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TITLE OF INVENTION
Photomask Blank, and Preparation Method Thereof

TECHNICAL FIELD

This invention relates to a photomask blank wiécprocessed into a photomask

for use in the microfabrication of semiconductdegrated circuits, and a method for

preparing the same.

BACKGROUND ART

In the field of semiconductor technology, reseat development efforts are

continued for further miniaturization of patterraferes. Recently, as advances including
miniaturization of circuit patterns, thinning oftémconnect patterns and miniaturization of
contact hole patterns for connection between aaiktituting layers are in progress to
comply with higher integration density of LSIs, thes an increasing demand for the
micropatterning technology. Accordingly, in congtion with the technology for
manufacturing photomasks used in the exposureoftiye photolithographic
microfabrication process, it is desired to havecanique of forming a more fine and
accurate circuit pattern or mask pattern.

In general, reduction projection is employed whattierns are formed on
semiconductor substrates by photolithography. Thesize of pattern features formed
on a photomask is about 4 times the size of patéatures formed on a semiconductor
substrate. In the current photolithography tecbgyl the size of circuit patterns printed
is significantly smaller than the wavelength ohligised for exposure. Therefore, if a

photomask pattern is formed simply by multiplyiie tsize of circuit pattern 4 times, the
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desired pattern is not transferred to a resist éilma semiconductor substrate due to optical
interference and other effects during exposure.

In some cases, optical interference and othectsfiduring exposure are mitigated
by forming the pattern on a photomask to a moreptexnshape than the actual circuit
pattern. Such a complex pattern shape may berdakifor example, by incorporating
optical proximity correction (OPC) into the acteatuit pattern. Also, attempts are
made to apply the resolution enhancement techndREy) such as modified illumination,
immersion lithography or double exposure (or doydaiterning) lithography, to meet the
demand for miniaturization and higher accuracyaitgrns.

The phase shift method is used as one of the RETe phase shift method is by
forming a pattern of film capable of phase shifapproximately 180 degrees on a
photomask, such that contrast may be improved ibging) optical interference. One of
the photomasks adapted for the phase shift methadhalftone phase shift type photomask.
Typically, the halftone phase shift type photomimhudes a substrate of quartz or similar
material which is transparent to exposure lightt arphotomask pattern of halftone phase
shift film formed on the substrate, capable of jmling a phase shift of approximately 180
degrees and having an insufficient transmittanamidribute to pattern formation. As the
halftone phase shift mask, Patent Document 1 pespasnask having a halftone phase
shift film of molybdenum silicide oxide (MoSiO) anolybdenum silicide oxynitride
(MoSIiON). Further, a mask having a halftone prest film of SiO or SiON is
proposed.

Meanwhile, it is also needed to miniaturize maattgyns more than ever before.
To enhance resolution, a photomask blank in whibhrd mask film is laminated is used
for minimizing a thickness of a resist film in teep of patterning of a mask pattern. For
example, when a chromium-containing film is used &ight-shielding film, silicon-

containing film is formed thereon as a hard mask.

Citation List
Patent Document 1: JP-A H07-140635

SUMMARY OF INVENTION

However, it was found that defects are generabedia deterioration with age

when a photomask blank or photomask has a filntstra including a chromium-
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containing film and a silicon-containing film contad to each other.

An object of the invention is to provide a photakalank that is restrained a
defect generated due to deterioration with age vehehotomask blank or photomask has a
film structure including a chromium-containing filamd a silicon-containing film
contacted to each other, and a method for prep#mmghotomask blank.

In some cases, degrees of defects (ex. numb&eoofsdefects) are not same even
when the compositions of a chromium-containing fidnd a silicon-containing film
measured by a usual method (ex. EPMA) are commamgrsome samples. The defects
in a film structure including a film containing @dmium and nitrogen and a film containing
silicon and oxygen contacted to each other arerg&ttat the interface of the film
containing chromium and nitrogen and the film conitey silicon and oxygen. The
defects are resulted with volume change causedidation of chromium contained in the
film containing chromium and nitrogen with oxygemntained in the film containing
silicon and oxygen at the interface or its vicirofythe film containing chromium and
nitrogen and the film containing silicon and oxygefThe inventors found that, in a
structure of a film (A) containing chromium andragen, and free of silicon, and a film
(B) containing silicon and oxygen, and free ofansition metal that are contacted to each
other, when an intension of secondary ions is nredsalong a thickness direction of the
films by a time-of-flight secondary ion mass speutetry (TOF-SIMS), an intension of
secondary ions derived from £x is lower than an intension of secondary ions @etiv
from SiN, at a position located at the interfacé&®wicinity of the film (A) and film (B)
and having a maximum intensity of secondary iongsdd from SiCr@Q, and defects are
hard to generate and increase of defects uponatetison with age is restrained in the
structure of the films (A) and (B) satisfied abovel he invention is predicated on these
findings.

In one aspect, the invention provides a photonbéeskk including a transparent
substrate, at least one film (A) containing chramiand nitrogen, and free of silicon, and
at least one film (B) containing silicon and oxygand free of a transition metal, the film
(A) and film (B) being contacted to each other. @fNlan intension of secondary ions is
measured along a thickness direction of the filjma bime-of-flight secondary ion mass
spectrometry (TOF-SIMS), an intension of secondamg derived from GOs is lower

than an intension of secondary ions derived frol, 8t a position located at the interface
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or its vicinity of the film (A) and film (B) and hang a maximum intensity of secondary
ions derived from SiCr©

In a preferred embodiment, the film (A) contairggen.

In a preferred embodiment, the film (A) is commbsé a compositionally graded
layer having a composition continuously gradechinkness direction, or multiple layers,
and a concentration of chromium at the interfactheffilm (A) and film (B) is lower than
a concentration of chromium in the film (A) of retadrom the interface. Preferably, an
atomic ratio Cr/E of chromium (Cr) to E represegtan element other than chromium at
the interface of the film (A) and film (B) is up tb

In a preferred embodiment, at least one film (#judes a light-shielding film or
the film (B) includes a SiO film.

In a preferred embodiment, the film (B) is commbséa single layer having a
uniform composition in thickness direction, a comsifionally graded layer having a
composition continuously graded in thickness dicegtor multiple layers, and a
concentration of oxygen at the interface of tha f{A) and film (B) is lower than a
concentration of oxygen in the film (B) of remoterh the interface.

In a preferred embodiment, at least one film (®Judes a hard mask film.
Preferably, the film (B) is thinner than the filr)(

In a more preferred embodiment, a film (C) comploska film containing a
transition metal and silicon or a film containiriicen and free of both of a transition
metal and oxygen is formed between the transpardrdtrate and the films (A) and (B).

In another aspect, the invention provides a metbpgreparing a photomask blank
including a transparent substrate, at least ome(#l) containing chromium and nitrogen,
and free of silicon, and at least one film (B) @ning silicon and oxygen, and free of a
transition metal, the film (A) and film (B) bein@wtacted to each other, by a sputtering
method. The method includes steps of:

i) when the film (B) is deposited on the film (A),a definite period of time at the
initial stage of the deposition, sputtering thenf(iB) with supplying an oxygen-containing
gas in an amount or flow rate reduced from thergettalue conforming to the prescribed
composition in accordance with function of the fi{B) or without supplying an oxygen-
containing gas, then, sputtering the film (B) watipplying an oxygen-containing gas in an

amount or flow rate of the setting value conformiaghe prescribed composition; or
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i) when the film (A) is deposited on the film (Byputtering the film (B) with
supplying an oxygen-containing gas in an amouffiioar rate of the setting value
conforming to the prescribed composition in accoogawith function of the film (B), then,
in a definite period of time at the final stagettd deposition, sputtering the film (B) with
supplying an oxygen-containing gas in an amouffioar rate reduced from the setting
value conforming to the prescribed composition @heaut supplying an oxygen-

containing gas.

ADVANTAGEOUS EFFECTS OF INVENTION

A photomask blank and photomask having a struatieefilm (A) containing

chromium and a film (B) containing silicon that @@ntacted to each other are provided.
The photomask blank and photomask are restraineergion of defects upon

deterioration with age.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1A is a cross-sectional view of one exempfargtomask blank of first

embodiment of the invention. FIG. 1B is a crosstisaal view of another exemplary
photomask blank of first embodiment of the inventio

FIG. 2 is a diagram of intensity distribution ecendary ions measured by a time-
of-flight secondary ion mass spectrometry (TOF-S)M&the interface or its vicinity of the
films (A) and (B) in Example 1.

FIG. 3 is a diagram of intensity distribution eicendary ions measured by a time-
of-flight secondary ion mass spectrometry (TOF-S)M&the interface or its vicinity of the
films (A) and (B) in Example 2.

FIG. 4 is a diagram of intensity distribution eicendary ions measured by a time-
of-flight secondary ion mass spectrometry (TOF-S)M&the interface or its vicinity of the

films (A) and (B) in Comparative Example 1.

DESCRIPTION OF PREFERRED EMBODIMENTS

The invention is directed to a photomask masklkbiaaluding a transparent

substrate which is transparent to exposure liglth s a quartz substrate, and a film (A)

containing chromium and nitrogen, and free of siticand a film (B) containing silicon
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and oxygen, and free of a transition metal, assfilormed on the transparent substrate, the
films being contacted to each other. Furtherlm (C) containing a transition metal and
silicon, or containing silicon and free of bothtnsition metal and oxygen may be
formed between the films (A) and (B) and the tramept substrate, preferably be formed
contiguous to the film (A) or the transparent stdist  The films (A), (B) and (C) are,
respectively, constructed by a single layer or ipl@tlayers (at least two layers and
typically up to four layers).

Exemplary photomask blanks are described as fellovA cross-sectional view of
one exemplary photomask blank of first embodimeitng only one interface of a film
(A) and a film (B) is illustrated in FIG. 1A. Thghotomask blank includes also a film
(C). Inthe photomask blank illustrated in FIG.,1Re film (C) is formed between the
films (A) and (B). The photomask blank 10 hadmfstacked structure of three films
which consist of a film (C) 4 containing a trarsitimetal and silicon, or containing silicon
and free of both of transition metal and oxygemnmied contiguous to a transparent
substrate 1, a film (A) 2 containing chromium artdogen, and free of silicon, formed
contiguous to the film (C), and a film (B) 3 comtiaig silicon and oxygen, and free of a
transition metal, formed contiguous to the film (A)

A cross-sectional view of another exemplary phaskblank of first embodiment
is illustrated in FIG. 1B. This photomask blanledaot include a film (C). In the
photomask blank illustrated in FIG. 1B, the film)(& formed contiguous to a transparent
substrate. The photomask blank 11 has a film-sthekructure of two films which
consist of a film (A) 2 containing chromium andragen, and free of silicon, formed
contiguous to a transparent substrate 1, and gBIn8 containing silicon and oxygen, and
free of a transition metal, formed contiguous ® film (A).

With respect to the films (A) and (B) of the inwiem, when an intension of
secondary ions is measured along a thickness idinect the films by a time-of-flight
secondary ion mass spectrometry (TOF-SIMS), amgiv@ of secondary ions derived
from CrOs is lower than an intension of secondary ions @erirom SiN, at a position
(depth along the thickness direction) located atitterface or its vicinity of the film (A)
and film (B) and having a maximum intensity of sedary ions derived from SiCeO
According to the films (A) and (B) constituted sota satisfy such the intension of

secondary ions, defects generated at the intediaite vicinity of a film (A) containing
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chromium and nitrogen, and free of silicon andra {B) containing silicon and oxygen,
and free of a transition metal are decreased tnaiesd.

When an intension of secondary ions is measureddi+SIMS, the ratioal/lc of
an intensiond of secondary ions derived from Ok to an intensiond of secondary ions
derived from SiN, at the position having a maximimtensity of secondary ions derived
from SICrGis less than 1, preferably up to 0.8. The lowmitlof the ratio Alc is
typically at least 0.05.

With respect to stack order of the film (A) anldi(B), either of the film (A) and
the film (B) may be positioned at the transpareiisgrate side. A photomask blank of
the invention is not limited to a photomask blan&luding a film-stacked structure
consisting of one film (A) and one file (B) or agtbmask blank having only one interface
of the film (A) and the film (B) and includes a gbmask blank having a plurality of
interfaces of the film (A) and the film (B). Foxample, two films (A) may be
respectively formed contiguous to both sides of fime(B), two films (B) may be
respectively formed contiguous to both sides offdne(A), and a plurality of films (A)
and a plurality of films (B) may be stacked alteively.

In case of the film-stacked structure including tar more of the films (A),
function, thickness, construction of layer(s) anchposition, of each of the films (A) may
be same or different each other. On the other,hHarghse of the film-stacked structure
including two or more of the films (B), functiomitkness, construction of layer(s) and
composition, of each of the films (B) may be samédifferent each other.

In case of the film-stacked structure having aglity of interfaces of the film (A)
and the film (B), at least one interface must $atise magnitude relation between the
intension j of secondary ions derived from 0g and the intensior:lof secondary ions
derived from SiN, which are measured by TOF-SIMSha position having a maximum
intensity of secondary ions derived from SiGrOHowever, preferably, all of the
interfaces satisfy the magnitude relation.

The invention provides a method for designingesthg or preparing a photomask
blank including a transparent substrate, at leastfiim (A) containing chromium and
nitrogen, and free of silicon, and at least ona {B) containing silicon and oxygen, and
free of a transition metal, the film (A) and fillBY being contacted to each other. In each

of the methods, the film (A) and the film (B) isepared so as to satisfy the magnitude
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relation between the intension of secondary ions derived from 0s and the intensiortl
of secondary ions derived from SiN, which are mesgby TOF-SIMS, at the position
having a maximum intensity of secondary ions defifrem SiCrQ. The method can
provide a photomask blank in which increase of ctsfapon deterioration with age
between the films (A) and (B) is restrained.

The film (A) is a film containing chromium and mgen, and free of silicon. The
film (A) is preferably composed of a material whistresistant to fluorine base dry etching
and susceptible to chlorine base dry etching. Eptesnof the material for the film (A)
include chromium compounds containing chromiuntogien, and optionally, either or
both of oxygen and carbon, for example, chromiumda (CrN), chromium oxynitride
(CrON), chromium nitride carbide (CrNC) and chromioxynitride carbide (CrONC).

The material containing chromium and nitrogen, &tad of silicon may further contains

tin (Sn) or indium (In). More preferably, the m@& containing chromium and nitrogen,
and free of silicon contains oxygen along with chium. The thickness of the film (A) is
preferably at least 3 nm, more preferably at Id@stm, and preferably up to 100 nm, more
preferably up to 70 nm.

The film (A) is preferably a light-shielding film. The film (A) may include a
light-shielding film as one or more layers of tilenf(A). When the light-shielding film is
formed on a substrate as the film (A) that canumetioned as an etching mask film for a
film which is contiguous to the transparent sultetsade of the film (A) such as the film
(C) or for the transparent substrate, the photorb&sk may be a binary photomask blank.
A binary photomask is prepared from the photomdakkb

Where the film (A) is a light-shielding film, trehromium compound of the film
(A) preferably has a chromium content of at le&sa®b6, more preferably at least 35 at%,
and less than 100 at%, more preferably up to 99 atfh most preferably up to 90 at%.
The chromium compound preferably has an oxygenecomtf at least 0 at%, and up to 60
at%, more preferably up to 40 at%. When the oxygewontained, preferably with a
content of at least 1 at%, an etching rate cardpested. The chromium compound of the
film (A) preferably has a nitrogen content of ede1 at%, preferably at least 10 at%, and
up to 50 at%, more preferably up to 40 at%. Themlium compound preferably has a
carbon content of at least 0 at%, and up to 30 atéte preferably up to 20 at%. When

the carbon is contained, preferably with a contématt least 1 at%, an etching rate can be
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adjusted. The total content of chromium, oxygetmpgen and carbon is preferably at
least 95 at%, more preferably at least 99 at% espécially 100 at%. The thickness of a
light-shielding film is preferably at least 30 nmore preferably at least 40 nm, and
preferably up to 70 nm, more preferably up to 60 nA light-shielding film may be
constructed with multilayers of a combination dight-shielding layer and an
antireflective layer.

It is needed for a photomask to have a degreigitf$hielding that is enough to
shield exposure light substantively at an outen&aattern or a portion having light-
shielding ability in a photomask pattern region. light-shielding function is ensured with
the light-shielding film of the film (A). An optal density of the combination of the films
(C) and (A), in case that the film (C) is includadhe photomask blank or photomask, or
an optical density of the film (A) only, in caseattihe film (C) is not included in the
photomask blank or photomask, is preferably attI2amore preferably 2.5, most
preferably 3 with respect to exposure light, foample, light having a wavelength of up to
250 nm, typically light having a wavelength of @p200 nm such as ArF excimer laser
(193 nm).

The film (B) is a film containing silicon and oxgg, and free of a transition metal.
The film (B) contains neither chromium (Cr) whichdontained in the film (A) nor other
transition metals. The film (B) is preferably comspd of a material which is resistant to
chlorine base dry etching and susceptible to fhembase dry etching. Examples of the
material for the film (B) include silicon compouncisntaining silicon, and oxygen or
oxygen and nitrogen, for example, silicon oxideX)Sand silicon oxynitride (SiON),
especially, silicon oxide (SiO). The thicknesshd film (B) is preferably at least 1 nm,
more preferably at least 2nm, and preferably upO®nm, more preferably up to 80 nm.

The film (B) is preferably a hard mask film.  Tfilen (B) may include a hard
mask film as one or more layers of the film (B). h& the hard mask film can be
functioned as an etching mask film for a film whistcontiguous to the transparent
substrate side of the film (B) such as the film.(AWhere the film (B) is a hard mask film,
a silicon content is preferably at least 20 at%rerpeferably at least 33 at%, and
preferably up to 95 at%, and more preferably ut@t%, an oxygen content is preferably
at least 1 at%, more preferably at least 20 atrid,paieferably up to 70 at%, more

preferably up to 66 at%, and a nitrogen conteptegerably up to 50 at%, more preferably
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up to 40 at%. The total content of silicon, oxy@ewl nitrogen is preferably at least 95
at%, more preferably at least 99 at%, and espgdifld at%. The thickness of a hard
mask is preferably at least 1 nm, more preferablgast 2 nm, and preferably up to 20 nm,
more preferably up to 10 nm. When the film (Baikard mask film, the film (B)
preferably has a thickness less than the film (Ah particular, the difference of the
thicknesses between the films (A) and (B) is paddr at least 20 nm, more preferably at
least 30 nm, or the thickness of the film (B) cep@nds to preferably up to 1/2, more
preferably up to 1/3, of the thickness of the f{i).

The film (B) may also be a phase shift film sustaghalftone phase shift film.

The film (B) may include a phase shift film as daer of the film (B). Where the film

(B) is a phase shift film, a silicon content isfprably at least 30 at%, more preferably at
least 40 at%, and preferably up to 60 at%, and mpterably up to 50 at%, an oxygen
content is preferably at least 1 at%, more prefgrableast 2 at %, and up to 10 at%, more
preferably up to 5 at%, and a nitrogen contente$gpably at least 0 at%, more preferably
at least 40 at%, and preferably up to 70 at%, moeéerably up to 60 at%.

In view of resistance to fluorine dry etching ecsrement of light-shielding
function, the film (A) is preferably composed dfilan containing chromium in a high
concentration (content). However, such the filmtaming chromium in a high
concentration is easy to be oxidized with oxygelcWiis contained in the film (B) at the
interface or its vicinity of the film (A) and filB). Thus, the film (A) is preferably
composed of a compositionally graded layer haviegraposition continuously graded in
thickness direction, or multiple layers, and a @nration of chromium at the interface of
the film (A) and film (B) may be lower than a cont&tion of chromium in the film (A)
remote from the interface. In view of oxidationabfromium with oxygen which is
contained in the film (B), an atomic ratio Cr/Eabfromium (Cr) to E representing
elements other than chromium at the interface efitm (A) and film (B) is preferably up
to 4, more preferably up to 2.5. The lower linfitlee ratio Cr/E is typically at least 0.5.

On the other hand, the film (B) may be composed sihgle layer having a uniform
composition in thickness direction. In view of dation of chromium with oxygen which
is contained in the film (B), the film (B) is preédbly composed of a compositionally
graded layer having a composition continuously gdaith thickness direction, or multiple
layers, and a concentration of oxygen at the iaterfof the film (A) and film (B) may be

-10-
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lower than a concentration of oxygen in the filn) (Bmote from the interface. In view
of oxidation of chromium with oxygen which is com@d in the film (B), an atomic ratio
O/Si of oxygen (O) to silicon (Si) at the interfamfethe film (A) and film (B) is preferably
up to 2, more preferably up to 1.7. The lower fiofithe ratio O/Si is typically at least

0.5, and preferably at least 1.2, more preferablgast 1.3, most preferably at least 1.5.

The film (C) is a film containing a transition raéand silicon or a film containing
silicon and free of both of a transition metal axgigen. The film (C) is preferably
composed of a material which is resistant to chibase dry etching and susceptible to
fluorine base dry etching. Examples of the maltenataining a transition metal and
silicon for the film (C) include transition metalison (MeSi), transition metal silicon
compounds containing transition metal (Me), silieord at least one element selected from
the group consisting of oxygen, nitrogen and carlbmnexample, transition metal silicon
oxide (MeSiO), transition metal silicon nitride (Bi&), transition metal silicon carbide
(MeSiC), transition metal silicon oxynitride (MeS\)) transition metal silicon oxycarbide
(MeSiOC), transition metal silicon nitride carbideSINC), and transition metal silicon
oxide nitride carbide (MeSIONC). The transitiontai¢Me) is preferably at least one
metal selected from the group consisting of titem{{Ti), vanadium (V), cobalt (Co),
nickel (Ni), zirconium (Zr), niobium (Nb), molybdem (Mo), hafnium (Hf), tantalum (Ta)
and tungsten (W). Inter alia, molybdenum (Mo)rieferred from the standpoint of dry
etching processability.

On the other hand, examples of the material comigisilicon and free of both of a
transition metal and oxygen for the film (C) inctusilicon alone and a material containing
silicon and nitrogen, and free of both of a traasiimetal and oxygen, for example, silicon
nitride (SiN) and silicon nitride carbide (SINC)Typically, the material for the film (C)
contains nitrogen. In this case, a silicon conteipreferably at least 30 at%, more
preferably at least 40 at%, and preferably up tat98, and more preferably up to 70 at%,
and a nitrogen content is preferably at least 1, atéve preferably at least 10 at%, and
preferably up to 70 at%, more preferably up to 806.a The material for the film (C) is
preferably free of chromium (Cr). The thicknesshd film (C) is preferably at least 1
nm, more preferably at least 2 nm, and preferaplyoul00 nm, more preferably up to 80
nm.

-11-
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The film (C) may be a phase shift film such aglitbne phase shift film. Where
the film (C) is a phase shift film containing artsétion metal and silicon, a transition metal
(Me) content is preferably at least 0.1 at%, moedguably at least 1at%, and preferably up
to 30 at%, more preferably up to 20 at%, a silicontent is preferably at least 30 at%,
more preferably at least 35 at%, and preferabliou0 at%, and more preferably up to 50
at%, an oxygen content is preferably at least 1, at%e preferably at least 2 at %, and
preferably up to 15 at%, more preferably up to t2@,a nitrogen content is preferably at
least 20 at%, more preferably at least 30 at% paefkrably up to 60 at%, more preferably
up to 50 at%, and a carbon content is preferabigaast 0 at%, more preferably at least 1
at%, and preferably up to 5 at%, preferably up &%.

On the other hand, where the film (B) is a phés# 8lm containing silicon and
free of both of a transition metal and oxygen lia@ content is preferably at least 30 at%,
more preferably at least 40 at%, and preferabliougD at%, and more preferably up to 50
at%, and a nitrogen content is preferably at |8a&®6, more preferably at least 40 at%,
and preferably up to 70 at%, more preferably upQat%.

When a phase shift film such as a halftone phiaigefiém is formed as the film (B)
or film (C), the photomask blank may be a phas# ghpe photomask blank such as a
halftone phase shift type photomask blank. A plshse type photomask such as a
halftone phase shift type photomask is prepared ttee photomask blank.

A phase shift of the halftone phase shift filmhaéspect to exposure light, i.e., a
phase shift between the exposure light transmiittedigh a phase shift film and the exposure
light transmitted through an air layer having thene thickness of the phase shift film may
be adjusted to an amount that is enough to inciageast by interference of exposure
lights which are transmitted through both regi@isy border between the region existing the
phase shift film (phase shift region) and the nagiot existing the phase shift film.
Specifically, the phase shift is in a range of frb&0° to 200°.  Although ordinary
halftone phase shift films are set to a phase shdpproximately 180°, it is possible from
the standpoint of contrast enhancement to adjesphiase shift below or beyond 180°
rather than limiting to approximately 180°. Fomexle, setting a phase shift of smaller
than 180° is effective for forming a thinner filmlt is a matter of course that a phase shift
closer to 180° is more effective because a higbetrast is available. In this regard, the

phase shift is preferably 160 to 190°, more prdfigra75 to 185°, especially

-12-
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approximately 180°. The halftone phase shift filas a transmittance of exposure light
which is preferably at least 3 %, more preferabligast 5 %, and preferably up to 30 %.

The thickness of the halftone phase shift filrprisferably up to 80 nm, more
preferably up to 70 nm, most preferably up to 65 bhetause a thinner film facilitates to
form a finer pattern. The lower limit of the thiss of the halftone phase shift film may
be adjusted in a range that is enough to obtaiessacy optical properties with respect to
exposure light, for example, light having a wavgtérof up to 200 nm such as ArF excimer
laser light (193 nm). Typically, the lower lim# at least 40 nm.

The films used in the photomask blank of the irienmay be formed by a
sputtering method. Either DC sputtering or RF &girtg may be employed, and other
known methods may also be employed.

When a film containing oxygen, nitrogen or carli®deposited, preferably, a
reactive sputtering is employed as the sputterirdn inert gas and a reactive gas is used
as a sputtering gas. Examples of the sputterisgrgdude a combination of inert gases
(rare gases) such as helium gas (He), neon gasa(ideargon gas (Ar), and a reactive gas
selected from the group consisting of an oxygenaiaimg gas, a nitrogen-containing gas
and a carbon-containing gas, such as oxygen gasni@®ogen oxide gases {8 and NQ
gases), nitrogen gas {§as) and carbon oxide gases (CO and §€3es). The gases are
adjusted so as to obtain an objective compositidn.case of a film constructed by
multilayers, for example, a film having a compasitivaried stepwise or continuously in
thickness direction, the film may be deposited wlibmpositions of sputtering gases are
varied stepwise or continuously for forming sudmnfi

The sputtering pressure is adjusted in considerati film stress, chemical
resistance, cleaning resistance, etc. Typicadlyehhancing chemical resistance, the
pressure is adjusted to preferably at least 0.0inBee preferably at least 0.03 Pa, and
preferably up to 1 Pa, more preferably up to 0.3 Hdow rate of each gas is adjusted so
as to obtain the desired composition. Typicaltg flow rate is in a range of 0.1 to 100
sccm.  When a reactive gas is used with an inettayaatio of a flow rate of the reactive
gas to a flow rate of the inert gas is preferalpyta5.0.

A chromium target or a target containing chromauided with at least one element
selected from the group consisting of oxygen, ggroand carbon may be used for forming

the film (A), as a sputter target. A silicon targesilicon nitride target, or a target



10

15

20

25

30

containing both of silicon and silicon nitride miag used for forming the film (B) or (C),
as a sputter target. A transition metal targe complex target of silicon and transition
metal may be further used for forming the film (@3,a sputter target. A power applied
across the target is adjusted in consideratioargkt size, cooling efficiency,
controllability of deposition, etc. Typically, tEwer is 0.1 to 10 W/chwith respect to
unit sputtering area of the sputtering target.

When an intension of secondary ions is measumtja thickness direction of the
films by a time-of-flight secondary ion mass spestetry (TOF-SIMS), the inventive
photomask blank has an intension of secondarydensed from CsOs being lower than
an intension of secondary ions derived from SiNy position located at the interface or its
vicinity of the film (A) and film (B) and having maximum intensity of secondary ions
derived from SiCr@ The photomask blank can be prepared by, for pl@mdepositing
a film (B) by sputtering with using an oxygen-cantag gas such as oxygen gas),O
nitrogen oxide gases (N and NQ gases) and carbon oxide gases (CO angdages).
Preferably, the deposition of the film (B) shouklibclude the steps of:

i) when the film (B) is deposited on the film (A}, a definite period of time at the
initial stage of the deposition, sputtering thenfiiB) with supplying an oxygen-containing
gas in an amount or flow rate reduced from theérggttalue conforming to the prescribed
composition in accordance with function of the fi{B) or without supplying an oxygen-
containing gas, then, sputtering the film (B) watipplying an oxygen-containing gas in an
amount or flow rate of the setting value conformiaghe prescribed composition; or

i) when the film (A) is deposited on the film (Byputtering the film (B) with
supplying an oxygen-containing gas in an amouffiioar rate of the setting value
conforming to the prescribed composition in accoogawith function of the film (B), then,
in a definite period of time at the final stageltoé deposition, sputtering the film (B) with
supplying an oxygen-containing gas in an amouffiioar rate reduced from the setting
value conforming to the prescribed composition @gheut supplying an oxygen-
containing gas.

The definite period of time at the initial stagetite final stage for supplying an
oxygen-containing gas at reduced flow rate or npplying an oxygen-containing gas is
preferably adjusted such that the thickness forateéde reduced or zero flow rate

corresponds to at least 1/100, preferably at &€t and up to 1/4, preferably up to 1/5 of
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whole thickness of the film (B). Particularly, whthe definite period of time at the

initial stage or the final stage for supplying atyg@en-containing gas at reduced flow rate
or not supplying an oxygen-containing gas is adgistuch that the thickness formed at the
reduced or zero flow rate is preferably up to 3mmore preferably up to 2 nm, most
preferably up to 1 nm, only the interface portisradjusted, and generation of defects is
reduced without changing the properties of substigtwhole of the film (B).

In the photomask blank which is prepared by thm/abmentioned method, it is
presumed that the oxygen content in extremely sregibn at the interface portion of the
film (B) being contacted with the film (A) (hereaft interface region) is lower than the
oxygen content the portion of the film (B) othearhthe interface region, i.e., a side remote
from the interface region. The interface regionwd from deference between the
oxygen content of the interface region and the erygpntent of the portion of the film (B)
other than the interface region is effective, eWehe interface region is too small and hard
to be identified by ESCA which is a common methadddompositional analysis of the film
along a depth direction.

The photomask blank of the invention is processtma photomask. The
photomask blank may be processed into a photomaakstandard technique. For
example, first, the photomask blank of the invemimprepared, and the films (A) and (B)
or the films (A), (B) and (C) are patterned, forgnione or more photomask patterns of the
film(s) selected from the group consisting of t@$ (A) and (B) or the films (A), (B) and
(C). An organic resist film of such as a chemigalnplified resist material (typically,
exposed to imagewise by electron beam) is usethéopatterning. In the pattering, the
resist film is patterned into a resist pattern,ftimes on the transparent substrate, or the
films on the transparent substrate and the trapgpaubstrate are patterned in sequence
with using the resist pattern, or the mask pat®raofmed in the process for preparing the
photomask from the film(s) included in the photoknbknk, as an etching mask, by
chlorine base dry etching or fluorine base dry ietgiselected in accordance with the
property of the intended film or the transpareristtate. The thickness of the resist film
is preferably at least 50 nm, more preferably a0 nm, and preferably up to 200 nm,
more preferably up to 150 nm.

For example, in case of a photomask blank (in BiS.having films constructed
with three layers consisting of a film (C) (ex. &ftone phase shift film), a film (A) (ex. a
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light-shielding film) and a film (B) (ex. a hard siafilm) which are stacked in the order on
a transparent substrate, the photomask blank maydeessed into a photomask by the
following procedures. First, a resist film is fachon the film (B) and exposed to
imagewise, for example, by electron beam, resuliimgsist pattern. Subsequently, a
mask pattern of the film (B) is formed with utiligj the resulting resist pattern as an
etching mask by fluorine base dry etching. Nextask pattern of the film (A) is formed
with utilizing the mask pattern of the film (B) as etching mask by chlorine base dry
etching. Next, a mask pattern of the film (C)asnied with utilizing the mask pattern of
the film (A) as an etching mask and the mask patéthe film (B) is removed, by
fluorine base dry etching, yielding a photomasklfase shift type photomask such as a
halftone phase shift type photomask).

In a photolithographic method for forming a paiteith a half pitch of up to 50 nm,
typically up to 30 nm, and more typically up tor2@, most typically up to 10 nm on a
processable substrate, including the steps of fayraiphotoresist film on the processable
substrate and exposing the photoresist film ta lajlwavelength up to 250 nm, especially
up to 200 nm, typically ArF excimer laser (waveldm$93 nm) or Flaser (wavelength
157 nm), through a patterned mask for transferttiegpattern to the photoresist film, the
photomask of the invention is best suited for nsthé exposure step.

The photomask obtained from the photomask blaalpmicable to the pattern
forming process including projecting light to tHeogpomask pattern for transferring the
photomask pattern to an object (photoresist film}tee processable substrate. The
irradiation of exposure light may be either dry expre or immersion exposure. The
photomask of the invention is effective particufasihen a wafer of at least 300 mm as the
processable substrate is exposed to a photomaskrpat light by the immersion

lithography.
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EXAMPLE
Examples are given below for further illustratthg invention although the invention

is not limited thereto.

Example 1
A phase shift film of MoSION (75 nm thick) was fieed on a quartz substrate of

154 mm square x about 6.35 mm thick by a sputteriathod. Oxygen, nitrogen and
argon gases were used as sputtering gas. Two &indeSi, target and Si target were
used as targets. While the substrate was rotaiés axis of rotation at 30 rpm, the film
was deposited. The composition of the film wadyaea by EPMA utilizing XPS (x-ray
photoelectron spectroscopy) system (Thermo FisbienSfic Inc., K-Alpha), and was
Mo:Si:O:N=1:4:1:4 (atomic ratio).

Next, as the film (A), a light-shielding film costing of two layers of a CrN layer
(30 nm thick) and a CrON layer (20 nm thick) dispén the order from substrate side
was formed on the phase shift film by a sputtenmeghod. Nitrogen and argon gases
(CrN layer) and oxygen, nitrogen and argon gase®Kdayer) were used as sputtering
gases, respectively. Chromium metal target wad ase target. While the substrate
was rotated on its axis of rotation at 30 rpm,filne was deposited. The composition of
the film was analyzed by EPMA, and was Cr:N=9:bifat ratio) in the CrN layer and
Cr:0:N=4:5:1 (atomic ratio) in the CrON layer, respively.

Next, as the film (B), a hard mask film of sintgger (5 nm thick) composed of
SiO was formed on the film (A) by a sputtering neeth Oxygen and argon gases were
used as sputtering gases. While 1/20 of the wiivoke for depositing of the hard mask
from the start of the spattering, oxygen gas wedsate20 sccm, thereafter, oxygen gas was
increased to 40 sccm.  Argon gas was constantlptf@é® sccm.  Si target was used as a
target with a power of 1.000 W which was applietbas the target. While the substrate
was rotated on its axis of rotation at 30 rpm,ftine was deposited. The composition of
the film was analyzed by EPMA, and was Si:O=1:Diat ratio) in the whole of the film.

An intension of emitted secondary ions of the wled photomask blank was
measured along a thickness direction of the filjna ime-of-flight secondary ion mass
spectrometry (TOF-SIMS) apparatus (ION-TOF GmbHA sputter ion gun for surface
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etching and ion gun for excited ion were used. enrity distributions of several kinds of
emitted secondary ions were measured at a positiated at the interface or its vicinity of
the film (A) and film (B) with detecting the sevékands of secondary ions emitted at the
position located at the interface or its vicinifiytlee film (A) and film (B) by a detector,
while repeating, alternately, the etching by Cssian sputter ions and the measurement of
the secondary ions emitted by irradiation of Bions (primary accelerated voltage: 25 kV,
primary current: 0.2 pA) as primary ions (exciteds). The results are shown in Fig. 2.
The results show that the intension of secondary aerived from GOs is lower than the
intension of secondary ions derived from SiN, pbaition (depth) having a maximum
intensity of secondary ions derived from SiGrO

Next, defect inspection was carried out to a pilyraf photomask blanks obtained
by the above-mentioned procedures. Maskblankstigm System M6640S (Lasertec
Corporation) was used for the defect inspectiont right after the preparation of the
photomask blank, total number of defects detecteldib mm square of the center area the
photomask blank was up to 20 in each photomaskkhlatin respect to detection lower
size limit of about 0.06im. After holding the plurality of photomask blartk&t were
inspected defects in fourteen days under clearr@mwvient at room temperature, defect
inspection was carried out to the plurality of giroask blanks by the same manner.
Total number of defects was up to 20 in each phatinblank.

Example 2
A phase shift film and film (A) was formed on aagiz substrate by the same

manner as shown in Example 1. Next, as the filjp §Bard mask film of single layer (5
nm thick) composed of SiO was formed on the film 4 a sputtering method. Oxygen
and argon gases were used as sputtering gas. rg&ii teas used as a target. While the
substrate was rotated on its axis of rotation atpB®, the film was deposited. A flow rate
of argon and a power applied across the target setras same as Example 1. In this
case, while 1/20 of the whole time for depositifighe hard mask from the start of the
spattering, oxygen gas was same, thereafter, oxygemvas set to lower flow rate of 20
sccm.  The composition of the film was analyzedEBMA, and was Si:0=1:1.2 (atomic

ratio) in the whole of the film.
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Intension distributions of several kinds of emdteecondary ions were measured at
a position located at the interface or its vicirofythe film (A) and film (B) by the same
manner as shown in Example 1. The results arersiowig. 3. The results show that
the intension of secondary ions derived frorpdglis lower than the intension of
secondary ions derived from SiN, at a position taepaving a maximum intensity of
secondary ions derived from SiGGO

Next, defect inspection was carried out by theesamanner as shown in Example 1
to a plurality of photomask blanks obtained by abeve-mentioned procedures. Both of
at right after the preparation and after holdirgfedt inspections were carried out to the
plurality of photomask blanks. Total number ofet#§ was up to 20 in each photomask

blank, in respective inspection.

Comparative Example 1

A phase shift film and film (A) was formed on aagtz substrate by the same
manner as shown in Example 1. Next, as the filjp §Bard mask film of single layer (5
nm thick) composed of SiO was formed on the film k& a sputtering method. Oxygen
and argon gases were used as sputtering gasetarg&iwas used as a target. While the
substrate was rotated on its axis of rotation atpB®, the film was deposited. A flow rate
of argon and a power applied across the target sedras same as Example 1. In this
case, from the start of the spattering, oxygenwgasconstantly set at 50 sccm which is
different from Example 1. The composition of timfwas analyzed by EPMA, and was
Si:0=1:2 (atomic ratio) in the whole of the film.

Intension distributions of several kinds of emidteecondary ions were measured at
a position located at the interface or its vicirofythe film (A) and film (B) by the same
manner as shown in Example 1. The results arersiowig. 4. The results show that
the intension of secondary ions derived frorgdglis higher than the intension of
secondary ions derived from SiN, at a position (depaving a maximum intensity of
secondary ions derived from SiGrO

Next, defect inspection was carried out by theesamnner as shown in Example 1
to a plurality of photomask blanks obtained by abeve-mentioned procedures. At right
after the preparation of the photomask blank, tatmhber of defects was up to 20 in each

photomask blank. However, after holding, total lmof defects was increased to at



least 200 in each photomask blank. ParticularBnymminimal defects were detected on

the periphery of the photomask blank.
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CLAIMS:

1. A photomask blank comprising a transparent satestat least one film (A)
containing chromium and nitrogen, and free of siticand at least one film (B) containing
silicon and oxygen, and free of a transition metad,film (A) and film (B) being contacted
to each other, wherein

when an intension of secondary ions is measurmtya thickness direction of the
films by a time-of-flight secondary ion mass spewtetry (TOF-SIMS), an intension of
secondary ions derived from £x is lower than an intension of secondary ions @efiv
from SiN, at a position located at the interfac@&®wicinity of the film (A) and film (B)

and having a maximum intensity of secondary iong/dd from SiCrQ.

2. The photomask blank of claim 1 wherein the i) contains oxygen.

3. The photomask blank of claim 1 or 2 whereinfilme (A) is composed of a
compositionally graded layer having a compositiontmuously graded in thickness
direction, or multiple layers, and a concentratbehromium at the interface of the film
(A) and film (B) is lower than a concentration dfromium in the film (A) of remote from

the interface.

4. The photomask blank of claim 3 wherein an ata@iio Cr/E of chromium (Cr) to
E representing an element other than chromiumeaintierface of the film (A) and film (B)
is up to 4.

5. The photomask blank of any one of claims 1 whérein said at least one film (A)

comprises a light-shielding film.

6. The photomask blank of any one of claims 1 wh&rein the film (B) comprises a
SiO film.
7. The photomask blank of any one of claims 1 ¥ehérein the film (B) is composed

of a single layer having a uniform compositionhickness direction, a compositionally
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graded layer having a composition continuously gdia thickness direction, or multiple
layers, and a concentration of oxygen at the iaterfof the film (A) and film (B) is lower

than a concentration of oxygen in the film (B) efiote from the interface.

8. The photomask blank of any one of claims 1 ¥hérein said at least one film (B)

comprises a hard mask film.

9. The photomask blank of claim 8 wherein the {{B) is thinner than the film (A).

10. The photomask blank of any one of claims 1 wh@rein a film (C) composed of a
film containing a transition metal and silicon diilen containing silicon and free of both
of a transition metal and oxygen is formed betwibentransparent substrate and the films
(A) and (B).

11. A method for preparing a photomask blank cosipgia transparent substrate, at
least one film (A) containing chromium and nitrogand free of silicon, and at least one
film (B) containing silicon and oxygen, and freeaofransition metal, the film (A) and film
(B) being contacted to each other, by a sputteriethod wherein

the method comprising steps of:

when the film (B) is deposited on the film (A),andefinite period of time at the
initial stage of the deposition, sputtering thenfiiB) with supplying an oxygen-containing
gas in an amount or flow rate reduced from thergettalue conforming to the prescribed
composition in accordance with function of the fi{B) or without supplying an oxygen-
containing gas, then, sputtering the film (B) watipplying an oxygen-containing gas in an
amount or flow rate of the setting value conformioghe prescribed composition; or

when the film (A) is deposited on the film (B),usfering the film (B) with
supplying an oxygen-containing gas in an amourftoor rate of the setting value
conforming to the prescribed composition in accoogawith function of the film (B), then,
in a definite period of time at the final stageltoé deposition, sputtering the film (B) with
supplying an oxygen-containing gas in an amourftoor rate reduced from the setting
value conforming to the prescribed composition @haut supplying an oxygen-

containing gas.
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