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 phot®rEsigt RibPddpgdbited on the semiconductor wafer, to transfer
the pattern onto the semiconductor wafer. When there are dust particles attached to the exposure
substrate, Thtli¢ rahyl RestmEAP Hor instance, the deformation of the transferred pattern, giving rise to
reduced semiconductor device performance or reduced manufacturing yield. Therefore, a pellicle - a
dustproof dovbl tHal ExAbRYRK Hi 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
becausse e@%:m{gcléqhﬁp@%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 pellicledrame 14 faving pellicle membrane 12atachedql heamaterialpt palliclesnembane 12 is
typically nitrocellulose, cellulose acetate or 1 fluorine resin, for example.The material of pellicle frame

14 is 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 thréugh 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 — 2 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
25  pellicle membrane 12 that is transparent to exposure light, and pellicle
frame 14 having pellicle membrane 12 attached. The material of

pellicle membrane 12 is fypically nitrocellulose, cellulose acetate or

H



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 resimcacndic resin,orfsilicene rgsin.Pellldie 10 may:further ipeludela réteasabletlayer (not
10shown) for protecting sticky layer 15. [0005]For a high lithography resolution, the wavelength of the
exposure ligt feBds to!basRetenett. Culietitly sfae bitaviokt ligHhddm exciffér 1asenikivelength:
248 nm)) has been used as exposure light, with vacuum-ultraviolet light (ArF excimer laser (193 nm))
being 15 incrEHSgR) tRed 2BEchast shBRWAVRIEHYTF ekpodiire RgnPeadid Hgh Bidt nergy,
pellicles b%cf:ﬂ@%ereope to photodeterioration or photo decomposition. [0006] As pellicle membranes

are made or organic materia , they are particularly prone to photodeterioration or photodecomposition

owing 20 1o e jnreasing usage af sharerayalanaths (4 exposureslight, Photedstergration or

photodecomposition of the pellicle membrane results in a problem of reduced thickness and therefore
diminished,@xposure light yansmittance Thisealas triggees radicalindyged gleayage @ndan

recombination of polymer chains in the pellicle membrane, 25 resulting in changes in the refraction
index of thexpalymer. dilese ahardgessiri dight trarsmitfancd oiciefrdatien indexsleads to s¢duced
patterning precision. [00071Approacheshavebeenproposedtolimitsuch
binder such as polybutene resin, polyvinyl acetate resin, acrylic resin or
silicone resin., Pellicle 10 may further include a releasable layer (not
10 shown) for protecting sticky layer 13.
[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-wavetength cxposure light carries
high photon energy, pellicles become prone to photodeterioration or
photodecomposition.
[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.
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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 grigups7df an amdpghous pesfluotopalymércehan gmorphous perfluordpoiymershaked pellicle
membrane to limit photodeterioration or photodecomposition. 10 Fluorination of the polymer's terminal
groups is repetediycaceomptished bl Doy & afisttreyas of filotirve masdndisert gésiinto a
fluorine-containing solvent solution containing amorphous perfluoropolymer (see Patent Literature 2).
15Citation Ri8PPateht 1HRFARTE [0BO8] [STL 1T I5 anesealéRt ApBIidafidNGiddeR s
N0.2000-258895 LPTL 2[])Japanese Patent ApHication lraid-Qpen .l%ll?.%ooo-2758017 20 Summary of
Invention TECRRREAT Probidth OBESTAS deskiibed AR BRI Lie Fehbrae s fay ExBritiice
photogeterigiatian or photogapmpagiienfty exposuyig igfissfl in 29, inogiaphy. Apprpaches have

been proposed to limit photodeterioration or photodecomposition, e.g.; forming a fluorinated layer on

the membraneis skirfacs:ai fluprinating palIPes s issminakh grauRs; Poweyen thesg methpds require a
special treatment that uses fluorine gas, which not only makes the manufacturing process of pellicle

membranes corhbersome and eppplicatedpbut may fallowi foreigp particles tosadheke 4@ the pellicle
membrane during the fluorine 5gas treatment.
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).

15  Citation List
Patent Literature
[O008&]
[PTL 1] Japanese Patent Application Laid-Open No0.2000-258895

[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 cxposure light used in
25 lithography. Approaches  have  been  proposed to  limit

photodeterioration or photodecomposition, ¢.g., forming a fluorinated

layer on the membrane's surface or fluorinating polymer's terminal
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10010,11t 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 thiecotherchand cpellicle thedsbrangs may typicailyl ber manufactuked s dSapplying
solutions of materials of the pellicle membrane (e.g.,
fluorinatedfésingsuchasamaiphoustissropsipmens)irs flubhine-vomaitingsohents byespindoating to
form coated films, and drying the coated films.The inventor then established that pellicle
membranelti&ttideryblithited fhot6HBIEGEPAEBROrPOhhetdaEtEmMpesitioRtdan e reddiy™

manufactured hy adjusting the congitions under whjch the coated films are dried. [0012]Namely, a first
epect of (1 BHds A T ETon LA fo el BTt o BREBEILIES LR A oGO Tl pelice
memqanegfgg li%%%?@@’) including: 25an amorphous fluoropolymer; and

[0010] It is therefore an object of the present invention to achieve
simple manufacture of pellicle membranes that undergo limited

photodeterioration or photodecomposition by exposure light,

10 Solution to Problem
f0011] The inventor established that pellicle membranes that contain a
specific amount of {luorine-containing solvent wundergo limited
photodeterioration or photodecomposition by exposure light. On the
other hand, pellicle membranes may typically be manufactured by
£S5 applying solutions of materials of the pellicle membrane (e.g.,
fluorinated  resins such as  amorphous fluoropolymers) in
fluorine-containing soivents by spin coating to form coated films, and
drying the coated films. The inventor then established that peilicle
membranes that undergo limited photodeterioration or
20 photodecomposition 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 beiow.
[1] A pellicle membrane for lithography, including:
25 an amorphous fluoropolymer; and
a fluorine-containing solvent in an amount of 5 to 800 ppm by

weight.



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
membranejddcoriing o Bliwlkereimtive fluorine:codtaining solVenvisca perfidaroatkylgrimes  [5] The
pellicle membrane according to [1], wherein a wavelength of 10lithography exposure light for the
pellicle mefABPARE POV litEgrapRyis 200! HimP6r fé88 1 [EPAY Feflickinthedih g Yie pelidlel émbrane
according to [1]; and a pellicle frame having the pellicle membrane attached thereto. 15[0013] A
second aspBct &‘%bﬁ’rﬁgetﬂtei?ﬁ%%tion relates to a process of manufacturing a pellicle membrane

2 conted s rom & son HEH SAPtarIG Ah ARorpis0 TLarbpoiner and & AUSFH ban Aaing Soivent
g an amorphous fluoropolymer'and a fluorine-containing solvent;
and 2@sten £ 9f femeying, fiefluoring-cpptaining, SQVENt GPNA0EH Mg the amorphous
fluoropolymer.
4] The pellicle membrane according to [3], wherein the
fluorine-containing solvent is a perfluoroaltkylamine.
[5] The pellicle membrane according to |1}, whercin a wavelength of
10 lithography exposure light for the pellicle membrane for lithography is
200 nm or less.
[6] A pellicle including:
the pellicie 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
20 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.

25 Advantageous Effects of Invention
[0014] A pellicle membrane according to the present invention

undergoes limited photodeterioration or photodecomposition by
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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-ultrayiotetrkghti@@rk exciéclaser 193 nm))) waternihg predisiore can @ braintained for a long
period of time. Moreover, the pellicle membrane according to the present invention can be simply
manufactuteeiAfthiedt having 1o atba speciakirehfrhent stap in &t typisalonarufbabting @ocess. Brief
Description of Drawings LO[0015] FIG.1 is a graph of reduction amount of pellicle membrane

thickness va! frrddictiv At enkigy b(hl‘fﬁé bélﬁciéﬁ‘ﬁferﬁﬁi:éﬁb‘rfc}raaﬁfefér%ﬂLﬁ‘c’)‘ﬁﬁéacBﬁféﬁﬂﬁﬁ'@olvent

contents in the ellicle merQbrane FIG. st%grapp of |rrad|at(§)n ?neﬁ% req\wred to reduge the 15light
of fl

a1 maintaine E1ri1Q 13
transmittarice of pafficle membrane By 'a Spedifi¢ amotnt V5! Emdunt 8F fluoring c rﬁﬁmlﬁg solvent in

the pedlicle pamhrang . B 243 anllysiation of astryctre of apellide, ¢, Whefgraph
epeﬁl

of reductloﬁ amount of pellicle membrane thickness vs. wragqatlon energy on t cle membrane
for differeni,20fluaringreantaining, sal¥enk sortenia in thepeliclesnaniane: aNd a typical

manufacturing process.

Brief Description of Drawings
10 {0015]

FIG.1 is a graph of reduction amount of pellicle membrane
thickness vs. irradiation encrgy 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

15 light 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;

FIG.4 is another graph of reduction amount of pellicle membrane
thickness vs. irradiation energy on the pellicle membrane, for different

20 fluorine-containing solvent confents in the pellicle membrane; and

FI1G.5 is still another graph of reduction amount of pellicle
membrane thickness vs. irradiation emergy on the pellicle membrane,
for different fluorine-containing solvent contents in the pellicle
membrane.

25
Description of Embodiments

(0016} Pellicle membrane
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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 ¢hiche distimot diftractian phenomeha are:seen by Xardy diffractiomsThis is
because amorphous fluoropolymers exhibit high transmittance for excimer lasers as well as has
solubility irt8olVERR 1P Breguifédhap the mriorpiious flubrapolyinars beestch redihs thatienable
designing of pellicle membrane thickness that allows at least 99% of 193 nm-wavelength light to pass

3

through. MOtBEE HE amdrbhdis uobSpBIYmersans 10vRglirétPto Slaste sekiElsaimy
membranes when formed into film% [ ness of 1 pﬂjé)r less.The term "self-ﬁustaining

haying a thi
membrand’heARE' & MefiSrass thid dls:bfg‘% Qr!}:)ﬁ!\f{f/ﬁﬁk]lgg or slddRks \R/k?be%cgﬂﬁﬁh%ﬁl td A'Pdlficle frame.
[00]7TEheamprphoysiuer 9&%'%%@”}%%6?4&@{ elie {3 Rerfugranolymers having,a cyclip structure in
poly f “backbone.

: y¥
the backbone or rgla be linear pertfluor mers free from any cyclic structure in the

[0018] Theyalicyclin perfiugronalynagrs hiaving ajeyclic sirugtune in the hackpone, may be, far example,
polymers having as a repeat unit a cyclic perfluoroether moiety having the formula shown below.

20Specificiexamplesahthe atioyclicuparfluetapolynters ata given io iR ph Ne.2Q00-2£5811@nd other
literatures.Reference may be made to such literatures. where mis O or 1; and n is in the range of 10
to 1 x 104 feondj:Examileskofdhe dlieyclidiperfiuatogolshetdificlode IOV TOR (Asahil Glass, Co., Ltd.).
light to pass through. Moreover, the amorphous fluoropolymers are
10 required to exist as self-sustaining membranes when formed into films

L1

having a thickness of 1 um or less. The term “self-sustaining
membrane” means a membrane that displays no wrinkles or slacks when
attached to a pellicle frame.
[0017] The amorphous  fluoropolymers may be  alicyclic

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 perflooroether moiety having the formula shown below.

20 Specific examples of the alicyclic perfluoropolymers are given in JP-A
No0.2000-275817 and other literatures. Reference may be made to such

literatures.



[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 N0.2003-057803 and other literatures. Reference may be
made to such literatures. xi X3 Il cc I )(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 I, F or CF3;
and a, b,and care i r@ﬁ(y) or 1 When a is 0, Rf represents at least one group selected from

epend
15 C4-100 linear or ranche,if @alkyl groups in which at least one hydrogen atom of C4100 alkyl
groups is replaced by a flugrifie"atem or G4_100 linear or branched ether linkage-containing fluoroalkyl
groups in which at'Te st éls hydrod‘é’@ atom of C4-103 alkyl groups is replaced by a fluorine atom.
When a is 1, Rf représents at least onje group selected from C3_99 linear or branched fluoroalkyl
groups in which at least gne hydroge@gt_ of C3_99 alkyl groups is replaced by a fluorine atom or
C3_99 linear or branched ether Iinkége’-@ ntaining fluoroalkyl groups in which at least one hydrogen
atom of C3_99 alkyl groups is tgplaced by a.fluorine atom. [0021]A pellicle according to the present
invention contains a fluorine-cdraining selvent together with the amorphous fluoropolymer. There is
no particular limitation on the fluorine-containing solvent as long as it is capable of dissolving the
amorphousvileeropolyen 10[00r 3] The fluorinercantaining salventymiay' be either aliphatic or aromatic
compound.Examples of the aliphatic fluorine-containing

solventinclJg&CH 3CEX2Em G FR3CR2CHE 12, CE I 2C FRCH CiF pperiunrohekanie; et (UooaRkylamines

such as perfluorotributylamine, Eerfluoro(2-butyltetrahydrofuran),methoxy-nonafluorobutane,
(Asahi Glass, Co., Ltd.).

5 [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 belew. Specific examples of the linear
perfluoropolymers are given in JP-A No0.2003-057803 and other

literatures. Reference may be made to such literatures.

10
where X' and X° independently represent H or F; X° represents H, F,

CH; or CFj; X% and X° independently represent H, F or CF3; and a, b,

and ¢ are independently 0 or 1
When a is 0, Rf represents at least one group selected from
15 Cy4.qpe linear or branched fiuoroalkyl groups in which at least one
hydrogen atom of Cy.1p0 alkyl groups is replaced by a fluorine atom or
Ci.100 linear or branched ether linkage-containing fluoroalkyl groups in
which at least one hydrogen atom of Ci.ygg alky!l groups is replaced by a

fluorine atom. When a is 1, Rf represents at teast one group selected
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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 &iboHing pdint of 800C braatvané yin@sioprefeiably ialadutalB0C it isdifficult with
fluorine-containing solvents having boiling points below 100C to apply amorphous fluoropolymer
solutions bly¥spif&oatiHg 1 fornt-coatdd ims PEWRh Binifarhd thickhess. lide reasot dor this is that
these solvents vaporize during spinning. Moreover, there are cases where the dried film exhibits
cloudiness‘or trahge5e8F stirtdtie( & St gUEHiEs i & thEPANALARPHE Khse BiPS 1n
fluorine-containin lvents havjng too high boiling.paints, on the other hand, it takes longer time for
coated fiIm\g%r‘ﬂéllbglri%eﬁéqmoa{]rﬁo}}%%ﬁé%?Irgoarg%lgly(?nfe(?%ﬁ'BﬂJt‘f%g o ;paSnaStﬁéPeEf%cr L,ét e cbated films
may have pop;pniform,thickness. 5[0025] Preferred examples of the fluorine-containing solvent include
perfluoroalkylamines,withperfluorotrialkylaminesbeingmore preferable, and perfluorotributylamine

being mosy preferables (0924} dhe fluetingigontaining solyent cpntentinthe pellisle mgmbrane
according to the present invention is preferably 5 to 800 ppm 10 by weight, more preferably 15 to 800
ppm by wefght.r Whetttihe fluioring«artaining solvent-¢antend istao jdve.ut nayoresult indailure to
sufficiently limit photodeterioration or photodecomposition of the pellicle membrane caused by
exposure ligh¢eadingtg foriexamplerddtioad kghtt tranBmittances @l theiotherdiand; wisen the 15
fluorine-containing solvent content is too high, the resultant pellicle membrane tends to have non
-uniform thieR¥eds Hntfthas ExHibis {%b‘féphﬁ’é\%ﬁhés@?i%ﬁ&lﬁé AlHegamga Ymsact on the

periqpang pLijhooR, R9RTITRS fiomne coniaining sglvemconient iy tepelicle.

aromatic compound. Examples of the aliphatic fluorine-containing
solvent include CH;CCLF, CEF;CF,CHCL,, CCIF,CF,CHCIF,
perfluorohexane, perfluoroalkylamines such as perfluorotributylamine,
perfluoro(2-butyl tetrahvdrofuran), methoxy-nonafluorobutane,
15 fluorine-containing alcohols, CICF,CFCICF;CFCl,, tridecafluorooctane,
decafluoro 3-methoxy-4{trifivoromethyl)pentane, and mixture solvents
thereof.
[0023] Examples of the aromatic compound to be used as the
fluorine-containing solvent include 1,3-bistrifluoromethyl benzene,
20 benzotrifluoride, perfluorobenzene, and mixture solvents thereof.
[0024] The fluorine-containing solvent preferably has a boiling point
of 100°C or above, most preferably about 180°C. 1t is difficult with
fluorine-containing solvents having boiling points befow 100°C 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
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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 invértionispreferably settacduemadr Bss Prefecalbly;z thenthickrlesshof the pellicleomembrane is
precisely set according to the wavelength and incident angle of exposure light such that light
transmittaritie Buectd oytidHt inteferentdeceffélet bdtores hibhk §00281THe thigknkwss o thedellicle
membrane needs to be set extremely precisely, e.g., with nanometer precision. The reason for 5this
that Light tﬁéhgmit?aﬁeél&fckhéfﬁ@ﬂicmﬁéﬁmﬁeff P OLHEL BvER Wit BligHE (i & Ynafbfheter)
changes in Eh_icg\ess. t‘lilheE%‘g[guc be%%?s in_ttﬁyweickness of ghr%lpﬁlllilclﬁnmembrane during usage

¥} ore . ay AOoN-Unti CR8. o
should be fimiteéd &S mtich A% poSSsI he' conventional pe]I idle membranéd; however, exhibit a

thickngss ghanan (-5 (eguallpr) e Inadipd LRaNIRexpasie abi fohpono Aetiad of ime. The

thickness reduction rate tends to increase especially when irradiate short-wavelength exposure

light. The canventienal pellicha regmbranes thus suffes fram A drawhask of sharigtlife nJhe. pellicle
membrane according to the present invention is less likely to undergo a thickness reduction even

15when irradidted with shdrpwallelength expplurd tighte ang therefore.tbastonger life. [0030] There
are no particular limitations on the mechanism by which the photodeterioration or photodecomposition
of the pelli¢fedmebradé acciroingite- thepréseng invehtiontislinitgdntherie arghtwvo ppossibte
20mechanisms: 1) Stabilization of radicals, which are generated by cleavage of the C-C linkage or C-F

linkage in tHE POYATST BYSAEHBEIP W SiSESTe RYIRT BY thésibbritd Hotitaintey yihvenm
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 fluworine-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 I um or less. Preferably, the

thickness of the pellicle membrane is precisely set according to the

10



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
membraneywhut:3omet bf thedexpositrerdight issdbsarbed ip the: pellitig memibeanetfhe 1ight
fluorine-containing solvent is 5considered to absorb the exposure light absorbed in the pellicle
membranelI ThéBxijesgre dightiabsotbed! by thelpefiicte mEmbrdrecisncondidehed to be responsible for
the deterioration of the polymer in the pellicle membrane. [0031! The pellicle membrane according to
the present®\ehtion T f0dtiAEREES affellibie fREHE W mE TOFE a pefite, s de et

conventional 1peIIicI membr.an?s.FlG.S is a schematic illustration of a pellicle.Pellicle frame 14 may

be any of the CoRventidhal Pefiidie fames thicH AIEY bE Madl Gr aldMinunh " Stal Sy stEd or
polyetfylen, < 0082l pellels, atingludes ihepellile membianeyagearaind o ihe pgsent invention
el

& S .
may be used to protect an exposure substrate in ography process, a$ are the conventional

pellicles. Thepellclerrcoerding tothe prassht iayentinnis used;particwladydn the lithegsaphy process
where short-wavelength exposure light is employed. 20Short-wavelength exposure light is, for

example, vacug-uliraviolet ight hiaving favavetangthcofi20Qmurmer Bssirxamples ohthad
vacuum-ultraviolet light include ArF excimer laser (wavelength: 193
be limited as much as possible. The conventional pellicle membranes,
however, exhibit a thickness change (i.e., reduction) when irradiated
10 with exposure light for a long period of time. 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 uvndergo a thickness reduction even
15 when 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 is limited; there are two possible
20 mechanisms:
1) Stabilization of radicals, which are generated by cleavage of the C-C
tinkage or C-F linkage in the polymer by irradiation with exposure light,
by the fluorine-containing solvent
Radicals can be stabilized particularly where a
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.
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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 t the presertt iheefition, uporvintadiaition with Arf exeimghlasérs at Acnadiation 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 & feds. 06 [D034} Photsdeterisfdtioh Brophdtodletonipesifiehl ol peHitte membrane
also means, for example, a reduction in light transmittance of the pellicle membrane. The irradiation
dose (iradiafioh gﬁteﬁgﬁy PEIIERIS/pIS B GRS frétflien®M400H 2)! that 19 edtiifed 1®dadge a

cording to 10 the fPreselnt invention from

reduction Izr]@)sga“ hﬁﬁa% ?ml{éanc%ﬂfimg %?élhqlt?r?negqbr ee]iﬁ nE-contalnl e?ra%‘l’y‘é"o‘]lﬁf/%mz or

il Ev] 1€, | L LOLL
99.7T% to or ArF exXcimer laser 1S generally 4 cmZ or more, pre

more. J0035]Ragess of manufaciinginelicle mambraner ., A\BIACESS Aecording o ihe present

invention for manufacturing a pellicle membrane includes: 1) step A of depositing a coated film from
15 a solutign-gontaining anamerphaus fuesenolymer sad afluekingseontainingsalventeand 2) step B
of removing the fluorine-containing solvent contained in the coated film. [0036] In step A, an
amorphous dluerépotyimer, tec maip cariponefitot kepeliclei menibrang, 4 firstdissalyed inke a
fluorine-containing solvent 20 to afford a solution. A portion of the fluorine-containing solvent may be
allowed toremhithcirmthenfssultant 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 Whidd a driforRrébatsd MATERETBE desositid SwhicH 1S 25 Gerikraliyy £ 161 20wiss,

pref rﬁbly 5 to 15wt%. The sol tjoils thus prepared is Ere erably filrtrate(ithrough a filter to remove
fore% matehHi” {6039 A cB5tel fifm %a[ h d8pdRitad HH e &olfifibH Tontairing the ‘@horphous

fluoropolymer, 9@gtﬂgggve-gm@%%%?tvr%%Pep%sﬂ@gc%ax be pecomplished Plveulf;%fn%%mp'e’ spin

coating. The substrate to be coate or example, a silicon substrate or a quartz glass substrate. The

depositionameHnt raay he arprepriately set ageqrding 9@ desired tigknessafthe,pallicle membrane
to be manufactured. [0038]The fluorine-containing solvent is then removed from the

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.

20 Short-wavelength exposure light is, for example, vacuum-uliraviolet
light having a wavelength of 200 nm 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

25  pellicle membranes, which are used for a long period of time.

[0033] Photodeterioration or photodecomposition of a peilicle

membrane means, for example, a reduction in membrane thickness.
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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 specffitallyh theflusrinedeoritainirgrsoiventis dllowedlte remaimih theccoatadr filmdntan amount of
5 to 800 ppm by weight, preferably 15 to 800 ppm by weight. The residual amount of the
fluorine-coht&iniH§ SohNent Hidyl BE cohitblled By Sidjtistihg tRE hehting W8 fipETatUPS ©F 20 hetating time
in the drying step. A pellicle mer Eran according to the present invention can be obtained by peeling
the coated T WA EGIANS & deBNeaArmBUR oA IS ToHSESEANIG SaRbAt, S He Substrate.
[0040] On the otherhapg, whenithe soated film is,allowed.to confain 2 Iss than th desired amount
of the fluorine-containing solvent u%on solvent removal, a p”ei‘ﬁcfe’ membrane according {6 the present

invention cayyBg pbtaifgg, by Rlacing theLpatgd fi H}@J&L&ﬂﬂ?—&&mwin%,fsogfergaﬁqmphefe for

solvent absorption.In some cases, however, this step is not preferable as it increases the number of

steps in thexnanufactubng preeess, SoxampleslQ044] ke presantdnyantion wilk how pedescribed in
more detail with reference to Examples, which however shall not be construed as limiting the scope of

the presend fnsentier! {084 2] { Examaples 1Ttb </ i Corhparative &xafipled l:6«k) 10Amamprphous
fluoropolymer CYTOP (code: CHX809SP2, Asahi Glass, Co., Ltd.) was dissolved into a
fluorine-comaifing/ solleht (paruorbtrbugiaminé (BFIZ ) 74 S hTbhikerie RrAdudts SC6ApGTaALioN) to afford
a solution containing 6wt% polymer. The solution thus obtained was filtrated through a

polytetrafld&ibethifidnd(PHEE) FhiBraHa ifterAls (HsrePsiYd cboamim brafofd aoMitt8 dprived of
e melgtel 094 The e s isned g smaision acuisce s users
coated ﬁlr%enera]ly 40 kJ/em” or more, preferably 60 kJ/em? 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 fluoropelymer, 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 preferabiy filtrated through a filter to remove foreign

material.
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[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] tHuis7250bBtaimed dad a thickngssnofdd2® nim: J0045hiT he @amount of the fikonnegontaining
solvent contained in the pellicle membrane was measured by headspace GC/MS.More specifically,
measuremght was'doiid By foadihgCIO0E bf e metilbrané iratériat dntataigiass el heating the
material at 180C for 3 minutes to gasify the fluorine-containing solvent contained in the pellicle
membrane”4RE YULHRARY tHE g ASHRE ALSHHE-dhtdiRing SAEHESCORtENE NdEurem it results are
given in Tast%llgsjﬁggg46él\4easur%n%ntco _Oitriog)gl Mei%suzrlem. nt fluori :€o tainin%solvent content
GC/MS equipment: 6390/5973-6CMS (Allent Taehholdgies) Calutin-HT 1dTéntiEtaltire program:

heating fropm 4QC 19,3207, at a heglindrale gt Axy/mip, m&%re@a;egbaet 3;%&%&?3%@@5&[0047] (2)

.
Membrane thickness measurement Phgatlg Detector System MCPD-7000 ( ectronics, Co.,

Ltd.) 15Light dansmittances fardight having: wayelengths of 18Q nm te 49Qnm ywere measired, and the
membrane thickness was measured with fitting simulation of the light transmittance peak by

multiple-beamintecferondetry based on the relationship between the refraction index of the material
and light transmittance.
[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 100°C to
200°C.
[0039]  Upon removal of the fluorine-containing solvent from the
coated film, it 1is preferable to allow a portion of the
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
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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.1350 7 Ex.2 300 17 Ex.3 280 25 Ex.4 250

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.

5 Examples
[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)

10 An amorphous fluoropolymer CYTOP (code: CHX&E09SP2, 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
Tpm, spin time: 60 seconds) to deposit a coated film.

[0044] The coated film formed on the substrate surface was heated to

20 165°C 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 pecled off the
substrate to provide a pellicle membrane. The pellicle membrane thus

25 obtained 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
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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 | to 7 and Comparative Examples 1 to 4 was
irradiated with Al+ excimer laser. The irradiation density was set to 1 cm2/pulse, and laser oscillation
frequency to 500 Hz.

specifically, measurement was done by loading 100g of the membrane

material into a giass tube, heating the material at 180°C for 3 minutes
to gasify the fluorine-containing solvent contained in the pellicle
membrane, and quantifying the gasified fluorine-containing solvent
5 content. Measurement results are given in Table 1.
[00406] Measurement condition (1) Measurement of
fluorine-containing solvent content
GC/MS equipment: 6890/5973-GC-MS (Agilent Technologies)
Column: HT-1

10 Temperature program: heating from 40°C to 320°C at a heating

rate of 153°C/min, and retained at 320°C for 5 minutes.
[0047] (2) Membrane thickness mecasurement

Photo Detector System MCPD-7000 (Otsuka Electronics, Co.,
Ltd.)

15 Light 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 trangsmittance measurement

Photo Detector System MCPD-7000 (Otsuka Electronics, Co.,

Ltd.)
Light transmittance was measured for 193 nm-wavelength light.

[0049]

25  Table 1
Drying time (sec) Fluorine-bascd solvent content
ying tm (ppm by weight)
Comp. Ex.1 400 0.5
Comp. Ex.2 380 1.8
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[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 Weiglgg{py solid 10 square; the data?for Example 1 (solyent content: 7
ppm by weight) y"'zlar‘k riangte; tﬁ.&dat“ for m-by weight) by solid
diamond; the or-Exa 350l td-triangle; the data for
Example 4-{s Example 6 15 (solvent
content: 480 (selvent-content:. 800 ppm by
weight) bys 3 (so!‘}gﬁt content:-1,013-ppm by weight) by
X; and the dataf nt: 2,w(9 ppm-by-weight)-by asterisk. It can
be seen thathefe S ses-increasing-solvent content.
When the fiGSHRB-coRtdini
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nRess-on-its-surface- {0052} The uctiv%.’é?r?vu..t of-membrane thickness was
determined @ssfollowsairnthes masnge Ascdesesibed above, Jight fraasmittanceas §o& light kaving
wavelengths of 180 nm to 400nm were measured followed 5 by measurement of the membrane
thickness based omther peéfatiohship: betweenche redractionlindes of ittie Adieciat andlighter.
transmittance, and the difference in membrane thickness between before and after ArF excimer laser
irradiation Wag fotnd ! JOUBBIIFRS igraprshtvinth FIGLD fda qrapit ofirddiation enerdy tiotrequired to
cause a reduction in light transmittance of the pellicle membrane from 99.7T% to 98.0T% for ArF
excimer la E?%?ﬂﬁér%?egcﬁtgiﬁing solvent content (ppm by weight) in the pellicle membrane. It can
ib: SSh%enlgl@S{%I%& ig Ethe quoBinghcoown%aiylj@gﬁpl\{gnt contert, tQF i;icgéwlt?r tthe req%ired lrrggiation dose,

is li e'I§/ tﬁé?ﬁght’ transmittance decreases’ owever, 8§ 'dé8cribed lf’;{f:)ove, when the

fluorine-coptaining solyent contentexeaeds 80P npMJY weight. the, pellicle mempraie gxfibited color

unevenness on its surface. [0054] The pellicle membrane prepared in Comparative Example 4 20 that
exhibited coten HNEVeNass QNits surface, wammeasured fop thickness diskipution aerpssiits surface.
Measurements were made on 49 equally-spaced points within a 112 mm x 139 mm region positioned
at least 5 monimwardiromitive bdges gfithe pellickedramé yThéameasunement rasultsaindicate that
membrane thickness variation was 25large, with a maximum membrane thickness and a minimum
membrandihick ess eing 88818 i diesZa8 afT tespedtiVeppmchy becight) 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 scen that the reduction amount

20 of membrane thickness decreases with increasing solvent content.
When the fluorine-containing solvent content exceeds 800 ppm by

weight, the pellicle membrane exhibited color unevenness on Its
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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 she fgasified 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 indAé shmd anmdngsiimmEsamplet 1 exceptithat deyiny tdmperatire waseset toekB01C and
drying time to 5 minutes. the same manner as in Example 1, the fluorine-containing solvent contained

in the pelli@® Afdhbrane vdd 4 S eRdd! aénﬁﬁtﬁ%ré%@uﬁtbé’f\iﬁe gaditidd FRTAnE BbHaIing solvent

as meas The fluorine-contain I content w m by weight. [005 he conditions
o i ol B S B  A are Shh o S A e %V?%%é# ROLRS of pelors

membyancs, 20 UIdersueh condijons samment usedor hemanyfaguug of pellcle membranes, he

fluorine-containing solvent content in the e membrane was be ow 5 ppm 1by Welg Y [8058]

(ExampleSb%fqzééncgmp%aw@iﬁmmmf‘cZ) 5’?"{@@ REMBrANes Werg dgﬁ@p%@qw%éwe manner

as in 25 Example 1 except that the spin coating condition was changed and that the drying
temperaturesdane-de/ifg times givan dmbable: 2t weredseds The qellislerprembranes obtained had a

thickness of 281 nm. In the same manner as in Example I, the fluorine-containing solvent contained in
the pellicleemeimbraneswas gasifiedpand ahefamodint of the gasified fluorine-containing solvent was
measured.The fluorine-contain solvent contents are given in Table 2.
f0053] 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 soivent 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 umevenness on 1its 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
25 large, 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
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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

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 150°C 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 {luorine-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 180°C and drying
time to 5 minutes. In the same manner as in Example 1, the
fluorine-containing solvent contained in the pellicle membrane was
I5  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
mémbrane was below 5 ppm by weight.
(00581 (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
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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 ofiALE@xcimerilaske (Hwaxis).cThe datanforsCarpanativentxample 7
(solvent content: 3 ppm by weight) is denoted by solid diamond; and the data for 15 Example 11
(solvent coritetite 27epbii By nvighty by soid susafécdt waslestablished tiae Bvér vghenfilhd membrane
thickness was reduced, the mcreased residual solvent content limited a reduction in membrane
thickness. fb@%ﬁ‘]“(‘E)?é’rﬁb@ég P2 s S0 THE peNidE e Fhbrandsre Pareti if corhHmE Example 2
was allowed EC\’: QIE’SOEB] L{orhnr% cogtgén{?}gls%ye through the procedure described below.
(Procedures) e pe die*Miembrané prepare in Comparative Example 2 was placed in a 6,800
ml sealed g{ﬂ% ontainer 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
Table 2
Drying temp. Drying time Fluorine-based solvent conteat
("C) {sec) (ppm by weight)

Comp. Ex.7 165 384 3

Ex.8 165 350 7

Ex.9 165 320 13

Ex.10 165 290 16

Ex.11 165 260 27

[0060] Each of the pellicle membranes prepared in Example 11 and
Comparative Example 7 was irradiated with Ar¥F excimer laser in the
same manner as in Hxample 1. The irradiation density was set to 1
10 mJ/cm®/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 ArF
excimer laser (X axis). The data for Comparative Example 7 (solvent
content: 3 ppm by weight) is denoted by solid diamord; 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)
20 The pellicle membrane prepared in Comparative Example 2 was
allowed to absorb a fluorine-containing solvent through the procedure
described below.

{(Procedure)
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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 B, 6 tridedafluorodetane (AC6000, Asaho GBlassaCio.¢ Lk ynoplking 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. Aledy:doiling(pdine o7Csfou63] Thbie 301[0084] Eadhoof tde thellible ieribpanes prepared in
Examples 13 and 70 15 was irradiated with ArF excimer laser jn the same manner as in Example 1.
The irradiatfohy etisity Was skt td A0H/cmfhutsed Utk laseF oEdidtion fritfncy-to 8B0Hz. The
graph shownnithlG.S is a %raph o{ redrction amount of pellicle n%ﬁorinl?rane thicémess (Y axis) vs.

irradiation ShBFGY 8F KHE eXéhnetiasel (x AXIs) PRS data'fdF 2P Comisaraliv& EXaRinle™ {solvent

contest: 1.5 PR by welghihisydenoted iy, solid diampnd e data, orobxample g (salyent content: 32
ppm by weight) by solid square; and the data for Example 15 (solvent content: 23 ppm by weight) by

solid trianglge Ihean e seemthatas long asa suchfiyorinecontaining splventsithatcanfissolve
amorphous ftuoropolymers are used they limit a reduction in membrane thickness and therefore
improve lightfastaessswith inEreasipp:solvent thstent pregasdiessaaiitheir fypesats 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: 114°C
Solvent 2:
15 1,1,1,2,2,3,4,5,5,5-decafluoro-3-methoxy-4(trifluoromethyl)-pentane

(CT-solv.100E, Asahi Glass Co., Ltd.); boiling point: 97°C

[0063]
Table 3
Solvent Amount Fluorine-based solvent content
added (mg) (ppm by weight)
Ex.12 AC-6000 2 24
Ex.13 AC-6000 4 32
Ex.14 CT-so0lv.100FE 2 15
Ex.15 CT-solv.100FE 4 23

[0064] Each of the pellicle membranes prepared in Examples 13 and
20 15 was irradiated with ArF excimer laser in the same manner as in
Example 1. The irradiation density was set to 1 mJ/cm.?‘/pulse, and
laser oscillation frequency to 500 Hz. The graph shown in FIG.5 is a
graph of reduction amount of pellicle membrane thickness (Y axis) vs.

irradiation energy of ArF excimer laser (X axis). The data for
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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 simphnmanufactufechwitioul Raving:tot adchacspedial tigatment stepg i thie danvertional
manufacturing process for pellicle membranes. 20Reference Signs List [0066] 10 Pellicle 12 Pellicle
membrane> ¥3sAdibsiventayet: 2814 peliicle frdmemBIStiERy (aybr cCLAIV S Claid 1ok pelticle
membrane for lithography, comprising: an amorphous fluoropolymer; and a fluorine-containing solvent
in an amouht 6¥ Y goécﬂb%ware; 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
fluoropolymers are used, they limit a reduction in membrane thickness
and therefore improve lightfastness with increasing solvent content,

regardless of their types.

10 Industrial 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.,
ATF vacuum-ultraviolet light (ArF 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.

20 Reference Signs List
[0066]
10 Pellicle
12 Peilicle membrane
13 Adhesive layer

25 14 Pellicle frame

15 Sticky layer
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Sweight. 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 perfluoroalkylafin& IG1&m 5The pellicle membrane according to claim
1, wherein a wavelength of lithography exposure light for the pellicle membrane for 20lithography
is 200 um &rlige. Tlaifn BN isdliclecsobiprising: the pelicle nerabrapei attdrding to claim 1; and a
pellicle frame having the pellicle membrane attached thereto. 25 Claim 7A process for manufacturing a

pellicle membrane 2Eofiphistigus 1oefaP RIS RBosRthg a coated film from a solution containing an
amorphous fluoropongaer and a fluorine-cont ining[ solvent; and tepBo é moving, the
VRt

fluorine-containing % ESAERREY TH e ERREEATI, 4™ ARHEHEI 9 step B HE RASANEContaining

solve%t 5 zwgyéq]q‘to remain in the coated film in an amount of 5 to 800 ppm by weight.

Claim 2 The pellicle membrane according to claim 1, wherein the
amorphous fluoropoelymer is an alicyclic perfluoropolymer having a
cyclic structure in a backbone thereof.

10
Claim 3 The peliicle membrane according to claim 1, wherein the
fluorine-containing solvent is capable of dissolving the amorphous

fluoropotymer.

15  Claim 4 The pellicle membrane according to claim 3, wherein the

fluorine-containing solvent is a perfluoroalkylamine.

Claim 5 The pellicle membrane according to claim 1, wherein a
wavelength of lithography exposure light for the pellicle membrane for

20  lithography is 200 nm 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 7 A process for manufacturing a pellicle membrane,
comprising:
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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.



