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DESCRIPTION 

Title of Invention 

PELLICLE AND MASK DHESIVF AGENT FOR USE IN SAME 

5 Technical Field 

[0001] The present invention relates to a pellicle that 1s 

mounted on a mask during exposure, and a mask adhesive used 

therein. 

10 Background Art 

[0002] In a process for manufacturing a semiconductor device 

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

the like, patterning is performed by exposing light onto a 

photoscnsiti c layer or the like via a mask (also referred to as an 

I 5 exposure negative or a reticle). When there arc foreign 

particles attached to the mask upon patterning the l i 0 ht 
b IS 

absorhed or hent by the foreign particles. As a rcsulL the 

formed pattern is deformed. the edges are rough, and there 1s a 

Io s s i n th c di m c n s i <l n s. the qua I i ! . and th c a pp car a n cc of th c 

20 patterning, and the like. In order to solve such a problem, a 

pelliclc is used which is a dustproof co er including a pellicle 

membrane that allows light to pass through onto a surface of a 

mask, in order to prevent the attachment of foreign particles to 

the surface of the mask. 

100031 A pellicle generally includes a metal pelliclc frame and 

a pclliclc membrane disposed on one end surface of the pellicle 

frame. A mask adhesive layer for fixing the pellicle to a mask 
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is formed on the other end surface of the pellicle frame. /\ 

sheet shaped material (separator) that has releasabilitv in order 

to protect the mask adhesive !aver is normally disposed on the 

surface f the mask adhcsi e la er. 

5 [0004] For mounting the pcllicle on the mask, the separator 1s 

peeled so as to expose a mask adhesive layer, and the pellicle 1s 

pressure-bonded and fixed at a predetermined position of the 

mask via the exposed mask adhesive layer. By mounting the 

pelliclc on the mask in this manner, the mask can be irradiated 

10 with light while the influence of foreign particles is eliminated. 

[0005 J As an adhesive used for a pclliclc adhering to a mask, 

an adhesive is proposed that contains a hydrogenation product of 

a block copolymer having a saturated cyclic hyJrocarhon 

structure. such as a styrcnc/isoprcnc/styrcne trihlock copolymer, 

I 5 and a tackificr (sec, e.g., Patent Literature I). In addition, a 

h 0 t m c It adhesive containing a 

styrene/ethylene/propylene/styrene triblock copolymer and an 

aliphatic petroleum resin is proposed (sec. e.g .. Patent 

Literature 2). A pressure-sensitive adhesive containing two 

20 types of block copolymers having a polymer hlock composed of 

an alkyl (meth)acrylate ester. and a tackifying resin, such as a 

(hydrogenateJ) petroleum resin. 1s also proposed (sec, e.g .• 

Patent Literature 3). 

[0006] In order to highly integrate semiconductor devices, it 

is necessary to make a formed pattern finer. In other words, 1n 

order to integrate many semiconductor devices in a narrow area, 

it is necessarv to decrease the size of semiconductor Jcvices as 

2 
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much as possible. Therefore, it 1s necessary to decrease the 

width of a circuit pattern, and the spacing (pitch) between 

adjacent circuit patterns. However, there is a resolution limit 

a pattern fo ming method using photolithograph nd 

5 therefore, there is a limit to making a pattern finer. 

[0007] As a method for overcoming such a resolution limit in 

the photolithography process, double patterning 1s known. 

Double patterning is a technique where one circuit pattern is 

split into two parts, and exposure is performed for each split 

10 pattern to ultimate Iv obtain a high-density fine pattern (see, e.g., 

Patent Literatures .-f. and 5). Double patterning is preferably 

applied to the manufacture of semiconductors of :?.:?. nm node 

(half pitch: 32 nm) and beyond. 

[ 0008 J In double patterning, exposure is normally performed 

l 5 !\vice using two masks. Therefore, it is important for double 

patterning to increase a precision of the relative positions of 

l\VO formed patterns. In other words, when the precision of the 

relative positions of a pattern obtained by the first exposure and 

a pattern obtained bv the second exposure 1s low, the desired 

20 pattern cannot be obtained. Therefore, it is necessary to 

decrease an amount of the pattern displacement between the 

formed circuit pattern with the two masks and a designed circuit 

pattern to the nanometer (nm) level. 

Citation List 

Patent Literature 

[ 0009 J 
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PTL I: Japanese Patent 

PTL J• Japanese Patent 

PTL 3: Japanese Patent 

PTL "1-: Japanese Pat 11 t 

PTL 5: Japanese 

2008-103719. 

Summary of Invention 

Technical Prohlem 

Application La id Open No. 2000-267261. 

Application La id Open No. 4-237056. 

Application Laid-Open No. I I 323072. 

App Ii c ti on Laid Open No. 2008 l 03 7 l 8. 

Patent Application Laid-Open No. 

[0010] J\ distortion in the mask can cause the pattern 

displacement of the formed circuit pattern with the two masks. 

It 1s thought that a distortion 1n the mask 1s caused hy a 

distortion of a pellicle frame transferring to the mask through 

the mask adhesive layer when a pellicle is pressure-honded to 

the mask. Therefore. it is effective to form a mask adhesive 

layer with a material (rnask adhesive) that IS effectivelv 

plastic deformed so that the strain energy of the pellicle frame 

is relaxed with the mask adhesive layer. 

I 00 I I I An example of a parameter that indicates the ease of 

20 plastic deformation of a mask adhesive can include a loss 

tangent (hereinafter also referred to as "tan()"). For example. 

a mask adhesive having a temperature at which the tan () is a 

maximum value (hereinafter also referred to as the "tan () peak 

temperature"), 1n the range of -l0°C to 30°C IS easily 

25 plastic-deformed at a temperature at which exposure IS 

performed in douhle patterning (generally room temperature). 

The mask adhesive !aver 1s plastic-deformed. and thus the strain 

4 
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energy of the pclliclc frame can be effectively relaxed. 

[0012] A oencra! b mask adhesive contains a base polymer, 

which is the main component, and other various additi cs. A 

tackif 1ng r sin as one additi c has th function of shifting the 

5 tan b peak temperature of the base polymer as the main 

component to higher temperatures. Therefore, the amount of 

the tackifying resin added is adjusted in order to set the tan () 

peak temperature of the mask adhesive In the desired 

temperature range. 

1 0 [0013] However, a general thermoplastic elastomer used as the 

base polymer such as a styrene/ethylene/hutylene/styrene block 

copolymer (SEBS) has the tan() peak temperature of about 70°C 

to 50 C, which is low. Therefore, in order to set the tan () 

peak temperature of the mask adhesive around room temperature, 

15 it is necessary to add a large amount of the tackifying resin. 

20 

! ~ _) 

However. a mask adhesive containing a high amount of a 

tackifying resin mav 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 peeled from the mask after exposure. 

Further, the excessively s 0 ft mask adhesive has high 

instantaneous adhesiveness. And therefore, another prohlcm is 

generated that the mask adhesive is too sticky to hand contacting 

therewith. and handling thereof 1s poor. 

[ 0 ()I.+ I The present invention has been made in view of such 

problems in the conventional art. The present invention aims 

to provide a pellicle having a mask adhesive !aver that is easily 

plastic-deformed particularly in a temperature range in which 

5 
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exposure is performed. And also. almost no paste residue of 

the mask adhesive layer is left on a mask when the pellicle 1s 

peeled from the mask. which causes good handling properties. 

Moreover. the present invention aims to provide a pellicle that 

can reduce a pattern displacement In addition, the present 

invention aims to provide a mask pressure-sensitive adhesive 

used in such a pellicle. 

Solution to Prohlem 

[0015J Specifically, the present invention provides pellicles 

10 and mask adhesives shown helow. 

[00161 [!] 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 1s measured under a 

frequency of 1 Hz. and 20 to 150 parts bv mass of a tackifying 

resin (B), the thermoplastic elastomer (A) 1s at least one 

20 selected from the group consisting of stvrene thermoplastic 

elastomers. (meth)acrylate ester thermoplastic elastomers. and 

olefin thermoplastic elastomers. and the mask adhesive has a 

temperature of I0°C to 30 Cat which the maximum value of 

loss tangent 1s measured under a frequency of l Hz. 

[ 0 0 I 7] [2] The pellicle according to [I], wherein the 

thermoplastic elastomer (A) is a styrene thermoplastic elastomer. 

[0018] [3] The pellicle according to [2]. wherein the stvrene 

6 
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thermoplastic elastomer is a triblock copolymer including a first 

polystyrene block, a polyisoprene block having an isopropenyl 

group in a side chain and a second polystyrene block, and/or a 

h drog nation product of the triblock copol mer 

5 [0019] [4] The pellicle according to any of [ l I to [3], wherein 

a softening point of the tackifying resin (B) as measured by a 

ring-and-ball method prescribed in JIS K-2207 is 60°C to 150°C. 

[0020] [5] The pellicle according to any of [ l I to [4], wherein 

a number average molecular weight of the tackifying resin (B) is 

10 300 to 3.000. 

[ 0021] [<)J The pellicle according to any of [ l J to [5], wherein 

the tackifying resin (B) is at least one selected from the group 

consisting of a rosin and a derivative thereof. a polyterpene 

resin and a hydrides thereof. terpene phenol resin and a hydrides 

15 thereof. an aromatic modified terpene resin and a hydrides 

thereof. a coumarone-indcne resin. an aliphatic petroleum resin, 

an alicyclic petroleum resin and a hydride thereof, an aromatic 

petroleum resin and a hvdrides thereof. aliphatic-aromatic 

copolymer petroleum resin, a dicyclopcntadiene petroleum resin 

20 and a hydrides thereof. a low molecular weight polymer of 

styrene. and a low molecular weight polymer of a substituted 

styrene. 

[0022] [7] A pcllicle including: 

a pellicle frame; 

a pellicle membrane disposed on one end surface of the 

pellicle frame; and 

a mask adhesive !aver including a mask adhesive, the 

7 



2FI J 131-PCT 

mask adhesive layer heing disposed on the other end surface of 

the pellicle frame, wherein 

a peel strength of the mask pressure sensitive adhesive 

from a quartz glass sub trat is 50 to 300 gf at 23°C, and a tress 

5 remaining rate R(900) of the mask adhesive defined by the 

following formula ( l) is in the range of 0 ~ R(900) ~ 15 

stress remaining rate R(900) = {F(900)/F(O)} x 100 .. (1) 

where F(O) represents maximum stress measured by 

stress relaxation measurement, F(900) represents stress 

10 measured hy the stress relaxation measurement after 900 seconds 

111 test time have lapsed: and the stress relaxation measurement 

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

[00231 [8J A mask adhesive including 100 parts by mass of a 

thermoplastic elastomer (A) having a temperature of 20 C to 

15 30 Cat which the maximum loss tangent is measured under a 

frequency of I Hz, and 20 to 150 parts bv 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 havinu 
b a 

temperature of ···l0°C to 30°C at which the maximum value of a 

loss tangent 1s measured under a frequency of l Hz. 

[0024] [9] 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 bv the following formula ( l ), in 

the range of 0 ~ R(900) $ 1srYrJ, 

8 
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stress remaining rate R(900) = {F(900)/F(O)} x 100 .. (I) 

where F(O) represents maximum stress measured hv 

stress rela ation measurement, F(900) represents stress 

measur d h he tr ss relaxati n measurement after 900 s conds 

5 111 test time have lapsed, measured hv the stress relaxation 

measurement: and the stress relaxation measurement 1s executed 

under a condition of 23°C with a rheometer. 

Advantageous Effects of Invention 

I 0 [00251 The pellicle of the present invention includes a mask 

adhesive layer that is easily plastic- deformed, particularly in a 

temperature range in which exposure is performed. And also, 

almost no paste residue of the mask adhesive layer is left on a 

mask when the pellicle 1s peeled from the mask. Therefore. 

15 when the pellicle of the present invention 1s used, pattern 

displacement can be reduced. In addition, this mask adhesive 

layer is not too stickv. and therefore also has tro od 
"" 

handling 

properties. Accordingly, the pellicle of the present invention 

is preferred for patterning in which high patterning precision is 

20 required. including double patterning. 

I -_) 

[00261 In addition, the mask adhesive of the present invention 

c a n provide a mask adhesive I ayer that IS ea s i I y 

plastic-deformed, particularly in a temperature ranoe in 
"" 

which 

exposure 1s performed. And also almost no paste residue of the 

mask adhesive layer is left on the mask when the pellicle is 

peeled from the mask, the mask adhesive having good handling 

properties. Therefore. when the mask adhesive of the present 
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invention is used, a pellicle can he provided that is desirahle for 

patterning requiring high patterning precision, which includes 

douhle patterning. 

5 Brief Description of Drawings 

[0027] 

Fig.I is a schematic view showing one ernhodiment of 

the pcllicle of the present invention. 

Fig.2 is a cross-sectional view schematically showing a 

I 0 method for measuring the pee I strength of a mask 

pressure-sensitive adhesive. 

Description of Embodiments 

[0028] I. Mask Adhesive 

15 The mask adhesive of the present invention includes a 

particular thermoplastic elastomer (A) and a particular 

tackifying resin (B). and further includes other components, 

such as a softener and a wax, as required. 

10029] (Thermoplastic Elastomer (A)) 

20 The tan () peak temperature of the thermoplastic 

elastomer (A) IS 1 0°c to 30 C. preferably 20°C to C. 

further preferahly 20°C to 20°C. and more preferably 20°C to 

0°C. When the thermoplastic elastomer (A) having a tan o peak 

temperature in the above range is used as a base polymer. the tan 

25 6 peak temperature of the obtained mask adhesive can he set in 

the range of l0°C to 30°C even if the amount of the tackifying 

resin (B) blended is decreased. Therefore, a mask adhesive can 

10 
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he provided that 1s easily plastic-deformed 111 an exposure 

temperature range and that has reduced stickiness. 

100301 ·r he tan () (Io s s tangent) is represented by the v a I u c of 

th ratio (G"/G') of loss modulus (G") to storage modulus (G'). 

5 When the maximum value of tan () of a material is large. the 

I 0 

I 5 

20 

material is easily plastic-deformed. The maximum value of the 

tan () of the thermoplastic elastomer (A) is preferably 1n the 

range of 0.5 to 3, and further preferably in the range of 0.9 to 

2.0. 

[ 0031 J The tan() (loss tangent) can he measured and calculated 

using a dynamic viscoelasticity measuring apparatus (trade name 

"ARES, 11 manufactured hy TA Instruments). Specifically. a 

disk-shaped sample piece (diameter: 25 mm x thickness: 2 mm) 

is sandwiched between two parallel plates (diameter: 25 mm) 

which arc measurement Jigs to obtain a test piece. The 

thickness of the test piece is adjusted to a predetermined initial 

gap width. and then the storage modulus (G') and the loss 

modulus (G 11
) arc measured under the conditions of a nitrogen 

atmosphere. a shear mode, frequency of Hz. measurement 

temperature of 80°C to 200°C, temperature increase rate of 

3°C/min. and initial Gap of,., mm. Then. the tan () ( G "/G') 

can he calculated from the obtained storage modulus (G') and 

loss modulus (G 11

). 

[00321 Examples of the thermoplastic elastomer (A) include (i) 

25 styrene thermoplastic elastomers, (ii) (meth)acrylatc ester 

thermoplastic elastomers. and ( i i i ) olefin thermoplastic 

clastomers. A single thermoplastic elastomer (A) may be used 

11 
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alone. or two or more may be used in combination. 

Among these clastomcrs, (i) the st rcnc thermoplastic 

clastomcrs demonstrate excellent hydrolysis resistance due to a 

lack of ter bond moiti s ithin the mo! cul r kcleton thereof. 

5 And also (i) the styrene thermoplastic clastomcrs demonstrate 

both excellent flexibility and mechanical strength due to the 

presence of both a soft segment and a hard segment within the 

molecular skeleton thereof. Therefore. (i) the styrene 

thermoplastic elastomer is desirable. 

10 [0033] ((i) Styrene Thermoplastic Elastomer) 

The styrene thermoplastic elastomer 1s a polymer 

including a constituent unit derived from styrene. and is 

preferably a block copolymer of styrene and an olefin other than 

stvrcnc. As the olefin other than styrene. monomers that can 

15 form a side chain having a hulkv branched structure in a polymer 

block. such as isoprcnc and 4-methyl-l-pentcnc. arc preferred. 

Among them. isoprene is particularly preferred. 

20 

25 

[OtL\4] The proportion of the total constituent units derived 

from stvrene with respect to the styrene thermoplastic elastomer 

is preferably 35 mass% or less. or more preferably 20 mass or 

less. If the amount of the constituent unit deri ed from styrene 

is too high, the compatibility with various additives decreases, 

and the stvrcne thermoplastic elastomer and the additives mav 

be separated. 

[0035] As the stvrenc thermoplastic elastomer. a triblock 

copolymer having a first polystyrene block. a polyisoprene 

block having an isopropenyl group (1-methylcthenyl group 

12 
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(-C(=CH 2 )CH 1 )) in the side chain. and a second polystyrene 

block (hereinafter also referred to as "SIS"). or a hydrogenation 

product of the above triblock copolymer (hereinafter also 

ref rred to as "H-SIS") is preferred. The tan 6 p ak 

5 temperature of a triblock copolymer including a polymer block 

having a bulky branched structure (such as isopropcnyl group) in 

the side chain is generally about 20°C to 30°C, which is high. 

"A hydrogenation product of a triblock copolymer" means a 

triblock copolymer in which preferably 90 or more. further 

l 0 preferably 95 or more, of unsaturated bonds 1n the 

"polyisoprcnc block" included 111 the SIS arc hydrogenated. 

[0036] Specific examples of the above SIS can include 

commercial products such as the trade name "HYBRAR 5127" 

(manufactured by KURARAY CO., LTD .. tan b peak temperature: 

15 20°C) and the trade name "HYBRAR 5215" (manufactured by 

KUR AR A Y C 0 .. LTD., tan b peak t cm pc rat u re: 3 ° C). 

[0037] In addition, specific examples of the above H-SIS can 

i n c l u d e c o m m c r c i a I p r o d u c t s s u c h a s t h e t r a d c n a m c '' H Y B R A R 

7 I 2 5 " ( m a n u fa c t u r e d b y K U R A R A Y C 0 . , LT D . , t a n () p e a k 

20 temperature: 5°C) and the trade name "HYBRAR 7311" 

(manufactured by KURARAY CO. LTD., tan I) peak temperature: 

I 7 ° C). 

[0038] ((ii) (mcth)aerylate ester Thermoplastic Elastomer) 

The (meth)acrylate ester thermoplastic elastomer is a 

polymer including a constituent u n i t derived from a 

(meth)acrylatc ester. The (meth)acrylate ester thermoplastic 

elastomer is more specifically a diblock or triblock copolymer 

13 
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including a block of methvl (meth)acrylate and a block of 

(meth)acrylate ester other than the polymethyl (meth)acrylate . 

As the (meth)acrylate ester other than the polymethyl 

(meth) er I te. monomers that can form a sid chain having a 

5 bulky branched structure in a polymer block is preferred, such 

l 0 

as poly(n-butyl (mcth)acrylate), poly(2-ethylhcxyl 

(mcth)acrylate), and poly(isononyl (meth)acrylate). Among 

the (meth)acrylatc ester thermoplastic elastomers, poly(n-butyl 

(meth)acrylate) is preferred. 

[0039] Specific examples of the (meth)acrylate ester 

thermoplastic elastomer can include the trade name "LA 

polymer" series (manufactured by KURARAY CO., LTD.). 

f00401 ((iii) Olefin Thermoplastic Elastomer) 

It is preferable that the olefin thermoplastic elastomer is 

15 a copolymer of one or two or more n-olefins. and is amorphous 

or low crvstalline. Examples of o.-olefins can include ethylene. 

propylene. butene. pentene. hcxene, heptene. octcne. nonene. 

dccene. undeccne, dodecenc, and 4-methylpentene 1. 

I 0 () 4 I l Specific examples of the olefin thermoplastic elastomer 

20 can include commercial products such as the trade name 

"TAFMER" (manufactured hy Mitsui Chemicals. Inc.) and the 

trade name "NOTIO" (manufactured by Mitsui Chemicals, Inc.). 

! 00..+2 J (Tackifying Resin (B)) 

The tackifying resin (B) 1s a component that has the 

25 function of shifting the tan b peak temperature of the 

thermoplastic elastomer (A) as a base polymer to higher 

temperature. The softening point of the tackifying resin (B) is 

14 
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preferably 60°C to l50°C, further preferably 90°C to 120°C, and 

more preferably 90 C to l I0°C. 

If the softening point of the tackifying resin (B) is less 

than 60°C. th tackif ing resin (B) m hlccd out of the ma k 

5 adhesive. In addition, the ability of shifting the tan () peak 

temperature of the thermoplastic elastomer (A) as a hase 

polymer to higher temperature may he insufficient. 0 n the 

other hand, if the softening point of the tackifying resin (B) is 

more than 150°C. the function of providing pressure-sensitive 

10 adhesiveness to the thermoplastic elastomer (A) as a hase 

polymer may he lost. The softening point of the tackifvino , b 

resin (B) is measured hy the ring-and-hall method prescribed in 

JIS K-2207. 

[0043] In addition, the numher average molecular weight (Mn) 

15 of the tackifying resin (B) is preferably 300 to 3,000. further 

preferably 500 to 1000. 

If the number average molecular weiuht b (Mn) of the 

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

he too low. On the other hand. if the number average molecular 

20 weight (Mn) of the tackifying resin (B) is more than 3,000, the 

J -~) 

softening point tends to be too high. The number average 

molecular weight (Mn) of the tackifying resin (B) is measured 

hy gel permeation chromatography (GPC) using polystyrene as a 

standard. 

[00-+41 The tackifying resin (B) preferably has compatihility 

with the thermoplastic elastomer (A). Thus, the tan () peak 

temperature of the thermoplastic elastomer (A) can he 

15 
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effectively shifted to higher temperature. In terms of 

compatibility with the thermoplastic elastomer (A), examples of 

the tackifying resin (B) can include rosins and derivatives 

thereof. pol terpene resins and hydrides I hereof, terpene phenol 

5 resins and hydrides thereof, aromatic modified terpene resins 

and hydrides thereof, coumaronc-indcne resins. aliphatic 

petroleum resins, alicyclic petroleum resins and hydrides 

thereof. aromatic petroleum resins and hydrides thereof. 

aliphatic-aromatic copolymer petroleum resins, and 

l 0 dicyclopcntadienc petroleum resins and hydrides thereof. 

These are preferred because they have high compatibility with 

the polyisoprcne block of SIS or II-SIS. 

[0045] Among the tackifying resins (B). the rosin and the 

dcriv tives thereof. the polytcrpcnc resins and the hydrides 

15 thereof. the aliphatic petroleum resins. and the alicyclic 

petroleum resins and the hvdrides thereof arc preferred; and the 

rosins and the derivatives thereof. the aliphatic petroleum resins. 

and the alicyclic petrolcurn resins and the hvdrides thereof arc 

more preferred. When the thermoplastic elastomer (A) is (i) 

20 the styrene thermoplastic elastomer, the hydride of the alicyclic 

petroleum resin is particularly preferred. 

10046] Specific examples of the rosins and the derivatives 

thereof can include the trade names "PINECRYSTAL. "SUPER 

ESTER." and "TAMANOL" (manufactured hy Arakawa Chemical 

Industries. Ltd.). Specific examples of the polytcrpene resin. 

the tcrpene phenol resin. the aromatic modified terpene resin. 

and the hydride thereof can include the trade names "YS Resin." 

16 
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"YS Polyster." and Clearon" (manufactured by YASUHARA 

CHEMICAL Co .. Ltd.). Specific examples of the aliphatic 

petroleum resin. the alicyclic petroleum resin and the hydride 

th reof. the aromatic petroleum resin and the hydride ther of. 

5 the aliphatic-aromatic copolymer petroleum resin. and the 

dicyclopentadiene petroleum resin and the hydride thereof can 

include the trade names "ARKON" (manufactured by Arakawa 

Chemical Industries, Ltd.), "Hi-rez" (manufactured by Mitsui 

Chemicals, Inc.), "I-MARV" (manufactured by Idemitsu Kosan 

10 Co., Ltd.), "OU INTONE" (manufactured by ZEON Corporation), 

and "Escorez" (manufactured by Tonex Co., Ltd.). 

l 004 7 J A single tackifying resin (B) may be used or two or 

more can be used in combination. 

[0048] The amount of the tackifying resin (B) included in the 

I 5 mask adhesive is 20 to 150 parts by mass with respect to l 00 

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 tackifying 

resin (B) with respect to 100 parts hy mass of SFBS in order to 

20 set the tan b peak temperature of the obtained mask adhesive in 

the range of I0°C to 30°C. On the other hand, in the present 

invention. even if the amount of the tackifying resin (B) with 

respect to 100 parts by mass of the therrnoplastic elastomer (A) 

is 150 parts by mass or less, the tan 6 of the obtained mask 

adhesive can be set in the range of I0°C to 30°C. Therefore, 

the mask adhesive of the present invention 1s not very sticky. 

and also, almost no paste residue of the mask adhesive layer is 

17 
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left on a mask when the pellicle is peeled from the mask. 

10049] If 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 b peak tempera tu 

of the obtained mask adhesive at l 0°C or more. On the other 

hand. if the amount of the tackifying resin (B) is more than 150 

parts by mass, the obtained mask adhesive is sticky, and a paste 

residue of the mask adhesive layer is left on the mask when the 

pelliclc 1s peeled from the mask. 

[0050] (Other Components) 

The mask adhesive may further include other components 

other than the thermoplastic elastomer (A) and the tackifying 

resin (B) described above. Examples of other components can 

include a softener and a wax. 

I 005 I I The softener is not particularly limited as long as it is a 

material that can provide flexibility to the thermoplastic 

elastomer (A). Specific examples of the softener can include 

polybutenes, hvdrouenated ... b polybutenes, unsaturated 

polybutenes, aliphatic hydrocarbons. and acrylic polymers. 

The amount of the softener added is generally 20 to 300 

parts by mass, and preferably 50 to 200 parts by mass. ith 

respect to 100 parts bv mass of the thermoplastic elastomer (A). 

[0052] The wax is a component that can adjust the hardness of 

the obtained mask adhesive. Specific examples of the wax can 

include high elasticity materials, such as a polyethylene wax 

and a polypropylene wax. The amount of the wax added 1s 

generally 20 to 200 parts bv mass. preferably 50 to 100 parts bv 

18 
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mass, with respect to 100 parts hy mass of the thermoplastic 

elastomer (A). 

[0053] (Mask Adhesive) 

The tan o peak temperature of the mask adhesi e is 

5 10 C to 30°C. preferably 5°C to 30°C, and further preferably 

l°C to l5°C. Work such as the mounting of a pellicle on a 

mask, the light exposing, and/or the like, is performed under 

ambient temperature. Therefore, the mask adhesive of the 

present invention having the tan ()peak temperature in the above 

JO range can provide a mask adhesive layer that can effectively 

I 5 

relax the strain energy of a pellicle frame by plastic deformation 

the mask adhesive layer, under an ordinarv temperature 

condition. 

[0054] The maximum value of the tan o of the mask adhesive is 

preferably 1.3 to 5. further preferably 1.3 to 3. A mask 

adhesive !aver having a high maximum value of the tan b is 

easilv plastic deformed, and can relax the strain enerov b. of a 

pellicle frame. However. if the maximum value of tan bis too 

high, the mask adhesive layer is too easily deformed. and it 

20 tends to be difficult for the pressure-sensitive adhesive !aver to 

maintain the shape thereof. 

[0055] The storage modulus (G') of the mask adhesive at 25°C 

is preferably x 10 3 to Ix 10 Pa, and further preferably Ix 10 4 

t o 1 x I 0 r, P a . 

A mask adhesive having a storage modulus (G') in the 

above range has good handling properties. In order to increase 

the storage modulus (G') of the mask adhesive, the content 

19 



5 

2F 11111-PCT 

amount of the thermoplastic elastomer (A) should be increased. 

On the other hand. in order to decrease the storage modulus ((i') 

of the mask adhesive the content amount of the thermoplastic 

elastomer (A) should he decreased. 

[0056] The loss modulus (G") of the mask adhesive at 25°C is 

preferably x l 0 to I x I 0 7 Pa, and further preferably I x I 0 4 

to 1 x IO() Pa. 

[0057] The tan b, the storage modulus (G'), and the loss 

modulus (G") of the mask adhesive can be measured as described 

10 above. 

[0058J The mask adhesive of the present invention has a tan() 

peak temperature 111 the predetermined temperature range. 

Therefore, when the mask adhesive is applied to provide the 

mask adhesive layer of a pellicle, the mask adhesive !aver can he 

15 plastic-deformed 1n an exposure temperature range so as to 

absorb (relax) the distortion of the pellicle and to prevent the 

distortion of the pellicle from transferring to the mask. 

Further. a paste residue of the mask adhesive layer of the 

present invention 1s less likely to be left. Therefore. even 

20 when a worker's hand comes into contact \vith the mask adhesive. 

the mask adhesive is easi!v removed from his/her hand. and 

therefore also superior in its handling properties. 

[0059] 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 . .-J.9 to 2.94 N) at 23 C, and a stress remaining rate R(900). 

defined hy the follo\ving formula (I), in the range of 0 :s R(900) 

:s I 5 

20 



I 0 

IS 

2 () 

2FlllJl-PCT 

[0060J 

stress rema1n1ng rate R(900) = {F(900)/F(O)} x 100 .. (I) 

In the above formula (!), F(O) represents maximum 

stress measured by stress relaxation measurement, and F(900) 

represents stress measur d bv the stress relaxation m surement 

after 900 seconds 1n test time have lapsed. This stress 

relaxation measurement is executed under the condition of 23°C 

with a rheometer. 

I 00 6 I] Stress relaxation refers to a phenomenon 1n which 

stress acting 1n a material decreases due to plastic deformation 

of the material. The extent of stress relaxation (the rate at 

which stress relaxes) varies according to the material. 

HoweveL stress relaxation can be quantified by a stress 

rema1n1ng rate R(t). The stress rema1n1ng rate R(t) 1s 

represented as the ratio(%) of stress F(t) after a test time oft 

seconds has lapsed with respect to maximum stress F(O). F(O) 

and F (t) can be measured by stress relaxation measurement with 

a rheometer (viscoelasticity measuring apparatus). 

In order to compare the stress relaxation properties of 

different materials, the magnitudes of stress remaining rates 

should be compared. Generally. it 1s not easy for a material 

having a large stress remaining rate to eliminate a stress of the 

material even if the time has lapsed. On the other hand. it 1s 

easy for a material having a small stress remaining rate to 

eliminate a stress of the material with a lapse of time. ;\ 11 d 

25 also. in order to compare the stress relaxation properties of two 

materials, it is necessary to compare stress remaining rates R(t) 

of the materials after the same test elapsed time (t seconds). 

21 
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[0063] In a oeneral b semiconductor manufacturing process, 

after a pellicle is pressure-bonded to a mask, a mask adhesive 

undergoes stress relaxation to reduce residual stress of the 

p e 11 i c I e. Th re b the distortion of the mask is liminated. 

And then the process goes to the next step. Therefore, 1n terms 

of 
. . 
1mprov1ng manufacturing efficiency, the time during for 

which residual stress 1s reduced 1s preferably short. In the 

present invention, the time required for the current general mask 

handling step is considered, as a result, a stress remaining rate 

R(900 s) at 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. 

[006.+] The mask adhesive of the present invention has a stress 

!5 remaining rate R(900) in the range of 0 :s: R(900) :s: 20 , and 

further preferably 0 :s: R(900) :s: 15 Therefore, when the mask 

adhesive 1s applied to provide the mask adhesive layer of a 

pellicle, the mask adhesive layer can he plastic-deformed in an 

exposure temperature range so as to absorb (relax) the distortion 

20 of the pellicle and to prevent the distortion of the pellicle from 

transferring to a mask. 

[0065J The stress rema1n1ng rate R(900) of the mask 

pressure-sensitive adhesive can be measured and calculated 

using a dynamic viscoelasticity measuring apparatus (the trade 

name "ARES," manufactured by 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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which are measurement .11gs 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 IS 

measured under the conditions of a nitrogen tmosphere. a h ar 

mode. distortion: 

initial Gap of ::?. mm. 

measurement temperature of ::?.3°C, and 

Then, the stress remaining rate R(900) 

can be calculated from the obtained "maximum stress F(O)" and 

"stress F(900)" after 900 seconds in test time has lapsed. 

[0066J In addition. th c pc e I strength of the mask 

10 pressure-sensitive adhesive from a quartz glass substrate is 50 

to 300 gf at 23°C. and preferably l 00 to ::?.50 gf. The peel 

strength from a quartz glass substrate can be an indicator of the 

presence or absence of a paste residue on a mask when a pellicle 

is peeled from the mask. The mask adhesive of the present 

I 5 invention has a peel strength from a quartz glass substrate at 

23°C within the above range, and therefore is less likely to leave 

::?.O 

a paste residue on the mask. In addition. even when a worker's 

hand comes into contact with the mask adhesive, the mask 

adhesive is easily removed from his/her hand, and therefore also 

superior 1n its handling properties. If the peel strength is less 

than 50 gf. the adhesion reliabilitv 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 

25 left after peeling. 

[0067] The peel strength of the mask pressure-sensitive 

adhesive can be measured according to a method shown below. 
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First, (I) a cleaned quartz glass substrate (the model "#6025 

substrate." manufactured bv HOYA, size: 152 mm x 152 mm x 

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

remo cd 1s placed on the quartz ula s 
b su stratc, and an 

5 aluminum pelliclc 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) ;\ 30 kg weight 1s placed on the pelliclc 

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 pcllicle frame. (4) The obtained laminate is 

set 1n a glass substrate holder. and stored for 10 days at 23°C to 

stabilize adhesion 111 order to provide a measurement sample. 

[0068] Fig.2 1s a cross-sectional view schematicallv showing a 

l 5 method for measuring the pee I strength of a mask 

pressure-sensitive 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 

20 INTESCO co .. Ltd.) so that the protrusion of peeling jig 28 is 

fitted into th c J I <Y 
. b ho I e (not shown) () f pc 11 i cl c 

Weight 26 is placed on quartz glass substrate 20. 

frame 2 4. 

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 

25 32 of peeling jig 28 is pushed down by push-down jig 30 under 

the condition of 23°C. The load required for mask adhesive 22 

to peel from quartz glass substrate 20 can he rneasured as "peel 

24 
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strength (gf)." 

[00691 2. Pelliclc 

The pclliclc of the present invention includes a pelliclc 

frame. a pelliclc m mbranc disposed on one end surfac of the 

5 pcllicle frame. and a mask adhesive layer including a mask 

adhesive, disposed on the other end surface of the pellicle frame. 

l 0 

I 5 

20 

Fig.I 1s a schematic view showing one embodiment of the 

pellicle of the present invention. Pell i c I e IO 1n this 

embodiment has pellicle membrane 12. and pellicle frame 14 that 

supports the outer periphery of pellicle membrane 12. pell i cl e 

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 pellicle frame 14 adhere to a mask (not shown). 

mask adhesive !aver 15 is provided on the other end surface of 

pellicle frame 14. Mask adhesive layer 15 is made of the 

above-described mask adhesive. 

[0070] Pellicle film 12 is held by pellicle frame 14, and covers 

the exposure area of the mask. Therefore, pellicle membrane 

12 has such light transmission properties that the energy of 

exposure light is not absorbed. Examples of the material of 

pellicle membrane 12 include materials having transparency, 

such as quartz g J a SS, fluorine resins, and cellulose acetate. 

[0071] Pe 11 i c I e frame 14 IS an anodized aluminum frame or the 

like. Pe 11 i c I e frame l 4 IS preferably b I a ck because the 

25 reflection of exposure light 1s prevented, and the presence or 

absence of attached foreign particles or the like is easily 

inspected. 
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[0072] Film adhesive layer 13 allows pellicle frame 14 to 

adhere pellicle membrane 12. Examples of film adhesive layer 

13 include acrylic resin adhesives. epoxy resin adhesives, 

silicon resin adh s1ve , and fluorine p I mers uch as 

5 fluorine containing silicone adhesives. 

[0073] Mask adhesive layer 15 allows pellicle frame 14 adhere 

to the mask. Mask adhesive layer 15 can he formed hy applying 

and drying the ahove-descrihed mask adhesive. The method for 

applying the mask adhesive may he a well-known method. For 

10 example, the mask adhesive can he applied to the desired place 

hy a method of pressing a spatula-shaped application nozzle 

against an end surface of the pellicle frame. and discharging the 

mask adhesive from the application nozzle. The thickness of 

mask adhesive layer l 5 is ahout 0.3 to 1.0 mm. 

15 [0074! A release sheet (separator) for protecting mask 

adhesive layer 15 mav he disposed on the surface of mask 

adhesive !aver 15. Examples of the release sheet include 

polyethylene terephthalate films and polypropylene films. The 

release sheet is peeled hefore the pellicle is mounted on the 

20 mask. 

[0075] Pellicle 10 is mounted on the mask via mask adhesive 

]aver 15 after the release sheet is peeled. A foreign particle 

attached to the mask causes deterioration 1n resolution of a 

a fer. Therefore. pellicle 10 is mounted so as to cover the 

exposure area of the mask. Thus, foreign particles are 

prevented from attaching to the mask. 

[0076] In order to mount pellicle 10 on the mask, a pellicle 
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mounter (for example, manufactured by MATSUSHITA SEIKI CO. 

LTD.) is us c d. The pelliclc and the mask arc placed on the 

pcllicle mounter under ambient temperature. and the pellicle is 

pressure-bonded to the mask. Pressure bonding ma he 

5 performed for about .1 minutes at room temperature and at a 

') 

pressure of about 20 kgf/cm-, and also the conditions thereof 

may also depend on the type 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 

IO 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. 

[ 007 8 J An exposure light used in lithography for forming a 

15 circuit pattern drawn on a semiconductor device has a shorter 

wavelength, such as i-line (wavelength of 365 nm) of a mercury 

lamp, the light of KrF excimer laser (wavelength of 248 nm). or 

the light of ArF excimer laser (wavelength of 193 nm). 

I 0079 J As described above, the pellicle of the present 

20 invention has a mask adhesive layer that 1s moderately 

plastic-deformed in an exposure temperature range, and that is 

less likely to leave a paste residue on the mask. Therefore, 

when the pellicle is mounted on a mask. the mask adhesive !aver 

can absorb and relax the strain energy of the pelliclc, and can 

25 prevent the strain energy from transferring to the mask. 

Accordingly, a decrease 1n patterning precision due to the 

distortion of the mask can be prevented. In addition, when the 
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pelliclc is peeled from the mask. the mask adhesive layer does 

not leave a paste residue. and therefore the pclliclc also has 

excellent handling properties. 

[0080! Further. in double patterning. 

performed on one w a f c r us1nu 
b two masks. 

o exposures arc 

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 I to 5 nm. 

[ 0081 J Double patterning enables formation of a fine circuit 

pattern required in the state-of-the-art sub-32 nm node, the fine 

circuit pattern is difficult to be obtained by one exposure. In 

this technique. it is important to accurately combine respective 

circuit patterns formed bv the first exposure and second 

exposure to 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 required for 

double patterning. The amount of the pattern displacement 

20 acceptable for the sub-32 nm node IS about () to 5 nm, and 

preferably about 0 to 3 nm. 

[0082] The amount of the pattern displacement 1s the 

difference in distance between the designed circuit pattern and 

the combined pattern of the two patterns composed of a pattern 

25 formed by the first exposure/development and a pattern formed 

by the second exposure/development. 

The amount of the pattern displacement can be measured 
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by the following method. First, the first exposure is performed 

via a mask. And then. the rnask is displaced by a predetermined 

amount from the position at which the first exposure has been 

performed. And further. the second xposure is perform d. 

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 observation. And 

then. a difference between the measured distance and a distance 

required from a designed circuit pattern is taken as the amount 

l 0 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 pelliclc of the 

present invention is particularly preferred for double patterning 

15 because the distortion of the pelliclc 1s not transferred to the 

mask. 

Examples 

[00841 The present invention will now be specifically 

described with reference to Examples, which however shall not 

20 be construed as limiting the scope of the present invention. 

Methods for measuring various physical property values, and 

methods for evaluating properties arc given hclow. 

[ 0085] ( 1) Methods for Measuring Various Physical Property 

Values, and Various !:valuation Methods [tan b Peak Temperature, 

:25 Maximum Value of tan b, Storage Modulus (G'), and Loss 

Modulus (G")I 

Using a dynamic viscoelasticity measuring apparatus 
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(the trade name "ARES," manufactured by TA Instruments), a 

disk-shaped sarnple piece (diameter: 25 mm x thickness: 2 mm) 

was sandwiched between two parallel plates (diameter: 25 mm) 

which ere measurement j l 0 s 
. b to obtain a st p I Ce. The 

5 thickness of the test piece was adjusted to a predetermined 

I 0 

1 5 

20 

initial gap width. And then the storage modulus (G') and the 

loss modulus (G") were measured under the conditions of a 

nitrogen atmosphere, a shear mode, frequency of Hz, 

measurement temperature of 80°C to 200 C. temperature 

increase rate of 3°C/min, and initial Gap of 2 mm. The tan b (= 

G"/G') was obtained from the obtained storage modulus (G') and 

loss modulus (G"), and the temperature at the maximum value of 

the tan b (tan b peak temperature) and the maximum value 

thereof were calculated. 

[0086] [Stress Remaining Rate R(900)J 

Using a dynamic viscoelasticity measuring apparatus 

(the trade name "ARES," manufactured bv TA Instruments), a 

disk-shaped sample piece (diameter: 25 mm x thickness: 2 mm) 

was sandwiched between two parallel plates (diameter: 25 mm) 

which we re measurement J l u S 
·- D 

to obtain a test p I e Ce. The 

thickness of the test piece was adjusted to a predetermined 

initial gap width. And then, stress F(t) at measurement time 

was measured under the conditions of a nitrogen atmosphere. a 

shear mode. distortion: . measurement temperature of 23°C, 

and initial C1ap of 2 mm. The stress remaining rate R(900) was 

calculated from the obtained "maximum stress F(O)" and "stress 

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

( l) A cleaned quartz glass substrate (the model "#6025 

substrate." manufactured by HOYA. size: 152 mm x 152 mm x 

6 35 mm) as prepared. (2) A m k adhesive with a release 

5 liner removed was placed on the 4uartz glass substrate. and an 

aluminum pelliclc 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 pelliclc frame for 3 minutes, and then the weight was removed to 

obtain a laminate composed of the quartz glass substrate, the 

mask adhesive. and the pellicle frame. (4) The obtained 

laminate was set in a glass substrate holder, and stored for JO 

days at 23°C to stabilize adhesion 1n order to provide a 

15 measurement sample. 

[0088! As shown in Fig.2. a laminate composed of 4uartz glass 

substrate .20. mask adhesive 11 (mask adhesive layer). and 

p e 11 i c I e frame 24 was set on peeling J I u 
. b 28 of a standard 

universal tester (manufactured by INTESCO co .. Ltd.) so that 

20 the protrusion of peeling jig .28 \Vas 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 is adjusted to set measurement rate at 

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

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

load required for mask adhesive 22 to peel from quartz glass 

substrate 20 was measured as "peel strength (gf)." 
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[0089] [Amount of Pattern Displacement] 

Using a semiconductor exposure apparatus (the trade 

name "/\rF immersion scanner NSR-S610C." manufactured b 

NIKON CORPORATION), a afer (6025 substrate thickness 

5 6.35 mm. length: 151.95 mm) was exposed twice via a mask on 

which a pellicle was mounted, so as to print a pattern on the 

wafer. More specifically, the first exposure was performed. 

And then the mask was displaced, and the second exposure was 

performed. And further, the distance between the pattern 

I 0 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 

15 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 less was evaluated 

a s " go o d . '' a n d a c a s e w h e re t h e a m o u n t o f p a t t e r n d i s p I a c e m c n t 

was n1ore than 5 nm was evaluated as "poor." 

20 [0090] [Amount of distortion of Mask] 

A pellicle and a mask were placed on a pellicle mounter 

(man u fact u red b v MATSUSHITA SEIKI C 0. LTD.), and the 

pellicle was pressure-bonded to the mask made of quartz glass 

(thickness: 6.35 mm) under the conditions of temperature: 

amhient temperature (25°C), pressure: 20 kgf/cm:, and pressure 

bonding time: 3 minutes. The amount of distortion of the mask 

on which the pcllicle was mounted was measured using a flatness 
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measuring and analyzing apparatus (the trade name "UltraFlat 

200 Mask," manufactured hy Corning Trope!). The 

measurement area was 146 mm 2
. 

t 0091 I Generali a mask on which a pelliclc 1s mounted 

5 reflects the distortion of the pellicle frame (aluminum frame) so 

as to be distorted in a bow shape. When the entire mask 1s 

suhjected to measurement with a flatness measuring and 

analyzing apparatus, the distortion of the mask is shown as a 

contour map. And also. the difference hetween the maximum 

10 value and minimum value in the amount of distortion is provideJ. 

A difference ((1)-(2)) was taken as "the amount of distortion 

(nm) of the mask" caused hy the rnounting of the pellicle, the 

difference ((1)-(2)) meaning a difference between the amount 

(1) of distortion of the entire mask before pellicle mounting and 

15 the amount (2) of distortion of the entire mask after pellicle 

mounting. A smaller amount of distortion of the mask 1s 

preferred. and "O (that 1s. no distortion) is most preferred. 

[0092] [Paste Residue I 

While a surface of a mask after a pellicle was peeled was 

20 illuminated using an illumination apparatus (manufactured by 

7 ~ _) 

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 residue on the surface of the mask as visually observed. 

[0093] (2) Various Components 

As the raw materials of mask adhesives. various 

components shown below were used. (Thermoplastic Elastomer 

(A)) 
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H-SIS (I): a styrene-hydrogenated isoprene-styrene 

b I oc k copolymer (the trade name "HY BRAR 7 l 2 5 " 

(manufactured by KURARAY CO., LTD.), tan peak 

temperature: 5°C, styrene c ntent: 20 mass 

H-S!S (2): a styrene hydrogenated isoprene-styrene 

block copolymer (the tr ad c n am c "HYBRAR 7 3 1 I " 

(manufactured by KURARAY CO., LTD.), tan peak 

t c m p e r a t u r e : -- I 7 ° C , s t y r c n e c o n t e n t : I 2 m a s s 

SEBS: a styrene ethvlene butylene-styrene b I oc k 

I 0 cop o l y mer (the trade name ''Tufte c H I 0 6 2 ( man LI fact u red by 

Asahi Kasei Chemicals Corporation) tan 6 peak temperature: 

48°C) 

A (meth)acrylate ester elastomer: (the trade name "LA 

p o l y m e r 2 I 4 0 e " ( m a n LI f a c t u r e d b y K U R A R A Y C 0 . . LT D . ) , t a n () 

15 peak temperature: 20°C) 

An olefin elastomer (1): (the trade name "NOTIO 

PN>560" (manufactured by Mitsui Chemicals. Inc.), tan 6 peak 

temperature: 20°C) 

An olefin elastomer (2): a random copolymer of 

20 4-metbyl 1-pentene and 1-hexene (4-methyl-1-pentene: 55 mo!%. 

I hexene: 45 mo! , tan b peak temperature: -2°C) 

[00941 (Tackifying Resin (B)) 

A hydride of an alicvclic petroleum resin: a C9 

h y d r o g e n a t e d p e t r o I e u m r e s i n ( t h e t r a d e n a n1 e " A R K 0 N P - 1 0 0 " 

(manufactured by Arakawa Chemical Industries. l,tJ.), softening 

point: 100 ± 5°C, number average molecular weight (Mn): 610) 

A rosin ester resin (the trade name "PINECRYSTAL 
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KE-31 I" (manufactured by Arakawa Chemical Industries. Ltd.), 

softening point: 100 ± 5°C) 

10095] (Softener) 

Polybuten (the trade name "Ni an Polybutene 30N" 

5 (manufactured hy NOF CORPORATION)) 

A paraffin mineral oil (the trade name "NEOVAC 

MR-200" (manufactured by MORESCO)) 

An acrylic polymer (the trade name "ARUFON UP\080" 

( m a n u fa c t u r e d h y T 0 A G 0 S E I C 0 . , LT D . ) ) 

I 0 [0096] (Wax) 

A polypropylene pyrolysis wax (the trade name "Hi-WAX 

NP055" (manufactured by Mitsui Chemicals. Inc.)) 

[00971 (3) Manufacture of Pellicle (Example l) 

100 Parts by mass of H-SIS (I). 100 parts bv mass of a 

15 tackifying resin (B), and 200 parts by mass of a softener, which 

total 48 g. \Vere mixed to obtain a raw material mixture. The 

obtained raw material mixture was charged into Laboplastornill 

(manufactured by Toyo Seiki Seisaku-sho. I.td., internal volume: 

60 mL), and then scaled. 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 heating tank 

(the temperature in the tank: 200°C). and melted. On the other 

hand. anodic oxidation-treated aluminum pellicle frame 14 

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

width W: 2 mm) as shown 1n Fig.I wa~ prepared. The melted 

mask adhesive was extruded from a needle tip communicating 

with the heating tank, and applied to one end surface of pellicle 
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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 adhcsi c layer 15. 

Pelliclc film 12 wa stuck on the other end surface of pclliclc 

5 frame 14 via film adhesive layer 13 to obtain pellicle 10. mask 

adhesive layer 15 being not formed on the other end surface. 

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 

10 the peel strength of the mask pressure-sensitive adhesive arc 

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 arc shown in Table I. 

l 5 [0098] (Examples 2 to 11 and Comparative Examples I to 6) 

A pcllicle was obtained as 1n the above-described 

Example except that components were mixed with a 

formulation shown 1n Table to obtain a mixture. Th c 

measurement results of the tan o peak temperature, the tan <) 

20 maximum value, the storage modulus (G') at 25 C. the loss 

modulus (G") at 25°C, the stress rcma1n1ng rate R(900). and the 

peel strength of the mask pressure-sensitive adhesive arc shown 

in Table I. 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 arc shown in Table I. 

l 0099] 
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[Table 1] 

Examples Comparative Examples 

3 4 5 6 7 8 9 10 ]J J 2 3 4 5 l 6 

H-S!S(l). 1 100 !Oil 100 100 ]()() ]()() 100 I JOO 

Thcnno- H-S!S(2). 2 ]()() 100 

plastic SERS'' JOO 100 100 
elastomer (IVkth)acrylatc elastomer 

.. , 
(A) 

Olefin elastomer ( J )•s 

Olefin clastnmc1 

Formulation r I 
(ma" parts) Tack if) ing lhdridc of alic)clic petroleum resin I JOO I 100 I JOO I JS() I J50 I 20 I 100 I I I 150 I 50 I JOO I J50 I 200 I 200 I 200 I IO 

resin (B) 
Ro:-,in c:-,tcr resin 50 30 

Pol\butcnc 200 J51) 150 J50 J50 150 lOO JOO 150 I 150 I 150 I J50 I J50 I 150 

Softener IPar~dlin mineral oi! 

I I I I I I I I 45 

Wax ----I tanO peak temperature (°C) of ma:-.k adhc'.-:.ivc I 7 7 15 -9 -4 10 -8 5 -1 2 -2J -11 s 27 13 -l 5 w I tanO maximum value of ma~k adhesive --...] 2.7 2.5 1.5 J .4 1.8 1.3 3.0 L7 2.1 1.6 1.5 2.3 2.5 1.7 2.0 1.6 

modulus (G') at 25°C 3.3E+04 6.0E+04 UE+05 3.9E+05 3.7E+05 6.9E+05 5.8E+04 3.2E+05 8.1 E+05 6.7E+04 8.7E+04 3.2E+04 7.0E+04 8JlE+04 8.5E+04 2.JE+05 6.7E+06 

!Loss moduJm, (G'') at 25cC 3.3E+IJ4 6.5E+04 ! .4E+IJ5 4.7E+05 -l.5E+05 7.2E+05 6.7E+04 4.2E+05 9.9E+05 7.1E+04 9.3E+04 L9E+04 2.0E+04 1.9E+05 i.-!E+05 2.4E+05 l.6E+06 

I st res\ remaining rate R(900) (r'() of ma,..,k adhc\ivc JO 5 7 l 15 12 -! II 7 12 9 38 J9 6 I 3 27 

Ped '.':>lfL'llgth (gt) of ma~k adhc::.ivc from quar11. g!a:-.::. ::.ubstratc I 260 I 230 I 200 I 300 I 280 I 70 I 250 I 200 I 180 I 300 I 270 I 240 I 300 I 500 I 450 I 410 I 50 

Amount of pattern po::.ilion di::.placcrncn1 (nm) I 2 I 2 I 2 I I 2 I 2 I 2 I 2 I I 2 I 2 I 10 I 9 I 2 I I 2 
iv1casurc-

mcnt and 
!Evaluation of amount of pattern position displacement 

cva!ua- I Good I Good I Good I Good I Good I Good I Good I Good I Good I Good l Good I Poor I Poor I Good I Good I Good 

lion rewlts 'Amount of distortion (nm) of mask (nm) 49 50 51 50 49 52 50 50 48 49 51 121 1 ](1 I 48 59 

Paste residue None None None None None None None None None ~one None None Non1: Present Present Present -
""1: tanO pt:ak tcmperaturc::::-5°C. tanO maximum valuc=l.7 

tan6 peak tcmpcraturc=-l 7°C. tanO maximum value= l .'J 

"'>: tanb peak tcmpcraturc:::-48°C. tani) maximum valuc~I.2 

"-1-: 1an<) peak tempcraturc=-20°C. tanb maximum valuc::::O.<J 

tanO peak tcmpcraturc=-:!W'C. tan() maximum value::; l .O 

"'"(): tanO peak 1cmpcratu1c=-2°C. tanb maximum value= l .O 
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[ 0 I 00 I In examples I to 11. the amount of distortion of the 

mask was 52 nm or less, and also the amount of pattern 

displacem nt was 2 nm or less. which was an amount of position 

displac ment small enough to perform double patterning. In 

5 addition, in all Examples, no paste residue was left when the 

pellicle was peeled from the mask. On the other hand, in 

Comparative Examples 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. 

10 [ 0I01] The mask adhesives used 1n the pellicles of 

Comparative Examples I and 2 have the tan o 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 

15 parts bv mass of the thermoplastic elastomer (A), the tan 6 peak 

temperatures of the obtained mask adhesives were lower 

temperatures ··21°C and - ll°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 1s 

20 considered that since the blended amount of the tackifying resin 

J -_J 

(B) was not excessive, no paste residue was left. 

[ 0 I 02] In the mask adhesive used 1n 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 6 peak temperature of the obtained mask adhesive was in 

the range of 10°C to 30°C. Therefore, it is presumed that the 
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amount of pattern displacement and the amount of distortion of 

the mask decreased. On the other hand. it is thought that a 

paste residue was left hecause the amount of the tackifying resin 

(B hlendcd was c c ss1vc. 

5 [0103] The mask adhesives used 111 the pellicles of 

Comparative Examples 4 and 5 have the tan b peak temperatures 

of the thermoplastic elastomer (A) in the predetermined range. 

Therefore, the tan b peak temperature of the obtained mask 

adhesives was in the range of l0°C to 30 C. It is presumed 

JO that the amount of pattern displacement and the amount of 

distortion of the mask decreased. On the other hand, it 1s 

thought that a paste residue was left hecause the amount of the 

tackifying resin (B) blended was excessive. 

10104] The mask adhesive used in the pellicle of Comparative 

15 Example(> has the tan b peak temperature of the thermoplastic 

elastomer (A) in the predetermined range. However, since the 

blended amount of the tackifying resin (B) was too small with 

respect to 100 parts by mass of the thermoplastic elastomer (A), 

the tan b peak temperature of the obtained mask adhesive \Vas a 

20 lower temperature (-l5°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 1s 

thought that no paste residue was left because the amount of the 

tackifying resin (B) blended was not excessive. 

Industrial Applicability 

[ () I() 5 I The pellicle of the present invention is preferred for 
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patterning In which high patterning prec1s1on IS required, which 

includes douhle patterning. 

Reference Signs List 

5 [ 0 l 0 6] 

1 0 pc I Ii c I e 

1 2 pc 11 i c I c membrane 

l 3 film adhesive layer 

14, 24 pc 11 i c I e frame 

l 0 1 5 mask adhesive I a y c r 

20 quartz glass substrate 

22 mask adhesive 

26 weight 

28 peeling JI g 

I 5 30 push-down .JI g 

,., ! 
_) - arm 
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CLAIMS 

CI a i rn A pelliclc compr1s1ng: 

a pclliclc frame; 

a pclliclc memhrane dispo ed on one nd urface of th 

5 pcllicle 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 adhesive includes 100 parts by mass of a 

10 thermoplastic elastomer (A) having a temperature of -20°C to 

30°C at which a maximum value of a loss tangent is measured 

under a frequency of llz. and 20 to 150 parts 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 (meth)acrylate ester thermoplastic elastomer. and an olefin 

thermoplastic elastomer, and 

the mask adhesive has a temperature of J0°C to 30°C at 

which the maximum value of loss tangent is measured under a 

20 frequency of I Hz. 

Claim 2 The pellicle according to claim I, wherein the 

thermoplastic elastomer (A) is a styrene thermoplastic elastomer. 

Claim 3 The pelliclc according to claim 2, wherein the 

styrene thermoplastic elastomer is a triblock copolymer having a 

first polystyrene block, a polyisoprcnc block having an 
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isopropenyl group in a side chain, and a second polystyrene 

hlock, and/or a hydrogenation product thereof. 

Claim 4 The pellicle ccording to claim l. herein a 

5 softening point of the tackifying resin (B) as measured hy a 

ring-and-hall method prescribed 1n JIS K-2207 is 60°C to 150°C. 

Claim 5 The pellicle according to claim I, wherein a 

numher average molecular weight of the tackifying resin (B) 1s 

I 0 300 to 3,000. 

Claim 6 The pellicle according to claim l. wherein the 

tackifying resin (B) is at least one selected from the group 

consisting of a rosin and a derivative thereof, a polyterpene 

15 resin and a hydride thereof, a terpene phenol resin and a hydride 

thereof. an aromatic modified terpene resin and a hydride 

thereof, a coumarone-indene resin. an aliphatic petroleum resin, 

an alicyclic petroleum resin and a hvdride thereof. an aromatic 

petroleum resin and a hvdride thereof, an aliphatic-aromatic 

20 copolymer petroleum resin. and a dicyclopentadiene petroleum 

resin and a hvdride thereof. 

Claim 7 ;\ pelliclc compr1s1ng: 

a pellicle frame; 

a pellicle membrane disposed on one end surface of the 

pellicle frame: and 

a mask adhesive layer including a mask adhesive, the 
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mask adhesive layer being disposed on the other end surface of 

the pellicle frame. wherein 

a peel strength of the ma k pressure-sensitive adhesi e 

from a quartz glass substrate is 50 to 300 gf at 23°C. and 

a stress remaining rate R(900) of the mask adhesive 

defined by the following formula (I) ts 111 the range of 0 $ 

R(900) $ 15 

stress 

stress rema1111ng rate R(900) = {F(900)/F(O)} x 100 .. (I) 

where F(O) represents maximum stress measured by 

relaxation measurement. F(900) represents stress 

measured by the stress relaxation measurement after 900 seconds 

111 test time have lapsed; and the stress relaxation measurement 

is executed under a condition of ,..,3°C with a rheometer. 

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 I 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 st_ rene thermoplastic elastomer. 

a (meth)acrylate ester thermoplastic elastomer. and an olefin 

thermoplastic elastomer, and 

the mask adhesive having a temperature of l 0°C to 

25 30 C at which the maximum loss tangent is measured under a 

frequency of I Hz. 



5 

2FI 1131-PCT 

Claim 9 A mask adhesive having a peel strength from a 

quartz glass substrate of 50 to JOO gf at 2J°C. and 

a stress remaining rate R(900). defined by the following 

formula (1). in the range of 0 s R(900) s 15 

stress 

stress remaining rate R(900) = {F(900)/F(O)} x 100 .. (I) 

where F(O) represents maximum stress measured bv 

relaxation measurement. F(900) represents stress 

measured by the stress relaxation measurement after 900 seconds 

in test time have lapsed; and the stress relaxation measurement 

10 1s executed under a condition of 2J°C with a rheometer. 


