
DESCRIPTION Title of Invention PELLICLE MEMBRANE 5Technical Field [0001]The present
invention relates to pellicle membranes and processes of manufacturing the same. Background Art
[0002] The manufacture of semiconductor devices such as LSIs uses 10  lithography technology to
form patterns on semiconductor wafers. More specifically, exposure light is directed through a
patterned exposure substrate onto a photoresist film deposited on the semiconductor wafer, to transfer
the pattern onto the semiconductor wafer. When there are dust particles attached to the exposure
substrate, 15  it may result in, for instance, the deformation of the transferred pattern, giving rise to
reduced semiconductor device performance or reduced manufacturing yield. Therefore, a pellicle - a
dustproof cover that exhibits very high light transmittance - is attached to the surface of the exposure
substrate in order to avoid possible attachment of dust 20 particles to the exposure substrate. Even
when dust particles are attached to the pellicle, deformation of the transferred pattern does not occur
because exposure light has been focused on the exposure substrate. [0003]By way of example, as
illustrated in FIG.3, pellicle 10 includes 25pellicle membrane 12 that is transparent to exposure light,
and pellicle frame 14 having pellicle membrane 12 attached.The material of pellicle membrane 12 is
typically nitrocellulose, cellulose acetate or 1  fluorine resin, for example.The material of pellicle frame
14 is 



typically aluminum, stainless steel or polyethylene, for example. Pellicle membrane 12 and pellicle
frame 14 may be bonded together via adhesive layer 13. 5[0004]Pellicle 10 further includes sticky
layer 15 provided on the bottom part of pellicle frame 14.Pellicle 10 is attached to an exposure
substrate via sticky layer 15.Sticky layer 15 is made of a binder such as polybutene resin, polyvinyl
acetate resin, acrylic resin or silicone resin.Pellicle 10 may further include a releasable layer (not
10shown) for protecting sticky layer 15. [0005]For a high lithography resolution, the wavelength of the
exposure light needs to be shortened.Currently, far ultraviolet light (KrF excimer laser (wavelength:
248 nm)) has been used as exposure light, with vacuum-ultraviolet light (ArF excimer laser (193 nm))
being 15 increasingly used. Because short-wavelength exposure light carries high photon energy,
pellicles become prone to photodeterioration or photo decomposition. [0006] As pellicle membranes
are made of organic material, they are particularly prone to photodeterioration or photodecomposition
owing 20  to the increasing usage of shorter wavelengths for exposure light. Photodeterioration or
photodecomposition of the pellicle membrane results in a problem of reduced thickness and therefore
diminished exposure light transmittance. This also triggers radical-induced cleavage and
recombination of polymer chains in the pellicle membrane, 25 resulting in changes in the refraction
index of the polymer. These changes in light transmittance or refraction index leads to reduced
patterning precision.  [00071Approacheshavebeenproposedtolimitsuch 



photodeterioration or photodecomposition of pellicle membranes. One proposed approach involves
treating a pellicle membrane, which is composed of an amorphous perfluoropolymer, with fluorine gas
on its  5 surface to form thereon a fluorinated layer that limits photodeterioration or
photodecomposition (sec Patent Literature 1). Another proposed approach involves fluorinating
terminal groups of an amorphous perfluoropolymer of an amorphous perfluoropolymer-based pellicle
membrane to limit photodeterioration or photodecomposition.  10 Fluorination of the polymer's terminal
groups is reportedly accomplished by blowing a mixture gas of fluorine gas and inert gas into a
fluorine-containing solvent solution containing amorphous perfluoropolymer (see Patent Literature 2).
15Citation List Patent Literature [0008] [PTL 1] Japanese Patent Application Laid-Open
No.2000-258895 [PTL 2] Japanese Patent Application Laid-Open No.2000-275817 20 Summary of
Invention Technical Problem [0009]As described above, pellicle membranes may experience
photodeterioration or photodecomposition by exposure light used in  25 lithography. Approaches have
been proposed to limit photodeterioration or photodecomposition, e.g., forming a fluorinated layer on
the membrane's surface or fluorinating polymer's terminal  groups; however, these methods require a
special treatment that uses fluorine gas, which not only makes the manufacturing process of pellicle
membranes cumbersome and complicated, but may allow foreign particles to adhere to the pellicle
membrane during the fluorine 5gas treatment. 



10010,1It is therefore an object of the present invention to achieve simple manufacture of pellicle
membranes that undergo limited photodeterioration or photodecomposition by exposure light.
10Solution to Problem [0011]The inventor established that pellicle membranes that contain a specific
amount of fluorine-containing solvent undergo limited photodeterioration or photodecomposition by
exposure light.On the other hand, pellicle membranes may typically be manufactured by 15applying
solutions of materials of the pellicle membrane (e.g.,
fluorinatedresinssuchasamorphousfluoropolymers)in fluorine-containing solvents by spin coating to
form coated films, and drying the coated films.The inventor then established that pellicle
membranesthatundergolimitedphotodeteriorationor 20photodecomposition can be readily
manufactured by adjusting the conditions under which the coated films are dried. [0012]Namely, a first
aspect of the present invention relates to pellicle membranes and pellicles given below. [1]A pellicle
membrane for lithography, including: 25an amorphous fluoropolymer; and 



a fluorine-containing solvent in an amount of 5 to 800 ppm by weight.   [2] The pellicle membrane
according to [1] wherein the amorphous fluoropolymer is an alicyclic perfluoropolymer having a cyclic
structure in a backbone thereof.  [3] Thepelliclemembraneaccordingto[1],whereinthe
5fluorine-containing solvent is capable of dissolving the amorphous fluoropolymer.  [4] The pellicle
membrane according to[3],wherein the fluorine-containing solvent is a perfluoroalkylamine.    [5] The
pellicle membrane according to [1], wherein a wavelength of 10lithography exposure light for the
pellicle membrane for lithography is 200 nm or less.  [6] A pellicle including: the pellicle membrane
according to [1]; and           a pellicle frame having the pellicle membrane attached thereto. 15[0013] A
second aspect of the present invention relates to a process of manufacturing a pellicle membrane
given below.  [7] A process for manufacturing a pellicle membrane, including:         step A of depositing
a coated film from a solution containing an amorphous fluoropolymer and a fluorine-containing solvent;
and 20step B of removing the fluorine-containing solvent contained in 



the coated film, wherein in step B the fluorine-containing solvent is allowed to remain in the coated film
in an amount of 5 to 800 ppm by weight. 75Advantageous Effects of Invention [0014]A pellicle
membrane according to the present invention undergoes limited photodeterioration or
photodecomposition by 5  employed for lithography using short-wavelength exposure light (e.g., ArF
vacuum-ultraviolet light (ArF exci er laser (193 nm))), patterning precision can be maintained for a long
period of time. Moreover, the pellicle membrane according to the present invention can be simply
manufactured without having to add a special treatment step in a typical manufacturing process. Brief
Description of Drawings LO[0015]         FIG.1 is a graph of reduction amount of pellicle membrane
thickness vs. irradiation energy on the pellicle membrane, for different fluorine-containing solvent
contents in the pellicle membrane; FIG.2 is a graph of irradiation energy required to reduce the 15light
transmittance of pellicle membrane by a specific amount vs. amount of fluorine-containing solvent in
the pellicle membrane; FIG.3 is an illustration of a structure of a pellicle;         F1G.4 is another graph
of reduction amount of pellicle membrane thickness vs. irradiation energy on the pellicle membrane,
for different 20fluorine-containing solvent contents in the pellicle membrane; and 



FIG.5 is still another graph of reduction amount of pellicle membrane thickness vs. irradiation energy
on the pellicle membrane, for different fluorine-containing solvent contents in the pellicle membrane.
25 Description of Embodiments [0016]Pellicle membrane           A pellicle membrane according to the
present invention contains an amorphous fluoropolymer as a main component. The term "amorphous"
as used herein means that no distinct diffraction phenomena are seen by X-ray diffraction. This is
because amorphous fluoropolymers exhibit high transmittance for excimer lasers as well as has
solubility in solvent. It is required that the amorphous fluoropolymers be such resins that enable
designing of pellicle membrane thickness that allows at least 99% of 193 nm-wavelength light to pass
through. Moreover, the amorphous fluoropolymers are 10required to exist as self-sustaining
membranes when formed into films having a thickness of 1 pm or less.The term "self-sustaining
membrane means a membrane that displays no wrinkles or slacks when attached to a pellicle frame.
[00]7]Theamorphousfluoropolymersmaybealicyclic 15  perfluoropolymers having a cyclic structure in
the backbone or may be linear perfluoropolymers free from any cyclic structure in the backbone.
[0018] The alicyclic perfluoropolymers having a cyclic structure in the backbone may be, for example,
polymers having as a repeat unit a cyclic perfluoroether moiety having the formula shown below.
20Specific examples of the aticyclic perfluoropolymers are given in JP-A No.2000-275817 and other
literatures.Reference may be made to such literatures.   where m is 0 or 1; and n is in the range of 10
to 1 x 104 [0019] Examples of the alicyclic perfluoropolymers include CYTOP (Asahi Glass, Co., Ltd.). 



[0020] The linear perfluoropolymers free from any cyclic structure in the backbone may be, for
example, polymers having a repeat unit having the formula shown below. Specific examples of the
linear perfluoropolymers are given in JP-A No.2003-057803 and other literatures. Reference may be
made to such literatures. xi X3 II cc II )(2 (CX4X5)a(C-0)b(0)c-Rf where X1 and X2 independently
represent H or F; X represents El, F, CH3 or CF3; X4 and X5 independently represent II, F or CF3;
and a, b, and c are independently 0 or 1 When a is 0, Rf represents at least one group selected from
15 C4-100 linear or branched fluoroalkyl groups in which at least one hydrogen atom of C4100 alkyl
groups is replaced by a fluorine atom or C4_100 linear or branched ether linkage-containing fluoroalkyl
groups in which at least one hydrogen atom of C4-103 alkyl groups is replaced by a fluorine atom.
When a is 1, Rf represents at least one group selected  from C3_99 linear or branched fluoroalkyl
groups in which at least one hydrogen atom of C3_99 alkyl groups is replaced by a fluorine atom or
C3_99 linear or branched ether linkage-containing fluoroalkyl groups in which at least one hydrogen
atom of C3_99 alkyl groups is replaced by a fluorine atom. [0021]A pellicle according to the present
invention contains a fluorine-containing solvent together with the amorphous fluoropolymer. There is
no particular limitation on the fluorine-containing solvent as long as it is capable of dissolving the
amorphous fluoropolymer. 10[0022]The fluorine-containing solvent may be either aliphatic or aromatic
compound.Examples of the aliphatic fluorine-containing
solventincludeCH3CCl2F,CF3CF2CHC12,CCIF2CF2CHCIF, perfluorohexane, pet luoroalkylamines
such as perfluorotributylamine, perfluoro(2-butyltetrahydrofuran),methoxy-nonafluorobutane, 



15 fluorine-containing alcohols, CICF7CFCICF2CFC12, tridecafluorooctane, decafluoro
3-methoxy-4(trifluoromethyl)pentane, and mixture solvents thereof. [0023]Examples of the aromatic
compound to be used as the fluorine-containing solvent include 1,3-bistrifluoromethyl benzene,
20benzotrifluoride, perfluorobenzene, and mixture solvents thereof. [0024] The fluorine-containing
solvent preferably has a boiling point of 100C or above, most preferably about I80C.It is difficult with
fluorine-containing solvents having boiling points below 100C to apply amorphous fluoropolymer
solutions by spin coating to form coated films 25 with uniform thickness. The reason for this is that
these solvents vaporize during spinning. Moreover, there are cases where the dried film exhibits
cloudiness or orange peel surface (i.e., irregularities on 9  the surface).In the case of
fluorine-containing solvents having too high boiling points, on the other hand, it takes longer time for
coated films prepared from amorphous fluoropolymer solutions to dry, and therefore, the coated films
may have non-uniform thickness. 5[0025] Preferred examples of the fluorine-containing solvent include
perfluoroalkylamines,withperfluorotrialkylaminesbeingmore preferable, and perfluorotributylamine
being most preferable. [0026] The fluorine-containing solvent content in the pellicle membrane
according to the present invention is preferably 5 to 800 ppm 10 by weight, more preferably 15 to 800
ppm by weight. When the fluorine-containing solvent content is too low, it may result in failure to
sufficiently limit photodeterioration or photodecomposition of the pellicle membrane caused by
exposure light, leading to, for example, reduced light transmittance. On the other hand, when the 15
fluorine-containing solvent content is too high, the resultant pellicle membrane tends to have non
-uniform thickness and thus exhibits color unevenness, imposing a negative impact on the
performance of lithography. [0027]The fluorine-containing solvent content in the pellicle 



20 membrane may be measured by headspace gas chromatography/mass spectrometry (GC/MS).
More specifically, measurement may be done by loading the material of the pellicle membrane into a
glass tube, heating the material to gasify the fluorine-containing solvent, and subjecting the gasified
solvent to quantification by GC/MS. 25[0028]The thickness of the pellicle membrane according to the
present invention is preferably set to 1 um or less.Preferably, the thickness of the pellicle membrane is
precisely set according to the  wavelength and incident angle of exposure light such that light
transmittance due to optical interference effect becomes high. [00291The thickness of the pellicle
membrane needs to be set extremely precisely, e.g., with nanometer precision. The reason for 5this
that Light transmittance of the pellicle membrane greatly varies even with slight (i.e., nanometer)
changes in thickness. Therefore, changes in the thickness of the pellicle membrane during usage
should be limited as much as possible. The conventional pellicle membranes, however, exhibit a
thickness change (i.e., reduction) when irradiated LO with exposure light for a long period of lime. The
thickness reduction rate tends to increase especially when irradiated with short-wavelength exposure
light. The conventional pellicle membranes thus suffer from a drawback of shorter life. The pellicle
membrane according to the present invention is less likely to undergo a thickness reduction even
15when irradiated with short-wavelength exposure light, and therefore, has longer life. [0030] There
are no particular limitations on the mechanism by which the photodeterioration or photodecomposition
of the pellicle membrane according to the present invention islimited; there are two possible
20mechanisms: 1) Stabilization of radicals, which are generated by cleavage of the C-C linkage or C-F
linkage in the polymer by irradiation with exposure light, by the fluorine-containing solvent 



Radicalscanbestabilizedparticularlywherea 25 perfluorotrialkylamine is employed as the
fluorine-containing solvent, because the electron density of the lone electron pair on the nitrogen atom
is considered to be reduced by the perfluoroalkyl group.  2) Action of the fluorine-containing solvent as
a light absorber         Most of the exposure light directed onto the pellicle passes through the pellicle
membrane, but some of the exposure light is absorbed in the pellicle membrane.The
fluorine-containing solvent is 5considered to absorb the exposure light absorbed in the pellicle
membrane. The exposure light absorbed by the pellicle membrane is considered to be responsible for
the deterioration of the polymer in the pellicle membrane. [0031] The pellicle membrane according to
the present invention is 10attached to a pellicle frame to manufacture a pellicle, as are the
conventional pellicle membranes.F1G.3 is a schematic illustration of a pellicle.Pellicle frame 14 may
be any of the conventional pellicle frames which may be made of aluminum, stainless steel or
polyethylene. 15[0032]A pellicle that includes the pellicle membrane according to the present invention
may be used to protect an exposure substrate in the lithography process, as are the conventional
pellicles. The pellicle according to the present invention is used particularly in the lithography process
where short-wavelength exposure light is employed. 20Short-wavelength exposure light is, for
example, vacuum-ultraviolet light having a wavelength of 200 urn or less.Examples of the
vacuum-ultraviolet light include ArF excimer laser (wavelength: 193 



nm). Because of its high photon energy, short-wavelength exposure light tends to cause
photodeterioration or photodecomposition of 25pellicle membranes, which are used for a long period
of time. [0033]Photodeterioration or photodecomposition of a pellicle membrane means, for example, a
reduction in membrane thickness.  The thickness reduction amount of the pellicle membrane
according to the present invention, upon irradiation with ArF excimer laser at a radiation density of 1
mJ/cm2/pulse (pulse frequency: 500Hz) to a total dose of 20 kJ/cm2, is generally 4 nm or less,
preferably 2.5 nm or less.  5 [0034] Photodeterioration or photodecomposition of a pellicle membrane
also means, for example, a reduction in light transmittance of the pellicle membrane. The irradiation
dose (irradiation intensity rnJ/cm2/pulse (pulse frequency: 400Hz) ) that is required to cause a
reduction in light transmittance of the pellicle membrane according to  10 the present invention from
99.7T% to 98.0T% for ArF excimer laser is generally 40 kJ/cm2 or more, preferably 60 kJ/cm2 or
more. [0035]Process of manufacturing pellicle membrane         A process according to the present
invention for manufacturing a pellicle membrane includes: 1) step A of depositing a coated film from
15 a solution containing an amorphous fluoropolymer and a fluorine-containing solvent; and 2) step B
of removing the fluorine-containing solvent contained in the coated film.    [0036] In step A, an
amorphous fluoropolymer, a main component of a pellicle membrane, is first dissolved into a
fluorine-containing solvent  20 to afford a solution. A portion of the fluorine-containing solvent may be
allowed to remain in the resultant pellicle. There are no particular limitations on the concentration of
the amorphous fluoropolymer in the solution; the concentration may be set such that the solution has a
viscosity at which a uniform coated film can be deposited, which is  25 generally 1 to 20wt%,
preferably 5 to 15wt%. The solution thus prepared is preferably filtrated through a filter to remove
foreign material.  [0037] A coated film is then deposited from the solution containing the amorphous
fluoropolymer and fluorine-containing solvent. Deposition may be accomplished by, for example, spin
coating. The substrate to be coated is, for example, a silicon substrate or a quartz glass substrate. The
deposition amount may be appropriately set according to a desired thickness of the pellicle membrane
to be manufactured. [0038]The fluorine-containing solvent is then removed from the 



deposited coated film.Solvent removal may be accomplished by 10 heating the coated film for drying.
There are no particular limitations on the heating temperature; it may be set in the range of 10017 to
200C. [0039]Upon removal of the fluorine-containing solvent from the
coatedfilm,itispreferabletoallowaportionofthe 15 fluorine-containing solvent to remain in the coated film
More specifically, the fluorine-containing solvent is allowed to remain in the coated film in an amount of
5 to 800 ppm by weight, preferably 15 to 800 ppm by weight. The residual amount of the
fluorine-containing solvent may be controlled by adjusting the heating temperature or 20 heating time
in the drying step. A pellicle membrane according to the present invention can be obtained by peeling
the coated film, which contains a desired amount of the fluorine-containing solvent, off the substrate.
[0040] On the other hand, when the coated film is allowed to contain 25 less than the desired amount
of the fluorine-containing solvent upon solvent removal, a pellicle membrane according to the present
invention can be obtained by placing the coated film in a fluorine-containing  solvent atmosphere for
solvent absorption.In some cases, however, this step is not preferable as it increases the number of
steps in the manufacturing process. 5Examples [0041] The present invention will now be described in
more detail with reference to Examples, which however shall not be construed as limiting the scope of
the present invention. [0042] (Examples 1 to 7, Comparative Examples I to 4) 10An amorphous
fluoropolymer CYTOP (code: CHX809SP2, Asahi Glass, Co., Ltd.) was dissolved into a
fluorine-containing solvent perfluorotributylamine (EFL-174S, Tohkem Products, Corporation) to afford
a solution containing 6wt% polymer. The solution thus obtained was filtrated through a
polytetrafluoroethylene (PTFE) membrane filter 15(pore size: 500 nm) to afford a filtrate deprived of
foreign material. [0043] The filtrate thus obtained was applied onto a surface of a quarts glass
substrate (25 cm x 25 cm) by spin coating (spin speed: 700 rpm, spin time: 60 seconds) to deposit a
coated film. 



[0044] The coated film formed on the substrate surface was heated to 20 165T in a clean oven. The
heating time was adjusted as shown in Table 1 below (in the range of 80 to 400 seconds) to produce a
dried film. After drying, a resin -made peeling ring was attached to the dried film on the substrate
surface, and the dried film was peeled off the substrate to provide a pellicle membrane. The pellicle
membrane thus 25obtained had a thickness of 829 nm. [0045] The amount of the fluorine-containing
solvent contained in the pellicle membrane was measured by headspace GC/MS.More  specifically,
measurement was done by loading 100g of the membrane material into a glass tube, heating the
material at 180C for 3 minutes to gasify the fluorine-containing solvent contained in the pellicle
membrane, and quantifying the gasified fluorine-containing solvent 5content. Measurement results are
given in Table 1. [0046]Measurementcondition(1)Measurement fluorine-containing solvent content
GC/MS equipment: 6890/5973-GC-MS (Agilent Technologies) Column: HT-1 10Temperature program:
heating from 40C to 320T at a heating rate of 15t/min, and retained at 320C for 5 minutes. [0047] (2)
Membrane thickness measurement Photo Detector System MCPD-7000 (Otsuka Electronics, Co.,
Ltd.) 15Light transmittances for light having wavelengths of 180 nm to 400nm were measured, and the
membrane thickness was measured with fitting simulation of the light transmittance peak by
multiple-beam interferometry based on the relationship between the refraction index of the material
and light transmittance. 



20[0048](3) Light transmittance measurement Photo Detector System MCPD-7000 (Otsuka
Electronics. Co., Ltd.) Light transmittance was measured for 193 ntn-wavelength light. [0049] 25Table
1  Ex.1 350 7 Ex.2 300 17 Ex.3 280 25 Ex.4  250 



64 Ex.5 210 104 Ex.6 150 480 Ex.7 125 800 Comp. Ex.3 100 1,013 Comp. Ex.4 80 2,300  [0050] Each
of the pellicle membranes prepared in Examples I to 7 and Comparative Examples 1 to 4 was
irradiated with AI+ excimer laser. The irradiation density was set to 1 cm2/pulse, and laser oscillation
frequency to 500 Hz. 



[0051]The graph shown FIG.1 is a graph of reduction amount of pellicle membrane thickness (Y axis)
vs. irradiation energy of ArF excimer laser (X axis). The data for Comparative Example 1 (solvent
content: 0.5 ppm by weight) is denoted by blank diamond; the data for Comparative Example 2
(solvent content: 1.8 ppm by weight) by solid 10 square; the data for Example 1 (solvent content: 7
ppm by weight) by blank triangle; the data for Example 2 (solvent content: 17 ppm by weight) by solid
diamond; the data for Example 3 (solvent content: 25 ppm by weight) by solid triangle; the data for
Example 4 (solvent content: 64 ppm by weight) by blank circle; the data for Example 6 15 (solvent
content: 480 ppm by weight) by blank square; the data for Example 7 (solvent content: 800 ppm by
weight) by solid circle; the data for Comparative Example 3 (solvent content: 1,013 ppm by weight) by
X; and the data for Comparative Example 4 (solvent content: 2,300 ppm by weight) by asterisk. It can
be seen that the reduction amount 20 of membrane thickness decreases increasing solvent content.
When the fluorine-containing solvent content exceeds 800 ppm by weight, the pellicle membrane
exhibited color unevenness on its  surface. [0052] The reduction amount of membrane thickness was
determined as follows: in the manner as described above, light transmittances for light having
wavelengths of 180 nm to 400nm were measured followed 5 by measurement of the membrane
thickness based on the relationship between the refraction index of the material and light
transmittance, and the difference in membrane thickness between before and after ArF excimer laser
irradiation was found. [0053] The graph shown in FIG.2 is a graph of irradiation energy 10 required to
cause a reduction in light transmittance of the pellicle membrane from 99.7T% to 98.0T% for ArF
excimer laser vs. fluorine-containing solvent content (ppm by weight) in the pellicle membrane. It can
be seen that the higher the fluorine-containing solvent content, the higher the required irradiation dose,
i.e., the less it 15 is likely that light transmittance decreases. However, as described above, when the
fluorine-containing solvent content exceeds 800 ppm by weight, the pellicle membrane exhibited color
unevenness on its surface. [0054] The pellicle membrane prepared in Comparative Example 4 20 that
exhibited color unevenness on its surface was measured for thickness distribution across its surface.
Measurements were made on 49 equally-spaced points within a 112 mm x 139 mm region positioned
at least 5 mm inward from the edges of the pellicle frame. The measurement results indicate that
membrane thickness variation was 25large, with a maximum membrane thickness and a minimum
membrane thickness being 835.3 nm and 824.8 nm, respectively.It can be 



deduced that color unevenness was caused by membrane thickness  variation. [0055] (Comparative
Example 5)         A pellicle membrane was prepared in the same manner as in Example 1 except that
drying temperature was set to 1501C and drying 5 time to 20 minutes. In the same manner as in
Example 1, the fluorine-containing solvent contained in the pellicle membrane was gasified, and the
amount of the gasified fluorine-containing solvent was measured. The fluorine-containing solvent
content was 0.7 ppm by weight. 10[0056] (Comparative Example 6)         A pellicle membrane was
prepared in the same manner as in Example 1 except that drying temperature was set to 1801C and
drying time to 5 minutes. the same manner as in Example 1, the fluorine-containing solvent contained
in the pellicle membrane was 15 gasified, and the amount of the gasified fluorine-containing solvent
was measured. The fluorine-containing solvent content was 0.7 ppm by weight. [0057] The conditions
used in Comparative Examples 5 and 6 are conditions commonly used for the manufacture of pellicle
membranes. 20 Under such conditions commonly used for the manufacture of pellicle membranes, the
fluorine-containing solvent content in the pellicle membrane was below 5 ppm by weight. [0058]
(Examples 8 to 11, Comparative Example 7) Pellicle membranes were prepared in the same manner
as in 25 Example 1 except that the spin coating condition was changed and that the drying
temperatures and drying times given in Table 2 were used. The pellicle membranes obtained had a
thickness of 281 nm. In the  same manner as in Example I, the fluorine-containing solvent contained in
the pellicle membrane was gasified, and the amount of the gasified fluorine-containing solvent was
measured.The fluorine-contain solvent contents are given in Table 2. 



5[0059] Table 2  Drying temp. (CC) Drying time (sec) Fluorine-based solvent content (22211 by
weight) Comp. Ex.7 165 380 3 Ex.8 165350 7 Ex.9 165320 



13 Ex.10 165 29016 Ex.11 165 26027  [0060] Each of the pellicle membranes prepared in Example 11
and Comparative Example 7 was irradiated with ArF excimer laser in the same manner as in Example
1. The irradiation density was set to 1 10mJ/cm2/pulse, and laser oscillation frequency to 500 Hz.
[0061] The graph shown in FIG.4 is a graph of reduction amount of pellicle membrane thickness (Y
axis) vs. irradiation energy of ALE excimer laser (X axis). The data for Comparative Example 7
(solvent content: 3 ppm by weight) is denoted by solid diamond; and the data for 15 Example 11
(solvent content: 27 ppm by weight) by solid square. It was established that even when the membrane
thickness was reduced, the increased residual solvent content limited a reduction in membrane
thickness. [0062] (Examples 12 and 15) 20The pellicle membrane prepared in Comparative Example 2
was allowed to absorb a fluorine-containing solvent through the procedure described below.
(Procedure)          The pellicle membrane prepared in Comparative Example 2 was placed in a 6,800
ml sealed glass container followed by the addition of solvents given in Table 3 in amounts specified in
Table 3. After conditioning the solvent atmosphere, the pellicle membrane was 



5 allowed to stand for 24 hours. The amount of the solvent absorbed in the pellicle membrane was
measured by GC/MS equipment in the same manner as in Example 1. The types and added amounts
of the fluorine-containing solvents, and the amounts of the fluorine-containing solvents absorbed in the
pellicle membrane are given in Table 3. 10(Fluorine-based solvents) Solvent 1:
1,1,1,2,2,3,3,4,4,5,5,6,6-tridecafluorooctane (AC-6000, Asahi Glass Co., Ltd.); boiling point: 114C
Solvent 2: 151,1,1,2,2,3,4,5,5,5-decafluoro-3-methoxy-4(trifluoromethyl)-pentane (CT-solv.100E, Asahi
Glass Co., Ltd.); boiling point: 97C [0063] Table 3    [0064] Each of the pellicle membranes prepared in
Examples 13 and 70 15 was irradiated with ArF excimer laser in the same manner as in Example 1.
The irradiation density was set to 1 mJ/cm2/pulse, and laser oscillation frequency to 500 Hz. The
graph shown in RIG.5 is a graph of reduction amount of pellicle membrane thickness (Y axis) vs.
irradiation energy of ArF exchner laser (X axis). The data for 21  Comparative Example 2 (solvent
content: 1.8 ppm by weight) is denoted by solid diamond; the data for Example 13 (solvent content: 32
ppm by weight) by solid square; and the data for Example 15 (solvent content: 23 ppm by weight) by
solid triangle. It can be seen that as long as 5 such fluorine-containing solvents that can dissolve
amorphous ftuoropolymers are used they limit a reduction in membrane thickness and therefore
improve lightfastness with increasing solvent content, regardless of their types. 



10Industrial Applicability [0065]A pellicle membrane according to the present invention undergoes
limited photodeterioration or photodecomposition even when used in a lithography pellicle for
short-wavelength exposure light (e.g., vacuum-ultraviolet light (ArE excimer laser (193 nm))), thus 15
contributing to longer pellicle life. Moreover, the pellicle membrane according to the present invention
can be simply manufactured without having to add a special treatment step in the conventional
manufacturing process for pellicle membranes. 20Reference Signs List [0066] 10 Pellicle 12 Pellicle
membrane 13 Adhesive layer 2514 Pellicle frame 15 Sticky layer  CLAIMS Claim 1 A pellicle
membrane for lithography, comprising: an amorphous fluoropolymer; and a fluorine-containing solvent
in an amount of 5 to 800 ppm by 



5weight. Claim 2 The pellicle membrane according to claim I, wherein the amorphous fluoropolymer is
an alicyclic perfluoropolymer having a cyclic structure in a backbone thereof. 10 Claim 3 The pellicle
membrane according to claim 1, wherein the fluorine-containing solvent is capable of dissolving the
amorphous fluoropolymer. 15Claim 4 The pellicle membrane according to claim 3, wherein the
fluorine-containing solvent is a perfluoroalkylamine. Claim 5The pellicle membrane according to claim
1, wherein a       wavelength of lithography exposure light for the pellicle membrane for 20lithography
is 200 um or less. Claim 6 A pellicle comprising: the pellicle membrane according to claim 1; and a
pellicle frame having the pellicle membrane attached thereto. 25 Claim 7A process for manufacturing a
pellicle membrane, comprisIng:          step A of depositing a coated film from a solution containing an
amorphous fluoropolymer and a fluorine-containing solvent; and         step B of removing the
fluorine-containing solvent contained in the coated film,        wherein in step B the fluorine-containing
solvent is allowed to remain in the coated film in an amount of 5 to 800 ppm by weight. 




