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Iﬁ%IT?T:CF THE | NVENTI ON X-ray Mask Support And Process For

Preparation Ther eof 5 BACKGROUND OF THE | NVENTI ON Field of The
| nventi on . The present invention relates to a suggprt for a
mask used in X-ray |ithography processing for cPbeBanhngst nt egr at ed
circuits, and a process for 10 preparing the support. Rel at ed
Background Art Recent senmiconductor integrated circuits are
demanded to be made small in size and nade highly i ntegrated, and a

met hod of formng finer patterns is 15 required in the preparation process
therefor. 1 Accordingly, it has beconme popular to utilize the

techni ques of X-ray lithography.
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S.P E CIFICATION
15 -
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,
20 kanagéwa-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;.'
25 iﬁprovement ih X-RAY MASK SUPPCRT AND PRQCESS'FOR
PREPARATION THEREOF of which the following is a Full,

clear concise and éxact- description.



| " gendral, a mask used in the X-ray |'i t hography processing conprises a
support frame 20 having the shape of a ring or the like and a film :
menber having X-ray transmtting portions and X-ray non-transmtting
portions. The filmmenber covers the openi ng of the support franme. In
usual cases, the X- . ray non-transm ttidng portions are forned of a X-ray
25 opaque or absorbing material having a geonetrical pattern and

provi ded on a mask support film (menbrane)
- 2- 1 that _constitute a base for the filmnenber, and the X- ray

transn1tt|ngﬁﬁ%ITbgwﬂFaTﬂﬂfENW&HTB@ Nt he mask support filn1itself
corresponding to the rt 0 the X-r opaque absorbin
i i "5 p EMM Support Ang P Sgﬁ%’ u%r %Pa‘éﬁgﬁ?gl ng

material is not
mat eri al rmnust

Thereof

5 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
10 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

15 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

20 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'

25 OPGQue or absorbing material hav;ng a geometr1ca1

pattern and provided on a mask support film {(membrane)



be" f or'ted on the mask support filmwth a submi croscopic size, with a
good precision and with good reproducibility, and also the mask support .
film 10 ks required to have di nmensional stability. The nmask support
film which covers the support frame with a consi derable tension, is
also required to have - nechanical st+ength. . Since it is
required to transfer nask patterns 15 to a sem conductor wafer with a
submi croscopi c si ze and precision wthout causing any deformation even
by the heat due to the absorption of the incidence of X- rays, a
mask support® ftihah congtiidiute a daserifor therdicin senker band ftkpdted so
that the above 20 requirenents can be fulfilled. The support
filmconprisi A@¥a teananit tine mentions jareyrfgrpmed) of the maska filmon a

substrate by a aseous phase nethod such as physical vapor deposition
(PVD), cheni cSUPPRE fddpsitgel comyespandinedin dhe Panfe on tion

(MB), foll oweq:ht;y f—%rgg(v%lpa(gué rl':e:;' absosr%t}.%[gr ?;ltaqferial is not

5 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
10 js 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
15 to a semiconductor wafer with a submicroscopic¢ 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
20 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
25 beam deposition (MB), followed by removal of the

substrate.



-35 RRZ Preparation of the mask support film
which is a preferred ceramic in view

conprising SiC

of the nmechanical strength or |ess.

t her nmal deformation, is carried out according to a gaseous 5 phase

filmdeposition nmethod typified by the ngthod descr
Pat ent Publication No. 53-24785, i M Which reactive

bed in Japanese
on- pl ati ng met hod

I's enpl oyed to produce an SiC filmon a silicon substrate in an
at nosphere of a hydrocarbon having 1 or 2 carbon 10 atons.

However, sugh a pr epaﬁ%@%&aﬁ%ﬁ?%@%ﬂg QIia su gtr?q'tt f}q

deposition has a difficu n - mass product

expensivenesscompﬁigqggugﬁcg %@H&spgﬁ?ﬁg?kian E@?&H

very expensive, e nurber of the films
is limted, ap¢ the hebRatdeal it?ength or less thermal

deformation, is carried out according to a

aseous phase film

resulting in

i §FPRAR US is 15

formed at one tine

gaseous

-5 phase film deposition method typified by the method

described in Japanese Patent Publication No. 53-2478S5,

in which reactive ion-plating method is employed to

produce an SiC film on a silicon substrate

in an

atmosphere of a hydrocarbon having 1 or 2 carbon

10 atoms.
However, such a preparation method

to the gaseous phase film deposition has a

according

difficulty

in mass production, resulting in expensiveness,

because a gaseous phase film deposition apparatus is

15 very expensive, the. number 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:

20 (a) Since the properties of films to be formed

depeﬁds on various parameters such as substrate

temperature, gas concentration and gas pur
are entangled with each other, conditions
deposition must be set with complicacy and

25 maintained with difficulty.

ity which
for film

also can_be

(b) The operation to remove the substrate by



rate which is not high. Besides, it has been not suitable to the nass

production also fromthe follow ng reasons: 20 (a) Si nce the
properties of filnms to be forned depends on various paraneters such as
substrate t enperature, gas concentrat,i on and gas purity which are
entangl ed with each other, conditions for film depositi on nust be set
with conplicacy and al so can be 25 maintained with difficulty. (b)

The operation to renove the substrate by

- 4- 1 etchiaflifh bhethlekq s drtley! rf"ﬁﬁp‘a%?bb%_ibﬁ is essential, and
such an operation IS cunbersone. There is al so the problemthat

Thi cknese. | 5 o B B B e 1 e =P s ed by the
gaseous phase film dephgrel 48 @ilde0dhe problem that a film having
irregularities of the same as an order of its
5 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.

10 . 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

15 light or near infrared light used for alignment
undergoes so large scattering that the transmittance

nay be lowered and the S/N ratio of the alignment

light signal may be lowered. ;

(2) Since the irregularities indicate a thickness
20 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 _
25 absorbing materials, and adhesion failure of X-ray

opague or absorbing material patterns, when fine



cr?staﬁ% that grow fromvarious points on the substrate collide with
each other and the axis or | attice plane of crystal appear al nost
randomy. 10 The irregularities on the surface of the support
filmbring about the follow ng undesirablg _ results. (1) Because
of the crystal particle dianeter that ~conmes to be from~1 [errlmto
several [err]m the visible 15 light or near infrared |ight used for

al i gnnent undergoes so large scattering that the transmttance may

be | owered E““b§f¥é§ﬁ$¢éigifPfﬂe&he al i gnnent | i ght signal nmay be

| ower ed. (2 Since the i1rregularities indicate a thickness 20

non-uni formty, they fyré&sver, "ORe UPIiR 3 tdo! thilCand sé NERG! tHaff
transmtting X-rays. (3) Because of unsnoot hness of the surface,

there may e sl Friefenedtiv Ofh Odi PELSUELPY), THs, theURddRINMity in
the thickness of X-ray opaque or 25 absorbing materials, and adhesion
failure of X-rsypport ofblmcha®vimySOiPfice PowFhiésPais aidts, sudhtabiéne
5 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
10 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,
15 because of the large thermal expansion coefficient

(about 100 times the ceramics) of such heat-resistant

adhesive.

SUMMARY OF THE INVENTION

20 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 _

25 minimum as possible, may not cause the lowering of S/ﬁ

ratio of the alignment light signal, and may not cause



-8:- %1 patterns are forned. Moreover, the filmis so thin
and so hard that it can be flattened with difficulty. Thus, the mask
support film having surface roughness is not suitable 5 to the formation
of X-ray opaque or absorbing materials with good precision, and the
mask support filmfornmed by the gaseaus- phase nmet hod have not
necessarily had satisfactory performances. In addition, an adhesive is
al ways used to fix the above 10 ceramic filmto a support nenber, but
adhesi ves far practical use are organic polyners. Accordingly, even
when a heat - aoitsiomdy ddiec siore-unidiorad ty iy tihee indensityef the tension
applied to the filmis | oosened to make it difficult to retain the

submi cron pat ft@anenitid nge Frraysofon mon-ands ormditivn |ine hen dibkekness i ci ent

(about 100 tinmes_the ceram cs) of such heat-resistant
of X-ray opaque or absorbing material but also the

adhesion failure of the X-ray opague or absorbing
5 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
thermal expansion éoefficient of not more than

10 1 x 107571,

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

15 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

20 frame and said support film have both a thermal

expansion éoefficient of not more than 1 x 10—5&-1

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

25 for ﬁreparing an X-ray mask support film, comprising

the steps of fdrming a film on a substrate, and



ad%esi?e. SUMVARY OF THE | NVENTI ON 20 The present invention

has been nmade to sol ve such problens, and a principal object thereof is.
to provide an X-ray mask support film having good . performances,
t hat can suppress strains produced by irradiation with X-rays to zero

or to a level as 25 m ni num as possibFe? may not cause the lowering of S/N
ratio of the alignnent |ight signal, and may not cause

- 6- 1 not only the non- unlforn1ty in the intensity of transnlttlng
X-rays or ngn formt t hi ckness of X-ray opaque or absorbing
mat eri al but 3?§gefﬁ8g Xaigdkgglon failure of the X-ray opaque or absorbing

5 material patterns. 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
5 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 follow1n§ description.

10

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; '
15 Fig. 3 to Fig. 5 are cross sectional vieﬁé
exemplifying various embodiments of light—irradiafion
| methods in tﬁe present-invéntion;
Fig. 6 is a view illustrating structures of a
support frame and a support film which have the sanme
20 form as each other and are fixed through an adhesive
layer; and
Fig. 7 is a view illustrating a process in

Example 4.

25 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The X-ray mask support film of the present



The présent invention provides an X-ray nask support conprising a.
support frame and a support film wherein the support frame and support .
filmhave both a t hermal expansi on coefficient of not nore than 10

1 x 10[err]Kerr]. In anothersenbodlnent, the present invention
provides an X-ray nask support conprising a support frame and a support

film wherein the thernal expansi on coefficient of said support film
does not 15 exceed the thermal expansion coefficient of said support

frame. 1 inven*éﬂkr?té o é@eé ﬂ%&f@f’i‘amé heh @ £SGiPport | Nvention

provi des an X-Tay nas sup conpr support frane and a support

film wherein tsﬁng ﬁ&é&@é&?ﬁ&@ PR that' RPOER df | e € a

t her mal expan5|on coe ficient not nore than 1 x 10 [err]Klerr] and

said support fiddRdamd Mﬂ&c@ fpmha&ﬁﬁrféelﬁaﬁétéﬁal hdvngmsk surface,

of not nore than 10 nmr The present invention al so
provi des a pr%ﬁ&&aﬁ%ﬁﬁ&nﬁ&&%ﬁﬁff@ié’ni Yf RS o othiad i | m conprising

t he steps ofsform ngga ff m on a substrate, and
1x10 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
10 in detail. |
. In the present invention, the material that
has a thermal expansion coefficient of not more than

1 x 10 9¢?

and a Young's modulus of not less than 10
GPa may typically include ceraniqs. They include, for

15 example, ceramics 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

20 the abové materials, particularly preferably used in
the preﬁent invention are silicon nitride and silicon
carbide.

 The feature that the thermal expansion

coefficient is not more than 1 x 10"'51(-1 requires

25 that, assuming a mask pattern on a support member to



- 7- 1 sintering said film In a further- embodi ment of the
process, the present invention provides a.process for preparing an
X-ray mask support film conprising the steps of 5 forming afilmon a
substrate conprising a conpound havi ng the sane constituent as that of
a sintered product of said film and Sifatering said film

O her enbodi nents of the process wll becone apparent fromthe

fol I ow ng description 10 BRI EF DESCRI PTI ON OF THE DRAW NGS

Fig. 1 and Flg are a view illustrating an integrally fornmed body
conprising a ®8pgorc f e alengationseppeed By|a temperature chiagges to

Fig. 5 are cross sectlonal Vi ews exenpflfylng vari ous enbodi nents of
Ilght-lrradlaPFo is not more than . 'To retain the submicron

patterns,-the thermal expansion coefficient must be
not more than 1 x 10 °k~1. |

5 The feature that the thermal expansion
coefficient of the suppoft film is sm#ller than that

- oo of the sﬁpport frémg is advantageous for retaining the

state that the film is stretched, éince the frame
undergoes a larger thermal expansion than the film

10 when exposed 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

15 Silicon carbide, and also three types of a'hexagonal
system (X ), trigonal (B) and amorphous in case of
Silicon_nitride. Theséistructurai differences result in
-differences in values of physical properties, based on
differences in prepafation mefhods. Accordingly, the

20 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

25 be easily carried out by controlling'the degree of

graphite formation and the layer structure.



net hods in the present invention; - " Fig..6is a viewillustrating

structures of a support frame and a support filmwhich have the sane

20 form as each. other and are fixed through an adhesive | ayer; and
Fig. "7 is aviewillustrating a process in Exanpl e 4. 25 DETAI LED
DESCRI PTI ON OF THE PREFERRED EMBCDI MENFS 10 - The X-ray mask support
filmof the present - 8- 1 invention
conprises a support franme and a support film and is characterized in
that both of ,the support frame and support filmconprise a materi al

having a Lt her mal e¥pendiigm deeffutienteditma qanstanfarstrésg %o

10[err]Klerr] or a material such that the thermal
. 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.

S What is required in the submicron processing is to
withstand the stress to give no eloﬁgation, and this
.is preferréd for thé reason that the dimensional
precision can be retained. It is also preferred for
the support film to haQe a thermal'conductivity of not

10 1ess 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

15 polymer may be used. The organosilicon polymer
includest_fpr one example, a polymer generically
termed as polysilane r;presented by the general
formula: .

Rt
20 _(_éi;)_
. - 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 -less
26 than 200. |

It may épecifically include



egxpansi on coefficient of said support film does not exceed the t her mal

expansi on coefficient of said support frane. The present

i nvention will be described below 10 in detail. In the present
i nvention, the material that has a thermal expansion coefficient of not
nore than 1 x 10[err]Klerr] and a Maunrg' s nodul us of not |less than 10
GPa may typically include ceramcs. They include, for 15 exanple, ceramcs
such as silicon nitride, silicon carbide, sialon (Si, Al, 0, N) in

whi ch part silicon of silicon nitride has been substituted with
aIun1nun1aﬂdPm%midﬁMQﬁhMlaj&ﬁnﬁan&ﬂYInhﬁnxiailanehubst|tuted with oxygen,
and carbon or raphlte 20 the above materials, particularly preferably
used in Pﬁa hﬁ%ﬂiﬂﬁnﬂrﬂﬁﬁﬁﬁiQQQiﬂhQﬁﬂlﬁii?ﬂﬁﬁj%ﬂd|con

car bi de. feature that the thermal expansion coefficient

is not nore Pﬁ&ﬁ‘?ﬁ%hﬂ?ﬂﬂ%ﬂﬂ Istlpnespathydphenathitlstlangming a mask

pattern on a Sudlyy avaliable’ is poly(dimethylsilane-

S methylphenylsilane).

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

R!
10 o —(-N—E!'oi-)-
_ i n
H B"

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,

5 ' 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

20 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 -

25 polysilane and polysilazane. Employment of these

naterials as described above and the preparation.



-ot 1 belcm the elongation'caused by a tenperature change “of

1[ferr]Cis not nore than 10[err]. To retain the subm cron patterns,. -the
t hermal expansi on coefficient nust be not nore than 1 x 10[err]K[err].

5 The feature that the thermal expansion coefficient of the
support filmis smaller than that of itzhe- support franme i s advant ageous
for retaining the .state that the filmis stretched, since the frane
undergoes a | arger thernal expansion than the film 10 when exposed to

heat e above ceram cs have differences in particle

di anet er, parPPEP@dsP?edﬁPﬁlilbﬁﬂt P&l ovipmakes éltyé‘P&ISiPéFthnMeu}& ng three
i L T L
system ([err] ), trlgﬁg%LeQQL 1aﬁ%o%%°%%t gdga%% preparing
silicon carbide include a method in which silica is
8 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
10 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
15 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. |
20 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
25 molded by a usual thermoplastic resin mold;ng method

{such as compression or injection) at temperatures



Silicomt nitride. These structural differences result in differences in

val ues of physical properties, based on differences in preparation

met hods. Accordingly, the 20 thermal expansion coefficient of the support
frame can be readily set so as not to exceed that of the support

film In the case of carbeniadr—~graphite, when it is

obt ai ned by sintering a pitch, the above setting can 25 be easily carried
out by controlling the degree of graphite formation and the | ayer
structure. - 10- The film
is subjecteb higherothannitst medting pointmi nsdng ahwollflacapsblewhére its
el ongati on nust be very small, and hence the filmis required to be
stretched wi thn‘éeséa%lznmeidfimmtbe syppoUt\Puane andhguppartefdilmed in the

subm cron proggféing)is to
It is preferred to bring a molded product to
5 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

10 follows: 1In 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.

15 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

20 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

25 an SiC sinter from Sic-Sinzs.and petroleunm pitch is

brought into graphite.



wi‘t hstand the stress to give no elongation, and this Is preferred for
the reason that the dinensional precision can be retained. It is also
preferred for
10 less than 4 Wnferr]K, for the reasorr tifat- t he | ocal di stortion
produced by the tenperature rise caused by irradiation with X-rays can
be suppressed ow ng to heat conducti on. In the present

i nventi on,

pol yrner

not | ess

S

oE tO&XLés?EgHQ?O&f s;'c—snizs lettﬂee%%ﬁé“gx{%nli’ég%ﬁ,”‘){ﬁepreferab' y

20

25

the support filmto have a thermal conductivity of not

an, organosilicon 15 pol yner. nay be used. .The or osilicon
-1
| yme: i ncl udes, fgﬂeé‘ﬂéfe%ﬁy%p]a?‘r%l%&%d&?etr’i%% I%a)? termed as
pol ysil ane represente y the. gener f or mul a;
wherein R %é ffeéé%ﬂ%dh

phenet yl ,

n other

tion is @€
! exyl, phenyl,

PRYPL IR O n
_ _ It may spe y 1 nclude
previogsly described 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 nitr;de. 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



-1 - 1 pol y( dinethylsiIane-nethylphenyisiIane),
pol y( (di nmet hyl si | ane- net hyl cycl ohexyl si | ane) and

pol y( net hyl phenet yl si | ane- et hyl phenet hyl si | ane). Readily available is
pol y(di net hyl si | ane- 5 met hyl phenyl si | ane). Anot her exanpl e of
t he organosificon polyner Is a polynes generically termed as

pol ysi |l azane -represented by the general fornula: [err]

wherein Ris hydrogen, Cerr] to (Jerr] alkyl, or aryl such as
phenyl, benzyl or phenetyl, n is not | ess than 100, preferably
not |ess than 2Qkch s benzend tarkPadhidrd | Ysd tihattd hydrocarbons

pol y( et hyl si | azane), pol y(et hyl sil azane) and pol y(phenyl sil azane).

such as hexane and octane, halogen derivatives, and
cyclic ethers such as - tetrahydrofuran.
Suitable values of concentration of the

organosilicon polymer solution used for the purpose of

[$1]

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.

10 : In fprming the thin film on the Qubstrate;
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

15 can be synthesized usually 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. 5
A&éordingly, the above film fornation can be carried I

20 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.

- 25 : 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.



I N the’case of carbon, petrol eum pitch commonly used in formation of
may be nol ded according to a nolding nethod such as press

car bon fi ber
20 nol di ng,

pr epar ed,

since it has nelt properties

i njection nolding or cast nolding in a nold
simlar to organic polyners.

Of the materials described above, preferdbly used in the present

I nvention are particularly 25 polysilane and pol ysil azane.

t hese
-12 -

t he preferitblrrgt B%ﬁﬁﬁf gﬁé‘crl g b%\é{ serﬁi tb q“ n ﬁn ﬁ\ge o wel |

material s as descri bed above and the preparatiOn

previ ously

Enmpl oynent of

satisfy

known net hodstgf DiSRAS gqu £ ucét aézyatll dg, Qﬁl uq: ar%"y;h%(f n which

silicais

5 carbonlze

10

15

25

I'ng car
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,

Al 03, 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



whi ch detal silicon, silicon nonoxide or silicon di oxi de i s reacted

wi th carbon. In the case of silicon nitride, known are nethods in which. .
are-direct- nitriding of netal silicon, silica reduction, a imde 10
nitride thermal deconposition, etc. The above pol ynmers have
recently been founded, whi ch are pol Y#ers for use in silicon carbide or
silicon nitride, conprising silicon as a polyner backbone and call ed
ceram cs precursor polyners to 15 which usual nolding nmethods for

of P cor am Ao Etee 26{Ye FalBRypEy BRRIOTIFL AR iR of GhE7T "
. ! . ! . k t )
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the present iry@,rg,{@fhi&g *%+Pestren§€ﬂg!'€%%(J‘Qtafﬁéda&%(ﬁ)‘

Process (1) 0 I'Tane, po l'azane or petroleun1p|?ch Is 25
mol ded by a ussifitddPHgOPINS (ddn £580 BO! ShoPtdRedOd Purt k&M NIARS

conpression or injection) at tenperatures -

5 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

10 instance where a silicon 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.

15 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

20 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 -

25 film is 3 pym or less. Further, the fineness of the

ceramic fibers may more preferably be in the range of



- M3 - 1 higher than its nelting point, using a nold capable of
integrally nolding the support frane and support film (Fig. 1). .
It is preferred to bring a nol ded product to 5 have no edge as shown in

Fig. 2, thereby making it possible to effect sold release with ease.
Next, the resulting nolded product is Sl & ed in an inert gas
at nosphere to nake an X-ray nask support. Typical conditions for the

sintering are as 10 follows: In the instance where the material conprises

pol ysi | ane, 1t Q,_O,th Bt %rs 9 ria% Sﬁn cawarz’? QI ?tljge&htee ) t%es rai sed up

to 1,400[err]C'in one stage, st age

sintering suchpidieer off fhes g%gg:%gﬁeg,pm%ﬁg %4%0 pagP0lerriC

for a 15 given tine an erature’is rai se
particular limitation in the lower limit for a

preferred range so long as it is nof more than 0.3 unm.
5 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
10 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
15 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
20 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 .
25 example, a method in which the ceramic fibers and/or

fine particles are laid up by allowing them to fall in



carry dut the sintering at 1,100 to 1,400[err]C for a given time.

In the instance where the nmaterial conprises pol ysil azane, the
sintering may be carried out 20 according to the two-stage sintering such
t hat the tenperature is raised up t OO[err]C whi ch i s maintained
for several to several ten hours, and't &nTaised to 1,000[err]C

Such sintering brings polysilane finally into 25 an SiC sinter from
SiC-SiHerr]; and petroleun1pitch S brought into graphite.

- 14 - 1 air. helt o'&o 100 '1%51%?1%8 %Q-remi%'iﬁn S%!}}C_ 5 formation or

car bon fornatlon I's ef ecte I N ot even i Herr] or
the |ike rempi3owif§ thel ¥ Sutteela5C5l BIGuAROPS hethod AR WaLH O the

e -they are allowed to float in a liguid and a layup
layer is obtained by a papermaking pethod, and a
5 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
10 beihg electrically charged, so that the layup can be
obtained in a good state.
Methods of impregnating the layup obtained
acdprding to such methods with the organosilicon
- polymer may include a method in which the layup is
15 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 inmpregnating the foﬁmer with
20 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
25 a surface roughness of 10 nm r.m.s. or less.

More specifically, a silicon carbide is first



5 haskisupport filmof the present. invention, can be sufficiently

exhi bi t ed. Process (2) The support franme .alone is
first prepared by nol di ng and sintering. There can be utilized known

met hods of sinter-nolding of SiC, Elqh r_carbon. Methods of preparing
silicon carbide include a nethod on which silica is car boni zed by
reduction using carbon, and a nethod in which metal silicon, silicon
nonooxi de or silicon nitride is reacted with carbon. In case of silicon

nitride MeuN@dinea $heokAOWI1nGh 3 At dyflifie by al silicon,
or sSI ma

reducti on I ca, and ther deconpsoition of imdé nitride. In case

of carbon, a i Wn i i t gl ' inS Yeor Med
8818E6n' HalfBRUN iFLPVHIS ‘inﬁN-g)?téée é@?@dc@&s canS ©

into graphite by sintering. , ath ilm (support film

conprising utilf¢zeagages eka@pled! Y thid ansédne,a sim)stand €4,  For
t hat purpose, for exanple, the organosilicon 20 polyner nﬁy be di ol ved

in a solvent, apgdubB@ as raesmateirdaldigdded) ramd [thec atibatrate Ha substrate
by use of a coating method such as dipping, casting or spin
coating, opPi heateg tol temperiatwies of from about 600 to 800°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
10 pe from about 1 to 3 pm 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
15 prepared not only by the CVD process but also by other
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
20 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. _

25 : Here, in case of there is no particular

limitation in materials for the substrate used in the



The sol’vent to dissol ve ‘the organosilicon 25 polymer may typically include
aromati ¢ hydrocarbons - such as benzene and tol uene, saturated .
hydr ocar bons - 15 - such as
benzene and tol uene, saturat.ed hydrocar%&ps such as hexane and

oct ane, hal ogen derivatives, and ~ &clic ethers such as

t et rahydr of ur an. Sui tabl e val ues of concentration of the 5

organosilicon polyner solution used for the purpose of coating the

pol ymer may lvggxsgﬁ@eeflbag.t%n,h%na substilted @@.@J Qe t,h&%hgr mat i on,  but

may be sel ect rom the range from to 60 % by

weight. 10 paterials! BahObd QsefdhesU"l%nE' a® e’ *&%b%%%tthak‘in
enpl oyment of the solution used as descri béd above may be repl aced
wi th enpl oynegieeel theM@bhddtioh® such that, when it is a substrate
| to be removed before the sintering step as described
5 pelow 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
10 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

15 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

20 pmethod 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

25 film or an NaCl sheet is used as the substrate and the

substrate is removed by dissolution using water, etc.,



organosi | i con pol ymer or the like. ' More specifically, the
organosilicon polyner 15 can be synthesized usually so as to have a

nmol ecul ar wei ght of. from several thousand to about 1,000, 000,

and its nelting point falls within the range of from 70 to 200[err]C
depending on its average nol ecul ar wet At .~ Accordi ngly, the above
filmformation can be carried 20 out by nelting the organosilicon

pol yrer (for exanpl e, at a tenperature several ten degrees higher
than its It| b ormm | y avail abl.e

pol ymer fi I m Bﬁ"‘ﬁ’gtﬂbdﬂk{f@h %@éﬁﬂé q"%qyafﬁ%eat?‘h%e%r T-die
ext rusi on. e ca S of r.bq s in

t he case of t ﬁdy tr%ﬁ/ %"% e oile ggﬁia%ﬁ?@emgdb sui t abl e
substrate by ﬁ%l - 16
- 1 suita Ie l"\ r2>q"fmaés errpelﬁ:%eec? b;;chc?w no |ne so t hat

The organosilicon polymer of the present
5 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
10 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-
15 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
20 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
25 the film strength b§ applying light-irradiation and'

thereafter carry out the peeling. Embodiments of



the viscosity of pitch may fall wthin the range of from 10 to 10, 000
cP, or heating the pitch. In any filmformation nethod of the
above, the 5thin filmformation is required to be nade so that the

thin filmformed may have a uniformthi ckness over the whol e.

On the thin filmformed in the above madder and conprising the
organosilicon polynmer or pitch, a 10 support frame previously prepared may
be pl aced, and they may be sintered under the conditions as expl ai ned

bel ow, g - . S as

propert eo. b EvpbseRy SkeRéARnForcRhend sSheafr it iom 38, 5B8K 1 ' ray
refera ave ' 5.t hick f o f -

Dy et cran ) " BSrPahe Mgk oRCHBERF PSR, pRABH, AtkR, RelBrekge R dhi! 2y

transm ssi on. In the above thin filmconprising the
organosilicondﬁgr§ﬁg?'or pitch, a known sintering aid 20 may al so be added

in atrace amount (nNopigOrg 4AR éross-Sectidh illestraitdmngna@andl d includes,
for exanpl e, AI[erng[err], BN and BeO
5 embodiment of the light-irradiation methods in the
present invention. This embodiment is concerned with .
a method in which uniform light-irradiation is appliedl
to the whole surface of an organosilicon polymer 1
from the upper part of the polymer laminated or coated
.19 on a substrate 2. Employment 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
15 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
20 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 _
25 embodiment may specifically include glass having no

absorption band at a wavelength region of 290 nm or



I i’ the *above film of the organosilicon polyner or pitch, fibers and/or
fine particles of ceramics or 25 carbon nmay be contai ned, thereby nmaking

it easy to make crystal control since the fibers or fine

- 17 - 1 particles serve as crystal _.nquclei at the tine of the
sintering, so that a fil m having nuch‘b@gt§r tensile strength or i npact
strength can be obtained and the sintering tinme can al so be shortened.
Further, in 5 view of the X-ray transmitting properties of the

suppor't filn1n$£ is preferred that cerami cs are used. Regar di ng
the ceram cs uSed’in the above enbodi nent, there nmay be used ceram cs

thore T\ con'caroribycB, et ORERSESsB UG TR R Rg 81140 | ot ance
organosi | i CONa ROt HEF' emBBdiment of the light-irradiation in the
present invention. This embodiment is concerned with
5 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
10 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

15 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

20 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

25 support film formed thereon, etc. Such a heat-

resistant substrate may be satisfactory if it



mey be ‘used cerani cs whose main conponent unit conprises silicon

nitride in the instance where a silicon nitride polyner such as

pol ysilazane is used. 15 Alternatively, there may be used sialon in which
part of silicon in silicon nitride has been substituted W th

al umi num An additive may al so be add&d2fo~t hese ceram cs. Such an
additive may include, for exanple, a sintering aid, boron nitride,
alumna and yttrium 20 oxide. As to the size of the ceramcs,

t he flnenes§

ceramc fine ﬁ%???i?ﬁg ﬁa?agﬁﬁgﬁﬁaﬁgﬁgﬁ par%?g eggmsggg ﬁﬁgg %he
preferred th'%#n§§518£s¥h?h405a&ée§93925FP§§ G EgbLE §r[§5£% Iess.

Further, the TIneness o am ¢ rs$‘may nore pre era y be in
the_range of may specifically include ceramics as exéﬁplified by

alumina and magnesium oxide, and graphite.

5 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.

10 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

15 substrate results from decomposition, melting, etc.
occurring at 500 to 600°C. |

As the above resin, suitably usable are the so—
called engineering plasticg as exemplified by
_polypxymethylene, polyethersulfon, polyether ether

20 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

25 the root-mean—square roughness of the heat-resistant.

substrate has a precisidn of not more - -than 10 nnm.



1%rom’0.05 to 1.5 [err]m Wth regard to the particle di aneter of the
ceramc fine particles, there is no particular linmtation in the |ower
limt for a preferred range so long as it is not nore than 0.3 [err]m
5 The particle size distribution thereof may al so be broad w t hout any
di sadvant age. Formed is a~f#fnrcontaining the above

descri bed organosilicon polynmer and ceramcs in a sui tabl e proportion.
The proportion may be selected 10 to-find a suitable val ue dependi ng on

the type ang he SI|I le r_and on, when a

sol vent |5|ﬁf&ﬁp?ﬁl?ﬂe %%I%ﬁ@g fﬁgiiyp% d?s PVent, the }ype of
formation 1 RRTHERte mekeg 4 Pﬁzswﬁe&%ﬁ°‘%€a#%ﬁ%§’%‘ fy gabbe 11
desired struq&y FP %P?ﬁ ﬂQ@iﬁb'H‘$ﬂ¥f§§e hﬁgséqpfeﬁ$fd?$9 eSi ntering

nay exhi bi t goc propertires as support m but usabl e
s, for F@ fn "BLROG, conprising Iaylng up the ceramc 20 fibers
and/ or fine particles on a substrate, i npregnating the resulting |ayup
with the 5 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

10 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.

15 . 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,.ﬁeating first the film for a

20 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

25 1,100°C up to about 1,400°C, thus making a film havihg

SiC crystals in a sintered state.



ofbano§i|icon pol ymer to have desired conposition, and formng the

layup into a film Met hods for the laying-up may include, for
25 exanple, a nethod in which the ceramic fibers and/or fine particles
are laid up by allowing themto fall in

- 19 - 1 the air, a method in which?¥hey are laid up by al | owi ng
themto settle in aliquid, a nethod in which they are allowed to fl oat
inaliquid and a | ayup | ayer i s obtained by a papernmaki ng net hod, and

a 5 methogd in mhicala Cﬁé 'gigﬁg%QVf%eéﬁgqéf%ﬁragnyﬁg fabric is

nmerely used as the a ) : ayi ng-up may preferably be
o < oL M LBLAIE poryfBETILfe (5085 a0l kot BR1paRY C\ 05 W11 @
electrically gfigf@ethe SPedpétatiife 84 UP069¢, Dgna thereatter raising
it to from 1,000 to 1,200 °C to carry out two-stage
5 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

10 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

15 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)

20 | Prepared first are structures 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

25 moided products having plasticity.' The sintered

products or the like can be prepared by empioying the



obtainéd in a good state. _ Met hods of inpregnating the | ayup
obt ai ned according to such nethods with the organosilicon pol ymer
may include a nmethod in which the layup is 15 nerely inpregnated with a
solution or nelt of the above organosilicon polymer, and a method in
whi ch t he surface of the layup is—c8®ered with solid powder of t he
organosilicon polyner and then the surface is pressed and heated, thus
i npregnating the fornmer with 20 the latter. Al so, part of the

b hi I f
of a0 iegnS capBRads aBofpast bed Al Prifenepay (8 RRE LAY Yo O (T
conpr|5|ng a silicon ﬁgﬁp'dgnb#hglgg¥h?gur%? gfsgagagﬁgﬁgyghgggéeof 10 nm

r.ms. or |ess. e specirtica IT¢C car is first
- 20 - 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

10 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.

15 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

20 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

25 neceésarily applied to the support film owing to the

contraction that takes place on sintering. This also



1 forned into a filmon a substrate typified by a silicon wafer. For
this purpose, a CVD process can be utilized, for exanple. In this

i nstance, SiH err] and CH err] are used as raw naterial gases, and the
substrate is 5 heated to tenperatures of from about 600 to 800[err]C.
The CVD process carried out under such @8nditions brings about
polycrystalline silicon carbide, thus obtaining a filmhaving a high
nodul us of elasticity. The filmthickness nay desirably be sel ected so

t 10 bge f t 1.t0.3 hat X- b
Sﬁff?cientlg Téggéﬁf ?Eﬂ?dyot° LgLEngigehgg??ﬁﬁégﬁgr%ﬁﬁ@°§?lﬁ?}ﬂﬂs f or ned
h f 5 bstr at
havi by the Sboue s o BB 888c8paA°bobe? BERELTho gapeops phadlll 0011 €

but also by OfPgf formREPEASEEY AL LESuYITTLUS PH2ERe! PREBLLEN O
es. t

sintering of fine partic _ e stlTcon carbide film
formed on thejnyentibn! ' phepacaridhndohaiti6naboys BBt Bee, the thin film

20 conprising the organosilicon polyner nay be forned according to the
met hod prewd opeiyt 08Ty Weeh &askhahnd 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
10 gdhesives, 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
15 £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
20 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 -
25 are improved, resulting in almost no non—-uniformity in

thickness of the X-ray opaque or absorbing material.



t he organoéilicon pol ymer film whose part has been formed of silicon

carbide or silicon nitride can be formed on the substrate. 25 _
Here, in case of there is no partlcular ' limtation in materials for the
substrate used in the - 21 - 1
present invention, and substrates nade of3wafious materials can be

used, so long as the substrate can neet the conditions such that, when
it is a substrate to be renoved before the sintering step as descri bed

5 bel ow and en the substrate peeling nethod as descri bed below is

enpl oyed as the net hodTher presmnthginvent ion iwikkaidaser Jeed bebdwness in
such a degree that the substrate and the filmcan be separated in a

good st at einagAHeakgen deteni b i 9&v iRk ereHl fie Exampleanosi | i con

olyner at the tine of coating, it has
POty Exampleg 1

- Polysilagfyrene {trade name: $-400, available
5 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
10 was dropped, thus preparing a film of 31 pum 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
15 furnace was maintained at this temperature for 1 hour,
followed by cooling to obta1n a silicon carbide film
having a thlckness of 2.9 um and a surface roughness
of 8 nm.
The silicon carbide film was cut into a strip
20 of 10 x 50 mm?®, and its Ybung's ﬁodulus measured using
a tensile tester was found to be 200 GPa. Thermal

—6g-1,

expansion coefficient was 7 x 10
The above polysilastyrene solution was coated

| by brushing on a silicoh'éarbide support fg#me (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



sdf ficitent solvent resistance to that sol vent. Usabl e net hods
of peeling froma substrate the filmfornmed on the substrate include a |
nmet hod in which it is mechanically peeled, a nethod in which it is 15
mechani cal |y peel ed by sticking a pressure-sensitive adhesive, a
bondi ng adhesive or the like, a netho¢ B2 - which it is peeled by
imersing it in a solvent I nsol ubl e or poorly soluble to the

or ganosi | i con pol ymer, as exenplified by water and al cohol, and a 20
met hod in ich the substrate is renoved by di ssol uti on when the
substrate i sgagbﬂvetgiatsvﬁmgnprocessnhapdnﬁyenaboxet964 coa
organosi l i con pol yne npl es of the nmethod in which the substrate is
renmoved by d|§§6Pé§?oﬁiﬂﬂcWEEeféx#§tﬁé&rPR“wh¢9H18"P9Ab92§iPFPﬁ459 an Nad

sheet is used as the substrate and .the ubstrate,i.s .r
di ssol ution ugpﬂgrmépgrsa@pccon%itions as agove to %bt%in?ggvi

mask support.

22 -

5 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
10 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.
15 " 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

20 Tetrahydrofuran (300 mQ) 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

25 over a period of 15 minutes. After stirring at room

temperature for.90 minutes,'generation of gas stopped,



1 and & method in which a pol ymet hyl nmet hacryl ate sheet is used as the

substrate and is simlarly renoved by di ssol ution using acetone or the .
like. The organosilicon polynmer of the present 5 invention is
known to undergo cross-1linking when irradiated with light having a

wavel ength shorter than 350 nm (Lactd®alH te Chi m que, page 64, 1986, R
West ) . Accordingly, in instances in which light-irradiation S
effected upon formng the filmof the organosilicon 10 polyner, there may
be conducted the irradiation with l'i ght having a wavel ength region

correspondi ngand at kEpeeparent| agidk heapdgepegurapolatdon regramest: at

| east from 300 to 350 nm Specifical%y, It is ossi ble tqQ use a
hi gh- pr essur eARBLELPR thepeten of 2-28 o1 1§-dn mBo, s&Fémﬁﬁpgﬁry | anp, a

n I , . h I ati heat t t t he ,ti f th
oo TP, oS dh smmerstel, Hbepicd I SRR o gL pRavT O e

Gascribed | JoPREPRRAFECR,0M KT o TR4 AR, B Srked S sl 0

described 20PpEF _ rou ave 1 ts own
wi thout thesuge;pl.ed $HRSBOhAndtes] ! Neslt', ROt 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
10 g01id. 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

15 pn.

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

20 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 -

25 heater, which was kept heated to 200°C, and a melt

flow indexer was connected to a hole provided on the



i fventifon or, at the tine of peeling, the peeling can not be well

carried out because of lack in the strength of the film a preferred
nmethod is to inprove 25 the filmstrength by applying light-irradiation
and thereafter carry out the peeling. Enbodinents of

- 23 - 1 typical nmethods for the I+g® -+rradiation for that pur pose
w Il be described belowwith reference to the dr awi ngs.

Fig. 3 is a cross-section illustrating an 5 enbodi nent of the
light-irradiation nmethods in the present invention. This enbodinent is
concer ned wit mold. aNezzied temperatunmiwan Hentghe 280G ammsh i s appl i ed
to the whole surface of an organosilicon polynmer 1 fromthe ypper part

of the pol ymePalysid@styrane saedntmpdured sy etart (22,328 fnt. of this

enbodi mrent nmakes
' was placed on the upper part and the polysilastyrene

was flowed in the mold until it flow oﬁt from another
5 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
10 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
15 [X-ray nask 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
20 gurface 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. -

25 A carbon substrate polished similarly to the



It possible to
light-reflecti
l.i ght -absorpti
r eadi ness and

Fig. 4is acr
i ght-irradiat
t hi s enbodi nen
absorb light h

use as the substrate, various substrates such as

ve substrate, |ight-. transm ssive substrate and
ve substrate so l'ong as they have sufficient peel’

15 sol vent resistance as previously nmentioned.
oss section illustrating anpt her enbodi nent of the

lon in the present I nvention. Used as the substrate in
t is a light-transm ssive substrate 2a that does not
avi ng wavel engt hs shorter than 350 nm and sinul t aneous

20

irradiation df abpylket wars Hetid tdweer lapming acesd dfhe hisl or e sl amtoatedl yner

1 enabl es nore
The light-tran
specifically

regi on of 290

10

15

20

25

uni form cross-1inking of the whole of,the polymer 1.

bii priepe inghandan 2 preesire ahiko kof/gmodmenRt ndy-

ncl ude %Iass haviqg no absor pti on band at a wavel ength
a °C

ure of 18 In a sintering furnage whose

hRMBET
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 pum 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 to"

1.400'C at a rate of 10°C/min.’ The furnacé;wés



1 ore’” Fig. 5is a cross section illustrating still

anot her enbodi nent of the light-irradiation in the present invention.
Thi s enbodi ment is concerned with 5 a nethod in which two sheets of the
above |ight- transm ssive substrate 2a are used and the

organosilicon polymer 1 is held betweent3¥emand |ight- irradiation is
effected from both surfaces thereof. Enpl oynent of this enbodi nment
makes it able to prevent 10 surface irregularities owing to the
evaporation @f the ~ solvent contained in the polymer 1 to forma

snoot her fPpAPtained on thig statertanit hounmiiand thensdpstr 4pe t hat

can be used when the substrate and filmare sintered 15 together may be
satisfactory i f°Pt*is a heat-resistant substrate that can endure the

sintering up to the st age .at whi.ch the organosilicopn_pol yner has cured

by sintering and iﬁ&%léﬁﬂﬂﬁﬂ;ﬁﬁﬂgkﬁ%k? tEé%qﬁﬂqgfno?Xd thep pe

| ost. Accordin v able gl Al ssible tg use . 20 as the heat-resistant

substrate t hosghéhfc%fr?%f rsoq'l#l%seaspsgeoafr tl%ne t%eht:&ﬁss éne('ﬁs‘fﬂ%éSi. Hﬁé? ng.
5 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, having
a larger thermal expansion coefficient (thermal

%% ~1y than that of the

10 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

15 preparation process. As a result, the lowering of
vield because of défécts such as peeling-off of the
‘absorber was remarkabi? suppressed as compared with an
instance in which the absorber comprising gold was
formed similarly on an SiC filp formed according to

20 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
25 having a smaller thermal expansion coefficient was

used in place of the above support frame.



However, it is preferred that the heat- ' resistant substrate may not

di sappear or deform from the viewpoint of the flatness of the X-ray
mask 25 support filmformed thereon, etc. Such a heat- resi st ant
substrate may be satisfactory if it ' ' -
25 - 1 conprises a material stable to3@& +high tenperature of at at
| east 1,400[err]C, preferably 1,500[err]C or nore. It may specifically
i nclude ceram cs as exenplified by al um- na and nagnesi um oxi de, and

gr aphi te. b In instances in which materials |ike netal

silicon are utilized a§°fh&Y tign of jRexipyNanges . Young' $e renoved
fromthe suppo Kl m by i.on etching, j a gaseou hase, ., or by
di ssol ution us%%%agg?doﬁrt%e 3R | %é%(ﬂainqé%ﬁqqﬁﬁ;J%gprding B3t he
ot her hand, th§tQ€§E'£§3%§h@§ balloon method. As a result, there

was obtained a value of 200 GPé.

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
10 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
15 diameter, 90 mm in outer diameter and 5 mm in
thickness) obtained according to a reactive sintering
process, and the film'ﬁas_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
20 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. -
_25 Example 7 |

An X-ray mask support film comprising a



substrdte that disappears in the course of the sintering may i ncl ude

substrates nade of a resin or met al having thermal resistance up to
about 300 to 400[ err] C. Such di sappearance of the heat-resistant 15
substrate results from deconposition, nelting, etc. occurring at 500 to
600C. As the above resin, surtdBly usable are the so-

cal | ed engineering plastics as exenplified by pol yoxynet hyl ene,

pol yet hersul fon, polyether ether 20 ketone and pol ybutyl ene terephthal ate,
and as the nmetal, suitably usable are tin, |ead, zinc and al um num

It is also preféﬁﬂé&qﬂwﬁﬁ% i Bl fies opbtadned 18,Fhg-83LRLBARRELS of
Lhe Tesul 100 SYPYL LN 2o bhe f 0ptareatisRhateat e Rangl he
- 26 - sheet was used as a substrate.
The resulfing film showed the same properties
5 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)]

10 On a silicon wafer (100) substrate of 0.5 mm
in thickness and 2.0 nnm in surface roughness, an SiC .
film was formed using a plasma CVD apparatus to have a
thickness of 2.0 um. Used as raw. mater1a1 gases were
SiH4 and CH4, and the component ratio was kept at

15 31:10, 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 set on a spinner
(Mikasa Spinner 1H-2), and a solution obtained by

20 dissolving pelysilastyrene (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 rotated at'l,ooo rpm, thus obtéining
a film of 7.2 pm thick o -

25 .~ Next, this film was placed in a sintering

furnace in which Ar gas is flowed, and temperature was



1 ‘Prepdri ng thé support film by using the above Ssubstrate nmakes it

possible to obtain an X-ray nmask support filmhaving a surface
roughness of not nore than 10 nm r.ms. 5 The surface
roughness at this tinme my preferably be neasured by a neasurenent
met hod t hat enpl oys a non-contact op¥8cal roughness neter and can
nmeasure the roughness w thout giving any stress at the time of
measurenent, and it may be neasured, for 10 exanple, with a digital

optical lingar profiler TOPQerr]- 2D (Wko Ooré).orati on).
The surface 1 FRARRE InRn KoM EERREEEIre un 1R SR0 16 \AN13 FRteuPhe

conven ent| Y GRS WASh an SRR HF o R ESS e 35
shen e { | D s AGEEL Vo Pyl B AU o
P e’ SRS dd oot p ey Ml e
a given tind pajsed 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
10 xoH 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
15 the Si wafer and 8.0 nm 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
20 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
28 at 700°C for 30 hours aﬁé at 1,050°C for 20 hours,

followed by slow cooling to room temperature.



t Hereafter further raising the tenperature to from 1,100 to

1,400[err]C, and maintaining this tenperature for a given tinme or
gradual ly raising the tenperature from 25 1,100[err]C up to about
1,400[err]C, thus making a fil m having SiCcrystals in a sintered
state. -39 - 27 . When
polysilazan is enpl oyed as the organosilicon polyner, the step
conpri ses raising first the tenperature to 500[err]C, and thereafter

i Si it f 1, 000 i, 20 3
%?hiépﬁhg,]%} gﬁgdugfﬂéx*ai§P%gst °8€L%é%%%h%%s?$%%¥°9¥33§%€6i§gggbou?

, err]C. TypjcC I | T
heat i ng reteﬁ%?%hefiﬁﬁ°?nt?ﬁgbgg tgﬁg cgfgigétaggtgﬁaahrg égaﬁﬁogxanples,
but S'”ter'”9&&9”9%1&998n?aXnﬁereﬁngHPrOﬁﬁhéEe£Xe§§'ﬁ&&egbfgihgat the

Young' s nodul US"an
an X-ray mask support film.

S 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

- 10 ysual mask preparation process. As 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

15 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
20 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.
25 polished Al,0, substrate having a surface roughness of

9 nm was set on a spinner (Mikasa Spinner 1H-2) and



t Her mal expansi on coeffici ent previoﬂsly descri bed may be set at the

I nt ended val ues. The sintering. is carried out in an atnosphere ..
of inert gas, but the sintering may be carried out 15 using gases ot her
than it if such sintering is carried out at the stage in which the
formation of SiC as the X-ray mask sapport filmmay not substantially

be "~ hi nder ed. Process (3) 20 Prepared first are
structures of a support frame and a support film each having the sane
form The structures may conprise sintered products made of Si C,

SiN or carbon} gotatethat 400 arped oF @hh?brthg abOV?h§°éP§aﬁ@qu%xm
pol ynmer at about several 100[err]C, or nol groducts _havi ng
plasticity. The4QQH394xithusp?bﬁﬁﬁ?é“@ratﬁélPlRé LnHBetBigKared by

enpl oyi ng the
Pt 0yi g Subsequently, using a high-pressure mercury

lamp (USH-2560), light irradiation was carried out on
_5 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
10 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 tgmperature 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
15 cooling to obtain a silicon carbide film of 2.9 um 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 be 200 GPa.

20 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
25 surface roughness of 11 pﬁ. followed by pressing u;der

a pressure of 10 kg/cm2 to prepare a layup with a



1 ‘sane‘net hods as described in Processes (1) and (2). Next, on
the structures of the support frane and support film each having the
same form a solution of the organosilicon polyner used in Process (2)
S 5 coated or a nelt of the organosilicon polyner heated to a
tenperature higher than the nelting point4ls coated, and thereafter
both structures (i.e., a support franme structure 4 and a support film
structure 5) are fixed utilizing the adhesive force of an 10 adhesive

| ayer 3 conp{igbng t he orqpnosi{icon pol ymer or the like. To_increase
the adhesive fbPaEKRESs of @ dibr RHRISHFEAE akEhan} et thE. 1avup

Ther eafter, sintering.is, carried out in the sanme nanner as in

Process (1), tW@g ﬁﬁﬁpﬂf%ﬁ?ébrﬁﬂéréhﬁ:% fing layup was $RFa¥Re sol ution
or nelt for use.i provi sionally a rin e abo both structures, it
I S necessary tgohggdt ¥'1'§l%ct)'néa S’hlaﬁca})r‘r’agy ?%ir]usﬁ’boyrgsﬁ n %lﬂerfig/eby éﬁsg?%?'épgd

Phe Support. 1 12asr et 2zg3ziohd (e nane SURRY | PR LE" £8on® L 000rt
prepared in % hgrpPENesODA 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 frame (having the shape of a ring of 75 mm in
10 jnner 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
15 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 gupport having a silicon carbide support film
6f 2.1 uym in thickness and 9 nm in surface roughness.
20 ~ 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?, ahd its Young's modulus was measured
-using-a tensile tester. fhe Yqung's modulus was feund
25 to be 250 GPa, which was a value enough for the X-ray

mask support film.



mannery can be nade free fromthe very cunbersone operation of
particularly applying a stress to the - support filmto fix it uniformy,
because a stress is 25 necessarily applied to the support filmowi ng to
t he contraction that takes place on sintering. This also
- .29 - 1 nakes it ready to prepare gghonobgeneous support film
As descri bed above, since no gaseous phase filmformati on may not be
utilized in the present i nvention, preparation conditions can be set
5 relatively with ease, and mass producti on becones possi bl e. Al so,
since a hig% yield copxdspbshieved, X- ray mask support filns can be
prepared at a | ow cosT. T _al so has becone possible to provide X-ray
mask supports thalnside cafise substentaatdbylavechadgadbfoglass 10
adhesi ves, deformation of frame nenbers and sag or :

was replaced with dry nitrogen, and charged therein

was 0.40 g of KH (100 mmol; 3.9 ﬁol % based on
S CH,SiHNH).

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
10 (_o.'zss mol) of (dnssinnn) 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, and a transparent and
" homogeneous solution remained. Addition thereto of
15 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
20 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
25 polymethylsilazane was obtained.

A silicon nitride whisker (trade name: SNW,



di'stortion of support filns even by heat generated by X-ray irradiation
or the like, and also can have a hi gh mechani cal strength.

Moreover, since the surface of the support 15 filmis so flat that
preparing X-ray masks by using the sane can bring about the effect such
t hat ; (1) scattering of the visible-idght- or infrared light  for
meking alignment is small with high transmttance, resulting in-:

i mprovenent of the S/INratio of the 20 alignnment |ight signal; (2)

non-uni formty in the strength of transmtting X-rays beconmes very
smal | ; and ?%51Pabg?egrgpoﬁaFﬁthFﬁFﬂdcﬁﬂné“ﬂ&§$§ﬁﬁ§-aﬁdd-) ofdhesi on

f the X- o] e or_apsorbing material - 25 are inproved, resulting in
glnns? norﬁgn-gn| or§1}yp?n5‘g %PhF@kﬁé§§sﬁfaPﬂefX9Pa§ 502889 & Akor bi ng

material . length was laid up in the same manns? as in Bxample
10. Subsequently, the resulting layup was spray-
céated in the same manner aé 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
10 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 |
15 s: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.. |
20 _ 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 Qas
neasured in the same manner as in Example 10. The

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

25 value enough for the X-ray mask support film.



1" : The present invention will be described bel ow I n greater
detail by giving specific Exanples. Exanple 1

Pol ysi |l astyrene (trade nanme: S-400, avail able 5 from NI PPON SCDA CO. ,
LTD.) was dissolved in toluene to prepare a 10 wt/v% solution. A
surface- polished Al[err]O[err] subsijfate having a surface roughness of
9 nmr.ms, was set on a spinner (Mkasa Spinner 1H 2) and rotated at
400 rpm on which the above solution 10 was dropped, thus preparing a film
of 31 [err]mthick. Next, this filmwas placed in a sintering
furnace togéther with gkamprésigate, and, under dry nitrogen, heated at
200[err]C for 1 hour and turtner raised up to 1,200[err]C at a rate of
10[err]C mn. The 15918 X~Aray masknsapport acasitottainddnperthersaher 1

hour , foll owed by cooling to obtain a silicon carbhide film - having a
t hi ckness of Zshrjesr rdsn imdExaspléate excgptcthat sibicén rgarbide

The silicon carbide filmwas cut into a strip 20 of 10 x 50 nnxerr}, and
its Young's mRapticlasshpeingsangaverage particle diameter of 0.45

5 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,

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,
15 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.

20 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

25 was set on a spinner (Mikasa Spinner 1H-2) and rotated

at 400 rpm, on which the above solution was dropped,



a ‘tensi‘l e tester-was found to be 200 GPa. Ther nal expansi on coefficient

was 7 x 10 [err]K[err]. The above pol ysil astyrene sol uti on was
coat.ed by brushing on a silicon carbide support frame (having 25 the
shape of a ring of 75 nmmin inner dianeter, 90 mm in outer dianeter and
5 mmin thickness) obtained by a 45 - _ - 31 -
1 reactive sintering process, and the above silicon carbide fil mwas
fixed thereon, followed by sintering under the sanme conditions as above
to obtain ani anple 2 A
silicon carb|§§B§§ orpggﬁg S|m EE%% " th“%ﬁe used in Exanple 1 was

paced on o carton oyt e t&‘i‘e'?%on‘?i‘#ﬁﬁé’ (EQFesRa RN 2

same manner as in Example 10 to obtain an X-ray mask
support film.

5 foung's modglus of the film was measured in
the same manﬁer 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. | | |

10 | 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 10 ° to 1 x 10 °k 1

16 (in SiC) and 3 x 10°° to 1 x 107%™ ! (in siN): and
thermal conductivities were 80 W/m.K (in the case of

.8iC) and 20 W/m.K (in.fhe case of SiN).

20

25



1d by drylng to forn1a‘poly5|lastyrene film : This was sintered
nple 1. As a result, there was obtained an

T T R T

I nsi de of a 1 liter autoclave made of- 94&35 was r et

nitrogen, and charged therein - was 0.4 g of KH (100}

based on . CHerr]SiHNH). 20 Tet r ahydr of ura

dr opwi se aﬂﬁed with a syringe in flask having a three-way cocC

the m xtur §yred to disperse KH. Next, using a syringe filled
with nitrogen, 15.271 g (0.258 nol) of (CH[er SIFi%% err] was, slowy
added to the stirred ¥H HyFyrapspagk suppRrt P rﬁut% PRE or

stirring at roarlrx]xe am; e”psetié‘éé’{? EP{m,g whexoéj:{n Both of % atl sup;gaS stopped,

frame and support film have a thermal expansion

5 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.
10

. 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

20 said support film has a film thickness of from 1 to 5

unm.

6. The X-ray mask support of Claim 1, wherein
said support filﬁ has a film thickness of from 2 to-4

25 qunm.
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- '32 ¢ arent “and honbgeneous sol uti on renai ned.

Addi ti 8 g (16.1 mmol ) of nmethyl - | odi de i medi ately
resul tam“t:m‘lm%muﬁmf a white precipitate of KI. phis—reacijon

m xtureswas twriners  *5 stirred for 30 minutes. Next, mofTHb SHERT GAE BEEN
sol ution was renoved under reduced presstfer and 80 ni of REEK&DED Was ,
added to the remaining white slurry. The resulting m xture was =
subj ected to centrifugal separation to separate supernatent liquid from
a white 104solid. This solution was subjected to a trap-to-tra

distillati or}, so that A5, TRe Foray glasie Pmyont of Cladpike ’HP%ﬁ’p’Ptate

renmai ned. Thi.s . i ssol ved |n tol uene and spi.n-coated on
a carbon subst¥% SWRRUF agffﬂf 2 3d 3R M %rﬁﬁplea” on

qﬁhe sane size as used

Pl aced t hereo il nnitride rin havj
in Exanmple 1, Q%\g?&a%mk;ssmppa%eeht%% Hot am‘g’fenttek}almngh?u hacd o 1, 300[err] C,
and thereafter the furnace was maintained at this

5 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
10 gaid 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
15 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 éf Claim 1, wherein
20 said support frame comprises the s#me material as that
of said support film, said material being selected
from the group consisting.of silicon carbide and
silicon nitride.
25 ' 12. An X-raf mask support comprising a support

frame and a support film, wherein the thermal

“This Sheet Has Been Replaced




20 t enperature—for—4hours; foll owed by cooling to obtain - an X-ray nask

core AN " L 50 0 e

Fig. 7 was pFfack oh & 25 heater, which was kept heated to 200 erR$nLAggﬁ

mel t - flow i ndexer was connected te #&8hel e provided on the

- 33 - 1 nol d. Nozzle tenperature was kept to 250[err]C, and

pol ysi |l astyrene was introduced. A weight (22.125 g) was pl aced on the

upper part and the | ysi | astyrene was flowed in the nold until it flow
“out from an tﬁﬁpansgonoceeffﬁeﬂeatteﬁ Sﬁﬁﬂss“a§°§ﬁbfééve§°?§ pP&ss nol di ng

at 300[err].C under _a pressure of 150 kg/cn{er % cool ed, the
nol ded pr oduct*s@ed h ¢ ctheymgdoexppngion cpgf iSFeBFePF]Efﬁgn and kept at

hi r re fo
this tenpe atu gp t %rame.

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,

This Sheet Has Been Replac
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hour. Thereafter, after taken off fromthe nold, the 10 product was again
heated to 1, 350[err]C and kept at that tenperature for 1 hour followed

by ctooting—Fhere—was obtai ned an integral type mask “fnnff "u”1§\n..
?IAl) i ﬁmﬂﬂﬂﬂmﬂf ""HH!”SI | astyr Eﬁgnﬂ rGaae ;Ln?mce S 400[ X:mr/g?/l gglé IE Sls‘{gLﬁf(ﬂjAt P

NI PPON SCDA C® was dissolved in - toluene to prepare a 10 wt/v%
solution. A surface- pol i shed carbon substrate (10 mmthick) having a
20 surface roughness of 7.5 nm when neasured with the surface roughness
met er TOPQ &r Mjber® ipy eusiislistuppostc i bon has anfsi et huicknesss o rfxon kasa

Spi nner 1H 2) and rotated at 500 rpm on which the above sol ution was
dr opped, t2hd® dot®-ning a filmof 28 [err]mthick. 25 ~ A carbon
substrate polished simlarly to the

19. - The X-ray mask support of Claim 12,
5 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,
10 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
15 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
20 jindependently comprise a material selected from the
group consisting of silicon carbjde énd silicon

_nitride;

23, The X-ray mask support of Claim 12,
25 wherein said support frame comprises the same

material as that of said support film, said material

This Sheet Has Been Repl
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above was | aid overl apping, and the filmwas | am nated by

pJM“ L" essure of 10 kgf/cnferr] and at a t enper at ure of
tering furnace whose i nside was replaced with dry

ni trogen,
up to

|In1mas 5 heated at 200[err]C for 1 hour dnpukhemer MaIGEEEN |
1,350[err]C at a rate of 16 & }C/ mn. The furnace WaREPLACED

t

mai ntai ned on this state for 1 hour, followed by cool iMg:
The carbon substrate was taken off, and the 10 surface roughness of the
filmwas negsured, which was found to be 9.0 nm Fl|ﬂ1thICkneSS was 2.6

pm and -

being selected from the group consisting ©f pil °°Pherwm

expansi on coeff|C|ent was X err]. [ X-ray mask
support fil m EBFpide and 3111°°@h%&“€§ﬁ§%n substrate nmade ready for use in
15 the sane manner as in the support film(A), a tol uene solution of 10

wt / v% pol ysi | astyrene was spi n-coat ed with a spinner. Revolution
nunber was set to 400

a filmof

oL 40040 oA S B LSRG o LU 21 0

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
256. 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.

This Sheet Has Been Replaced




20 t ‘e was |l aid overlapping, and the filmwas

| am n m“tmnn“ manner as in Exanple 1 by pressing under a
pressnm m err] and at a tenperature of 180[err]C. 1In a
si nt er ¥nge f ur ndte Swhdse insi de was replaced with dr ¥ argon. . 'hgs BEEM]
was 25 heated at 500[err]C for 1 hour; %nd& further ralg d&ﬁﬁi&EO '

. 1,400[err]C at a rate of 10[err]C/ m n. The furnace was

- 35 - 1 naintained on this state for 2 hours, and then left to
cool . ca n substrat was taken o) then t he
sur f ace roughness of ?ﬁe 2F EH ﬁﬁ tcRE Egbnﬁs #6und to be 8.0

M oFl M I CRERS 118 ada® sagh,%@@ lf%]lpA;nQ%r e RAPRAILACGECLE Figl vas S

x 10[err] Kl err were a on a
circular frang, tgagepgt e.g., stainless steel, having

5 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,
10 wherein 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,
15 wherein said support frame and support film
independently comprise a material selected from the
group consisting of silicon carbide and silicon

nitride.

39_ 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. ' -
25 |

34. A process for preparing an X-ray mask

This Sheet Has Been Replaced
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a Iar ér thermat—expansion coefficient (thermal 10 expansion coefficient:

2 X 10 [e at of the films of the above (A) and (B)
whi |l e app““ll!ﬂu" I“'”ll‘l ME The filmtension at this td Lo .NPa. ... -
- On the filh &n Absbrber (X—ray intercepting material) [ TH@dﬁﬁEﬂéﬂﬂgB@ﬁ*j
was fornmed according to a usual mask =1%2preparation prqgess. REBLACEesul t
the | owering of yi el d because of defects such as peeling-off of the
absorber was remarkably suppressed as conpared with an i nstance in
whi ch t he apsorber conprising gold was formed simlarly on an SiC film
formed accor dPREPEBt £d lmhe comprisdass $heoskenisyofr fermdng andifaving a
r oot - nmean- square surface roughness of 50 nm_ Al so, the filmwas
sagged upon XPRa$ PRP&dFatesnand sidterdagopsaid f3lvupport in which a
support frame (thermal expansion coefficient: 0.4 x 10 [err]K[err])
made of quartz glass and 25 having a smaller thermal expansion coefficient

was  used in placesgf e APQYS.LBICAIHTE, 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

This Sheet Has Been Replaced :
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-36- ¢ For eval uation of performances, Young's nodul us of
t he above fiTmwas neasured according to a static pressure balloon

MR 151111111 s R W GP""WA;BEENH

fronlNIPﬁCN ‘soba T LTD.) was di ssoFv&8 in t ol udn H?o ?

wt/v% sol ution. A surface- polished Al[err]O[err] cnhc*fﬁ e~y e
surface roughness of 10 9 nn1mas set on a spinner (M kasa Spinner 1H 2)
and rotgted at 1,00Q rp on whi ch the above sol ution was dr opped,
thus preparinfP8 Ftem of 35”?@??F§P9hﬂéﬁht before saidpgintREddghtRas a

silicon carbide,suppo having the s of aring of 75 mMmin
i nner 15 di ﬂﬁ? ] 6&ﬁﬂ1FﬂmBGggFQBPaﬁBt8F°§ﬁaq§REW1 t hi ckness)
obt ai ned accordlng to a reactive sintering process, and the film was
heated in an atnosphere of nitrogen at 200[err]C.for 1 hour, and
further raised UP to 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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500[erf]C at a rate of 10[err]C/nin. The filmwas kept on 20 this state
for 1'hour, and.further heated up to 1,300[err]C at a rate of

5[err] ﬂﬂ" lﬁuﬂtWﬂ"naintained for-. two hours, followed by cooling to
obt ai n i - support having a silicon carpide filmof 2.9

[err]min © 'tHicRneds and 8 nmin surfsace roughness| THXSSHEET HAS BERHNpI e

7 . An X-ray mask support filmconprising a REPLACED

- 37 - silicon carbide filmwas obtained in the sane nmanner as in
Exanpl e 6 except that a pol yether ether ketone sheet was used as a
substrate. ! support fillmg icemipiriisifg ithe stepsd dfEcaaimgoroapa ties as
i n Exanple 6, and there was seen no difference considered to be caused

by the influesvbstiratieca filgecomiediningn fdbeswbsnddicer peintierles

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
sinfering 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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mple 8 —— —————~fX-ray mask support film(Q] 10 On a

sil rﬁmu/mmugﬂmr ubstrate of 0.5 mMm - in thickness and 2.0 nmin _
sur f filmwas fornmed using a plasna CVD appar at us

to have %a * "thFckness of 2.0 [err]m Used as raw material gases were
SiH err] and CHerr], and the conponent ggati o was kept atTHIS@ﬂéffHA;gEFN

pressure at 10 to 50 Torr, and substrate t enper at ur

Thus, a filmhaving a surface roughness of 0.5 pm was—obtatrtret-

Next, this fubstrate was set on a spinner " (M kasa Spinner 1H2), and a
sol ution obtalné@obg. 20 di ssol ving polysilastyrene (trade nane: S-400,
avai l able from NI PPON SODA CO., LTD.) in tol uene to give a
concentration of 10 wt/v% was dropped on the spi nner whi ch was rotated
at 1,000 rpm thus obtaining afilmof 7.2 pmthick. 25 Next ,

this filmwas placed PB- aThenpEPrRgS of CdmimcdsinwhirelinAsagds is fl owed,

and tenperature
ubstrate has a thermal resistance_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
suppprt conprising 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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- 38 - ——raised-fromroomtenperature up to 650[err]C at a rate of
10[eiﬂmmﬂﬂﬂ i mai nt ai ned for ‘40 hours. Thereafter, the furnace
was ! ”,m“mnim room tenperature, and subsequently the
tenpefatﬁreLmas s bxlaised up to 1,000[err]C at a rate “é] ©F HAS/BBEN §
whi ch was mai nt ai ned for 30 hours.-Tggreafter, the furnqﬁgim@gp
all owed to cool. Finally, the Si wafer was Fsotroprcal 1y
etched fromthe back surface with use of an aqueous 10 KCH solution, and
renoved. In this manner, there was obtained an X-ray nmask
support filh comprisi rffl & Beé fpropess tofiCRAL 59, Whepefn Ba2id ef 11an t hi ck.
This had a surface roughness of 2.0 nmon the surface that had been in
contact with CPRRNises amfargamesslicom polyker oppasitehsurface.

[ X-ray mask support film (D)] On a silicon wafer (100)
substrate of 0.5 mMm in thickness, 76 mmin dianmeter and 2.0 nmin
surface

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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Si C f|In1and a.pol ysil astyrene filmuwere 20 formed in the
B ﬂﬂﬂ" pport film(C. They had a filmthickness of 1.8
[err , respectively. The SiC filmhad_a.sucf

SR
roughness of 11 nn1 In a sintering furnace whose |nS|dGHMb§HEETHASBEFN
replaced with dry nitrogen, the product gms-sintered 25 ht 700?@#5??Dfnr7~
30 hours and at 1,050[err]C for 20 hours, foll owed by slow cooling to
room t enperat ure. - 39 -

Next, the SI{ICOH waf er was ani sotropically etched fromthe back
surface with' use of anbdguébesproce&§ofoClainnés amherebnedaidhfs Imt her e
was obt ai ned an X-ray mask support film 5 The silicon
car bi de frane %@Mﬁrége$naExangaeoalliconasopvuerdeu phtehbeh of these filns
(© and (D) in the same manner as in Exanple 1 to obtain X-ray mask

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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uppor rts.
ing to a 10 usual mask preparation process. As a -

ach
(r)fesgﬂd‘mmﬂuﬂmmmj the defects such as -peeling-off of the absorber

was remarkably decreased as conpared with an |nstancel THIS SAERNHAD pERR

t‘ﬂiéegx-ray mask supports, an X- ray absorber nade

absorber conprising gold was formed -~ sBni-larly on hn Si QArLaoEHOr ned
only according to the 15 CVD process commonly practiced and havimg =
surface . roughness of 0.4 [err]m Accordingly, the | owering of yield
was renar kab{y suppressed even when a | arge nunber of X-ray masks were
prepared. A soc® meided predwckitandcsinteringyvsaigl noligdt produgtignnent
was 20 inproved by 10 % or nore. Exanple 9

Pol ysi |l astyrene (trade nanme: S-400, avail able from NI PPON SODA CO.,

LTD. di | ved I t 10 %, sol ut A
surihce. 25 pol i shed W2ciheuBEPFare R Piata ZrrHbeFrilaRtes of o
nmvas set on g spLpngy {M1E@3A: A BOE 1hhA) 1888t gas atmosphere.

5

74. The process of Claim 72, wherein said film

comprises an organosilicon polymer or pitch.

10

15

20

25
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- 40 ¢ 1 rotated at 400 rpm on which the above sol ution was
dropped, ‘thus preparing a filmof 31 [err]mthick. :

Subsequently, using a high-pressure nercury | anp (USH 250), I|ight
irradiation was carried out on 5 the filmfor 20 m nut which filmwas
t hen i nrersed in a mxed sol vent ofsgwat er: met hanol =|I1THISTSBIEET HASUBEEN
to peel the polysilastyrene filmfromthe substrate. REPIMEED, t he
resulting polysilastyrene filmwas pl aced alone in a sintering furnace,
and terrperalture 10 was raised fromroomtenperature to 600[err]C at the
rate of AGTIQF THE\DISCLRSWREWas mai ntained on this state for
1 hour, and thereafter the tenperature was raised up to 1,300[err]C at

the rate of 5[err]C/ @h X-rae ¥agkfurpert conpmpisesinatpRenthi s state for

1 hour, followed by 15 cooling to obtain a silicon carbide filmof 2.9
[errimin frame kS SHPRPTH F ey hgrein RAfesLf the support Tne

silicon Carb'f%ﬂglJH&M¥LéH§u$£g§%E%f?ﬁlﬁgve a thermal expansion

5 coefficient of not more than 1 x 10 °K > or wherein
the thermal expansion coefficient of the support film
does not exceed that of the support flame or wherein
both the support frame and thé support film have a
thermal expansion coefficient of not more than

10 1 x 107%™ ana the support film has a surface

roughness at least on the mask surface, of not more

fhan'lo nm r.m.s. Basically a process for pfeparing
the X-~ray support film comprises the steps of forming.

a film on a substrate and sintering the film.

15

20

25

This Sheet Has Been Replaced




of “10° X 50 nmjerr] , and its Young' s nodul us neasured using atensile
tester was found to be 200 GPa. 20 - . Exanple 10 A
silicon carbide whisker (available from Tat eho Chemi cal |ndustries,
Ltd.) of from0.05 to 1.5 [err]min finess and from5 to 200 [err]min
| ength was wetted with ethanol, and laid up on a graphite sheet having
a 25 surface roughness of 11 nm followed by pressing under - a pressure
of 10 kg/cnferr] to prepare a layup with a

- 41 - 1 thickness of 2 pm Subsequently, ethanol in the |ayup was
evaporated, and the resulting |layup was spray- coated with a viscous
sol uti on obtai ned by dissol ving ponS|Iastyrene[:irade name: S-400,

available from 5 NIPPON SODA CO.,. LTD.) in tolue eﬂﬂ@sgggFHKSBEEN

concentration of 40 % by wei ght, followed by REPLACED

-

FIG. 1

FIG. 2
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evaporati on of toluene. Next, on the resulting film a silicon

car bi de support frane (having the shape of a ring of 75 mmin 10 inner
dianeter, 90 mMmin outer diameter and 5 nmin t hi.ckness) was put and
pressed under a pressure of 5 kg/cnferr], and then placed in a
sintering furnace filled wth dry nitrogen. Subsequently, the
tenperature inside the furnace was nai ntai ned at 200C 15 for 1 hour, and
then raised to 1,400[err]C at a rate of 10[err]C m n. The furnace was
mai ntained at this tenperature for 1 hour, and then cooled to obtain an
X- ray mask support having a silicon carbide support film of 2.1
[err]min thickness and 9 nmin surface roughness. 20 The silicon
carbide filmin the X-ray mask support prepared in the above nanner
according to the process of the present invention SQ —Rte—a—si{ i p
of 10 x 50 mm{er], and its Young's us measur ¢d > '-ﬁfﬁﬁgngile
tester. The Young's nodul us was foun 25 be 250 VY 2y as.. |l ue
enough for the X-ray mask jupport fi1n1 l o

NANNNNNNNNN

FIG. 4

~ 1
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FIG. 5
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TR . Exanple 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 nol % based on . 5 CH err] Si HNH)
Tetrahydrofuran (300 nferr]) was dropw se added w th use of a syringe
to the inside of the above autocl ave, and the mixture was stirred to
di sperse KH. Next, using a syringe filled with nitrogen, 15.271 g 10
(0.258 nol) of (CHerr]SiHNH[err] was slowy added to the stirred KH
slurry over a period of 15 m nutes. After stirring at roomtenperature
for 90 m nutes, generation of gas stopped, and a transparent and
honogeneous sol ution remai ned. Addition thereto of 15 2.28 (16.1 nmmol) ¢
of nethyl iodide inmediately resulted in the formation of a white
precipitate of KI. This reaction mxture was further stirred for 30

: THIS SHEET HAS BEEN

REPLACED

FIG. 6

FIG. 7
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_Jﬁ nu;es Next, nost of THF was reaned under reduced pressure, and 80
of hexane was added to the 20 r¢ Y S y I

Xt ure was subj ected to centri REﬁUA@EMﬁﬁT‘ §HE@9
supernatent liquid froma white sol F—Fx mas sub ected]tp
trap-to-trap distillation, so that -1591-g (99 % by | we Q# 196t

powdery 25 ponnethyIS|Iazane was obt ai ned. A S|I|con nitfipe
whi sker (trade name: SNW i’ - 43 -
1 avail abl e fr @nREd MASRCSTPPORT Al ROCESS. FQR| PREBAR2 THEREOF ; o 1] 5

[err]min finess and from5 to 200 [err]n1|n Iength was laid up in t he

same manner as in Exanple : 10. J%Jasequently the resulting | ayup was
spray- 5 (ﬁﬁﬁgiﬂéglggmggﬁﬂﬁggﬁauu, RES .in Exanple 10, with a

sol uti on obtai ned by dISSG|VIng in toluene 40 % by

An X-ray mask support comprises a support frame
and a support £ilm, wherein both of the support frame
and the support filﬁ have a thermal expansion
coefficient of not more than 1 x 10°K™ or wherein the
thefmal expansion coefficient of the support film does
not éxcéed that of the support flame or wherein both
support frame and the support film have a thermal
expansion coefficient of not more than 1 x 10-°k™? and
the support film has a surface roughness at least on
the mask surface, of not more than 10 nm r.ﬁus.
Basically a process for preparing the X-ray support
film comprises the steps of forming a film on a

substrate and sintering the film.

FIGURE 1
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Eaal

wei ght of the polynethylsilézahé synt hesi zed as descri bed above, thus
- ‘gbtaining a film ' Next:# on st he resulting fl|lh a—S+cQn
- carbide 10 support frame having the shape as the frane ¢f QkﬁﬁﬂMENT SHEE#O

—

was put and pressed under a pressure of 5 kg/cnferr]

in a sintering furnace filled with -dry-ni trogen. Subs

tenperature inside the furnace was raised to 1, 300[=r f
15 5[err]C/ min. The furnace was maintained at this

hours, and then cooled to obtain an X-ray mask suppdrt having a silicqgn
car bi de support filmof 2.9 ['err]min thickness and 8 nni

roughness. 20 Young's nodul us of the silicon carbide filmin

the X-ray nmask support  prepared in the above manner according to the
process of the present invention was measured in the same manner as in
Exanpl e 10. The Young's nodul us was found to be 220 GPa, whi ch was a

25 val ue enough for the X-ray mask support film

FIG. 1

FIG. 2




o

- 44 - 1 Exanpl e 12 An X-ray mask support -was

obtained in the sane manner as < n Exanple 10 except f;

car bi de particles having an average particle dianete

[err]m (grade: DUA-1, avail able from Showa Denko KK) wer

of the silicon carbide whisker. - 2 - A support fi

support showed good properties |ike the support fil

Exanpl e 10. 10 Exanpl e 13 An X-ray

obtained in the sane manner as in Exanpl-e 11 except {that si

ni-tride particles having an average particle di anet m
(grade: SNE-10, available from Ube Industries, 15 Ltd.) were used in p e
of the silicon nitride whi sker. A support filmin the -
resul ting support showed good priﬁ?rties | i ke the support film obtained
in

oo
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Example 11. 20 - Ref erence Exanple 1 Relysilastyrene
(trade nane: S-400, available from-Nl PPON SODA CO., | LREPLACEMBNTIiSHERT vied
Nn toluene to prepare a solution of 10 w/v% i.n ' i :

surface-polished carbon substrate 25 was set. on a spin
1H 2) and rotated at 400 rpm on whixh the above sor

- 45 - thus preparing a filmof 31 [err]mthick

t,
the resulting filmwas sintered in the = sanme manner fas in Exanple 10 tfo
obtain an X-ray nmask . support film 5- Youn

filmwas neasured in the sane manner as in Exanple 10. The Young's
nmodul us - was found to be 200 GPa, which is a value |ower than

FIG. 6

FIG. 7
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that of ¢ ' jned in Exanpl es of the present i nvention. 10
Young' s l m @!‘E Eﬂport films in the X- ray mask supports
pr epar ed npl es were 200 GPa to 250 GPa ¢

HA—SHE—ad—200
GPa to 220 GPa (in SiN); thernal expansion coefficientk REPLAGQVIEWpﬁHEfT
“films and support frames were 4 x 10[err]_tggl-x 10[err] K[ fr I5 (Irn S
and 3 x 10[err] to 1 xyh&cldbekist] (in SiN); and thetnpl 48 6?29
conductivities were 80 Wok24y mbsk(suppdrit Compfisingh supportirdme pnfl 20 \%Um Zi n
the case of SiN).  gnq 4Qupport film, wherein said support frame com-
prises the same compound as that of said support film,

and said compound is selected from the group consist-
ing of silicon carbide and silicon nitride, and both said
support frame and said support film have a thermal
expansion coeflicient of not more than 1X lO-’K-l._
2. The X-ray mask support of claim 1, wherein
Young's modulus of said support film is uniform over
the entire 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 entire
film.

§. The X-ray mask support of claim 1, wherein said
support film has a film thickness of from 1 to § um.

6. The X-ray mask support of claim 1, wherein said
support film has a film thickness of from 2 to 4 um.

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 [0 nm r.m.s.

8. The X-ray mask support of claim 1, wherein said
support frame and support film have a thermal conduc-
tivity of not less than 4 W/m-K.

9. An X-ray mask support comprising a support frame
and a support film, wherein said support frame and said
support film comprise a compound selected from the
group consisting of silicon carbide and silicon nitride,
and the thermal expansion coefficient of said support
film does not exceed the thermal expansion coefficient
of said support frame. . :

10. The X-ray mask support of claim 9, 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 9, wherein said
support frame comprises the same material as that of the
said support film, said material being sclected from the
group consisting of silicon carbide and silicon nitride.

-12. The X-ray mask support of claim 9, wherein said
support frame and support film have a thermal conduc-
tivity of not less than 4 W/m-K. '

13. The X-ray mask support of claim 12, wherein
both said support frame and support film have a thermal
expansion coefficient of not more than 1X 10—5K~!,

14. The X-ray mask support of claim 12, wherein
Young's modulus of said support film is uniform over
the entire film. _

15. The X-ray mask support of claim 12, wherein
Young'’s modulus of said support film is aot less than 10
GPa. ' - '




-. 46 - 1. An X-ray mask support conprising a

support ,mmummuwmﬂurt film wherein said support frane com.prises
t he sane &onpouhd "as st hat of said support film and sai ggpmugmtmsgﬂﬁ‘r
sel ected from the group consist- ing of silicon carbi de jane—s+++een

nitride, and both said support frarre -akd said support fijlm hg\éeﬁ:ﬁﬁ 1

expansi on coefficient 4 k gi. e{zr Lrerr
mask support of clai % Iy ﬁ(‘
uni form over the ent ray _rrasq< H’pp

wherein Young's nod ﬂi? | 2NQ Ies

g}_lad ort f
The X-ray nask supp "ﬁ;
filmthickness over “ﬁggfﬁﬁ

? upport of claim
1. wherein said supp f"m f"’?"rsﬁﬁfl to 5 [err]m
6. The X-ray mask s

% Lﬁg“%filmhas afilm
t hi ckness of from 2 t 4 r’f}‘n‘“ pp? f ‘?‘H here rt of claiml,
wher ei n said suppor t5%P! basa surface ron onthe mask on the mask

surface, of not mnor #U[ASH of gohmore thag t0 '“B“‘Wre X-ray mask support of claim
1, wherein said suppof? AR @Y masksppentcomIrisingave a thermal conduc-
t|vrty of not |ess thAFUPPORY fiame; and  An X-ray mask support conprising a
support frame and a sappmnﬂmnwhmamsw framg#nd stidane and said
support film conprise &ugpemdimdare integmBy formad andcompsise aconsi st i ng of
silicon carbide and si |9omneundiselected faomi thicgroue cousistisgefnsi on coef fi ci ent
of said support fil m dddiconsarbige andisilicen nitgideral expansi on coefficient of
sai d support frame. 2h0AnTXeax-mask supphrtsobplaie 2 whexeim 9, wherein said
support frame ‘and s gls thodutus ofisaid seppoirt filog dnpnifar: everat eri al sel ected
fromthe group consithe entiredilmsi | i con carbide and silicon nitride. 11. The
X-ray mask support of2%|ArnXSay whaskcsupporti of slaim@0; whexeis conpri ses the
same material as th%;lfg‘swmhﬂusofaidsupponfilmisnotl&thmm _

upport f||_m|<
of claim1l,

| mhas a uniform

..ﬂb

23. An X-ray mask support of claim 20, wherein said
support film has a uniform film thickness over the entire
film.

24. An X-ray mask support of claim 20, wherein said
support film has a thickness of from 1 to 5 pm.

28. An X-ray mask support of claim 20, wherein said
support film has a film thickness of from 2 to 4 um.

26. An X-ray mask support of claim 20, wherein said
~ support film has a surface roughness at least on the mask
5urfac= of not more than 10 nm r.m.s.

27. An X-ray mask support of ciaim 20, wherein said
support frame and support film have a thermal conduc-
tivity of not less than 4 W/m.K.

28. An X-ray mask comprising a support frame, a
support film and an X-ray absorber formed on said
support film, wherein said support frame comprises the
same compound as that of said support film, and said
compound is selected from the group consisting of sili--
con carbide and silicon nitride, and both said support
frame and said support film have a thermal expansion
coefficient of not more than 1 X 10-5K-1,

29. The X-ray mask of claim 28, wherein Youngs
Eodulus of said support film is uniform over the entire

m

30. The X-ray mask of claim 28, wherein Young's
modulus of said support film is not less than 10 GPa.

31. The X-ray mask of claim 28, wherein said support
film has a uniform film thickness over the entire film.

32. The X-ray mask of claim 28, wherein said support
film has a film thickness of from 1 to 5 um.



S L T
claim9, .thefei h sti ¢ support frd
| ess than 4 Wm K

tivity of not

support of claim 12, whdilmihas & flandiickness i ffiem Dio 4 pird suppo
uni formover the entire f34 Mhe X-rhp mashef ¢laimal8, wbsteirs
wher ei n Young's nodul us filxh hana curfagp poughnéss) anleast omthe mask suhan 10 GPa:

e X-ray mask sugpqrt of crarmnris

wherein both said support frane arrd4§up'port filmhave a fhernpp m@agﬁo

coefficient of not nore tizmhé Xxay thask oficlairr 28, whereid aid -ray ‘M

Vel

L

Illllllu

prtof claim 12,

- 47 - 16. The X-r ayacepdflnos mopothan 3 noi im 12, wherein said  support
filmhas a uniform film t3 ThaXgsy meskoficiaim 3htwhesein sqid sypport
mask support of clai m 1fametaed eippostfiln have apghermal ¢andusthvity of fi | m t hi ckness

of froml to 5 [err]m notlesghamhW/ra-Kay nask support of claim 12, wherein

said support film has a3 iAm¥Xtray @rase Sompfising @niuppPery fpneedr | m 19. The
X-ray nmask support. of cheapertiBlm aprbapiXrray, pbporter fpanad o8 siifhas a surface

roughness at | east on t EPPRESRM, wherinceid PPombIT

17. The X-ray

PE"E‘H SPLO nmr.ms.

20. An X-ray nask suppoP?“@BFrﬁ?’PE"ﬁ%QmmPW‘H’SEG d fro ﬁ‘é’“Pand a
support film wherein s ‘H‘“g ’(]'c?‘? ﬁ°” “““ port filmare
integrally formed and c ion °°° %ﬁc’é'b om the group
consi sting of si | PROFF ed@‘ﬁ?ﬂi °§P G008 CaHEER & sa'd 21. An X-ray

msk support of cl ai m 2BESHEAT  voung' & miduLiS of odiisfa

uni f orm over

the entire

Support frame and support film have a thermal expan-
sion coefficient of not more than 1X10—35K -1,

38. The X-ray mask of claim 36, wherein Young's:
modulus of said support film is uniform over the entire’

film.

39. The X-ray mask of claim 36, wherein Young's
modulus of said support film is not less than 10 GPa.

40. The X-ray mask of claim 36, wherein said support
film has a uniform film thickness over the entire film.

41. The X-ray mask of claim 36, wherein said support
film has a film thickness of from 1 to 5 pm.

42. The X-ray mask of claim 36, wherein said support
film has a film thickness of from 2 to 4 pm.

43. The X-ray mask of claim 36, wherein said support
film has a surface roughness, at least on the mask sur-
face, of not more than 10 nm r.m.s.

44. The X-ray mask of claim 36, wherein said support
frame and support film have a thermal conductivity of
not less than 4 W/m-K.

45. The X-ray mask of claim 36, wherein said support
frame and support film independently comprise a mate-
rial selected from the group consisting of silicon carbide
and silicon nitride. .

46. The X-ray mask of claim 36, wherein said support
frame comprises the same material as that of said sup-
port fiim, said material being selected from the group
consisting of silicon carbide and silicon nitride. .

47. An X-ray mask comprising a support frame, a
support film and an X-ray absorber formed on said
support film, wherein said support frame and said sup-
port film are integrally formed and compnse a com-
pound selected from the group consisting of silicon
carbide and silicon nitride.

48. An X-ray mask of claim 47, wherein Young's
modulus of saxd support film is uniform over the entire
film.

49. An X-ray mask of claim 47, wherein Young's
modulus of said support film is not less than 10 GPa.

50. An X-ray mask of ciaim 47, wherein said support
film has a uniform film thickness over the entire film.

support filmis
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22. An \t of claim20, wherein_ Young's nodulus of said
Supportjmﬂ Wmmm“ than 10 % SHEETZRAS. ARENCT -
claim 20, wherel m s&id* support fj| m haspeacen f or mif]i IRtEPMﬁEMEhHSSHEHer
entire film 24. An X-ray nms {2 wnereun sarg
support filmhas a thickness of froml te B9 err]m %ﬁﬂ n’%sk
support of claim 20, whesgi AnSGrdy mEK P Rlaim (47 Whérein sai dubdiﬁ es$ of
from2 to 4 [err]m- flien hadri dickAess BRSmSLRO . Of [cl n}said
support film has a surfase AsXafapeassk of clhiaps®, wherei ldmphonsurface ‘of . not
nmore than 10 nmr.ms. film Bad.a fiim tHickAsss BRfrsmSAgapbpin. OT  CT af Tm20;—wherei n
said support frame and $apsmX-rafimask bficlasined?, hdereid sagbswgpert tivity of not
| ess than 4 Wm K 28m Was AGurfage mvghness mp ldasti ongthe mashpwr-t frane, a
support filmand an X- rfage. a5sor mere thay Heamam.sai d support film wherein

sai d support frame conprPéein Kiray suaskeotdaipudiwheesin saud suppors aj d support
film and said conpoundfime sad woped fiim bayve mthegndgondentiyitgofng of sili- con
carbi de and silicon nit®dtdess theadt WeerKsaj d support frame and sai d support
filmhave a thermal expafisi &n X thogwphy srocessing Betiod (6aM- | X

t he

10[err]K[err]. 29. TWM'&?"&B%W' of claim 28, \/\herel n Young's nodul us- of
said support filmis uni ‘Wé\“ }j%‘/mw&h X1ays, whergin theo X-ray mask of
cl ai m 28, wherein Young's ‘B

» FJUPRRR Byt | ess than 10
GPa. 31. The X-ray rrask = qu M filmhas a
uni form fil mthickness oveY, ‘E’ﬁ‘ﬁ%‘%‘ﬁ “Pg°!ff| F?We °° )@'P%y mask of claim
28, wherein said support fEOHRCHREaS ﬁﬁﬂg Y Wi.l to 5 [err]m
- 48 - pound is € group cons mg o .
sxllcon carblde and silicon nitride, and both the
' support frame and the support film have a thermal
expansion coefficient of not more than
1X10-5K-1; and
transferring patterns of the X-ray absorber to a wafer.
§6. The X-ray lithography processing method of .
claim 5§, wherein Young's modulus of the support film
is uniform over the entire film.
57. The X-ray lithography processing method of
claim S5, wherein Young's modulus of the support fiim
is not less than 10 GPa.
§8. The X-ray lithography processing method of
claim 55, wherein the support film has a uniform film
thickness over the entire film.
§9. The X-ray lithography processing method of
claim 55, wherein the support film has a film thickness
of from | to § pm. _
60. The X-ray lithography processing method of
claim §§, wherein the support film has a film thickness
of from 2 to 4 um.
61. The X-ray lithography processing method of
claim S8, wherein the support film has a surface rough-
ness, at least on the mask surface, of not more than 10
nm r.ms.
62. The X-ray lithography processing method of
claim 55, wherein the support frame and support film
have a thermal conductivity of not less than 4 W/m-K.
63. An X-ray hthography processing method com-
prising the steps of:
irradiating an X-ray mask with X-rays, wherein the
X-ray mask includes a support frame, a support
film and an X-ray absorber formed on the support
film, wherein the support frame and the support
film comprise a compound selected from the group
consisting of silicon carbide and silicon nitride, and
the thermal expansion coefficient of the support

film does not exceed the thermal expansion coeffi- : This Sheet Has Been Replaced

cient of the support frame; and “IIII |III" IIII III

transferring patterns of the X-ray absorber to a wafer.




33. The7
t hi cknessl!

ray mask
wher ei n s M 'ﬂ“l

m 28. wherein said support
rrlm

filmhas a film

34. The X-ray mask of claim 28.
f|Imhas a surface

roughness. Ieast on the mask sur -

of not nore than 10 nmr.ms.

X-ray mask of claim 28, wherein said support

frame and support filmhave a thermal conductivity of
not | ess than 4 W m . The X-ray lithography processing method

. conprising a supporqlalmr@nyheram both the support frame and support.

and an X-ray absor tfé!“ NadF ﬁém expapsion coefficient of not mory

face
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. An X—ray magk
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support
ort

film wherein saldt Freand sald sup-
port film conprise a EIQ'IGYS agmely Prefesy
consi sting of sili c‘%‘ﬁm Bhﬂ@“%"&? °6’B'r‘|‘sﬁfthFl
thermal expansion dd "t?l ort fi
not exceed the ther rcm ggmodéf%ﬁh s;’%
support frane. ¢ leos than 10 GPa.

36, wherein both satf ess
support film have a,l nﬁp pg
coefficient of not

38. The X-ray mask ‘R%m?-gg R-R§ lie
nodul us of said su%tgfwhmh&wgupbaﬁrm@wﬁg

film of from t to § um.
wherein Young's
IS not |ess than 1@l4fRa3, wherein the support film has a film thickness
mask of claim 36, widromi hteshpdh.support

has a uniform fil m t 7. cKiee Xsrag\iithographye iproqessirig method of
mask of claim 36, wirmdswhertidt
to 5 [err]m n&,atleastonthe

36, wherein said s
t hi cknes of from 2
X-ray mask of cIalfR‘:!‘B
filmhas a sutface
face, of not nore

The X-ray mask of
frame and support

ﬂ% ha r1 uniform film

Ell)n pY&uésiihgS method of

surface, of not more than.l

2y, lithography processing method of
tand support film

z{}ftt%éﬂ é‘“%’;ft* LTI

t% trxﬁport fi c and support film

from the
tarstaecm Isiticén nittide.

tRibkriess
39. The X-ray mask of cl ai m 36,

69. The X-ray lithography processing methoduef of said support film

g’“‘a‘ﬂﬁ' t he
0§

fie x- ray mask of claim
Thc -r:i lnhography procssmg method §¢/PPOrt frame and

si on

40. The X-ray
film
41. The X-ray

pent fiji has fysusfage rqughy t hi ckness of from 1
Oray mask of claim

filmhas a film
43. The

44,

not less than 4 W M ¥3. The X-ray hthography processing method of 45. The X- ray mask

- of claim 36, wher eichirfi 88,dviferddp telsupport frame comprises the same .

suppoert filmindeggpedant kiac 6P Skpbfchlm, MR Raterial being se-

rial selected f romgth@frg{nqupgﬁaa%bﬁﬁﬂﬂg@f

and silicon nitri dsfticon nitride.

claim36. wherein saadasppylithography processing method com-

conpri ses the saneprishigahe &kpsasf: t hat of said sup-

irradiating an X-ray mask with X-rays, wherein the

X-ray mask includes a support frame, a support
film and an X-ray absorber formed on the support
film, wherein the support frame and the support
film are integrally formed and comprise a com-
pound selected from the group consisting of siticon
carbide and silicon nitride; and

transferring patterns of the X-ray absorber to a wafer.

75. An X-ray lithography processing method of claim
74, wherein Young's modulus of the support film is
uniform over the entire film.

76. An X-ray mask lithography processing method
claim 74, wherein Young’s modulus of the support film
is not less than 10 GPa. _

T7. An X-ray lithography processing method of claim
74, wherein the support film has a uniform film thick-
ness over the entire film.

frane and

sifibér cavbid€ anddi de
46. The X-ray mask of

_ frame



-

port film said material being selected fromthe group
consisting of silicon carbide and silicon nitride.

47. An X-ray mask conprising a sSupdo Tame—a
support filmand an X-ray absorber ft’?lﬁésé% h HAY BEEN
support film wherein said support ! up-

port filmare integrally forned and conpri se a com
pound sel ected fromthe group consistirmy oF Silicon
carbide and silicon nitride.

mask of claim47, wherein Young's

said support filmis uniformover the entire

film weth

‘78. An X-ray lithography pr &1{ ﬂﬁﬁg
young's 74, wherein the support film has Ess of fromd'
l ess than 10 GPa. § ym.
47, wherein said SUMPAAX-ray lithography processing method of cla:m
filmthickness ov@s, viHereif e sippoftifiliithas a film thickness of from
49 2to4pm.. An X-ray mask of claim47, wherein said support

filmhas a thicknedss. An)ﬁ-ntpﬁthbgtaphﬁp{&&tingmethodpfclm 52. An X-ray
mask of cl ai m 47, 74ivéeedimthe suppostffimdias a surface rodghnessjas a fi|l mt hi ckness of
from2 to 4 [err] Jeast on the mask surfi8, of st siorethami@am rgis.cl ai m 47, wherein said
support film has g‘éuﬁrafc@vbﬂwgmbsamwmsmo@fm nmask sur-

face, of not nore’® off) the suppqst frame and support film haves 54 An X-ray mask
of claim 47, wherHef zﬁ°ﬂd‘§’ﬁﬁ‘$’&§ aot less than 4 W/m-W. ¢, ape and support film
have a thermal conducti vi ty of not less than 4 Wm -K

55. An X-ray lithography processing rret hod com pri sing
the steps of: irradiating an X-ray mask with X-rays,
wherein the X-ray mask includes a support franme, a support
film and an X-ray absorber forned on the support film
wherein the support frame conprises the sane conpound
as that of the support film and the com ' pound is

sect ed fromthe group consisting of

Thls Sheet Has Beén Replac

i T




silicon carbide and silicon nitride,.and both the
support frame and the support film have a thernal REPLACEMENTSHEET
expansi on coeffici of not nore than

3 t%nsferrlng patterns of the X—ray

T Ko e B s g Cakp ﬁt‘fﬁ it o
ca af ¢ rgﬁ' 4 Supgort!

“?5 {“ ﬁfﬁg F] Blwft least on thc mJ;u%m
%

fin

'am r.m.s I'S not Iess tan

6# ﬁrﬁpbu«efnqsﬁ%ﬁg,ﬂw: met hod of

€rein the supp @L ﬁnyﬁ'i Jl@hnducuvuy of
t hi ckness over the entire &mm,‘w,mx . The X-ray |ithography
processing nethod of a C&:&k"@o’i@m mﬁohh@aﬁymort filmhas
a filmthickness ,uppon ﬁé,(( 4 QR X.chyp 2B ! fobined on said

60. The X-ray |ithography Ri@eSHid)heRid Q6 Qlpport frame and said sup-~ Cl ai m 55,
wherein the support film haandirhichipéift sderRpotnd selected from the grouppf from 2 to

4 [err]m cofsisting ¥ sificoa YeatBitid1agd aflioyn miwides sidithenet hod of

cl ai m 55, wherein the suppalidmmbi éxpabifon dweidtichac®saidosupport film does

ness et | east on the nask astiefczed thethemroil mmdmmfficjem of said nm
. ms. 63uppbimefratre.ay | it hograp pr oceSS| ng met hod of

cI ai m 55, wherein the suppor37. Thafrayndaskqf] 1‘%-/ said have a

t hermal conductivity of nomgs&ammdatsw mh‘““‘;“mﬂ expan- 63. An
X-Tay |ithography processi ngnmfﬁeantcﬂfmpt more than leo K b§| sing the steps

of : i rradi ¥ W#g?s »@‘%w QuUIgSierein t he
X-ray mask includes a supp fus Sh#aid swvg “’“°m°v

filmand
-an X-ray absorber fornmed ofmfh Lﬁ?pormkordmsé.wh film wherein

t he support f rame apgrr;[ Pﬁes of said support film is aot lﬁsthﬂnh}b rlofsesﬁ i con
y mask of claim 36, wherexﬁ% mal .

X-ra
t\jﬁ 1|ﬂtt\uﬂﬂmﬂt&:?%mmmgm oy i el xpanet on
[

exparnsi dn Coeffi - thickn o e s the Support frane,
and trans e‘th"arsﬂb% Sty o o%@%ﬁ&éxﬁh&b&%bher to a

waf er. flm has a film thickness of from 2 ©© 4 pm.

: 43. The X-cay mask of claim 36, wherein said support
film has 2 surface roughness, at least on the mask sur-
face, of not more than 10 am r.m.s.

44. The X-ray mask of claim 36, wherein s2id support
frame and support film have a thermal conductivity of
not less than 4 W/m-K.

45. The X-ray mask of claim 36, whetunmdmppoﬂ
frame and support film mdependently comprise 2 mate-
rial selected from the group consisting of silicon carbide
and silicon nitride.

46. The X-ray mask of claim 36, wherein said support
frame comprises the same material as that of said sup-
port film, said material being selected from the group
consisting of silicon carbide and silicon nitride.

47. An X-ray mask comprising 2 support frame, a
support film and an X-ray absorber formed on said
support film, wherein said suppoct frame and said sup-
port film are integrally formed and comprxse a com-
pound selected from the group coasisting ot‘ stlicon
carbide and silicon nitride.

43. An X-ray mask of claim 47, wherein Young s
modulus of said support film is uniform over the entire
film.

49. An X-ray mask of claim 47, wherein Young's
modulus of said support film is not less than 10 GPa,

50. An X-ray mask of claim 47, wherein said support
film has a uniform film thickness over the entire film.



64. The x-ra | 'i t hography processing nethod of claim 63,
mumu“!u“u l“ﬂlfupport frame and support film have a tERLAGEMENPSHEEDN
more than 1 X 10[err]K[err]. 65. The X-ray

I|thography proceSS| ng nmet hod of claim®63, wherein Young' s nodul us of the
support film is uniformover the entire 1149 - 66. The X-ray |ithography
processi ng net hod_gf.—chai$h 63, XwmemasinofveaimgéTs whetrin gaid ofupper® support film

i's not. |ess than 18- GFR. film tigsza thigkaest-of dxpm | thgmphy proce55| ng met hod of
cl ai m*63 wher_' 5 u f‘“fKﬂiﬁ'ﬁﬁ* %Cm#6rW$F'PﬁT SR hess over the

3 fiky ehis t hod of claim 63,
a’fr%?m EHH?% %‘fﬂ%f‘f : [ef'rile Imm
"EC% ’ﬁ ’?r'éq 6t #5'east PR Werein the

subport flit i 61;"{'? err « 70. The X-ray
l'i t hogriaphy pro ' ot 'myc'f’%?.krﬂh s mjfcot:i 9 prt filmhas a
= ness, at ?ﬁﬁ& ak Tace ey re than 10  nm

r.ms. 71. The X-ray f [ Shai m 63, wherein
t he support frame and su ‘jj O%gﬁ;ﬁt%gcgg{.‘gcond%ctlw ty of not |ess
than 4 Wm K 72. The gg Q&gpﬁ;gyggvm% of claimé63,

wherein the support frgogya q&;s wc&gmdgnup\&;‘orﬂuse a
material selected fromthe a,gfg,ug Qﬁbm oﬁltﬁéﬁﬁaoﬁﬂ‘m de and silicon
ni tride. 73. The X-ray | by YugtofC Bdmk NibaffRishO theOfantd ai M 63,
wherein the support frame C&F@ﬁd@ﬂﬁsiﬂﬁﬁomm&%ﬁhﬁﬁe&dﬁﬁi of support
fil m the material being Sepound is selected from the group conmsisting of

silicon carbide and silicon nitride, and both the

support frame and the support film have a thermal

expansion coefficient of not more than

AX10-3K-1; and

transferring patterns of the X-ray absorber to a wafer.

§6. The X-ray lithography processing method of
claim 55, wherein Young’s modulus of the support film
is uniform over the eatire film.

§7. The X-ray lithography processing method of
claim S5, wherein Young's modulus of the support film
is not less than 10 GPa. i

5§8. The X-ray lithography processing method of
claim 55, wherein the support film has a uniform film
thickness over the entire film.

§9. The X-ray lichography processing method of
claim S5, wherein the support film has a film thickness
of from | to § pm.

o : 60. The X-ray lithography processing method of
o/ , claim §§, wherein the support film has a film thickness
of from 2 to 4 pm.

61. The X-ray lithography processing method of
claim S5, wherein the support film has a surface rough-
ness, at least on the mask surfzce, of not more thar 10
om r.m.ss.

62. The X-ray lithography processing method of
clsim S5, wherein the support frame and support film
have & thermal conductvity of not less than 4 W/m-K.

63. An X-ray lithography processing method com-
prising the steps of:

ircvadiating an X-ray mask with X-rays, wherein the

X-ray mask includes 2 support frame, a support
film and an X-ray absorber formed on the support
film, wherein the support frame and the support
film comprise a compound selected from the group
consisting of silicon carbide and silicon nitride, and
the thermal expansion coefficient of the support
{ilm does not exceed the thermal expansion coeffi-

cient of the support frame; and
transferring patterns of the X-ray absorber to a wafer.,



| ect ed*fromt he group consisting of silicon carbide and silicon nitride.

74.: An X-ray lithography processing nethod com prising t 1HcE _
irradiating an X-ray mask with X-rays. wherein the Eg‘; HB.E@II’]C EE(]-es

a support franme, a s an X-ray absorber formed on the
support film wh rBE\?LHGﬁQ‘E | rame and the support——filmare

integrally fornmed an pound sel eiu M oup,
consisting of silico ilicon nitrid ' H’,ﬁmgﬁ! 1ng
patterns of the X-rayjapsorber to_a.\ r. 5175 An: X*r ay

processing nethod of . i oung”s nodul us of the support f| | m
is uniformover the efitire f|| n X-ray mask |ithography processing
nmet hod cl aim 74, wher oung' s modul us of the support filmis not |ess
than 10 GPa. 77. An X-ray lithography processing nethod of claim 74,
wherein the support f 8. RdRratitidgraghyprocdssing inethlod oficlsisn over the entire

film 74, wherein the support filnblias-a thickness of fk@n 1 ph" X-ray |t hogr aphy
processi ng net hod ofS phai m 74. wherer n the support f| I mhas a thickness of
froml to 5 [err]m 9. AgX-raylithe mﬁsgﬂm |ng method of claim
- 74, wherein the support ess of
2to4 pm.

80. An X-ray lithography processing methoed of claim
74, wherein the support film has a surface rougn’nss. at
least on the mask surface, of not more than 10 am r.m.s.

. 81. An X-ray lithography processing method of claim

\—/ 74, wherein the support frame and support film have &

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



74,"\/‘\hbrein t he filmthickness of from 2 to 4 [err]m

80> An X-ray |it g\ met hod of claim 74, wherein the

- support film has at least on the raREPLAGEMENT SHEERot
nore than 10 nmr. : : -nay |ithography processing nethod of
Claim 74, wherei and support filmhave a thernal
conductivity of no 4 m K. -5 -

X-RAY MASK SUPPORT AND PROCESS FOR PREPARATION THEREOF
ABSTRACT OF THE DISCLOSURE

An X-ray mﬁsk suppoft comprises a support frame
and a support film, wherein both of the support frame
and the support £ilm have a thermal expansion
coefficient of not more than 1 x 10°K"! or wherein the

\;/ thermal expansion coefficient of the support film does
not exceed that of the support flame or wherein both
support frame and the support £film have a thermal
expansion coefficient of not more than 1 x 10°K* and
the support £ilm has a ‘surface roughness at least on
the mask surface, of not more than 10 nm r.m.s.
Basically a process for preparing the X-ray support
£ilm comprises the steps of forming a film on a

substrate and sintering the £ilm.

FIGURE 1



