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SPECIFICATION

TO ALL THOM IT MAY CONCERN:

Be it knowﬁ that.we, NOBUO KUSHIBIKI,
HIDEO KATO, AKIRA MIYAKE and YASUAKI FUKUDA, subject
of-Japan, respectively at 2-2, Fukuda 5-chome, Yamato-shi,
kanaggwa-ken; Japan, 1678410, Ichigao-cho, Midori-ku,
Yokohama-shi, Kénagawa-ken, Japan, Canon Honatsugi-ryo,
6-29, Mizuhiki 2-chome, Atsugi-shi, Kanagawa-ken; Japan
and 493-7-4-305, isurumaki, Hatano-shi, Kanagawa-ken,
Japan, have jointly invented a certain'new and uééful;.'
in;provement in X~-RAY MASK SUPPORT AND PROCESS 'FOR
PREPARATION THEREOF of which the following is a Full,

clear concise and éxact- description.
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TITLE OF THE INVENTION

X-ray Mask Support And Process For Preparation

Thereof

BACKGROUND OF THE INVENTION

Field of The Invention

The present invention relates to a support for
a mask used in X-ray lithography processing for
preparing integrated circuits, and a process for
preparing the support.
Related Background Art

- Recent semiconductor inteérated circuits are
demanded to be made small 1n.size and made highly
integrated, #nd a method of forming finer patterns is
required in the preparation process theféfor.
Accordingly, it_has become popular to utilize the
techniqueé of X-ray lifhography.

In generai, a mask used in the X-ray
litHOQraphy processing comprises a support frame
having the shape of a ring or the like and a film
menber having X-ray transmitting portioné and X-ray
non-transmigting portions. The film member covers the
opening of fhe support frame. In usual cases, the X-
ray non—-transmitting portions are formed of a X-ray- I
opaque or absorbing material having a géomet;icai" |

pattern anad provided'on a mask support fiiﬁ {(membrane)

—
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that constitute a base for the film member, and the X-
ray transmitting portions are formed of the mask
support film itself corresponding'to the part on which
the X-ray opaque or absorbing ﬁaterial is not
provided.

The X-ray opaque.or absorbing material must
be formed on the mésk support film with a
subnicroscopic size, with a good precision and with
good reproducibility, énd alsp'the mask support film
is required to have diﬁe;sional stability. The mask
support film, whiéh covers the support.frame with a
considerable tension,'is also required to have
mechanical strength.

Since it is required to transfer mask patterns
to a semiconductor wafer with a submicroscopic¢c size
and'precision without causing'any deformation even by
the heat due to the absorption of the incidencé of X-
rays, a mask support film comprising a ceramic
météfial has been proposed so that the above
requirements can be fulfilled.

The support film comprising a ceramic material
is prepared by forming a film on a substrate by a
gaseous phase method such as physicai vapor deposition
(Pvp), chenical vaper deposition (CVD) and molecular
beam deposition (MB), followed by removal of the

substrate.
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Prepar#tion of the mask support film
comprising SiC, which is a preferred ceramic in view
of the mechanical strength or less thermal
deformation, is carried out according to a gaseous
phase film deposition method typified by the method
described in Japanese Patent Publication No. 53-2478S5,
in which_reactive ion-platiﬁg method is employed to
produce an SiC film on a silicon substrate in an
atmosphere of a hydrocarbon having 1 or 2 carbon
atonms. | _

However, such a preparation method according
to the gaseous phase film deposition has a difficulty
in mass production, resulting in expensiveness,
because a gaseous phase film deposition apparatus is
very expensive, the.nunﬁer of the films that can be
formed at one time is limited, and the film deposition

rate which is not high;-'Besides, it has been not

' suitable to the mass production also from the

fol;gwing reasons:

(a) Since the properties of films to be formed
depeﬁds on various parameters such as substrate
temperature, gas concentration and gas purity which
are entangled with each other, conditions for film
deposition must be set with complicécy-and also can_be
maintained with difficulty.

(b) The operation to remove the substrate by
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etching or the like after film deposition is
essential, and such an operation is cumbersome.

There is also the problem that a film having
irregularities of the same as an order of its
thickness is formed because, in the mask support filnm
formed by the gaseous phase film deposition method,
crystals that grow from varioﬁs points on the
substrate collide with each other and the axis or
lattice plane of. crystal appear almost randomly.

The irregularities on the surface of the
support film bring about the following undesirable
resﬁlts. _

(1) Because of the crystal particle diameter that
comes to be from ~1 um to several um, the visible
light or near infrared light used for alignment
undergoes so large scattering that the transmittance
may be lowered and the S/N ratio of thé alignment
light signal may be lowered. ;

(2) Since the irregularities indicate a thickness
non-uniformity, they ﬁay'cause non-uniformity in the
inténsity of trahsmitting X-rays.

(3) Because of unsﬁoothness of the surface, there
may be caused deterioration of precision, non-
uniformity in the thickness of X-ray opaque or _
absorbing nateriala, and adhesion failure of X-ray |

opague or absorbing material patterns, when fine
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patterns are formed.

Moreover, the film is so thin and so hard that
it can be flattened with difficulty. Thus, the hask
suﬁport film having surface roughness is not suitable
to the formation of X-ray opaque or absorbing
materials with good precision, and the mask support
film formed by the gaseous phase method have not
necessarily had satisfactory performances. In
addition, an adhesive is.always used to fix the above
ceramic film to a support member, but adhesives for
practical use are organic polymers. Accordingly, even
when é heat-resistant adhesive such as polyimide is
used, the tension applied to the filn is loosened to
nake it difficult to fetain the submicron patterns,
because of the large thermal expansion coefficient
(about 100 times the cergmics) of such heat-resistant

adhesive.

SUMMARY OF THE INVENTION

The present invention has been made to solve
such problems, and a principal objéct thereof is to
provide an X-ray mask support film having good
performances, that can suppress strains produced by
irradiation with X-rays to zero or to a level as _
minimum as possible, may not cause the lowering of S/ﬁ

ratio of the alignment light signal, and may not cause
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not only the non—uniformity in the intensity of
transmitting X-rays or non-uniformity in the thickness
of X-ray opaque or absorbing material but also the
adhesion failure of the X-ray opague or absorbing
material patterns.

The present invention provides an X-ray mask
support comprising a support frame and a support film,
wherein the support frame and support film have both a
thernmal expansion éoefficient of not more than
1 x 105k,

In another embodiment, the present invention

provides an X-ray mask support comprising a support

frame and a support film, wherein the thermal

‘expansion coefficient of said support film does not

exceed the thermal expansion coefficient of said
support frame.

In still another embodiment, the present
invention provides an X-ray mask support comprising a
supﬁért frame and a support film, wherein said support

frame and said support film have both a thermal

5,1

expansion éoefficient of not more than 1 x 10 'K ° and

said support film has a surface réughness at least on
the mask surface, of not more than 10 nm r.m.s.

The present invention also provides a process
for breparing an X-ray mask support film, comprising

the steps of fdrming a film on a substrate, and



10

15

sintering said film.

In a further embodiment of the process, the
present invention pr&vides a process for preparing an
X-ray mask support film, comprising the steps of
forming a film on a substrate comprising a compound
having the same con#tituent as that of a sintered
product of said film, and sintering said film.

Other embodiments of the process will become

apparent from the following description.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 and Fig. 2 are a view illustrating an
integrally formed body comprising a support frame and
a support film; '

Fig. 3 to Fig. 5 are cross sectional vieﬁé

exemplifying various embodiments of light-irradiation

| methods in the present-invéntion;
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25

Fig. 6 is a view illustrating structures of a
support frame and a support film which have the sanme
form as each other and are fixed through an adhesive
layer; and

Fig. 7 is a view illustrating a process in

Example 4.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The X-ray mask support film of the present
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invention comprises a support frame and a support
film, and is characterized in that both of the support
frame and support film comprise a material having a
thernmal expanéion coefficient of not more than

1 x 10°°k"? or a material such that the thermal -
expansion coefficiént of said support film does not
exceed the thermal expansion coefficient of said
support frame.

The present invention will be described below
in detail. _
. In the present invention, the material that
has a thermal expansion coefficient of not more than
1 x 1079k ! and a Young's modulus of not less than 10
GPa may typically include ceraniqs. They include, for
exanmple, ceramiés such as silicon nitride, silicon
carbide, sialon (Si{ Al, O, N) in which part of
silicon of silicon nitride has_been substituted w;th
aluminum and part of nitrogen thereof has been
subgtituted with oxygen, and carbon or graphite. Of
the abové materials, particularly preferably used in
the preﬁent invention are silicon nitride and silicon
carbide.

 The feature that the thermal expansion
SK-l

coefficient is not more than 1 x 10~ requires

that, assuming a mask pattern on a support member to
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be 1 cm, the elongation caused by a temperature change
of 1°C is not more than 10 ’. To retain the submicron
pattérns,-the thermal expansion coefficient must be
not more than 1 x 10 °k~1. |

The feature that the thermal expansion
coefficient of the suppoft film is sm#ller than that
of the sﬁpport frémg is advantageous for retaining the
state that the film is stretched, since the frame
undergoes a larger thermal expansion than the film
whenlexpgsed to heat..

The above éeramics have differences in
partiéle diameter, particle size distribution, or
crystal form including three types of a cubic system
(B), a hexagonal sysfem (@J and amorphous‘in case of
Silicon carbide, and also three types of a'hexagonal

system (X ), trigonal (B) and amorphous in case of

Silicon nitride. These structural differences result in

-differences in values of physical properties, based on

differences in prepafation methods. Accordingly, the
thermal expansion coefficient of the support frame can
be readily set so as not to exceed that of the support
£ilm.

In the.case of carbon or graphite,-when it is
obtained by sintering a pitch, the above setting can
be easily carried out by controlling'the degree of

graphite formation and the layer structure.
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The film is subjected to a constant stress to
maintain the flatness, where its elongation must be .
very small, and henbe-the film is required to be
stretched with a tension of from 10 to 100 MPa.

What is required in the submicron processing is to

withstand the stress to give no eloﬁgation, and this

. is preferred for the reason that the dimensional

precision can be retained. It is also preferred for
the support film to haQe a thermal'conductivity of not
less than 4 W/m.K, for the reason that the local
distortion produceé by the temperature rise caused by
irradiation with X-rays can be suppressed owing to
heat conduction.
in'the prgéent-ihﬁention, ah organosilicon
polymer may be gsed. The organosilicon polymer
includest_fpr one example, a polymer generically
termed as polysilane r;presented by the general
formula: .
Rt
[
f(-?i-)-n
R"
wherein R' is methylf R" is methyl, ethyl,
cylcohexyl, pheﬁyl, phenetyl, or tolyl; and n
is not lesg'tban 100, more preferably not“;gss
than 200. |

It may épecifically include
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poly{(dimethylsilane-methylphenylsilane),
poly((dimethylsilane-methylcyclohexylsilane) and
poiy(methylphenetylsilane-methylphenethylsilane).
Readily available is poly(diﬁethylsilane-
methylphenylsilane).

Another exaﬁple of the organos;ligon polynmer
is a polymer generically termed as polysilazane
represented by the general formula:

R!
|
-{-N-8i-)-
i o

wherein R is hydrogen, 01 to c8 alkyl, or aryl

such as phenyl, benzyl or phenetyl, n is not

less than 100, preferably not less than 200,

' It specifically includes poly(methylsilazane),
poly(ethylsilazanef and poly(phenylsilazane).

In the case of carbon,-pet:oleum pitch
commonly used in formation of carbon fiber may be
molded according to a holding method such as press
molding, injection molding or cast molding in a mold
previously pfepared, since it has melt properties
similar to organic polymers.

Of the materials desacribed above, preferably
used in the present invention are particularly -
polysilane and polysilazane. Employment of these

naterials as described above and the preparation.
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method as described below makes it-péssible to weil
satisfy the preferable conditions as required herein.

Hitherto well known methods of preparing
silicon carbide include a method in which silica is
carbonized by reduction using carbon, and a .method in
which metal silicon, silicon monoxide or silicon
dioxide is reacted with carbon. 1In the case of
silicon nitride, known are methods in which are .direct-
nitriding of metal Qi;icon, silica reduction, a imide
nitride thermal decomposifion, etc.

The above polymers have recently been founded,
which are polymers for use in silicon carbide or
siliéon nitride, comprising silicon-as a polymer .
backbone and called ceramics precursor pélyners to
whﬁch usual molding methods for thermoplastic resins
can be applied, and have been used in preparation of
ceramics. Also, in thé case of carbon, carbon
naterials synthesized from petroleum pitch have become
available on the market. |

TYpical_processes for preparing the mask
support frame of the present invention include the
following (1), (2) and (3).

Process (1)

Polysilane, polysilazane or petroleum pitch-is
molded by a usual thermoplastic resin mold;ng method

{such as compression or injection) at temperatures
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higher than its melting point, using a mold capable of
integrally molding the support frame and support film
(Pig. 1).

It is preferred to bring a molded product to
have no edge as shown in Fig. 2, thereby making it
possible to effect mold release with ease.

Next, the resulting molded producf is sintered

in an inert gas atmosphere to make an X-ray mask

~support. Typical conditions for the sintering are as
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follows: In the instance where thé material comprises
polysilane, the sintefing may be carried out at
temperatures raised up to 1,400°C in one stage, or
preferablf used is the two-stage sintering such that
the sintering is carr;ed out at 400 to 600°C for a.
given time and thereafter the temperature is raised to
carry out the sintering at 1,100 to 1,400°C for a
given time.

In the instance where the material comprises
polysilazane, the sintering may be carried out
according. to the_two—stage'sintering such that the
temperature is raised up to 500°C, which is maintained
for several to several ten hours, and then raised to
1,000°C.

Such sintering brings polysilane finally intP
an SiC sinter from Sic-Sinzs.and petroleunm pitch is

brought into graphite.
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Even if no complete SiC formation, SiN
formation or carbon formation is effected, in other
words, even if SiC—SiH2 or the like remains, the
previogsly deécribéd properties, required tq the X-ray
mask support film of the present invention, can be
sufficiently éxhibited.

Process (2)

The support frame alone is first prepared by'
molding and sintering. There can be utilized known methods
of sinter-molding of SiC, SiN or carbon. Methods of
preparing silicon carbide include a method on which silica is -
carbonized by reduction using carbon, and a method in which
metal silicon, silicon monooxide or silicon nitride is
reacted with carbon. In case of silicon nitride, methods
are known such as direct-nitriding of metal silicon, reduction
of silica, and thermal decompsoition of imide nitride. In case
of carbon, a method is known in whiqh e.g., petroleum pitch
is formed into graphite by sintering. |
Next, a thin film (support film) comprising

the organosilicon polymer is formed on a substrate.
For that purpose, for example, the.organoéi;icon
polymer may be dissolved in a golvent, and the
resulting solution may be coated on the substrate by
use of a coating method such as dipping, casting or
spin coéting, optionally followed by drying. ]

| The solvent to dissolve tﬁe organosilicon
polymer may tyﬁically include aromatic hydrocarbons

such as benzene and toluene, saturated hydrocarbons
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such as benzene and toluene, saturated hydrocarbons

such as hexane and octane, halogen derivatives, and
cyclic ethers such as - tetrahydrofuran.

Suitable values of concentration of thé
organosilicon polymer solution used for the purpose of
coating the polymer may vary depending on the
conditions for film formation, but may be selectéd
from the range of from 3 % by weight to 60 % by
weighf. '

In fprming the thin film on the substrate;
employnént of the solution used as described above may

be replaced with employment of a melt of the

‘organosilicon polymer or the like.

More specifically, the organosilicon polymer
can be synthesized usuaily so as to have a molecular
weight of from several thousand to about 1,000,000,
and its melting §oint falls wifhin fhe range of from
70 to 200°C depending on its average molecular weight.
A&éordingly, the above film fornation can be carried
out by melting the organosilicon polymer (for example;
at a temperature several ten degrees higher than its
melting point), followed by a commonly available
polymer film formation method such as pressing,
lam;nating or T-die extrusion.

In the case of carbon, the same method as in

the case of the polymer may be employed to form a film -

on a suitable substrate by dissolving pitch in a.
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suitable diluent as exemplified by quinoline so that
the viscosity of pitch may fall within the range of
from 10 to 10,000 cP, or heating the pitch.

In any film formation method of the above, the
thin film formation is required to be made so that the

thin £ilm formed may have a uniform thickness over the

-whole.

On the thin film formed in the above manner
and comprising the organosilicon polymer or pitch, a
support frame previously prepared may be placed, and
they may be sintered under the conditions as explained
below, so that an X-ray support having sufficiently
satisfied the properties previodsly mentioned can be
obtained. The support film may preferably have a film
thickness of from 1 to 5 nm..particularly preferably
from 2 to 4 um, in view of strength and X-ray
transmission.

In the above thin film comprising the
organosilicon polymer or pitch, a known sintering aid
may also be added in a trace amouht (ndt more than 2
or 3 ¥). The sintering aid includes, for example,
A1203, BN and BeO. . |

In the above film of the organosilicon polymer
or pitch, fibers and/or fine particles of ceramics .or
carbon may be contained, thereby making it easy to i

make crystal éontrol since the fibers or fine
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particles serve as crystal nuclei at the time of the
sintering, so that a film having much better tensile
strength or impact strength'can-be obtained and the
sintering time can also be shortened. Further, in
view of the X-ray transmitting properties of the
support film, it is preferred that ceramics are used.
| ‘Regarding the ceramics used in the above
embodimept, there may be uséd ceramics whose main
component unit comprises silicon carbide in the
instance where a si;icon carbide polymer such as
polysilane is used as the organosilicon ﬁolymer. and
may be used ceramics whose main compénent unit
comnprises silicon nitride in the instance where a
silicon nitride polymer such as polysilazane is used.
Alternatively, there may be used sialon in whicﬁ part
of silicon in silicon nitride has been substituted
wifh aluninum.' An additive may also be added to thgse
ceramics. Such an additive nay.include, for example,
a sintering aid, boron nitride, alumina and yttrium
oxide.' |

As to the size of the ceramics, the fineness
of the ceramic fibers and particle diameter of the
ceramic fine particles may preferably be 3 um or less
since the preferred thickness of the X-ray support -
film is 3 pm or less. Further, the fineness of the

ceramic fibers may more preferably be in the range of
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from 0.05 to 1.5 uym. With regard to the particle
diameter of the ceramic fine particles, there is no
particular limitation in the lower limit for a
preferred range so long as it is nof more than 0.3 unm.
The particle size distribution thereof may also be
broad without any disadvantage.

Formed is a film containing the above
described organosilicon polymer and ceramics in a
suitable proportion. The proportion may be selected
to find a suitable_value depending on the type and
molecular weight of the silicon polymer and on, when a
solvent is mixed in the polymer, the type of the
solvent, the type of ceramics, and so forth.

There is no limitation in the film formation
method so long as the film can be formed to have a
desifed structure so that the film having been
subjected to sintering‘may exhibit good properties_gs
the X-ray mask support film, but usablg is, for
exa@ple, a method comprising laying up the ceranmic
fibers and/or fine particles on a éubsfrate,
impregnating the resulting layup with the
organosilicon polymer to have desired composition, and
forming the layup into a film.

Methods for the laying-up may include, for .
example, a method in which the ceramic fibers and/or

fine particles are laid up by allowing them to fall in
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the air, a method in which they are laid up by

allowing them to settle in a liquid, a method in which

-they are allowed to float in a liguid and a layup

layer is obtained by a papermaking pethod, and a
method in which a ceramic nonwoven fabric or woven
fabrié is merely used as the above layup. Also, the
laying-up m&y preferably be carried out by wetting the
ceramic fibers and/or fine particles with a low-
melting organic solvent, thereby preventing them from
beihg electrically charged, so thgt_the layup_ can be
obtained in a good state.

Methods of iﬁpregnafing the layup obtained

acdprding to such methods with the organosilicon

- polymer may include a method in which the layup is

merely impregnated with a solution or melt of the
above organosilicon polymer, and a method in which the
surface of the layup is covered with solid powder of
the organosilicon polymer and then the surface is
pre@sed and heated, thus inpregnating the foﬁmer with
the latter. | L

Also, part of fhe'above thin film of the
organosilicon polymer may be previously formed of a
silicon carbide material, so that the X-ray mask
support film comprising a siliéon carbide film having
a surface roughness of 10 nm r.m.s. or less. |

More specifically, a silicon carbide is first
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formed into a film on a substrate typified by a
silicon wafer. For this purpose, a CVD process can be
utilized, for example. In this instance, SiH, and CH,
are used as raw material gases, and the substrate is
heated to temperatures of from about 600 to_éOO'c.

The CVD process carried out under such conditions
brings about polycrystalline silicon carbide, thus
obtaining a film having a high modulus of elasticity.
The film thickness méy desirably be selected so as to
be from about 1 to 3 um so that X-rays can be
sufficiently transmitted.

The silicon cﬁrbide film thus formed has a
surface roughness of about 0.5 un,

The substrate having the above SiC film may be
prepared not only by the CVD process but also by othér
processes such as gaseous phase formation or sintering
of fine particles. |

On the silicon carbide film formed on the
Qﬁbqtrate according to the ;bove method, the thin film
comprising the organosilicon polymer may be formed
according to the method previously dgscribéd, so that
the organosilicon polymer film whose part has been
formed of silicon carbide or silicon nitride can be
formed on the sﬁbstrate. . _

Here, in case of there is no particular

limitation in materials for the substrate used in the
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present invention, and substrates made of various
materials can be used, so long as the substrate can
meet the conditions such that, when it is a substrate
to be removed before the sintering step as described
below and when the substrate peeling method as
described below is employed as the method for removing
it, it exhibits a peel readiness in such a degree that
the substrate and the film can be separated in a good
state, and, when a solvent is mixed in the
organosilicon polymer at the time of coating, it has
sufficient solvent resistance to that solvent.

Usable methods of peeling from a substrate the
film formed on the substrate include a method in which
it is nechanically peeled, a method in which it is
mechanically peeled by sticking a pressure-sensitive
adhesive, a bénding adhesive or the like, a method in
which it is peeled by immersing it in a solvent |
insoluble or poorly soluble to the organosilicon
polyyer, as éxempiified by water and alcohol, and a
method in which the substrate is removed by

dissolution when the substrate is soluble to a solvent

‘that may not act on the orgénosilicon polymer.

Examples of the method in which the substrate is
removed by dissolution include a method in which a PVA
film or an NaCl sheet is used as the substrate and the

substrate is removed by dissolution using water, etc.,
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and a mefhod in which a polymethyl methacrylate sheét
is used as the substrate and is similarly removed by
dissolution using acetone or the like.

The organosilicon polymer of the present
invention is known to un&ergo cross—linking when
irradiated with light having a wavelength shorter fhan
350 nm (Lactualite Chimique, page 64, 1986, R. West).
Accordinglj, in instances in whiéh light-irradiation
is effected upon forming the film of the organosilicon
polymer, there may be conducted the irradiation with
light having a wavelength region corresponding
thereto, or light having a wavélength region of at

least from 300 to 350 nm. Specifically, it is

.possiblé to use a high-préssure mercury lamp, an ultra-

high—pressﬁre mercury lamp, a xenon lamp, etc. The
radiation heat that generates at the time of the above
liéht-irradiation in the present invention may not
particularly be removed.

In instances in which the sintering described
below is applied to a film brought to have its own
form without the use of a substrate as in the presént
invention or, at the time of peeling, the peeling can
not be well carried out Because of lack in the
strength of the film, a preferred method is to improve
the film strength b§ applying light-irradiation and'

thereafter carry out the peeling. Embodiments of
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typical methods for the light-irradiation for that
purpose will be described below with reference to the
drawings. -

Fig. 3 is a cross-section illustrating an
embodiment of the light-irradiation methods in the
present invention. This embodiment is concerned with .
a method in which uniform light-irradiation is applied
to the whole surface of an organosilicon polymer 1
from the upper part of the polymer laminated or coated
on a substrate 2. _Bmploynent of this embodiment makes
it possible to use as the substrate, various
substrates sucﬁ as light-reflective substrate, light-
transmissive substrate and light-absorptive.substrate
so long as they havé sufficient peel readiness and
solvent resistance'as previously mentioned.

Fig. 4 is a cross section illustrating another

‘embodiment of the lighf-ir:adiation in the present

invention. Used as the substrate in this embodiment
is q;light-transmissive.substrate 2a that does not

absorb light having wavelengths shbrter than 350 nm,
and simultaneous irradiation of light on both the

surfaces of the organosilicon polymer i enables nore
uniform cross-linking of the whole of the polymer 1.
The light-transmissive substrate 2a used in this -
embodiment may specifically include glass having no

absorption band at a wavelength region of 290 nm or
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more.

Fig. 5 is a cross section illustrating still
another embodiment of the light-irradiation in the
present invention. This embodiment is concerned with
a method in which two sheets of the above light-
transmissive substrate 2a are.used and the
organosilicon polymer 1 is held between them and light-
irradiation is effected from both surfaces thereof.
Employment of this embodiment makes it able to prevent
surface irregularities owing to the evaporation of the
solvent contained in the polymer 1 to form a smoothgr
£film.

In the present invention, the substrate that
can be used when the substrate and film are sintered
together may be satisfactory if it is a heat-resistant
substrate that can endure the sintering up to the
stage at which the orgénosilicon polymer has cured by
sintering and its flatness has come substantially not
to be lost. Accordingly, it is also possible to use
as.- the heat-resistant substrate those which may
disappear_in the course of the sintering.

However, it is preferred that the heat-
resistant substrate mgy not disappear or deform, from
the viewpoint of the flatness of the X-ray mask R
support film formed thereon, etc. Such a heat-

resistant substrate may be satisfactory if it
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comprises a material stable to a high temperature of
at at least 1,400°C, preferably 1,500'0 or more. It
ma? specifically include cgramics as exemplified by
alumina and magnesium oxide, and graphite.

In instances in which materials like metal
silicon are utilized as the substrate, the substrate
can be removed from the support film by ion etching in
a gaseous phase, or by dissolution using acid or
alkali after-sintering.

On the other hand, the heat-resistant

substrate that disappears in the course of the

sintering may include substrates made of a resin or
metal having thermal resistance up to about 300 to
400°C. Such disappearance of the heat-resistant
substrate results from decomposition, melting, etc.
occurring at 500 to 600°C.

As the above resin, suitably usable are the so—

called engineering plastics as exemplified by

_polypxymethylene, polyethersulfon, polyether ether

ketone and polybutylene terephthaiate, and as the
metal, suitably usable are tin, lead, zinc and
aluminum.

. It is also preferred from the viewpoint of the
surface smoothness of the :esulting support film that
the root-mean—square roughness of the heat-resistant.

substrate has a precisidn of not more - -than 10 nnm.
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Preparing the support film by using the above
substrate makes it possible to obtain an X—ray nask
support-fiim having a surface roughness of not more
than 10 nn r.m.s.

The surface roughness at this time may
preferably be neasured'by a measurement method that.
employs a nbn—contact optical roughness meter and can
measure the roughness without giving any stress at the
time of measurement, and it may be measured, for
example, with a digital optical linear profiler TOPO™-
2D (Wyko Corporation).

The surface roughness as defined in the
present invention can be conﬁeniently measured using
the above surface roughnéss meter.

The sintering steﬁ in the process of the
present invention comprises, when the film is prepared
according to the film formation method using a

solution and when polysilane is employed as the

'orgqnosilicon polymer,.heating first the film for a

given time, raising the temperature to from 500 to
600°C, maintaining this temperature for a.given time,
thereafter further réising the temperature to from
1,100 to 1,400°C, and maintaining this temperature for
a given time or gradually raising the temperature from
1,100°C up to about 1,400°C, thus making a film havihg

SiC crystals in a sintered state.
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When polysilazan is employed as the
organosilicon polymer, tﬁe step coﬁprises raising
first the temperature to 500°C, and thereafter raising
it to from 1,000 to 1,200 °C to carry out two-stage
sintering, or gradually raising the temperature fron
1,000 to about 1,400 °C.

Typical examples for the heating rate or
heating retension time in the sintering are set out
later in Examples, but sinterin§ conditions may be
appropriately sélected so that the Young's modulus. and
thermal expansion coefficient previously described nay
be set at the intended values.

The sintering is carried out in an atmosphere
of inert gas, but the sintering may be carried out
using gases other than it if such sintering 15 carried
out at the stage in which the formation of SiC as the
X-ray mask support filﬁ may not subst#htially be
hindered.

Process (3)

Prepared first are structufes of a support
frame and a support film each having the same form.
The structures may comprise sintered products made of
$iC, SiN or carbon, or products obtained by sintering
the organosilicon polymer at about several 100°C, or
moided products having plasticity.' The sintered

products or the like can be prepared by empioying the
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same methods as described in Processes (1) and (2).

Next, on the structures of the support frame
and support film each having the same form, a solution
of the organosilicon polymeriused in Process (2) is
coated or a melt of the organosilicoﬁ polymer heated
to a temperature higher than ghe melting point is
coated, and thereafter both structures (i.e., a
support frame structure 4 and a support film structure
5) are fixed utilizing the adhesive force of an
adhesive layer 3 comprising the organosilicon polymer
or the like. To increase the adhesive force, a
rougher adhering surface is preferred; Thereafter,
sintering is carried out in the saﬁe manner as in
Process (1), thus making an X}ray mask supéort.

For the solution or melt for use in
provisionally adhering the above both structures, it
is necessary to use thé one that may form by sintering
a sintered product having substantially the same
composition as that of either of the support frame or
support film. | |

The X-ray mask support prepared in the above
nanner-can be made free from the very cumbersonme
operation of particularly applying a stress to the
support film to fix it unitornly, because a stress is
neceésarily applied to the support film owing to the

contraction that takes place on sintering. This also
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makes it ready to prepare a homogeneous support film.
As described abbve, since n§ gaseous phase
film formation may not be utilized in the present
invention, preparation conditions can be set
relatively with ease, and mass production becomes
possible. Also, since a high yield can be achieved, X-
ray mask support films can be prepared at a low cost.
It also has become possible to provide X-ray mask
supports that may cause substantially no elongation of
adhesives, deformation of frame members and sag or
distogtion of support films even by heat generated by
X-ray irradiation or the like, and also can have a
high mechanical strength. |
Moreover, since the surface of the support
film is so flat that preparing X-ray masks by using
the same can bring about the effect such that;
(1) scattering of the visible light or infrared light
for making alignment is small with h;gh transmittance,
resulting in improvement of the S/N ratio of the
alignment light signal; |
(2) non-uniformity in.the strength of transmitting
X-rays becones very small; and
(3) precision in forming fine patterns and
adhesion of the X-ray opagque or absorbing material -
are improved, resulting in almost no non—-uniformity in

thickness of the X-ray opaque or absorbing material.
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The present invention will be described below
in éreater detail by giving specific Examples.

Example 1

- Polysilagfyrene {trade name: $-400, available

from NIPPON SODA CO., LTD.) was dissolved in
toluene td prepare a 10 wt/v% solution. A surface-
polished A1203 substrate having a surface roughness of
S nm r.m.s, was set on a spinner (Mikasa Spinner iﬁ—Z)_
and rotated at 400 rpm, §n_which the above solution
was dropped. thus preparing a film of 31 um thick..

Next, this film was placed in a sintering
furnace together with the substrate, and, under dry
nitrogen, heated at 200°C for 1 hour and further

raised up to 1,200°C at a rate of 10°C/min. The

.furnace was maintained at this temperature for 1 hour,

followed by cooling to obtain.a silicon carbide film
having a thickness of 2;9.um and a surface roughness

of 8 nnm.

The silicon carbide film was cut into a strip

20 of 10 x 50 mm?®, and its Ybung's modulus measured using

" a tensile tester was' found to be 200 GPa. Thermal

6,1

expansion coefficient was 7 x 10 °K I.

The above polysilastyrene solution was coated

by brushing on a silicon carbide support fgame (having

25 the shape of a ring of 75 mm in inner diameter, 90 mm

in outer diameter and § mﬁ,in thickness) obtained by a
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reactive sintering process, and the above silicon

‘carbide film was fixed thereon,'followed by sintering

under the same conditions as above to obtain an X-ray
mask support.

Example 2

A silicon carbide support frame similar to the
one used in Example 1 was placed on a carbon
substrate, and a polysilastyrene solution in a
concentration of 10 wt/v¥ was flowed thereon, followed
by drying to form a polysilastyrene film.

This was sintered in the same manner as in
Examﬁle 1. As a result, there was obtained an X-ray
mask support comprising the support frame and a
silicon carbide film_fixed on the support frame.

'~ Example 3

Inside of a 1 liter autoclave made of glass
was replaced with dry.ﬁitrogen; and charged therein .
was 0.4 g of KH (100 mmol; 3.9 mol ¥ based on

CH,SiHNH) .

3
Tetrahydrofuran (300 nQ) wés dropwise added
with a syringe in flask having a three-way cock, and
the nmixture was stirred to disperse KH. Next, using a
syringe filled with nitrogen, 15.271 g (0.258 mol) of
(CﬂasiHNH)3 was slowly added to the stirred KH slurry

over a period of 15 minutes. After stirring at room

temperature for.90 minutes,'generation of gas stopped,
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and a trahsparenf and homogeneous 'solution remained.
Addition tﬁereto of 2.28 g (16.1 mmol) of methyl
iodide immediately resulted in formation of a white.
precipitate of KI. This reaction mixture was further
stirred for 30 minutes. ' Next, most of the THF
solution was removed under reduced pressure, and 80 nl
of hexane was added to the remaining white slurry.

The resulting mixture was subjected to centrifugall
separation to separate supernatent liquid from a white
solid. This solution was subjected to a trap-to-trap
distillation, so that 15.1 g (99 ¥ by welight) of a
white precipitate remained. |

This was dissolved in toluene and spin-coated
on a carbon substrate having a surface roughness of 10
nm.

Placed thereon was a silicon nitride ring
having the same size a# used in Exémple 1, which was
heated in a sintéring furnace to 1,300°C, and
thereafter the furnace was maintained at this
temperature for 4 hours, followed By cooling to obtain
an x-fay mask support having a support film of 2.2 um
in thickness and 9.5 nm in surface roughness.

Example 4

A mold 6 as shown in Fig. 7 was place on a -
heater, which was kept heated to 200°C, and a melt

flow indexer was connected to a hole provided on the
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mold. Nozzle temperature was kept to 250°C, and
polysilastyrené wﬁs introduced. A weight (22.125 g)
was placed on the upper part and the polysilastyrene
was flowed in the mold until it flow oﬁt from another
hole. Thereafter, this was subjected to press molding
at 300°C under a pressure of 150 kg/cmz. After
cooled, the molded product was heated to 600°C at a
rate of 5°C/min and kept at this temperature for 1
hour. Thereafter, after taken off from the mold, the
product was again heated to 1,350°C and kept at that
temperature for ‘1 hour followed by cooling. There was
obtained an integral type mask support comprising
silicon carbide. |

Example 5

[X-ray ﬁask support film (A)]

Polysilastyrene (tra&e name: S—-400, available
from NIPPON SODA CO., LTD.) was dissolved in
toluene to prepare a 10.wt/v% solution. A surface-
polished carbon substrate (10 mm thick) haﬁing a
surface roughness of 7.5 nm when measured with the
surface roughness meter TOPO™-2D previously described
was set on a spinner (Mikasa Spinner 1H-2) and rotated
at 500 rpm, on which the above solution was dropped,
thus obtainingfa film of 28 unm fhick. -

A carbon substrate polished similarly to the
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above was laid overlapping, and the film was laminated
by pressing under a pressure of 10_kgf/cm2 and at a .
temperature of 180°C. 1In a sintering furnace whose
inside was replaced with'dry nitrogen, the film was
heated at 200°C for 1 hour aﬁd then :aiéed up to
1,350°C at a rate of 10°C/min. The furnace was
maintained on this state for 1 hour, followed by
cooling.

The carbon substr%te was taken off, and the
surface roughness of the film was measured, which was
found to be 9.0 nm. Film thickness was 2.6 pm and
thermal expansion coefficient was 5 x 10721,

[X-ray mask supﬁort film.(B)]

On a carbon substfate ﬁa&eﬂready fpr use in
the same nanner as in the suppért.film (A), a toluene
solution of 10 wt/v% polysilastyrene was spin-coated
with a spinner. -Revoiution number.was set to 409 rpm,
and spin time to 30 seconds, thus obtaining a film of
3.2 pm thick. & carbén substraté.finished similarly
to the above substrate was Iaid.overlapping, and the
film was laminated in the same manner as in Examplé 1
by pressing ﬁnder a pressure éf 10 kgf/cm2 and at a
temperature of 180°C. Iﬁ a sﬁntering furnace whosg'
inside was replaced with dr& argon, the -film was '
heated at 500°C for 1 hour, énd-furthef“rai#ed-up tb"

1.400'C at a rate of 10°C/min.’ The furnacé;wés
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maintained on this state for 2 hours, and then left to
cool,

The carbon substrate was taken off, and then
the surface roughness of the film was measured, which

was found to be 8.0 nm. Film thickness was 2.9 um and

thermal expansion coeffiqiént was 5 x 10f5K-1.

The film (A) and film (B) were adhered on a
circular frame, made of e.g., stainless steel, haVihg
a larger thermal expansion coefficient (thermal

%% ~1y than that of the

expansion coefficient: 2 x 10
films of the above (A) and (B), while applying a
tension. The film tension at this time was 70 MPa.

On the film, an absorber (X-ray intercepting méterial)
comprising gold was fofmgd according to a usuai mask

preparation process. As a result, the lowering of

vield because of defects such as peeling-off of the

absorber was remarkably suppressed as compared with an

instance in which the absorber comprising gold was
formed similarly on an SiC filp formed according to
the CVD process commonly practiced and having a root--
mean—-square surface roughness of soinm. Also, the
film was sagged upon X-ray irradiation in the Qase_of
a suypport in which a support frame (thermal expansion

coefficient: 0.4 x 10°°

k" !) made of quartz glass and
having a smaller thermal expansion coefficient was

used in place of the above support frame.



10

15

20

25

"~ 36 -

For evaluation of performances, Young's
modulus of the above film was measured according to a
static pressure balloon method. As a result, there
was obtained a value of 200 GPa.

Example 6

Polysilastyrene (trade name: S$~400, available
from NIPPON SODA CO., LTD.) was dissolved in
toluene to prepare a 10 wt/v% solution. A surface-
polished A1203 substrate having a surface roughness of
9 nm was set on a spinner (Mikasa Spinner 1H-2) and
rotated at 1,000 rpm, on which the above solution was
dropped; thus preparing a film of 31 um thick.

Put thereon was a silicon carbide support
frame (having the shape of a ring'of 75 mm in inner
diameter, 90 mm in outer diameter and 5 mm in
thickness) obtained according to a reactive sintering

process, and the film was heated in an atmosphere of

-nitrogen at 200°C for 1 hour, and further raised up to

500°C at a rate of 10°C/min. The film was kept on
this state for 1 hour, and futthef heated up to
1,300°C at a rate of 5°C/min, which was maintained for
two hours, followed by cooling to obtain an X-ray mask
support having a silicon carbide film of 2.9 pm in
thickness and 8 nm in surface roughness. -
Example 7 |

An X-ray mask support film comprising a
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siligon carbide film was obtained in the same manner
as in Example 6 except that a polyether ether ketone
sheet was used as a substrate.

The resulfing film showed the same properties
as in Example 6, and there was seen no difference
considered to be caﬁsed by the infiuence of the
decomposition of substrate polymer.

Example 8

' [X-ray mask support film (C)]

On a silicon wafer (100) substrate of 0.5 mm

in thickness and 2.0 nm in surface roughness, an SiC .

film was formed using a plasma CVD apparatus to have a
thickness of 2.0 um. Used as raﬁjmaterial gases were
SiH4 and CH4, and the cqmponént ratio ﬁas kept at
1:10, pressure at 10 to 50 Torr, and substrate
temperature at 800°C. Thus, a film having a surface
roughness of 0.5 un Qés obtained.

Next, this subétrate was sgt on a spinner
(Mikasa Spinner 1H-2), and a solution obtained by
dissolving polysilastyrene (trade'name: S$-400,
available from NIPPON SODA CO., LTD.) in toluene
to give a concentration of 10 wt/v% was dropped on the
spinner which was rotatgd at'l,ooo rpm, thus obtéining
a film of 7.2 pﬁ.thick. o -

o Next, this film was placed in a sinteringlu

furnace in which Ar gas is flowed, and temperature was
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raised from room temperature up to 650°C at a rate of

10°C/hr, which was maintained for 40 hours.

" Thereafter, the furnace was allowed to cool to room

10

15

20

temperature, and subsequently the temperature was
raised up to 1,000°C at a rate of 100°C/hr, which was
maintained for 30 hours. Thereafter, the furnace was
allowed to cool.

Finally, the Si wafer was anisotropically
etched from the back surface with use of an agueous
KOH solution, and removed.

In this manner, there was obtained an X-ray
nask support film comprising a self-supporting SiC
film of 3.2 uym thick. This had a surface roughness of
2.0 nn on the surface that had been in contact with
the Si wafer and 8.0 nn on the opposite surface.

[X-ray mask support film (D))

on a silicon wﬁfer (100) substrate of 0.5 mm
in thickness, 76 mm in diameter and 2.0 nm in surface
roughness, an SiC film and a polygilastyrene £film were
formed in the same manner as in sﬁpport film (C).

They had a film thickness of 1.8 pym and 5.1 un,
respectively. The SiC film had a surface roughness of
i1 nm. In a sintering furnace whose inside was
replaced with dry nitrogen, the product was sintered
at 700°C for 30 hours aﬁé at 1,050°C for 20 hours,

followed by slow cooling to room temperature.
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Next, the silicon wafer was anisotropically_
etched from the baék surface with use of an aqueous
KOH solution, and removed. Thus, there was obtained
an X-ray mask support film.

The silicon carbide frame same as in Example 1
was provided on each of these films (C) and (D) in the
same nmanner as_in Example 1 to obtain X-ray mask
supports. Oﬁ each of these X-ray mask supports, an X-
ray absorber made of gold was forméd according to a
usual mask preparation process. Aas a-result, in each

film the defects such as peeling-off of the absorber

-was_remarkably'decreased as compared with an instance

in which the absorbef cbmpriSing gold_was formed
sinilarlyndn an SiC film formed 6n1y according to the
CVD process commonly practiced and having a sﬁrface
roughness of 0.4 un. Accordingly,.the lowering of
vield was remarkably-sﬁpﬁressed even when a large
nunber of x-réy masks were prepgfed. Also, the
traq?mittance of the visible light for alignment was
improved by 10 % or more.

Exanple 9 |

Polysilastyrene (trade name: 5—-400, available
from_NIPPON SODA CO., LTD.) was dissolved in
toluen? to prepare a 10 wt/v% solution. A surfacéz.
polished A1203 substrate having a surface roughness of

9 nm was set on a spinner (Mikasa Spinner 1H-2) and
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rdtated at 400 rpm, on which the_above solution was
dropped, thus preparing a film of 31 um thick.
Subsequently, using a high-pres#ure mercury
lamp (USH-2560), light irradiation was carried out on
the film for 20 minutes, which film was then immersed
in a mixed solvent of water:methanol = 1:1 for 1 hour
to peel the polysilastyrene film from the substrate.
Next, the resulting polysilastyrene film was
placed alone in a sintering furnace,.and temperature
was raised from room temperature to 600°C at the rate
of 5°C/min. The furnace was maintained on this state

for 1 hour, and thereafter the temperature was raised

.up to 1,300°C at the rate of 5°C/min. The furnace was

maintaihed on this state for 1 hour, followed by
cooling to obtain a silicon carbide film of 2.9 un in
thickness and 8 nn in sﬁrface roughness.

The silicon éérbide film was cut into a strip
of 10 x 50 mm*, and its Young's modulus measured using
a tensile tester was found to bg 200 GPa.

Example 10

A silicon carbide whisker (available from
Téteho-Chemical Industries, Ltd.) of from 0.05 to 1.5
um in finess and froﬁ 5 to 200 um in length was wetted
with ethanol,'and laid up onla graphite shget having a
surface roughness of 11 pﬁ. followed by pressing u;der

a pressure of 10 kg/cm2 to prepare a layup with a
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thickness of 2 um. Subsequently, ethanol in the layup
was evaporated, and the resulting layup was spray-
coated with a viscous solution obtained by dissolving
polysilastyrene (trade name: $-400, available from
NIPPON SODA CO., LTD.) in toluene to givé a
concentration of 40 % by weight, followed by
evaporation of toluene.

Next,.on the resulting film, a silicon carbide
support framé-(having the shape of a ring of 75 mm in
inner diameter, 90 mm in outer diameter and 5 mm in |
thickness) was put and pressed under a pressure of
5 kg/cmz, and then placed in a sintering furnace
filied with dry nitrogen. Subsequently, the
temperature inside tﬁe furnace waé maintained at 200°C
for 1 hour, and then raised to 1,400°C at -a rate of
10°C/min. The furnace was maintained at this
temperature for 1 hoﬁf, and then cooled to obtain_gh X—-
ray mask support having a silicon carbide support film
6f 2.1 ym in thickness and 9 nm in surface roughness.

The silicon carbide film.in the x-féy-mask
support prepared in the above manner according to the
process'of the present invention was cut into a strip

of 10 x 50 mm?, and its Young's modulus was measured

-using-a tensile tester. The Young's modulus was feund

to be 250 GPa, which was a value enough for the X-ray

mask support film.
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Example 11

Inside of a 1 liter autoclave made of glass
was'replaced with dry nitrogen, and charged therein
was 0.40 g of KH (100 mmol; 3.9 ﬁol % based on |
CHSSiHNH).

Tetrahydrofuran (300 mQ) was dropwise added
with use of a syringe to the inside of the above
autoclave, and the mixture was stirred to disperse kH.

Next, using a syringe filled with nitrogen, 15.271 ¢g
(0;258 mol) of (CHSSiHNH)s was slowly added to the
stirred KH slurry over a period of 15 minutes. After
stirring at room temperature for 90 minutes, |

generation of gas stopped, and a transparent and

" homogeneous solution remained. Addition thereto of

2.28 (16.1 mmol) g of'methyl iodide immediately
resulted in thg formation of a white precipitaté of
KI. This reaction mixture was further stirred for 30
minutes. Next, most of THF was removed under reduced
pressure.'and ao'nl of hexane was added to the
remaining white slurry. The resulting mixture was
subjected to centrifugal separation to separate
supernatent liquid from a white solid. This solution
was subjected to trap-to-trap distillation, so that
15.1 g (99 % by weight).of white powdery
polymethylsilazane was obtained.

A silicon nitride whisker (trade name: SNW,
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available from Tateho Chemical Industries, Ltd.) of
from 0.1 to 1.5 pm in finess and from 5 to 200 um in .
length was laid up in the same manner as in Bxample
10. Subsequently, the resu1t1ng layup was spray-
coated in the same .manner as in Example 10, with a
‘solution obtained by dissolving in toluene 40 % by
weight of the polymethylsilazane synthesized as
described above, thus obtaining.a film.

Next, on the resulting film, a silicon carbide
support frame having the shape as the frame of Example
10 was put and pressed under a pressure of § kg/cmz,
which was placed in a sintering furnace filled with
dry nitrogen. Subsequently, the temperature inside
the furnace was raised to 1,300°C at a rate of |
$°C/min. The furnace was maintained at this
temperature for 4 hours, and then cooled to obtain an
X-ray maék support hé&ing a silicon carbide support.
film of 2.9 um in thiékneés and 8 nm in'surfacg.
foughness. |

Young's modulus of the silicon carbide film in
the X-ray mask support prepared in the above manner
according to the process of the preéent inveption was

neasured in the same manner as in Example 10. The

‘Young's modulus was found to be 220 GPa, which wag_a'

value enough for the X-ray mask support film.
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Example 12

An X-ray mask support was obtained in the same
manner as in Example 10 except that silicon carbidé
particlgs having an average particle diameter of 0.45
um {(grade: DUA-1, available from Showa Denko KK) were
used in place of the silicon carbide whisker.

A support film in the resulting support showed
good properties like the support film obtained in
Example 10,

Example 13

An x-ray'mask support was obtained in the same

_ manner as in Example 11 except that silicon nitride

particles having an average particle diameter_of 0.2
nn (grade: SNE-10, availab;e from Ube Industries,
Ltd.) were used in place of the silicon nitride
whisker. | '

A support film in the resulting suppoft showed
good properties like the support film obtained in
Exanple.ll.

Reference Example 1

Polysilastyrene (trade.name: $-400, available .
from NIPPON SODA CO., LTD.) was dissolved in '
toluene to prepare a solution of 10 wt/v% in
concentration. A surface-polished carbon substrate
was set on a spinner (Mikasa Spinner 13—2) and rotated

at 400 rpm, on which the above solution was dropped,
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thus preparing a film of 31 um thick.

Next, the resulting film was sintered in the
same manner as in Example 10 to obtain an X-ray mask
support film.

foung's modglus of the film was measured in

the same manner as in Example 10. The Young's modulus

was found to be 200 GPa, which is a value'lower than

that of the films obtained in Examples of the present
invenfion.
Young's moduli of the support films in the X-

ray mask supports prepared in the above Examples were
200 GPa to 250 GPa (in SiC) and 200 GPa to 220 GPa (in

SiN); thermal expansion coefficients of the support

films and support frames were 4 x 16_6 to 1 x 1(_)'-5!{'"1
s 5~ (in SiN); and

(in SiC) and 3 x 10°° to 1 x 10™

thermal conductivities were 80 W/m.K (in the case of

.8iC) and 20 W/m.K (in.fhe case of SiN).
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THIS SHEET HAS BEEN
REPLACED

l

CLAIMS:

1. An X-ray mask support comprising a support
frame and a support film, wherein both of said support
frame and support film have a thermal expansion

coefficient of not more than 1 x 10-5¢1,

2. The X-ray mask support of Claim 1, wherein
Young's modulus of said support film is uniform over

the whole of said film.

. 3. The X-ray mask support of Claim 1, wherein
Young's modulus of said support'film is not less than

10 GPa.

4. The X-ray mask support of Claim 1, wherein
said support film has a uniform film thickness over

the whole of said filnm.

5. The X-ray mask support of Claim 1, wherein

said support film has a £film thickness of from 1 to §

unm.

6. The X-ray mask support of Claim 1, wherein

said support filﬁ has a film thickness of from 2 to-4

nm.

- This Sheet Has Been Rep

VTR
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7. The X-ray mask support of Claim 1, wherein
said support film has a surface roughness at least on

the mask surface, of not more than 10 nm r.m.s.

8. The X-ray mask support of Claim 1, wherein
said ‘support frame and support film have a thermal

conductivity of not less than 4 W/m-K.

9. The X-ray mask support of Claim 1, wherein
said support frame and support film comprise a
compound selected from the group consisting of silicon

carbide, silicon nitride, sialon, carbon and graphite.

10. The X-ray mask support of Claim 1, wherein
said support frame and support film independently
comprise a material selected from the group consisting

of silicon carbide and silicon nitride.

11. The X-ray mask support of Claim 1, wherein

salid support frame comprises the same material as that

of said support film, said material being selected

from the group consisting.of silicon carbide and

silicon nitride.

-

12. An X-ray mask support comprising a support

frame and a support film, wherein the thermal
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1 expansion coefficient of said support film does not
exceed the thermal expansion coefficient of said

support frame.

5 13. The X-ray mask support of Claim 12,
wherein both of said support frame and support film
have a thermal expansion coefficient of not more than -

1 x 107571,

10 14. The X-ray mask support of Claim 12,
wherein Young's modulus of said support film is

uniform over the whole of said film.

15. The X-ray mask support of Claim 12,
15 wherein Young's modulus of said support film is not

less than 10 GPa.

16. The X-ray mask support of Claim 12,
wherein said support film has a uniform film thickness

20 over the whole of said film.

17. The X-ray mask support of Claim 12,
wherein said support film has a film thickness of from
1 to 5 unm. -
25

18. The X-ray mask support of Claim 12,
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45erein said support film has a film thickness of from

2 to 4 pm.

19. - The X-ray mask support of Claim 12,
wherein said support film has a surface roughness at
least on the mask surface, of not more than 10 nn

r'm's.

20. The X-ray mask support of Claim 12,
wherein said support frame and support film have a

thermal conductivity of not less than 4 W/m-X.

21. The X-ray mask support of Claim 12,
wherein said support frame and support film comprise a
compound selected from the group‘consisting of silicon

carbide, silicon nitridé, sialon, carbon and graphite.

22. The X-ray mask support of Claim 12,
whefein said support frame and support film
independently comprise a material selected from the

group consisting of silicon carbjde and silicon

_nitride;

23, The X-ray mask support of Claim 12,

‘wherein said support frame comprises the same

material as that of said support film, said material
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1 being selected from the group consisting of silicon

carbide and silicon nitride.

24. An X-ray mask support comprising a support
5 frame and a support_film; wherein both said support
frame and said.support film have a thermal expansion
coefficient of not more than 1 x 10 °K ! and said
support film has a surface roughness at least on'the
mask surface, of not more than 10 nm r.m.s.
10
25. The X-~ray mask support of Claim 24,
wherein Young's modulus of said support film is

uniform over the whole of said film.

15 26. The X-ray mask support of Claim 24,
wherein Young's modulus of said support film is not

less than 10 GPa.

27. The X-ray mask support of Claim 24,
20 wherein said support film has a uniform film thickness

over the whole of said film.

28. The X-ray mask support of Claim 24,
wherein said support film has a film thickness of from

25 1 to 5 um.
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29. The X-ray mask support of Claim 24,

wherein said support film has a film thickness of from

2 to 4 um.

30. The X-ray mask support of CIaim'24.
wherein said support frame and support film have a

thermal conductivity of not less than 4 W/m.K.

31. The X-ray mask support of Claim 24,
whérein said support frame and support film comprise a
compound selected from the group consisting of silicon

carbide, silicon nitride, sialon, carbon and graphite.

32. The X-ray mask support of Claim 24,

‘wherein said support frame and support film

independently comprise a material selected from the
group consisting of silicon carbide and silicon

nitride.

33. The X-ray mask support of Claim 24,
wherein said support frame comprises the same material
as that of said support film, said material selected
from the group consisting of.silicon carbide and

silicon nitride. ' -

34. A process for preparing an X-ray mask
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1 support film, comprising the steps of forming a film

on a substrate, and sintering said film.

35. The process of Claim 34, wherein said

5 sintering is carried out in an inert gas atmosphere.

36. The process of Claim 34, wherein said film

comprises an organosilicon polymer or pitch.

10 37. The process of Claim 34, wherein the
surface of said substrate has a surface roughness of

not more than 10 nm r.m.s.

38. The process of Claim 34, wherein said
15 gubstrate has a thermal resistance to not less than

1,400°C.

39. The process of Claim 34, wherein said
subqtrate has a thermal resistance to not less than

20 3,s500°C.

40. The process of Claim 34, wherein said
substrate is decomposed or melted at from 500 to
600°C. - | . -

.25

41. The process of Claim 34, which comprises
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1 the step of irradiating light before said sintering to

bring a film composition to cross-link.

42. The process of Claim 34, which further

5 comprises the step of removing said substrate.

43. A process for preparing an X-ray mask
suppqrt film, comprising the steps of forming a film
on a substrate comprising a compbund having the same

10 component unit as that of a sintered product of said

film, and sintering said film.

44. The process of Claim 43, wherein said

sintering is carried out in an inert gas atmosphere.

15

45. The process of Claim 43, wherein said film

comprises an organosilicon polymer or pitch.

46. The process of CIaim-43, wherein said
20 substrate has a surface roughness of not more than 0.5

pn r.m.s.

47. The process of Claim 43, wherein said film

has a film thickness of from 1 to 3 pm; -
25 '

48. A process for preparing an X-ray mask
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1 support film, comprising the steps of forming on a
substrate a film containing fibers and/of particles
comprising a compound having the same component unit
as that of a sintered product of said film, and

5 sintering said film.

49. The process of Claim 48, wherein said
fibers and particles comprise silicon carbide, silicon
nitride, sialon, carbon or graphite.

-10
50. The process of Claim 48, wherein said

fiber has a fineness of from 0.05 to 1.5 unm.

51. The process of Claim 48, wherein said

153 particles have a particle diameter of not more than 3

pm.

52. The process of Claim 48, wherein said
sintering is carried out in an ine:t gas atmosphere.

20
53. The process of Claim 48, wherein the
sgrface of said substrate has a surface roughness of

not more than 10 nm r.m.s.

25 54. The process of Claim 48, wherein said

substrate has a thermal resistance to not less than
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1 1,400°C.

55. The process of Claim 48, wherein said
substrate has a thermal resisfance_to not less than

5 1,500°C.

56. The process of Claim 48, wherein said
substrate is decomposed or melted at fromlsoo to

600°C.
10

57. The process of Claim 48, which comprises
the step of irradiating light before said sintering to

bring a film composition to cross-link.

15 58. The process of Claim 48, which comprises

the step of removing said'substrate.

59. A process for preparing an X-ray mask
support comprising a support fraﬁe_and a support film,
20 comprising the steps of forming a thin film, adhering
a support frame on said thin f£ilm, and sintering

these.

60. The process of Claim 59, wherein said

25 sintering is carried out in an inert gas atmosphere.
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1 61. The process of Claim 59, wherein said film

comprises an organosilicon polymer or pitch.

62. The process of Claim 59, wherein said
5 support frame comprises silicon carbide, silicon

nitride, sialon, carbon or graphite.

63. The process of Claim 59, wherein said thin
film has a substrate comprising a compound having the
10 gape constituent with that of a sintered product of

said thin film.

64. The process of Claim 59, wherein said thin
film contains fibers and/or particles comprising a
15 compound having the same constituent as that of a

sintered product of said thin film.

65. A process for preparing an X-ray mask
suppért comprising a support frame and a support film,
20 comprising the steps of forming a support film by
forming a thin film and sintering it, adhering a
support frame on said support film, and sintering

these.

25 - 66. The process of Claim 65, wherein said

sintering is carried out in an inert gas atmosphere.
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1 67. The process of Claim 65, wherein said film

comprises an organosilicon polymer_or pitch.

68. The process of Claim 65, wherein said
5 support frame comprises silicon carbide, silicon

nitride, sialon, carbon or graphite.

69. The process of Claim 65, -wherein said
support frame is adhered to the support film by using
10 a solution or melt of an organosilicon polymer as an

adhesive.

70. The process of Claim 65, wherein said thin
film has a substrate comprising a compound having the
. 15 same constituent as that of a sintered product of séid

thin film.

71. The process of Claim 65, wherein said thin
film contains fibers and/or particles comprising a
20 compound having the same constituent as that of a

sintered product of said thin film.

72. A process for preparing an X-ray mask
support comprising a support frame and a support film,
25 comprising the steps of integrally molding the support

frame and support film with the same compound to form

—_—
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1 a molded product, and sintering said molded product.

73. The process of Claim 72, wherein said

sintering is carried out in an inert gas atmosphere.

5
74. The process of Claim 72, wherein said film
comprises an organosilicon polymer or pitch.
10
15
20
25

This Sheet Has Been Replaced

WA




