2F11131-PCT DESCRIPTION Title of Invention PELLICLE AND MASK ADHESIVE AGENT FOR USE
IN SAME 5TéeenhidalfEi@ld [0001]The present inventionrelates to a pelliclethatis mounted on a mask
during exposure, and a mask adhesive used therein. 10Background Art [00021In a process for
manufacturing a semiconductor device sugh-as-aneSle5 & VLSI, a liquid crystal display panel, and/or
the like, patterning is performed by exposing tight onto a photosensitive layer or the like via a mask
(also referredito las ah 115 exposure negative or a reticle). When there are foreign particles attached to
the mask upaon patterning, the light is absorbed or bent b \thei foreign pa ticleii. As a result, the formed
pattern is defd ;91[9 db@?a%/?cﬁ}@hl\gﬁa frver® fs 4 égé\lﬁ th gin%’e%giolns, %]\dﬁality, and the
appearance of the 70 patterning, and the like. In order to solve such a problem, a pellicle is used
which is a dustproof cover including a pellicle membrane that allows light to pass through onto a
surface af a mask,nncarderitd prevent the attachment of foreign particles to the surface of the mask.
95[00031A pellicle generally includes a metal pellicle frame and a pellicle membrane disposed on one
end surface ofthe pellicibTeante & fidsk AdkEdi\R ayér 1OF fixing the pélidie'fo d hidski 21711131-PCT
s formed on the piferend surface,ofihe pelicle.rame. sheetshapad Mmateal (separgton) that has
releasability in orderto protect the mask a esive layer is normalir)’/ isposed on the surface of the
mask adhesiyg daver [0004iFor mounting the pellicle on the mask the separator is peeled so as to
expose a mask adhesive layer, and the pellicle is pressure-bonded and fixed at a predetermined
position of the mask via the exposed mask adhesive layer. By mounting the pellicle on the mask in this
mannerf the mask can bed'rradiated 10with light while the influence of foreign particles is eliminated.
[0005]Aan duHe'sh/e Udét for'a pellicle adhering to a mask, an adhesive is proposed that contains a
hydrogenatiopprgdyct of, , block-cpolymer having-asaturated cyslicRydrecarban structure, such as
a styrene/isoprene/styrene triblock copolymer,

such as an LS or a VLSI, a liquid crystal display panel, and/or

the ltike, patterning is performed by exposing light onto a
photosensitive layer or the like via a mask (also referred to as an
IS exposure negative or a reticle}. When there are foreign
particies attached to the mask upon patterning, the light is
absorbed or bent by the foretgn partictes. As a result, the
formed pattern is deformed, the edges are rough. and there is a
loss in the dimensions, the qguality, and the appearance of the
20  patterning, and the like. In order to solve such a probiem, a
pellicle is used which is a dustproof cover including a pellicle
membrane that allows light te pass through onto a surface of a
mask, in order to prevent the attachment of foreign particles to

the surface of the mask.
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[6003] A peliicie generally incliudes a metal pellicle frame and
a pellicie memhbrane disposed on one end surface of the peilicle

frame. A mask adhesive laver for fixing the pellicle to a mask



ISand a tackifier (see, e.g., Patent Literature I).In addition, a hotmeltadhesiveeontaininaa
styrene/ethyle,ri\ﬁfllﬁ)gqp{yae[ne/styrene tr block copolymer and an
aliphaticpetroleumresinisproposed(see,c.gPatent Literature 2).A Pssureensitive adhesive containing
two 20 types of block copolymers having a polymer block composed of an alkyl (meth)acrylate ester,
and a tackifyihy reSil! $tich s'd (hydfbgerftdd) pétrdiéur ffeéﬁﬁi@&l@@%?o%%é’ﬁi?seeﬁe.g., Patent
Literature 3) [0006}In prder fo highly: integrate semiconguetnr, devices 25is neessary fq make a
formed patteret.In other words, in order to integrate many semiconductor devices in a narrow area,
2F11131-PCTanpeh@s passibleTherefore,it is necessary tocdecreasedhewidii of & ciseuit pattern,
and the spacing (pitch) between adjacent circuit patterns.However, there is a resolution limit to a
pattern formirig éthodusiry: pRdtofitiddraphicahtitherefore, there is a limit to making a pattern finer.
10 00 7]4s a method for overcoming sueh a reslution limitin the photglithography progess, double
patterning is known. Double patternlngg"is at c‘hnique where one circit patterF‘u is ‘split into two parts,
and exposurg,isqaedormed fos eachosplit:10patiernto ulimately obtaing highsdensityfine pattern (see,
e.g., Patent Literatures 4 and 5).Double patterning is preferably applied to the manufacture of
semiconductarsesfs22 airh noded half pittht 82 rirh) and béydnd "0 00! 8p-Clni touble pattesning,
exposure is normilly ,perfogmedv15 tyvige u;iqg tv%ohmasks. ThereforeB it is important for double
patterning to IRéreasé'a pritisicr’ 8f fie rBfktive obfions of W6 formed pAferhS: ¥ otfiér words, when
the precision of the.relative, pesitions of @ patiern pptained by the first expesure.and a pattern obtained
by the second exposure is low, the desired 20 pattern cannot he obtained. Therefore, it is necessary to
decreasé’an amgunt phthe palttetn displdeement betiveen ghefermed-circeit pattérmwitt. the two
masks and aidéagi(gned circuit pattern to the nanometer (am?,level. Citation List

51 As an adhesive used for a pellicie adhering to a mask,

an adhesive is proposed that contains a hydrogenation product of

a block copolymer having a saturated cvcelic hydrocarbon
structure, such as a styrene/isoprene/styrene triblock copolymer,

15 and a tackifier (see. e.g.. Patent Literature 1}. In addition, a
hot melt adhesive containing a

styrene/ethyiene/propylene/styrene triblock copolymer and an

aliphatic petroteum resin 15 proposcd (see, e¢.g.., Patent
Literature 2). A pressure-scnsitive adhesive conlaining two

20 types of block copolymers having a polvmer block composed of
an atky! (meth)acryltate ester, and a tackifving resin, such as a
{hydrogenated) petroleum resin, is also proposed (sce, e.g.,
Patent Literature 3J.

[00G6) In order to highly integrate semiconductor devices, it

is necessary to make a formed pattern finer. In other words, in
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order to integrate many semiconductor devices in a narrow area,

it is necessary {o decrease the size of semiconductor devices as
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Patent Literature 10 0 0 9] 2F11I31-PCT PTL I: Japanese Patent Application Laid-Open No.
2000-267261?E{T[lr.5%:~p] anese Patent Application Laid-Open No. 4-237056. PTL 3: Japanese Patent
Application Laid-Open No 11-323072. PTL 4: Japanese Patent Application Laid-Open No
2008-103718. 5PTL5:JapanesePatentApplicationLaid-OpenNo. 2008-103719 Summary of Invention
Technical ProBléhf 18F 07071 O] istortiohis tRémadkcaih cHifses e patterd BisiIaéémeht of the formed
circuit pattern,with the, two, masks, It iSpt‘!;'IRléglgt_ that g digtortion, in the mask is,caused eb%/na distortion of
a pellicle frame transferring to the mask through the mask adrﬁesiveblay%r Whén a pé)TIic eis
pressure-bondeg:todhe mask iThesefore.ds effestivete form a mask.adbesive layerwith @ material
(mask adhesive) that is effectively plastic-deformed so that the strain energy of the pellicle frame is
relaxed with the niask adtigsive flayer 1@ o H AN dxarmple of & pardmetep tHathd catestHe ease of
20plastic deformation of a mask Ea%c1lh1le§i\l/]ﬁlei({:atrg)inclatﬁ(olie a loss ,t?in%?n ghereinafter also referred to as
"tan "), For examp?e, a rﬁasr]faahe‘si‘ve havmg‘ar{lempgﬁatﬁrg ‘At Which the'tan 6 is a maximum value
(hereinafter ajsp)teferredito asthen'tan Bopeak temperature’).dn the range Gf+1AEH0 39€ is easily 25
plastic-deformed at a temperature at which exposure is performed in double patterning (generally
room temperature) pTike maskeadhedsive layercissplastic:déformed; and: thigs the straim»2F11131-PCT
energy of the pellicle frame can be effectively relaxed. [0 O | 21A general mask adhesive contains a
base polymer”WHith isRA&! fdih"compohetit® 4Ad bifierAfibus Atuifves A talk ifresh A% one additive
has the functign, of shifting (e 0,8 peak fempsratire of the hase plymEr;as fhg majn;component to
higher temperatures Therefore, the amount of the tackifying resin added is adjusted in order to set the
tan peakitemperaturetof the imask adhesivenin the desiredstemperatuse range (k@[0,0:1 3]However, a
general thermoplastic elastomer used as the base polymer suchasa
styrene(ethylérié/butylehersiyrehesbiock thpolymePBEBS) Ras'the tdres idedX tdmpiebature of about
70C 105 O'G, Wieh s Jow, Therefore. In prdenip setihe dan Bnedk tgmpeiaiyig of (e mask
adhesive around room temperature IS it is necessary to add a large amount of the tac Ifying resin.
However, a mask aghesive gontainingna highy ameount of a tackifying resin may be too soft When an
excessively soft mask adhesive is used, a paste residue is easily left on the mask surface when the
pellicle is pedl8d from tHe nieskaftePéxpostira L20FURheH tieéxcassivelysuftataskedhesivehashigh
instant neous adhesiveness. And therefore,ﬂlother Qroblem is generated tha}t the magll<eadhesive is

too stick)? to hand %oﬁ?&&ﬁwgt Wéré%ﬂ{ and haﬁ?dlﬁf’rfg tfieréof i poor.” riant for dou
patterning to increase a precision of the relative positions of
two formed patterns.  In other words, when the precision of the
relative positions of a pattern obtained by the first exposure and
a pattern obtained by the second exposure is low, the desired
20 pattern cannof bhe obtained. Therefore, it is necessary to
decrease an amount of the pattern displacement between the

formed circutt pattern with the two masks and a designed circuit

patiecrn to the nanometer (nm) levet,
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[0 0 1 4 ]The present invention has been made in view of such 25 problems in the conventional art The
present inverftidh!aints’to provide a pellicle having a mask adhesive layer that is easily
plastic-deformed particularly in a temperature range in which 2F11131-PCT exposure is
performed.Andralsp, almast no-paste residys:of thednask adhesive layer is)left.ona mask when the
pellicle is peeled from the mask, which causes good handling properties. Moreover, the present
invention aim&é provide arpellickathati5%an reduce a patternCdisplacement? iy 8ddition, the present
invention aims to provide a mask adhesive used in such a pellicle. Solution_to Problem
[0015]Specifically, the’ pResERt invérifidh providés pelifcleé 16a1a Hadk adhksivesshown below.
[0016][1] A pgligle inclyding a pefiicle frame, & pellicle membrang dispesed, ar ong-endsurface of the
pellicle frame, and a mask adhesive layer including a mask adhesive, disposed on the other end
surface af thee pelliclesframe zipanhich theemask 15 aghesiverinciudes 100- pastsnby mass of a
thermoplastic elastomer (A) having a temperature of -20C to 30C at which the maximum value of loss
tangent is meastited Yindéra frequency of 1 Hz, and 20 to 150 parts by mass of a tackifying resin (B),
the thermoplastic elastomer (A) is at least one 20 selected from the group consisting of styrene
thermoplastic elastomers, (meth)acrylate ester thermoplastic elastomers, and olefin thermoplastic
elastomers, andriheamaskradhesive has a temperature of -10C to 30C at which the maximum value of
loss tangent is measured under a frequency of 1 Hz. 25[0017][2] The pellicle according to [1], wherein
the thermopldstichelastonteryA)dg a styrene thermoplastic elastomer. [0018][3] The pellicle according
to [2], wherein the styrene 2F1 3I-PCT thermoplastic elastomer is a triblock copolymer including a first
polystyrehe tﬂg I?Ua{ polyl%opc’}([e?fe(}6}(‘)&2l ha!\r/ling{%lﬁ is@ﬁr@ﬁen‘iﬁ Yrofiptin‘a sidé Cﬁjaf}I/I‘tI 'd1d a second
polystyrene hlogk, apdige a hydragenation product of the rihlogk copplymer, JQPIQH 4L The pellicle
according to any of [I] to [3], wherein a softening point of the tackifying resin (13) as measured by a
ring-and-ball method preschibediintJI$ K220 T 156600 to 156C.GBR0]i[E] Thepallictevaccording to any
of [1] to [4], wherein a number average molecular weight of the tackifying resin gB) is 10300 to 3,000.

[0021][6] The*peliiciti 48cStlifg 16 AhY 6f 4D f5] WRergATing to the mask throug

the mask adhesive laver when a peiticie is pressure-bonded to
15 the mask. Therefore, it is effective to form a mask adhesive
lay.cr with a muaterial {mask adhesive) that is effectively
plastic-deformed so that the strain energy of the pellicle frame
is relaxed with the mask adhesive layer.
f0011] An exampie of a pareameter that indicates the ecase of
20  plastic deformation of a mask adhesive can include a loss
tangent (hereinafter also referred to as "tan 0"). For example,
a mask adhesive having a temperature at which the tan & is a
maximum valoe {(hereinafter also referred to as the "tan & peak

temperature”), in the range of -10°C to 30°C is easily

]
L

plastic-deformed at a temperatore at which exposure is
performed in double patterning {generally room temperaturel,

The mask adhesive laver is piastic-decformed, and thus the strain
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the tackifying resin (B) is at least one selected from the group consisting of a rosin and a derivative
thereof, a poBférpeEnéyésin and a hydrides thereof, terpene phenol resin and a hydrides 15 thereof, an
aromatic modified terpenc resin and a hydrides thereof, a coumarone-indenc resin, an aliphatic
petroleum resipe analicyelic petnoleum resin and a ydrudedbercet,\anaromatic petroleum resin and a
hydrides thereof, aliphatic-aromatic copolymer petroleum resin, a dicyclopeniadiene petroleum resin
20 and a hydrities3heredf, & fow moletwlak weibht Polymerof styrene, dnidsa law hofecular weight
polymer of a substituted styrene [0022][7] A pellicle including: a pellicle frame;. a pellicle
membrane di¥Bd58d on t§hee &htf Buffa eDBf-‘tE}%tpeﬁfE?e ﬁgﬁfg; 3Ad's Hfaé’l%gldh'é"s‘f\?e layer including a
mask adhesivg, the 2 1113L-PGT mask,adhesive jayer peing flispased on fheother, gnd surface of
the pellicle frame, wherein a peel strength of the mask adhesive from a quartz glass substrate is
50 to 306 gf at 23, aped ek stress gemaining rate SR{O0D) of theomask adhesivé: definedy the
following formula (1) is in the range of OR(900)15%, stress remaining rate R(900) = {F(900)/F(0)} x
100 .. (1) whér"FOyYehresents Aisbimii Brédshedsurdd byt fore, the amount of
stressrelaxatignmeasurement. F90Q)representssiress, 1omeastired by, the sfress relaxagion
measurement after 900 seconds in lest time have | psed; and the stress relaxation measurement is
executed undera conditipnr of 23€ with a rheometes {00238} A maskadhesivedineiuding 100 parts by
mass of a thermoplastic elastomer (A) having a temperature of -20C to 15 30C at which the maximum
loss tangent i$ measated tndértd frequency of 1 Hz, and 20 to 150 parts by mass of a tackifying resin
(B), thfz{ein the tﬂermoplastic elastomer {1A)r is at ’@%?t one selected from th,eq group consisting of

a styrene theLmoEpT stic efh@t%n%erf, S50 rrﬁlé?h)écfylﬁg Bstér %e?erfﬁiéﬁfggtfcr el|§§t%rﬁer, and an olefin

thermoplastig, glasteey -ihe mask adhesive having & terperature fr10G 1o 30C @t yhich the
maximum value of a loss tangent is measured under a frequency of 1 Hz. [0024][9] A mask adhesive
having a peetstrength froff& BS guarsziglass substrate of 50 to 800rgf @f 23C pand7d $tfess remaining
rate R(900), defined pﬁthe following formula_Fl), in the range of 0 R(900) 15%%; 2F111 1-PCT stress
remaining rate’ R(900)'= (F(8OBFF(3)))2 X 100" Here fore. n orderto Set the tan o

peak temperature of the mask adhesive around room temperature,

.H
Lh

it s necessary to add a large amount of the tackifying resin.
However, a mask adhesive containing a high amount of a
tackifying resin may be too soft. When an excessively soft
mask adhbesive is used, & paste residue 15 easily left on the mask
surface when the pellicle is peeled from the mask after exposure.
20 Further, the excessively soft mask adhesive has  high
insfantancous adhesiveness. And therefore, another problem is
generated that the mask adhesive is too sticky to hand contacting
therewith, and handling thereof is poor.

[0014] The present invention has been made in view of such

2
LA

problems in the conventional art. The present invention aims
to provide a pellicle having 2 mask adhesive laver that is casily
plastic-deformed particularly in a temperature range in which

2



where F(0) represents maximum stress measured by stress rdl tion measurement, F(900) represents
stress meas é&lﬁ§“ﬂg3tress relaxation measurement after 900 seconds in test lime have lapsed,
measured by the stress relaxation measurementi; and the stress relaxation measurement is executed
under a conditipn of 83¢E with ortheerheter. Advantbgeoud Bffectsiof pwentiore $0§80251The pellicle
of the present invention includes a mask adhesive layer that is easily plastic- deformed, particularly in
a temperatuté Famtiesih WHIRR EXfodirBes péribirled Artd #1468 XalhB&nd haske tetidie '5f the mask

adhesive layer iz left on a mtahsk Whenkthe“&?illfi:(ﬂeci%{:l)ggged forg@ tgenn&z]l%.Thergfor?hleSvahen the
pellicle of th& f)? &&ntin/entior is used; pattern disp acement can be reduced In gadltlon,' this mask

adhesive laygy js 0 190 $ticky, @nd thergforenalzphas geodhandling prapeitissAceordingly, the
pellicle- of the present invention is preferred for patterning in which high patterning precision is
20requited, inghidirg double pedtaring. JOOR64 tre addition, the mdsk ddhesive of the peesent invention
canprovideamaskadhesivelayerthatiseasily plastic-deformed, particularly in a temperature range in
which expostite ¢ performia Anicaldy AES nd pastelediddé bitlie 25mAsk AdidsiYe fyer is left on
the mask when_the pellicle is peeled from the mask, the mask adhesive having good handling
properties. TRErEfSES when the mask adhesive of the present 2F11131-PCT invention is used, a

pellicle can he,pravided, that is giesirable for patterning requiring high patterning precision, which
includes double patterning. 5Brief Description of Drawings [0027] Fig.1 is a schematic view

showing one[embeodimey ©f ihe:péllic)e kf dhe present inveatioion provHg.? igaltrodsssectional
view schematically showing a 10method for measuring the peel strength of a mask adhesive.
10 and mask adhesives shown below.
[0016] [1] A pellicle including a pellicle frame, a pellicle
membrane disposed on one end surface of the pellicle frame, and
a mask adhesive layer including a mask adhesive, disposed on
the other end surface of the pellicle frame, in which the mask
15 adhesive includes 100 parts by mass of a thermoplastic
elastomer (A) having a temperature of —20°C to 30°C at which
the maximum value of loss tangent is measured under a
frequency of 1 Hz, and 20 to 150 parts by mass of a tackifying
resin (B), the thermoplastic elastomer (A) is at least one
20 seiected from the group consisting of styrene thermoplastic
elastomers, {meth)acrylate ester thermoplastic elastomers, and
olefin thermoplastic elastomers, and the mask adhesive has a
temperature of —10°C to 30°C at which the maximum value of
loss tangent is measured under a frequency of 1 Hz.
25 [0017] [2] The pellicle according to [1}, wherein the

thermoplastic elastomer (A) is a styrene thermoplastic elastomer.

[0018] [3] The pellicle according to [2], wherein the styrene

6



Description of Embodiments [0028]1. Mask Adhesive The mask adhesive of the present invention
includes a 15 particukdic thermoplastic elastomer (A) and a particular tackifying resin (B), and further
includes other components, such as a softener and a wax, as required. [0029](Thermoplastic
Elastomer (A))sThentap 2 Reak-terperatyresof the thetmoplastic,20 slastomer; (A) is r20G to 30C,
preferably -20C to 25C, further preferably -20C to 20C, and more preferably -20C to OC. When the
thermoplastic retdstomer (A) havirkg aetarebpeale temperdturé in the apove range ispused!as a base
polymer, the tan 6 peak temperature of the obtained mask adhesive can be set in 25the range of -10C
" to 30C even ifthe"dmidurt df e tAGKRyiAG Tedin (BY B MRS déervadtd TherafotéCa mhask adhesive
can 21=1H 3]-PCT he proyided that is easily Iqﬂim%fkorm)epcloip\@nncerxposure temperature range and
that has reduced stickiness. [00301The tan 6 (loss tangent) is represented by the value of  the ratio
(G"/0") of jossimodalps (0F) toistorage mbdulus (09 : ByVhen.the praximum value whtan:6.0f a material
is large, the material is easily plastic-deformed.The maximum value of the tan 6 of the thermoplastic
elastomer (A)ds referdbly inthetrangd bf 0.516'3yand furthier préfereably: inither eehdgeyof0.9 to
10100311The tan 6 (loss tangent) can be measured and cajculated using a dynamic yiscoeiasticity
measuring ap'|"o'aﬂr§t"ljlcg,1 FE erggr%gh'%gﬁéﬁé?ﬁé%ﬁ acif]urr}g g%c'l% ﬁiﬂﬁn‘?ﬁ%nt@)ﬁ%p@c@f?ﬁ%ly, a
disk-shaped saiple piece;(diameter 22 am xdbickness .2 M) ds sandwiched ketiween two parallel
plates (diameter: 2$ mm) IS which are measurement jigs to obtain a test piece. The thickness of the
test piece is adjusted to apredetermived iditialwapakidth, ame ther the istorageimddujus: (01) and the
loss modhulus s%é are gnsgfsured under the conditions of a nitrogen atmosphere, a shear mode,
frequenéy of T Hz, ek rément 20temperature of -80C to 200C, temperature increase rate of _
3C/min, and iniigh Gap of 2 M. Them e tan.§ (i QYG) can,bg £alcplatedsfrom, the obtained storage
modulus (G') and loss modulus (0") [00321Examples of the thermoplastic clastomer (A) include)
25styrenetherrheplasticélaistomersi (i) (Rethyaerylateesteme selected from the group
thermoplasticelastomers,and(iii)olefinthermoplastic elastomers.A single thermoplastic elastomer (A)

maybeusedconszstmg of a resin and a derl.vative thercof, a polyterpene
resin and a hydrides thereof, tcrp{:ncrph-en'(}i resin and a hydrides

13 thereof, an aromatic modified terpene resin and a hyvdrides
thercof, a coumarone-indene resin, an aliphatic petroleum resin,
an altcyclic petroleum resin and a hydride thereof, an aromatic
petroleum resin and a hydrides thereof, aE.iphatic-a.r{}matic
copolymer petroleum resin, a dicyclopentadiene petroleum resin

20 and a hydrides thereof, a low molecular weight polymer of
styrene, and a low maolecular weight polymer of a substituted
styrene,
[0022] [7] A pellicle inciuding:

a pellicle frame;

i~
]

a2 pellicie membrane disposed on one end surface of the
pellicle frame; and

# mask adhesive layer including a mask adhesive, the

o



2F11131-P 'li: lone 2 two or more may be used in combination. Among these elastomers (.)
the styrene t ermopl%s ic elastomers demonstrate excellent hydrolysis resistance due to a lack of
ester bond moities within the molecular skeleton thereof. And also (i) the styrene thermoplastic
elastomers degidhstedts Hioth drceiferitiaxdbifity aad Mechariical stienyth tiestr fie predence of both
a soft segment and g hard segment within the molecular skeleton thereof. Therefore, (i) the styrene
thermoplastiE}’ee‘IaEf’c}?}féaf’S ﬁ%%f?a?ble‘?’&ﬁf(ﬁ)‘é@l((i) Styrene Thermoplastic Elastomer) The styrene

thermoplasticelastomer egse@ Palymer,including a &oyﬁg’tlﬁq]tgggt‘geer}yg%frg stytene ?Qggs preferably a

block copolymer of styrene and an olefin other than styreneAs the olefin other than Styrene, monomers

that can 15fqran atsighe: chairs bavinga pulky hranched stiucdure in fepeIVIBEL Plack.cSUGh @s isoprene
and 4-methyl-I-pentene, are prefcrrc Among thenisoprcne is particularly preferred. 100341The
proportién ofthe 46thl cbridtituant tkits terivedefrdmiserd with rdspet tbotive sty rémenthidemoplastic
elastomer 20is preferab\%SS mass % _or less, or more preferably 20 mass % or less. If the amount of

the constitudntuiit dBriEY FdRESnrEnt s HEHEA, the cofpatibility with various additives decreases,
and the styrene thermsotglgggicrgll%k%g)mg%apgtghﬁ giéiyezs q/g%j(;p?@?dx?%)@?ﬁ Q\? the styrene
o

thermoplastic elastomer, a triblock copofymer having a’first polystyrene block, a polyisoprene block

having an isopropenygraup {|-ne¢ihyictagind graup %gilﬁhﬁpﬁ(&@@l—i&h@ﬁk}hing@e side chain,
and a second polystyrene block (hereinafter also referred to as 'ISIS"), or a hydrogenation product of
the above tribioek copob/iasr fherinafieraisoersferrad tofdd H-BISteissreferred. Fhectan 6 peak
temperature of a triblock copolymer including a polymer block having a bullgf/] branched structure (such

as isodr%peﬁ?_leﬁr%‘bbﬁ et Sibe e i%edéﬁérrdlﬂﬂaﬁb‘iﬁ ~20€%6 %gé Toirich8 Righonad hydrogenation
product of a rblack copobner megsa rplack canolymel inhich prafeiably 9036,01 ypore. further

10preferably95%ormore,ofunsaturatedbondsinthe "polyisoprene block™ inc in fhe SIS are
hydrogenategs :3Q361Spedifie examplesafiike abpvesSIS ¢an inglude.eenupercial products such as

the trade name "HYBRAR 5127" (manufactured by KURARAY CO., LTD., tan 6 peak temperature:
1520C) and i) rade nh%ﬂeAHMBRhRﬁﬁisi‘(mainLﬁéctiﬁea bM00 parts by mass of a
thermoplastic elastomer (A) having a temperature of -20°C to
15 30°C at which the maximum loss tangent is measured under a
frequency of 1 Hz, and 20 to 150 parts by mass of a tackifying
resin (B), wherein
the thermoplastic elastomer (A) is at least one selected
from the group consisting of a styrene thermoplastic elastomer,
20 a (meth)acrylate ester thermoplastic elastomer, and an olefin
thermoplastic elastomer, the mask adhesive having a
temperature of —10°C to 30°C at which the maximum value of a
Ioés tangent is measured under a frequency of 1 Hz.
[0024] [97 A mask adhesive having a peel strength from a
25 quartz glass substrate of 50 to 300 gf at 23°C, and a stress

remaining rate R(900), defined by the following formula (1), in

the range of 0 < R(900) < 15%,



KURARAY CO., LTD., tan 6 peak temperature: -3C). [00371In addition specifmples of the above
H-SIS can include ZoRimercial products such as the trade name "HYBRAR 7125" (manufactured by
KURARAY CO., LTD., tan 6 peak 20temperature: ---5C) and the trade name "HYBRAR 7311"
(manufactured by KURARAY GRLTR:ntan £ peakdemperatured v 400381 @neth)acrylate ester
Thermoplastic Elastomer) The (meth)acrylate ester thermoplastic elastomer is a
25polymerincludingacenstitgentifitderivedfsfomas(meattyaorytate estersThem(methyactyldte ester
thermoplastic elastomer is more specifically a d block or trihiock copolymer 2F11131-PCT including a
block of methyI"(histh)AENAAEE Kl a BISER of tHéthjacryidtéEster StHEF thah'the pdilfiéthyl
(meth)acrylate As.the.(mpth)acrylatesester other than the alymethyl (meth)aeryiate,magomers that
can form a side chain having a bulky branched structure in a polymer block is preferred, such as
poly(n-butyl (methjaerylate), poly(2 tethydiiexyin(meth)adrylaie); landpobisononyk gmieth)acrylate).
Among the (meth)acrylate ester thermoplastic elastomers, poly(n-butN(I (meth)acrylate) is preferred.
10[0 0 3 9]SpeéificexamplesoftRé(reth)accy & eektertHérmaasiic efastomer eagcuted
includethetradename”LA polymer" series. (manufactured by KURARAY COLTD.). [0 0 4 01((iii) Olefin
ThermopIastig'@aesftoamce?)ﬁg]yt en ié%psrgp‘e?efglfté fhe{tﬁ t%%%éf?ﬁ thermoplastic elastomer is 15a
copolymer of one or two or more (1 -olefins, and is amorphous or low crystalline. Examples of a-olefins
can include ethylene, propylene, butene, pentene, hexene, heptene, octene, nonene, decene,
undecene, dotécemne 2arid dsniethyienténénr. 40 0 AM]Specific examples of the olefin thermoplastic
elastomer 20 cgaquin lude commercial praducts such as the trade name *"TATMER" (manufactured by
Mitsui Chemibals? fic.) and te trade‘ndme "NOTIO  (Mahttactirdd by fitst SHeidals. Inc.). [0 0 4
2] (Tackifying,Resin; (B)) The tagkilyingsesin (B) is & component that has the, 25 fupgtipn of shifting the
tan 6 peak temperature of the thermoplastic elastomer (A) as a base polymer to higher temperature.
The softening point of the dackifging resim (B)ise 271511031 -BCi epreferably 606 tal 1503, .further
preferably 90C to 120C, and more preferably 90C to 110C.

almost no paste residue of the mask adhesive layer is left on a
mask When the pellicle is peeied from the mask. Therefore,
15 when the peilicle of the present invention is wusecd. pattern
dispiacement can be reduced. In addition, this mask adhesive
layer is not too sticky, and therefore also has good handling
properties.  Accordingly, the pellicle of the present invention
is preferred for patterning in which high patterning precision is
20  required, including double patterning.
[6026] In addition, the mask adhesive of the present invention
can provide a mask adhesive layer that 15 easily
plastic-deformed, particularly in a tfemperature range in which

exposure is performed. And also aimost no paste residue of the

1~
L

mask adhesive laver is left on the mask when the pellicle is
peeled from the mask, the mask adhesive having good handiing

propertics.  Therefore, when the mask adhesive of the present
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If the softenin ?int of the tacktfying resin (B) ise s than 60C, the tackifying resin (B) may bleed out of
the mask adt"\gﬁvé.llﬁg dition, the ability of shifting the tan 8 peak temperature of the thermoplastic
elaston(A)as a base polymer to higher temperature may he insufficient.On the other hand, if the
softening poimtof thedackifying desinp@)lis: lrore: thdre 150G thle funbton efdrovidibge for
pressure-sensitive 10adhesiveness to the thermoplastic elastomer (A) as a base polymer may be
lostThe softétit§edint 8f e tickMEng 8 SinR(BY i& R EREURIF BYStHEPring-BA AP M&tHEd prescribed
in .1IS K-2207.]L%%431I£1 gdditlion the number average molecular weight (Mn) 150f the tackifying resin
(B) is preferélb(iy k) é(f(fd} ﬁlﬁther preferably 500 to 1000. If the number average molecular
weight (Mn) of the tackifying resin (B) is less than 300, the softening point tends to be too low.On the
other hand, if the number average molecular 20weight (Mn) of the tackifying resin (B) is more than
3,000, the sditerafigipointrigrds to & doatvgh.ghe number average molecular weight (Mn) of the
Giekifying resin A%‘Bdis measured by gel permeation chromatography (GPC) using polystyrene as a
standard 7516804411The tackifying resin (B) preferably has compatibility with the thermoplastic

elastomer (A).Thus, t itarl Girgeak ;[;%@Q%rggfreo‘ﬁi%e‘%her o‘gllasticglg -t%rglei)r%@g%nebet 20Ff11131-PCT
effectivelyshiftedtohig eﬁémperaaturelntermso‘f compatiﬁl fy Witl the t%ermop astic elastomer (A),

examples of the taekifying resinyB)Lan includeyesing and derivatives thereof, polyterpene resins and
hydrides thereof, terpene phenol resins and hydrides thereof, aromatic modified terpene resins and

hydrides thereof, couniagieiindens vesinse aliphati¢ view schematically showing a
petroleumresins,alicyclicpetroleumresinsandhydrides )
thereof. SromfEtidpetrblEtmasmsanthy dritfedtherest rength of a mask adhesive.

Description of Embodiments
f0028] 1. Mask Adhesive
The mask adheéive of the present invention includes a
15 particular thermoplastic elastomer (A) and a particular
tackifying resin (B), and further includes other compornents,
such as a softener and a wax, as required.
[0029] (Thermoplastic Elastomer (A))
The tan & peak temperature of the thermoplastic
20  elastomer (A) is —20°C to 30°C, preferably ~20°C to 25°C,
further preferably —20°C to 20°C, and more preferably —20°C to
0°C. When the thermoplastic elastomer (A) having a tan & peak
temperature in the above range is used as a base polymer, the tan
& peak temperature of the obtained mask adhesive can be set in
25 the range of —10°C to 30°C even if the amount of the tackifying

resin (B) blended is decreased. Therefore, a mask adhesive can
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aliphatic-aromaticcopolymerpetroleumresins,and 10 dicyclopentadiene petroleum resins and hydrides
thereof. Thesg.qre preferred because they have high compatibility with the polyasoprene block of SIS
or 1-1-SIS [00451Among the tackifying resins (B), the rosin and the derivatives thereof, the
polyterpene rgsins and.the dhyt ri,dtes]. 15 the_r.equ, the a!iph_a(}ip.p_etrolgum resins, and the alicyclic
petroleum resins 3hd ‘the f’hydri &s théreot are pr% érred:; ar%cf e rosins and thé tefivatives thereof, the
aliphatic petroleym.resins. anfhthe alicychc, pefraleyn resinssangithec-hydrides thereof are more
preferred. When the thermoplastic elastomer (A) is (i) 20the styrene thermoplastic elastomer, the
hydride of thd @licyt]ic petroleum resin: iss particulatly preferreds [00461 8pecific examples of the rosins
and the derivatives thereof can include the trade names "PINECRYSTAL," "SUPER ESTER," and
"TAMANOL" (faridfdéirbd by Ardkatis THEMiEAr hdistrek L) Sifeditit dkahiplés of the
polyterpene rgsir, the ternene phenol resin, the arpmatic modified terpeng regin,and the hydride
thereof can include the trade name- "MS Resin," 2E111PCT "VS Polyster," and "Clearon"
(manufactured by: VASUHARA CHEMICAL 20 5 Lid:)iSpetifie examples-ofthéwadiphatie petroleum
resinhe alicyclic petroleum resin and the hydride thereof, the aromatic petroleum resin and the hydride
thereof. the aliphafic:arohtatic E6pBIgMmErPétrofddnt PEsint dritthis diticispaftadiefie Petroleum resin
and the hydride thereof can include the trade names "ARKON".( lanufactured wa Chemical
custies, LY B0 1077 (hanuTateiri by Wl G d et T MARYY (Boracicred by
Idemitsu KosanCo., Ltd.), "QUINTONE" (manufactured by ZEON Corporation), and "Escorez"
(manufactured by Tonex Co., Ltd.). [0047]A single tackifying resin (B) may be used or two or more can
be used ih cdiiBihation 0048]The ahvountof thse tackifyily rasin {B) includéd in' the! ariask adhesive is
20 to 150 parts b mass with resgect to fLOO ?oartts, Ry ma's of the therrg?pla tic éejtl)%stqime_r (A).

When SEBS s’ is8d as tfé ?‘{Ffecrm(l)i’:ﬁaosfiicdéfagforher tC&)g,ultr is ﬁedc%%géry t6 4d6°200 6 H3do parts by
mass of the tagkifyirg resin, (B)withrespeet,to Q0 parts: hymass,of SEBS inrderto 2Qset the tan 6
peak temperature of the obtained mask adhesive in the range of -10C to 30C.On the other hand, in the
present inventiork -everpif the amountrot:the (ackifyinig resit (B) with rdspéct¢6 40U pants by mass of
the thermoplastic elastomer (A) is 150 parts by mass or less, the tan 6 of the obtained mask adhesive

. - . e - =y = <) r i~ - o 3 M p . .
can be set in the' At b2 16C 16 0E thiredork tHe fHask' AlhesivE bFthE predet)l8htion is not very
sticky, 15  which are measurement jigs to obtain a test piece. The
thickness of the tesi piece is adiusted (o a predetermined inttial
gap width, and then the storage modulus (G7) and the loss

modulus (G") are measured under the conditions of & nitrogen
atmosphere, a shear mode, fregquency of | Hz. measurcment
20 temperature of —80°C to 200°C, temperature increase rate of
3°C/min, and initial Gap of 2 mm. Then, the tan & (= G"/G")
can be caleculated from the obtained storage modulus (G') and

loss modulus {G").

[0032] Examples of the thermoplastic elastomer (A) include (i}

3
]

stvrene thermoplastic elastomers, (ii) {methjacrylate ester
thermoplastic  elastomers, and {iti) olefin thermoplastic

glastomers. A single thermoplastic ciastomer (A) may be used
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and also, almost no paste residue of the mask adhesive layer is 2E1113 'CT left on a mask when the
pellicle is peeled, from,the mask. [00491If the amount of the tackifying resin (B) with respect to 100
parts by mass of the thermoplastic elastomer (A) is less than 20 parts by mass, it is difficult to set the
tan peak temperature 5 of the obtained mask adhesjve at --10C or more On the other hand, if the
amount of the {43 Iyifl F&SIn 1B) T AforB tHah 180 pArL by HHES thE'dbtained mask adhesive is
sticky, and a paste residug, of,the, mask.adbesiye jayey is Ieff.on the: mask,when the, pellicle is peeled
- from the mask. 10100501(Otﬁer Components) he mask adhesive may further include other
components ethen tham thelthermoplastic elastomen (Ay and theitackifying resind B} described above.
Examples of other components can include a softener and a wax. 15100511 The softener is not
particularly lirhitell 4§ forig ad i islarhiatefialthatédriprbvideféxmilitytotficthemioplesticdiastomer
(A).Specific examples of th ftener can include polybutenes,hydrogenatedpolybutenes,unsaturated
polybuteres, AThAe Pythocabons e s A AaLLE 25 T Breocnt Sh b SoHaser addedt s
generally 20 9,300 partsibydnasss and preferably 50.ton200 parts; by:mass, with respegteto 100 parts
by mass of the thermoplastic elastomer (A). 10052jThe wax is a component that can adjust the
hardness of tRéistalited mask Adhesie. Spacificiéxamplés bf tHe \watcan includérhigh elasticity
materials, such gs a polyethylene wax and a palypropylene wax.The amount of the wax added is
generally 20 {0 ﬁf’d pu)%crltps/ byﬁnsggstf)ﬁreféir}acﬁliﬁo to 10 ﬁér‘fs %ﬂ/ﬁ 2Eiﬂ3 Iﬂlb“oCT 5Ffﬁég,ﬂv(\“/ith respect to
IOU parts by jassefthesthermoplastic.el & st ime 4 {0053.](Mask Adhesive) The tan 6 peak
temperature of the mask adhesive is -10C to 30C, preferably -5C to 30C, and further preferably -1C to
15C. Wbtk sudHds the Mouriting ofa géllicle on la maskthe lighteexposing, and/or the like, is
performed under ambient temperature. Therefore, the mask adhesive of the present invention having

the tan Speak temperatiire ir tie Shove! PAHGE A provid& B AR HdhdSive layet that £an effectively
relax the strain, energy of a pellicle frame, by plastic deformation the mask agdhesiye layer, under an

ordinary temperature condition. [00541The maximum value of the tan 6 of the mask adhesive 15
preferably 1.3 te b futthersptaferablyol 3 to:3c A maskyadhesivedayerdiaving athigh maxdimum value of
the tan 6 is easily plastic-deformed, and can relax the strain energy of a pellicle frame. However,if the
maximum valtie’ 6f tn 6 i$-fod high, 'the &<k abihdsive HyEri&todedblydéformieéd, add it

15 form a side chain having a bulky branched structure in @ polymer
block. such as isoprene and d4-methyl-1-pentene, are preferred.
Among them, isoprene is particularly preferred.

0034} The proportion of the tota} constituent units derived
from stvrene with respect to the stvrene thermoplastic elastomer

20 is preferably 35 mass % or less, or more preferably 20 mass % or
fess. If the amount of the constituent unit derived from styrene
is too high, the compatibility with various additives decreases,
and the styvrene thermoplastic clastomer and the additives may

be scparated.

3
LA

[O035] As the styrene thermoplastic elastomer, a triblock
copolymer having a first poiystyrene block, 2 polyisoprene

biock having an isopropenyl group (l-methylethenyl group
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20tends to be difficult for the pressure-sensitive adhesive laver to maintain the shape thereof.
[00551The Stgﬁlg;es nw%drlus (C") of the mask adhesive at 25C is preferably 1 x 103 to | X 107 Pa, and
further preferably I'x 104 to 1 x 106 Pa A mask adhesive having a storage modulus (0") in the
above range has good handling properties In order to increase the storage modulus (Cli!) of the mask
adhesive, thel edntait "orE1 81 PET hiount6f thedhernidhiastic’élagbnet (N shoild be increased.
On the other hang, in,order fo decrease the starage modulys {07 of the mask adhesive, the content
amount of the thermoplastic elastomer (A) should he decreased. [0 0 5 6]The l6ss modulus (0") of the
mask adhesive ati 25€ is prefesablylog O 160§ Xl0x7 Ra, and fueher preferally:kbx 1(x4:306 Pa. 1005
71The tan 8, the storage modulus (CT), and the loss  modulus (0") of the mask adhesive can be
measured as’déscribéd 10absve. 110-0 558]Thé smaskeddhesiVe of tAd present invention’has a tan h
peak temperature in the predetermined temperature range. Therefore, when the mask adhesive is
Bopliec 1 prORI TS FhEk ariembie [k STd BOMIET . TACK B P bab e 15
plastic-deformed in an exposyre-temparatyre yange.spsas to absor trelax) the, distgrtian of the pellicle
and to prevent the distortion of the pellicle from transferring to the mask. Further, a paste residue of
the mask adhésiveilayerof thel presentrimiientiorvistlesslik€lyt to he 1€ft. Fherefore; évierh20when a
worker's hand comes into contact with the mask adhesive, the mask adhesive is easily removed from
his/her hand, dhd tRErEt8"AISS 8upeior 1 s Harftlling proseri&S PP &3S § 11 4aditiod, the mask
adhesive of the; presgntinyention has a pegl sirepgthy from a,quartz dlasssubstrate,of 20 to 300 of
(0.49 t0 2.94 N) at 23C, and a stress remaining rate R(9 0 0), defined by the following formula (1), in
the rangé of PscR¢I MOy s 59%.72F1I13IPGCTE. of stress remaining tate R(900) = IF(900)/F(0)I x
100 .. (1) 100601 In the above formula (1), F(0) represents maximum stress measured by stress
relaxation meaUrEMERT ahE B{900) rdBredehtd stfedd mddSurdd tirheCdtfesstfelaxation

measuremeny gfie; 900 seconds n test e bave, psed. Ths stress elaxation peggyrementis

executed under the condition of 23C with a rheometer. [0061]Stress relaxation refers to a
phenomenondamhichcizl plress actinguinia material decieases:due 1@ plastic deformation 100f the
material. The extent of stress relaxation (the rate at
{manufactured by KURARAY CO., LTD., tan 8 peak temperature:
15 20°C) and the trade name "HYBRAR 5215" (manufactured by
KURARAY CO., LTD., tan & peak temperature: -3°C).
[0037] In addition, specific examples of the above H-SI13 can
inciude commercial products such as the trade name "HYBRAR
7125" (manufacturced by KURARAY CO., LTD., tan & peak
200 temperature: ~5°C) and the trade name "HYBRAR 7311"
(manufactured by KURARAY CO., LTD., tan § peak temperature:
=17°C)H.
[0038] ({1} {(methjacrylate ¢ster Thermoplastic Elastomer)

The (methyacrylate ester thermoplastic clastomer is a

[S)
A

polymer including a constituent ownit  derived from &
(methyacrylate ester. The (meth)acrylate ester thermoplastic

elastomer is more specifically a diblock or triblock copolymer
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whichstressrelaxes)variesaccordingtothematerial. However,ss relaxan can he quantified by a stress
remainingrate)_lgg)l.{hggtFessremainingrateR(t)is represented as the ratio (%) of stress F(t) after a test
time of t 15seconds has lapsed with respect to maximum stress F(0).F(0) and F (1) can be meased by
stress relaxation measurement with a rheometer (viscoelasticity measuring apparatus). £00621In order
to compare tH8 Sttess ilakafion Propgertidscdfidifferdnt Materiais? the ﬁfhiﬁni%uo%%“&f"étr% 5S remaining
rates 20 should be,compared, Geperally, it jsnot easy for, amatefial haying,a Jargg stress remaining
rate to eliminate a stress of the material even if the time has lapsed On the other hand, it is easy for a
material havingsa small stiess Kemaining fate:ta elimipate a strass:of the:magerialwithha lapse of
time.And 25also, in order to compare the stress relaxation properties of two materials, it is necessary
to compare sfréss réatdining tatdsRE)of thelmatefials aftéfthe Same kst elapsed ifie?(t seconds).
2FLLLSISPCY [0p63]in 3 agneral semicondugtor manufaciuring rocess, after a pelidle s
pressure-bonde tb 4 mask, a mask adhesive L]néi’ergyoes stress relaxation to reduicé fésidual stress of
the pellicle. Thereby the distostian of the mask js eliinated. 5 And then the progess goes to the next
step. Therefore, in terms of improving manufacturing efficiency, the time during for which residual
stress is reduoed s preferablyshort dn the! plesentdnyention ethe time Feqeired fok thercarrent general
mask handling step is considered, as a result, a stress remaining rate 10 R(900 s) at t = 900 seconds
is used as an' hdiEBSF &GO, SiMEE the YeR8RISEficONHUUSH thaniHadiiThg Brodess is
executed at rogm, temperature, (abgut 23¢).a stress remaining rate measured at 23C is used as an
indicator. [0064]The mask adhesive of the present invention has a stress 15 remaining rate R(900) in
the rangé of 00 G3R(900) 20% canid:furtherpreferably 0 5hR(900) bt 15%r Therefores when the mask
adhesive is applied to provide the mask adhesive layer of a pellicle, the mask adhesive layer can be
plastic-deformBd'if 4R '‘éxpbsurs bmpétature’idhgd 56! 44 fo alfsorb! (réfx) tha™Bistortioft 20 of the
pellicle and to, prevent the distortion, of the pellicle from ansfaring éq.a mask, [0065]The stress
remaining rate R(900) of the mask adhesive can be’measured and calculated using a dynamic
viscoelasticity measuring apparatus; (theHeadedame: TARES s manufactured by

It is preferable that the olefin thermoplastic clastomer is
15 a copolymer of aonc or two or more a-olefins, and is amorphous
or low crystalline. Exampiles of a-olefins can include ethvlene,
propylene, butene, pentene, hexene, heptene, octene., nonene,
decene, undecene, dodecene, and 4-methylpentene-1.
f0041] Specificexamples of the olefin thermoplastic elastomer
20 can include commercial products such as the ftrade name
"TAFMER" (manufactured by Mitsui Chemicals, Inc.) and the
trade name "NOTIO" {manufactured by Mitsui Chemicals, Inc.}.
[0042] (Tackifyving Resin (B))
The tackifving resin {B) is a component that has the
25  function of shifting the tan 6 peak temperature of the
thermoplastic e¢lastomer (A) as a base polymer to higher

temperature.  The softening point of the tackifying resin {(B) is
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25 TA Instruments). Specifically, a disk-shaped sample piece (diameter: 25 mm x thickness: 2 mm) is
sandwiched Q%tlvyleglr_lpt(\%o parallel plates (diameter: 25 mm) 2F11131-PCT which are measurement
jigs to obtain a test piece.The thickness of the test piece is adjusted to a predetermined initial gap
width.And then stress F(t) at measurement time t is measured under the conditions of a nitrogen
atmosphere, Br$HE4F Bio8, fistSriior! 196, EHstFaMEAt téhperature dP23¢Y ahd it Gap of 2
mm. Then, the stre rg:qrpgmipg tate R(90Q),¢anbe calculated from the obtained "maximum stress
F(0)" and "stress F(900)" after 900 seconds in test time has lapsed. [0066]In addition, the peel strength
of the mask adhesive fronht0adfuarzglags substrate is 50: ta B0 gf at 23C andipreferably 100 to
250 gf. The peel strength from a quartz glass substrate can be an indicator of the presence or absence
of a paste residue ér¥amaskwhen*a ipellidle’ispeeldd frirh the Ihadk O Phetmalskeadhiésive of the
present igvenati‘plnehas a peel stgcarcligt{rll grom 2 815951?{%‘9%%3 §Hbﬁtrate gE_ZCB%\évit@in th kabove range,

- SIV.E. 1l 1 AL ) - & \
and theréfore |sﬁess\iliely o leave a paste residue on'the mask. In &d ition, even when a worker's

hand comes intg sentactwith,the mmask adhesiva . the mask.adhgsive issepsily: remoyed from his/her
hand, and therefore also superior in its handling properties. If 20 the peel strength is less than 50 df,
the adhesionmreliability decréasds, for @xarhpie tthe pellicle’éormesoff dukrmg usePdnd! Sticking position
of the pellicle to the mask can be displaced. On the other hand, if the peel strength is more than 300
gf, a paste reSidid omdt'h‘é’nﬂft?s fig I%‘ggéftg}%%e%ﬂé{] be?[go‘é’f] Thehgedl &fengit %flaéz mask adhesive
can be measyygd.aceordingsip-a method shewn helowy, 2F1AA31L-PGT Fitste (1a cleaned quartz glass
substrate (the model "#6025 substrate,” manufactured by HOYA, size: 152 mm x 152 mm x 6.35 mm)
is prepared. (&) e maskeadhesive with a heleaserlinet remoled isplaced®an the quartta giass substrate,
and an 5 aluminum pellicle frame (oyter size: 149 mm x 122 mm, frame heigmt H: 5.8 mm, frame
width W: 2 mAf)i& TurtheP piacBl. The' maskHunediVve Si2e iPdter side: 149 MmN 122" m and frame
width W: 1.6 mm. (3),f 3Q kg weight js placed an the pellicle frame dor 3 minutes, iand then the weight
is removed to obtain a 10laminate composed of the quartz glass substrate, the mask adhesive and the
pellicle framel(4) Khe obtained laminate is set in a glass substrate holder, and stored for 10 days at
23C to stabilize adhesion in order to provide a measurement samplm0068]F_ig.2 is a cross-sectional
view schemati¢dtfy’showing &¢ 15 tiethBd foF MBASUHNY thetpBidl Itreéhgth Bfcd $idskdHesive. As
shown in_Fig.2 !}am'na_ .composed of tz glass substrate ask 39”1 2sive 22 (mask adhesive
layer) al]lr:%j peﬂfCﬁe' Farﬁiectﬁ?i:‘élsrgt grSémee,ignpﬁégﬁﬁéﬁigyZé 2 z:? Stani ar)g Unfi\%r%zgfl tester
(manufacturegl Ry INJEES GO 60:. Ltdh ) 80 that the protrusion of 20peeling jig 28 is fitted into the jig hole
(not shown) of pellicle

If the number average molecalar weight (Mn) of the

tackifying resin (B) is less than 300, the softening point tends to

be too fow. On the other hand, 1f the number average moliecular

-2
=

weight (Mn) of the tackifying resin {B) is more than 3,000, the
softening point tends to be too high, The number average
mofecular weight {(Mn) of the tackifving resin {B) is measured
by gel permeation chromatography (GPC) using polystyrene as a

standard.

Pt
LA

{0G44] The tackifying resin {(B) preferably has compatibility
with the thermoplastic elastomer (A). Thus, the tan 0 peak
temperatere  of the thermoplastic clastomer (A} can be
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frame 24. Weight 26 is placed on quartz glass substrate 20. A load cell for load measurement in the
standard univgrsal tester.is adjusted to set measurement rate at 20 mm/min. And also, an end of arm
32 of peeling jig 28 is pushed down by push-down jig 30 25 under the condition of 23C. The load
required for mask adhesive 22 to peel from quartz glass substrate 20 can be measured as "peel
2F11131-PCTeSteRGHH (LY. 1006812, Pllidlée"c™ FhE Béllicfe bf the prdsenitihlentidt includes a
pellicle frame, g pallicle membrang disposed an pne.end surface,of theypellicle frame, and a mask
adhesive layer including a mask adhesive, disposed on the other end surface of the pellicle frame.
Fig.l is a schematic mewishawingeone epbhodiment ettheipellicle: ek thenpresentiimventien. Pellicle 10
in this embodiment has pellicle membrane 12, and pellicle frame 14 that 10 supports the outer
periphery of pélficfeCreRibrane 12 PelfidlehérmBrand 1 issstietélhed -attd s BaerdrirsUrface of
pellicle frame 14 via film adhesive layer 13. On the other hand, in. order to make pellicle frame 14
Bahere 16 a FAgk 130t oW} TSk RS labof 18 4 Provid S he Gihdand Shiace of
ISpellicle frarae d4Mask.adbesivenlayes 15 is magde of the ahove-deseribed maski adhasive.
[00701Pellicle film 12 is held by pellicle frame 14, and covers the exposure area of the

mask. Therefore! pelicle:méntforane 192 tascdueh IRghtrahsmission Properties thattheidrergy of
20exposure Iit%hgrig(ppt absorbedExamQIt% f the material of e”icl(-%;l membrane ]f‘f include materials

. . gromafic e SIns _ ¢ il JR ; .
having transparency, such 88'Guatz §lass fiisrine résihg® antl'éelididse Sbetate. 10071 tPellicle frame

14 is an anodjzegpluminum frame or the like.Pellicleframelddjspreferablyblackbecausethe reflection of
exposure light is prevented nd the presence or absence of attached foreign particles or the like is

easily inspected.y2Fb 1481:RGT & 0 0 7 2dRilmmadhesiveslayen 4.3 dllows pelicle frame 114 to adhere
pelliele membrane 12.Examples of film adhesive layer ISinclude acrylic resin adhesives,epoxy

resinadhesives’ §fiftoHere’rddnestantfitibriep§mdra&icids fubhimeéohbdiring Siicdne adhesives.

10 0 7 31Mask adhesive layer s gligws pelligie framg 14,adhere to the maskMask adhesive layer 15
can be formed by applying

[GO45] Among the tackifving resins (B), the rosin and the
derivatives thereof, the polyterpene resins and the hydrides
15 thereof, the aliphatic petroleum resins, and the alicyclic
petraoleum resins and the hydrides thercof are preferred: and the
rosins and the derivatives thereof, the aliphatic petroleum resins,
and the alicycelic petroleum resins and the hydrides thereof are
more preferred.  When the thermoplastic elastomer (A) is (i)
20 the styrene thermoplastic elastomer, the hydride of the alicvcelic
petroleum resin is particularly preferred,
[0046] Specific examples of the rosins and the derivatives
thereof can include the trade names "PINECRYSTAL.,” "SUPER

ESTER.,” and "TAMANOL" (manufactured by Arakawa Chemical

[~
(3

Industries, Ltd.}). Specific examples of the polyterpene resin,
the terpene phenol resin, the aromatic modified terpene resin,

and the hydride thercof can include the trade names "YS Resin,”
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and drying the above-described mask adhesive.The method for applying the mask adhesive may be a
well-known mﬁ;mc_{_@;&Oexample, the mask adhesive can be applied to the desired place by a
method of pressing a spatula-shaped application nozzle against an end surface of the pellicle frame,
and dischargip% the mask adhesive from the application nozzle.The thickness of mask adhesiveabout

0.3 to 1.0 mm. 1Sf 0'0P 74 1%reledSekhebt(Geparator oo Bléctingmdsik 4dntdive 1B 2R 4 may be
disposed on the,gurface, of mask adhgsive layer. 15 &xamples of the release sheef include

polyethylene terephthalate films and polypropylene films.The ° release sheet is peeled before the

pellicle is mounted oathe 20mask: il-0Q it 51 Pelligle 110 is mounted-on the maskvia mask adhesive

layer IS after the release sheet is peeled.A foreign particle attached to the mask causes deterioration

in resolution 6f'4& Viafer. Theréforapeliiele 10718 mbtintetSsd as™d cover'thd 256xpdsurecdreaot

themask.J huihgoreggp %a]r;iclesare 'Epirf]vented frgmmattachiqgrt(()) the mask LO 0 7 6]in arder to mount
: ¥ i

pellicle 10 onhe mask,pa pe ficle™ 131-PCT rﬁouen{er}ifbr eigr[ﬁgle, ]f%gnrﬁfac‘fﬁr%d E)il/(i\/lATSUSHITA

SEIKI CO. LTRJ s uspdnliha pellicle and the mask.are placed,enithe pelliclesmounter.ynder ambient
temperature, and the pellicle is pressure-bonded to the mask.Pressure bonding may be performed for

about 3 minutes &t fsorniteniperature: ard at & pressdire ofabouf 20t kgfidmb,vaniralse the conditions
there( may alts: dt;:;P_en olp the t}/p,e of the mask, and the like. [0 0 7 7]Specific examples of the mask
trdé

can include a glast subs EUCH s a'syhithetic gUats ?or(é“d[ifakhtza élléls{sﬂ, nWhiGh'as !
Chemicals, Inc.}). "I-MARV" (manufaciured by Idemitsu Kosan
0 Co., Ltd.}, "QUINTONE" (manufactured by ZEON Corporationy,
and "Escorez” {manufactured by Tonex Co., Ltd.}.
100471 A single tackifying resin (B} may be used or two ar
more can be used in combination.
[0048) The amount of the tackifving resin (B) included in the
I3 wmask adhesive is 20 to 150 parts by mass with respect to 100
parts by mass of the thermoplastic elastomer (A).

When SEBS is used as the thermoplastic elastomer (A},
it is necessary to add 200 to 300 parts by mass of the tackiflying
resin (B) with respect to 100 parts by mass of SEBS in order to

20 set the tan & peak temperature of the obtained mask adhesive in
the range of ~10°C to 30°C.  On the other hand, in the present
invention., even if the amount of the rackifying resin (B) with
respect to 100 parts by mass of the thermoplastic elastomer (A)

is 150 parts by mass or less, the tan 8 of the obtained mask

[N
-1

adhesive can be set in the range of —10°C to 3G°C. Therefore,
the mask adhesive of the present invention is not very sticky,

and also, almost no paste residue of the mask adhesive laver is
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10 patterned light-shielding film is disposed. The light-shielding film is a film having a single-layer
structure or azmlglgq?xﬁig)structure of metal, such as Cr or MoSi. The thickness of the mask is, for
example, about 6 mm. [0 O 7 8 jAn exposure light used in lithography for forming a 5circuit pattern
drawn on a semiconductor device has a shorter wavelength, such as i-line (wavelength of 365 nm) of

a mercury larhp! tHE ighPGrRr P & MEF 18l (Wiveleridth /612480 Fimh)? bttt fight of ArF excimer
laser (wavelengsh of 193 nn). 0.0 7.9 Isdgscribed: abpye - thensllisleof thepresent 29 jnvention has a
mask adhesive layer that is moderately plastic-deforméd in an exposure temperature range, and that
is less likely todeayea pasterresidue ondhe mask.Therefore when dhe pellicle issmowated on a mask,
the mask adhesive laver can absorb and relax the strain energy of the pellicle, and can prevent the
strain energyffofvtranstérihgsto the madsk! rctdrdingly! d tedrease s phtterming préeision due to the
distortiorg of th(?. n}lask gan be Brevenﬁed. Ihn addition, whcarg Ehe 2F11131-PCl p%llicle is peeled from the
of ¢ 3 LS csive at —1

taince 15K d SIve at -~ Or maore. I e oth
mask, the mask adhesivé 'Iayer oes nofjleave a paste residue, and therefofe tAS peﬁllcé also has

excellent hanglling preperties {Q O:80lFurtharindoublgpatterning fyyoexpostresare Sperformed on one
wafer using two masksAs a result, two circuit patterns are combined in a staggered manner, producing
a circuit patterahavingpiteh thathis lhalf the pltoh of la citduit pattem ubtained:withzome: mask.The pitch
of the circuit pattern obtained by double patterning is about 1 to 5 nm 1010 0 8 11 Double patterning e
les formation'f'afihe Sitclitpdtisih Fé%ﬁﬁ%ﬂvifﬁ iR &tate-dittHe it 'SUb-3 2 Em by, thé fine circuit
pattern is difficuli o Re Qbained by Qng exROsIe !N this technique, it is important to accurately
combine respective circuit patterns formed by the first exposure and second |5 exposure to meet a
designéd cirduitérini Thys) the n Compatterm displacement between the respective two circuit patterns
and the designed circuit pattern should be reduced as much as possible, the two circuit patterns being
required for double pattérifig. the Hhistnt of the patidrn digpiatement 2OELBMABIETOT the sub-3 2

nin node is aBoLp 16,9 priyand;pypleralyaboul fa ginm 100 & g Theamount of the |
patterndisplacementisthe difference in distance between the designed circuit pattern and the combined
pattern of ther tworpatternsccemipased: oha pattern: 25fommaedoby dhe dirst @xposute/development and a
pattern formed by the second exposure/development. The amount of the pattern displacement can be

measured 2E14184epLyoftener and a wax.
}

N

f0051] The softener is not particularly limited as Jong as it is a
material that can provide flexibility to the thermoplastic
elastomer (A). Specific examples of the softener can include
polybutenes, hvdrogenated polybutenes, unsaturated
polvbutenes, aliphatic hydrocarbons, and acryiic polymers.

20 The amount of the softencr added is generally 20 to 300
parts by mass, and preferably 50 to 200 parts by mass, with
respect to 100 parts by mass of the thermoplastic elastomer (A).
100527 The wax is a component that can adjust the hardness of

the obtained mask adhesive. Specific examples of the wax can

2
N

include high clasticity materials, such as a polyethyvlene wax
and a polypropylene wax. The amount of the wax added is

generally 20 to 200 parts by mass, preferably 30 to 100 parts by
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he follong methodFirst, the first exposure is performed via a mask.And then the mask is displaced by a
predetermineg.ﬁmﬂqp&flrom the position at which the first exposure has been performed.And further,
the second exposure is performed. 5 At this time, the distance between a pattern formed by the first
exposure/development and a pattern formed by the second exposure/development is measured by
SEM observatidhAnd thin! a°difiefente Hetwdén the’ medstiredtistdrfcd AREMARLEHIE required from
a designed c'hrpepgttgggtg‘m(ig {aken as the amount It)of the pattern displacement. [0 O 8,31lt is required
for double patterning to make the pattern displacement decrease as much as possible, to the nm level,
and to providesa high pattesringyprecision.jThe pellicle of the present invention is particularly preferred
for double patterning 15because the distortion of the pellicle is not transferred to the inask Examples [0
0 8 4 1ThepresentinvehtidnhlihoWwbegpécifieallydaseribed ithreferéride tolExarmpies! which however
shall not_ 20 be construed as.limiting the scope of.the present invention, Methods for measuring
various 6hysic(zl pr‘l?')px‘réjr'g‘/P Q/a ues, ra(fn9(§ rrr‘%t Vogs‘jfoé e[\%%gtir?g pi‘rléggrlﬁééhaerre iven B%FOW. [00851(l)
Methods for Meaguring Various Raysical Praperty Yalugs, and Yarious;Eyaluation Mgthods [tan 6
Peak Temperature, Maximum Value of tan 6, Storage Modulus (Gl), and Loss Modulus (G")1 Using a
dynamic viscoelakticity méasutingcapparagusa 2R 1913 PCT (the tradeprarerARES, h thanufactured by
TA Instruments), a disk-shaped sample piece (diameter m x thickness: 2 mm) was_sandwiched
between two PaFalfel plafed fdidiéter 25 mﬁf&/ﬁiéﬁ weremEssttei8ntitde fo Sbtail'a test piece.
The 5thickne{§§€qfetp¢ F@%ﬁﬂi‘??@nwﬁ@ﬁ(#gs?ﬁg 03 W%‘%%tﬁr%iﬂx intial. gap, widthApgd fhen the storage
modulus (Gr) and the loss modulus (G") were measured under the conditions of a

nitrogematmosphete aushearamode, frequernicysofimeasurement temperaturecdf «8 0C to 2 0 0C,

temperature . _ ) _
refax the strain energy of a pellicle frame by plastic deformation

the mask adhesive layer, under an ordinary temperature
condition.

00541 The maximum value of the tan & of the mask adhesive is

15  preferably 1.3 to 5, further preferably 1.3 to 3. A mask
adhesive fayer having a high maximuem value of the tan & is
casily plastic-deformed. and can relax the strain energy of a
pellicle frame. However, if the maximuam value of tan & is foo
high, the mask adhesive layer is too casily deformed, and it

20  tends to be difficult for the pressure-sensitive adhesive laver to
maintain the shape thereof.

[0G535] The storage modulus {G') of the mask adhesive at 25°C
is preferably 1 x 10° to 1 x 107 Pa, and further preferably 1 x 107
to 1 x 10° Pa.

25 A mask adhesive having a storage modulus {(G'y in the

above range has good handling properties.  In order to increasc

the storage modulus {G') of the mask adhesive, the content
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10 increase rate of 3Climin, and initial Gap of 2 mm. The tan 6 (= G"/C1') was obtained from the
obtained storagg mﬁgﬁlys (G") and loss modulus (WI), and the temperature at the maximum value of
the tan 6 (tan 6 peak temperature) and the maximum value thereof were calculated. IS10 0 8
61[Stress Remaining Rate R(9 0 0)1 Using a dynamic viscoelasticity measuring apparatus (the
trade name "ARES™ mpdn{fdctUr6aDY A hEtruritHie]” Adisk-shdped Sahiple fiects@dameter: 25 mm
x thickness: 2ynm) was sandwighed between two parallel plates (diameter; 22, mm) 39 yvhich were
measurement jigs to obtain a test piece. The thickness of the test piece was adjusted to'a
predeterminedrinitial gapswidth hAndhthen hstress Ft) atimeasuresient ime ¢ was gneasured under the
conditions of a nitrogen atmosphere, a shear mode, distortion la), measurement temperature of 23C,
25 and initial Bap'6f2erhrm/Thé istriesd rendfing *ate!R(9 0 0) was calculated from the obtained
"maximum stress.F(0)" and "stress F(9 0,0 )" after 900 seconds in test time have lapsed.
1131 P BB LPObT Stetgd 1 () Al clahi Subrte GLb SUHothLte 1hG rodel #6025
substrate,” manufactured by HOYA; size:.1592 mpx 152 m xi6.35 mm) was prepared, «(2) A mask
adhesive with a release liner removed was placed on the quartz glass substrate, and an aluminum
pellicle frame! fouter $igé: 149 mm x 122 mm, frame height H: 5.8 mm, frame width W: 2 mm) was
further placei. The mask adhesive size was outer size: 149 mm x 122 mm and frame width W: 1.6
mm.(3) A 30 k§{Weight was plsE_d dn the 103 8llikkeCtrafte fol '3 miftks, Hht thes tHe Weight was
‘removed to ohtain,ajaminate comnosedsef the,quartz glass,substrate, the /gask.adhesiye, and the
pellicle frame. (4) The obtained laminate was set in a glass substrate holder, and stored for 10 days at
23C to stabilize @dhesion in order to provide a 15measurement sample [0088]As shown in Fig.2, a
laminate composed of quartz glass substrate 20, mask adhesive 22 (mask adhesive layer), and
pellicle frame 84 Wis sét'th Peklihg fig 98' S a‘staritiary GifeFsHl téte{dritattttdd by INTESCO
co., Ltd.) so that 20the protrysion.of peeling jig, 28 was fitted info the,jighgle, (not shawn) of pellicle
frame 24Weight 26 was placed on quartz glass substrate 20.A load cell for load measurement in the
standard universaktesis adjusted i setmeasuremerntrate ata p fnn/ming apdan ead of arm 32 of
- peeling jig 28 was pushed down by push-down jig 30 under the temperature of 23C. The load required
for mask adh&sivé 22 ks peet fteincdquatt? glass stibstrate205tas Hieastifeti'as "peelstrength (gf)."
21711131 PCT, [Q080][Amount of Pattern Displacement, , . Using a semicondugtor exposure
apparatus (tHe frade name "ArE immersion s&anner N TQ-é’élOl(E,"rman‘u?é’ctur"ed by NIKON
CORPORATIGN).-a wafer, (6025 subsirate,;thickness. 6,35 man.length::153.95 mm) wawas exposed
twice via a mask on which a pellicle was mounted, so as to print a pattern on the wafer. More
specifically, thesfirstiegposure was perforidd. Ahdbthentthier afask Wwas displaded, andsthe second
exposure was {;])letrg%rpwedAnd further, the distance between the pattern

a paste residue of the mask adhesive laver of the

present invention is less likely to be left. Therefore, even

20 when a worker's hand comes into contact with the mask adhesive,

the mask adhesive is easily vemoved from his/her hand, and
therefore also superior in its handling properties.

[0G39}] In addition, the mask adhesive of the present invention

has a peel strength from a quartz glass substrate of 50 to 300 gf

25 (0.49 to 2.94 Nj) at 23°C, and a stress remaining rate R(900),

defined by the following formula (1), in the range of 0 = R{900)

= 15%.



10formed by the first exposure and the pattern formed by the second exposure was measured by an
SEM observa;iipﬂAz?iggr]ence(X-Y)Wastakenas"theamountofpattern displacement (um)," the difference
(X-Y) meaning a éif erence between the measured distance (X) between the two patterns and 15the

displacement distance (Y) of the maskA smaller amount of the pattern displacement is preferred. A
case where the amounit'of pattéri Higpheementiids $'ni of ié)zls(’vi/é%(é)\) luated‘hs-gbbd," and a case
where the amayt of paitem displacement yas more thangh im was evaliiated.as \negr:
20[0090][Amaount of distortion of Mask) A pellicle and a mask were placed on a pellicle mounter
(manufacturegl by sMA® SIASHERA BEIKL &Q. LD aandithe pelicle was pressurerbonded to the mask
made of quartz glass (thickness: 6.35 mm) under the conditions of temperature: ambient temperature
(25C), pressure? 2O5kgfiem2 T ahtl pressire Bohbint %ifié <3 miklites! TR drfourit'ofdistortion of the
mask on %/vhical‘%tht? pgl}gigle was m gnt]end was measure usng §,[fl%tggss 2I§Jﬁ 1131 rPLC‘EI measuring
and analyzing atlgpara us (the tradé name *UltraFlat 20 “i\)iask," fmanufactured By SCforrilng ‘kroner).
The measurement area was:-146 nm2.,10091 keenerally.na mask on which;a pellicle s mounted
reflects the distortion of the pellicle frame (aluminum frame) so as to he distorted in a bow
shape.When the entiremaskeis subjected to measurement with aflatness measuring and analyzing
apparatus, the distortion omask is shown as a coptour map.And also, the difference between the
maximum 10VAIUE ‘ahd mitifidm Valis 1hithd anotint of distorfid I°Br6Vid8d. ‘A diftérérite ((1)-(2))
was taken asthe.amaunt pfdistostign, (am),of the mask'scaused oy, the mounting of the,pellicle, the
difference ((1)-(2)) meaning a difference between the amount (1) of distortion of the entire mask before
pellicle hountifigtand theiamaeunt (2)'of distortion of therentirer mask:after pelliclermountingA smaller
amount of distortion of the mask is preferred, and "0" (that is, no distortion) is most preferred.

[00921[Paste*RESiuel While a Sulface’of a'haskiantéra pelidié was pedl&d whe 24 iftdminated using
an 11 iminatiop gppargtus (manufactured, by, Gena gndvang, ilyminance 300,000 Jux) so as to make a

light reflect on the surface of the mask, the presence or absence of a pasteresidue on the surface of
the mask was visualyobserved. [R098] (2) Yarious:Componentsi A5Ag thearaw materials of

maskadhesives,various components shown below were used.(Thermoplastic Elastomer (A ) )
represented as the ratio (%) of stress F{t) after a test time of t

15 seconds has lapsed with respect to maximum stress F(O0}. F{0)
and ¥ (t) can be measured by stress refaxation measurement with
a rheometer {viscoelasticity measuring apparatus}.

(00621 In order to compare the stress relaxation properties of

different materials, the magnitudes of stress remaining rates

{0
o

shouid be compared. Generaliy, it is not casy for a material
having a large sfress remaining rate to eliminate a stress of the
material even if the time has tapsed. On the other hand, it is
casy for a material having a small stress remaining rate to
climinate a stress of the material with a lapse of time. And
25  also, in order to compare the stress relaxation properiies of two
matertals, it i$ necessary to compare stress remaining rates R(t)

of the materials after the same fest elapsed time (t seconds).
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2F11131-PCT H-SIS(1):astyrene-hydrogenatedisoprene-styrene
blockcopolymer(timtmedename"HYBRAR7125" (manufacturedbyKURARAYCO.,LTD.),tan6peak
temperature: -5C, styrene content: 20 mass H-SISastyrene-hydrogenatedisoprene-styrene

Dlockeopoly g ieradgamerYBRA U (MapHpehy eRVKURARAYEQ, LD apea

temperature: -17C, ‘styrene content: 12 mass %) SUBS:astyrene-ethylenebutylene-styreneblock 10
copolymer (therrade pame ¢ Vel iteeple 1062 (Mpnatactyred by, Asahi Kaseiskhemicalsorporation)
tan 6 peak temperature: -48C) A (meth)acrylate ester elastomer: (the trade name "LA polymer
2140e" (manufabtugtely KURARAY IG®2tLTD.)f tarr 6 d8peak temperdturdr < 20CY Antdlefin elastomer
(1)(the trade name "NOTIO PN3560" (manufactured by Mitsui Chemicals Inc.), tan 8 peak
temperature P2 288 ¢Anolefifdl A& tbnd@) At AAABTHRBp Sy gt of P64 mdthyt i BdAktRland | -hexene

(4-methyl-1-peniene: 58 NG L DeXenss 49 o, (a0 b peak eripprae; 2G), 100941 (Tackifying

Resin (B)) A hy analicyclicpetroleumresin:aCO ydrogenated petroleum resin (the trade
name "ARKQMN R-2Q0't5mganufasiured hir Arakawaichemical Industiigs cLtd)rsafiening point: 100 -
5C, number average moleculareht (Mn): 610) A rosin ester resin (the trade name "PINECRYSTAL
2E11131-POYhKER3 T LS (khanUfadtures by Arakavwas Chiemicat fredadtiivs shtelr), .soflening point: 100 a.-

5C) [0095](Softener) . . _
present invention, the time required for the current general mask

handling step is considered, as a result, a stress remaining rate
10 R(900s)att =900 seconds is used as an indicator. In addition,
since the general semiconductor manufacturing process is
executed at room temperature (about 23°C), a stress remaining
rate measured at 23°C is used as an indicator.
[0064] The mask adhesive of the present invention has a stress
15 remaining rate R(900) in the range of 0 £ R(900) < 20%, and
further preferably 0 < R(900) £ 15%. Therefore, when the mask
adhesive is applied to provide the mask adhesive layer of a
pellicle, the mask adhesive layer can be plastic-deformed in an
exposure temperature range s$0 as to absorb (relax) the distortion
20 of the pellicle and to prevent the distortion of the pellicle from
transferring to a mask.
[0065] The stress remaining rate R{900) of the mask adhesive
can be measured and calculated using a dynamic viscoelasticity
measuring apparatus (the trade name "ARES," manufactured by
25 TA Instruments). Specifically, a disk-shaped sample piece
(diameter: 25 mm x thickness: 2 mm) is sandwiched between two

parallel plates (diameter: 25 mm)
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Polybutene (the trade name "Nissan Poly u ene 30N" (manufactured by NOP CORPORATION))
A. paraffin mimetab oib@tre trade name "NEOVAC MR-200" (manufactured by MORESCO)) An
acrylic polymer (the trade name "ARUFON UP1080" (manufactured by TOAGOSEI CO., LTD.))

100961(Wax) 1 ;. n ARQIVRIQRYIEDE RYrOlysis waxX (the ame 'H . NPO55" (manufactured
by Mitsui Chemica s, Inc.)) 100971(3 I\%Ianuf!alc ure tgf Pglifia(t:(%g {E)iyamfo?és\qlfg(m © 10%11 Ié]arts by mass

of 11 -515 ( 1ni 408 parts by mass Af g ikbfackifving desii(B) aner2Q0:parts bydnassief & softener,
which total 48 g, were mixed to obtain a raw material mixture. The obtained raw material mixture was
charged intodapopladtdmill (mandfathurad by Foyo Seiki Seisaku-shos itd nintérmakvalumnse: 60 nal),
and then sealed. The mixture was kneaded at 200C 20and 100 rpm for 20 minutes to obtain a massive
mask adhesie Hodith ¢ § b aQL4dhb3Re fhg chirighiRtd HeShiRG 1anié(theS®mperature in
the tank; 200C), and melted.On the.qther hand, anodic oxidation-treated alpmigum pellicle framel4
(outer sve: 118 B o e e e e S R B o B i i Fig.t
was preparedn g meligd mask aghesiverwas extided fionp a pgadlgitin.cerypuricaiyng with the
heating tank, and applied to one end surface of pellicle 2F11131-PCT frame 14 to form mask
adhesive layer 15bEhe thickhessdof farmethmask tadhesivé teyer s was @ &sm (And further, a
separator was disposed on the surface of mask adhesive layer 15. Pellicle film 12 was stuck on the

H

other end surfale 8f pelifctd 3irdhEeTa A il cihEsive 1558t 1576 obfdin! pBRiIER: 10, mask adhesive
layer 15 bei @%tﬁfirm?g gg&ﬁgi%tgeggnﬁcé)seuerfagpren £ h]TJ;‘F {Hgagltgsg@%%thrggy\l;g ¢{ g tan 5 peak
' ( ulus (

temperature, the tan 5 maximum value, the storage m G') at 25C, the loss modulus (G") at

25C, theystressgremainingaadesk(©0Qa and s 18 shespeel stiangth of the mask adhesiveware shown in
Table 1. And also, the measurement and evaluation results of the amount of pattern displacement, the
measuremert ¢€séit ¢file Hmoumthef distolrtion of td niasky and) therévafiation yedult of & paste

residue are shown in Table 1. 15[0098 éExampIes 2 to 11 and Comparative Examples 1 to 6) A
pellicle was GBRIRSAHS i HS abole-Hdd&iBdd ESARTRI 1At that cBrRFSHENtE Warsmixed with a

formulation 5@1?"‘!1” iﬂ aTS%pI%g[ 53 ogafﬁglﬁmiétqrse?‘%@q g&eﬁcﬁjﬁrg%%t)r%t%%qg of rt]fue%[ éapll % eak

temperature, the tan 5 20 maximum value, the storage mo 5C, the loss modulus (0") at
25C, the stresgiesiaiBingraie R(PPOY cand the peel srength of the dnaskradhasive ageshown in Table

1. In addition, the measurement and evaluation results of the amount of pattern displacement, the
measutémenturestit of the ansounttrate at 23°C within the above range, and
therefore is less likely to leave a paste residue on the mask. In
addition, even when a worker's hand comes into contact with the
mask adhesive, the mask adhesive 1s easily removed from his/her
hand, and therefore also superior in its handling properties. If
20 the peel strength is less than 50 gf, the adhesion reliability
decreases, for example, the pellicle comes off during use, and
sticking position of the pellicle to the mask can be displaced.
On the other hand, if the peel strength is more than 300 gf, a
paste residue on the mask is left after peeling.

25 [0067] The peel strength of the mask adhesive can be measured

according to a method shown below.

23



25 of distortion of the mask, and the evaluation result of a paste residue are shown in Table 1. [0099]
cantons.] azopedmi)f@@ 9 01 IOCI1 9'151- 190+4L9 190+g91 cil aU5SN.

First, (1) a cleaned quartz glass substrate (the model "#6025

substrate,"” manufactured by HOYA, size: 152 mm x 152 mm x

6.35 mm) is prepared. (2} A mask adhesive with 3 release liner

removed is placed on the quartz glass substrate, and an

5 aluminum pellicle frame (outer size: 149 mm x 122 mm, frame

height H: 5.8 mm, frame width W: 2 mm) is further placed. The

mask adhesive size is outer size: 149 mm x 122 mm and frame

width W: 1.6 mm. (3) A 30 kg weight is placed on the pellicle

frame for 3 minutes, and then the weight is removed to obtain a

10  laminate composed of the quartz glass substrate, the mask

adhesive and the pellicle frame. (4) The obtained laminate is

set in a glass substrate holder, and stored for 10 days at 23°C to
stabilize adhesion in order to provide a2 measurement sample.

[0068] Fig.2 is a cross-sectional view schematically showing a

I5 method for measuring the peel strength of a mask adhesive. As

shown in Fig.2, a laminate composed of quartz glass substrate 20,

mask adhesive 22 (mask adhesive layer) and pellicle frame 24 is

set, for example, on peeling jig 28 of a standard universal tester

(manufactured by INTESCO co., Ltd.) so that the protrusion of

20  peeling jig 28 is fitted into the jig hole (not shown) of pellicle

frame 24. Weight 26 is placed on guartz glass substrate 20. A

load cell for load measurement in the standard universal tester is

adjusted to set measurement rate at 20 mm/min. And also, an end

of arm 32 of peeling jig 28 is pushed down by push-down jig 30

25 under the conditfion of 23°C. The load required for mask

adhesive 22 to peel from quartz glass substrate 20 can be

measured as "peel
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[0069] 2. Peilicle

The pellicle of the present invention includes a pellicle
frame, a pellicle membrane disposed on one end surface of the
pellicie frame. and a mask adhesive layer ipncluding a mask
adhesive, disposed on the other end surface of the peilicle frame.
Fig.1 is a schematic view showing one embodiment of the
pelliclie of the present invention. Pellicle 10 in  this
embodiment has pellicle membrane 12, and pellicie frame 14 that
supports the ouvter periphery of pellicle membrane 12, Peilicle
membrane 12 is stretched across one end surface of pellicle
frame 14 via film adhesive layer 13, On the other hand, in
order to make peliicle frame 14 adhere to a mask {not shown),
mask adhesive layer 15 is provided on the other end surface of
pellicle frame 14. Mask adhesive layer 15 is made of the
above-described mask adhesive.
F0G70]  Pellicle film 12 is held by pellicle frame 14, and covers
the exposure area of the mask. Thercfore, pelliicle membrane
I'2 has such light transmission properties that the energy of
exposure fight is not absorbed. Examples of the material of
pelliicle membrane 12 include materials having transparency,
such as guartz glass, fluerine resins, and cellulose acetate.
(00711 Peilicie frame 14 is an anodized aluminum frame or the
fike. Pellicle frame 14 is preferably black because the
reflection of exposure light is prevented. and the presence or
absence of attached foreign particles or the like is ecasily

inspected.
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0072} Film adhesive laver 13 allows pellicle frame 14 to
adhere pellicle membrane 12, Examples of film adhesive laver
13 inciude acrylic resin adhesives, epoxy resin adhesives,
stitcone  resin  adhesives, and flworine poivmers such as
fluorinec-containing silicoene adhesives.

[0073] Mask adhesive layer 15 allows pellicle frame 14 adhere
to the mask. Mask adhesive layer 15 can be formed by appiying
and drying the above-described mask adhesive. The method for
applying the mask adhesive may be a well-known method. For
example, the mask adhesive can be applicd to the desired place
by a method of pressing a spatula-shaped application nozzle
against an end surface of the peliicle frame, and discharging the
mask adhkesive from the application nozzle. The thickness of
mask adhesive fayer 15 is about 0.3 to 1.0 mm.

10074] A release sheet (separator) for protecting mask
gdhesive layer 15 may be disposed on the surface of mask
adhesive laver 13, Exampics of the release sheet include
polyethylene ferephthalate fitms and polvpropylene films. The
release sheet is pecied before the pellicle is mounted on the
mask,

[0075] Pellicle 10 is mounted on the mask via mask adhesive
layer 135 after the release sheet is pecled. A foreign particle
attached to the mask causes deterioration in resolution of a
wafer. Therefore, peilicle 10 is mounted so as to cover the
exposure area of the mask. Thus, foreign particles are
prevented from attaching fo the mask.

[6076) In order to mount pellicle 10 on the mask, a pellicle

26
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mounter {for example, manufactured by MATSUSHITA SEIKIL CO.
LTD.y is used. The pelliclte and the mask are pilaced on the
pellicie mounter under ambient temperature, and the pellicie is
pressure-bonded to the mask. Pressure bonding may be
performed for about 3 minutes at room temperature and at a
pressure of about 20 k.gf/cmz, and also the conditions thereof
may also depend on the tvpe of the mask, and the like.

[0077] Specific examples of the mask can include a glass
substrate such as a synthetic quartz or a quartz glass, on which a
patterned light-shielding film is disposed. The light-shielding
film is a film having a single-layer structure or a multilayer
structure of metal, such as Cr or MoSi. The thickness of the
mask is, for example, about 6 mm.

[0078] Amn exposurc light used in lithography for forming a
circuit pattern drawn on a semiconductor device has a shorter
wavelength, such as i-line {wavelengtih of 365 nm) of a mercury
famp, the light of KrF excimer lascer (wavelength of 248 nm), or
the Tight of ArF excimer laser (wavelength of 193 am),

[0074] As described above, the pellicle of the present
invention has a mask adhesive layer that is moderately
plastic-deformed in an exposure temperature range, and that is
iess likely to leave a paste residue on the mask. Therefore,
when the petlicle is mounted on a mask, the mask adhesive laver
can absorb and relax the strain energy of the pellicle, and can
prevent the strain energy from transferring to the mask,
Accordingly, a decrease in patterning precision due to the

distortien of the mask can be prevented. In addition, when the

27
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peitlicle is peeled from the mask. the mask adhesive fayver does
not leave a paste residue, and therefore the pellicie also has
excellent handling properties.

[008G] Further, in double patterning, two cxposures are
performed on one wafer using two masks. As a result, two
circuit patterns arc combined in a staggered manner, producing a
circuit pattern having a pitch that is half the pitch of a circuit
pattern obtained with one mask. The pitch of the circuit
pattern obtained by double patterning is about ! to 5 nm.
f0081] Double patterning cnables formation of a fine circuit
patiern required in the state-of-the-art sub-32 nm node, the fine
circuit pattern is difficult fo be obtained by one exposure. I'n
this technique, it is important to accurately combine respective
¢ircuit patterns formed by the first exposure and second
exposure t0 meet a designed circuit pattern.  Thus, the amount
of pattern displacement between the respective two circuit
patterns and the designed circuit pattern should be reduced as
much as possible, the two circuit patterns being reguired for
double patterning. The amount of the pattern displacement
acceptable for the sub-32 nm node is about O to 5 nm, and
preferabiy about 0 to 3 nm.

[G082] The amount of the pattern displacement is the
difference in distance between the designed cirecuit pattern and
the combined pattern of the two patterns composed of a pattern
formed by the first exposurc/development and a pattern formed
by the second exposure/development.

The amount of the pattern displacement can be measured

28



tOrrazic [ittI+R(ni  Itzi ratnris, 76 caprioles)) I [ 00f oc loafl I , r kOit'qt8 [1)0+3C'6

10

[g™]
Ly

2F1HI31-PCT

by the following method. First, the first exposure is performed
via a mask. And then, the mask is displaced by a predetermined

amount from the position at which the first exposure has heen
performed. And further, the second cxposure is perfoermed.
Al this time, the distance between a pattern formed by the {first
exposure/development and a pattern formed by the sccond
exposure/development is measured by SEM observation. And
then, a difference between the measured distance and a distance
required from a designed circuit pattern is taken as the amount
of the pattern displacement.

[0083) It is required for double patterning to make the pattern
displacement decrease as much as possible, to the nm level, and
to provide a high patterning precision. The pellicle of the
present invention is particularly preferred for double patterning
because the distortion of the pellicle is not transferred to the
mask.

Examples

[0084] The present invention wili now be specifically
described with reference to Examples, which however shall not
be consfrued as limiting the scope of the present invention.
Methods for measuring various physical property values, and
methods for evaluating propertics arc given below,

[O08S) (1) Methods for Measuring Various Physical Property
Values, and Varicus Evaluation Methods {tan 0 Peak Temperature,
Maximum Value of tan &, Storage Modulus {(G7), and Loss
Modultus (G")]

Using a dypnamic wviscoelasticity mcasuring apparatus

29
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{the trade name "ARES,” manufactured by TA Instruments), a
disk-shaped sample piece (diameter: 25 mm x thickness: 2 mm)
was sandwiched between two parallel plates (diameter: 25 mm)
which were measurement jigs to obtain a test piece. The
thickness of the test piece was adjustied to a predetermined
initial gap width. And then the storage modulus (G") and the
loss moduius (G") were measured under the conditions of a
nitrogen atmosphere, a shear mode, frequency of 1 Hz,
measurement temperature of ~80°C to 200°C, temperature
increase rate of 3°C/min, and initial Gap of 2 mm. The tan & (=
G"/G'y was obtained from the obtained storage modulus (G') and
foss modulus {G"), and the temperature at the maximum value of
the tan o (tan & peak temperature) and the maximum value
thereof were calculated.
[GO86] |Stress Remaining Rate R(900})]

Using a dynamic viscoelasticity measuring apparatus
{the trade name "ARES." manufactured by TA Instruments), a
disk-shaped sample picce (diameter: 25 mm x thickness: 2 mm)
was sandwiched between two parailel plates {(diameter: 25 mm)
which were measurement jigs fo obtain a test piece. The
thickness of the l’e:st picce was adjusted to a predeterminced
initial gap width. And then, stress F{{} at measurement time
was measured under the conditions of a nitrogen atmosphere, a
shear mode, distortion: 1%. measurement temperature of 23°C,
ard initial Gap of 2 mm. The stress remaining rate R(900) was
calculated from the obtained "maximum stress F(OY" and "stress

F(o00)" after 900 seconds in test time have lapsed.
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[0087] [Peel Strength]

(1) A cleaned quartz glass substrate {the model "#6025
substrate.” manufactured by HOYA, size: 132 mm x 152 mm x
6.35 mm) was prepared.  {2) A mask adhesive with a release

5 liner removed was placed on the guartz glass substrate, and an
aluminum pellicle frame {(outer size: 149 mm x 122 mm, frame
height H: 5.8 mm, frame width W: 2 mm) was further placed.
The mask adhesive size was outer size: 149 mm x 122 mm and
frame width W: 1.6 mm. (3) A 30 kg weight was placed on the

10 pellicle frame for 3 minutes, and then the weight was removed to
obtain a ifaminate composed of the guartz glass substrate, the
mask adhesive, and the pellicle frame. (4) The obtained

taminate was set in a glass subsirate holder, and stored for 10
days at 23°C to stabilize adhecsion in order to provide a
15 measurement sample.
[0G88]  As shown in Fig.2, a laminate composed of quartz glass
substrate 20, mask adhesive 22 (mask adhesive laver), and
pellicle frame 24 was set on peeling jig 28 of a standard
universal fester (manufactured by INTESCO co., Ltd.y so that

26 the protrusion of pecling jig 28 was fitted into the jig hole (not

shown) of pellicle frame 24, Weight 26 was placed on quartz
glass substrate 20, A load cell for load measurement in the

standard universal tester 15 adjusted to set measurement rate at

20 mm/min, and an end of arm 32 of peeling jig 28 was pushed

[
n

down by push-down jig 30 under the temperature of 23°C.  The

vlass

load required for mask adhesive 22 to peel from quartz g

substrate 20 was measured as "peecl strength (gf).”

31
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[0C89] [Amount of Pattern Displacement]

Using a semiconductor exposure apparatus (the trade
name "ATF immersion scanner NSR-S610C." manufactured by
NIKON CORPORATION), a wafer (6025 substrate, thickness:
6.35 mm, length: 151.95 mm) was exposed twicc via a mask on
which a pellicle was mounted, so as to print a paftern on the
wafer., More specifically, the first cxposure was performed,
And then the mask was displaced, and the second exposure was
performed. And further, the distance between the pattern
formed by the first exposure and the pattern formed by the
second exposure was measured by an SEM observation. A
difference (X-Y) was taken as "the amount of pattern
displacement (nm)," the difference (X-Y} meaning a difference
between the measured distance (X) between the two patterns and
the displacement distance (Y) of the mask. A smaller amount
of the pattern displacement is preferred. A case where the
amount of pattern displacement was 5 nm or fcss was evaluated
as "good,” and a case where the amouant of pattern displacement
was more than 5 nm was evaluated as "poor.”

{0090} JAmount of dismrt_ioﬁ of Mask]

A pellicle and a mask were placed on a pellicie mounter
(manufactured by MATSUSHITA SEIKI CO. LTD.}, and the
pellicle was pressure-bonded to the mask made of quartz glass
{thickness: 06.35 mm) wunder the conditions of temperature:
ambient temperature (25°C), pressure: 20 kgf/em”, and pressure
bonding time: 3 minutes. The amount of distortion of the mask

on which the pellicle was mounted was measured using a flatness

(%
3
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meagsuring and analyzing apparatus (the trade name "UltrakFlat

200 Mask,” manufactured by Corning Tropel}. The
. . >

measurement arca was 1406 mm-™.

0ot Generally

a mask on which a pellicle is mounted
{c.fic{:ts the distortion of the peliicle frame (atuminum frame) so0
as to be distorted in a bow shape. When the entire mask is
subjected to measurcment with a flatness measuring and
analyzing apparatus, the distortion of the mask is shown as a
contour map. And also, the difference between the maximum
value and minimum value in the amount of distortion 1s provided.
A difference ((1)-(2)) was taken as "the amount of distortion
{nm) of the mask”™ caused by the mounting of the pellicle, the
difference ((1)-{2}) mcaning a difference between the amount
(1) of distortion of the entire mask before pellicle mounting and
the ameunt (2) of distoriion of the entire mask after pellicie
mounting. A smaller amount of distortion of the mask is
preferred, and "0U" (that is, no distortion) is most preferred.
00921 [Paste Residue]

While a surface of a mask after a pellicle was peeled was
illuminated using an iflumination apparatus (manufactured by
Sena and Vans, illuminance: 300,000 lux) so as to make a light
reflect on the surface of the mask, the presence or absence of a
paste residone on the surface of the mask was visuvally observed.
00931 (2) Various Components

As the raw materials of mask adhesives, wvarious
components shown below were used.  (Thermoplastic Elastomer

(A))

L
[
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H-SIS (1): a styrene-hydrogenated isoprene-styvreng
block copolymer (the irade name "HYBRAR 7125°
(manufactured by KURARAY CO., LTD.}, tan & peak
temperature: ~5°C, siyrene content: 20 mass %)

H-SIS (2): a styrene-hydrogenated lisoprene-styrenc
block copolymer  (the trade name "HYBRAR 7311
(manufactured by KURARAY CO., ETD.)y, tan ) peak
temperature: ~17°C, stvrene content: 12 mass %)

SEBS: a styrene-cihylene butylene-stvrene biock
copolymer (the trade mame "Tuftec H1062" (manufactured by
Asahi Kasei Chemicals Corporation) tan & peak temperature:
—48°C)

A {meth)acrylate ester elastomer: {the frade name "LA
polymer 2140e" (manufactured by KURARAY CO.. LTD.), tan &
peak temperature: —20°C)

An olefin elastomer (1): (the trade name "NOTIO
PN3560" (manufactured by Mitsui Chemicals, Inc.), tan & peak
temperature: —20°C)H

An olefin elastomer (2Z): a random copelymer of
4-methyl-l-pentene and l-hexene {(4-methyl-l-pentene: 55 mol%,
I-hexene: 45 mol%, tan & peak temperalu.re: -2°CH
1G094]  (Tackifying Resia (B))

A hydride of an alicvclic petroleum resin: a CO9
hydrogenated petroleum resin (the trade name "ARKON P-100"7
(manufactured by Arakawa Chemical Iindustries, [.1d.), soffening
point: 100 = 5°C, number average molecular weight (Mn): 610)

A rosin ester resin {the trade name "PINECRYSTAL
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KE-311" (manufactured by Arakawa Chemical Industries, Ltd.}),
softening point: 100 = 5°C)
[00Gs]  (Softener)

Polybutene (the trade name "Nissan Polybutene 30ONT

h

(manufactured by NOF CORPORATION))
A paraffin mineral oil (the trade npame "NEOVAC
MR-200" (manufactured by MORESCOY}))
An acrylic polymer {(the trade name "ARUFON UP1I080"
{manufactured by TOAGQOSE!I CO., LTD.))
L0 {00961 (Wax)
A polypropylene pvrolysis wax (the trade name "Hi-WAX
NPO55" (manufactured by Mitsui Chemicals, Inc.))
{6097} (3) Manufacture of Pelticle (Example 1)
100 Parts by mass of H-SIS (1), 100 parts by mass of a
15 tackifying resin (B}, and 200 parts by mass of a softener, which
total 45 g, were mixed to obtain a raw material mixture. The
obtained raw material mixture was chargcc? into Laboplastomill
(manufactured by Toyo Seiki Seisaku-sho, Ltd., internal volume:
60 mL}Y, and then sealed. The mixture was kneaded at 200°C
20 and 100 rpm for 20 minutes to obtain a massive mask adhesive.
About 10 g of the mask adhesive was charged into a‘hcating tank
{the temperature in the tank: 200°C), and melted. On the other
hand, anodic oxidation-treated aluminum pellicle frame 4

{outer size: 149 mm x 122 mm, frame height H: 5.8 mm. frame

|
h

width W: 2 mm) as shown in Fig.! was prepared. The melted
mask adhesive was extruded from a necedle lip communicating

with the heating tank, and applied to one end surface of pellicle

fad
L
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frame 14 to form mask adhesive layer 15. The thickness of
formed mask adhesive layer 15 was 0.6 mm. And further, a
separator was disposed on the surface of mask adhesive layer 15.
Pellicle film 12 was stuck on the other end surface of pellicle
frame 14 via film adhesive layer 13 to obtain pellicle 10, mask
adhesive laver 15 being not formed on the other end surface.
The measurement results of the tan & peak temperature,
the tan 6 maximum value, the storage modulus {(G") at 25°C, the
loss modulus (G") at 25°C, the stress remaining rate R(900), and
the peel strength of the mask adhesive are shown in Table 1.
And also, the measurement and evaluation results of the amount
of pattern displacement, the measurement result of the amount
of distortion of the mask, and the evaluation result of a paste
residue are shown in Table 1.
{0098] (Examples 2 to 11 and Comparative Examples 1 to 6)
A pellicle was obtained as in the above-described
Example 1 except that components were mixed with a
formulation shown in Table 1 to obtain a mixture. The
measurement results of the tan & peak temperature, the tan &
maximum value, the storage modulus (G') at 25°C, the loss
modulus (G") at 25°C, the stress remaining rate R{(900), and the
peel strength of the mask adhesive are shown in Table 1. In
addition, the measurement and evaluation results of the amount
of pattern displacement, the measurement result of the amount
of distortion of the mask, and the evaluation result of a paste
residue are shown in Table 1.

[0099]

36
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[0100] In examples 1 to 11, the amount of distortion of the
mask was 352 nm or less, and also the amount of pattern
displacement was 2 am or less, which was an amount of position
displacement small enough to perform double patterning. In
addition, in all Examples, no paste residue was left when the
pellicle was peeled from the mask. On the other hand, in
Comparative Examples 1 to 6, the evaluation of any of the
amount of pattern displacement, the amount of distortion of the
mask, and a paste residue was poor.

(0101] The mask adhesives wuscd in the pellicles of
Comparative Examples 1 and 2 have the tan & peak temperatures
of the thermoplastic elastomer (A) outside the predetermined
range. Therefore, even if the blended amount of the tackifying
resin (B) was increased to 150 parts by mass with respect to 100
parts by mass of the thermoplastic eclastomer (A}, the tan & peak
temperatures of the obtaisned mask adhesives were lower
temperatures (~21°C and --11°C) than ~10°C. Therefore, it is
presumed that the amount of pattern displacement and the
amount of distortion of the mask increased. However, it is
considered that since the blended amount of the tackifying resin
(B) was not excessive, no paste residue was left,

[0102] in the mask adbesive wused in the pellicle of
Comparative Example 3, the blended amount of the tackifying
resin (B} was increased to 200 parts by mass with respect to 100
parts by mass of the thermoplastic elastomer (A}). Therefore,
the tan 0 peak temperaturc of the obtained mask adhesive was in

the range of ~10°C to 30°C. Therefore, it is presumed that the

38
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amount of patiern displacement and the amount of distortion of
the mask decreasced. On the other hand, it is thought that a
paste residue was left because the amount of the tackifying resin
{B) blended was excessive

[G103] The mask adhesives used in the pellicles of
Comparative Examples 4 and 5 have the tan & pcak temperatures
of the thermoplastic clastomer (A) in the predetermined range.
Therefore, the tan b peak temperature of the obtained mask
adhesives was in the range of ~10°C to 30°C. 1t is presumed
that the amount of pattern displacement and the amount of
distorfion of the mask decreased. On the other hand, it is
thought that a paste residue was left because the amount of the
tackifying resin (B) blended was excessive.

{0104] The mask adhesive used in the pellicie of Comparative
Example 6 has the tan & peak temperature of the thermoplastic
clastomer (A) in the predetermined range. However, since the
blended amount of the tackifying resin (B) was too small with
respect (o 100 parts by mass of the thermoplastic elastomer {A),
the tan & peak temperature of the obtained mask adhesive was a
lower temperature (—15°Cy than ~10°C. Therefore, 1t is
presumed that the amount of patterns displacement and the
amount of distortion of the mask increased. However, 1t tis
thought that no paste residue was left because the amount of the

tackifying resin (B} blended was not excessive.

Industrial Applicability

[01G5] The peiticle of the present invention is preferred for

39



2F11131-PCT [0 1 0 O]in examples 1 to Il, the amount of distortion of the mask was 52 nm or less, and
also the amoqgli ﬁf an&eltn displacement was 2 nm or less which was an amount of position
displacement"smaﬁ enough to perform double patterning. In addition, in all Examples, no paste residue
was left when the pellicle was peeled from the mask. On the other hand, in Comparative Examples 1
to 6, the evalbatibh'6f &8y 3f the afduritibPpatter dispRicerent "thé dffotintst-digtoiion of the mask,
and a paste residue, was, poor. 0[ 0 O 1]Themaskadhesivesusedinthepelliclesof Comparative Examples
1 and 2 have the tan 6 peak temperatures &f the thermoplastic elastomer (A) outside the
predetermined range. Therefore, even if the blended amount of the tack ifying resin (B) was increased
to 150 parts by mass with respect to 100 15 parts by mass of the thermoplastic elastomer (A), the
tan 6 peak tefhpératures ofithesobtained mask adhesives were lower temperatures 21C and --1 1C)
than -1 OC. Tp r fpre, it is presumed that the amount of pattern displacement and the amount
distortion of t gﬁaﬁk increased. However, it is 20considered that since the blended amount of the
tackifying resim(B) Nasinot excessive, no paste residue was left. [0 1 0
2]Inthemaskadhesiveusedinthepellicleof Comparative Example 3, the blended amount of the tackifying
resin (B) wasliBcreaseéti to 200¢ pdrts by mass with respect to 1 0 0 parts by mass of the thermoplastic
elastomer (A). Therefore, the tan 6 peak temperature of the obtained mask adhesive was in the range
of -10C to 30E7 Th&HETordd i is Préstivéd that the 2E11131-PCT amount of pattern displacement and
the amount of gi’stgﬁtionpgfl themask decreased On the other hand it is thought that a paste residue
was le..t because the amount of the tackifyin2 resin (B) blended was excessive.
[0103.1Mhemaskadhesivesusedinthapelt ciesof Comparative Examples 4 and 5 have the tan 6 peak
temperatures of the thermoplastic elastomer (A) in the predetermined range. Therefore, the tan 6 peak
temperature 6fthe bbiditfed Masksddridsiies was in the range of --10C to 30C.It is presumed 10that
the amount of pattern gf'{sglgﬁeem%r%t and the amount of distortion of the mask decreased.On the other
hand, it is thought that'a paste residue was left because the amount of the tackifying resin (B) blended
was excessives [0104}Tha mask adhesive used in the pellicle of Comparative 15Example 6 has the tan

6 peak temperature of the thermoplastic
28 peeiing jig

15 30 push-down jig

32 arm



elastomer (A) in the predetermined range.However, since the blended amount of the tackifying resin
(B) was too siralliwiti@@spect to 100 parts by mass of the thermoplastic elastomer (A), the tan 6 peak
temperature of the obtained mask adhesive was a 20lower temperature (-15C) than -10CTherefore,
itis presumed that the amount of pattern dacement and the amount of distortion of the mask
increasedHowever, it is thought that no paste residue was left because the amount of the ta -kif ing
resin (B) blen@édiwas not excegsive.l 75 inclustridpplicablli ty [0105]The pellicle of the present
invention is preferred for 2F11131-PCT patterning in which high patterning precision is required,
which includes double®paftéMing. Réfdrnce Signs List [0106] 10pellicle 12pellicle membrane 13film

adnesive layer 14, 24peliclg frame, 1013mask adhesive Jayer 3Qquarts dlass.subsfratg, 22mask
adhesive 26weight 28peeling pg 1530push-down pg 32arm

5 pellicle frame; and
a2 mask adbesive layer including a2 mask adhesive, the
mask adhesive laver being disposed on the other end surface of
" the pellicle frame, wherein
the mask adhesive includes 100 parts by mass of a
10 thermoplastic elastomer (A) having a temperature of -20°C to
30°C ai which a maximum value of a loss tangent is measured
under a frequency of I Hz, and 20 to ES(} paris by mass of a
tackifying resin (B},
the thermoplastic elastomer (A) is at least one selected
15 from the group consisting of a styrene thermoplastic elastomer,
a (methjacrylate ester thermoplastic clastomer, and an olefin
thermoplastic etastomer, and
the mask adhesive has a temperature of —10°C to 30°C at
which the maximum value of loss tangent is measured undes a

20 frequency of I Hz.

Ciaim 2 The pellicle according te ciaim 1, wherein the

thermoplastic elastomer {A} is a styrene thermoplastic elastomer.

[G]
LA

Claim 3 The pellicle according to claim 2, wherein the
stvrene thermoplastic elastomer is a triblock copolvmer having a

first polystyrene block, a polyisoprene block having an
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2F11131-PCT CLAIMS Claim 1A pellicle comprising: a pellicle frame; a pellicle membrane
disposed on oRe Eridrsiirface of the pellicle frame; and a mask adhesive layer including a mask
adhesive, the mask adhesive layer being disposed on the other end surface of the pellicle frame,

wherein the mask-adhasive includes; 109 paris byimass of adl0;thermoplastic elastamgr (A) having a
temperature of -20C to 30C at which a maximum value of a loss tangent is measured under a

frequency of Hiklzkandi20d0 250 partsey mass of ra thekifyihg resin (13), the thermoplastic elastomer
(A) is at least one selected 15 from the group consisting of a styrene thermoplastic elastorn er, a
(methracrylate ester thermoplastic elastomer, and an olefin thermoplastic elastomer, and the

mask adhesive i g temperatuyrgy of 10( 10.30G1 af which the maximum valye, of lgss fangent is

measured under a 110frequency of 1'Hz. Claim 2The pellicle according to claim 1, wherein the
thermoplastic efastormer (#Y) is @ styrene thermaplastic elastomer) 2bClaima3Tihe pellicleaaccording to
claim 2, wherein the styrene thermoplastic elastomer is a triblock copolymer having a
firstpolystyrefebiodk apolyisopreriebloekhavingan PFIIE3E-PCT isopropesyl grédp in‘a side chain,
and a second polystyrene block, and/or a hydrogenation product thereof. Claim 4The pellicle
according to claim 1, wherein a softening point of the tackifying resin (B) as measured by a

ring-and-ball methadsprescribedrinJ 15 K-24Q7 is:0Q0¢dpn1O0G. ClaimkbThe pellicle accqrding to claim
1, whereina  number average molecular weight of the tackifying resin (B) 10300 to 3,000. Claim
6The pellicle mecrdrding to claim I wiareinthe aagkifying rbsin (B)is st teastcone ddlacied from the

group conS|stg|r(1}% of a ro{s)l&)and a derivative thereof, a polyterpene

Claim 6 The pellicle according to c¢laim 1. wherein the
tackifving resin (B} is at least one selected from the group
consisting of a rosin and a derivative thereof, a polvterpene
15 resin and a hydride thereof, a terpene phenol resian and a2 hydride
thereof, an aromatic modified terpene resin and 2 hydride
thereof, & coumarone-indene resin, an ailiphatic petroleum resin,
an alicyclic petroleum resin and a hydride thereof, an aromatic
petroleam resin and a hydride therecof, an aliphatic-aromatic
20 copolymer petroleum resin, and 2 dicyclopentadiene petroleum

resin and a hvdride thereof.

Claim 7 A pellicle comprising:

a pellicle frame;

3]
Lh

a pellicle membrane disposed on one end surface of the
pellicle frame; and

a mask adhesive laver including a mask adhesive, the

42



15 resin and g h griﬁ) djlpereof, a terpene phenol resin and a hydride thereof, an aromatic modified
lerpenc resir??a]r% & % ide thereof, a coumarone-indene resin, an aliphatic petroleum resin, an
alicyclic petroleum resin and a hydride thereof, an aromatic petroleum resin and a hydride thereof, an
aliphatic-aromati 20tbpelyraetgietolears eesins and eddicycldpentbbifene pétroledacegin and a
hydride thereof. Claim 7A pellicle comprising: a pellicle frame; a pellicle membrane disposed on
one end surfdt® BEHEEIIIIE Rame! BRtFATnask adhesive layer including a mask adhesive, the

2F11131-PCT mask adh%sé\feslgyée{%t:ﬁlngfd' osed f&p the,qther e g&rf%c%pg the pellicle frame,
dnas ,

wherein a peel s?repngth of the mask adhesive from a quartz glass substrate is 50 to 300 gf at

23C, and Sagstiess eDaining rage (00} qfithes masksadhesive defined by the following formula (1) is
in the range of 0 R(900)15%, stress remaining rate R(900) = IF(900)/F(0)} x 100 .. (1) where F(0)

represefts maximum stressaneasared by 10 stress relaXation mEasusementkF (@00 sapresents stress
measured by the stress relaxation measurement after 900 seconds in test time have lapsed; and the

stress relaxaliohl Aichshren&st iSBrecttad uhasma tondition'sf 23ctivith hednfete 15Claim 8A

mask adhessgézé);ﬂfrisipgo;.oo parts by mass of a thermoplastic elastomer (A) having a temperature
of -20C to 30C at which a'maximum loss tangent is measured under a frequency of 1 Hz, and 20 to

150 parts by mass of gtackifying.tesindB)y yuheteip @0the thermoplasticejastomen (A) (s at least one
selected from the group consisting of a styrene thermoplastic elastomer, a (meth)acrylate ester
thermoplastic elastomen; anel ah (@lefirr tyereseplasticedastorner, andess  na masidadhisive having
a temperature of -10C to 2530C at which the maximum lgss tane%;ent is measured under a frequency of

1 Hz. YB11T3EPET Cr&iha DALRSISk JBEESHEHASIRG a pEéP&Fength $Ri £ §bartz YiA&ESubstrate of
50103002 23 a1 ST SRR R0 O SGi0gD DAl e pevle ().

the range of 08 0,
in test time have lapsed; and the stress relaxation measurement

is executed under a condition of 23°C with a rheometer.

15 Claim 8 A mask adhesive comprising 100 parts by mass of
a thermoplastic elastomer (A) having a temperature of —20°C to
30°C at which a maximum loss tangent is measured under a
frequency of 1 Hz, and 20 to 150 parts by mass of a tackifying
resin (B}, wherein

20 the thermoplastic elastomer (A) is at least one selected
from the grounp consisting of a styrene thermoplastic elastomer,
a (meth)acrylate ester thermoplastic elastomer, and an olefin
thermoplastic elastomer, and

the mask adhesive having a femperature of —10°C to
25 30°C at which the maximum loss tangent is measured under a

frequency of 1 Hz.

43



stress remaining rate R(9 0 0) = IF(9 0 0)/F(0)} x 100 . (1) where F(0) represents maximum
stress measutet byl dtkdss relaxation measurement, F(9 0 0) represents stress measured by the stress
relaxation measurement after 900 seconds in test time have lapsed; and the stress relaxation
measurement10isrexecuted undena congition;of 23Cawith @ theemetelrecngth from a

guartz glass substrate of 50 to 300 gf at 23°C, and
a stress remaining rate R(960), defined by the following
formuia (1), in the range of 0 = R(900G) = 153%,
5 stress remaining rate R{900) = {F(900}/F{0)} x 100 .. (1)
where F(0) represents maximum stress measured by
stress relaxation measurement, F(900) represents stress
measured by the stress relaxation measurement after 900 seconds
in test time have lapsed: and .the stress refaxation measurement

10 ts executed under a condition of 23°C with a rheometer.
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