet resistance, as a
result of analysis of composition of a film satisfying
the desired range of the damping coeffiéient and sheet
resistance, a desired range is found to be Ta of 30 to
40 at%, and composition ratio of Ta and O (Ta:0) of 1:1

20 to 1:2 in the case of TaSi0. In the case of TaSiON, a
desired range is found to be Ta of 20 to 40 at%,
composition ratio of Ta and O (Ta:0) of 3:2 to 9:1, and
composition ratio of Ta and N (Ta:N) of 1:2 to 3:2.
Preferably, Ta is 30 to 40 at$%. This is because when

25 the Ta ratio is higher, a high absorption

characteristic is obtained, and the film thickness can

be reduced, which is advantageous for fine processing.



26 According to the second aspect, when the Ta ratio of the second |ight
absorption layer is relatively small, for exanple, when the Ta ratio is
about 40 at% or less of the second |ight absorption |ayer, the 5 danping
coefficient and sheet resistance of a desired range can be obtai ned by
using an oxide film substantially conposed of Ta, Si and 0 as the second
light absorption layer. FIGS. 6 and 7 showdde relation between danping 10
coefficient and sheet resistance of a TaSi-based material relatively |large
in Ta content. FIG 6 shows the characteristic of an oxide film (TaSi O

film, and FIG 7 shoxscihg:characteLi siionQfadbecOXYRLAT e FHd M LTSI ON
film. 15 For sputtering of a |light absorption 1ayer of each sanple, DC
power to be appldfedti® @aedhd argft i Sosadjiisdred Saet had tdes day€ignt ent may
be higher by using TaSi 4 and Ta targets. For exanple, 50 Wis applied to

t he TaSi 4 targetsmand, 250 Wsitaonglhe, Tehdrartged .Talheatgias 29 sadomspiteracd s Ar
when formng a first |ight absorption |ayer, the gas atnosphere in
sputtering i s AQOZsiferrt fidrarisrFendilSiabt idhgozatdi ahel apesr attrhssphere i s
Ar/ 02/ N2 en forming a TaSION film As shown in FIGS. 6 and 7, when the Ta
content is 25 KWLM IR et angsisheat i ian @f @ dafdded m  can

be fored 10 S0 38 AL U1 055 L ATHE ool o
substantially composed of Ta, Si and O as the second
light absorption layer.

FIGS. 6 and 7 show the relation between damping
10 coefficient and sheet resistance of a TaSi-based
material relatively large in Ta content.
FIG. 6 shows the characteristic of an oxide film
(TasiO film), and FIG. 7 shows the characteristic of an
oxynitride film (TaSiON film). |
15 For sputtering of a light absorption layer of each
sample, DC power to be applied to each target is
adjusted so that the Ta content may be higher by using
TaSig and Ta targets. For example, 50 W is applied to
the TaSig target, and 250 W to the Ta target. The gas
20 atmosphere is Ar when_forming a first light absorption
layer, the gas atmosphere in sputtering is Ar/Op when
forming a TiSiO film, and the gas atmosphere is
Ar/0Oy/No when forming a TaSiON film.
As shown in FIGS. 6 and 7, when the Ta content is
25 high, in the case of TaSiO as shown in FIG. 6, the film
can be formed in a scope satisfying the desired range

of the damping coefficient and sheet resistance. In



27 the case of TaSiON as shown in FIG 7, however, it is hard to obtain a
filmin a scope satisfying the desired range of the danping coefficient
and sheet resistance. This is because, in the filmminly conposed of 5
nitride, due to effects of TaN large in the danping coefficient as a
result of increase of Ta ratio in the film it is hard to assure _
transparency by oxygen. Hence, as can be seen in FIG 7, when the filmis
mai nly conposed of nitride, drop of the danping 10 coefficient is small
even if the flowrate of oxygen gas in the atnosphere is raised, and

increase of sheethe resistanced o &4 Al &m AS @rd esyl thow%vélﬁ f pung, har d
to obtain a filmin a scope satisfying the desired range o e danpi ng

coefficient andsheetts esitstianee.£1166 i 4 haddd nFashomp dd FHEHe S sl 7,
concerning the danping coefficient and sheet resistance, as a result of
anal ysi s of conpesidd arf dfhea dandpirsatdefffiing erttheardbsiteast resgies winddie
danpi ng coefficient and sheet resistance, a desired range is found to be
Ta of 40 to 20 Jbris %s mactﬁﬁposm itdve rftling rofi iy andhid(eka:a® of 3:5 to
5:1. In this samle, the flrst t absorption |layer and the second |ight
absorption | ayelméér’iL el?%%éisn@ft W@béér?éq&arlgéttmlqmmﬂ%angl ng

t he as at m)spher hat the filmformng process nay be
si npl |gf| ed. In T3S ﬁlgsle\ﬁgl 125 fhd A il Jjnlﬁ)é:tliﬁé‘egﬁ TcFar’Fﬁth“g‘fJ Jd'bétktei ci ent

and sheet res'stﬁﬂ%ﬁ it vestig %e%ss%r% transparency by oxygen.

Hence, as can be seen in FIG. 7, when the film is
mainly composed of nitride, drop of the damping
10 coefficient is small even if the flow rate of oxygen.
gas in the atmosphere is raised, and increase of sheet
resistance is a problem. As a result, it is found hard
to obtain a film in a scope satisfying the desired
range of the damping coefficient and sheet resistance.
15 Of the films shown in FIGS. 6 and 7, concerning
the damping coefficient and sheet resistance, as a
result of analysis of composition of a film satisfying
the desired range of the damping coefficient and sheet
resistance, a desired range is found to be Ta of 40 to
20 90 at%, and composition ratio of Ta and O (Ta:0) of 3:5
to 5:1. In this sample, the first light absorption
layer and the second light absorption layer can be
formed by using the same target only by changing the
gas atmosphere, so that the film forming process may be
25 simplified.
In TaSiN as well, the relation between the damping

coefficient and sheet resistance 1is investigated, and



28 the result as shown in FIG 8 is obtained. Ar and N2 gas are used as a
sputtering atnosphere in the sanple using Ta and Si targets, so that the
sanple contains tantalumby 2 to 7 at% silicon by 40 5 to 60 at% and
nitrogen by 6 to 15 at% As shown in the drawing, TaSiNis | ow in sheet

resi stance on the whole, being 50 M/ or less. Although it is hard to
charge, the danping coefficient for obtainigng the second |ight absorption
| ayer is 10 likely to be larger than 1. However, both sheet resistance and
danpi ng coefficient can be set |Iower than desired values. As known from

FIGS. 4 to 8, Ta%iOidesaff edd ismufrorin IFoMer ignd o ke tdampaing coef ficient of
the second |ight 15 absorption |ayer and assuring transparency, but it is
found that the sheet Aresirst aliceydends tusdie 48 gheyput@er e otrheIpHand,
TaSiNis lightly inferior in lowering the danping coefficient of the
second |ight absdr pthieorsanpdyerisimg Tas aguf fSicitemtder s,0wd rthsttegthe

resi stance, and 20 TaSiON is found to show an internediate characteristic
both i n danpi ng SCEHEFE GO 1ard tehdatl We divstlarkCe.? Bt TSIl Hqammbys 4%r ger
in danping coefficient than the TaSiNfilm TaSi Ofilm and TaSiON film
I'n thgpsegond agﬁeéﬁ 6 3 hE T Vertiogs " WetthdrP ﬁﬁeat25 second | i ght

oS0l e 1S W IR b S ST P e o A T ey
resistance on the whole, being 50 MQ/0O or less.
Although it is hard to charge, the damping coefficient
for obtaining the second light absorption layer is
10 likely to be larger than 1. However, both sheet
resistance and damping coefficient can be set lower
than desired values.
As known from FIGS. 4 to 8, TaSiO is effective for
lowering the damping coefficient of the second light
15 absorption layer and assuring transparency, but it is
found that the sheet resistance tends to be higher. On
the other hand, TaSiN is lightly inferior in lowering
the damping coefficient of the second light absorption
layer, but is sufficiently low in sheet resistance, and
20 TaSiON 1s found to show an intermediate characteristic
both in damping coefficient and sheet resistance.
The TaSi film is larger in damping coefficient
than the TaSiN film, TaSi0O film, and TaSiON film.
In the second aspect of the invention, whether the
25 second light absorption layer is formed as a film of
small Ta content or a film of large Ta content, or

formed as an oxide film or as an oxynitride film, may



29 be properly selected depending on the dry etching characteristic of
the light absorption |lam nated | ayer. For exanple, when the uppernost |ayer
is the second |light absorption layer, and the second light 5 absorption

| ayer is forned as an oxide film(TiSOfilm small in Ta content, after
patterning the second |ight absorption |ayer by fluorine gas, the first
light absorption layer (TaSi film can begtched by using chlorine gas.
10 In this case, since the resist etching rate by fluorine gas is
generally large, the etching anount of resist by TaSi O etching of the

second |ight absgqs @ﬂdﬁbrl'yayseerlégté‘dmiéﬁénqﬁglfg?ﬂ% %Hﬁ |c§r5§} ﬁcﬁr%’sne .heHowever,

in etching of the first |'ight absorption

at nosphere gas icharepltacaddit M4 rogen ggs, asyykgdied irstid4 apsor ption
| ayer (TaSi filnm) can be etched by using the second |ight absorpti'on | ayer
(TaSiO film as a nadlar Fwdamers, agsimitige thedppeytosdydayes de be the 20
second |ight absorption |ayer, when the second |ight absorption |ayer is
conposed of an &egEeind ildghft lans (rPagicoN favler), efndsrald sExcawhtleéght an oxi de
film(TaSLO film of |large Ta content, or oxynitride film(TaSiON film
of large Pa conPESCIPAICR thfyem st farmesk @sndm®xiidentt idims ofTtSrf 11ayer s.

can be dry-etched Rﬁ chl orine as. Cenerally, by using chlorine gas, the
etching amount SBf redtsttd &OSEN er A&T Wi SANIEYS Hdgaeqand light

absorption layer by fluorine gas, the first light
absorption layer (TaSi film) can be etched by using
chlorine gas.

10 In this case, since the resist etching rate by
fluorine gas is generally large, the etching amount of
resist by TaSiO etching of the second light absorption
layer of smaller Ta content is increased. However, in
etching of the first light absorption layer (TaSi

15 film), the atmosphere gas: is replaced by nitrogen gas,
and the first light absorption layer (TaSi film) can be
etched by using the second light absorption layer
(TaSi0O film) as a mask.

Further, assuming the uppermost layer to be the

20 second light absorption layer, when the second light
absorption layer is composed of an oxynitride film
(TaSiON film) of small Ta content, an oxide film (TaSiO
film) of large Ta content, or oxynitride film (TaSiON
'film) of large Ta content, both the first and second

25 light absorption layers can be dry-etched by chlorine
gas. Generally, by using chlorine gas, the etching

amount of resist is smaller than when fluorine gas is



30 wused. Hence a sufficient resistance to etching is assured. As
ment i oned above, the reflectivity of the Iight absorption |am nated |ayer
on DUV light is preferred to 5 be snaller. In the case of the second |ight
absorption |ayer made of TaSiO in the condition that the reflectivity Ra
at inspection wavelength of 257 nmis 10%or less, the relation between
the first light absorption |ayer and the second |ight absorption |ayer 10
is investigated. The second |ight absorption layer is preferred to be as
smal | as possible in danping coefficient, as long as the sheet resistance

is smaller than didged. speside ed sumhige] erftOrr exianfese b M2¢Kind 01 glet er mi ne
this 15 relation, in a range of the sheet resistance smaller than 50

M52/ 0, the danpiaspwoetificient for mnimzing the second |ight absorption
layer is determined from FIGS. 4 and 6, and 0.4 is obtained. The first
light absorption |ay®y, m¢@¢l@7@hpa@vqrhetﬂ%18ieﬂ¢¢ﬁl‘sl@y nef ath@Oolighm and
as long as the filmthickness is 500 A or nore, effect of the filmon DUV
| i ght refIectl\M%RFQ%Pt%ﬁﬁﬂ%amrﬂﬁE? e et il thightel 3 et ameed itan

Lhe 017 adti ve RIGH T Be a 35 BEpreuthian (VE VAGEDILEE Mo and
B e o g 1 s, Lt A o 1
reflectivity Ra at inspection wavelength of 257 nm is
10% or less, the relation between the first light
absorption layer and the second light absorption layer
10 is investigated.

The second light absorption layer is preferred to
be as small as possible in damping coefficient, as long
as the sheet resistance is smaller than in a specified
range, for example, 50 MQ/O0. To determine this

15 relation, in a range of the sheet resistance smaller
than 50 MQ/0, the damping coefficient for minimizing
the second light absorption layer is determined from
FIGS. 4 and 6, and 0.4 is obtained. The first light
absorption layer, for example, the TaSi film is a metal

20 film, and as long as the film thickness is 500 A or
more, effect of the film on DUV light reflectivity is
small. Thus, to determine the relation, the film
thickness of the first light absorption layer is
assumed to be 750 A and the refractive index to be a

25 representative value of 1.8. 1In FIGS. 4 and 6, the

refractive index of the second light absorption layer

in a preferred range is a numerical value of about 2.0,



31 and the refractive index of the second |ight absorption layer is
supposed to be a representative value of 2.0. In such condition, at
reflectivity Ra of 2, 4, 6, 8, and 10% at i nspection wavel ength of 257 nm
the 5 rel ation between danpi ng coefficient of the first Iight absorption
llayer and filmthickness of the second light absorption layer is shown in
a graph in FIG 9. As shown in the graph, the rel ati on between danping
coefficient of the first light absorption layer 10 and filmthickness of
the second light absorption |ayer is expressed in a contour |ine graph.
Thus, by using asuthtid ersrafctigh dewee oftfd eadotpd nm desi Ubsddiod S,
usi ng the danping coefficient of the first light absorption |layer and film
thi ckness of theaseconits |d\gitoskd alis dseptd afed wetasn@s: pas aretes Sof and .
predeterm ning other nunerical values as described above, it is possible
to sel ect a conbi natibn fchapproprti adre ParemEtertsisiocy ha ¢che2refl egtivity
Ra at inspection wavel enqth may be 10% or |ess. Therefore, by 20

det er mi ni ng t he Snufdld ddl® Al dESRSICHIRD Mavalangit ofalRor priortieayer whi ch
are easier. to set, the fil m t hi ckness of the second |I%ht absorptl on Iayer

can be d&term A& BEeidE IR IHBEAY GiP S ]&i‘gtth’ 257
rm, Ut the SaRan R JeNe e, . 25 SHIRTA qm@m :
ot her exanpl es kabn%tﬁ%%quy@} is shown in a graph in FIG.
As shown in the graph, the relation between
damping coefficient of the first light absorption layer
10 and film thickness of the second light absorption layer
is expressed in a contour line graph. Thus, by using
such items of high degree of freedom in design, that
is, using the damping coefficient of the first light
absorption layer and film thickness of the second light
15 absorption layer as parameters, and predetermining
other numerical values as described above, it is
possible to select a combination of appropriate
parameters so that the reflectivity Ra at inspection
wavelength may be 10% or less. Therefore, by
20 determining the numerical values of the first light
absorption layer which are easier to set, the film
thickness of the second light absorption layer can be
determined. Herein, the inspection wavelength is
assumed to be 257 nm, but the same can be determined at
25 other inspection wavelength. It is the same in TaSiN
or TaSiON of the second light absorption layer shown in

other examples of the invention.



32 Specifically, the TaSiOfilmis an abbrevi ated expression of, for
exanple, a TaaSibA-a-b film the TaSiON filmis an abbrevi ated expression
of, for exanple, a TacSidCeN -c-d-e film and the TaSiNfilmb5 is an
abbrevi ated expression of, for exanple, a TafSigNl-f-g film where a, b,

c, d, e, f, and g are positive nunbers of less than 1, defined in the
relation of 1 >a +b, 1 >c +d+e and k>f + g. The invention wll be
nore specifically described 10 bel ow by showi ng exanpl es bel ow. Exanple 1
FIGS. 10 to 13 are schematic sectional views show ng the manufacturing

process of an exanpl es.0f - 8¢ ££f]ECti N r_@éy?leo pgpfn(pnpgk?ljl na&;é?;f‘%%g%pec; of

the 15 invention. Ona substrate 1, a nmultilayer reflection

buffer layer 3, exdddsdidd @htt, absordtdnpnd ayerrdlsi,@nd g second hght
absorption |layer 42 were sequentially formed as follows,” and a refl ection
type 20 phot omadiadil@nkt ilGh afs tdre dobrentiiagehasipe ddhieorsade, £onfi guration
as showmn in FIG 1 was fabricated. The substrate 1 was a synthetic quartz
substrate of 6-Sx®irlsquar €yl P2G--ideh & Mickmessdnitthe drasidd i Shied f1 at
surface. 25 On the substrate 1, the nultilayer reflection film 2 was
manuf act uPed by IBC Afagiiiest adiad tsstinapsien dfanmifrat igHpvbl and? Si

alternately in about, 40 cycles, so
TafSlgNl_f_g film, where a, b, ¢, d, e, f, and g are

positive numbers of less than 1, defined in the
relation of 1 >a + b, 1 >c +d+ e, and 1 > f + g.
The invention will be more specifically described
10 below by showing examples below.
Example 1
FIGS. 10 to 13 are schematic sectional views
showing the manufacturing process of an example of a
reflection type photomask in a first aspect of the
15 invention.
On a substrate 1, a multilaye; reflection film 2,
a buffer layer 3, a first light absorption layer 41,
and a second light absorption layer 42 were
sequentially formed as follows, and a reflection type
20 photomask blank 10 of the invention having the same
configuration as shown in FIG. 1 was fabricated.
The substrate 1 was a synthetic quartz substrate
of 6-inch square and 0.25-inch thickness with a
polished flat surface.
25 On the substrate 1, the multilayer reflection film
2 was manufactured by DC magnetron sputtering, by

laminating Mo and Si alternately in about 40 cycles, so



33 that the reflectivity may be maximumin EU light in a region of

wavel ength of 13 to 14 nm This multilayer reflection film2 is conposed
of multiple layers, but 1is sinply shown as a single layer in the draw ng.
5 The filmthickness of one cycle of Mo and Si was 7 nm specifically
consisting of 2.8 nmof M and 4.2 nmof Si, and Si of 7 nmwas forned
finally so that the uppernost |ayer of th$3nultilayer reflection film2
may be Si. 10 Next, on this multilayer reflection film2, a buffer [ayer 3
of Ru was forned in a filmthickness of 40 nm Then, the substrate 1 on

whi ch the multilgyer th%g%%%mvfiicg%%gaeg hOg i Rukf eh Eayen i3nwenq formed
a In the DC

15 was installed in nmagnetron sputtering apparatus. . .
nmagnet r on SpUtt?éb@gnaB@aQ@bH§engtﬁa§E akl ey 1hapget ehifamandiSayeati o of
1:4 and a Ta targét were applied, and by two-el enment sputtering in an Ar
gas atnosphererbylappiyhngibDe power compb8eW afdmdb@iVito12Qetrbe ¥asi al | oy
target and the Ta target, respectively, a first light absorption |ayer 41
was forned in aifi bimptl ki sknessasf a75inmlenlakerbuhf €hel dyewiBgat gas
pressure of 0.25 Pa. At this tinme, the surface roughness of the first

| i ght abs@rption | aydhe4afidf énighnegeniofg ongs cociz pimh Mes angndlamas
excel l ent surface snoothness s confirpmed. After form t he | ght
absor pti on |ayeF aq, agpﬁéflca%ﬁy consisting of 8.8 nm o gMo and 9

4.2 nm of Si, and Si of 7 nm was formed finally so that
the uppermost layer of the multilayer reflection film 2
may be Si.

10 Next, on this multilayer reflection film 2, a
buffer layer 3 of Ru was formed in a film thickness of
40 nm.

Then, the substrate 1 on which the multilayer

reflection film 2 and the buffer layer 3 were formed

15 was installed in a DC magnetron sputtering apparatus.
In the DC magnetron sputtering apparatus, a TaSi alloy
target of Ta and Si ratio of 1:4 and a Ta target were
applied, and by two-element sputtering in an Ar gas
atmosphere by applying DC power of 50 W and 250 W to

20 the TaSi alloy target and the Ta target, respectively,
a first light absorption layer 41 was formed in a film
thickness of 75 nm on the buffer layer 3 at gas
pressure of 0.25 Pa. At this time, the surface
roughness of the first light absorption layer 41 after

25 forming was 0.14 nm Rms, and an excellent surface
smoothness was confirmed.

After forming the light absorption layer 41, using



34 the TaSi alloy target of Ta and Si ratio of 1:4 and the Ta target, by
two-el enment sputtering in a mxed gas atnosphere of Ar and N2 at 1:1 by
appl yi ng DC power of 50 Wand 250 Wto the TaSi alloy target and the Ta 5
target, respectively, a second light absorption |ayer 42 was fornmed on the
first light absorption layer 41 in a filmthickness of 15 nmin a
conposition mainly conposed of Ta, Si, andgN at gas pressure of 0.25 Pa.

At this tinme, the surface roughness of the second |ight 10 absorption |ayer
42 after formng was 0.42 nm Rrs, and an excellent surface snpothness was

confirmed. In thig @fagniegm@,et@%ge@dolfi ght ARSQNLPLeN d RFer : 442 RS he
| am nated on the first |ight "absorption layer 41, and the spectral

reflectivity wagsamgasyeed e the-oiameppespnstcrayer ief ot he xebt gared | i ght
absorption |lamnated layer 4. As a result, the spectral reflectivity was
4.25% at wavel engbbpbtr293fnmr and 8,83% at 1257 amplarichga DCsploiead eft | ow
reflectivity characteristic in a DUV 20 |ight wavel ength region for

i nspection was 6Bt #i aad. 250nWt he $beofdShi ghtlcabsergeitomnidayde 42, a
positive type electron ray resist (FEP-171, manufactured by Fuji Film
Arch) wasSappl i 8argahid acspesitivelayer RESOREr Fe@his adBowRtilenFl@Yero. 25

By subsequent I|ithography process of EB draw nd devel opi ng, patterning
process was perﬁarwga FSrmFQrﬁPatpésﬁéfsﬁaﬁﬂggﬁ §§58§p§ﬁ8ﬂnaﬁﬁ%ﬁléﬁ it

a film thickness of 15 nm in a composition mainly
composed of Ta, Si, and N at gas pressure of 0.25 Pa.
At this time, the surface roughness of the second light
10 absorption layer 42 after forming was 0.42 nm Rms, and
an excellent surface smoothness was confirmed.
In this manner, the second light absorption layer
42 was laminated on the first light absorption layer
41, and the spectral reflectivity was measured on the
15 uppermost layer of the obtained light absorption
laminated layer 4.
As a result, the spectral reflectivity was 4.25%
at wavelength of 193 nm, and 9.83% at 257 nm, and a
sufficient low reflectivity characteristic in a DUV
20 light wavelength region for inspection was obtained.
On the second light absorption layer 42, a
positive type electron ray resist (FEP-171,
manufactured by Fuji Film Arch) was applied, and a
resist layer was formed as shown in FIG. 10.
25 By subsequent lithography process of EB drawing
and developing, patterning process was performed to

form a resist pattern 5a as shown in FIG. 11.



35 Using the resist pattern 5a as a mask, by dry etching in the sequence
of the second |ight absorption |ayer 42 and the first |ight absorption

| ayer 41, a pattern of a |ight absorption |amnated | ayer 4a as 5 shown in
FIG 12 was formed. Dry etching was executed by using a dry etching
apparatus of an I CP discharge system in a m xed gas atnosphere of O 2 gas
at 40 sccm and He gas at 65 sccm at ‘gas pressure of 5 mforr, with bias
power of 40 Wand source power of 200 W The 10 resist was |later renoved by
02 ashing and wetting process. After continuous dry etching of the second
l'ight absorption |ayeysiddy anh the fdd Yadd sARSOrPip | anergAl, the
selection ratio to the resist of the final |ight absorption amnated

| ayer 4 was 15 ahiaiHind 8% they eidhudnie ldfghtheabeseioplid an drmamaicaghd ayer 4
was partly renoved, and the inspection wavelength reflectivity of 257 nm
in the surface dfayehe 42ufainer thleayferrsd ilnghtte adspoped orediayrewaisl ,52 4% On
the other 20 hand, the reflectivity at 257 nmon the surface of the 1|ight
absorption | am Patté¢rnapdr a4d lightt R s@repdrien daminggiesh yeri@3.a5%s As a
result, an excellent contrast @ of 66% was obtai ned between the surface

refl ected?l i ght SheWN H& BdfFerlt 2 &psr IRTARE -t h&Tyurftsdd Nefascte® Qutgst 25

of the Iight absorpti,on | aminated |l ayer 4. uccessi vel shown in FIG
13, patterns of Bhe S FoP iVayar 4 danl CERaTigRt ABsdhRt (o TRt ed

system, in a mixed gas atmosphere of Cly gas at 40 sccm
and ée gas at 65 sccm at gas pressure of 5 mTorr, with
bias power of 40 W and source power of 200 W. The

10 resist was later removed by Oy ashing and wetting
process. After continuous dry etching of the second
.light absorption layer 42 and the first light
absorption layer 41, the selection ratio to the resist
of the final light absorption laminated layer 4 was

15 about 0.85.

Herein, the light absorption laminated layer 4 was
partly removed, and the inspection wavelength
reflectivity of 257 nm in the surfacé of the buffer
layer 3 in the exposed region was 52.4%. On the other

20 hand, the reflectivity at 257 nm on the surface of the
light absorption laminated layer 4a in the absorption
region was 10.5%. As a result, an excellent contrast
of 66% was obtained between the surface reflected light
of the buffer layer 3 and the surface reflected light

25 of the light absorption laminated layer 4.

Successively, as shown in FIG. 13, patterns of the

buffer layer 3a and the light absorption laminated



36 l.ayer 4a having excellent lateral wall anisotropy were obtained in the
sane procedure as in the dry etching of the light absorption | am nated

| ayer 4, except that the dry etching of a Ru buffer layer 3 imrediately
beneath 5 the |ight absorption |am nated |ayer 4 was conducted in a m xed
gas at nosphere of Cl2 gas at 40 sccmand 02 gas at 25 sccm instead of a

m xed gas atnosphere of Cl2 gas at 40 sccAgand He gas at 65 sccm and that
the second |ight absorption |layer 42 was used as the nmask. 10 In this
manner, a reflection type photomask 20 of the invention having the sane

confi guration ag a$RAM A MavEhG % 8a3 Rt aiated s 1He/H811N a1 he HHe| é)ffrwér%yer 3
and the light absorption [amnated |ayer 4 were partly renove and

the inspection wateliergt inr ehleecting brcefedRTe rW iR tthe sunf aserdhnd ke
mul tilayer reflection filmin the exposed reflection region B was 60% On
t he ot her handithehd igéftl ebisioripttyl cat 1257 narea ltalye rs dr,f aceepft tthert Ithght
absorption lam nated layer 4a in the absorption 20 region A was 9.2% which
is slightly |oweryt lRdshiimdt leé asRar Sudifernd avefrl dctimowe tiyse Inhdreareasie bl ank
10. This |s consi dered to be because the surface of the |ight absorptlon
| ani nat ed®|l ayer th& %é§h§l@SﬁPF?tﬂSQQHéWé@a§§d &3pEgult Vg egicgcted in
application, peeI| and et h|n of tg first %gt absorp | ayer by
usi ng the second F%&Htg§558$ eF&y@F 32agﬁ§sﬁt §Cfgbﬁl % n9s
excel | ent ContrQEtZQfszgﬁ@mﬁﬁstead of a mixed gas atmosphere of Clj
gas at 40 sccm and He gas at 65 sccm, and that the
second light absorption layer 42 was used as the mask.
10 In this manner, a reflection type photomask 20 of
the invention having the same configuration as shown in
FIG. 2 was obtained.
Herein, the buffer layer 3 and the light
absorption laminated layer 4 were partly removed, and
15 the inspection wavelength reflectivity of 257 nm in the
surface of the multilayer reflection film in the
exposed reflection region B was 60%. On the other
hand, the reflectivity at 257 nm on the surface of the
light absorption laminated layer 4a in the absorption
20 region A was 9.2%, which is slightly lower than in the
state of the reflection type photomask blank 10. This
is considered to be because the surface of the light
absorption laminated layer 4a was slightly roughened as
a result of resist application, peeling, and etching of
25 the first light absorption layer by using the second

light absorption layer as a mask.

As a result, an excellent contrast of 73% was



37 obtained between the surface reflected light of the nmultilayer
reflection film2 and the surface reflected |ight of the |ight absorption
| am nated | ayer 4. Exanple 2 5 Another exanple of the reflection type
phot omask bl ank according to the first aspect was fabricated in the sane
manner as in exanple 1, except that the sputtering filmformng tine was
set to be longer than in exanple 1 for fogm ng a second |ight absorption
10 layer having filmthickness of 20 nm On the uppernost surface of a

| ight absorption |amnated |ayer 4 of the obtained reflection type

phot omask bl ank pobitlag nepie et dk ehefhec sutifby ewas fMeaseed i ght IJ¥e t3@e nanner
as in exanple 1. 15 As aresult, it was 8.85% at wavel ength of 193 nm and

1.93% at 257 nmmuadnd liayetrhire féase ians dfiflmcRennhd awe refdfacts dHetfil ected
characteristic was obtained in a DUV |ight wavel ength region for

i nspection at 2379hm oifntpar Liighltapbsozetisnng amiing tegf ILleyeirort -t ype

phot omask bl ank, a reflectiqgn type photomask was manufactured in the sane
manner as in exanpl e EX@™®d& 2nspection wavel ength reflectivity at 257 was

reasu od after 40V eURILIL! Dpethd A0 B 60 98 A mephene st gy
In an exposed rgglhap WRgLE;hetLl 9RL ghserrLipataginated. iaygrd s partly
the same manner as in example 1, except that the
sputtering film forming time was set to be longer than
in example 1 for forming a second light absorption

10 layer having film thickness of 20 nm.

On the uppermost surface of a light absorption
laminated layer 4 of the obtained reflection type
photomask blank, the spectral reflectivity was measured
in the same manner as in example 1.

15 As a result, it was 8.85% at wavelength of 193 nm,
and 1.93% at 257 nm, and in this case a sufficient low
reflectivity characteristic was obtained in a DUV light
wavelength region for inspection at 257 nm, in
particular.

20 Using this reflection type photomask blank, a
reflection type photomask was manufactured in the same
manner as in example 1, and inspection wavelength
reflectivity at 257 was measured after dry etching in
Cly and He mixed gas atmosphere, and dry etching in Clj

25 and Oy mixed gas atmosphere.

On the buffer layer surface in an exposed region

where the light absorption laminated layer is partly



38 renoved, the inspection wavelength reflectivity at 257 nmwas 52. 0% On
the other hand, on the surface of the light absorption |amnated |ayer in
an absorption region, the reflectivity at 257 nmwas 2.1% As a 5 result,
an excellent contrast of 92% was obtained between the surface reflected

i ght of the buffer layer and the surface reflected light of the Iight
absorption lamnated |ayer. On the multilgyer reflection filmsurface in
the 10 reflection region and on the |ight absorption |am nated | ayer
surface in the absorption region, the inspection wavelength reflectivity

at 257 nmwas 60%aRddl. 3%e imRPReGNIKEkMveAR N the Wl e RN v@XGLltent
contrast of 95% was obtai ned between the surface reflected Iight of 15 the
mul tilayer refl eeti am falsmsandst.he csurhacetheef heelded dni ghite efurtthed ioght
absorption lam nated layer. FIG 14 is a graph show ng the spectral
reflectivity chahactleghst iabsofrptthenl ilghti naltedr ptiver 120 anamibsatred iloay er
when the thickness is changed in the first |light absorption | ayer and the
second |ight absadpni otheayerf liegtdvatyl @tl 2andnexamsl €-25% .1 nAshé@ gr aph,
curve 401 _is a graph of spectral . reflectivity characteristic of the |ight
absorpti oA 25 F8fHA&redn &FSelilenéx&rplteast| afi Rated 2R CR P30 Shgst rons of

the first Iight absorotion Layen and. 130.20034 LA o8 (e 28300 1L g
and the surface reflected light of the light absorption
laminated layer. |

On the multilayer reflection film surface in the
10 reflection region and on the light absorption laminated
layer surface in the absorption region, the inspection
wavelength reflectivity at 257 nm was 60% and 1.5%,
respectively. As a result, an excellent contrast of
95% was obtained between the surface reflected light of
15 the multilayer reflection film and the surface
reflected light of the light absorption laminated
lavyer.
FIG. 14 is a graph showing the spectral
reflectivity characteristic of the light absorption
20 laminated layer when the thickness is changed in the
first light absorption layer and the second light
absorption layer in example 1 and example 2..
In the graph, curve 401 is a graph of spectral
reflectivity characteristic of the light absorption
25 laminated layer in example 1 laminated with

750 angstroms of the first light absorption layer and

150 angstroms of the second light absorption layer, and



39 curve 402 is a graph of spectral reflectivity characteristic of. the

| i ght absorption lamnated |layer in exanple 2 lamnated with 750 angstrons
of the first |ight absorption |ayer and 200 angstrons of the second 5

i ght absorption layer. As shown in the diagram the |ight absorption in a
wavel ength regi on of about 190 nmto about 230 nmis high in the curve
401, and the light absorption in a wavel enagth region of about 230 nmto
about 260 nmis 10 high in the curve 402. Inspection |light of the
reflection type photomask is light in a wavelength region of 190 to 260 nm
out of the deep clrtieaviogl ats raYyr Y Qe oredl A s fit s8xapl e, light in a
wavel ength region of 193 nmor 257 nm Hence, as shown in I5 FIG 14, if
the first |ight chbhserquddndiayert ithe 15Q¢nNGHgTPrich Arefieraed tih wness

of the second |ight absorption |ayer is known to be 150 to 200 angstrons..
Exanpl e 3 20 | nirhexsaws en@niemias tien exampl|7e 01 argysmrddrid ayferche efillreat i on
filmand a first |ight absorption |ayer were formed on a substrate. Then,

using a Ta tar get 9&kd 2@ sSirptdrgetlavied @ndni2léd agas taromss pifertdeofsemqagd =
36/ 4 (sccg), DC poyer 25 of 60 Wand 240 Wwas applied to the Ta target
and the SP target INFedPSOEPFdOR 14YSFas pressure of 0.25 Pa, and a TaSi

oxide filmhaving a %@'%%Eﬁﬁﬁ;ﬁﬁ t-ély?ég¥%m, the light absorption in .a

wavelength region of about 190 nm to about 230 nm is
high in the curve 401, and the light absorption in a
wavelength region of about 230 nm to about 260 nm is

10 high in the curve 402. Inspection light of the
reflection type photomask is light in a wavelength
region of 190 to 260 nm out of the deep ultraviolet ray
wavelength region, for example, light in a wavelength
region of 193 nm or 257 nm. Hence, as shown in

15 FIG. 14, if the first light absorption layer is
750 angstroms, a preferred thickness of the second
light absorption layer is known to be 150 to
200 angstroms.

Example 3

20 .In the same manner as in example 1, a multilayer
reflection film and a first light absorption layer were
formed on a substrate.

Then, using a Ta target and a Si target, in a

mixed gas atmosphere of Ar/Op = 36/4. (sccm), DC power

25 of 60 W and 240 W was applied to the Ta target and the
Si target, respectiveiy, at gas pressure of 0.25 Pa,

and a TaSi oxide film having a thickness of 27 nm was



40 formed by two-el enent sputtering. At this tinme, the surface roughness
of the upper |ayer absorption layer after formng of the filmwas 0.42 nm
Rms, and a favorable surface snoothness was confirned. The 5 conposition
of the forned TaSi oxide filmwas 33 at% of Ta and 36 at % of 02. Spectral
reflectivity on the outernost |ayer of the obtained |ight absorption

| am nated | ayer was neasured, and results ape shown in FIG 15. It was
2.55% at wavel ength of 193 nm and 10 1.51% at 257 nm and a sufficient |ow
reflectivity characteristic in a DUV |light wavel ength region for

i nspection was a@btraiedethy ©ot-be esenandplit@htrialsor pti emilsayéme,i nHhe sane
manner as in exanple 1, a positive type electron ray 15 resist (FEP-171,
manuf act ur ed by sEujfiacki Iroughokkswas tapplipper dngeax mesiosptliayer] aves
formed, a resist pattern was fornmed by subsequent |ithography. process of
EB dramnng and @évelropong.ings g thie fhési yespat-tiér Ama&rg  maskl at he second

20 light absorption |ayer was etched by using a dry  etching apparatus of

an | CP dlscharg§a¥?§P€ﬁF PHréaCﬁi§@806§§65Fnﬁ§6héP8féFmeéFel5@@He 5/5/15
t f 665 nil f 20 W

bowsr of 200w BRREOPLEEN, P Fwﬁg%?ﬁ‘?fﬂoﬁ s P fud e bered s e s ane

apparatus, in agglégg gas, tatggsehere ?kéékgf ggéqng %g)t%; gas

pressure of miorr, | as pOV\B SOUI’C power
outermost layer of the obtained light absorption

laminated layer was measured, and results are shown in
FIG. 15. It was 2.55% at wavelength of 193 nm, and
10 1.51% at 257 nm, and a sufficient low reflectivity
characteristic in a DUV light wavelength region for
inspection was obtained.
On the second light absorption layer, in the same
manner as in example 1, a positive type electron ray
15 resist (FEP-171, manufactured by Fuji Film Arch) was
applied, and a resist layer was formed, a resist
pattern was formed by subsequent lithography.process of
EB drawing and developing.
Using the resist pattern as a mask, the second
20 light absorption layer was etched by using a dry
etching apparatus of an ICP discharge system, in a
mixed gas atmosphere of CpFg/Op/He = 5/5/15 (sccm) at
gas pressure of 665 mTorr, with bias power of 20 W and
source power of 100 W. The first light absorption
25 _ layer was etched in the same apparatus, in a mixed gas
atmosphere of Clpy/He = 40/60 (sccm) at gas pressure of

665 mTorr, with bias power of 40 W and source power of



41 200 W The resist was then renoved in the same manner as in exanple 1.
Herein, the |ight absorption lamnated | ayer 4 was partly renoved, and the
i nspection wavelength 5 reflectivity of 257 nmin the surface of the buffer
| ayer 3 in the exposed region was 52.40% This value ~was higher than a
general approximate value, and thus contributed to the inprovenent of the
i nspection characteristic. On the other hamd, the reflectivity at 10 257
nm on the surface of the light absorption lam nated |ayer 4a in the
absorption region was 1.85% As a result, an excellent contrast of 93.2%
was obtained beboeen theecsuelsace fefsl etled dem@ite Ofint R Waher daayer 3
and the surface reflected light of the light 15 absorption | am nated | ayer
4. In the sane amnder exsmpieedanpl e 1, the exposed buffer |ayer was
removed, and a reflection type photomask according to the second aspect of
the invention havi ndietrmed nsarkdec drfdhgurdsioow tdeon A anigate’l A weas %btad ned
except that the conposition of the second Ii%ht absorption | ayer 42a was
di fferent. HerePARItiNe TEOPVEA | 2Y6r thRd IPFRECTRN HBIGLSNIGSR | ani nat ed

i the exposed S8 4GPFA%E ot OTheoTu R 1y Sher eREaarror (I A 60% on
;Bgofth?r hand!lgpgér fhﬁckhgi%%p%%@%SZeEQEQnWEQeSZSHb%qceT%Esl%%HEe
ption | am nated MNayer was 1.0Z2%
was higher than a general approximate value, and thus
contributed to the improvement of the inspection
characteristic. On.the other hand, the reflectivity at
10 257 nm on the surface of the light absorption laminated
layer 4a in the absorption region was 1.85%. As a
result, an excellent contrast of 93.2% was obtained
between the surface reflected light of the buffer layer
3 and the surface reflected light of the light
15 - absorption laminated layer 4.

In the same manner as in example 1, the exposed
buffer layer was removed, and a reflection type
photomask according to the second aspect of the
invention having the same configuration as in FIG. 13

20 was obtained except that the composition of the second
light absorption layer 42a was different.

Herein, the buffer layer and the light absorption
laminated layer were removed, and the inspection
wavelength reflectivity of 257 nm in the exposed

25 surface of the multilayer reflection film was 60%. On
the other hand, the reflectivity at 257 nm on the

surface of light absorption laminated layer was 1.02%,



A2 which is slightly lower than in the state of the reflection type

phot omask bl ank. As a result, an excellent contrast of 96.7% was obtai ned
between the surface reflected Iight of the nmultilayer reflection 5 film
and the surface reflected light of the Iight absorption |amnated |ayer.
As is clear fromexanples 1 to 3, according to the invention, since the

| i ght absorption | amnated |ayer wused in ghe reflection type photonmask

bl ank and the 10 reflection type photonask is a | am nation of the first

i ght absorption layer lowin EUV |light exposure reflectivity, and the
second |ight absaiph an Isayehtlewlowerr @siast ance hand daow igr DUV | i ght
exposure reflectivity, an excellent reflectivity contrast is 15 obtained
in a refl ecti onreddicot ivot topky photpaksdr blankansher aexeesuntg n EUV | i ght
exposure, but also in inspection exposure by DUV |light. Therefore the

i nspection precP&r6alentt kentEpisEcifo oty e wpllotbiradkedamg times npatheer n
transfer precision _are excellent. By 20 perforningéEUV | i ght _exposure by

using this refl SEFEGR® EFpecFhEtonadkt &TsERPcBRdtdLY devicde ocar B
e N AU A e R
absorption laminated layer. '

As is clear from examples 1 to 3, according to the
invention, since the light absorption laminated layer
used in the reflection type photomask blank and the |

10 reflection type photomask is a laminatién of the first
light absorption layer low in EUV light exposure
feflectivity, and the second light absorption layer low
in resistance and low in DUV light exposure
reflectivity, an excellent reflectivity contrast is

15 obtained in a reflection region not only in pattern
transfer exposure by EUV light exposure, but also in
inspection exposure by DUV light. Therefore the
inspection precision of the reflection type photomask
and its pattern transfer precision are excellent. By

20 performing EUV light exposure by using this reflection

type photomask, a semiconductor device can be

manufactured in fine patterns at higher precision.



5 anmultilayer reflection filmprovided on the substrate; and a |ight
absorption lam nated layer including a first |ight absorption |ayer
provided on the nultilayer reflection filmand containing tantalum and
silicon, 10 and a second |ight absorption |layer |amnated on the first

| i ght absorption |ayer and containing at | east one of nitrogen and oxygen,
and tantalumand silicon. 2. The reflectionstype photonmask bl ank accordi ng
to claim1, characterized in that the second |ight 15 absorption |ayer has
a danping coefficient smaller than 1 at a wavelength of 190 to 260 nm and
its sheet resistance is smaller thanbG M52/ [y $3. The reflection type

phot omask bl ank according to claiml1l or 2, characterized in that the
second |ight 20 absdr.ptironrdfayert icontgipes phattoalawh Mianikcon and nitrogen
and nore specifically contains tantalumby 2 to 7 at% silicon by 40 to 60
at % and nitrogehabypcéetrazetsbat wompriFhagref |l ecti on type phot omask bl ank
according 25 to claiml or 2, characterized in that the second |ight
absorption | ayer contaiSt®stadtsl’um silicon and oxygen, and nore
specifica%ly a content of tantalumis 30 to 44 40 at% _ and an _atomc ratio
of tantaldm and oxygénTidtitayery refdecs iophd 11ay PEOvilgett whe thiot onask

bl ank accordingsuggtgg gqléngr 2, characterized in that the second |ight

a light absorption laminated layer including a
first light absorption layer provided on the multilayer
reflection film and containing tantalum and silicon,

10 and a second light absorption layer laminated on the
first light absorption layer and containing at least
one of nitrogen and oxygen, and tantalum and silicon.

2. The reflection type photomask blank according
to claim 1, characterized in that the second light

15 absorption layer has a damping coefficient smaller than
1 at a wavelength of 190 to 260 nm, and its sheet
resistance 1is smaller than 50 MQ/0O.

| 3. The reflection type photomask blank according
to claim 1 or 2, characterized in that the second light

20 absorption layer contains tantalum, silicon and
nitrogen, and more specifically contains tantalum by 2
to 7 at%, silicon by 40 to 60 at%, and nitrogen by 6 to
15 at%.

4. The reflection type photomask blank according

25 to claim 1 or 2, characterized in that the second light
absorption layer contains tantalum, silicon and oxygen,

and more specifically a content of tantalum is 30 to



5 absorption | ayer contains tantalum silicon, oxygen, and nitrogen, and
nore specifically a content of tantalumis 20 to 40 at% an atomc ratio
of tantalum and oxygen is 3:2 to 9:1, and an atomic ratio of tantalum and
nitrogen is 1:2 to 3:2. 10 6. The reflection type photonmask bl ank accordi ng
to claiml1 or 2, characterized in that the second |ight absorption |ayer
contains tantalum silicon and oxygen, angynore specifically a content of
tantalumis 40 to 90 at% and an atomc ratio of tantalum and oxygen is 15
3:5to 5:1. 7. The reflection type photomask bl ank according to any one of

-claims 1 to 6, gbapagterhaedni AtbRat theiosegordnkibaht absorRtiqen liayer has
a surface roughness of 0.6 nmRns or less. 20 8. The reflection type

phot omask bl ankiatcending. to any one of clains 1 to 7, characterized in
that the first |ight absorption layer contains silicon by 6 to 15 at% 9.
The reflection type phot dheskelfllack iaccaygengho2bmias kamyl agrke agicaodddings 1 to
8, characterized in_that the first |ight absorption |ayer and the second

| i ght absor pti oR®| ayeimatecandr pabasacisrizgd Thethat| &dei 6/ copde lilabttonask
bl ank according to any one_of clainms 1 to 9, characterized in that the

| i ght abs%rptioﬁbPaﬁPﬁéPﬁdlﬁéﬁérCﬂagaénFeF?EEF?VWtyséﬁlcfg%)8¥Y9§§8 ina

deep uItraVIOIegn&aXi£gg58Q; and more specifically a content of

tantalum is 20 to 40 at%, an atomic ratio of tantalum
and oxygen is 3:2 to 9:1, and an atomic ratio of
tantalum and nitrogen is 1:2 to 3:2.

10 6. The reflection type photomask blank according
to claim 1 or 2, characterized in that the second light
absorption layer contains tantalum, silicon and oxygen,
and more specifically a content of tantalum is 40 to
90 at%, and an atomic ratio of tantalum and oxygen is

15 3:5 to 5:1.

7. The reflection type photomask blank according
to any one of claims 1 to 6, characterized in that the
second light absorption layer has a surface roughﬁess
of 0.6 nm Rms or less.

. 20 8. The reflection type photomask blank according
to any one of claims 1 to 7, characterized in that the
first light absorption layer contains silicon by 6 to
15 at%.

9. The reflection type photomask blank according

25 to any one of claims 1 to 8, characterized in that the
first light absorption layer and the second light

absorption layer are amorphous.



5 11. Areflection type photomask having a pattern processed in a |ight
absorption | am nated | ayer of the reflection type photonmask bl ank
according to any one of <clains 1 to 10. 12. A nethod of manufacturing a
sem conductor 10 device conprising the steps of: emtting extrene
ultraviolet ray to the reflection type photomask according to claim11;
exposing a resist layer for extrene ultravyiglet ray provided on a
sem conductor substrate by a 15 reflected light; and transferring a
pattern.

10. The reflection type photomask blank according

to any one of claims 1 to 9, characterized in that the
light absorption laminated layer has a reflectivity of
13% or less in a deep ultraviolet ray region.

5 11. A reflection type photomask having a pattern
processed in a light absorption laminated layer of the
reflection type photomask blank according to any one of
claims 1 to 10.

12. A method of manufacturing a semiconductor
10 device comprising the steps of:
emitting extreme ultraviolet ray to the reflection
type photomask according to claim 11;
exposing a resist layer for extreme ultraviolet
ray provided on a semiconductor substrate by a
15 reflected light; and

transferring a pattern.



