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POSITIVE RESIST COMPOSITION 

FIELD OF THE INVENTION 

[0001] The present invention relates to a positive resist 
composition suitable for use in nanolithography processes 
for manufacturing VLSI and high-capacity microchips, or 
other photo-fabrication processes. More speci?cally, the 
invention is concerned With a positive resist composition 
capable of forming ?ner-resolution patterns by using elec 
tron beams, X-rays or EUV rays. In particular, the invention 
relates to a positive resist composition highly suitable for 
use in super minute patterning for semiconductor devices by 
utiliZing high-energy beams, such as electron beams. 

BACKGROUND OF THE INVENTION 

[0002] In manufacturing processes of semiconductor 
devices, such as ICs and LSI circuits, ?ne patterning by 
photolithography using resist compositions has hitherto 
been carried out. In recent years, demand for super?ne 
patterning in a submicron region or a quarter-micron region 
has groWn as integrated circuits have increased in packing 
density. In order to meet such a demand, exposure light 
sources used in photolithography have been changed to 
those of shorter Wavelengths, speci?cally from g-ray to 
i-ray, further to KrF excimer laser light. In addition to 
photolithography using excimer laser light, developments of 
lithography processes using either electron beams, or 
X-rays, or EUV light are proceeding noW, too. 

[0003] As resists suitable for the lithography processes 
using electron beams, X-rays and EUV light, respectively, 
chemical ampli?cation resists utiliZing acid-catalyZed reac 
tion are mainly used from the vieWpoint of increases in 
sensitivity. With respect to positive resists, chemically 
ampli?ed resist compositions Whose main components are 
polymers having properties of being insoluble or slightly 
soluble in alkaline aqueous solutions and becoming soluble 
therein under the action of acids (hereinafter referred to as 
acid-decomposable resins, too) and acid generators are used 
effectively. 

[0004] Transfer of resist techniques for KrF excimer laser 
to positive resists for electron-beam lithography or X-ray 
lithography have been mainly tried so far, and feasibility 
thereof has been contemplated. For instance, Patent Docu 
ment 1 (JP-A-2-l9847) discloses the resist composition 
containing poly(p-hydroxystyrene) Whose phenolic 
hydroxyl groups are totally or partially protected by tetrahy 
dropyranyl groups. 

[0005] Patent Document 2 (JP-A-4-2l9757) discloses the 
resist composition containing a polymer obtained by replac 
ing 20 to 70% of the phenolic hydroxyl groups in poly(p 
hydroxystyrene) With acetal groups. 

[0006] Patent Document 3 (JP-A-2002-49l56) discloses 
the positive photoresist composition containing a polymer 
obtained by replacing phenolic hydroxyl groups of poly(p 
hydroxystyrene) With acetal groups of tWo different kinds 
and thereby giving excellent performances in terms of 
resolution, development defect, linearity and dry-etching 
resistance. 

[0007] Patent Document 4 (JP-A-2002-323768) discloses 
the resist composition ensuring improved line-Width stabil 

Jun. 7, 2007 

ity in patterns formed under a condition that the resist 
coating is left standing in vacuo after exposure. 

[0008] HoWever, the present state is that high resolution, 
slight line edge roughness and in-vacuo PED (Post Exposure 
Delay) characteristic requirements cannot be satis?ed con 
currently even by the foregoing art. 

[0009] The term “line edge roughness” refers to a condi 
tion that, oWing to characteristics of a resist composition 
used, the edges of the interface betWeen each resist line 
pattern and a substrate have such a shape as to ?uctuate in 
a direction perpendicular to the line direction. When this line 
pattern is observed from the position right above, the edges 
look rough (to an extent of :doZens nm) This roughness is 
transferred to the substrate through an etching process, and 
too rough edges cause impairment of electric characteristics 
and reduce yield. Thus, the desire to improve line edge 
roughness is groWing as the pattern siZe is reduced to a 
quarter micron or beloW. 

[0010] Further, the line-Width stability of patterns formed 
under a condition that the resist coating is left standing in 
vacuo after exposure (in-vacuo PED) is a very important 
property because exposure is carried out in vacuo When 
electron beams or X-rays are used as exposure source. 
Inferiority of in-vacuo PED characteristic causes great varia 
tions in resist properties betWeen the beginning and the end 
of draWing With electron beams or X-rays; as a result, line 
Widths of the draWn patterns seriously lack in-plane unifor 
mity and a considerable reduction in yield occurs. 

[0011] In addition, there is a problem that the line edge 
roughness also becomes Worse by leaving the resist coating 
standing in vacuo. 

[0012] On the other hand, the use of EUV as light source 
causes a problem that the contrast is loWered by concerted 
photochemical reaction, such as positive-to-negative con 
version, ascribable to EUV light, because the Wavelengths of 
the light source are included in the extreme ultraviolet 
region and the EUV light has high energy. 

[0013] It is di?icult for the combinations of hitherto 
knoWn arts to ensure both very acceptable line edge rough 
ness and favorable in-vacuo PED characteristic (variations 
in line Width and line edge roughness) under irradiation With 
electron beams or X-rays, so it has been desired to attain 
compatibility betWeen those tWo performances. Addition 
ally, it has also been desired to achieve both suf?ciently high 
sensitivity and contrast even under EUV irradiation. 

[0014] [Patent Document 1] JP-A-2-l9847 

[0015] [Patent Document 2] JP-A-4-2l9757 

[0016] [Patent Document 3] JP-A-2002-49l56 

[0017] [Patent Document 4] JP-A-2002-323768 

SUMMARY OF THE INVENTION 

[0018] An object of the invention is to solve problems of 
performance-enhancement techniques in ?ne patterning for 
semiconductor devices by use of high-energy beams, espe 
cially electron beams, X-rays or EUV light. More speci? 
cally, an object of the invention is to provide a positive resist 
composition capable of satisfying both requirements for 
in-vacuo PED characteristic and line edge roughness When 
electron beams are used as an irradiation source and having 
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excellent sensitivity and dissolution contrast When EUV 
light is used as an irradiation source. 

[0019] The following positive resist compositions respon 
sive to electron beams, X-rays or EUV are embodiments of 
the invention. 

[0020] (1) A positive resist composition for electron-beam, 
X-ray or EUV, comprising: 

[0021] (a) a polymer capable of increasing its solubility in 
an alkali developer under action of an acid, 

[0022] Wherein the polymer has repeating units repre 
sented by formula (I), repeating units represented by formula 
(II) and repeating units represented by formula (III), 

[0023] (b) a compound capable of generating an acid upon 
irradiation With an actinic ray or radiation, and 

[0024] (c) a solvent: 

(1) 

(II) 

(III) 

[0025] Wherein L1 to L4, Which are the same or different, 
each represents a hydrogen atom, a straight-chain, branched 
or cyclic alkyl group or an aralkyl group, and Z represents 
a straight-chain, branched or cyclic alkyl group or an aralkyl 
group, 

[0026] W has the same meaning as Z, and 

[0027] Z and L1, or W and L4, may be combined each 
other to form 5- or 6-membered ring, provided that the 
groups represented by Z and W are not the same. 

[0028] (2) The composition according to the above (1), 
Wherein the group represented by W is a group having an 
alicyclic or aromatic group. 
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[0029] (3) The composition according to the above (1), 
Wherein the polymer (a) has a molecular Weight dispersion 
degree of 1.5 or beloW. 

[0030] (4) The composition according to the above (1), 
Wherein the content of the repeating unit represented by 
formula (I) is from 5 to 60 mole % based on the total 
repeating units in the resin. 

[0031] (5) The composition according to the above (1), 
Wherein the content of the repeating unit represented by 
formula (I) is from 5 to 30 mole % based on the total 
repeating units in the resin. 

[0032] (6) The composition according to the above (1), 
Wherein the content of the repeating unit represented by 
formula (II) is from 5 to 60 mole % based on the total 
repeating units in the resin. 

[0033] (7) The composition according to the above (1), 
Wherein the content of the repeating unit represented by 
formula (II) is from 5 to 30 mole % based on the total 
repeating units in the resin. 

[0034] (8) The composition according to the above (1), 
Wherein the content ratio of repeating units of formula (I) to 
repeating units of formula (II) in the resin is from 0.10:1 to 
110.10. 

[0035] (9) The composition according to the above (1), 
Wherein the content ratio of repeating units of formula (I) to 
repeating units of formula (II) in the resin is from 0.25:1 to 
110.25. 

[0036] (10) The composition according to the above (1), 
Wherein the polymer (a) further comprises a repeating unit 
corresponding to tertiary alkyl (meth)acrylate. 

[0037] (11) The composition according to the above (1), 
Wherein the content of the component (b) is from 2 to 10% 
by Weight based on the total solids in the composition. 

[0038] (12) The composition according to the above (1), 
further comprising a ?uorine-based and/or silicon-based 
surfactant. 

[0039] (13) The composition according to claim 1, further 
comprising a basic compound. 

[0040] (14) A pattern formation method comprising steps 
of forming a resist ?lm by using the positive resist compo 
sition claimed in the above (1 ), and exposing and developing 
said resist ?lm. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0041] The invention is described beloW in detail. 

[0042] An electron-beam, X-ray or EUV positive resist 
composition relating to the invention comprises at least a 
polymer (a) having repeating units represented by formula 
(I), repeating units represented by formula (II) and repeating 
units represented by formula (III) and capable of decom 
posing under action of an acid to increase solubility in an 
alkali developer, a compound (b) capable of generating an 
acid upon irradiation With an actinic ray or radiation, and a 
solvent (c). 

[0043] In the present invention, the phrase “an actinic ray 
or radiation” comprises an electron-beam, X-ray and EUV. 
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[0044] Each of the components mixed in the present 
positive resist composition responsive to electron beams, 
X-rays or EUV is illustrated beloW. 

(a) A Polymer Capable of Increasing its Solubility in an 
Alkali Developer under Action of an Acid, and having 
Repeating Units Represented by Formulae (I), (H) and (Ill) 

(Hereinafter Referred to as “Acid-Decomposable Polymer 
(21)”, tO0) 
[0045] An acid-decomposable polymer (a) used in the 
invention has repeating units represented by formulae (1), 
(H) and (III). 

(I) 

(II) 

(III) 

[0046] In the above formulae, L 1 to L4, Which are the same 
or different, each represents a hydrogen atom, a straight 
chain, branched or cyclic alkyl group or an aralkyl group, 
and Z represents a straight-chain, branched or cyclic alkyl 
group or an aralkyl group. 

[0047] W has the same meaning as Z, and Z and L1, or W 
and L4, may be combined each other to form 5- or 6-mem 
bered ring, provided that the groups represented by Z and W 
are not the same. 

[0048] Examples of an alkyl group represented by each of 
L1 to L4, Z and W in the foregoing formulae include 
straight-chain, branched or cyclic alkyl groups containing 1 
to 20 carbon atoms, such as a methyl group, an ethyl group, 
a propyl group, an isopropyl group, an n-butyl group, an 
isobutyl group, at-butyl group, a pentyl group, a cyclopentyl 
group, a hexyl group, a cyclohexyl group, an octyl group and 
a dodecyl group. These groups each may have a substituent. 

[0049] Suitable examples of a substituent the alkyl group 
represented by L 1 to L4, Z and W each may have include an 
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alkyl group, an alkoxy group, a hydroxyl group, a halogen 
atom, a nitro group, an acyl group, an acyloxy group, an 
acylamino group, a sulfonylamino group, an alkylthio 
group, an arylthio group, an aralkylthio group, a thiophen 
ecarbonyloxy group, a thophenemethylcarbonyloxy group, 
and hetero ring residues, such as a pyrrolidone residue. And 
it is preferable that the number of carbon atoms contained in 
those substituents each is 12 or beloW. 

[0050] Examples of an alkyl group having a substituent 
include a cyclohexylethyl group, an alkylcarbonyloxym 
ethyl group, an alkylcarbonyloxyethyl group, an arylcarbo 
nyloxyethyl group, an aralkylcarbonyloxyethyl group, an 
alkyloxymethyl group, an aryloxymethyl group, an aralky 
loxymethyl group, an alkyloxyethyl group, an aryloxyethyl 
group, an aralkyloxyethyl group, an alkylthiomethyl group, 
an arylthiomethyl group, an aralkylthiomethyl group, an 
alkylthioethyl group, an arylthioethyl group and an aralky 
lthioethyl group. 

[0051] The alkyl moieties in the groups recited above have 
no particular restriction, but may be any of straight-chain, 
cyclic and branched ones and further may have any of the 
substituents recited above, such as alkyl and alkoxy groups. 

[0052] Examples of the alkylcarbonyloxyethyl group 
mentioned above include a cyclohexylcarbonyloxyethyl 
group, a t-butylcyclohexylcarbonyloxyethyl group, and an 
n-butylcyclohexylcarbonyloxyethyl group. 

[0053] The aryl moieties in the groups recited above have 
no particular restriction, too. They may generally include 
aryl groups having 6 to 14 carbon atoms, such as a phenyl 
group, a xylyl group, a tolyl group, a cumenyl group and an 
anthranyl group, and further may have any of the substitu 
ents recited above, such as alkyl and alkoxy groups. 
Examples of the aryloxyethyl group mentioned above 
include a phenyloxyethyl group and a cyclohexylphenyloxy 
ethyl group, Which may further have substituents. 

[0054] The aralkyl groups in the groups recited above 
have no particular restriction, too. An example of such 
moieties is a benZyl group. 

[0055] An example of the aralkylcarbonyloxyethyl group 
mentioned above is a benZylcarbonyloxyethyl group, Which 
may further have a substituent. 

[0056] Examples of an aralkyl group represented by each 
of L1 to L4, Z and W in formulae (1) and (H) include aralkyl 
groups having 7 to 15 carbon atoms, such as a benZyl group 
and a phenetyl group. These groups each may further have 
a substituent. 

[0057] Suitable examples of a substituent the aralkyl 
group may have include an alkoxy group, a hydroxyl group, 
a halogen atom, a nitro group, an acyl group, an acylamino 
group, a sulfonylamino group, an alkylthio group, an 
arylthio group and an aralkylthio group. Examples of an 
aralkyl group having a substituent include an alkoxybenZyl 
group, a hydroxybenZyl group and a phenylthiophenetyl 
group. The number of carbon atoms contained in a substitu 
ent the aralkyl group of L1 to L4, Z or W can have is 
preferably 12 or beloW. 

[0058] Examples of a 5- or 6-membered ring formed by 
combining Z and L1 or by combining W and L4 include a 
tetrahydropyran ring and a tetrahydrofuran ring. 
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[0059] In the acid-decomposable polymer (a) used in the 
invention, the groups Z and W represent are required to be 
different from each other. 

[0060] In the invention, it is preferable that the group 
represented by W is a group having an alicyclic radical or an 
aromatic group. In such a case, the group represented by Z 
is preferably a straight-chain or branched alkyl group. When 
W and Z represent those groups, the invention can achieve 
more marked elfects. 

[0061] Suitable examples of the foregoing alicyclic group 
include those containing 5 to 12 carbon atoms such as a 
cyclopentyl group, a cyclohexyl group, a cycloheptyl group, 
a cyclooctyl group, a cyclononyl group and a cyclodecanyl 
group. Suitable examples of the foregoing aromatic group 
include those containing 6 to 16 carbon atoms, such as a 
phenyl group and a naphthyl group. These aromatic groups 
each may further have a substituent, With examples includ 
ing a methylphenyl group and an ethylphenyl group. Each of 
those alicyclic groups or aromatic radicals may be all that 
constitute the group of W, or may be combined With an 
alkylene group or another linkage group to form the group 
of W. 

[0062] Suitable examples of an alicyclic- or aromatic 
containing group represented by W include a phenoxyethyl 
group, a cyclohexylphenoxyethyl group, a cyclohexylthio 
ethyl group, a t-butylcyclohexylcarbonyloxyethyl group, an 
n-butylcyclohexylcarbonyloxyethyl group, a cyclohex 
anone-4-yl-phenoxyethyl group, a cyclohexyl group, a 
cyclohexylethyl group, a phenetyl group and a benZyl group. 

[0063] Suitable examples of a straight-chain or branched 
alkyl group represented by Z include an ethyl group, a 
propyl group, an isopropyl group, an n-butyl group, an 
i-butyl group and a t-butyl group. 

[0064] It is also admitted that edge roughness can be 
improved by introducing a bulky group, such as a phenyl or 
cyclohexyl group, to the terminal of a substituted alkyl 
group or a substituted aralkyl group as mentioned above. 

[0065] In the acid-decomposable polymer (a), it is pref 
erable that the repeating units represented by formula (I) 
contain 5 to 60 mole % (preferably 5 to 30 mole %) based 
on the total repeating units, the repeating units represented 
by formula (II) contain 5 to 60 mole % (preferably 5 to 30 
mole %) based on the total repeating units and the repeating 
units represented by formula (III) contains 20 to 80 mole % 
(preferably 40 to 80 mole %) based on the total repeating 
units. Further, other repeating units may be contained in the 
acid-decomposable polymer (a) as required. 

[0066] The suitable ratio of the content of repeating units 
of formula (I) to the content of repeating units of formula (II) 
in the acid-decomposable polymer (a) ((I):(II)) is from 
0.10:1 to 1:0.10, preferably from 0.25:1 to 1:025. 

[0067] The present acid-decomposable polymer (a) can be 
prepared, e.g., as folloWs: A polymer having phenolic 
hydroxyl groups, Which is preferably dissolved in an organic 
solvent, is dehydrated by using a process of aZeotropic 
distillation, and then admixed With tWo or more kind of alkyl 
vinyl ether compounds and an acid catalyst to undergo 
acetalation reaction: Thus, the desired acetal groups are 
introduced into phenolic hydroxyl groups and the intended 
polymer is obtained. 
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[0068] As the polymer having phenolic hydroxyl groups, 
polymers of hydroxystyrenes are suitable, and copolymers 
of hydroxystyrenes and acid-decomposable (meth)acrylates 
(e.g. t-butyl acrylate or t-butyl methacrylate) are also usable. 

[0069] For the purpose of adjusting alkali solubility of an 
acid-decomposable polymer (a) relating to the invention, 
acid-indecomposable groups can further be introduced into 
a polymer having phenolic hydroxyl groups. Suitable 
examples of a method of introducing acid-indecomposable 
groups include a method of copolymeriZing hydroxysty 
renes and styrenes, acid-indecomposable (meth)acrylates or 
acid-indecomposable (meth)acrylamides, and a method of 
protecting hydroxyl groups of hydroxystyrenes With acid 
indecomposable substituent groups. 

[0070] Suitable examples of the foregoing acid-indecom 
posable substituent group include an acetyl group, a mesyl 
group and a toluenesulfonyl group, but not limited to these 
groups. 

[0071] Examples of the foregoing styrenes include sty 
rene, chlorostyrene, dichlorostyrene, bromostyrene, dibro 
mostyrene, iodostyrene, methylstyrene, dimethylstyrene, 
ethylstyrene, isopropylstyrene, methoxystyrene, ethoxysty 
rene, phenylstyrene, t-butylstyrene and t-butoxystyrene. Of 
these styrenes, styrene, methylstyrene, t-butylstyrene and 
t-butoxystyrene are preferred in particular. 

[0072] Examples of the foregoing acid-indecomposable 
(meth)acrylates include methyl (meth)acrylate, ethyl (meth 
)acrylate, propyl (meth)acrylate, allyl (meth)acrylate, gly 
cidyl (meth)acrylate, benZyl (meth)acrylate and hydroxy 
ethyl (meth)acrylate. 

[0073] Examples of acid-indecomposable (meth)acryla 
mides include (meth)acrylic amide, (meth)acrylic phenyla 
mide and (meth)acrylic isopropylamide. 

[0074] Examples of monomers Which can further be copo 
lymeriZed include maleic acid derivatives, maleic anhydride 
derivatives, (meth)acrylonitrile, vinylpyrrolidone, vinylpy 
ridine and vinyl acetate. 

[0075] As mentioned above, it is possible to introduce 
copolymeriZing components and/or acid-indecomposable 
groups into the polymer having phenolic hydroxyl groups 
Within the bounds of alkali solubility adjustment for the 
acid-decomposable polymer (a) and no impairment of alkali 
developability. 

[0076] From the vieWpoints of dry etching resistance and 
sensitivity, it is generally preferable that the hydroxystyrene 
component constitutes at least 60 mole %, favorably at least 
70 mole %, based the components making up the polymer 
having phenolic hydroxyl groups. 

[0077] The Weight average molecular Weight (MW) of the 
aforementioned trunk polymer (the polymer having phenolic 
hydroxyl groups) can be measured by Gel Permeation 
chromatography (GPC) and calculated in terms of polysty 
rene. The suitable MW of the trunk polymer is from 2,000 to 
200,000, particularly from 2,500 to 20,000. When the MW is 
increased beyond 200,000, the solubility becomes poor and 
the resolution trends doWnWard. 

[0078] Since the line edge roughness shoWs a tendency to 
become Worse the greater dispersion degree (MW/Mn) the 
polymer has, or the higher-order multidisperse the polymer 
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is, With respect to the molecular Weight distribution, the 
suitable molecular-Weight dispersion degree is from 1.0 to 
3.0, preferably from 1.0 to 1.5, particularly preferably from 
1.0 to 1.3. 

[0079] Polymers having such small molecular-Weight dis 
persion degrees can be obtained by making various changes 
in conditions for polymer synthesis (amounts of solvent and 
initiator used for polymerization) and conditions for poly 
mer re?ning (kind and amount of reprecipitation solvent, 
and the number of times the reprecipitation operation is 
performed). For instance, the molecular Weight can be 
controlled by properly choosing amounts of polymerization 
solvent and initiator used, and the dispersion degree of 
polymer can be reduced by selecting a solvent most suitable 
for reprecipitation or increasing the number of times the 
reprecipitation operation is repeated. 

[0080] Speci?cally, it is preferable that a mixture of at 
least tWo kinds of solvents is used as reprecipitation solvent 
or a reprecipitation operation is carried out at least tWo 
times, and it is far preferable that a reprecipitation operation 
is repeated at least tWo times by using a mixture of at least 
tWo kinds of solvents as reprecipitation solvent. Alterna 
tively, the intended polymer can be obtained by synthesiZing 
polyvinylphenol having a loW degree of molecular-Weight 
dispersion via a living anion, living radical or living cation 
polymeriZation method, and then making the polyvinylphe 
nol undergo acetalation With alkyl vinyl ethers. 

[0081] As the alkyl vinyl ethers used for acetalation reac 
tion, compounds represented by the folloWing formula (A) 
are suitable: 

(A) 
Rs 

[0082] wherein R1 represents an open-chain alkyl group 
Which may have a substituent, a cyclic alkyl group Which 
may have a substituent, an aryl group Which may have a 
substituent, or an aralkyl group Which may have a substitu 
ent, and 

[0083] Wherein Rs and Rt each independently represents 
an open-chain alkyl group Which may have a substituent, a 
cyclic alkyl group Which may have a substituent. 

[0084] The open-chain alkyl group suitable as R1, Which 
may have asubstituent, maybe a straight-chain or branched 
alkyl group containing 1 to 20 carbon atoms, preferably 1 to 
18 carbon atoms, With examples including a methyl group, 
an ethyl group, an n-propyl group, an i-propyl group, an 
n-butyl group, an i-butyl group, at-butyl group, an n-pentyl 
group, an i-pentyl group, a t-pentyl group, an n-hexyl group, 
an i-hexyl group, a t-hexyl group, an n-heptyl group, an 
i-heptyl group, a t-heptyl group, an n-octyl group, an i-octyl 
group, a t-octyl group, an n-nonyl group, an i-nonyl group, 
a t-nonyl group, an n-decyl group, an i-decyl group, a t-decyl 
group, an n-undecyl group, an i-undecyl group, an n-dodecyl 
group, an l-dodecyl group, an n-tridecyl group, an i-tridecyl 
group, an n-tetradecyl group, an i-tetradecyl group, an 
n-pentadecyl group, an i-pentadecyl group, an n-hexadecyl 
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group, an i-hexadecyl group, an n-heptadecyl group, an 
i-heptadecyl group, an n-octadecyl group, an i-octadecyl 
group, an n-nonadecyl group and an i-nonadecyl group. 

[0085] These groups each may have a substituent as 
recited hereinafter. 

[0086] The cyclic alkyl group suitable as R1, Which may 
have a substituent, is a cyclic alkyl group containing 3 to 20 
carbon atoms, preferably 3 to 18 carbon atoms, Wherein a 
ring may be formed of up to 20 carbon atoms or a ring 
formed may have a substitutent. 

[0087] Examples of such a cyclic alkyl group include a 
cyclopropyl group, acyclobutyl group, acyclopentyl group, a 
cyclohexyl group, a cycloheptyl group, a cyclooctyl group, 
a cyclononyl group, a cyclodecyl group, a cycloundecyl 
group, a cyclododecyl group, a cyclotridecyl group, a 
cyclotetradecyl group, a cyclopentadecyl group, a cyclo 
hexadecyl group, a cycloheptadecyl group, a cyclooctadecyl 
group, a cyclononadecyl group, 4-cyclohexylcyclohexyl, a 
4-n-hexylcyclohexyl group, a pentanylcyclohexyl group, a 
hexyloxycyclohexyl group and a pentanyloxycyclohexyl 
group. Substituted cyclic alkyl groups other than the 
examples recited above are also usable as R1 as far as they 
are Within the scope mentioned above. Those groups each 
may have a substituent as recited hereinafter. 

[0088] The aryl group suitable as R1, Which may have a 
substituent, is an aryl group containing 6 to 30 carbon atoms, 
preferably 6 to 25 carbon atoms, With examples including a 
phenyl group, a tolyl group, a xylyl group, an ethylphenyl 
group, a propylphenyl group, a methoxyphenyl group, an 
ethoxyphenyl group, a propyloxyphenyl group, a 4-cyclo 
pentylphenyl group, a 4-cyclooctanylphenyl group, a 2-cy 
clopentylphenyl group, a 2-cyclohexylphenyl group, a 2-cy 
cloheptenylphenyl group, a 2-cyclooctanylphenyl group, a 
3-cyclopentylphenyl group, a 3-cyclohexylphenyl group, a 
3-cycloheptenylphenyl group, a 3-cyclooctanylphenyl 
group, a 4-cyclopentyloxyphenyl group, a 4-cyclohexylox 
yphenyl group, a 4-cycloheptenyloxyphenyl group, a 4-cy 
clooctanylphenyl group, a 2-cyclopentyloxyphenyl group, a 
2-cyclohexyloxyphenyl group, a 2-cycloheptenyloxyphenyl 
group, 2-cyclooctanyloxyphenyl group, a 3-cyclopentylox 
yphenyl group, a 3-cyclohexyloxyphenyl group, a 3-cyclo 
heptenyloxyphenyl group, a 3-cyclooctanyloxyphenyl 
group, a 4-n-pentylphenyl group, a 4-n-hexylphenyl group, 
a 4-n-heptenylphenyl-group, a 4-n-octanylphenyl group, a 
2-n-pentylphenyl group, a 2-n-hexylphenyl group, a n-2 
heptenylphenyl group, a 2-n-octanylphenyl group, a 3-n 
pentylphenyl group, a 3-n-hexylphenyl group, a 3-n-hepte 
nylphenyl group, a 3-n-octanylphenyl group, a 2,6-di 
isopropylphenyl group, a 2,3-di-isopropylphenyl group, a 
2,4-di-isopropylphenyl group, a 3,4-di-isopropylphenyl 
group, a 3,6-di-t-butylphenyl group, a 2,3-di-t-butylphenyl 
group, a 2,4-di-t-butylphenyl group, a 3,4-di-t-butylphenyl 
group, a 2,6-di-n-butylphenyl group, a 2,3-di-n-butylphenyl 
group, a 2,4-di-n-butylphenyl group, a 3,4-di-n-butylphenyl 
group, a 2,6-di-i-butylphenyl group, a 2,3-di-i-butylphenyl 
group, a 2,4-di-i-butylphenyl group, a 3,4-di-i-butylphenyl 
group, a 2,6-di-t-amylphenyl group, a 2,3-di-t-amylphenyl 
group, a 2,4-di-t-amylphenyl group, a 3,4-di-t-amylphenyl 
group, a 2,6-di-i-amylphenyl group, a 2,3-di-i-amylphenyl 
group, a 2,4-di-i-amylphenyl group, a 3,4-di-i-amylphenyl 
group, a 2,6-di-n-pentylphenyl group, a 2,3-di-n-pentylphe 
nyl group, a 2,4-di-n-pentylphenyl group, a 3,4-di-n-pen 
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tylphenyl group, a 4-adamantylphenyl group, a 2-adaman 
tylphenyl group, a 4-isobornylphenyl group, a 
3-isobornylphenyl group, a 2-isobomylphenyl group, a 
4-cyclopentyloxyphenyl group, a 4-cyclohexyloxyphenyl 
group, a 4-cycloheptenyloxyphenyl group, a 4-cyclooctany 
loxyphenyl group, a 2-cyclopentyloxyphenyl group, a 2-cy 
clohexyloxyphenyl group, a 2-cycloheptenyloxyphenyl 
group, a 2-cyclooctanyloxyphenyl group, a 3-cyclopenty 
loxyphenyl group, a 3-cyclohexyloxyphenyl group, a 3-cy 
cloheptenyloxyphenyl group, a 3-cyclooctanyloxyphenyl 
group, a 4-n-pentyloxyphenyl group, a 4-n-hexyloxyphenyl 
group, a 4-n-heptenyloxyphenyl group, a 4-n-octanylox 
yphenyl group, a 2-n-hexyloxyphenyl group, a 2-n-hepte 
nyloxyphenyl group, a 2-n-octanyloxyphenyl group, a 3-n 
pentyloxyphenyl group, a 3-n-hexyloxyphenyl group, a 3-n 
heptenyloxyphenyl group, a 3-n-octanyloxyphenyl group, a 
2,6-di-isopropyloxyphenyl group, a 2,3-di-isopropylox 
yphenyl group, a 2,4-di-isopropyloxyphenyl group, a 3,4 
di-isopropyloxyphenyl group, a 2,6-di-t-butyloxyphenyl 
group, a 2,3-di-t-butyloxyphenyl group, a 2,4-di-t-butylox 
yphenyl group, a 3,4-di-t-butyloxyphenyl group, a 2,6-di-n 
butyloxyphenyl group, a 2,3-di-n-butyloxyphenyl group, a 
2,4-di-n-butyloxyphenyl group, a 3,4-di-n butyloxyphenyl 
group, a 2,6-di-i-butyloxyphenyl group, a 2,3-di-i-butylox 
yphenyl group, a 2,4-di-i-butyloxyphenyl group, a 3,4-di-i 
butyloxyphenyl group, a 2,6-di-t-amyloxyphenyl group, a 
2,3-di-t-amyloxyphenyl group, a 2,4-di-t-amyloxyphenyl 
group, a 3,4-di-t-mayloxyphenyl group, a 2,6-di-i-amylox 
yphenyl group, a 2,3-di-i-amyloxyphenyl group, a 2,4-di-i 
amyloxyphenyl group, a 3,4-di-i-amyloxyphenyl group, a 
2,6-di-n-pentyloxyphenyl group, a 2,3-di-n-pentyloxyphe 
nyl group, a 2,4-di-n-pentyloxyphenyl group, a 3,4-di-n 
pentyloxyphenyl group, a 4-adamantyloxyphenyl group, a 
3-adamantyloxyphenyl group, a Z-adamantyloxyphenyl 
group, a 4-isobomyloxyphenyl group, a 3-isobornyloxyphe 
nyl group and a 2-isobomyloxyphenyl group. These groups 
each may further have a substituent. So the aryl group 
suitable as R1 is not limited to the groups recited above. 

[0089] Those groups may further be substituted With sub 
stituents as recited hereinafter. 

[0090] The aralkyl group suitable as R1, Which may have 
a substituent, is an aralkyl group containing 7 to 30, pref 
erably 8 to 25, carbon atoms, With examples including a 
phenylethyl group, a tolylphenylethyl group, a Xylylphenyl 
ethyl group, an ethylphenylethyl group, a propylphenylethyl 
group, a 4-cyclopentylphenylethyl group, a 4-cyclohexy 
lphenylethyl group, a 4-cycloheptenylphenylethyl group, a 
4-cyclooctanylphenylethyl group, a 2-cyclopentylphenyl 
ethyl group, a 2-cyclohexylphenylethyl group, a 2-cyclo 
heptenylphenylethyl group, a 2-cyclooctanylphenylethyl 
group, a 3-cyclopentylphenylethyl group, a 3-cyclohexy 
lphenylethyl group, a 3-cycloheptenylphenylethyl group, a 
3-cyclooctanylphenylethyl group, a 4-cyclopentyloxyphe 
nylethyl group, a 4-cyclohexyloxyphenylethyl group, a 
4-cycloheptenyloxyphenylethyl group, a 4-cylooctanylox 
yphenylethyl group, a 2-cyclopentyloxyphenylethyl group, a 
2-cyclohexyloxyphenylethyl group, a 2-cycloheptenylox 
yphenylethyl group, a 2-cylooctanyloxyphenylethyl group, a 
3-cyclopentyloxyphenylethyl group, a 3-cyclohexyloxyphe 
nylethyl group, a 3-cyloheptenyloxyphenylethyl group, a 
3-cylooctanyloxyphenyllethyl group, a 4-n-pentylphenyl 
ethyl group, a 4-n-hexylphenylethyl group, a 4-n-hepte 
nylphenylethyl group, a 4-n-octanylphenylethyl group, a 
2-n-pentylphenylethyl group, a 2-n-hexylphenylethyl group, 
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a 2-n-heptenylphenylethyl group, a 2-n-octanylphenylethyl 
group, a 3-n-pentylphenylethyl group, a 3-n-hexylphenyl 
ethyl group, a 3-n-heptenylphenylethyl group, a 3-n-octa 
nylphenylethyl group, a 2,6-di-isopropylphenylethyl group, 
a 2,3-di-isopropylphenylethyl group, a 2,4-di-isopropylphe 
nylethyl group, a 3,4-do-isopropylphenylethyl group, a 2,6 
di-t-butylphenylethyl group, a 2,3-di-t-butylphenylethyl 
group, a 2,4-di-t-butylphenylethyl group, a 3,4-di-t-bu 
tylphenylethyl group, a 2,6-di-n-butylphenylethyl group, a 
2,3-di-n-butylphenylethyl group, a 2,4-di-n-butylphenyl 
ethyl group, a 3,4-di-n-butylphenylethyl group, a 2,6-di-i 
butylphenylethyl group, a 2,3-di-i-butylphenylethyl group, a 
2,4-di-i-butylphenylethyl group, a 3,4-di-i-butylphenylethyl 
group, a 2,6-di-t-amylphenylethyl group, a 2,3-di-t 
amylphenylethyl group, a 2,4-di-t-amylphenylethyl group, a 
3,4-di-t-amylphenylethyl group, a 2,6-di-i-amylphenylethyl 
group, a 2,3-di-i-amylphenylethyl group, a 2,4-di-i 
amylphenylethyl group, a 3,4-di-i-amylphenylethyl group, a 
2,6-di-n-pentylphenylethyl group, a 2,3-di-n-pentylphenyl 
ethyl group, a 2,4-di-n-pentylphenylethyl group, a 3,4-di-n 
pentylphenylethyl group, a 4-adamantylphenylethyl group, a 
3-adamantylphenylethyl group, a 2-adamantylphenylethyl 
group, a 4-isobornylphenyl ethyl group, a 3-isobomylphenyl 
ethyl group, a 2-isobomylphenylethyl group, a 4-cyclopen 
tyloxyphenylethyl group, a 4-cyclohexyloxyphenylethyl 
group, a 4-cycloheptenyloxyphenylethyl group, a 4-cyclooc 
tanyloxyphenylethyl group, a 2-cyclopentyloxyphenylethyl 
group, a 2-cyclohexyloxyphenylethyl group, a 2-cyclohep 
tenyloxyphenylethyl group, a 2-cyclooctanyloxyphenyl 
ethyl group, a 3-cyclopentyloxyphenylethyl group, a 3-cy 
clohexyl-oxyphenylethyl group, a 
3-cycloheptenyloxyphenylethyl group, a 3-cycloocta 
nylphenylethyl group, a 4-n-pentyloxyphenylethyl group, a 
4-n-hexyloxyphenylethyl group, a 4-n-heptenyloxyphenyl 
ethyl group, a 4-n-octanyloxyphenylethyl group, a 2-n 
pentyloxyphenylethyl group, a 2-n-hexyloxyphenylethyl 
group, a 2-n-heptenyloxyphenylethyl group, a 2-n-octany 
loxyphenylethyl group, a 3-n-pentyloxyphenylethyl group, 
3-n-hexyloxyphenylethyl group, a 3-n-heptenyloxyphenyl 
ethyl group, a 3-n-octanyloxyphenylethyl group, a 2,6-di 
isopropylphenylethyl group, a 2,3-di-isopropylphenylethyl 
group, a 2,4-di-isopropyloxyphenylethyl group, a 3,4-di 
isopropyloxyphenylethyl group, a 2,6-di-t-butyloxyphenyl 
ethyl group, a 2,3-di-t-butyloxyphenylethyl group, a 2,4-di 
t-butyloxyphenylethyl group, a 3,4-di-t 
butyloxyphenylethyl group, a 2,6-di-n-butyloxyphenylethyl 
group, a 2,3-di-n-butyloxyphenylethyl group, a 2,4-di-n 
butyloxyphenylethyl group, a 3,4-di-n-butyloxyphenylethyl 
group, a 2,6-di-i-butyloxyphenylethyl group, a 2,3-di-i-bu 
tyloxyphenylethyl group, a 2,4-di-i-butyloxyphenylethyl 
group, a 3,4-di-i-butyloxyphenylethyl group, a 2,6-di-t-amy 
loxyphenylethyl group, a 2,3-di-t-amyloxyphenylethyl 
group, a 2,4-di-t-amyloxyphenylethyl group, a 3,4-di-t-amu 
loxyphenylethyl group, a 2,6-di-i-amyloxyphenylethyl 
group, a 2,3-di-i-amyloxyphenylethyl group, a 2,4-di-i-amy 
loxyphenylethyl group, a 3,4-di-i-amyloxyphenylethyl 
group, a 2,6-di-n-pentyloxyphenylethyl group, a 2,3-di-n 
pentyloxyphenylethyl group, a 2,4-di-n-pentyloxyphenyl 
ethyl group, a 3,4-di-n-pentyloxyphenylethyl group, a 
4-adamantyloxyphenylethyl group, a 3-adamantyloxyphe 
nylethyl group, a 2-adamanyloxyphenylethyl group, a 
4-isobornyloxyphenylethyl group, a 3-isobornyloxyphenyl 
ethyl group and a 2-isobornyloxyphenylethyl group. Further, 
groups formed by-replacing the alkali groups of those 
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groups With meth-yl -propyl or butyl groups may be 
included in examples of an aralkyl group suitable as R1. 

[0091] These groups may further have substituents as 
mentioned below. 

[0092] Examples of substituents the aforementioned 
groups may have include a hydroxyl group, halogen atoms 
(?uorine, chlorine, bromine, iodine), a nitro group, a cyano 
group, the alkyl groups as recited hereinbefore, alkoxy 
groups (e.g., methoxy, ethoxy, hydroxyethoxy, propoxy, 
hydroxypropoxy, n-butoxy, isobutoxy, sec-butoxy, t-bu 
toxy), alkoxycarbonyl groups (e.g., methoxycarbonyl, 
ethoxycarbonyl), aralkyl groups (e.g., benzyl, phenetyl, 
cumyl), aralkyloxy groups, acyl groups (e.g., formyl, acetyl, 
butyryl, benzoyl, valeryl), acyloxy groups (e.g., butyryloxy), 
the alkenyl groups as recited hereinbefore, alkenyloxy 
groups (e.g., vinyloxy, propenyloxy, allyloxy, butenyloxy), 
the aryl groups as recited hereinbefore, aryloxy groups (e.g., 
phenoxy), and aryloxycarbonyl groups (e.g., benzoyloxy). 

[0093] Those substituents may further be substituted as far 
as the number of carbon atoms in each of the substituted 
ones, such as substituted aryl groups and substituted aralkyl 
groups, is Within the range de?ned above. 

[0094] Examples of a compound represented by formula 
(A) include ethyl vinyl ether, n-propyl vinyl ether, isopropyl 
vinyl ether, n-butyl vinyl ether, t-butyl vinyl ether, cyclo 
hexyl vinyl ether, n-hexyl vinyl ether, benzyl vinyl ether, 
cyclohexylethyl vinyl ether, phenoxyethyl vinyl ether, 
cyclohexylphenoxyethyl vinyl ether, 4-carbonylcyclohexy 
lphenoxyethyl vinyl ether, t-butylcyclohexylcarbonyloxy 
ethyl vinyl ether, cyclohexylthioethyl vinyl ether, and n-bu 
tylcyclohexylcarbonyloxyethyl vinyl ether. HoWever, the 
compounds are not limited to these examples, but may 
include any vinyl ethers as far as they can substantially 
undergo acetalation reaction With phenolic hydroxyl groups 
in polymers. Of those compounds, t-butyl vinyl ether, iso 
propyl vinyl ether and cyclohexyl vinyl ether, especially 
t-butyl vinyl ether, are preferred over the others. 

[0095] Moreover, the folloWing compounds are also pref 
erable: 

methyl isopropenyl ether, butyl isopropenyl ether, phenyl 
isopropenyl ether, benzyl isopropenyl ether, cyclohexyl iso 
propenyl ether, cyclohexylphenoxyethyl isopropenyl ether. 

[0096] The suitable quantity of at least tWo kinds of alkyl 
vinyl ether compounds used in the reaction is from 5 to 95 
mole %, preferably from 10 to 60 mole %, particularly 
preferably from 15 to 50 mole%, based on the total phenolic 
hydroxyl groups contained in the polymer having phenolic 
hydroxyl groups. 

[0097] The organic solvent used in the reaction has no 
particular restrictions so far as it is an inactive solvent. 
Speci?cally, propylene glycol methyl ether acetate 
(PGMEA), 2-heptanone, ethyl ethoxypropionate, methyl 
pyruvate, ethyl pyruvate and tetrahydrofuran are each usable 
as such a solvent. Of these solvents, PGMEA and 2-hep 
tanone are preferred over the others. 

[0098] The reaction solvent is generally used in the 
amount of 100 to 1,000 parts by Weight, based on 100 parts 
by Weight of polymer having phenolic hydroxyl groups. 
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[0099] Polymers applicable to the present acid-decompos 
able polymer (a) can be used alone or as a combination of 

tWo or more thereof. For instance, a combination of acid 

decomposable polymers (a) synthesized from tWo or more 
kinds of phenolic hydroxyl-containing polymers different in 
molecular Weight and compositional ratio, or a combination 
of tWo or more kinds of acid-decomposable polymers dif 
ferent in acetal protection rate can be chosen for the purpose 
of enhancing resist performances including sensitivity, reso 
lution and pro?le. 

[0100] In synthesizing an acid-decomposable polymer (a), 
a polymer having phenolic hydroxyl groups is dissolved in 
an organic solvent as mentioned above (a solvent inactive in 

acetalation-reaction), and then a Water content in the result 
ing solution is removed by reduced-pressure distillation, if 
needed, and thereto tWo or more kinds of alkyl vinyl ether 
compounds are added. The alkyl vinyl ether compounds may 
be added simultaneously or in succession. The acetalation 
reaction proceeds from the addition of an acid catalyst. 

[0101] Any of inorganic and organic acids can be used as 
the acid catalyst. HoWever, organic acids are preferable to 
inorganic ones because the former acids leave no metallic 
impurity residue. And the most favorable ones of all organic 
acids are p-toluenesulfonic acid and pyridinium p-toluene 
sulfonate. 

[0102] For the purpose of ceasing the acetalation reaction, 
it is appropriate to effect neutralization With a basic com 
pound. If the neutralization is not carried out, there is a fear 
that the residual acid impairs the storage stability of resist. 
The basic compound usable herein has no particular restric 
tion so far as it can neutralize the acid added as the catalyst 

and the salt formed can be removed in a Washing step. Of all 
basic compounds, organic basic compounds are favorable 
because they leave no metallic impurity residue. Examples 
thereof include triethylamine, trimethylamine, pyridine, 
aminopyridine, piperazine and imidazole. Among them, 
triethylamine and pyridine are most advantageous. 

[0103] After completion of the acetalation reaction and 
subsequent neutralization, it is preferable to eliminate the 
salt remaining in the reaction system by means of ultrapure 
Water. 

[0104] Examples of an acid-decomposable polymer (a) 
having repeating units represented by formulae (1), (H) and 
(III) are illustrated below. 

T” 
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[0105] The content of acid-decomposable polymer (a) in 
the present resist composition is generally from 70 to 80% 
by Weight, preferably from 75 to 96% by Weight, far 

OH preferably from 80 to 96% by Weight, based on the total 
solids in the composition. 
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(b) Compound Capable of Generating Acid by Irradiation of 
Actinic Ray or Radiation (Hereinafter Referred to as “Photo 
Acid Generator (b)”, too) 

[0106] The photo-acid generator (b) used in the invention 
can be selected appropriately from photo-initiators for cat 
ionic photo-polymeriZation, photo-initiators for radical 
photo-polymerization, photo-decoloring agents for dyes, 
photo-discoloring agents, compounds Which are used in 
microresist and can generate acids When irradiated With 
knoWn light (including 400-200 nm ultraviolet rays and far 
ultraviolet rays, particularly preferably g-ray, h-ray, i-ray 
and KrF excimer laser light), ArF excimer laser light (193 
nm), F2 excimer laser (157 nm), EUV (13 nm), electron 
beams, X-rays, molecular beams or ion beams, or mixtures 
of tWo or more thereof. 

[0107] Examples of another photo-acid generator usable 
in the invention as a compound capable of generating an acid 
upon irradiation With an actinic ray or radiation include 
onium salts, such as diaZonium salts, ammonium salts, 
phosphonium salts, iodonium salts, sulfonium salts, sele 
nonium salts and arsonium salts; organic halogen com 
pounds; organometallic/halogenated organic compounds; 
photo-acid generators having protective groups of o-ni 
trobenZyl type; compounds generating sulfonic acid by 
photolysis, typically iminosulfonate; disulfone compounds, 
diaZoketosulfone and diaZodisulfone compounds. 

[0108] In addition, it is also possible to use polymers 
having main or side chains in Which are introduced the 
groups or compounds capable of generating acids When 
irradiated With the foregoing light. 

[0109] Further, the compounds capable of generating 
acids upon exposure to light as described in V. N. R. Pillai, 
Synthesis, (1), 1 (1980), A. Abad et al., Tetrahedron LeZZ., 
(47), 4555 (1971), D. H. R. Barton et al., J. Chem. Soc., (C), 
329 (1970), Us. Pat. No. 3,779,778 and European Patent 
No. 126,712 can be employed, too. 

[0110] Of the compounds capable of generating acids 
upon irradiation With the foregoing actinic rays or radiation, 
the compounds illustrated beloW can be used to particular 
advantage. 

(1) Trihalomethyl-substituted oxaZole derivatives repre 
sented by the folloWing formula (PAGl) or trihalomethyl 
substituted s-triaZine derivatives represented by the folloW 
ing formula (PAG2): 

[0111] In the above formulae, R201 represents a substituted 
or unsubstituted aryl or alkenyl group, R represents a 
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substituted or unsubstituted aryl, alkenyl or alkyl group, or 
4C(Y)3, and Y represents a chlorine or bromine atom. 

[0112] Examples of those derivatives include the folloW 
ing compounds, but these examples should not be construed 
as limiting such derivatives. 

(PAG- 1) 

N— N 

Cl CH_CH—C// \\C—CCl 
— \O/ 3 

(PAGl-Z) 

N— N 

CH CH_CH—C// \\C—CCl 
3 — \O/ 3 

(PAGZ- 1) 
C013 

N| \ N 

)\ A 
0130 N 0013 

(PAGZ-Z) 
Cl 

N| \ N 

A 
0130 N 0013 

(PAG2-3) 
ocH3 

N| \ N 

)\ )\ 
Cl3C N CCl 

(2) Iodonium salts represented by the folloWing formula 
(PAG3) or sulfonium salts represented by the folloWing 
formula (PAG4): 

(PAG3) 

(PAG4) 
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[0113] In the above formula, Ar1 and Ar2 each represents 
a substituted or unsubstituted aryl group independently, and 
R203, R204 and R205 each represents a substituted or unsub 
stituted alkyl or aryl group independently. 

[0114] And Z“ represents a counter anion, With examples 
including B134‘, AsF6_, P136‘, SbF6_, SiF62_, C104‘, per?uo 
roalkanesulfonic acid anions such as CF3SO3_, penta?uo 
robenZenesulfonic acid anion, condensed polynuclear aro 
matic sulfonic acid anions such as naphthalene-l-sulfonic 
acid anion, anthraquinonesulfonic acid anion, and dyes 

(PAG3-1) 
@ 

C12H25 — 
\ 

(PAG3-3) 

@ 

sbr6 e 

(PAG3-5) 

Q I®4©iOCH3 
9 03s 

(PAG3-7) 

9 03s OCZHS 
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containing sulfonic acid groups. However, the counter anion 
of Z- should not be construed as being limited to those 
examples. 
[0115] In addition, any tWo of R203 , R204 and R205, andArl 
and Ar2 may be combined With each other Via their respec 
tiVe single bonds or substituent groups. 

[0116] Examples of those onium salts are illustrated 
beloW, but the compounds illustrated beloW should not be 
construed as limiting photo-acid generators usable in the 
invention. 

(PAG3-2) 
@ < >—1—< > 

C4H9 / \ / \ SO39 

\ 

C4H9/\ / 

(PAG3-4) 

a < >—1—< > 
cF3so36 

(PAG3-6) 
o2N 

U Q 1 

N02 
P1369 

(PAG3-8) 
@ 

H3C I CH3 




























