Tl TLE OF THE | NVENTI ON:  DUST- PROOF FI LM BACKGROUND OF THE | NVENT] d\l« .The
bresent i nvention relates to a dust-proof filmfor preventing dust¥’
particles fromadhering to photomasks and reticles int ' Q)
produci ng semi conductors. 1n the production of senicodyckHg
it is necessary to prevent dust particles fromadhering
reticles in the process of lithography in which a patternof—a-plalagask] or
areticle is:transferred onto a photoresist on silicon wafers. For this
reason, the photomask or the reticle is protected with a dust-erc[fM'J (c'w(]

TITLE OF THE INVENTION:

DUST-PROOF FILM

BACKGROUND OF THE INVENTION:

The present invention relates to a'dust—proof film for
preventing dust particles ffom #dhering to photomésks and
reticles in the process“of producing semiconductors.

B In the produgtion of semicoductors such as LSIs, it is
necessary to prevent dust particles from adhering to
photomaské and reticles in the process of lithography in
which a pattern of a photomask or a reticle is transferred
onto a photoresist on silicon wafers. 'For this reason, the
photomask or the reticle is protected with a dust-proof
£ilm. |

| As such a dust-proof £ilm, a thin film formed of
nitrocellulose, cellulose acetate butylate, alkyl cellulose
or the like has conventionally been used.

Meanwhile, exposure apparatus (steéé;;:5%;sed in
pﬁotolithography include an i-line stepper having a
waveléngth of 365 nm (i-line) and a g-line stepper having a
wavelength of 436 nm kg-line), and these two steppers are
used properly, as regquired.

In terms of the performance required of such a dust-
proof £ilm, the dust-proof film should possess high light

transmission properties and good lighﬁ resisting
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filmsAs such a dust-proof film a thin filmformed of nitrocellul ose,
ceIIquse acetate butylate, alkyl cellulose -or the like has conventional |y

been used. - Meanwhi | e,- exposure apparatus (steppe
phot ol i t hography include an i-line stepper having a . » 3ES-gm
(i-1tne) and a g-1ine stepper having a wavel ength of L ' hEFEN 4dnd

these two steppers are used properly, as required. In ter
performance required of such a dust- proof film the dust- proof fil
possess high light transm ssion properties and good |ight resisting

properties. Howe&er, the conventidnal dust-proof film
displays slight absorbing properties with respect to light
having the wavelength of 365 nm (i-line) used in
photolithography and has poor light resisting properties.
with respect to the Iight having a wavelength adﬁacent
thereto. Also, there is another dust-proof film which
displays high light transmission properties with respect to
the i-line, but does not display high light transmission
properties with respect to the g-line. Thére is still
another type which, conversely, displays high light
" transmission properties with respect to the g-line, but
does not display high light transmission properties with
respect to the i-line. Hence, there is complicatedness in
. that dust-proof films which are respectively suited to the
i-line stepper and the g-line stepper must be prepared and

must be used properlyf

SUMMARY OF THE INVEN'-I‘ION:

Accordingly, an object of the present invention is to
provide a dust-proof f£ilm which displays high light
transmiséion properties with respect to both the i-line and
the g-line; in particular, and which excels in light
resisting properties and has a long life, thereby
overcoming the above-described drawbacks of the

-

conventional art.
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2y properties. However, the conventional -dust-proof filmdisplays slight

absorbing properties mnth respect to light having the wavel ength of 365 .nm
(i-line) used in photolithography and has poor light res
with respect to the Ilght having a wavel ength adj acent t

properties with respect to the i-line, but does not display
transm ssion . '

To this end, in accordance with one aspect of the
present invention, there is provided a dusi—proof film made
of a material containing cellulose ester whose
transmittances of light having a wavelengﬁh of 365 nm and a
wavelength of 436 nm are 98% or more, respectively.

The aforementioned cellulose ester is cellulose
propionate, and the effect of the present invention is

' demonstrated to a maximum when the £ilm thickness falls in
any of the following ranges: 1.45 — 1.48 pm, 2.18 — 2.21
um, 2.92 - 2.95 pm, 3.65 - 3.68 pm, and 4.39 - 4.41 pm,
weight average molecular weight using polystyrene as a
reference is 60,000 - 400,000.

A dust-poroof film in accordance with another aspect of
the invention is one formed of cellulbse propionate whose
weight average molecular weight using polystyrene as a-:

reference is 60,000 - 400,000.

BRIEF DESCRIPTION OF THE DRAWING:
”ﬁig. 1l is a perspective view of an apparatus which is
used in a method of producing a thin film of cellulose

ester in accordance with the present invention:

DESCRIPTION OF THE PREFERRED EMBODIMENT:
First, a description will be given of a dust-proof film

which is formed of a cellulose ester and whose light

\
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pfoperties with respect to the g-line. There is still another type which,

conversely, displays high light transm ssion properties with respect .to the
g-line, but does not display high light transm ssion properties with
respect to the i-line. Hence, there is conplicatedness

films which are respectively suited to the i-line stepp
st epper nust be prepared and nust be used properly. SUMWAR
| NVENTI ON: - Accordingly, an object of the present jnvention is to pr
dust - proof filmwhich displays high |ight transm ssion properties with

respect to both thergﬁém{v%ances with respect to light having wavelengths of

365 nm and 436 nm are 98% or above.

Since the transmittances of light having wavelengths of
365 nm and 436 nm are 98% or above, respectively, the dust-
proof £ilm in accordance with the present invention can be
used for both the i-line stepper and the g-line stepper.

Cellulose esters used in the present invention include,
for example, nitrocellulose, cellulose sulfate, cellulose
phosphate, or a fatty acid cellulose such as cellulose
acetate and cellulose propionate, etc. Among these
cellulose esters, however, nitrocellulose or cellulose
propionate are preferably used, and cellulose propionate is
more preferably used.

The dust-proof f£ilm in accordance with the présent
invention can be produced from an organic solvent solufion
for cellulose ester by a rotational film-forming method. A
ketone-based solvent including methyl isobutyl ketone
{MIBK), acetone, methyl ethyl ketone, methyl propyl ketone,
dimethyl ketone, diisobutyl ketone, cyclopentane,
Cyclohexanéne, or diacetone alcchol can be suitably used as
an organic solvent for cellulose ester. The most efficient
solvent is selected to obtain a desired f£ilm thickness and
uniformity in the film thickness.

It goes with&ut saying that organic solvents are not

confined to those described above, and it should be
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the g-4ine, in particular, and which excels in light resisting properties
and has a long life, thereby overcom ng the above-descri pg >

t he conventional art. 3 To this end, in accordance w,
the present invention, there is provided a dust-proof fill
mat eri al contai ni ng cellulose ester whose transm ttances of
wavel ength of 365 nmand . a s

appreciated that, for instance, alcohols such as methanol
and ethanol, ethers such as tetrahydrofuran, l,2-
dimethoxyethane and 1,2-diethoxyethane, and esters such as
ethyl acetate, propyl acetate, ethyl lactate, butyl forhate
and butyl acetate can be used singly or in a combination of
two or more kinds thereof.

The weight ratio of cellulose ester to the solvent such
as methyl isobutyl ketone should be in the range of 30 : 1
to 10 : 1, preferably 20 : 1 to 10 : 1.

A solution of this cellulose ester may be used as it.ﬂ
is, and a f£film may be formed by the rotational film-forming
method. However, it is preferred that a thin film is
formed after the solution of cellulose ester is subjected
to filtration so as to remove foreign substances. As for
the filtration, a pressurized filtration method using, for
instance, a 0.2 um filter may be used. |

In addition, if substances of high molecular weight are
removed in advance from the solution of cellulose ester by
a fractional precipitation method, the distribution of the
thickness of theé £ilm broduced becomes uniform, and optical
characteristiés improve noticeably.

. Furthermore, a second organic solvent which displays
compatibility with the aforementioned organic solvent but
is a poor solvent with respect to cellulose propionate may

be added to the aforementioned organic solvent solution of

AT



wavel ength of 436 nmare 98% or nore, respectively. The aforenentioned
cel lulose ester is cellulose propionate, and the effect of the present
invention is denonstrated to a maxi mum when the fil mthi[ckye Fh Ry
of the following ranges: 1.45 - 1.48 pm 2.18 - 2.21 [err] : b
[err], 3.65 - 3.68 [err], and 4.39 - 4.41 [err], weight *8 3 cular
wei ght using polystyrene as a.reference is 60,000 - 470,000!. A dust-poro
filmin accordance with another aspect of the invention is one fornmed of
cel lul ose propionate whose wei ght average nDIecuIar wei ght usi ng

pc?l ySt yrene as a ref eiflﬁosel ;sargpolo%gge so4Zg to %rec:LpJ.tate high molecular-

weight cellulose contained in the cellulose propionate,

preferably as well as gel-like substances, impurities
having a low degree of solubility, and the like together
with the high.molecuiar-weight components, thereby
separating the high molecular-weight cellulose propionate
from the aforementioned solution, and a £ilm may be formed
by the rotational film-forming method by using the
cellulose propionate solution after separation.

If high molécular—weight components are thus removed
through fractional precipitation or by using a poor
solvent, it is possible to enhance the stability, filtering
properties, and film-forming performance of the raw-
material solﬁtion for film formation, and it is possible to
uniformalize the thickness of the film thus obtained and
appreciably improve the optical characteristics thereof.

If, in accordance with a preferred embodiment of the
presént invention, the cellulose ester solution before
addition of a poor solvent thereto is mixed with methyl
.alcohol, the speed of precipitation of high molecular-
weight cellulose ester becomes fast when the poor solvent
is added thereto. The amount of methyl alcohol added
should preferably be more than the total volume of methyl

isobutyl ketone and methyl alcohol.
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BRI EF DESCRIPTION OF THE DRAWNG Fig. 1 is a perspective view of an
apparatus which is used in a nethod of producing a thin filmof cellul ose
ester in accordance with the present invention. DESCRI PTION OF THE
PREFERRED EMBODI MENT: First, a description will be given of q—
filmwhich is forned of a cellulose ester and whose |ight
with respect to |Iight having wavel engths of 365 nm and 436
above. :

As thehpoor solvent for cellulose ester, it is possible
to cite hexane, heptane, methylcyclohexane, cyclohexane,
toluene, octane, solvent naphtha, cyclonaphtha, xylene, or
the like. Since it is necessary to desolvate this poor
solvent later by heating, a poor solvent whose boiling
point is lower than that of the solvent for methyl isobutyl
ketone, particularly an aliphatic hydrocarbon or an
alicyclic hydrocarbon, includiné hexane, heptane,
methylcyclohexane, and cyclohexane, whose hydrocarbon
number is 5 to 10 can be used advantageously. However,
hexane can be used more preferably in light of availability
and cost.

The amouﬁt of the poor solvent-to be added is
preferably 0.5 to 1.5, more preferably 0.6 to 1.0, in terms
of ﬁhe volume ratio of the poor solvent to ihe solvent. If
thé volume of the poor solvent is smaller than that of the
sélvent such as methyl isobutyl ketone, the precipitating
action of the high molecular-weight cellulose ester and the
like cannot take place as desired. When a change in the

average molecular weight of, for instance, cellulose
Propionate was examined by changing the volume ratio of the
poor solvent (hexane) and methyl isobutyl ketone, it was
found that, the greater the amount of the poor solvent
added, the more the average molecular weight of cellulose

~ Propionate decreases, i.e., high molecular-weight
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Stnce the transmttances of |ight having wavel engths of 365 nm and 436 nm
are 98% or above, respectively, the dust- proof filmin accordance with
the present invention can be used for both the i-line stepper and the
g-line stepper.” Cellul ose esters used in the present in @ijgﬁsﬁfgi
exanple, nitrocellul ose, cellulose sulfate, cellul ose p osphﬁ =
acid cellulose such as cellul ose acetate and cel | ul ose 130
Anong t hese- cellul ose esters, however, nitrocellul ose or cel | ul 0s€
propi onate are preferably used, and cellul ose propionate is nore preferably
used. The dust - pr oof cémgonehbs aaROpEiIGELatdd) t BEwdie@Sef the amount of the

poor solvent added is excessively large, the yield of the
purified cellulose propionate solution becomes small,
resulting in deteriorated productivity.

After addition of the poor solvent, a cellulose ester
solution in which only the high molecular-weight cellulose
ester has been removed by such.means as decantation or
centrifugal separation is obtained, and the residual poor'
solvent is then desolvated, thereby obtaining a purified
cellulose ester. The desolvating means is carried out by
evaporating the poor solvent by heating the cellulose ester
solution at a temperature below the boiling point of methyl
isobutyl_ketone and above the boiling point of the poor
solvent. At that time, the cellulose ester solution may be
held under reduced pressure.

By adjusting the concentration.and viscosity of the
cellulose ester solution, the thickness of the film can be
changed variously. However, in order to obtain a
transmittance of 98% or more with respect to both the light
with a waveiength of 365 nm and the light with a wavelength

| of 436 nm, the film thickness should preferably be 0.72 -
0.75 pm, 1.45 - 1.48 pm, 2.18 - 2.21 pm, 2.92 - 2.95 pm,
3.65 - 3.68 pm, and 4.39 - 4.41 pm, more preferably 1.45 pm
Or more and in the above-described ranges in light of the

strength ang handling efficiency.

— s

Tl



_invention can be produced froman organi c sol vent solution for cellul ose
“ester by a rotational filmformng nmethod. A ketone-based sol vent |nclud|ng
nmet hyl isobutyl ketone (M BK), acetone, nethyl ethyl
ketone, dimethyl ketone, diisobutyl ketone, cyclopent ;
di acet one al cohol can be suitably used as an organic ¢ ] Bel | ul pse
ester. The nost efficient solvent is selected to obtain a desired i
t hi ckness and unifornmity in the filmthickness. It goes w thout saying that

organic solvents are nptafQnthpash 1911 NQ3ehdeAGkhPEH APRYEnsANEE 4y Shoul d
be .

apparatus used in the rotational film~formation method. As
shown in Fig. 1, this apparatus has a substrate 2 mounted
~on a turntable 1 which is rotatively driven. This
substrate 2 is used as a rotary body, and the upper surface
of the substrate 2 is held horizontally to constitute a
horizontal surface 3. The cellulose ester solution is
supplied to this horizontal surface 3 from a nozzle 4, and
the turntable 1 is rétated. Then, the substrate 2 also
rotates, and the cellulose ester solution spreads thinly
along the horizontal surface 3 by meahs of a centrifugal
fqrceitherebf, thereby forming a thin f£ilm of cellulose
ester.

The rotational speed of the substrate 2 is hormally 400
- 4,000 r.p.m., preferably 500 - 3,000 r.p.m. However,

. " instead of rotating the substrate 2 at a fixed speed, the

"rotational speed during rising may be set to a low speed
(200 - 1,000 r.p.m.), and may be set to a high speed (400 -
4,000 r.p.m.) midway during the rotation. In addition, if
a releasing agent is applied in advance to the horizontal
surface 3 of the substrate 2, the exfoliation of the thin
£film from the horizontal surface 3 can be facilitatedv

A descriptibn will be given hereafter of examples of

the present invention and comparative examples.

Example 31
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5 appreci ated that, for instance, alcohols such as nethanol and ethanol,
et hers such as tetrahydrofuran, 1,2- dinethoxyethane and
1, 2-di et hoxyet hane, and esters such as ethyl acetate, B , ethyl
lactate, butyl formate and butyl acetate can be used sfng ; :

conbi nation of two or nore kinds thereof. The weight
ester to the solvent such as nethyl isobutyl ketone should bé™~n-3De ramge
of 30 : 1to 10 : 1, preferably 20 : 1 to 10 : 1

133 g of cellulose propionate (a high molecular weight
grade made by Aldrich Co., Ltd.) was dissolved in 1761 g of
cyclohexane and was filtered with a 0.20 pm filter. This
solution was cast over a glass substrate, and a film was
formed by rotating_the gla;s substrate at 780 r.p.m.
Subsequently, after the film was allowed to éry at 140oC for-
five minutes, the film was exfoliated from the glass
substrate, and was édhefed to a support frame made of
aluminum.. The thickness of the f£ilm obtained was 1.462 pm,
and the light transmittance measured using.a
spectrophotometer was 99.6% with respect to the light with
a wavelenéth of 365 nm and 99.8% with respect to the light
with a wavelength of 436 nm. |
Example 2

. 80 g of cellulose propionate (a high molecular weight
grade made by Aldrich Co., Ltd.) was dissolved in 720 g of
methyl isobutyl ketone, and hexane was dropped to this
solution while being agitated. A supernatant liquid
thereof after the solution was left to stand overnight.was
filtered with a'1 pm filter to remove the solvent. 370 g

" of methyl isobutyl ketone was added to the filtered portion

"~ to obtain a solution, and tﬁis solution was then filtered
with a 0.20 pm filter. This solution was cast over a glass
substrate, and a film was formed by rotating the glass

Substrate at 220 r.p.m. Subsequently, after the film was

- 10 -
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A solution of this cellulose ester -may be used as it is, and a filmmy be
formed by the rotational filmformng nethod. However, it |54
athinfilmis formed after the solution of cellulose ester f ETCH ¢
filtration so as to renove foreign substances. As for the 'ItrBEPmUE
pressurized filtration nmethod using, for instance, a 0.2 [err] SN
be used. In addition, if substances of high nolecular weight are renoved in"
advance fromthe solution of cellul ose ester by a fractional precipitation
met hod, the distribution of the thickness of the film produced becones

uni form and opticalalchardctergtatcdodaprioves ind imdeabés), the £ilm was

exfoliated from the glass substrate and was adhered to the

aluminum support frame. The thickness of the f£film obtained
was 2.205 pm, and the light transmittance measured using a

spectrophotomgter was 99.1% with respect to the .light with

a wavelength of 365 nm and 99.0% with respect to the light

with a wavelength of 436 nm. '

Examples 3 —'S

In the same way as Example 2, films respectively having
the thickness of 2.298 pm, 3.661 pm and 4.3%6 pm were
produced, and their light transmittanceé wvere ﬁeasured.

The results are shown in Table 1.

Comparative Example 1

140 g of cellulose propionate (a high molecular weight
grade made by Aldrich Co., Ltd.) was dissolved in 1,828 g
of cyclohexane and was filtered with a 0.45 pm filter.
fhis solution was cast over a glass substrate, and a film
was formed by rotating the glass substrate at 410 r.p;m.
Subseguently, afier the £ilm was allowed to dry at 130°C for
five minutes, the film was exfoliated from the glass
‘substrate, and was adhered to the aluminum support frame.
The thickness of the £ilm obtained was 2.30 pm, and the
light transmittance measured using a spectrophotometer was

993.2% with respect to the light with a wavelength of 365

- 11 -
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Eurthernore, a second organic sol vent which displays conpatibility with the
af orenenti oned organi c solvent but is a poor solvent with res pect to

cel lul ose propionate may be added to the aforenentioned org It

sol ution of cellul ose propionate so as to precipitat e h| rm 'MS BEEW
wei ght cellul ose contained in the cellul ose propionate, E\Dal I
as gel -like substances, inpurities having a | ow degree of soI ub| lity, and

the like together with the high nolecul ar-wei ght conponents, thereby

nm and 89.3% with respect to the light with a wavelength of
436 nm.

Comparative Example 2

Using a solution prepared in the same way as Example 2,
a film was formed py'roﬁating a glass substrate at 300
r.p.m., similar post-treatment was then provided, and a
film having a thickness of 1.739 pm was obtained. Its
light transmittance measurgd using a spéctrophotome;er was
87.1% with respect to the light with a wavelength of éGS nm.
‘and 99.9% with respect to the light with a wavelength of
436 nm.

Comparative Examples 3 - 5

In the same way as Example 2, films respectively having
the thickness of 2.590 pm, 3.394 pm and 3.88]1 pm were
produced, and their light transmittances were measured.

The results are shown in Table 1.

Table 1
The dust-proof film in accordance with the present
invention can be used for both the i-line stepper znd the
.g-line stepper since its transmittances of light having a
wavelength of 365 nm and a wavelength of 436 nm are 98% or
more in both cases. Accordingly, since it is unnecessary
to produce special dust-proof films corresponding to the ;—

line stepper and the g-line stepper and to use them

-12 -
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separating the high nol ecul ar-wei ght cellul ose propionate fromthe

af orenenti oned sol uti on,

and a filmmay be formed by the r¢tH

filmform ng nmethod by u5|ng_the cel l ul ose propionate solu

separati on.
fractiona

enhance the stability,
solution for filmfornation

of the raw materi al

filtering

properties,

I f high nol ecul ar-wei ght conponents are thus ri
precipitation or by using a poor solvent, s
and filmform ng performnce
is possible to

it is

and it

T8 &HEH

nove®EPh
POSST D —Aﬂﬂg

$ BEEN

uni formal i ze the thickness of the filmthus obtained and appreciably

| mprove the optical
‘preferred enbodi nent

alacterr sty cs tnereor. , 1N _accordgnce with a
of the Transmittance | Transmittance
Thickness pm of 365 nm of 436 nm
: light (%) - light (%)
Example 1 1.462 98.6 99.8
Example 2 -2.%95 99.1 99.0
Example 3 2.298 99.8 99.2
Example 4 3.661 99.8 99.0
Example 5 4.396 99.1 99.9
Comparative 2.30 93.2 89.3
Example 1
Comparative 1.739 87.1 99.9
Example 2
Comparative 2.590 98.5 88.3
Example 3 -
Comparative 3.394 87.2 97.7
Example 4
Comparative 3.881 87.8 87.5
Example 5

properly, the present invention excels in the economic

feature and facilitates the process of photolithography.

A deséription will now be given of a case where the

dust-proof film in accordance with another aspect of the

bPresent invention is one formed of cellulose propionate

- having an average molecular weight of 60,000 — 400,000

using polystyrene as a reference.

- 13 -
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present invention, the cellul ose ester solution before addition of a poor
solvent thereto is mxed with nmethyl alcohol, the speed of precipitation of

nore than the total volume of nethyl isobutyl ketone and

hi gh nol ecul ar- wei ght cellul ose ester becones fast when tH&] paya)
i s added thereto. The ampbunt of nethyl al cohol added shoul- e';?ﬁg%mgm
Ayl L 1.

7 As the poor solvent for cellul ose ester, it is possible

The dust-proof film in accordance with this aspect of
the present invention displays a high light transmittance
of 99% or more with respect to light having a wavelength of
365 nm. The dust-proof f£ilm in accordanée with this aspect
of the present invention can be produced from an organic
solvent solution of ceiiulose propionéte'By means of the
rotational film-forming method.

As organic solventé for cellﬁlose propionate,lthe
following ketone-based solvents are particularly suitable
such as methyl.isagutyl ketone (MIBK), acetone, methyl
ethyl ketone, diethyl ketone, diisobutyl ketone,
cyclohexane, diacetone alcohol, and the like. The most
efficient solvent is selected to obtain a desired film
thickness and uniformity in the f£ilm thickness.

- - It goes without saying that organic solvents are not
"confined to those described above, and it should be
appreciated that, for instance, alcohols such as methanol
and ethanol, ethers such as tetrahydrbfuran, 1,2-
dimethoxyethane and 1,2-diethoxyethane, and esters such as

' éthyl acetate, ethyl lactate, butyl formate and butyl
acetate can be used singly or in a combination of two or
more kinds thereof.

- The weight ratio of cellulose propionate to the solvent
such as methyl isobutyl ketone should be in the range of 30

: 1 to 10 : 1, preferably 20 : 1 to 10 : 1. A solution of

- 14 -
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to cite hexane, heptane, nethyl cycl ohexane, cycl ohexane, tol uene, octane,
“sol vent naphtha, cyclonaphtha, xylene, or the like. Since it is necessary
to desolvate this poor solvent later by heating, a poor solvent whose
boiling point is |lower than that of the solvent for nethyl i gebs Ket one,

particularly an aliphatic hydrocarbon or an alicyclic hydroc:ﬂbm%SHEETHnsggEN
i ncl udi ng hexane, heptane, methylcyclohexane, and cycl ohexang, (HFPLACEn )
hydr ocar bon nunber is 5 to 10 can be used advantageously. Ho ~Frexan '

can be used nore preferably in light of availability and cost. The anount
of the poor solvent to be added is
this cellulose propionate may be used as it is, and a film
may be formed by the rotational film-forming method.
However, it is preferred that a thin film is formed after
the solution of cellulose propionate is subjected to
filtration so as to remove foreign substances. As for the
filtration, a pressurized filtration method dsing, for
instance, a 0.2 pm filter may be used.

In addition, if high molecular—weight components are
removed in advance from the solution of cellulose
pfopionate.by a fractional precipitation method, ;he
distribution of the thickness of the film produced beéomes
uniform, and optical characteristics improve noticeably.

Furthermore, a second organic solvent which displays
compatibility Qith the aforementioned organic solvent but
is a poor solvent with respect to cellulose propionate may
be added to the aforementioned organic solvent solution of
cellulose propionate so as to precipitate high molecular-
weight cellulose contained in the cellulose propionate,
preferably as well aé gel-like substances, impu;ities
‘having a low degree of solubility,.and the like togetﬁer
with the high molecular-weight components, thereby
separating the high molecular-weight cellulose propionate
from the aforementioned solution, and a film may be formed
by the rotational film-forming method by using the

cellulose propionate solution after separation.

.15 -
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preferably 0.5 to 1.5, nore preferably 0.6 to 1.0, in ternms of the vol une
rati o of the poor solvent to the solvent. If the volunme of the poor solvent
is smaller than that of the sol vent such as nethyl |sobutyl ketone the
precipitating action of the high ng : i o
| i ke cannot take place as desired.{ AHePEn

wei ght of, for instance, cellul ose prooiu'“ j

volume ratio of the poor solvent (hexane) and nethyl |sobuty| Ketone, 1t
was found that;, the greater the amount of the poor solvent added, the nore
t he average nol ecul ar wei ght of cellul ose propionate decreases, i.e., high
nmol ecul ar - wei ght '

If high molecular-weight components are thus removed
through fractional precipitation or by using a poor
solvent, it is possible to énhance the stability, filtering
properties, and film-forming performance of the raw-
material solution for £ilm formation, and it is possible to
uniformalize the thick;éss of the film thus obtained and
appreciably improve the optical characteristics thereof.

As the poor solvent for cellulose propionate, it is
possible to cite hexane, heptane, methylcyclohexane,
cyclohexane, toluene, octane, solvent naphtha,
cyclonatphtha, xyleﬁe, or the like. Since it is necessary
to desolvate this poor solvent later by heating, a poor
solvent whose boiling point is lower than that of the
solvent for methyl isobutyl ketone, particularly an

.‘aliphatic hydrocarbon or an alicyclic hydrocarbon,
including hexane, heptane, metﬁylcyclohexane, and
cyciohexane, whose hydrocarbon number is 5 to 10 can be
used advantageously. However, hexane can be used more

'pteferably in light of availability and cost.

The amount of the poor solvent to be added is
preferably 0.5 to 1.5 in terms of the volume ratio of the
poor solvent to the solvent, and 0.6 to 1.0 is suitable in
actual use. If the volume of the poor solvent is smaller
than that of the solvent such as methyl isobutyl ketone in

the aforementioned ratio, the precipitating action of the

- 16 -
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8§ conponents are precipitated. However, if the amount qgithe poor sol vent
added is excessively large, the yield of the purified ¢dHISIGAEET Séﬁ‘é'mf e
sol ution becones small, resulting in deteriorated prod Cti\”RE?LA - N
addi tion of the poor solvent, a cellulose ester soluti A—WhicC nly tje
hi gh nol ecul ar-wei ght cel |l ul ose ester has been renmpoved by such neans as™
decantation or centrifugal separation is obtained, and the residual poor

high molecular-weight cellulose cannot take place as
desired. When a change in the average molecular weight of,
for instance, cellulose propionate was examined by changing
the volume ratio of the poor solvent (hexane) and methyl
isobutyl ketone,'it Qas_found that, the greater the amount
of the poor solvent added, the more the average molecular
weight of cellulose propionate decreases, i.e., high
molecular-weight components are precipitated. However, if
the amount of the poor solvent added is excessively large,
the yield of the purified cellulose proéionate solution
becomes small, resulting in deteriorated productivity.

After addition of the poor solvent, a cellulose
propionate solution in which only the high moleéular—weight
cellulose has been removed by such means as decantation or
centrifugal separation is obtained, and the residual poor
solvent is then desolvated, thereby obtaining a purified
cellulose propionate. The desqlvating means is carried out
by evaporating the poor solvent by heating the cellulose
propionate.solution at a temperature below the boiling
point of méthyl isobutyl ketone and above the boiling peint
of the poor solvent. At that time, the cellulose
propionate solution may be held under reduced pressure.

The thickness of thé film.can be changed variously, but

is generally 0.5 to 6 pm, preferably 0.8 to 3 pm. A film

- 17 -
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solvent is then desolvated, thereby obtaining a purified cellul ose ester.
The desol vating nmeans is carried out by evaporatingfIfhe-oor solvent by
heating the cellul ose ester solution at a tenperatyr€ ’GGSHEE@T ' L
poi nt of nethyl isobutyl ketone and above the boililng poRgp
solvent. At that tinme, the cellul ose ester solution may el
reduced pressure. By adjusting the concentration and viscosity 0O
cellul ose ester solution, the thickness of the film can be changed
variously. However, in order to obtain a transmttance of 98%or nore with
respect to both the light wwth a wavel ength of 365 nmand the light with a
wavel engt h '

having a thickness of 2.85 pm is used as a dust-proof film
for mirror projection. |

An example of the appafatus'which is used for the
rotational film-forming method is the same as the one
described in connection with Fig. 1.. The preferred range
of the rotational speeé:of the substrate 2 is similar to
the above-described case, and it is also preferable to
apply a releasing agent'in advance. .

It is necessary that the dust-proof f£ilm thus obtained
in accordance with the present invention be such that its
weight average molecular weight using polystyrene as a
reference is 60,000 - 400,Qog, If the weight average
molecular weight is too small,.the é£rength of the £film
cahnpt withstand the use, and if it is excessively large,
its solubility with regard to the solvent becomes
deteriorated, thereby making it:impossible to produce a
uniform £ilm. '

An example of the present invention will .be described
below. |

70 g of cellulose propionate (a high molecular weight
grade made by-Aldrich Co., Ltd.) was dissolved in 930.g-of
methyl isobutyl ketone to prepare a cellulose propionate
solution. 605 g of hexane was added to this cellulose
propionate solution by dropping (at this time, the volume

of methyl isobutyl ketone is 1,170 mf, and the volume of

\ | '-18-
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of 436 nm the filmthickness should preferably be 0.72 - 0-75 [err], 1.45
- 1.48 [err], 2.18 - 2.21 [err], 2.92 - 2.95 [err], 3.65 - 3.68 [err], and
4.39 - 4.41 [err], nore preferably 1.45 [err] or nore and in the

above-described ranges in light of the strength and handlfne-etH-e

Q. aValVWi
T

A description will now be given of an exanple of an appat atHiG SHEET HAS BEEN
rotational filmformation nethod. As shown in Fig. 1, thils appBEBLAGEDhas a

substrate 2 nounted on a turntable 1 which is rotatlvely'arlven. ThT'S

hexane is 920 mf, the relationship between the two being
expressed as 1.27 : 1 in terms of a volume ratio). After
"this solution was left to stand for f£ive hours,
precipitated high molecular weight cellulose propionate was
removed by decantatidn, and a supernatant }iquid thereof
was placed under reduced pressure of 15 - 20 mmHg at'409c to
desolvate hexane, thereby obtaining a purified cellulose
propionate solution.

When this purified.cellulose propionate solution was
filtered and circulated under the pressure of 0.5 kg/cm2-G
by using a filter having a pore diameter of 0.2 um and a
diameter of 142 mm, it was possible to perform filtration
for as many as 40 hours without any loading of the filter. -
In addition, a thin film was produced by the rotational
film~forming method by using the filtered cellulose
propionate solution.

The weight average molecular weight of the thin film
thus obtained was 470,000, the cellulose propionate thin
film excelled in optical characteristics and was free of
color shading and streaks, and its light transmittance was
99% or more.

Since the dust-éroof film of the present invention has
extremely good transparency and outstanding light resisting
properties, the present invention has excellent advantages

in that the dust-proof £ilm can sufficiently demonstrate

- 19 -
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‘substvate 2 is used as a rotary body, and the upper surface of the
substrate 2 is held horizontally to constitute a horizontal surface 3. The
cellul ose ester solution is supplied to this horizontal surface 3 froma
nozzle 4, and the turntable 1 is rotated. Then, the sulf -
rotates, and the cellul ose ester solution spreads thinly
hori zontal surface 3 by neans of a centrifugal force theteof,
forming a thin filmof cellul ose ester. The rotational speed o
. Substrate 2 is nornmally 400 - 4,000 r.p.m, preferably 500 - 3,000 r.p. m
However, instead of rotating the substrate 2 at a fixed speed, the

its performance and that its life is more than double a
nitrocellose-made dust-proof £ilm.

Accordingly, the dust~proof film in accordance with the
present invention is very useful as a long-life pellicle

for.a broad line. .

x\,'\
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rotational speed during rising nmay be set to a | ow speed (200 - 1,000
<r.p.m), and may be set to a high speed (400 - 4,000 r.p.m) mdway during
the rotation. In addition, if a releasing agent is applied in advance to

the horizontal surface 3 of the-substrate 2, the exfoliation_g
filmfromthe horizontal surface 3 can be facilitated.

gia%}/:; hg(:ﬁu E\!llmc“mfﬂwmﬁnm the present inventio

WHAT IS CLAIMED IS:

1. A dust-proof film made of a material containing
cellulose propionate whose weight average molecula: weight
using polystyrene as a reference is 60,000 - 400,000.
2. A dust-proof film according to Claim 1, wherein the
film thickness is 2.85 pm. .
3. A dust-proof £ilm which is made of a material
containing a cellulose ester and whose ttansmitténces of
light having a wavelength of 365 nm and a wavelength of 436
nm are 98% or more, respectively.
4. A dust-proof £ilm according to -Claim 3, wherein said
cellulose esfer is cellulosé propionate whose weight
average molecular weight using polystyrene as a reference

) - is 60,000 - 400,000,

. 5. A dust-proof film according to Claim 3, wherein said

film thickness falls in any of the following ranges: 1.45
- 1.48 pm, 2.18 - 2.21 pm, 2.92 - 2.95 pm, 3.65 - 3.68 npm,
and 4.39 - .4.41 pm.
6. Use of a dust-proof film as claimed in any one of the
preceding claims in preventing dust particles from adhering

to a photomask or reticle when producing semiconductors.

\ . .
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10133 g of cellulose propionate (a high nolecular weight grade nmade by
Al drich Co., Ltd.) was dissolved in 1761 g of cycl ohexane and was filtered

with a 0.20 [err] filter. This solution was cast over a o~@§
and a filmwas.fornmed by rotating the glass substrate at [7 ISHEE
Subsequently,. after the filmwas allowed to dry at 140[ e dﬂ#{n

m nutes, the filmwas exfoliated fromthe gl ass substrate, and wa
to a support frame nade of alum num The thickness of the f|In1obta|n-
was 1.462 [err] and the light transmittance nmeasured using a

spectrophot oneter. was 99.6% wi th respect ABSTRARY | i ght with

- DUST-PROOF FILM

A dust-proof film is made from a material which
contains a cellulose ester and whose transmittances of
light baving a wavelength of 365 nm and a wavelength of 43g
are 98% or mare, or the dust-proof f£ilm is formed of

- cellulose propionate whose weight average molecular weight
using polystyrene as a reference is 60,000 — 400,000. The
dust-proof film has a long life.and excels in light
resisting properties wlth respect to the i-line. 1In
addition, the dust—proof f11m is useful as a long-life
pellicle for a broad line and exhibits high light
transmittance properties with respect to both the i-line

and the g-line.

-
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a wavel ength of 365 nmand 99.8% with respect to the light with a

"Wavel ength of 436 nm Exanple 2 80 g of cellul ose propionate (a high
nol ecul ar wei ght grade made by Aldrich Co., Ltd.) was dissolved in 720 g of
met hyl isobutyl ketone, and hexane was dropped to this solution while being
agitated. A supernatant liquid thereof after the solution was left to
stand overnight was filtered with a 1 pmfilter to renove the solvent.. 370
g of nmethyl isobutyl ketone was added to the filtered portion to obtain a
solution, and this solution was then filtered with a 0.20 [err] filter.
This solution was cast over a gl ass

1/1

FIG.1
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éubstcate, and a filmwas fornmed by rotating the glass substrate at 220
i.p. m Subsequently, after the filmwas 11 allowed to dry at [err] for
ﬁive mnutes, the filmwas exfoliated fromthe glass substrate and was

. adhered to the al um num support frame. The thickness of the fil m obtained

was 2.205 [err], and the light transmttance neasured|[U
spectrophotoneter was 99.1% with respect to the |ight wﬁ%é&éé@%ﬁ%ﬁ%ﬁéﬁﬁ Df
365 nmand 99.0%with respect to the |ight Date = 2 AUG

1 .|| Date ... svessentrenmsanaancas

TITLE OF THE INVENTIOX:

DUST-PROOF FILM

BACRGROUND OF THE INVENTION:

The present invention relates to a'dust—proof film for
preventing dust particles from adhering to photomasks and
reticles in the process of producing semiconductors. .

In the productlon of semlcoductors such as LSIs, it is

necessary to prevent dust partlcles from adher1ng o T T =
photomasks and reticles in the process of lithography in

which a pattern of a photomask or a reticle is transferred
onto a photorésist on silicon wafers. For this reason, the

photomask or the reticle is protecteq with a dust-proof
film.

As such a dust;proof film, a thin film formed of
nitrocellulose, cellulose acetate butylate, alkyl cellulose

. ﬂor_thg_like“has_cogvgptionally;heen.used. .=

Meanwhile, exposure apparatus (steppers) used in
photolithography include an i-line stepper-having a
wavelength of 365 nm (i-line) and a g-line stepper having a
wavelengﬁh of 436 nm (g-line), and these two steppers are
used properly, as required.

In terms of the performance required of such a dust-
proof £ilm, the dust proof film should possess high light

transmission propertles ‘and good llght re51st1ng



with a wavel ength of 436 nm Exanples -3 - 5 In the sane way as Exnple 2,
films respectively having the thickness of 2.298 [err] 3. 661 [err] and
4.396 [err] were produced, and their light transm t traneces : 3 :

propi onate (a high nol ecul ar wei ght grade made by Aljdrich @;A{k{m
di ssol ved inl, 828 g of cycl ohexane and ma§ filteredljwWdth:a 1.
S

filter. This solution was cast over a gl ass substr at®; S
formed by rotating the glass substrate at 410 r.p.m

properties. However, the conventional-dust-proof film
displays slight absorbing properties with respect to light
having the wavelength of 365 nm (i-line) used in
photolithography and has poor light resisting properties
with respect to the lﬁght having a wavelength adjacent
thereto. Also, there is another dust—proof film which
displays high light transmission properties with respect to

_ the i- 11ne, but does not dlsplay hlgh llght transmission

propertles w1th respect to the g- llne. " There is stlll T
anothér type which, conversely, displays high light
transmission properties with respect to the g-line, but
does not display high light transmission properties with
respect to the i-line. Hence, there is complicatedness in
that dust-proof films which are respectively suited!to the
i-line stepper and the g-line stepper.must be prepafed-and

must be used properly. . .-

SUMMARY OF THE INVENT-ION:

Accordingly, an object of the present invention is to
provide a dust-proof film which displays high light
transmission properties with respect to both the i-line and
the g-line, in particular, and which excels in light
resisting properties and has a long life, thereby

Overcoming the above-described drawbacks of the

converitional art.



éubsequently, after the filmwas allowed to dry at 130[err] -for five

m nut es,

the filmwas exfoliated fronlthe gl ass substrate, and was adhered

o the alunlnun1support frame. .. h+ckness of the fil m obtained was 2. 30

[err],

and the |ight
993. 2%W|th respect tlo
89.3% with respect to

§WE{t¢nﬁbBHﬂh,ured usi ng a spectrophot oneter_was
tp\g{ugmnth § wavel ength o ﬂ%ﬂiﬁdmﬁ)’d

T a el engt h of ‘
3 D@EL“":LZJAUEJQEi‘

To this end, in accordance with one aspect of the
present invention, there is provided a dust-proof film made
of a material containing cellulose ester whose
transmittances of light having a wavelength of 365 nm and a
wavelength of 436 nm are 98% or more, .respectively.

The aforementioned cellulose ester is cellulose
propionate, and the effect of the present invention is

demonstrated to a maxlmum when the fllm thlckness falls 1n

- any ‘of the follow1ng ranges. i.45 - 1, 48 Em, 2.18 - 2. 31

pm,"2.92 - 2.95 pm, 3.65 ~- 3.68 pum, and 4.39 - 4.41 pnm,
weight average molecular weight using polystyrene as a
reference is 60,000 - 400,000. |
; i
A dust-poroof film. in-accordance with another aspect of
the inveption is one formed of cellulose propionate whose

weight average molecular weight using polystyrene as a

reference is 60,000 - 400,000. —- e

e - -

BRIEF DESCRIPTION OF THE DRAWING:
Fig. 1 is a perspective view of an apparatus which is
used in a method of producing a thin film of cellulose

ester in accordance with the present invention:

DESCRIPTION.OF THE PREFERRED EMBODIMENT:

First, a description will be given of a dust-proof film

which is formed of a cellulose ester and whose light
I —
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Conparative Exanple 2 Using a solution prepared in the sane may as Exanpl e
2, afilmwas formed by rotating a glass substrate at 300 r.p.m, simlar

post-treatment was then provided, and a fil m havi ng g
was obtained. Its light transnittance neasured usin
1%with respect to the light with a wavel en
99.9% with respect to the light with a wavel ength o
Exanples 3 - 5 In the sanme way as Exanple42, filns respectivery ha
t hi ckness of 2.590 [err], 3.394 [err] and 3.881 [err] were

was 87.

REBLAGEMENT SHERT!

e . AUO9RL

transmittances with respect -to light having wavelengths of

365 nm and 436 nm are 98% or above.

Since the transmittances of light having wavelengths of

365 nm and 436 nm are 98% or above, respectively, the dust-
proof £ilm in accordance with the present invention can be

used for both the i-line stepper and the g-line stepper.

Cellulose esters used in the present invention include,

for example, nitrocellulose, cellulose sulfate, cellulose

phOSphate, or. a fatty acld cellulose such ‘as ceilulose'*ffrf

acetdte and cellulose” propionate, 'etc. Among these-
cellulose esters, however, nitrocellulose or cellulose
propionate are preferabl§ used, and oellulose propionate is
more preferably used. ’

The dust-proof f£ilm in accordance with the present
inveotion can be produced from an organic solvent solution
for cellulose ester by a rotational film-forming method. A

ketone based solvent 1nc1ud1ng methyl 1sobutyl ketone

o

(MIBK), acetone, methyl ethyl ketone, methyl propyl ketone,
dimethyl ketone, diisobutyl ketone, cyclopentane,
cyclohexanone, or diacetone alcohol can be suitably used as
an organic solvent for cellulose ester. The most efficient
solvent is selected to obtain a desired film thickness and
uniformity in the film thickness.

It goes without saying that organic solvents are not

confined to those described above,-and it should be

9 pm



produced, and their light transmttances were neasured. The results are
shown in Table 1. Table 1 The dust-proof filmin accordance.-with the
pfFesent invention can be used for both the i-line ste
stepper since its transmttances of light having a wa
a wavel ength of 436 nmare 98% or nore in both cases. il cejfit
I S unnecessary to produce special dust-prgof filns co

| ine stepper and the g-1ine stepper and t8 use them

appreciated that, for instance, alcohols such as methanol
and ethanol, ethers such as tetrahydrofuran, 1,2-
dimethoxyethane and 1,2-diethoxyethane, and esters such as
ethyl acetate, propyl acetate, ethyl lactate, butyl formate
and butyl acetate can be used singly or in a combination of
two or more kinds thereof.
The weight ratio of cellulose ester to the solvent such
as methyl isooutyl ketone should be in the range of 30 : 1
- fo 10 : 17 pteferably=20~: 1 #0.10-: 1o - _:. 3 . . oz
A solution of this cellulose ester may be used as it
is, and a film may be formed by the rotatlonal fllm—formlng
method. However, 1t is preferred that a thln film is
formed after the solutlon of cellulose ester is subjected
to filtration so as to remove foreign substances. As for
the filtration, a pressurized filtration method using, for

instance, a 0.2 pm filter may be used.

_In addition,_lf substances of hlgh molecular welght are

removed in advance from the solutlon of cellulose ester by
a fractional precipitation method, the distribution of the
thickness of the film produced becomes uniform, and optical
characteristics improve noticeably.

Furthermore, a second organic solvent which displays
compatibility with the aforementioned organic solvent but
is a poor solvent with respect to cellulose propionate may

be added to the aforementioned organic solvent solution of



13 Transnittance Transnittance Thickness [err] - of 365 nm of 436

nmlight (%light (%9 Exanple 1 1.462 99. 6 99. 8
Exanple 2 2. 205 : 99.1 99. 0 Example 3
2.298 99. 8 +99. 2 Exanple 4 | gnveENT SHEET [199. 8
99.0 Exanple 5 4. 396 99.1 REBL&& q?qﬂﬂwﬁ%£vs
2.30 93.2 89.3 Exanple 1 ' Daw:m"m"nm"l"" .....

6

cellulose propionate so as to precipitate high molecula;—

weight cellulose contained in the cellulose propionate,

preferably as well as gel-like substances, impurities

having a low degree of solubility, and the like together

with the high molecular-weight components, thereby

separating the high moieculaf-weight cellulose propionate

froﬁ the aforementioned solution, and a film may be formed

by the rotational film-forming method by using the

cellulose propionate “solution after sebaréé%bna' - B
If high molecular-weight componients are thus removed - -

through fractional precipitatién or by using a poor

solvent, it is possible to enhance thé.stability, filtering

properties, and film-forming performanée of the raw-

material solution for film formation, and it is possible to

uniformalize the thickness of the £ilm thus obtained and

appreciably”improve the optical characteristics thereof.

- If, Ln accordance with a preferred embodlment of the

emee

present invention, the cellulose ester solution before
addition of a podr solvent thereto is mixed with methyl
alcohol, the speed of precipitation of high molecular-
weight cellulose ester becomes fast when the poor solvent
.is added'thereto. The amount of methyl alcohol addedf
should preferably be more than the total volume of methyl

isobutyl ketone and methyl alcohol.



Conparati ve
Conparative
Gonparative
Conmparative
t he present

1.739 87.1 99.9 Exanple 2
2.590 98.5 88.3 Exanple 3
3.394 87.2 97.7 Exanple 4
3. 881 87.8 8 =5-Exanpke=5—pF

i nvention excels in the economc featur EEBL$%%ME%T§ﬁé§'tie

process of photolithography. A description wll nomqre givenggkpﬁj e
.AHhe |

where the dust-proof filmin accordance wi h anot he

Belpect™ & DR .. I

ly,

As the poor solvent for cellulose ester, it is possible

to cite hexane, heptane, methylcyclohexane, cyclohexane,

toluene, octane, solvent naphtha, cyclonaphtha, xYlene, or

the like. Since it is necessary to desolvate this poor

solvent later by heating, a poor solvent whose boiling

point is lower than that of the solvent for methyl isobutyl

ketone, particularly an aliphatic hydrocarbon or an

alicyclic hydrocarbon, including hexane, heptane,

“fethylcyclohexdneé, -and cyclohexane,” whése hydrocarbon - .

number is 5 to-10 can be used advantageously. However,

hexane can be used more preferably in light of availability

angd cost.

preferably 0.5 to 1.5,
of the volume ratio of
the volume of the poor

selvent such.as methyl

The amount of the

poor solvent to be added is

more preferably 0.6 to 1.0, in terms
the poor solvent to the solvent. If
solvent is smaller than that of the

isobutyl ketone, the precipitating

-——

action of the high molecular—weight cellulose ester and the

like cannot take place as desired. When a change in the

average molecular weight of, for instance, cellulose

Propionate was examined by changing the volume ratio of the

poor solvent (hexane) and methyl isobutyl ketone, it was

found that, the greater the amount of the poor solvent

added, the more the average molecular weight of cellulose

propionate decreases, i.e., high molecular—weight



present invention is one fornmed of cellul ose propionate having an average
nmol.ecul ar wei ght of 60,000 - 470,000 using polystyrene as a reference.

14 The dust-proof filmin accordance with this aspec
i nvention displays a high light transm ttance of 999

&FEWMP@"]%NT@?&? ct

to light having a wavel ength of 365 nm The dust-propf film9 Altc&dance

with this aspect of the present invention can be pro

~f.rom-an-grganj ¢
3 ===
components are precipitated. However, if the amount of the
poor solvent added is excessively iarge, the yield of the
purified cellulose propionate solution becomes small,
resulting in deteriorated productivity.

After addition of the poor solvent, a cellulose ester
solution in which only the high molecular-weight cellulose
ester has been removed by such means as decantation or

=

geptrifugal §eparation is obtained, and the residual poor
§olvént i; then dééoiééééd, thereby 65éaiﬁing a purifiéd54
cellulose.ester.m The desolvating means is carried out by
evaporating the poor solvent by heating the cellulose ester
solution at a temperature below the boilihg point of methyl
isobutyl ketone and above the boiling point of the éoor
solvent. At that time, the cellulose ester solution may be.
held under reduced pressure.

By adjusting the concentration and viscosity of the
éeiiulose ester solution; the thickness of the film can be
changed variously; However, in order to obtain a
transmittance of 98% or more with respect to both the light
with a wavelength of 365 nm and the light'with a wavelength
O©f 436 nm, the film thickness should preferably be 0.72 -
0.75 pm, 1.45 ~ 1.48 pm, 2.18 - 2.21 um, 2.92 - 2.95 um,
3.65 - 3.68 pm, and 4.3% - 4.41 pm, more preferably 1.45 pm
©r more and in the above-described ranges in light of the

strength and handling efficiency.



sol vent solution of cellul ose propionate by neans of the rotational
filmformng nmethod. As organic solvents for cellul ose propionate, the
following ketone based solvents are particularly suiffabie-steh-as=Irethy
i sobutyl ketone (M BK), acetone, nethyl ethyl ketone, |fFEFPR§PENENTSeizeT |

di i sobutyl ketone, cycl ohexane, diacetone al cohol, ang{the |lik S
efficient solvent is selected to obtain a desired filn bﬁ?éknegéAL&BEEB

uniformty in the filmthickness. It goeg W t hout saying that organre
solvents are not confined to those described above, and it should be

appr eci at ed thah, dfe% flrgéiaé]cew.‘l.ﬁ Cr%‘v?'ée éj er?sogeggaggzlample of an

apparatus used in the rotational film-—formation method. As

shown in Fig. 1, this apparatus has a substrate 2 mounfed

on a turntable 1 which is rotatively driven. This

substrate 2 is used as a rotary body, and the upper surface
of the substrate 2 is held horizontally to constitute a
horizontal surface 3. The cellulose ester solution is
supplied to this horizontal surface 3 from a nozzle 4, and
e turnfable T is rotated: fhen; the-substrate 2 also - ~
rotates, and the cellulose ester solution spreads thinly
along the horizontal surface 3 by means of a centrifugal

force thereof, thereby forming a thin film of cellulose
ester. |
The rotational epeed of the substrate 2 is normally 400
- 4,000 r.p.m., preferably 500.~ 3,000 r.p.m. However,
- -— 1instead of rotating the substrate 2 at a fixed -speed, the
~;rotatlonal speed_durlng rising may be set_to a low speed .'
(200 - 1,000 r.p.m.), and may be set to a high speed (400 —-
4,000 r.p.m.) midway during the rotation. 1In addition, if
a releasing agent is applied in advance to the horizontal
surface 3 of the substrate 2, the exfoliation of the thin
£film from the horizontal surface 3 can be facilitated.
A description will be given hereafter of examples of

the present invention and comparative examples.

Example 31



aﬁd.ethanol, ethers such as tetrahydrofuran, 1, 2- dinethoxyethahe and
1, 2-di et hoxyet hane, and esters such as ethyl acetate, ethyl Iactate butyl
formate and butyl acetate can be used singly or in

nore kinds thereof. The weight ratio of cellul ose olvent
such as nethyl isobutyl ketone should be in the rajige of 3021
preferably 20 : 1 to 10 : 1. A solution OEO 15 |} Date toeemreer et

133 g of cellulose propionate (a high molecular weight
grade made by Aldrich Co., Ltd.) was dissolved in 1761 g of
cyclohexane and was filtered with a 0.20 pm filter. This
solution was cast over a glass substrate, and a film was
formed by rotating'the glass substrate at 780 r.p.m.
Subsequently, after the film was allowed to dry at 1400C for
five minutes, the film was exfoliated from the glass
substrate, and was adhered to a support frame made of

= —-aluminum. .The thickness ofmtheifiimnqbtained was 17462 pm,
and the light .transmittance measured using a
spectrophotometer was 99.6% with respect to the light with
a wavelength of 365 nm and 99.8% with respect to the light
with a wavelength of 436 nm. |
Example 2

- 80 g of cellulose propionate (a high molecular weight

grade made by Aldrich Co., Ltd.) was dissolved in 720 g of .

methyl 1sobutyl ketone, and hexane was dropped to this

solutlon whlle belng agltated ' A supernatant 11qu1d
thereof after the solution was left to stand overnight was
filtered with a 1 pm filter to remove the solvent. 370 g
of methyl isobutyl ketone was added to the filtered portion
to obtain a solution, and this solution was then filtered
with a 0.20 pm filter. This solution was cast over a glass
substrate, and a film was formed by rotating the glass

Substrate at 220 r.p.m. Subsequently, after the film was



this cellul ose propi onate may be used as it is, and a filmmay be fornmed by
the rotational filmformng nethod. However, it is rred that _a thin

dilmis formed after the solution of cellul ose propjgaat dto
SRS |
I

filtration so as to renove foreign substances. As
pressurized filtration nethod using, for instance,

be.used. In addition, if high nnlecular-m§ight conpirents—ar & T ERDVES
advance fromthe solution of ceIIquse opi onate by a fracti onal
precipitation nethod the distribution of the thickness of the film
produced b@ébR¥ES uFrPf S adnd 098€C E8F EHYRa e &35 csthepk IR ¥Wefi ceabl y.

exfoliated from the glass substrate and was adhered to the

aluminum support frame. The thickness of the film obtained
was 2.205 pm, and the light transmittance measured using a

spectrophotometer was 99.1% with respect to the light with

a wavelength of 365 nm and 99.0% with respect to the light

with a wavelength of 436 nm.

Examples 3 ~- §

ST e o= - In;the same- way. as Example 23 £ilms .respectively having - _
the thickness of 2.298 pm, 3.661 pm and 4.396 pm were
produced, and their light transmittances were measured.

The results are shown in Table 1.

Comparative Example 1

140 g of cellulose propionate (a high molecular weight
grade made by Aldrich Co., Ltd.) was dissolved in.1,828 g
of cyclohexane and was filtered with a 0.45 pm filter.

ThlS solutlon was cast over a glass substrate, and a film

was formed by rotatlng the glass substrate at 410 r.p.m.
Subsequently, after the film was allowed to dry at 1300C for
five minutes, the film was exfoliated from the glass
substrate, and was adhered to the aluminum support frame.
The thickness of the f£ilm obtained was 2.30 pm, and the
light transmittance measured using a spectrophotometer was

993.2% with respect to the light with a wavelength of 365



Furthernore, a second organi c sol vent which displays conpatibility with the
af orenenti oned organi c solvent but is a poor soIventEWth—rpsagﬁéf
cel | ul ose propionate may be added to the aforenenti ahéEPoagamenTIHoes|
sotution of cellul ose propionate so as to precipitatje high nolecul ar-

wei ght cellul ose contained in the cellul ose propion [ Gate(l. e.f‘E ‘5‘9@ |1
as gel -li ke substances, inpurities having OM/degruc TF—sot=ts !ifV; And
the like together with the hi gh nol ecul ar-wei ght conponent s, thereby
separating the hi gh nol ecul ar-wei ght cel |l ul ose propionate fromthe

af orement i ghednolgg i vl diddm By b forded dychhe wobatengeh of
filmformng nethod by using the

436 nm.

Compapative Example 2
dsing a solution prepared in the same way as Example 2,
a film was formed by ‘rotating a glass substrate at 300
r.p.m., similar post-treatment was then provided, and a
film having a thickness of 1.739 pm was obtained. Its
light transmittance measured using a spectrophotometer was
: 7 .87.13With Tespect to the Iight with-a wavelength &f 365-nm -
- and 95.9% with respect to the light with a wavelength of
436 nm.

Comparative Examples 3 - 5.

In the same way as Example 2, films respectively having
the thickness of 2.590 pm, 3.394 um and 3.881 pm were
produced, and their light transmittances were measured.

The results are shown in Table 1.

Tabie-i-
The dust-proof film in accordance with the present
invention can be used for both the i-line stepper and the
g-line stepper since its transmittances of light having a
wavelength of 365 nm and a wavelength of 436 nm are 98% or
more in both cases. Accordingly, since it is unnecessary.

to produce special dust-proof films corresponding to the i-

line stepper and the g-line stepper and to use them



cellulose propionate sol ution after separatlon 16 |If hlgh

_Bre0|p|tat|on or by using a-p , It
stability, filtering , i
material solution .fo
the thickness of the f\

characteristics thereof. 13
Transmittance | Transmittance
Thickness pm of 365 nm of 436 nm
: - light (%) - 1light (%)
Example 1 l.462 89.6 99.8
Example 2 - +2.205 99.1 99.0
Example 3 2.298 89.8 99.2
Example 4 3.661 899.8 _ 99.0
- Example 5 4.396 99.1 99.9
"7 - | compirativé -7 2.30 — | T oe3.2- - | @9.¥ ~ .| =
_ |_ Example 1° i
Comparative 1.739 87.1 99.9
Example 2 '
Comparative 2.590 98.5 88.3
Example 3- :
Comparative 3.394 87.2 97.7
Example 4
Comparative 3.881 87.8 87.5
Example 5 .

properly, the present invention excels in the economic
feature and facilitates the process of photolithogfaphy.
A description will now be given of a case where the
dust-proof film in accordance with another aspect of the
Present invention is one formed of cellulose propionate
having an a&erage molecular weight of 60,000 - 400,000

using polystyrene as a reference.

This Sheet Has Been Reﬂlaced




As the poor solvent for cellul ose propionate, it is possible to cite
hexane, heptane, nethyl cycl ohexane, cycl ohexane, toluene, octane, solvent

fapht ha, cyclonat phtha, xylene, or the like. Since it | SR IR
desol vate this poor solvent |ater by heating, a poor s ﬁV@ﬁﬁs%ﬁﬁgéﬁﬁﬁﬁﬁwg
point is |lower than that of the solvent for nmethyl isdgb . ke =
particularly an aliphatic hydrocarbon or an alicyclic %%&hrﬁrggﬂgh"ﬁgg-

i ncl udi ng hexane, heptane, nethyl cycl ohexang4 and cycl ohexane, wWhoS€
hydr ocar bon nunber is 5 to 10 can be used advantageously. However, hexane

can be used norerj¥ ed@sebpyobhn FifhtiRfadvtdabtei §YtANEhe8Shspect of

the present invention displays a high light transmittance

of 99% or more with respect to light having a wavelength of
365 nm. The dust-proof film in accordanée with this aspect
of Fhe present inyen&ion can be produced from an organic
solvent solutibn of ceiiulose propionate by means of the
rotational film-forming method.

As organic solvents for cellulose propionate, the

such as methyl isobutyl ketone (MIBK), acetone, methyl-
ethyl ketone, diethyl ketoné, diisobutyl ketone,
cyclohexane, diacetone alcohol, and the like. The most
efficient solvent is selected to obtain a desired film
thickness and uniformity in the £film thicknessf

It goes without saying that organic solvents are not
"confined to tbose described above, and it_should be

St -

_app;gciatgd.tpag,_for instance, alcohols such as methanol

and ethanol, ethefg s;ch as tetrahydrofuran,.i,z-
dimethoxyethane and 1,24diethoxyethane, and eéters such as
ethyl acetate, ethyl lactate, butyl formate and butyl
acetate can be used singly or in a combination of two or
more kinds thereof.

The weight ratio of cellulose propionate to the solvent
such as methyl isobutyl ketone should be in thé range of 30

1l to 10 : 1, preferably 20 : 1 to 10 : 1. A solution of

= : -Zfollowing ketone-bPased—solvents are-pafticularly siitable ~ - =



*The anpunt of the poor solvent to be added is preferably 0.5 to 1.5 in
ternms of the volune ratio of the poor solvent to thefsetwrent==ard=66=%0

s1.0 is suitable in actual use. If the volune of the PREPLACEMENT SHERM | er
than that of the solvent such as nethyl isobutyl ketppne in the

af orenentioned ratio, the precipitating action of th Ixmeazuﬁf sseresedtes
nol ecul ar - wei ght cel | ul ose cannot take plﬁce as desi
t he average nol ecul ar wei ght of, 5

this cellulose propionate may be used as it is, and a film
may be formed by the rotational film-forming method.
However, it is preferred that a thin £ilm is formed after
the solution of cellulose propionate is subjected to
filtration so as to remove foreign substances. As for the
filtration, a pressurized filtration method using, for
instance, a 0.2 pm filter may be used.

In addition, if high molecular-weight components are

" z.. .. _removed in'édvancéfffomﬂthe*éolutioﬁ—ofmcelluISSe - - -

propionatelby & fractional precipitation method, the
distribution of the thickness of the film produced becomes
uniform, and optical characteristics_improve noticeably.

Furthermore, a second organic solvent which displays
compatibility with the aforementioned organic solvent but
is a poor solvent with respect to cellulose propionate may
be added to the aforementioned organic solvent solution of

cellulose proplonate so .as to pre01p1tate high molecular—

welght cellulose contained in the cellulose proplonate,
preferably as well as gel-like substances, impurities
having a low degree of solubility, and the like together
with the high molecular-weight components, thereby
separating the high molecular-weight cellulose oropionate
from the aforementioned solution, and a film may be formed
by the rotational film-forming method by using the

Cellulose propionate solution after separation. -



for instance, cellul ose propionate was exani ned by changi ng the vol unme

ratio of the poor solvent (hexane) and met hyl |sobutF'*ﬁ%%ene;:t&~qmmi~

f-ound t hat,

aver age nnlecular wei ght of cel |l ul ose propionate deg eases .JZEA Bhggp
nol ecul ar - wei ght conponents are precipitated. Howevg Date %

the greater the anount of the poor solve F?M@EMEW@{@ ;

--------------------
------

of the poor solvent added is excessively |arge, the yrelrgd o et 5ed
cellul ose propionate solution becones smalk, resulting in deterlorated
productivity. After addition of the poor solvent, a cellul ose propionate

ol o L1 v e oL A, gD 1o ek e gRLE LS g eroved

through fractional precipitation or by using a poor
solvent, it is possible to enhance the stability, filtering
properties, and film-forming performance of the raw=
material solution,fof film formation,'and it is possible to
uniformalize the thick;ess of the film thus obtained and
appreciably improve the optical characteristics thereof.

As the poor.solvent for cellulose propionate, it is

p0551b1e “to cite hexane, heptane, methylcyclohexane, T R

'Eyclohexane, toluene, octane, solvent naphtha,

cyclonatphtha, xylene, or the like. Since it is necessary
to desolvete this poor solvent later by heating, a poor
solvent whose boiling point is lower than that of the
solvent for methyl isobutyl ketone, particularly an
aliphatic hydrocarbon or an alicyclic hydrocarbon,
including hexane, heptane, methylcyclohexane, and
cyclohexane, whose hydrocarbon pumber-is § to-.10 can be
used advantageously. However, hexane can be esed more
preferably in light of availability and qbst.

The amount of the poor solvent to be added is
preferably 0.5 to 1.5 ln terms of the volume ratio of the
poor solvent to the solvent, and 0.6 to 1.0 is suitable in
actual use. If the volume of the poor solvent is smaller
than that of the solvent such as methyl isobutyl ketone in

the aforementioned ratio, the precipitating action of the



Centrifugal separation is obtained, and the residual poor solvent is then
desol vated, thereby obtaining a purified cellul ose propionate. The
desolvating neans is carried out by evaporating thea h,ating
the cel lul ose propionate solution at a tenperature (b€ Gﬁ@ﬂ@ ﬁ

of nethyl isobutyl ketone and above the boiling poilp of tthpAUﬁ

At that time, the cellul ose propionate solution m A1) WO AT e P A Y
pressure. The thickness of the filmcan ffe changed varlously, “but is
generally 0.5 to 6 [err], preferably 0.8 to 3 [err]. A film

high molecular-weight cellulose cannot take place-as

desired. When a change in the average molecular weight of,
for instance, cellulose propionate was examined by changing
the volume ratio of the poor solvent (hexane) and methyl
isobutyl ketong, it.das_found that, thé greater the amount
of the poor solvent added, the more the average molecular
weight of cellulose propionate decreases, i.e., high
molecular—welght components are prec1p1tated. However, if
-l the- amount of the poor solvent added is” “excéssively 1arge,- =
the yield of the purified velldlose propionate solution”
becomes small, resulting in deteriorated productivity.
After addition of the poor solvent, a cellulose
proﬁi?nate solution in which only the high molecular-weight
celluiose has been removed by such means as decantation or
centrifugal separation is obtained, and the residual poor
solvent is'then desolvated, thereby obtaining a purified
qu;lulose propionate. The.desolvating means }s;garried.qyt__.
by evdporating the poor solvent by heafing the cellulose
propionate solution at a temperature below the boiling
point of methyl isobutyl ketone and above the boiling point
of the poor solvent. At thét time, fhe cellulose
propionate solution may be held under reduced pressure.

The thickness of the film can be changed variously, but

is generally 0.5 to 6 pm, preferably 0.8 to 3 pm. A film



18 havi ng a thickness of 2.85 [err] is used as a dust-proof filmfor mrror

proj ecti on.
#ilmformng method is the JHIGSHEE i HAS BEENdescr i b

simlar to

An exanpl e of the—apparat-us—whi-gh is used for the rotatlonal

Fig. 1. The preferred rangg¢ of tREPLAGEDti ongl spee @EPLHGEBQHERSHﬁﬁi s
t he above-descriBed case, and Tt is als pref ergig «;}U{;o‘!ﬁplly a
rel easing agent in advance. It is necesgary that t hi Datest ~Proo fiJﬁilhus

obtai ned in accordance with the present 1nvention bg sucmr that 1ts

having a thickness of 2.85 pm is used as a dust-proof film
for mirror projection. )

An example of the apparatus which is used for the
rotational film-forming method is the same as the one
described in connection with Fig. 1. The preferred range
of the rotat;onal speed-of the substrate 2 is similar to
the above-described case, and it is also preferable to
apply a releasiné agent in advance.

- It 1s necessary . that the dust—proof £ilm thus_gptalned_ o
in accordance with the present invention be such that its
'weight average molecular weight using polystyrene as a
reference is 60,000 - 400,000. If the weight average
molecular weight is too sﬁall, the strength of the film
cannpt withstand the use, and if it is excessively large,
its solubility with regard to the solvent becomes
deteriorated, thereby making it-impossible to produce a
uniform fllm.

An example of the present 1nventlon w1ll “be described

below.

70 g of cellulose propionate (a high molecular weight
grade made by Aldrich Co., Ltd.) was dissolved in 930 g of
methyl isobutyl ketone to prepare a cellulose propionate
solution. 605 g of hexane was added to this cellulose
propionate solution by dropping (at this time, the volume

of methyl isobutyl ketone is 1,170 mf, and the volume of

\

- This Sheet
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Wei ght average nol ecul ar wei ght using polystyrene as a reference is 60, 000
- 470,000. |If the weight average nol ecul ar .weight (is too small, the
gtrength of the filmcannot withstand the use, and bt aé evely
| arge, its solubility with regard to the solvent b EﬁggAggggﬁfgﬁggéd
thereby making it inpossible to produce a uniformf : t he
present invention will be described belom¥%70 g of ! | e (a
hi gh ol ecul ar wei ght grade nade by Al dri Co., Ltd.) was dissolved in 930

g of met hyl isobutXI ket one to prepare a cellul ose propionate )
hexane 1s 920 mf, the relationship between the two being

expressed as 1.27 : 1 in terms of a volume ratio). After
‘this solution was left to stand for five hours,
precipitated high molecular weight cellulose propionate was
removed by decantatidn, and a supernatant liquid thereof
was placed under reduced pressure of 15 - 20 mmHé at 400C to
desolvate hexane, thereby obtaining a purified cellulose
propionate solution. |
_ ;_;Wh?n this pg;iﬁggd_cel;uleseepropionate_sélutign;yag_“
filtered and“circulated under the pressure of 0.5 kg/cm2-G
by using a filter having a pore diameter of 0.2 pm and a
diameter of 142:mm, it was possible to perform filtration
for as many as 40 hours without any loading of the filter.
In addition, a thin film was produced by the rotational
film-forming method by using the;filtered cellulose

propionate solution.

The weight average molecular wéight of the thin film
thus obtained was 470,000, the cellulose propionate thin
film excelled in optical characteristics and was free of
color shading and streaks, and its light transmittance was
99% or more.

Since the dust-proof f£ilm of the present invention has
extremely good transparency and outstanding light resisting

properties, the present invention has excellent advantages

in that the dust-proof film can sufficiently demonstrate



sol uti on.

by dropping (at this time, the volume of nethyl isobjit
f, and the vol une of 19 hexane is 920 m, the ref gjonsh
two being expressed as 1.27 : 1 in terns of a volune

605 g of hexane was added to this ceIIqu #y +nion
y et

------------------------

solution was left to stand for five hours, precipitated high nol ecul ar
wei ght cel | ul ose propionate was renoved by decantation, and a supernatant
| i quid thereof 20

its performance and that its life is more than double a

nitrocellose~-made dust-proof £ilm.

Accordingly, the dust-proof f£ilm in accordance with the

present invention is very useful as a long-life pellicle

for.a broad line.

= - — ——



nder reduced pressure of 15 - 20 nmHg at 40[err] to desolvate
hexane t hereby obtaining a purified cellulose pro en

iy i o it

afilter h er of
0 2 pn1and adi anmet er K possible to for
as nmany as 40 hours Wi t hout any Ioadlﬂg of the filt hi n
filmwas produced by the rotational filmformng nmethod by u5|ng the
filtered cellul ose propionate solution. The wei ght average nol ecul ar wei ght

of the thin film
WHAT IS CLAIMED IS:

1. A dust-proof film made of a material containing
cellulose propionate whose weight average molecular weight
using polystyrene as a reference is 60,000 - 400,000.
2. A dust-proof £ilm aceording-to Claim 1, wherein the
£ilm thickness-is 2.85 pm.
3. A dust-proof film which is made of a material
contalnlng a cellulose ester and whose transmlttances of
llght hav1ng a wavelength of 365 nm’ and a’ wavelength of 436
nm are 98% or more, respectively. - T
4. A dust-proof film according to Claim 3, wherein said
cellulose ester is eellulose propionate whose weight
average molecular weight using polystyrene as a reference
is 60,000 - 400,000. |
5. A dust-proof £ilm according to Claim 3, wherein said
film thickness falls in any of the following ranges: ‘l 45
-~ - 7= 1.48 pm,72.18 = 2.2Ll-pm, -2:92 - 2.95 Bm, 3. 65 - 3. 68 pm:
and 4.39 - 4.41 um.
6. Use of a dust-proof film as claimed in any one of the
preceding claims in preventing dust particles from adhering

to a photomask or reticle when producing semiconductors.

-‘ﬁ“‘“““““—-—~;
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thus obtained was 470,000, the cellulose propionate thin filmexcelled in

optical characteristics and was free; of :col:.or shagiag—and=streaks==and its
dight transmittance was 99% or nor é. Slnce t he duétRﬁPD@GEMENﬁﬁﬂEEﬁh%
present™i nvention has extrenely good transparency |and out, mm¥;|$ht
resisting properties, the present | @2enti.on, has ex ekteent... antagesiin
that the dust-proof filmcan suff %fﬂg&ﬁ deffonst rket=e Z0 '

° - DUST-PROOF FILM

A dust-proof film is made from a material which
contains a cellulose ester and whose transmittances of
light having a wavelength of 365 nm and a wavelength of 436
are 98% or mqre, or the dust-proof film is formed of
cellulose propionate whose weight average molecular weight
using polystyrene as a reference is 60,600 - 400,000. The

dust—proof film has a long 11fe and excels in light

- -~ resisting propertles with respect to the 1—11ne.--iﬁ* -
addition, the dust-proof film is useful as a Iong-life
pellicle for a brogd line and exhibits high light
transmittance properties with respect to both the i-line

1

and the g-line.



it performance and that its life is nore than double a nitrocell ose-nmade
dust-proof film Accordingly, the dust-proof filmin accor with the

present invention is very useful as a long-life pellicle f
21 CLAIMS 1. A dust-proof filmnade of a material containi
propi onat e whose wei ght average nol ecul ar wei ght '

------------------------------

3

To this end, in accordance with one aspect of the
present invention, there is provided a dust-proof film made
of a material confaining cellulose ester whose
transmittances of light having a wavelengtﬁ of 365 nm and a
wavelength of 436 nm are 98% or more, respectively.

The aforementioned cellulose estei is cellulose
propionate, and the effect of the present invention is
demonstrated to a maximnm.when the £ilm thickness falls in
‘any of the following ranges: 1.45 - 1.48 pm,.2.18 - 2.21
pm, 2.92 - 2.95 pm, 3.65 — 3.68 pm, and 4.39 - 4.41 pm,
weight average molecular weight using polystyrene as a
reference is 60,000 - 470,000,

A dust-poroof film in accordance with anéther aspect of
the invgption is one formed of cellulose propionate whose
weight average molecular weight using polystyrene:as a

reference is 60,000 - 470,000.

BRIEF DESCRIPTION OF THE DRAWING:

Fig. 1 is a perspective view of an apparatus which is
used in a method of producing a thin film of cellulose

ester in accordance with the present invention:

DESCRIPTION OF THE PREFERRED EMBODIMENT:.
First, a description will be given of a dust-proof film

which is formed of a cellulose ester and whose light



usiﬁg pol ystyrene as a reference is 60,000 - 470,000. 2.

A dust-proof film

according to claiml1l, wherein the filmthickness is 2.85 [err]. 3. A

dust -proof filmwhich is nade of a materi al
and whose transm ttances of
wavel ength of 436 nmare 98% or nore, respectively.
according to claim3, wherein said cellul ose ester

60, 000 -

470, 000. "5. A dust-proof filmaccording to

i ght having a wavel engt

containing a ceIIquse ester

i RERLAOEMENW@ﬁsén [

L2l

| Transmittance | Transmittance
Thickness pm of 365 nm of 436 nm
: light (%) - light (%)
Example 1 1.462 99.6 99.8
Example 2 ©2.205 99.1 99.0
Example 3 2.298 99.8 99.2
Example 4 3.661 89.8 99.0
Example 5 4,396 99.1 99.9
Comparative 2.30 93.2 89.3
Example 1 '
Comparative 1.739 . 87.1 99.9
Example 2 -
Comparatlve 2.590 98.5 88.3
Example 3
Comparative 3.394 87.2 87.7
Example 4 -
Comparative 3.881 87.8 87.5
Example 5

properly, the present invention excels in the economic

feature and facilitates the process of photolithography.

A description will now be given of a case where the

dust-proof film in accordance with another aspect of the

Present invention is one formed of cellulose propionate

having an average molecular weight of 60,000 - 470,000

Using polystyrene as a reference.



filfthitkness falls in any of the follow ng ranges: 1.45- 1.48 [Jerr],
[err], 2.92-2.95 [J[err], 3.65-5.68 [err] : i D

2.18-2.21
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having a thickness of 2.85 pm is used as a dust-proof film
for mirror projection.

An eiample of the appafatus which is used for the
rotational film-forming method is the same as the one
described in ponnegtion with Fig. 1. The preferred range
of the rotational speeé:of the substrate 2 is similar to
the above-described case, and it is also preferable to
apply a teleasing agent in advance. |
' It is nécesséry that the dust—prbof £film thus obtained

in accordance with the present invention be such that its

weight average molecular weight using polystyrene as a

reference is 60,000 - 470,000. If the weight average
molecular weight is too sﬁall, the strength of the film
cannot withstand the use, and if it is excessively large,
its solubility with regard to the solvent becomes
deteriorated, thereby making it-impossible to produce a
uniform £ilm.

An example of the present invention will be described
below.

70 g of cellulose propionate (a high molecular weight

grade made by Aldrich Co., Ltd.) was dissolved in 930 g of

.methyl isobutyl'ketone to prepare a cellulose propioconate

solution. 605 g of hexane was added to this cellulose
propionate solution by dropping (at this time, the volume

of methyl isobutyl ketone is 1,170 mf, and the volume of

Tr].



| RO W AN O REPLAGEMENT SHEET
o L Ms

et 2.0_NOV 1997

--------- svnassinessssvsnasane

21 =

CLAIMS

1. A dust-proof film made of a material containing
cellulose propionate whose weight average molecular weight
using polystyrene as a reference is 60,000 - 470,000.

2. A dust-proof film according to claim 1, wherein the
film thickness is 2.85 pum.

3. A dust-proof £film which is ‘made of a material
containing a cellulose ester and whose transmittances of
light having a wavelength of 365 nm and a wavelength of 436
nm are 98% or more, respectively.

4. A dust-proof film according to claim 3, wherein said
cellulose ester is cellulose propionate whpse weight average
molecular weight using polystyrene as a reference is 60,000 -
470, 000.

5. A dust-proof film according to claim 3, wherein said
film thickness falls in any of the following ranges: 1.45-
1.48 pm, 2.18-2.21 pm, 2.92-2.95 pm, 3.65-5.68 pum, and

4.39-4.41 pm.




