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ENVIRONMENTAL FRIENDLY PHOTOACID 
GENERATORS (PAGS) WITH NO 

PERFLUOROOCTYL SULFONATES 

RELATED APPLICATION 

[0001] This application is a continuation of Us. patent 
application Ser. No. 11/080,658, ?led Mar. 16, 2005, Which 
claims priority under 35 U.S.C. 119(e) from Us. Provisional 
Application Ser. No. 60/553,238, ?led Mar. 16, 2004, Which 
applications are each incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention relates to neW ionic photoacid 
generator (PAG) compounds and photoresist composition 
that include such compounds. In particular, the invention 
relates to a novel class of ionic PAGs that contain organic 
onium cations and neW sulfonate compounds With no per?uo 
rooctyl sulfonates (no-PFOS) anions. The neW PAG anions 
address the combination of environmental and performance 
concerns raised by PFOS based PAGs. 
[0004] 2. Description of RelatedArt 
[0005] Several acid catalyZed chemically ampli?ed resist 
compositions have been developed. Chemically ampli?ed 
resist compositions generally comprise a photosensitive acid 
(“photoacid”) generator (PAG) and an acid sensitive polymer 
(resist). Upon exposure to radiation (e.g., x-ray radiation, 
ultraviolet radiation), the photoacid generator, by producing a 
proton, creates a photogenerated catalyst (usually a strong 
acid) during the exposure to radiation. During a post-expo 
sure bake (PEB), the acid may act as a catalyst for further 
reactions. For example, the acid generated may facilitate the 
deprotection or cross-linking in the photoresist. The genera 
tion of acid from the PAG does not necessarily require heat. 
HoWever, many knoWn chemically ampli?ed resists require a 
post-exposure bake (PEB) of one to tWo minutes in length to 
complete the reaction betWeen the acid moiety and the acid 
labile component. The chemical ampli?cation type resist 
materials include positive Working materials that leave the 
unexposed material With the exposed areas removed and 
negative Working materials that leave the exposed areas With 
the unexposed areas removed. 
[0006] On use of the chemical ampli?cation type, positive 
Working, resist compositions, a resist ?lm is formed by dis 
solving a resin having acid labile groups as a binder and a 
compound capable of generating an acid upon exposure to 
radiation (to be referred to as photoacid generator) in a sol 
vent, applying the resist solution onto a substrate by a variety 
of methods, and evaporating off the solvent optionally by 
heating. The resist ?lm is then exposed to radiation, for 
example, deep UV through a mask of a predetermined pat 
tern. This is optionally folloWed by post-exposure baking 
(PEB) for promoting acid-catalyZed reaction. The exposed 
resist ?lm is developed With an aqueous alkaline developer 
for removing the exposed area of the resist ?lm, obtaining a 
positive pattern pro?le. The substrate is then etched by any 
desired technique. Finally the remaining resist ?lm is 
removed by dissolution in a remover solution or ashing, leav 
ing the substrate having the desired pattern pro?le. 
[0007] The chemical ampli?cation type, positive Working, 
resist compositions adapted for KrF excimer lasers generally 
use a phenolic resin, for example, polyhydroxystyrene in 
Which some or all of the hydrogen atoms of phenolic hydroxyl 
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groups are protected With acid labile protective groups. 
Onium salts, such as iodonium salts and sulfonium salts hav 
ing per?uorinated anion, are typically used as the photoacid 
generator. If necessary, there are added additives, for 
example, a dissolution inhibiting or promoting compound in 
the form of a carboxylic acid and/or phenol derivative having 
a molecular Weight of up to 3,000 in Which some or all of the 
hydrogen atoms of carboxylic acid and/or phenolic hydroxyl 
groups are protected With acid labile groups, a carboxylic acid 
compound for improving dissolution characteristics, a basic 
compound for improving contrast, and a surfactant for 
improving coating characteristics. 
[0008] Ionic photoacid generators, preferably onium salts, 
are advantageously used as the photoacid generator in chemi 
cal ampli?cation type resist compositions, especially chemi 
cal ampli?cation type, positive Working, resist compositions 
adapted for KrF excimer lasers because they provide a high 
sensitivity and resolution and are free from storage instability. 
[0009] As stated above, photoacid generators (PAGs), play 
a critical role in a chemical ampli?ed resist systems. Among 
the various classes of ionic and nonionic PAGs that have been 
developed, one of the most Widely used classes is the per?u 
orinated onium salts. Recently, government action has made 
the use of the most effective PAGs based on per?uorooctyl 
sulfonates (PFOS), no longer viable. In addition to environ 
mental concerns, the PFOS-based PAGs are a concern due to 
their ?uorous self-assembly and their diffusion characteris 
tics at smaller dimension. Previous efforts to develop neW 
PAGs have focused mainly on improvement of the photo sen 
sitive onium cation side to increase the quantum yield or to 
improve the absorbance. The nature of the photoacid pro 
duced upon irradiation of the PAG is directly related to the 
anion of the ionic PAG. Difference in acid strength, boiling 
point, siZe, miscibility, and stability of the photoacid pro 
duced can affect the parameters related to photoresist perfor 
mance, such as deprotection (or cross-linking) e?iciency, 
photospeed, post exposure bake (PEB) sensitivity, post-expo 
sure delay (PED) stability, resolution, standing Waves, image 
pro?les, and acid volatility. Thus, novel PAG anions that can 
tackle these environmental and performance issue are 
needed. 

SUMMARY 

[0010] The present invention focuses on the anionic part of 
ionic photoacid generators (PAGs). By considered design of 
neW sulfonate anion molecule, the homogeneous distribution 
of the PAG in the resist is improved and appropriate mobility 
of the photogenerated acid is provided While at the same time 
addressing environmental issues. To address the environmen 
tal issues of PFOS PAGs, sulfonic acids are developed that 
contain far feWer than the 8 ?uorinated carbons found in 
PFOS. A number of per?uoro segments is replaced With dif 
ferent functional groups that maintains the strong polariZa 
tion of the acid (i.e., pKa), control the siZe, aid ?lm formation 
and compatibility With the matrix resin. In contrast to PFOS, 
these neW PAGs With a novel ?uoro-organic sulfonate anion 
contain many functional groups Which in turn make them 
degrade to produce relatively short ?uorine containing mol 
ecule by chemical or physical attack and are expected to be 
non-bioaccumalitive and environmentally friendly so that 
there is less impact on the environment and living organisms. 
[0011] The present invention is directed to a neW approach 
to produce environmentally friendly-photoacid generators 
(PAGs) having anions that comprise either short or no per 
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?uoroalkyl chain (no-PFOS) attached to a variety of func 
tional groups. The photoacid generators of the present inven 
tion can be formed from the onium salts, and derivative 
compounds, shoWn below: 

0 

wherein, RIICHZCHZCHZOH, OCH2CH3, OC(CH3)3, 
CH2CH2OCH3,C1, CH2CH2C1, CH:CH2, i(CH2)mCH3, 
ocF2cF21, %H2CH(Br)CH3, 

O 

, ER“), or HZCHZCHZC o \ / 
F F F _ 
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| | | \ / 
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[0012] RIOIH, Br, CN, OCH3, COO‘, N02, OCOCH3 
[0013] Rl2:H, Br, CN, OCH3, COO‘, N02, OCOCH3 
[0014] n:l to 4 and m:l to 15; 

(11) 

C113 _/R3 
(Ro)aM+ O-_S \ / 

0 C113 

[0015] Wherein R3IH, F, Cl, CH3; 
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[0016] Wherein, R4IH, F, Br, OCH3, COO‘, CN, 
OCOCH3; 
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[0017] Wherein, ZIP or CF3; RSIH, F, CF3; and/or 

(V) 
F F 

O 

, || 
(RQHM O'_? R6 

O 

F F 

[0018] Wherein R6IH, F, Br, OCH3, COO‘, CN, OCOCH3. 
[0019] In each of the onium salt compositions provided 
above RO may be the same or different substituted or unsub 
stituted, straight, branched or cyclic alkyl group of l to 10 
carbon atoms or substituted or unsubstituted aryl group of 6 to 
14 carbon atoms, M+ is any compound or atom capable of 
providing an onium cation, preferably a sulfur or an iodine 
atom, and “a” is 2 or 3, preferably “a” is equal to 3 When M is 
sulfur and equal to 2 When M is iodine. 
[0020] The onium salts of the present invention provide a 
photoacid generator for chemical ampli?cation type resist 
compositions comprising the onium salts de?ned above. 
[0021] The invention further provides 
[0022] a) a chemical ampli?cation type resist composition 
comprising (A) a resin Which changes its solubility in an 
alkaline developer under the action of an acid, and (B) the 
aforementioned photoacid generator (PAG) Which generates 
an acid upon exposure to radiation; or 
[0023] b) a chemical ampli?cation type resist composition 
comprising (A) a resin Which changes its solubility in an 
alkaline developer under the action of an acid, (B) the afore 
mentioned photoacid generator (PAG) Which generates an 
acid upon exposure to radiation, and (C) a compound capable 
of generating an acid upon exposure to radiation, other than 
component (B). The resist composition may further include 
(D) a basic compound and/ or (E) a carboxyl group-containing 
compound. 
[0024] Additionally, the present invention provides a pro 
cess for forming a pattern, comprising the steps of applying 
the aforementioned resist composition onto a substrate to 
form a coating; heat treating the coating and exposing the 
coating to high energy or electron beam through a photo 
mask; optionally heat treating the exposed coating, and devel 
oping the coating With a developer. 

DETAILED DESCRIPTION 

[0025] The present invention is directed to novel photoacid 
generators (PAGs) With no per?uorooctyl sulfonates (PFOS). 
The photoacid generators of the present invention are formed 
from onium salts, and derivative compounds, shoWn in For 
mula (I), (II), (III), (IV), and (V) beloW: 

(I) 
O 

wherein RIICHZCHZCHZOH, OCH2CH3, OC(CH3)3, 
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H CH CH C , O —/Rl0, or 

2 2 2 \ / 
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[0026] R10 and R12 are each independently H, Br, CN, 
OCH3, COOi, N02, or OCOCH3; n:1 to 4; and m:1 to 15; 

(11) 
C113 R3 

[0027] 

[0028] wherein, R4IH, F, Br, OCH3, coo-, CN, 
OCOCH3; 

[0029] 

[0030] wherein R6IH, F, Br, OCH3, COO‘, CN, OCOCH3. 
In each of the onium salt compositions provided above Ro 
may be the same or different substituted or unsubstituted, 
straight, branched or cyclic alkyl group of 1 to 10 carbon 
atoms or substituted or unsubstituted aryl group of 6 to 14 
carbon atoms, M+ is any compound or atom capable of pro 

Wherein R3IH, F, Cl, CH3; 

(III) 

(IV) 

Wherein, ZIP or CF3; RSIH, F, CF3; and/or 

(V) 
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viding an onium cation, preferably a sulfur or iodine atom, 
and “a” is 2 or 3, preferably “a” is equal to 3 When M is sulfur 
and equal to 2 When M is iodine. 
[0031] In formulas (I), (II), (III), (IV), and (V), M+provides 
an organic onium cation, most preferably M is sulfur or 
iodine. PAGs of the present invention contain preferably sul 
fonium and iodonium salt. HoWever, other suitable organic 
onium salts may also be used including for example, halo 
nium, sulfoxonium, selenonium, pyridinium, carbonium and 
phosphonium and certain oragnometallic complex cations 
(eg., Ferrocenium cations). 
[0032] In formulas (I), (II), (III), (IV), and (V), Ro, Which 
may be the same or different, stands for substituted or unsub 
stituted, straight, branched or cyclic alkyl groups of 1 to 10 
carbon atoms or substituted or unsubstituted aryl groups of 6 
to 14 carbon atoms. Illustrative, non-limiting, examples 
include straight, branched or cyclic alkyl groups such as 
methyl, ethyl, n-propyl, sec-propyl, n-butyl, sec-butyl, iso 
butyl, tert-butyl, n-pentyl, sec-pentyl, cyclopentyl, n-hexyl, 
and cyclohexyl; substituted alkyl groups such as 2-oxopro 
pyl, 2-oxocyclopentyl, 2-oxocyclohexyl, 2-hydroxycyclo 
pentyl and 2-hydroxycyclohexyl; and aryl groups such as 
phenyl, 4-methylphenyl, 4-ethylphenyl, 4-methoxyphenyl, 
4-tert-butylphenyl, 4-tert-butoxyphenyl, 4-cyclohexylphe 
nyl, 4-cyclohexyloxyphenyl, 2,4-dimethylphenyl, 2,4,6-tri 
methylphenyl, 2,4,6-triisopropylphenyl, 3,4-bis(tert-butoxy) 
phenyl, 4-dimethylaminophenyl, 1-naphthyl and 2-naphthyl. 
[0033] The onium salts of formula (I), (II), (III), (IV) or (V) 
?nd best use as the photoacid generator in resist materials, 
especially chemical ampli?cation type resist materials 
although the application of the onium salts is not limited 
thereto. The invention provides resist compositions compris 
ing onium salts of formula (I), (II), (III), (IV) or (V) as the 
photoacid generator (B). The resist compositions may be 
either positive or negative Working. The resist compositions 
of the invention include a variety of embodiments, optionally 
including: 
[0034] 1) a chemically ampli?ed positive Working resist 
composition comprising (A) a resin Which changes its solu 
bility in an alkaline developer under the action of an acid, (B) 
a photoacid generator comprising an onium salt of formula 
(I), (II), (III), (IV) or (V) capable of generating an acid upon 
exposure to radiation, and (G) an organic solvent; 
[0035] 2) a chemically ampli?ed positive Working resist 
composition of 1) further comprising (C) a photoacid genera 
tor capable of generating an acid upon exposure to radiation 
other than component (B); 
[0036] 3) a chemically ampli?ed positive Working resist 
composition of 1) or 2) further comprising (D) a basic com 
pound; 
[0037] 4) a chemically ampli?ed positive Working resist 
composition of 1) to 3) further comprising (E) an organic acid 
derivative; 
[0038] 5) a chemically ampli?ed positive Working resist 
composition of 1) to 4) further comprising (F) a compound 
With a molecular Weight of up to 3,000 Which changes its 
solubility in an alkaline developer under the action of an acid; 
[0039] 6) a chemically ampli?ed negative Working resist 
composition comprising (B) a photoacid generator compris 
ing an onium salt of formula (I), (II), (III), (IV) or (V) capable 
of generating an acid upon exposure to radiation, (H) an 
alkali-soluble resin, an acid crosslinking agent capable of 
forming a crosslinked structure under the action of an acid, 
and (G) an organic solvent; 
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[0040] 7) a chemically ampli?ed negative Working resist 
composition of 6) further comprising (C) another photoacid 
generator; 
[0041] 8) a chemically ampli?ed negative Working resist 
composition of 6) or 7) further comprising (D) a basic com 
pound; and 
[0042] 9) a chemically ampli?ed negative Working resist 
composition of 6), 7) or 8) further comprising (J) an alkali 
soluble compound With a molecular Weight of up to 2,500; but 
are not limited thereto. 

[0043] Additionally, the invention provides a process for 
forming a pattern, comprising the steps of applying the resist 
composition de?ned above onto a substrate to form a coating; 
heat treating the coating and exposing the coating to high 
energy radiation preferably With a Wavelength of up to 300 
nm or electron beam through a photo-mask; optionally heat 
treating the exposed coating, and developing the coating With 
a developer. 

[0044] The respective components of the resist composi 
tion are described in detail. 

Component (G) 

[0045] Component (G) is preferably an organic solvent. 
Illustrative, non-limiting, examples include butyl acetate, 
amyl acetate, cyclohexyl acetate, 3-methoxybutyl acetate, 
methyl ethyl ketone, methyl amyl ketone, cyclohexanone, 
cyclopentanone, 3-ethoxyethyl propionate, 3-ethoxymethyl 
propionate, 3-methoxymethyl propionate, methyl acetoac 
etate, ethyl acetoacetate, diacetone alcohol, methyl pyruvate, 
ethyl pyruvate, propylene glycol monomethyl ether, propy 
lene glycol monoethyl ether, propylene glycol monomethyl 
ether propionate, propylene glycol monoethyl ether propi 
onate, ethylene glycol monomethyl ether, ethylene glycol 
monoethyl ether, diethylene glycol monomethyl ether, dieth 
ylene glycol monoethyl ether, 3-methyl-3-methoxybutanol, 
N-methyl-pyrrolidone, dimethylsulfoxide, y-butyrolactone, 
propylene glycol methyl ether acetate, propylene glycol ethyl 
ether acetate, propylene glycol propyl ether acetate, methyl 
lactate, ethyl lactate, propyl lactate, and tetramethylene sul 
fone. Of these, the propylene glycol alkyl ether acetates and 
alkyl lactates are especially preferred. 

[0046] It is noted that the alkyl groups of the propylene 
glycol alkyl ether acetates are preferably those of l to 4 
carbon atoms, for example, methyl, ethyl and propyl, With 
methyl and ethyl being especially preferred. Since the propy 
lene glycol alkyl ether acetates include 1,2- and 1,3-substi 
tuted ones, each includes three isomers depending on the 
combination of substituted positions, Which may be used 
alone or in admixture. It is also noted that the alkyl groups of 
the alkyl lactates are preferably those of l to 4 carbon atoms, 
for example, methyl, ethyl and propyl, With methyl and ethyl 
being especially preferred. These solvents may be used alone 
or in admixture. An exemplary useful solvent mixture is a 
mixture of a propylene glycol alkyl ether acetate and an alkyl 
lactate. The mixing ratio of the propylene glycol alkyl ether 
acetate and the alkyl lactate is not critical although it is pre 
ferred to mix 50 to 99 parts by Weight of the propylene glycol 
alkyl ether acetate With 50 to 1 parts by Weight of the alkyl 
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lactate. The solvent mixture of the propylene glycol alkyl 
ether acetate and the alkyl lactate may further contain one or 
more other solvents. 

Component (A) 

[0047] Component (A) is a resin Which changes its solubil 
ity in an alkaline developer solution under the action of an 
acid. It is preferably, though not limited thereto, an alkali 
soluble resin having phenolic hydroxyl and/or carboxyl 
groups in Which some or all of the phenolic hydroxyl and/or 
carboxyl groups are protected With acid-labile protective 
groups. 
[0048] The preferred alkali-soluble resins having phenolic 
hydroxyl and/ or carboxyl groups include homopolymers and 
copolymers of p-hydroxystyrene, m-hydroxystyrene, ot-me 
thyl-p-hydroxystyrene, 4-hydroxy-2-methylstyrene, 4-hy 
droxy-3-methylstyrene, methacrylic acid and acrylic acid. 
Also included are copolymers in Which units free of alkali 
soluble sites such as styrene, ot-methylstyrene, acrylate, 
methacrylate, hydrogenated hydroxystyrene, maleic anhy 
dride and maleimide are introduced in addition to the above 
described units in such a proportion that the solubility in an 
alkaline developer may not be extremely reduced. Substitu 
ents on the acrylates and methacrylates may be any of the 
substituents Which do not undergo acidolysis. Exemplary 
substituents are straight, branched or cyclic C1_8 alkyl groups 
and aromatic groups such as aryl groups, but not limited 
thereto. 
[0049] Examples of the alkali-soluble resins are given 
beloW. These polymers may also be used as the material from 
Which the resin (A) Which changes its solubility in an alkaline 
developer under the action of an acid is prepared and as the 
alkali-soluble resin Which serves as component (H) to be 
described later. Examples include poly(p-hydroxystyrene), 
poly(m-hydroxystyrene), poly(4-hydroxy-2-methylstyrene), 
poly(4-hydroxy-3-methylstyrene), poly(ot methyl-p-hy 
droxystyrene), partially hydrogenated p-hydroxystyrene 
copolymers, p-hydroxystyrene-0t-methyl-p-hydroxystyrene 
copolymers, p-hydroxystyrene-.alpha.-methylstyrene 
copolymers, p-hydroxystyrene-styrene copolymers, p-hy 
droxystyrene-m-hydroxystyrene copolymers, p-hydroxysty 
rene-styrene copolymers, p-hydroxystyrene-acrylic acid 
copolymers, p-hydroxystyrene-methacrylic acid copoly 
mers, p-hydroxystyrene-methyl methacrylate copolymers, 
p-hydroxystyrene-acrylic acid-methyl methacrylate copoly 
mers, p-hydroxystyrene-methyl acrylate copolymers, p-hy 
droxy-styrene-methacrylic acid-methyl methacrylate 
copolymers, poly(methacrylic acid), poly(acrylic acid), 
acrylic acid-methyl acrylate copolymers, methacrylic acid 
methyl methacrylate copolymers, acrylic acid-maleimide 
copolymers, methacrylic acid-maleimide copolymers, p-hy 
droxystyrene-acrylic acid-maleimide copolymers, and p-hy 
droxystyrene-methacrylic acid-maleimide copolymers as 
Well as dendritic and hyperbranched polymers thereof, but are 
not limited to these combinations. 
[0050] The alkali-soluble resins or polymers should pref 
erably have a Weight average molecular Weight (MW) of 
3,000 to 100,000. Many polymers With MW of less than 3,000 
do not perform Well and are poor in heat resistance and ?lm 
formation. Many polymers With MW of more than 100,000 
give rise to a problem With respect to dissolution in the resist 
solvent and developer. The polymer should also preferably 
have a dispersity (MW/ Mn) of up to 3.5, and more preferably 
up to 1.5. With a dispersity of more than 3.5, resolution is loW 
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in many cases. Although the preparation method is not criti 
cal, a poly(p-hydroxystyrene) or similar polymer With a loW 
dispersity or narroW dispersion can be synthesized by con 
trolled free radical or living anionic polymerization. 

[0051] The resin (A) is preferably an alkali-soluble resin 
(as mentioned above) having hydroxyl or carboxyl groups, 
some of Which are replaced by acid labile groups such that the 
solubility in an alkaline developer changes as a result of 
severing of the acid labile groups under the action of an acid 
generated by the photoacid generator upon exposure to radia 
tion. 

[0052] In the chemical ampli?cation type resist composi 
tion, an appropriate amount of (B) the photoacid generator 
comprising an onium salt of formula (I), (II), (III), (IV) or (V) 
added is from 0.5 part to 20 parts by Weight, and preferably 
from 1 to 10 parts by Weight, per 100 parts by Weight of the 
solids in the composition. The photoacid generators may be 
used alone or in admixture of tWo or more. The transmittance 
of the resist ?lm can be controlled by using a photoacid 
generator having a loW transmittance at the exposure Wave 
length and adjusting the amount of the photoacid generator 
added. 

Component (C) 

[0053] In one preferred embodiment, the resist composi 
tion further contains (C) a compound capable of generating 
an acid upon exposure to high energy radiation, that is, a 
second photoacid generator other than the photoacid genera 
tor (B). The second photoacid generators include sulfonium 
salts and iodonium salts as Well as sulfonyldiaZomethane, 
N-sulfonyloxyimide, benZoinsulfonate, nitrobenZylsul 
fonate, sulfone, and glyoxime derivatives. They may be used 
alone or in admixture of tWo or more. Preferred photoacid 
generators used herein are sulfonium salts and iodonium 
salts. 

[0054] In the resist composition comprising (B) the photo 
acid generator comprising the onium salt of formula (I), (II), 
(III), (IV) or (V) as the ?rst photoacid generator according to 
the invention, an appropriate amount of the second photoacid 
generator (C) is 0 to 20 parts, and especially 1 to 10 parts by 
Weight per 100 parts by Weight of the solids in the composi 
tion. The second photoacid generators may be used alone or in 
admixture of tWo or more. The transmittance of the resist ?lm 
can be controlled by using a (second) photoacid generator 
having a loW transmittance at the exposure Wavelength and 
adjusting the amount of the photoacid generator added. 

Component (D) 

[0055] The basic compound used as component (D) is pref 
erably a compound capable of suppressing the rate of diffu 
sion When the acid generated by the photoacid generator 
diffuses Within the resist ?lm. The inclusion of this type of 
basic compound holds doWn the rate of acid diffusion Within 
the resist ?lm, resulting in better resolution. In addition, it 
suppresses changes in sensitivity folloWing exposure and 
reduces substrate and environment dependence, as Well as 
improving the exposure latitude and the pattern pro?le. 
[0056] Examples of basic compounds include primary, sec 
ondary, and tertiary aliphatic amines, mixed amines, aromatic 
amines, heterocyclic amines, carboxyl group-bearing nitrog 
enous compounds, sulfonyl group-bearing nitrogenous com 
pounds, hydroxyl group-bearing nitrogenous compounds, 
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hydroxyphenyl group-bearing nitrogenous compounds, alco 
holic nitrogenous compounds, amide derivatives, and imide 
derivatives . 

[0057] The basic compounds may be used alone or in 
admixture of tWo or more. The basic compound is preferably 
formulated in an amount of 0 to 2 parts, and especially 0.01 to 
1 part by Weight, per 100 parts by Weight of the solids in the 
resist composition. The use of more than 2 parts of the basis 
compound Would result in too loW a sensitivity. 

Component (E) 

[0058] Illustrative examples of the organic acid derivatives 
(E) include, but are not limited to, organic acid derivatives 
including 4-hydroxyphenylacetic acid, 2,5-dihydroxypheny 
lacetic acid, 3,4-dihydroxyphenylacetic acid, 1,2-phenylene 
diacetic acid, 1,3-phenylenediacetic acid, l,4-phenylenedi 
acetic acid, l,2-phenylenedioxydiacetic acid, 1,4 
phenylenedipropanoic acid, benZoic acid, salicylic acid, 4,4 
bis(4'-hydroxy-phenyl)valeric acid, 4-tert 
butoxyphenylacetic acid, 4-(4'-hydroxyphenyl)butyric acid, 
3,4-dihydroxymandelic acid, and 4-hydroxymandelic acid. 
Of these, salicylic acid and 4,4-bis(4'-hydroxyphenyl)valeric 
acid are preferred. They may be used alone or in admixture of 
tWo or more. 

[0059] In the resist composition comprising the onium salt 
according to the invention, the organic acid derivative is pref 
erably formulated in an amount of up to 5 parts, and especially 
up to 1 part by Weight, per 100 parts by Weight of the solids in 
the resist composition. The use of more than 5 parts of the 
organic acid derivative Would result in too loW a resolution. 
Depending on the combination of the other components in the 
resist composition, the organic acid derivative may be omit 
ted. 

Component (F) 

[0060] In one preferred embodiment, the resist composi 
tion further contains (F) a compound With a molecular Weight 
of up to 3,000 Which changes its solubility in an alkaline 
developer under the action of an acid, that is, a dissolution 
inhibitor. Typically, a compound obtained by partially or 
entirely substituting acid labile substituents on a phenol or 
carboxylic acid derivative having a molecular Weight of up to 
2,500 is added as the dissolution inhibitor 
[0061] In the resist composition comprising the onium salt 
according to the invention, an appropriate amount of the 
dissolution inhibitor (F) is up to 20 parts, and especially up to 
15 parts by Weight per 100 parts by Weight of the solids in the 
composition. With more than 20 parts of the dissolution 
inhibitor, the resist composition becomes less heat resistant 
because of an increased content of monomer components. 

[0062] In a chemical ampli?cation, negative Working, resist 
composition, (B) the photoacid generator comprising onium 
salts of formula (I), (II), (III), (IV) or (V) may be used as Well. 
This composition further contains an alkali-soluble resin as 
component (H), examples of Which are intermediates of the 
above-described component (A) though not limited thereto. 
[0063] Examples of the alkali-soluble resin include poly(p 
hydroxystyrene), poly(m-hydroxystyrene), poly(4-hydroxy 
2-methylstyrene), poly(4-hydroxy-3-methylstyrene), poly 
(0t-methyl-p-hydroxystyrene), partially hydrogenated 
p-hydroxystyrene copolymers, p-hydroxystyrene-ot-methyl 
p-hydroxystyrene copolymers, p-hydroxystyrene-.alpha. 
methylstyrene copolymers, p-hydroxystyrene-styrene 
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copolymers, p-hydroxy-styrene-m-hydroxystyrene copoly 
mers, p-hydroxystyrene-styrene copolymers, p-hydroxysty 
rene-acrylic acid copolymers, p-hydroxystyrene-methacrylic 
acid copolymers, p-hydroxystyrene-methyl methacrylate 
copolymers, p-hydroxystyrene-acrylic acid-methyl meth 
acrylate copolymers, p-hydroxystyrene-methyl acrylate 
copolymers, p-hydroxystyrene-methacrylic acid-methyl 
methacrylate copolymers, poly(methacrylic acid), poly 
(acrylic acid), acrylic acid-methyl acrylate copolymers, 
methacrylic acid-methyl methacrylate copolymers, acrylic 
acid-maleimide copolymers, methacrylic acid-maleimide 
copolymers, p-hydroxystyrene-acrylic acid-maleimide 
copolymers, and p-hydroxystyrene-methacrylic acid-male 
imide copolymers as Well as dendritic and hyperbranched 
polymers thereof, but are not limited to these combinations. 
[0064] Preferred are poly(p-hydroxystyrene), partially 
hydrogenated p-hydroxystyrene copolymers, p-hydroxysty 
rene-styrene copolymers, p-hydroxystyrene-acrylic acid 
copolymers, and p-hydroxystyrene-methacrylic acid copoly 
mers, as Well as dendritic and hyperbranched polymers of the 
foregoing polymers. 
[0065] The polymer should preferably have a Weight aver 
age molecular Weight (MW) of 3,000 to 100,000. Many poly 
mers With MW of less than 3,000 do not perform Well and are 
poor in heat resistance and ?lm formation. Many polymers 
With MW of more than 100,000 give rise to a problem With 
respect to dissolution in the resist solvent and developer. The 
polymer should also preferably have a dispersity (MW/ Mn) of 
up to 3.5, and more preferably up to 1.5. With a dispersity of 
more than 3.5, resolution is 10W in many cases. Although the 
preparation method is not critical, a poly(p-hydroxystyrene) 
or similar polymer With a 10W dispersity or narroW dispersion 
can be synthesiZed by controlled free radical or living anionic 
polymerization. 
[0066] To impart a certain function, suitable substituent 
groups may be introduced into some of the phenolic hydroxyl 
and carboxyl groups on the acid labile group-protected poly 
mer. Exemplary and preferred are substituent groups for 
improving adhesion to the substrate, substituent groups for 
improving etching resistance, and especially substituent 
groups Which are relatively stable against acid and alkali and 
effective for controlling such that the dissolution rate in an 
alkali developer of unexposed and loW exposed areas of a 
resist ?lm may not become too high. Illustrative, non-limit 
ing, substituent groups include 2-hydroxyethyl, 2-hydrox 
ypropyl, methoxymethyl, methoxycarbonyl, ethoxycarbo 
nyl, methoxycarbonylmethyl, ethoxycarbonylmethyl, 
4-methyl-2-oxo-4-oxolanyl, 4-methyl-2-oxo-4-oxanyl, 
methyl, ethyl, n-propyl, isopropyl, n-butyl, sec-butyl, acetyl, 
pivaloyl, adamantyl, isobomyl, and cyclohexyl. It is also pos 
sible to introduce acid-decomposable substituent groups such 
as t-butoxycarbonyl and relatively acid-undecomposable 
substituent groups such as t-butyl and t-butoxycarbonylm 
ethyl. 
[0067] Also contained in the negative resist composition is 
an acid crosslinking agent capable of forming a crosslinked 
structure under the action of an acid. Typical acid crosslinking 
agents are compounds having at least tWo hydroxymethyl, 
alkoxymethyl, epoxy or vinyl ether groups in a molecule. 
Substituted glycoluril derivatives, urea derivatives, and hexa 
(methoxymethyl) melamine compounds are suitable as the 
acid crosslinking agent in the chemically ampli?ed, negative 
resist composition comprising the onium salt according to the 
invention. Examples include N,N,N',N'-tetramethoxymethy 
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lurea, hexamethoxymethylmelamine, tetraalkoxymethyl 
substituted glycoluril compounds such as tetrahydroxym 
ethyl-substituted glycoluril and tetramethoxy 
methylglycoluril, and condensates of phenolic compounds 
such as substituted or unsubstituted bis(hydroxymethylphe 
nol) compounds andbisphenol AWith epichlorohydrin. Espe 
cially preferred acid crosslinking agents are l,3,5,7-tet 
raalkoxy-methylglycolurils such as l,3,5,7 
tetramethoxymethylglycoluril, l,3,5,7 
tetrahydroxymethylglycoluril, 2,6-dihydroxymethyl-p 
cresol, 2,6-dihydroxymethylphenol, 2,2',6,6' 
tetrahydroxymethyl-bisphenol A, l,4-bis[2-(2 
hydroxypropyl)]benZene, N,N,N',N' 
tetramethoxymethylurea, and 
hexamethoxymethylmelamine. In the resist composition, an 
appropriate amount of the acid crosslinking agent is about 1 to 
25 parts, and especially about 5 to 15 parts by Weight per 100 
parts by Weight of the solids in the composition. The acid 
crosslinking agents may be used alone or in admixture of tWo 
or more. 

[0068] In the chemical ampli?cation type, negative Work 
ing, resist composition, (J ) an alkali-soluble compound hav 
ing a molecular Weight of up to 2,500 may be blended. The 
compound should preferably have at least tWo phenol and/or 
carboxyl groups. Illustrative, non-limiting, examples include 
cresol, catechol, resorcinol, pyrogallol, ?uoroglycin, bis(4 
hydroxyphenyl)methane, 2,2-bis(4'-hydroxyphenyl)pro 
pane, bis(4-hydroxyphenyl)sulfone, l,l,l-tris(4'-hydrox 
yphenyl)ethane, l , l ,2-tris(4'-hydroxyphenyl)ethane, 
hydroxybenZophenone, 4-hydroxyphenylacetic acid, 3-hy 
droxyphenylacetic acid, 2-hydroxyphenylacetic acid, 3-(4 
hydroxyphenyl)propionic acid, 3-(2-hydroxyphenyl)propi 
onic acid, 2,5-dihydroxyphenylacetic acid, 3,4 
dihydroxyphenylacetic acid, 1,2-phenylenediacetic acid, 1,3 
phenylenediacetic acid, 1,4-phenylenediacetic acid, 1,2 
phenylenedioxydiacetic acid, 1,4-phenylenedipropanoic 
acid, benZoic acid, salicylic acid, 4,4-bis(4'-hydroxyphenyl) 
valeric acid, 4-tert-butoxyphenylacetic acid, 4-(4-hydrox 
yphenyl)butyric acid, 3,4-dihydroxymandelic acid, and 4-hy 
droxymandelic acid. Of these, salicylic acid and 4,4-bis(4' 
hydroxyphenyl) valeric acid are preferred. They may be used 
alone or in admixture of tWo or more. The addition amount is 
0 to 20 parts, preferably 2 to 10 parts by Weight per 100 parts 
by Weight of the solids in the composition although it is not 
critical. 

[0069] In the resist composition according to the invention, 
there may be added such additives as a surfactant for improv 
ing coating, and a light absorbing agent for reducing diffuse 
re?ection from the substrate. 

[0070] Illustrative, non-limiting, examples of the surfactant 
include nonionic surfactants, for example, polyoxyethylene 
alkyl ethers such as polyoxyethylene lauryl ether, polyoxy 
ethylene stearyl ether, polyoxyethylene cetyl ether, and poly 
oxyethylene oleyl ether, polyoxyethylene alkylaryl ethers 
such as polyoxyethylene octylphenol ether and polyoxyeth 
ylene nonylphenol ether, polyoxyethylene polyoxypropylene 
block copolymers, sorbitan fatty acid esters such as sorbitan 
monolaurate, sorbitan monopalmitate, and sorbitan 
monostearate, and polyoxyethylene sorbitan fatty acid esters 
such as polyoxyethylene sorbitan monolaurate, polyoxyeth 
ylene sorbitan monopalmitate, polyoxyethylene sorbitan 
monostearate, polyoxyethylene sorbitan trioleate, and poly 
oxyethylene sorbitan tristearate; ?uorochemical surfactants 
such as EFTOP EF301, EF303 and EF352 (Tohkem Products 
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K. K.), Megaface F171, F172 and F173 (Dai-Nippon Ink & 
Chemicals K. K.), Florade FC430 and FC431 (8umitomo 3M 
K. K.), Asahiguard AG710, 8ur?on 8-381, 8-382, 8C101, 
8C102, 8C103, 8C104, 8C105, 8C106, 8urfynol E1004, 
KH-10, KH-20, KH-30 and KH-40 (Asahi Glass K. K.); 
organosiloxane polymers KP341, X-70-092 and X-70-093 
(8hin-Etsu Chemical Co., Ltd.), acrylic acid or methacrylic 
acid Poly?oW No. 75 and No. 95 (Kyoeisha Ushi Kagaku 
Kogyo K. K.). Inter alia, FC430, 8ur?on 8-381 and 8urfynol 
E1004 are preferred. These surfactants may be used alone or 
in admixture. 

[0071] In the resist composition according to the invention, 
the surfactant is preferably formulated in an amount of up to 
2 parts, and especially up to 1 part by Weight, per 100 parts by 
Weight of the solids in the resist composition. 
[0072] In the resist composition according to the invention, 
a UV absorber may be added. An appropriate amount of UV 
absorber blended is 0 to 10 parts, more preferably 0.5 to 10 
parts, most preferably 1 to 5 parts by Weight per 100 parts by 
Weight of the base resin. 
[0073] For the microfabrication of integrated circuits, any 
Well-known lithography may be used to form a resist pattern 
from the chemical ampli?cation, positive or negative Work 
ing, resist composition according to the invention. 
[0074] The composition is applied onto a substrate (e.g., 8i, 
8iO.sub.2, 8iN, 8iON, TiN, W8i, BP8G, 8OG, organic anti 
re?ecting ?lm, etc.) by a suitable coating technique such as 
spin coating, roll coating, ?oW coating, dip coating, spray 
coating or doctor coating. The coating is prebaked on a hot 
plate at a temperature of 60 to 150° C. for about 1 to 10 
minutes, preferably 80 to 1200 C. for 1 to 5 minutes. The 
resulting resist ?lm is generally 0.1 to 2.0 um thick. With a 
mask having a desired pattern placed above the resist ?lm, the 
resist ?lm is then exposed to actinic radiation, preferably 
having an exposure Wavelength of up to 300 nm, such as UV, 
deep-UV, electron beams, x-rays, excimer laser light, y-rays 
and synchrotron radiation in an exposure dose of about 1 to 
200 mJ/cm2, preferably about 10 to 100 mJ/cm2. The ?lm is 
further baked on a hot plate at 60 to 150° C. for 1 to 5 minutes, 
preferably 80 to 120° C. for 1 to 3 minutes (post-exposure 
bakingIPEB). 
[0075] Thereafter the resist ?lm is developed With a devel 
oper in the form of an aqueous base solution, for example, 0.1 
to 5%, preferably 2 to 3% aqueous solution of tetramethy 
lammonium hydroxide (TMAH) for 0.1 to 3 minutes, prefer 
ably 0.5 to 2 minutes by conventional techniques such as 
dipping, puddling or spraying. In this Way, a desired resist 
pattern is formed on the substrate. It is appreciated that the 
resist composition of the invention is best suited for micro 
patteming using such actinic radiation as deep UV With a 
Wavelength of 254 to 193 nm, 13.4 nm (EUV), electron 
beams, x-rays, excimer laser light, y-rays and synchrotron 
radiation. With any of the above-described parameters out 
side the above-described range, the process may sometimes 
fail to produce the desired pattern. 

EXAMPLES 

[0076] The onium salts may be synthesiZed using knoWn 
methods and techniques. The folloWing are several examples 
of preferred embodiments of the onium salts in accordance 
With the present invention. HoWever, the synthesis methods 
and techniques are not limited by the folloWing examples. 
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[0077] A typical synthetic procedure to obtain an onium 
salt as depicted in Formula (VI) carrying short per?uoroalkyl 
chain as counter ion is described beloW. 

(V1) 

[0078] 
M is 8, 

[0079] 
[0080] 

[0081] 

Wherein M is I or 8, a:2 When M is I and a:3 When 

n:1 to 4, RO is C6H5, and 

R1:(CH2)6CH3> (CH2)7CH3, OCH2CH3> 
OC(CH3)3, CH2CH2OCH3, 

Iodochlorotetra?uoroalkane Was transformed to sodium 

chlorotetra?uoroalkane sul?nate on reaction With sodium 

dithionite and sodium bicarbonate in aqueous acetonitrile. 
The sul?nate reacted smoothly With elemental chlorine in 
Water at 0° C. and gave sulfonyl chloride, Which in turn Was 
converted to its sulfonate using sodium hydroxide as the 
oxidiZing agent. Alkylated per?uoroalkane sulfonate Was 
obtained either by addition of sulfonate to an ole?n in the 

presence of ammonium persulfate [(NH4)282O9] or by react 
ing metal alkoxide With sulfonate. The alkylated per?uoral 
kane sulfonate underWent an exchange reaction With photo 
sensitive cation in methanol or CH2Cl2/H2O or ketonic 
solvents and produces a neW ionic photoacid generator. 

[0082] Synthetic procedure to attain the onium salts of For 
mula (VII), Formula Qi), and Formula (VIII), carrying short 
per?uoroalkyl chain as counter ion is summarized beloW. 

[0083] Wherein M is I or 8, a:2 When M is I and a:3 When 
M is 8, 

[0084] n:2, m:2 or 4, RO is C6H5, 
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[0085] R2:Cl, CH2CH2OH, CH2 
CH2CH2Cl, CH:CH2, and 

[0086] R3:CH2CH(Br)CH3 
Bromo(or iodo) tetra?uoralkane Was transformed to sodium 
per?uoroalkane sul?nate on reaction With sodium dithionite 
and sodium bicarbonate in aqueous acetonitrile. The sul?nate 
reacted smoothly With elemental chlorine in Water at 0° C. 
and gave sulfonyl chloride, Which in turn Was converted to its 
sulfonate using ammonium hydroxide as the oxidizing agent. 
The per?uoralkane sulfonate underWent an exchange reac 
tion With photosensitive cation in methanol or CH2Cl2/H2O 
or ketonic solvents and produces a neW ionic photoacid gen 
erator. 

[0087] Synthetic route to obtain the onium salt of Formula 
(IX) carrying short per?uoroether chain as counter ion dis 
cussed beloW. 

CH2CH2OH, 

(1X) 
0 

[0088] Wherein M is I or S, a:2 When M is I and a:3 When 
M is S, and 

[0089] R0 is C6H5 
5 -Iodoocta?uoro -3 -oxapentanesulphonyl ?uoride Was trans 
formed to its lithium sulfonate using lithium carbonate as the 
oxidiZing agent. The per?uorether sulfonate underWent an 
exchange reaction With photo sensitive cation in methanol or 
CH2Cl2/H2O or ketonic solvents and produces a neW ionic 
photoacid generator. 
[0090] The synthetic procedure to arrive at an anionic part 
of the onium salt of Formula @(I) and Formula (XII) With 
per?uoroalkyl group or per?uoroether Which in turn attached 
to phenyl/substituted phenyl group via an ether linkage is 
summariZed beloW. 

(XI) 
0 F 

|| |" \ / 
O F 

[0091] Wherein M is I or S, a:2 When M is I and a:3When 
M is S, n:l to 4, 

[0092] R0 is C6H5, and RIIH, Br, CN, OCH3, COO‘, 
N02, OCOCH3; and/or 

(x11) 

0 F F F F _ 

[0093] Wherein M is I or S, a:2 When M is I and a:3 When 
M is S 

[0094] R0 is C6H5, and R2IH, Br, CN, OCH3, COO‘, N02, 
ococH3 
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Reaction of potassium salt of phenol With dihalotetra?uoro 
alkane or With, l,6-dibromoper?uoro-2,5-dioxahexane 
results in phenyl ether Which is transformed to sul?nate on 
reaction With sodium dithionite and sodium bicarbonate in 
aqueous acetonitrile. The sul?nate can be converted to sul 
fonate by tWo methods either by reacting the sul?nate With 
elemental chlorine in Water to sulfonyl chloride then oxida 
tion With lithium hydroxide in aqueous THF or direct oxida 
tion With hydrogen peroxide in aqueous acetonitrile. Finally 
an exchange reaction of sulfonate With photoactive cation in 
aqueous acetonitrile or ketonic solvents such as acetone, 

2-butanone or 4-methyl-2-pentanone affords a neW ionic pho 
toacid generator. 

[0095] A typical synthetic procedure to obtain an anionic 
part of the onium salt of Formula (XIII) With branched per 
?uoroalkyl group Which in turn attached to phenyl/substi 
tuted phenyl group is described below. 

0 CF (XIII) 
3 — 

(R0) M+ -o g /R3 
“ || \ / 

0 C113 

[0096] Wherein M is I or S, a:2 When M is I and a:3 When 
M is S, 

[0097] R0 is C6H5, and R3IH, F, Cl, CH3 
Reaction of hexa?uoro-2-phenylisopropanol or the substi 
tuted phenyl version With phosphorus tribromide results in 
hexa?uoro-2-phenylisopropyl bromide Which can be trans 
formed to sul?nate on reaction With sodium dithionite and 
sodium bicarbonate in aqueous acetonitrile. The sul?nate can 
be converted to sulfonate by tWo methods either by reacting 
the sul?nate With elemental chlorine in Water to sulfonyl 
chloride then oxidation With lithium hydroxide in aqueous 
THF or direct oxidation With hydrogen peroxide in aqueous 
acetonitrile. Finally an exchange reaction of sulfonate With 
photoactive cation in aqueous acetonitrile or ketonic solvents 
such as acetone, 2-butanone or 4-methyl-2-pentanone affords 
a neW ionic photoacid generator. 

[0098] A simpli?ed synthetic procedure to arrive an anionic 
part of the onium salt of Formula (XIV), Formula @(V), and 
Formula (XVI) With phenyl ring directly attached to the sul 
fonium ions is described beloW. 

(XIV) 
No2 

(RKDHMI '0 — 3 R4 

[0099] Wherein M is I or S, a:2 When M is I and a:3 When 
M is S, 

[0100] R0 is C6H5, and R4:H, F, Br, OCH3, COOi, CN, 
OCOCH3; 
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(XV) 
Z 

O 

+ u 
(RQHM 'O—? R5 

0 

Z 

[0101] wherein M is I or S, a:2 When M is I and a:3 When 
M is S, 

[0102] R0 is C6H5, ZIP or CF3, and RSIH, F, CF3 

(XVI) 
F F 

O 

+ u 
(R0)aM O'_? R6 

0 

F F 

[0103] wherein M is I or S, a2 When M is I and a:3 When M 
is S 

[0104] R0 is C6H5, and R6IH, F, Br, OCH3, COO‘, CN, 
OCOCH3 
[0105] The sulfonate can be synthesized either by direct 
sulfodehalogenation reaction or from the sulfonic acid by 
treating With silver or lithium or sodium compounds. Reac 
tion of aromatic halogen With sodium hydrogen sul?te or 
sodium sulfate or potassium metabisul?te can result corre 
sponding sulfonate. Finally an exchange reaction of sulfonate 
With photoactive cation in aqueous acetonitrile or ketonic 
solvents such as acetone, 2-butanone or 4-methyl-2-pen 
tanone affords a neW ionic photoacid generator. 
[0106] Although the present invention has been disclosed 
in terms of a preferred embodiment, it Will be understood that 
numerous additional modi?cations and variations could be 
made thereto Without departing from the scope of the inven 
tion as de?ned by the folloWing claims. 

What is claimed is: 
1. A photoacid generator for a chemical ampli?cation type 

resist composition comprising an onium salt of formula (I): 

wherein 
R0 is a substituted or unsubstituted, straight, branched or 

cyclic alkyl group of l to 10 carbon atoms or a substi 
tuted or unsubstituted aryl group of 6 to 14 carbon 

atoms; 
M is a compound or atom capable of providing an onium 

cation; 
“a” is 2 or 3; 

n is l to 4; 
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0, 

— R10, OI 

/ 

R10 and R12 are each independently H, Br, CN, 4OCH3, 
%OOH, iNOz, or iOCOCH3. 

2. A chemical ampli?cation type resist composition com 
prising: 

a) a resin Which changes its solubility in an alkaline devel 
oper under the action of an acid; 

b) the photoacid generator of claim 1 Which generates an 
acid upon exposure to radiation; 

c) optionally a basic compound; and 
d) optionally a compound capable of generating an acid 
upon exposure to radiation, other than the photoacid 
generator of formula (I). 

3. A process for forming a pattern, comprising: 
a) applying the resist composition of claim 2 onto a sub 

strate to form a coating; 

b) heat treating the coating and exposing the coating to high 
energy radiation or electron beam through a photo 
mask; and 

c) optionally heat treating the exposed coating, and devel 
oping the coating With a developer. 

4. The photoacid generator of claim 1, Wherein M is a 
sulfur or iodine atom and “a” is 3 When M is sulfur and “a” is 
2 When M is iodine. 

5. The photoacid generator of claim 1, Wherein the onium 
salt is an onium salt of formula (VI): 

(V1) 
0 

Wherein 
M is a sulfur or iodine atom, and “a” is 3 When M is sulfur 

and “a” is 2 When M is iodine; n is l to 4; and 

R1 is ADCH2CH3, iOC(CH3)3, iCH2CH2OCH3, or 
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6. A chemical ampli?cation type resist composition com 
prising: 

a) a resin Which changes its solubility in an alkaline devel 
oper under the action of an acid, and 

b) the photoacid generator of claim 5 Which generates an 
acid upon exposure to radiation. 

7. A process for forming a pattern, comprising: 
a) applying the resist composition of claim 6 onto a sub 

strate to form a coating; 
b) heat treating the coating and exposing the coating to high 

energy radiation or electron beam through a photo 
mask; and 

c) optionally heat treating the exposed coating, and devel 
oping the coating With a developer. 

8. A photoacid generator for a chemical ampli?cation type 
resist composition comprising an onium salt of formula (V11): 

(v11) 
0 

0 

wherein 
M is a sulfur or iodine atom; 
“a” is 3 When M is sulfur and “a” is 2 When M is iodine; and 

9. A chemical ampli?cation type resist composition com 
prising: 

a) a resin Which changes its solubility in an alkaline devel 
oper under the action of an acid, and 

b) the photoacid generator of claim 8 Which generates an 
acid upon exposure to radiation. 

10. A process for forming a pattern, comprising: 
a) applying the resist composition of claim 9 onto a sub 

strate to form a coating; 
b) heat treating the coating and exposing the coating to high 

energy radiation or electron beam through a photo 
mask; and 

c) optionally heat treating the exposed coating, and devel 
oping the coating With a developer. 

11. A photoacid generator for a chemical ampli?cation 
type resist composition comprising an onium salt of formula 
(H): 

(11) 
C113 R3 

0 C113 

wherein 
R0 is a substituted or unsubstituted, straight, branched or 

cyclic alkyl group of l to 10 carbon atoms or a substi 
tuted or unsubstituted aryl group of 6 to 14 carbon 

atoms; 
M is a compound or atom capable of providing an onium 

cation; 
“a” is 2 or 3; and 

R3 is F, C1, or CH3. 
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12. The photoacid generator of claim 11, Wherein M is a 
sulfur or iodine atom, and “a” is 3 When M is sulfur and “a” is 
2 When M is iodine. 

13. A chemical ampli?cation type resist composition com 
prising: 

a) a resin Which changes its solubility in an alkaline devel 
oper under the action of an acid; 

b) the photoacid generator of claim 11 Which generates an 
acid upon exposure to radiation; 

c) optionally a basic compound; and 
d) optionally a compound capable of generating an acid 
upon exposure to radiation, other than the photoacid 
generator of formula (II). 

14. A process for forming a pattern, comprising: 
a) applying the resist composition of claim 13 onto a sub 

strate to form a coating; 
b) heat treating the coating and exposing the coating to high 

energy radiation or electron beam through a photo 
mask; and 

c) optionally heat treating the exposed coating, and devel 
oping the coating With a developer. 

15. A photoacid generator for a chemical ampli?cation 
type resist composition comprising an onium salt of formula 
(III): 

(III) 
o2N 

wherein 
R0 is a substituted or unsubstituted, straight, branched or 

cyclic alkyl group of l to 10 carbon atoms or a substi 
tuted or unsubstituted aryl group of 6 to 14 carbon 
atoms; 

M is a compound or atom capable of providing an onium 
cation; 

“a” is 2 or 3; and 

R4 is H, F, Br, iOCH3, iCOOH, %N, or ADCOCH3; 
16. The photoacid generator of claim 15, Wherein M is a 

sulfur or iodine atom, and “a” is equal to 3 When M is sulfur 
and equal to 2 When M is iodine. 

17. A chemical ampli?cation type resist composition com 
prising: 

a) a resin Which changes its solubility in an alkaline devel 
oper under the action of an acid; 

b) the photoacid generator of claim 15 Which generates an 
acid upon exposure to radiation; and 

c) optionally a basic compound; and 
d) optionally a compound capable of generating an acid 
upon exposure to radiation, other than the photoacid 
generator of formula (III). 

18. A process for forming a pattern, comprising: 
a) applying the resist composition of claim 17 onto a sub 

strate to form a coating; 
b) heat treating the coating and exposing the coating to high 

energy radiation or electron beam through a photo 
mask; and 

c) optionally heat treating the exposed coating, and devel 
oping the coating With a developer. 
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19. A photoacid generator for a chemical ampli?cation 
type resist composition comprising an onium salt of formula 
(IV): 

(1V) 

wherein 
R0 is a substituted or unsubstituted, straight, branched or 

cyclic alkyl group of l to 10 carbon atoms or a substi 
tuted or unsubstituted aryl group of 6 to 14 carbon 

atoms; 
M is a compound or atom capable of providing an onium 

cation; 
“a” is 2 or 3; and 
Z is F and R5 is H or CF3; or 
Z is CF3 and R5 is H or F. 
20. The photoacid generator of claim 19, Wherein M is a 

sulfur or iodine atom, and “a” is equal to 3 When M is sulfur 
and equal to 2 When M is iodine. 

21. A chemical ampli?cation type resist composition com 
prising: 

a) a resin Which changes its solubility in an alkaline devel 
oper under the action of an acid; 

b) the photoacid generator of claim 19 Which generates an 
acid upon exposure to radiation; and 

c) optionally a basic compound; and 
d) optionally a compound capable of generating an acid 
upon exposure to radiation, other than the photoacid 
generator of formula (IV). 

22. A process for forming a pattern, comprising: 
a) applying the resist composition of claim 21 onto a sub 

strate to form a coating; 
b) heat treating the coating and exposing the coating to high 

energy radiation or electron beam through a photo 
mask; and 

c) optionally heat treating the exposed coating, and devel 
oping the coating With a developer. 
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23. A photoacid generator for a chemical ampli?cation 
type resist composition comprising an onium salt of formula 
(V) 

(V) 

wherein 
R0 is a substituted or unsubstituted, straight, branched or 

cyclic alkyl group of l to 10 carbon atoms or a substi 
tuted or unsubstituted aryl group of 6 to 14 carbon 
atoms; 

M is a compound or atom capable of providing an onium 
cation; 

“a” is 2 or 3; and 

R6 is H, Br, ADCH3, iCOOH, iCN, or iOCOCH3. 
24. The photoacid generator of claim 23, Wherein M is a 

sulfur or iodine atom, and “a” is equal to 3 When M is sulfur 
and equal to 2 When M is iodine. 

25. A chemical ampli?cation type resist composition com 
prising: 

a) a resin Which changes its solubility in an alkaline devel 
oper under the action of an acid; 

b) the photoacid generator of claim 23 Which generates an 
acid upon exposure to radiation; and 

c) optionally a basic compound; and 
d) optionally a compound capable of generating an acid 
upon exposure to radiation, other than the photoacid 
generator of formula (V). 

26. A process for forming a pattern, comprising: 
a) applying the resist composition of claim 25 onto a sub 

strate to form a coating; 
b) heat treating the coating and exposing the coating to high 

energy radiation or electron beam through a photo 
mask; and 

c) optionally heat treating the exposed coating, and devel 
oping the coating With a developer. 

* * * * * 


