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BACKGROUND OF THE I NVENTION Field of the Invention The present +isasenti on

relates to an acid generator, sulfonic acid, sulfonic acid derivative, and

enton e es o ot ontr denerator sttt c or” s SHIEHATN

radi ation-sensitive resin cogﬁ05|t|on which is used as a chem eaddoy _
for exanp i S Such a5 8 KOF excimer | Bear . ATE exci e
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derivative useful as a raw material or |nterned|ate for synthesizing said
acid generator, and a positive-tone or negative-tone radi ation-sensitive

resin composition containi i d-0 r cription of the
Background Art In the fiel AcRBROURS, BrOfNE HOENTIBY sented by fabrication
of integratgd ¢j rGuidy deviees.; 43 | i thographi c technol ogy enabling
nlcrofabrlcatrun—ségﬁr7r%ﬂ1ﬂ?1ﬁQ§I1 of 0. 20 umor |ess has been demanded in
order to achi everl ¢helsddt a¥@Addn Lelates to an acid generator,

sulfonic acid, sulfonic acid derivative, and
radiation-sensitive resin composition. More paiticularly,
the present invention relates to a photoacid generator suitable
for use in a radiation-sensitive resin composition which is
used as a chemically amplified resist for microfabrication
utilizing various types of radiation, for example, deep
ultraviolet rays such as a KrF excimer laser, ArF excimer laser,
F, excimer laser, or EUV (extreme ultraviolet), X-rays such
as synchrotron radiation, or charged particle rays such as
electron beams, to a sulfonic acid generated from said acid
generator, a sulfonic acid derivative useful as a raw material
or intermediate for synthesizing said acid generator, and a
positive—-tone or negative-tone radiation-sensitive resin
composition containing said acid generator.

Description of the Background Art

In the field of microfabrication represented by
fabrication of integrated circuit devices, a lithographic
technology enabling microfabrication with a 1ine width of 0.20
um or less has been demanded in order to achieve higher

integration.



A conventional |ithographic process utilizes near ultraviolet rays such as
i-line radiation. It is known in the art that mcrofabrication with a line
wi dth of a sub-quarter mcron order using near ultraviolet rays is very
difficult. Therefore, use of radiation with a shorter wavel ength has been
studied for enabling mcrofabrication with a 1 line width of 0.20 ~m or

|l ess. As radiation with a shorter wavel ength, deep ultraviolet rays
represent ed by i e o) ury | nd . exci nmer_| aser
X-rays, electrdﬁ %@ﬁ%&gﬁﬁég#ﬂ%l§?€%P%%ﬁl%epﬁggg%g-%ﬁl 25, " kr F exci ner
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el ectron beams: Nave ity aehad AN, QR 2AF1 e [AMA] QNS EABLLLUS tEeSI N
conposition applicable to shorter mavelength radi at1 on, a nunber of
conposi ti apcbh | b Zddg & GhemLeA Amlddilnald oavaf fgact bt weer; aygenponent
havi ng an aci d-cl eavabl e functi onal group and a photoaci d generator which
generates an achiet®pird | ad at ireiEherei Rathel spakted wBXIOSA€n halkas been
proposed. Such a conposition is hereinafter called a chem cally-anplified
radi ati on-isemsidt e &DMRAskehbBNindsmi BecehBri 6at L ynamti fd @dne width

radi ati on-sensitive conposition, Japanese Patent Publication No. 27660/ 1990
di scl oses @f cONPOSInt icdN 16BNI | &b NEh @i PO YiTBF 1 AP 1L 8hBIrkE rayhvBuknhtast er
group of carboxylic acid or a t-butylcarbonate group of phenol and a

phot oaci d deserat oravidlst coaposrépossanted zZeg 4 heied f |eéctofumhef pal ynmer to
release a t-butyl ester 2 group or t-butyl carbonate group by the action
of an aci dngeperatledpupod axpasumert bager mXairaas, detegr pup srars asna
carboxylic group or a phenolic hydroxyl group, which renders an exposed
area on a Fkeistkeoaannge rebdeny < diflesdn akodl kaddimedwsdemper . As
characteristics_demanded of a photoacid generator for a

cheni cal | yléapeienetht add Gtiton- sshdinh wxdogiodiasiedn,( waipdeingrt ht:r 9Spar ency
to radiation, high quantumyield, and capability of producing an acid which
has strongati dint §2 emqym%ﬁ/aﬁﬁg b'b?‘fﬂl,e%‘d'“a@\éi pAbl EWH fiWayednditst ance
in aresist_coating (hereinafter referred as diffusion |ength) can be

gi ven. To EhstPE hEBR QEPEFEOD RPYRS boRYE Nyt pbrated sttt apbEopri at e

di ffusion length, the structure of an anionic nDietX_in t he joni ¢ photoacid
generator and the &SFRALELFE"oPCASShFTBMAS HTOFERROPATLRB FRME BTRRI PG oaci d
gener at or comp isin% a, sul fonyl st{ucture or_a suléonic acid, ester
structure FP&LFRPof £4Rt 79 Meh That pRGdt oact d™gehe? ht BrRAZL R1OnS

trifluor onet hanesyl, fonyl SLLYCLUCE, - for. example, even, Lhough g sulficient |y
strong acid 1o énsare 4 equate reso utd on per orance’ of ph5¥bre5|st i's
gener at ed, I a achi gh. d y.d hg | ow

boi l'i ng po?%?fé déﬁoﬁaggi%?%%?%ﬁi?eﬁ%%%gégﬁ$ﬁegg§§£r§$§daa%§8£89&2§ t he

phot oaci d g&@@fé‘ﬁ E xl?ﬁ]%?}gn%‘ﬁé%‘ﬂésSéﬁ“&&i‘&eu%ﬁhi rtﬁIeQ@iQﬁga”i ¢ group

such as a 10-canphorsu structure, even oug mask dependency is

l'ow due to(fbe.hghe 0P LiNgeRONDLkpaBGrsPTfiadi HEMST 9RHEREEN afudine,
generated acid, the resolution 3 performance as a photoresist is

insuffici epdbmggit OohhesPROFe agh BtEY. cONLEhEs ObhERi bandy - Hhsl 0ackd
generators having a perfluoroal kyl sul fonyl structure such as

per fl uor o- pag@téanensekhiont tvactempHECS) ohave been given attention in recent
years due to the adequate acidity, boiling point of the acid, and diffusion
| engt h. HoweverAsvtkai agetbesel phatpact tlegenad as b snhawnh oyt AvEFCS-t ype

per fl uoroal kyl sul fonyl structure from an environnmental aspect, they have

| ow conmbustobpbsiyiand Theénebeobetenul Rtbbiacasisuspect 2dc6@/Leport i ssued
by the U S. Environnmental Protection Agency, entitled "Perfluorooctyl

Sul f onat es¢liPropsseda Scgnpd s thndn Neompses Ruged pobposescorgalainggat he use
of these conpounds. Therefore, in the field of mcrofabrication, the

devel opnent-btyl costponamouuedt conbagyéicebtedtdy aas -Ruplydicaadiodagéner at or
wi t hout these drawbacks has been desired. The object of the present

i nventi on $9E0¥B ?ﬁ(ﬁhQﬂQLaaﬂéyé|photoacid generator. This composition

utilizes the effect of the polymer to release a t-butyl ester



phot oaci d generator which, when used as a photoacid generator sensitive to
radi ati ons or heat, exhibits high transparency to deep ultraviolet rays
such as a KrF exciner |aser, ArF excimer |aser, FZ exciner l|aser, or EUV,
and el ectron beans, exhibits conparatively high conbustibility and no

bi oaccunul ati on, and produces an acid exhibiting high acidity, high boiling
point, noderately short diffusion length in the resist coating, and | ow
dependency to mask pattern density, a sulfonic _acid generated fromthe

phot oaci d SéﬁéPaPSrg %u%yq 5&F§8H¥36a8F8u&e v ?v@cg§8Pqua§naaFéﬂ
material or_i redi ate for synthPsi .zing_the photoacid generator; and a
positive-tgﬁggggtgggg P@e?fgﬁgxfnggtﬁgﬁmsgﬁsﬁf? & Cr PP SHEOs i 6n

cont ai ni ng hat.0aci ener r. H ENTI Firs t he
present i n\(/%% iogwq%?:oéflrggg gfna %?%§n§§#%§§5$ﬁgr glrég% e"rqmr% ery %éﬁso as

"aci d generat @Gk i,ch i 0 t gini t ur;
represgntegﬁb%xpﬁgkgéﬁﬁgﬁﬁ%8 ?o?ﬁ%ﬁgE(F?ggﬁgge?ﬁg ?gyaﬁgéggﬁgdlﬁbags
"structurea(kh))ineZbeRe%op@e.( 1) Z2 wherein R represents a nonoval ent

organic group with a fluorine content of 50 wt% or less, a nitro group, a

cyano group, or pa BySFQE€8r 80Nt s &fthAHANE £ZL AR JadidvidHakhy»a £duorine
atomor a linear or branched perfluoroal kyl group having 1-10 carbon atons.

Second, the phesgRklilRvaRblaF RHOVAAES ta ovtskariie idel dorprsasaried by the
following formula (I-a) (hereinafter referred to as "sulfonic acid (l-a)"),

5 Z | RsGpSR3kdr krahsgdreherecB RaBeREEsANt Bigh "PRANEhRN i &L GANE€d gr oup
with a fluorine content of 50 wt%or less, a nitro group, a cyano group, or

a hydr ogen catpami lang i mrdiuBa ray eni L6 & inthdahl Ya @ Sdrieerd aeiatem, afigh | i near
or branched perfluoroal kyl group having 1-10 carbon atonms. Third, the
present i nberitliioy ppouvicdesnd s wWdiondtle rddfifesdnrinediby ahke fol & ovésgsd or nul a
(10 (hereinafter

coating (hereinafter referred as diffusion length) can be

given.

To ensure high acidity, high boiling point, and

appropriate diffusion length, the structure of an anionic

moiety in the ionic photoacid generator and the structure of

a sulfonyl moiety in the nonionic photoacid generator

comprising a sulfonyl structure or a sulfonic acid ester

structure are important. When the photoacid generator has a

trifluoromethanesulfonyl structure, for example, even though

a sufficiently strong acid to ensure adequate resolution

performance of a photoresist is generated, there is a drawback

of a high mask dependency due to the low boiling point and long

diffusion length of the generated acid. When the photoacid

generator has a sulfonyl structure with a large organic group

such as a 10-camphorsulfonyl structure, even though the mask

dependency is low due to the high boiling point and short

diffusion length of the generated acid, the resolution



referred to as "sulfonate (10 "), Z~ 1 R CS03M( 1C) Z2 wherein R
represents a nonoval ent organic group with a fluorine content of 50 wt % or
| ess, a nitro group, a cyano group, or a hydrogen atom Z1 and Z2 are
individually a fluorine atomor a linear or branched perfl uoroal kyl group
havi ng 1-10 carbon atons, and Mis an Na, K, or Li. Fourth, the present

i nvention provides a sulfonyl halide conpound represented by the foll ow ng

fornula (4A erei nafter erred i de ound 4#0 ")
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mnth a qu%rlgg gpntent of 50 wt % or Iess a nitro group, a cyano group, or

a hydrogen aton1 21 and ZZ are |nd|V|duaIIy a fluorine atomor a linear or

branched perflug&p%%%ybt%rqugag%yl%%o% R AL, h%@q % i_,s a hal ogen

atom Fifth, the present nventldn proO%% positive-ton

radiation- ;5%’1%1 |4 1% ' tsltgﬂc@a rig§k g%? e{?‘%rflﬂ?oza&-rg-cg@%@t or

(1) and (b kall ali M/SO esin conprising an

aci d-cl eavewlefog{lelgcgﬁa@pmoyxg%eseéyp PR Joh BLkahligfan LBeAT! fhoieavabl e

group dissociates. Sixth the pr esent ention provides a positlve-tone

radi at i On- SRASIHY V8er @SiLAUGREPASH i 0, CBH@&!L%!;” mﬁe)o}: hen&ci &i genstat or
(1), (b) an alkali solubl'e resin, and (c) an al solubility cont rol

agent. Seveqitdfudike Rle@g@M. i nvention provides a negatlve t one
radi ati on-sensitive resin conposition conprising: (a) the acid generator

(1), (b) an al kaldwesirybla gwagion traned (ko ta AP Q@ raftalr cessrld rks an
al kali soluble resin in the presence of an acid. Other objects, features

and advant ages -afyddedrilentroel Wil du liferrsiInafdeic theeome ofdrag readi | y

apparent fromthe 7
environmental aspect, they have low combustibility and their
biocaccumulation is suspected. A report issued by the U.S.
Environmental Protection Agency, entitled "Perfluorococtyl
Sulfonates; Proposed Significant New Use Rule" proposes
regulating the use of these compounds. Therefore, inthe field
of microfabrication, the development of a component
functioning excellently as a photoacid generator without these
drawbacks has been desired.

The object of the present invention is to provide a novel
photoacid generator which, when used as a photoacid generator
sensitive to radiations or heat, exhibits high transparency
to deep ultraviolet rays such as a KrF excimer laser, ArF
excimer laser, F, excimer laser, or EUV, and electron beams,
exhibits comparatively high combustibility and no
bioaccumulation, and produces an acid exhibiting high acidity,
high boiling point, moderately short diffusion length in the
resist coating, and low dependency to mask pattern density;

a sulfonic acid generated from the photoacid generator; a



foll owi ng description. BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure 1 shows the
1H NWVR anal ysis results of the acid generator (A-1). Figure 2 shows the
mass anal ysis results of the cation noiety of the acid generator (A-1).
Figure 3 shows the mass analysis results of the anion noiety of the acid
generator (A-1). Figure 4 shows the 1H NVR analysis results of the acid
generator (A-2). Figure 5 shows the mass analysis results of the cation

re 6 shows the nass anal ysis

i et f th i.d tor, (A-2). Fi
T Yo b DRSS Bl B0 0e 3R TR W e hove the
1H NWMR l.ysi | t f th id t A-3)... Fi 8 sh th
rass anal ySrE SHBEHES of ey KAk T Ohe AP GLy P eLine Al GGG aEar ()
Figure 9 shous .the mass anal ysis .results of fhe.anion noiety of the acid
generator (R B GOTE 10 SHOIR e AR R PR ST TE ¢FHe aci d
generatof (Anfss T Sohl MUY the HHMB AW iggHl ts of the acid

SUMMARY OF THE INVENTION

First, the present invention provides an acid generator
(hereinafter referred to as "acid generator (I)") which is a
compound containing a structure represented by the following

formula (I) (hereinafter referred to as "structure {(I)"),

wherein R represents a monovalent organic group with a fluorine
content of 50 wt% or less, a nitro group, a cyano group, Or
a hydrogen atom, and Z' and z° are individually a fluorine atom
or a linear or branched perfluoroalkyl group having 1-10 carbon
atoms.

Second, the present invention provides a sulfonic acid
represented by the following formula (I-a) (hereinafter

referred to as "sulfonic acid (I-a)"),



generator (A-5). Figure 12 shows the nmass analysis results of the cation 8
noi ety of the acid generator (A-5). Figure 13 shows the mass anal ysis
results of the anion noiety of the acid generator (A-5). Figure 14 shows
the mass analysis results of the cation noiety of the acid generator (A-6).
Figure 15 shows the nass analysis results of the anion noiety of the acid
generator (A-6). DETAILED DESCRI PTI ON OF THE | NVENTI ON AND PREFERRED

EMBODI MENTS The ersent invention will now be described in nore detail by
way of enbodi nentd. Acid generator (I) The acid generator (1) is a
conponent that geherates a sulfonic acid (1-a) when subjected to exposure
or heati ng. DR&—t@—t—&{)éHesenc(eI-@‘) a strong fluorine-containing electron

wi t hdrawi ng group|in the a-position of the sulfonyl group in the structure
(1), the acid Z%nerator | ) can produce an acid with high acidity such
as sulfonic acid and the Irke. In addition, the acid produced is difficult
to sublimate during a photolithography process due to a high boiling point
and has a noderately short acid diffusion Iength in the resist coating.
Furt hernore, because the anobunt of fluorine in the produced acid is |ess

t han t he ammise iof Rfdapardsee tisna pRinfdviadeoal Kydasid beriug wciltda €oadtshe bility
is conparatively high and accunmul ation in the human body is | ow As
exanpl es ofcanteniordy dllemt: soogankessgr aupinkbhgaocfp, &lapanaegcompendbr of 50
w%or less for Rin the formula (1) -R11 ~ -CO-R11 ~ -COO R11, CCN (
R11 ) !, RE2hydrog&nRitiom, smiandgpéathMExeumlmh ahdoRiZe ato
individually represent a substituted or unsubstituted |inear, branched or
cyclic nonovaaddmehydoo¢aﬁhmﬂugwpepfhﬁ@hoaleﬂl@axp@mhaWbm;l-aOsumsbomuted
or unsubstituted alyl group with 6-30 carbon atons, or a substituted or
unsubst i t uted@meonoval ent heterocyclic organic group with 4-30 carbon
atons), and the like can be given. As exanples of the unsubstituted |inear,
branched, or cydhicdrorid\galraasidrigeanicrng gy ises ig splderedrbon at ons

for R11 and R12, a nethyl ou thyI group, n- propyI group, i - propyl
group,  n- bRSAESAABUE (SOt 1GHORY NS L agr A6, (negerfAL toup,
n- hexyl group |-hex group n- octyl oup i -octyl group, 2-ethyl hexyl

group, n-d r%ﬂ WﬁﬁQﬂﬁﬂe d p,'cyclopentyl group, cycl ohexyl
group, groups wth a norbornene structure, groups with a norbornane
structure, groupswith a tricycl odecane structure, groups with a

tetracycl ododecane structure, and the |ike can be given. As exanples of the
substituents for the above hydrocarbon group, an aryl group, al kenyl group,
an organi c group-containing a hetero atom such as hal ogen, oxygen,

ni trogen, squRrrﬁbhoSﬁthus, s{1@)xon and the like can be given
2
V4

wherein R represents a monovalent organic group with a fluorine
content of 50 wt% or less, a nitro group, a cyano group, Or
a hydrogen atom, Z! and Z? are individually a fluorine atom or
a linear or branched perfluoroalkyl group having 1-10 carbon
atoms, and M is an Na, K, or Li.

Fourth, the present invention provides a sulfonyl halide
compound represented by the following formula (4A)

(hereinafter referred to as "sulfonyl halide compound (4A)"),



As exanples of the |inear, branched, or cyclic nonoval ent hydrocarbon group
havi ng 1-30 carbon atons substituted by the above substituent, a benzyl
group, methoxynet hyl group, nethylthionethyl group, ethoxynethyl group,
phenoxynet hyl 10 group, met hoxycarbonyl met hyl group, ethoxycarbonyl net hyl
group, acetyl nmethyl group, fluoronethyl group, trifluoronethyl group,

chl oronet hyl group, trichloronethyl group, 2-fluoropropyl group,
trifluoroacetyl nethyl group, trichloroacetyl methyl group,

pent af | uor obenzoyl net hyl group, am nomet hyl group, cycl.ohexyl am nonet hyl
group, di phenyl phggphi no nethyl group, trinethylsilylmethyl group,

2- phenyl et hyl gro , 3-phenyl propyl group, and 2-am noethyl group can be

gi ven. As exagg e of t he unsu@%5|tuted aryl group having 6-30 carbon atons
for R11 and R grou A)1- napht hyl group, 2- napht hyl group,

1-ant hryl group, phenanthryl group, and the like can be given. As
exanpl es of the nZhovaIent het erocyclic organi c group having 4-30 carbon
atons for R11 and R12, a furyl group, thienyl group, pyranyl group,
pyrrolyl group, thianthrenyl group, pyrazolyl group, iso-thiazolyl group,

i so- oxazol yl group, pyrazinyl group, pyrimdinyl group, pyridazinyl group,
and the |li ke can be given. As exanples of the substituents for the above
aryl group wired eonBwa perets endtses avyciviad eortgang &n je gupeupani gh leyf Lgeooipe an
organi c group-containing a hetero atom such as hal ogen, oxygen, nitrogen,
sul fur, phesphienis ofsidl ed aad lelss,| ekeltan beogbved. cyanexanplies of the
substltuted aryl group having 6-30, carbon atoms, a o-tolyl group, mtolyl
group, p- tdi@depéﬁﬁ abomet%oi?éhén?¢3g¥@@bVlﬁ@%liyhﬂéﬂ@@ﬁln§-é@@@n9r
group, 11 3-xylyl group, p fl uor ophen roup, tnlfluoroneth | phenyl
group, p- b@ﬁ@@ﬁ@ﬁyprg%ﬁpch@ cPR off f@f&;@upp pydsghényP @@6%9{1 and
the li ke can be given. As exanpl es of the substituted nonoval ent

het er ocycl |3§Q¥F%‘yarﬁr@gﬁfdtﬁp%d\ﬂlr@e41 FFFar bon atom; a 2-bronofuryl group,

3- nethoxythlenyl gr%bp, and the like can be given. the group Rin the
formula ( | BilPs WENEC™ esgraodﬁ?s%tlﬁﬁ up,

n- butyl gro Iohex up hen ht ro nd groups
havi ng a no“rEBdolr%%rPé‘ %%Y%%n fae %plﬂ rerisdnin qnf#&a%&gg o) £he
tetracyclodode ane r.uct ures the r SOHR an

- S02- wher el%eﬁélatiosr a{lﬁyaar oca on rgraglﬂgaslsluc as lae et hy gr oglpcfw et hyl

9r°“p ” b”&c}’lu}:gfeo%sﬁyé&%ﬁié%dbo?r%“QmBr ?Q?Ué{i)lgr%zgﬁope%%tbﬁ gLygn. wth

gr oups havi ng a nor bornene nane racycl cane S ructure

being partigil aidy iRy Sﬁ%??' xﬁh rglae—%l%f v%rﬂﬁepﬁrﬁf)%}:!oﬁ9§§5¥ka9é99p

havi ng 1-10 carbon atons Int

trifluoromethyl grgup, ﬁﬁgﬂﬁﬂéééHE“%HO@n&Mdﬂﬂbr&V¥Hé§|é“ﬁdéﬂkﬂ¥é¥%6néroup
nonaf | uor o- n-butyl group, and the like can be given. As preferab e

structures fiidtion- sedgEtf&B|£@!fﬁlédﬁﬂﬂéfﬁhdn|cdh§rbsﬁnd 2(3) tad ( 1-3
) can be given, with ( 1-1) and ( 1-3 ) being particularly preferable 12

F I acid generator (I), (b) an alkali soluble resin, and (c) an

alkali solubility control agent.

Seventh, the present invention provides a negative-tone
radiation-sensitive resin composition comprising: (a) the
acid generator (I), (b) an alkali soluble resin, and (c) a
compound that cross-links an alkali soluble resin in the
presence of an acid.

Other objects, features and advantages of the invention

will hereinafter become more readily apparent from the



R CS02 (I-1) FFI RCS02 (1-2) CF3 CF3 R-C-S02 ( 1-3) CF3 wherein Ris
the sanme as defined in fornula (I). As other preferable structures for (1),
the following fornulas (I-A) and (1-B) can be given. Z1 Y1-CGSQ2 (I-A) 12 Z
~R~~k 1 Z Y1--CGSQ2 (1-B) 12 Z wherein Z1 and ZZ are the sane as defined in
formula (1), Y1 13 represents a single-bond or divalent group, R
represents a nonoval ent substituent, k is an integer of O or nore, and n is
an integer fromO0-5. As exanples of the divalent group for Y-, -0-, -S-,
carbonyl gfobpowiRdfiagrrgpoupt- sul fonyl group, methyl ene group,

1, 1-et hyl ene group, 1, 2-ethylene group, propylene group, 1-nethylpropylene
group, 1l-ethyl propyl ene group, trinethylene group, difluoronethylene group,
tetrafluoro-1, 2-ethyl ene group, 1,2-phenyl ene group, 1,  3-phenylene group,
1, 4-phenyl ene group, attd-the’ L IO, OBy R DEX hese di val ent
groups, a carbonyl group, nethylene group, difluoronethyl ene group, and
tetrafluoro-1, 2-ethyl ene group are preferable. As exanples of the

monoval ent  or dl%%kﬁﬂ&aﬁygﬁ%hgugﬁé]%B%MR analysis results of the acid

generator (A-1).

Figure 2 shows the mass analysis results of the cation
moiety of the acid generator (A-1).

Figure 3 shows the mass analysis results of the anion
moiety of the acid generator (A-1).

Figure 4 shows the 'H-NMR analysis results of the acid
generator (A-2).

Figure 5 shows the mass analysis results of the cation
moiety of the acid generator (A-2).

Figure 6 shows the mass analysis results of the anion
moiety of the acid generator (A-2).

Figure 7 shows the 'H-NMR analysis results of the acid
generator (A-3).

Figure 8 shows the mass analysis results of the cation
moiety of the acid generator (A-3).

Figure 9 shows the mass analysis results of the anicn
moiety of the acid generator (A-3).

Figure 10 shows the 'H-NMR analysis results of the acid
generator (A-4).

Figure 11 shows the 'H-NMR analysis results of the acid
generator (A-5).

Figure 12 shows the mass analysis results of the cation



R , an oxo group (=0) , hydroxyl group, carboxyl group, fornyl group, a

| i near or branched al kyl group having 1-10 carbon atons, a |linear or
branched vinylidene group having 1-10 carbon atons, a nonoval ent cyclic
organi c group having 1-12 carbon atons, an aryl group having 6-20 carbon
atons, a linear or branched al koxyl group having 1-10 carbon atons, an
aryl oxy group having 6-20 carbon atons, a |linear or branched al kyl carbonyl

roup havi ; O.ea n | garhonyl group havi 7-20 b
group 0918t 40 EaL R ﬁg%&?gﬁﬁné@a%go?ﬁ gonyl group ng car bon

atons, a l1near” or branc oxycar bonyl "group having 1-10 carbon atons,

an aryl oxycar bonyg; gr,QuR haubng ?B@Qﬂa{:sasg %%%L?ﬂ@sregﬂgtgh@flﬁﬂ%ea%ﬁ%rpe

given. Gven as exanples of the linear or branched al kyl group 14 ST
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The present invention will now be described in more detail
by way of embodiments.

Acid generator (I)

The acid generator (I) is a component that generates a
sulfonic acid (I-a) when subjected to exposure or heating.

Due to the presence of a strong fluorine-containing
electron withdrawing group in the a-position of the sulfonyl
group in the structure (I), the acid generator (I) can produce
an acid with high acidity such as sulfonic acid and the like.
In addition, the acid produced is difficult to sublimate during
a photolithography process due to a high boiling point and has
amoderately short acid diffusion length in the resist coating.
Furthermore, because the amount of fluorine in the produced
acid is less than the amount of fluorine in perfluoroalkyl
sulfonic acid, combustibility is comparatively high and
accumulation in the human body is low.

As examples of the monovalent organic group with a
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exanpl es of l.i near o ianched al koxycar bonyl group havin -10 carbon
atons are éw#b%ﬁﬁfyggr53%@3{gr6ﬂgfvé?ﬁ%§¥¥aF%%ﬁ%fe€$cﬁufﬁbﬁiﬁﬁké&%c%fbonyl

group. | - ProRORGAThoNY Jaraun. B RteKYCAThony)c gLoUR d i Xy car bony

group, and t en as éxanpl es o oxycarbonyl group having

7-20 car bomrg%&g{&%} ,?{]r%h %&%arltl%v'cagﬁrb%ggyatéawy'am@%&q%%e Qup, and

the like. ents ry have any substituénts,” Tor ‘exanpl €, one or

more of theAhee et pned Sushid At ¢ 13h Ihedol mids ( deA) and (1 -B)

) r :
, R may bond with any of the carbon atons that formt orbornene ring or

nor Dor nane g R & QDS W0 0Ed TN AN SRERLoTRY BCopLifer the

sane or different. In the tornu (I-B 1 pre bly a

si ngl e bondyrdigs Ryl teNe -WOWRrIn AR, GHPUWhe Kiike L )ik dy. and n
is preferably or 1. As exanples of preferable structures for ( 1-A) and (

-B) , the fol |l ow nkadryi8d ax (Avel)udsudAritd)ted BriHedr) (Babdhdpn Le
gi ven. 16 (A-~) CF2-9502
cyclic monovalent hydrocarbon group having 1-30 carbon atoms
for R and R'?), a methyl group, ethyl group, n-propyl group,
i-propyl group, n-butyl group, t-butyl group, n-pentyl group,
i~-pentyl group, n-hexyl group, i-hexyl group, n-octyl group,
i~-octyl group, 2-ethylhexyl group, n-dodecyl group,
cyclopropyl group, cyclopentyl group, cyclohexyl group,
groups with a norbornene structure, groups with a norbornane
structure, groups with a tricyclodecane structure, groups with
a tetracyclododecane structure, and the like can be given.
As examples of the substituents for the above hydrocarbon
group, an aryl group, alkenyl group, an organic
group-containing a hetero atom such as halogen, oxygen,
nitrogen, sulfur, phosphorus, silicon and the like can be
given.
As examples of the linear, branched, or cyclic monovalent
hydrocarbon group having 1-30 carbon atoms substituted by the
above substituent, a benzyl group, methoxymethyl group,

methylthiomethyl group, ethoxymethyl group, phenoxymethyl
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(A-2) CF2-CF2-S02- ( (A-3) CFZ-CFZ-CFZ-SOz CF (A-4) G S02 CF3 CF (A-5)
CHI - G- S02CF3 (A-6) C-CF2 S02 O 17 | CF2-S02 (A-7) | (A.s) CF2-CF2-S02 |
(A-9) CF2-CF2-CF2-S02 | CF3 C-S02 (A-10) CF3 | CF3 CH2 C S02- (A-11) CF3 |
(A-12) G CF2-S02 Ois CF2 S02- (B-1) (B-2) CF2-CF2-S02 (B-3) CF2- CF2- CFZ
s02

group, methoxycarbonylmethyl group, ethoxycarbonylmethyl
group, acetylmethyl group, fluoromethyl group,
trifluoromethyl group, chloromethyl group, trichloromethyl
group, Z-fluoropropyl group, trifluoroacetylmethyl group,
trichloroacetylmethyl group, pentafluorobenzoylmethyl group,
aminomethyl group, cyclohexylaminomethyl group,
diphenylphosphino methyl group, trimethylsilylmethyl group,
2-phenylethyl group, 3-phenylpropyl group, and 2-aminoethyl
group can be given.

As examples of the unsubstituted aryl group having 6-30
carbon atoms for R' and R'?, a phenyl group, l-naphthyl group,
2-naphthyl group, l-anthryl group, l-phenanthryl group, and
the like can be given.

As examples of the monovalent heterocyclic organic group
having 4-30 carbon atoms for R!! and R'?, a furyl group, thienyl
group, pyranyl group, pyrrolyl group, thianthrenyl group,
pyrazolyl group, iso-thiazolyl group, iso-oxazolyl group,
pyrazinyl group, pyrimidinyl group, pyridazinyl group, and the
like can be given.

As examples of the substituents for the above aryl group
and monovalent heterocyclic organic group, an alkyl group, an
organic group-containing a hetero atom such as halogen, oxygen,
nitrogen, sulfur, phosphorus, silicon and the like can be
given.

As examples of the substituted aryl group having 6-30
carbon atoms, a o-tolyl group, m-tolyl group, p-tolyl group,

p-methoxyphenyl group, mesityl group, o-cumenyl group,
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CF3 (B-4) C S02 CF3 CF3 CH2 C-S02 (B-5) CF3 (B-6) G CF2-S02 O 19 CF2- SO2-
CB 7) CB-s) CF2--CF2-S02 CB-9) CF2-CF2-CF2-S02 CF3 C-502 (B-10) CF3 CF3
CH2-C-S02 (B-11) CF3 (B-12) CGCF2-SQZ O As an ionic conmpound for the acid
generator ( I ) , an onium sul fonate conpound of the followng fornmula (1)
(hereinafter referred to as "onium sul fonate conpound (1)") can be given.
The oni um sul fonate conmpound (1) is a conpound wherein the sulfonyl group

of the strléct3u_r lé)l) O%C%%s(%tﬂﬁ} SPRGRA QP20  to forma sulfonic

acid anion.
p—trlfluoromethylphenyl group, p-bromophenyl group,

p-chlorophenyl group, p-iodophenyl group, and the like can be
given.

As examples of the substituted monovalent heterocyclic
organic group having 4-30 carbon atoms, a 2-bromofuryl group,
3-methoxythienyl group, and the like can be given.

As the group R in the formula (I), hydrocarbon groups such
as amethyl group, ethyl group, n-butyl group, cyclohexyl group,
phenyl group, l1-naphthyl group, and groups having a norbornene,
norbornane, tricyclodecane structures, or tetracyclododecane
structures, and the groups -S-R'!, -s0-R'!, and -50,-R'!, wherein
R' is a hydrocarbon group such as a methyl group, ethyl group,
n-butyl group, cyclohexyl group, or phenyl group, can be given,
with groups having a norbornene, norbornane, or
tetracyclododecane structure being particularly preferable.

As examples of the perfluoroalkyl group having 1-10 carbon
atoms for Z! and Z2 in the formula (I), a trifluoromethyl group,
pentafluoroethyl group, heptafluoro-n-propyl group,
nonafluoro-n-butyl group, and the like can be given.

As preferable structures for (I), the following formulas
(I-1), (I-2), and (I-3) canbe given, with (I-1) and (I-3) being

particularly preferable.
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ZIn the formula (1) , R Z1, and Zz are the sane as defined for the
formula (1) and Mt is a nonoval ent onium cation. As exanples of the
nonoval ent oniumcation for M, O S, Se, N, P, As, Sb, d, Br, I, and the
i ke can be given. O these oniumcations, S and | are preferable. In the
formula (1), as exanples of a nonoval ent onium cation represented by M+,
the followwng fornmula (i) and (ii) can be given: R R2- S R3 ( i ) wherein
Rl1, RZ, and R3 individually represents a substituted or unsubstituted,

| i near or branch | al kyl group having 1-20 carbon atons, a substituted or
unsubstituted_aryl group having 6-20 carbon atons, or two or nore of R1,
Rz, and R3 fthT53TT§§)26§§Ther vilr)t he sulfur atomin the formula, and 21
RA 1 RS (i i) mhﬁkein Rg and RS individually represent a substituted or

unsubstituted, lifhear or branched al kyl group having 1-20 carbon atons, or
a substituted or unsubstituted aryl group having 6-20 carbon atons, or R9
and R5 forma ri together with the iodine atomin the fornmula. The

nonoval ent oniumctation noiety of Mt can be produced by a known nethod, for
exanpl e, the ReTHeT Qg7 oed in (Ir2)v. Crivello, Advances in Pol ymer

Sci ence 62, 49, 1bg4a". As exanpl es of preferabl e nonoval ent onium cations,

t he sulfoniun1caﬂ3535 shown by the following fornulas (i-1) to (i-64) and

t he i odoni um cati ons shown by the following fornmulas (ii-1) to (ii-39) can
be given. CF3

|
R—IC_SOZ_"' (I-3)
CF;

wherein R is the same as defined in formula (I).
As other preferable structures for (I), the following

formulas (I-A) and (I-B) can be given.

(R
|
Y'-Cc—s0,— (I-A)
n éz
(R,
X .
Y'-C—s0,— (1-B)
n %2

wherein 2! and 2Z% are the same as defined in formula (I), vt
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00 0-Q~3 a z~22 CH3 )r-S+~ (i-3) V(( )}-S-~ (i-4) H3C Q~i 5> H3C
H3C S--(( )j-CH3 (i-6) Y H3C 23 H3C—~ JrS~CH3 (i-7) \ -1 CH3 H3C -
Jr-S+~CHg (i-8) H3C CH3 S+ O CH3 (i-9) H3C CH3 (( )~S+~( )7-C2H5 a_la> ~/
24 0-~~ CH(CH3)?2

represents a single-bond or divalent group, R' represents a
monovalent substituent, k is an integer of 0 or more, and n
is an integer from 0-5.

As examples of the divalent group for Y!, -0-, -S-,
carbonyl group, sulfinyl group, sulfonyl group, methylene
group, 1,l-ethylene group, 1,2-ethylene group, propylene
group, l-methylpropylene group, l-ethylpropylene group,
trimethylene group, difluoromethylene group,
tetrafluoro-1,2-ethylene group, 1,2-phenylene group,

1, 3-phenylene group, 1,4-phenylene group, and the like can be
given.

Among these divalent groups, a carbonyl group, methylene
group, difluoromethylene group, and tetrafluoro-1l,2-ethylene
group are preferable.

As examples of the monovalent or divalent substituent for
R', an oxo group (=0), hydroxyl group, carboxyl group, formyl
group, a linear or branched alkyl group having 1-10 carbon atoms,
a linear or branched vinylidene group having 1-10 carbon atoms,
a monovalent cyclic organic group having 1-12 carbon atoms,
an aryl group having 6-20 carbon atoms, a linear or branched
alkoxyl group having 1-10 carbon atoms, an aryloxy group having
6-20 carbon atoms, a linear or branched alkylcarbonyl group
having 2-10 carbon atoms, an arylcarbonyl group having 7-20
carbon atoms, a linear or branched alkoxycarbonyl group having
1-10 carbon atoms, an aryloxycarbonyl group having 7-20 carbon
atoms, and the like can be giwven.

Given as examples of the linear or the branched alkyl group

14



~Q (CH3)3 (CH3~3C~S (i-~~) (i-12) C(CH3)3 o (i _13) ( i-14) 25 O .S+-~
))-~CzHS a_15> ~I C( )r-S+~OCH(CH3)z (i-16) U (( )r-S+~OCHZCHyCHZCH3 (i -17)
Ua 18 UU Q --S#--~ 0~H2~00~c~H3,3 ¢~ ~9~ ~~ o UU 26 0 CH CO-~ S OC
CH

having 1-10 carbon atoms are a methyl group, ethyl group,
n-propyl group, i-propyl group, n-butyl group, t-butyl group,
n-pentyl group, n-hexyl group, n-heptyl group, n-octyl group,
n-nonyl group, n-decyl group, and the like.

Given as examples of the linear or branched vinylidene
group having 1-10 carbon atoms are a carbenyl group,
1,1-ethylidenyl group, propylidenyl group,
l-methylpropylidenyl group, l-ethylpropylidenyl group, and
the like.

Given as examples of the monovalent cyclic organic group
having 1-12 carbon atoms are a cyclopentyl group, cyclohexyl
group, adamantyl group, norbornyl group, campholoyl group, and
the like.

Given as examples of the aryl group having 6-20 carbon
atoms are a phenyl group, o-tolyl group, m-tolyl group, p-tolyl
group, p-hydroxyphenyl group, l-naphthyl group, 1-anthracenyl
group, benzyl group, and the like.

Given as examples of the linear or branched alkoxyl group
having 1-10 carbon atoms are a methoxy group, ethoxy group,
n-propoxy group, i-propoxy group, n-butoxy group, t-butoxy
group, and the like.

Given as examples of the aryloxy group having 6-20 carbon
atoms are a phenoxy group, p-hydroxyphenoxy group, o-tolyloxy
group, m-tolyloxy group, p-tolyloxy group, and the like.

Given as examples of the linear or branched alkylcarbonyl
group having 2-10 carbon atoms are a methylcarbonyl group,

ethylcarbonyl group, n-propylcarbonyl group,

15



| 313 \\ ~/ ~ 1 313 (CH3)3CO0CCH20 O S+ O OCH2CO0C(CH3)3 0 0 0

(CH3)3CG OGO O S+ OO C-0OC(CH3) 3 (CH3)s 0 UH3~3C~ O OC(CH3)s (i-21)
(i-22) (i-23) (i-24) 27 H2000C( CH3)3 (CH3)3COOCCH20 O S+ ~ OCH2C00C( CH3~3
Oii O-COC(CH3)3 0 OO (CHs)3CWC-C O $+ O O G O C(CH3) s OCH3 CH30- ~~
)rS+~0cH3 a H3 . , a (i-27)

i-propylcarbonyl group, n-butylcarbonyl group,
t-butylcarbonyl group, and the like.

Given as examples of the arylcarbonyl group having 7-20
carbon atoms are a phenylcarbonyl group, benzylcarbonyl group,
and the like.

Given as examples of the linear or branched alkoxycarbonyl
group having 2-10 carbon atoms are a methoxycarbonyl group,
ethoxycarbonyl group, n-propoxycarbonyl group,
i-propoxycarbonyl group, n-butoxycarbonyl group,
t-butoxycarbonyl group, and the like.

Given as examples of the aryloxycarbonyl group having 7~20
carbon atoms are a phenoxycarbonyl group, benzyloxycarbonyl
group, and the like. These substituents may have any
substituents, for example, one or more of the above-mentioned
substituents.

In the formulas (I-A) and (I-B), R' may bond with any of
the carbon atoms that form the norbornene ring or norbornane
ring. R' groups, 1f two or more are present, may be either
the same or different.

In the formulas (I-A) and (I-B), Y'is preferably a single
bond, methylene group, or carbonyl group, k is preferably 0,
and n is preferably 0 or 1.

As examples of preferable structures for (I-A) and (I-B),
the following formulas (A-1) to (A-12), (B-1) to {(B-12) can

be given.
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CH30~S-O- CH3 (i-28) 28 (i-25) (i-26) C( )~-S~~H V ~Q HO--(l J~S+~OH

(i-30) U OH HO-~ )1-S~OH (i-31) a ~Q (( )rS+~0OCOCH3 (i-32) ~J 29

0-Q00 -s-~ a C OCHg (i-35) ( i-36) 30

@CF2_802_ (A-1)

Ol -
CFz_CFz" SOZ_“

L s
CFQ_"CFZ—CFZ_‘SOZ_‘

s
cl;_soz_ (A-4)
CF,

) o
CH,—C~80,—  (4-5)

CF,

@ (4-6)
C-CF=80,—
o)

17

0 a--~a,



Q H3C- S~ (i-37) CH3 H3C-S O (i-38) CH3 H3C-S O OH CH3 H3C-S-CH3 HzCl Fi3 S
CH3 H3C-S-CH2CD (i-39) (i-40) (i-41) (i-42) 31 CH2CH2CH2CH3 ~+
CH3CH2CH2CH2- S- CH2C0 CH3 H3C-S 0 CH3 H3C-S+ 0 HO CH3 H3C-S HO OH

CF,—S0,— (A=7)

(A-8)
CF2—CF2— 802_

(A-9)

=gegs

CFZ—CFz_CFz— 302_‘

GFs
?.. SO,— (A-10)
CFj3

GFs
CH2_(P_SO2'— (A-11)
CF,

588

@

(A-12)
—CF,~S0,—
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i -45) (i-46) (~-47) (i-48) 32 (i-43) (i-44)
H3 HsC CH3 HO O S

OH(( )~--S~/ a HO--0-S~ OH ( i
CH30 HO--(( )r-S CH3CH2CH2CH2 HO O S+ CH3CH2CH2CH2 H OO~~
H3C H3C CH3 HO O S+ H3C CH3 (i-51) (i-52) (i-53)

ED\CFZ_ SOg"‘ (B-1)

L o
CFZ_CFZ— 302—"‘

Ol -
CFz—CFz—CFz_ SOZ_"‘

(s
(P._ SO,— (B~4)
CF,

QW
CH,—C~S0,— (B-5)

CFa

@\ (B-6)
E—CFZ—SOZ_
O
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33 (i-49) ( i-50) CH3CHzCH2CH20 O S CH(CH3)2 CH3CH2CH2CH20 O S J 012H , 0
S CH3CH2CH2CH2 o~ S 1 J J c~ _5g~ OO COCHz S~ (i-59) (i-54) (i-55) (i-56) (
i-57) 34 O (~)r-CocH2 Sr ) (i-61) UU

ED@\cﬁ—-soz— (B=7)

(w\ (B-8)
CFz“CFZ_SOz'—'

m\ (B-9)

CF2“’CF2"‘CF2_ 802_

QO
cl;_ SO,— (B-10)
CF;
DO
CHZ_(';" SO,— (B-11)
CF;
C~CF=50;—
o

As an ionic compound for the acid generator (I), an onium
sulfonate compound of the following formula (1) (hereinafter
referred to as "onium sulfonate compound (1)") can be given.
The onium sulfonate compound (1) is a compound wherein the

sulfonyl group of the structure (I) binds with an oxygen anion
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CH3 HO O S+ (i-~2) CH3 H3C HO O S+ ( i-63) H3C 0 0 Q-S~Q b ( i-64) 35

0o-~-0 (~i_1) OCH3 (ii-2) ~I| CH3 Ol + OCH3 (i i-3) CH3 I + OCH3 (i
i-4) CH3 Ol + OCH3 (i i-B) CHB3CH3 ol +oCH (i i _6) 2H5 ol + 0
CHs (i i _7) 36 | + OCH(CH3)2 (i i-8) (CH3)2CH Ol + OCH(CH3)2 (i
i-9) I CCH3)3 (i i-10) (CH3)3C OIl+ OC(CH3)3 (ii-11) )j-1+ ONOp (ii-12)
a

to form a sulfonic acid anion.

In the formula (1), R, Zﬂ and Z° are the same as defined
for the formula (I) and M' is a monovalent onium cation.

As examples of the monovalent onium cation for M', O, S,
Se, N, P, As, Sb, Cl, Br, I, and the like can be given. Of
these onium cations, S and I are preferable.

In the formula (1), as examples of a monovalent onium
cation represented by M, the following formula (i) and (ii)

can be given:

Rj
I
R2—st—R3 (i)

wherein R', R?, and R’ individually represents a substituted
or unsubstituted, linear or branched alkyl group having 1-20
carbon atoms, a substituted or unsubstituted aryl group having
6-20 carbon atoms, or two or more of R}, R?, and R?® form a ring

together with the sulfur atom in the formula, and

21



NOz 1+ O (ii-13) QzN-~ )r-1+ ONO2 a NOz O--~+ O OZN (i i-14) (ii-15) 37

)r-1+ O OCH3 CH30-(t )~I+ OOCH3 UOC C-- )rl+0d ad (~)rl+0d C

(c: Jr-:+ 88 (1i/i-18) (ii-19) (i i-2~) (ii-21) 38 (ii-16) ( i i-17) C
e~ + -

RA——RS (ii)

wherein R? and R® individually represent a substituted or
unsubstituted, linear or branched alkyl group having 1-20
carbon atoms, or a substituted or unsubstituted aryl group
having 6-20 carbon atoms, or R? and R® form a ring together with
the iodine atom in the formula.

The monovalent onium cation moiety of M' can be produced
by a known method, for example, the method described in "J.
V. Crivello, Advances in Polymer Science 62, 49, 1984".

As examples of preferable monovalent onium cations, the
sulfonium cations shown by the following formulas (i-1) to
(1-64) and the iodonium cations shown by the following formulas

(ii-1) to (ii-39) can be given.

0+O  w
@—s@cm (i-2)
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C C C-~1+00C O o0-~~~F~ F3G(l )~I+ OCF3 ~/ (I )r-1+ O COOCH3 U
COOCH3 (ii-22) (i i-23) (i i-24) (i i-25) (i i-26) (i i-27) 39 o0 ~+ o0
OCH2COOC(CH3) 3 (i i-28) Oo0 ~+ 0 OCGOCCH3)3 (i i-29) oi + o oC(CH3)3
( ~ ~s0) CH30OC 0 ~ + 0 COOCHg ( i i-31 ) COOCH3 0 .+ 0 (~~-32) CH300C

( CH3) 3C00CCH20 0 ~+ O OCH2C0OC(CH3) 3 (i i-33) O O (CH3)3CG-0-CG~0 + 0 OC
~-C(CH3)s (i i-34) (CH3)300 0 ~ + 0 OC(CH3)3 ( i i-35) 40

OO

CI

HsC

@—SL@—CH;, (i-5)

HaC

@ HyG
O-+—Ores @

HaC
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Ol (ii-76) O (ii-77) (ii-38) I (ii-39) I G O these nonoval ent onium
cations, the sulfoniumcations shown by the fornulas (i-1), (i-2), (i-6),
(1-8), (i-13), (i-19), (i-25), (i-27), (i-29), (i-51), and (i-54), and the
i odoni um cations shown by the formulas ( ii-1) and ( ii-11 ) are
preferable. As the preferable onium sul fonate conpound ( 1 ) , conpounds of
the following fornulas (1-A) or (1-B) can be given. 41 R ) k1l1zZz
Y1-CGS03 M+ (1-A) L n Z2 (R),_ Z1 Y1-CS03 M+ (1-B) 12 Z wherein Z1 and ZZ
are as deffined in for ), Y1, R, k, and n are as defined in fornul as
(I-A) and (I-B), and M+

H3C@—s—©—CH3 (i-7)
H

+
CH3

@ HsC  CHj
@—S*——Q—Cw (i-9)
HsC  CHs

@—s*—@—cws (i-10)
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is as defined in formula (1). As a nonionic conpound for the acid generator
(1), an N-sul fonyl oxi m de conpound of the following fornula (2)

(hereinafter referred to as "N-sul fonyl oxi m de conpound (2)") can be given.
OZ1 R6E RRCGS02 ON Y2 (2) ~2 Z R~ wherein R, Z1, and ZZ are as defined for
formula (1 ) , R6 42 and R individually represent a hydrogen atomor a
substituted or unsubstituted nonoval ent organic group, or R6 and R nay
forma ring together with the carbon atons to which either the group R6 or
R conbine, and Y2 i i ngl e bond, doubl e bond, or a dival ent organic
group. As preferabl pl es of the N-sul fonyl oxi m de conpound (2),
conpounds of the foltgwkng fornulas (2-A) or (2-B) can be given. R )k O Z~

Rs "1_1 2YC ONY nz2 R7 00
@—S—-@—CH(CHW (i-11)

©-SL©~OCH3 (i-14)
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Z~ Rs Y~-C-SO2 ON Y2 (2-B) Z2 R~ O wherein Z1 and ZZ are as defined in
, k, and n are as defined in formulas (I-A) and

formula (I ) , Y1,

(I-B), and R6, R, and YZ are as defined in fornula (2)
i m de groups for bonding with the sul fonyl oxy group (S02-0-) of fornulas
the groups of the followng fornulas (2-1) to (2-9)
00O0-N-N-Nitii O00(2-1) (2-2) (2-3) 0 -N,

(2), (2-A), or (2-B)
can be 43 gi ven.

R

0(2-4) 0-N~J 0 (27 (2-$) 0-NOOO

@-—s*—@-oczl-ls (i-15)
O-EO)-oomomon s

O-

SL@OCHZCH20H20H3

02 e

@—s’”—@—ocrlzcooqcm)?,

O-

S

0
+-—<C)~o—é':—o—c(cH3)3
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(i-20)
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(2-6) (2-9) O these imde groups, the groups of the formulas ( 2-1) ,
(2-4), (2-8), or (2-9) are preferable. The process of manufacturing the

oni um sul fonate conpound (1) will now be described in detail. O-N OO
(2-5) O-N1 O 44 The oni um sul fonate conmpound ( 1 ) can be manufactured
usi ng known nethods such as a nethod of D. D. Des Marteau ( Inorganic

Chem stry, Vol. 32, 5007, 1993) or a nethod of J. V. Crivello (Advances in
Pol ymer Science 62, 49, 1984). Specifically, as shown in the foll ow ng
reaction formula (1), the onium sul fonate conpound (1) is manufactured by

causing a precursor (la) to react w sodiumdithionite in the presence of
an i norganic base to produce a sul e ( 1b) , oxidizing the sulfinate
(I'b) using an oxidizing agent such ydrogen peroxide or the like to

produce a sulfonate ( Ic) ,

using a counter-i on{Ck
Na2Sy04 Z1 H202 Z1 R-C

ZMX- RCS03 M-{ 1)

(CH3)3COOCCH20-©—S+—©—OCHZCOOC(CHa)a (i-22)

jjing an ion-exchange reaction

" 3O i F | 1);Z
R C Sh2fla - - 503%'39’%2 grzm[Jl Z]([I)(tl)] QH c] +

0 0
(CH3)3C-O—6—O-@—SL@O—&—O-C(CH;;):; (i-23)

OC(CHs)s

(CH3)3CO—@—S+—©—OC(CH3)3 (i-24)
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Z2 wherein X is a rel easabl e nonoval ent group and X- is a nonoval ent anion.
As exanpl es of the rel easabl e nonoval ent group for X of the precursor (la),
in addition to hal ogen atons such as a chlorine, bromne, and iodine, a
met hanesul f onate group, 45 p-tol uenesul fonate group, and the |ike can be
given, with brom ne and iodine atons being preferable. In the reaction of
the precursor (la) with sodiumdithionite, the nolar ratio of sodium
dithionite to the precursor (la) is A Haﬁdq@@% 100 and preferably 1.0-10.
As exanpl es of the inorganic base used #@8tion, |ithiumcarbonate,
sodi um car bonat e, potassi um car bon &, | ithium hydrogencarbonate, sodium
hydr ogencar bonat e, potassium hydr ar bonate, and the |ikE can be given,
wi t h sodi um hydr ogencar bonate and -e 2ssi um hydr ogencar bonat e bei ng

preferable. The nolar ratio o e i[nor gaqhc base to the sodiumdithionite
IS usuallyl 'L'_“ -> A’J pre |y
carried out |G;H nq?gg'@s'g ven an orgefyc solv nt anm er ggrz?ae
organi ¢ sol vent, solvents having a high nutual solubility wt h water such
as | ower al cohol s, tetrahydrofuran, N, ¢ dinethylformam de,

N, N- di met hyl acet oam de, acetonitri I %P] ﬁ @%K‘éﬁ iﬁ oxi de, and the like can
be given as preferabl e exanples, B3l acet oami de, acetonitrile,
and di net hyl sul f oxi de bei ng nore pr .; erabl e, and acetonitrile being

particularly preferable. The anou the organic solvent used is usually
5-100 parts by weight, preferably ! 00 parts b wei ght, and particularly

preferably 20-90 parts | . for 10 r wel ght of the total
anount of theg s. ..v . A HeRrried puigyat a
tenperature of( tﬁgg{gﬁo © o;_,n an@ef era Iy 66( 2@% for t(JsuaIIy 0.

5-72 hours, and preferably 2-24 hours. If the reaction tenperature used is
hi gher than the boiling point of the organic solvent or water, a pressure
vessel such as an autoclave is used. As the oxidizer used in the oxidation
reaction of the sulfinate (1 in addition to hydrogen peroxi de,

met hachl or oper benzoi ¢ aci d, Ck’dﬂyl hydr oper oxi de, potassi um peroxysul f at e,
pot assi um per manganat e, sodi per borate, sodium netai odate, chrom c acid,
sodi um di chromat e, hal ogen obenzene di chl oride, iodobenzene di acet at e,
osm um oxide (VI1), ruthen xi de (VI1), sodium hypochlorite, sodium
chlorite, oxygen gas 0zon , and the Ii ke can be given, wth hydrogen

peroxi de, net hachI 07"‘0‘ |c ger~ and t-butyl hydroperoxi de being
preferable. TiGH ()-) S f
usual ly 1.0- 10 0 and erably

1O@H4t 0 thej-2T) inate (1b) is
OCH3

4. 0.
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Furthernore, a transition nmetal catalyst may be used together with the
above-nentioned oxidi zer. As exanples of the transition netal catalyst,

di sodiumtungstate, iron (l111) chloride, ruthenium(lll) chloride, and
selenium ( 1V) oxide can be given, with disodiumtungstate being
preferable. The nolar ratio of the transition netal catalyst to the
sulfinate (Ib) is usually 0.001-2.0, preferably 0.01-1.0, and particularly
preferably 0.03-0.5. Furt : nDre, in addition to the above-nentioned
oxi di zer and transition catal yst, a buffer agent nay be used for 47

[ ction solution. As exanples of the buffer
agent, dlsodlunlhydrOoenp 0% sodi um di hydr ogenphosphat e, di potassi um
hydr ogenphosphat e, ogenphosphate, and the |ike can be
given. The nolar r& @hnt t¢i+pPg)sulfinate (1b) is usually
0.01-2.0, preferabl particularly preferably 0.05-0.5. This
reaction is usually carrled out in a reaction solvent . As the reaction

sol vent, water, organic setwents such as | ower al cohols, tetrahydrofuran,
N,N—dinethylfornanide,IVCEEDnethyIacetoanide acetonitrile,

di met hyl sul f oxi de, aceti trifluoroacetic acid, and the |ike can be
gi ven as preferabl e £x3 nmet hanol , N, N-dlnethylacetoanlde
acetonitrile, d | referabl e, and met hanol

bei ng partiCLnEEh G anghat of(ﬂﬁg 0)eaction sol vent used is
usual ly 5-100 parts by p+-€f er abl y 10-100 parts by wei ght, and
particularly preferably 20-50 parts by weight for 100 parts by wei ght of
the sulfinate (Ib). If necessary, the above-nentioned organi c sol vent nmay
be used with water. In this case, the anbunt of the organic solvent used is
usually 5-100 parts by weight, preferably 10-100 parts by wei ght, and
particularly preferably 2 -Eg parts by weight. The reaction is carried out
at a tenperature of usuall -100C, preferably 5-60C, and particularly
preferably 5-40C for usual 0.5-72 hours, and preferably 2-24 hours. A
known net hod nmay be use t he i on exchange reaction 48 of sulfonate
(lc) , for exanple the described in "J. V. Crivello, Advances in

Pol ynmer Sci ence 62, 49 A nmet hod such as ion exchange chronat ography
may be used during at\\oned i on exchange reaction. As exanpl es
of the nmonovaH{ reQHeacti on fofimg9 (1), F-, Cl-, Br-,

| -, perchlorate, , di hydrogen phosphor at e,

tetrafl uorinated borate, allphatlc sul fonate, aromatic sul fonate,

trifluoronethane sulfonizj:iluorosulfonate hexaf | uori nat ed phosphorate
i)

hexachl ori nat ed anti nong and the |ike can be given, with d-, Br-,
hydr ogen sul furate, tet ori nated borate, and aliphatic sul fonate being
r-, end

preferable, and C -
preferable. The no

dr ogen sul furate belng particularly

( : cQ gxs -ion ex 1586 precursor to the
sulfonate (1c) is : 4 65 yO. 3 and particularly
preferably 0.7-2.0. S react¥er/ is usually carried out in a reaction
solvent. As the reaction solvent, water, organic solvents such as | ower

al cohol s, tetrahydrofuran, N,N—dinethylfornanide, N, N- di met hyl acet oam de,
acetonitrile, dinmethylsul foxide, and the |ike can be given as preferable
exanpl es, with water, nethanol, N, N-dinethylacetoam de, acetonitrile, and
di met hyl sul f oxi de bei ng nore preferable, and water being particularly

pr ef er abl e.
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The ampbunt of the reaction solvent used is usually 5-100 parts by wei ght,
preferably 10-100 parts by weight, and particularly preferably 20-50 parts
by wei ght for 100 parts 49 by wei ght of the counter-ion exchange
precursor. If necessary, water nmay be used with an organic solvent . In
this case, the amount of the organic solvent used is usually 5-100 parts by
wei ght, preferably 10-100 parts by weight, and particularly preferably
20-90 parts by weigh or 100 parts by weight of fihe total anpunt of the
organi ¢ sol vent and r. The reaction is usually carried out at a
tenperature of 0-8 d preferably 5-30C for usually 10 mnutes to 6

b

n

m_nutes to 2 hours. The onium sul fonate conpound

hours, and prefera
Re purified by extraction using an
used f6i—33)ification, organic

(1) obtained i S
or gani ¢ sol ve e
sol vents that ot mx af e preferable. Exanples include esters

such as ethyl acetate and n-butyl acetate, ethers such as diethyl ether,

and hal ogenat ed al k uch as net hyl ene chloride and chloroform The oni um
sul f onat e conpound hown by the fornmula (1-A) is obtained by the
reaction of a norbo derivative (2b), which is obtained by the

Di el s- Al der reacidon a hyl ene geshvative (2a) and a cycl opent adi ene

conpound in a( NRncdwi '@e reacg'l ogﬁ)feornul a(2), or a

nor bor nene de ve I S\\Qby/di ned by~ Di el s- Al der reaction
of a cycl opent adt€ne conp and th or bor nene derivative (2b) obtained
in the reaction fornmula (3), in accordance with the reaction fornula (1).
The oni um sul fonate conpound (1) having three or nore norbornene or

nor bornane rings can be produced by synthesizing a polycyclic 50
nor bor nene derivative by Cépeatedly conducting the procedure shown in the
reaction formula (3), then foll ow ng the above-nentioned procedure.
Reaction Forrmula (2) CH Y~-C X + Z2 [2a] Diels-Ader reaction \/ Z1
Y1-C X 12 Z [ 26]

m@s“—@—ocm (i-35)
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In the reaction fornmula (2), Z1 and ZZ are the sane as defined in formla
(), Y1 is the sane as defined in fornmula ( I1-A) and ( I-B) , and X is the
sanme as defined in reaction formula (1) . 51 Reaction Forrmula (3) +. 1
Y'-CX 12 Z [2b] Dials-Alder reaction Y~-C 12 Z [3b] In the reaction
formula (3), Z1 and Z2 are the sane as defined in formula (1), Yl is the
sane as defined in formula ( I-A) and ( 1-B) , and X is the sane as defined
inreaction formula (1) . The reaction fornmulas (2) and (3) will now be
descri bed in norg ail. For the Dials-Ader reaction in reaction formnul as
(2) and (3), a K met hod such as that described in "Conprehensive
Organi ¢ Synt hesi B’M Trost & |. Flam ng, Perganon Press, New York, 1991,

Vol . V, pp 315" ma +b 8d. When conducting the Dial s-Al der reaction, the
molar ratio H,C—S @ (i-37)
CH,
L+
H3C—S—© (i-38)

Gt
H3C—S—©—OH (i-39)

Qs
H3C"S“CH3 (1‘40)

CH,ClI

H3c—s"~© (i-41)
GHa
H3C~S+—CH2CO—© (i-42)
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of the ethylene derivative (2a) to the cycl opentadi ene conpound and the
nol ar ratio of the cycl opentadi ene conpound to the norbornene derivative
(2b) are usually 0.01-100 and preferably 0.1-10. This reaction may be
conducted wi thout the presence of a solvent, or in a reaction solvent such
as toluene, xylene, 52 N, N, - di net hyl f or mam de, tetrahydrofuran,

1, 2-di chl oroet hane, or the like. The reaction is carried out at a
tenperature of usually 20-250 p |y 80-180C for usually 0. 5-24
hours, and preferably 4-12 ho &%2{:ﬁg¢égcti on tenperature used is

hi gher than the boiling point I t he reacraw materials or reaction
sol vent, a pr v, t as ap 9 o@ e is yseq,\ The onium

sul f onat e conpeéoﬁpﬁgﬂ?gmcﬁ b 3%‘5'2?0 \ )1- B) E&ﬁﬂég produced by
causing a norbornene derivative ( for exanpt® the norbornene derivatives

(2b) or (3b) obtained in the nner shown by the reaction fornmulas ( 2 ) or
( 3) ) tocone in contact wt ygen gas in a reaction solvent in the

presence of a hydrogenati a A mpl es of,.t hydr ogenat i on
i ( ’-uchélj{@l Raney r(ulcggP

catal yst, transition netaldatal y?
pal | adi um carbon, platinum(lV) o r hodi um car bon, rhodi um al um na,

rut heni um carbon, tris-(triphenyl 4{@;% i ne)chlororhodium (1), and the |ike
can be given. The weight ratio of ., )transi tion nmetal catalyst to each of
t he norbornene derivatives is usually 0. 001-1 and preferably 0.01-0.2. The
pressure of the hydrogen gas during the hydrogenation reaction is usually
1-120 atm preferably 1-100 atm and particularly preferably 1-50 atm This
reaction is usually carried out in a reaction solvent . As exanples of the
reaction sol vent, organic solvents such as 53 met hanol , et hanol, ethyl
acetate, toluene, x i B¢ et rahydr of uran, 1, 2-dichl oroethane, and the |ike
can be given. 2 -G @ Wa t he f—:qﬁ' on solvent to each of the
nor bor nene deri t?N;Bes ualc?‘i./'l -100{ pre):‘erabl y 5-100, and particularly
preferably 10-80. The rgaetlon is carried out at a tenperature of usually
20- 200C, preferabl Q6 Q) and particularly preferably 20-100C for
usually 0 . 5-24 hours, preferably 4-12 hours . If the reaction
tenperature used is higher than the boiling point of the reaction raw
materials or reacti solvent or if the pressure of the hydrogen gas used
exceeds 1 atm a prg'ggﬁ p—\gssel such as an autoclave is used. Next, the
manuf act uri ng QCo®© {!» @M oxy (fnw) conmpound (2) wll be described
prde conpound (2) 'is manufactured by, for exanple,

in detail. N-sulTonyl ox
using the sulfinate (Ibsulfonate (Ic) shown in the reaction fornula

(1).
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Specifically, as shown in the followng reaction fornmula (4), a sulfinate
(I'b) is converted into a sulfonyl halide conpound (4A) such as a sul fonyl
chl oride (4a) using a hal ogenati ng agent such as chlorine gas. The sul fonyl
hal i de conpound (4A) is reacted with an N hydroxyi m de conmpound in a
reaction solvent in the presence of a base catalyst to produce the

N- sul f onyl oxyi m de conpound (2). 54 Reaction Fornmula (4) Z1 R C SO02Na Z2
[16] 1 Z R-C S02C1 Z2 RS HON Y2 1% O R [4a] Z1 R CS02 Z2 R8 (2) R~ For
the reaction of the s \t e (I'b) and the chlorinating agent, a known

met hod such as that describgg—n "D.~D. DesMarteau, |norganic Chem stry,
Vol . 32, 5007, 1993" r-@ desqri bed/ .| at.er in Synthesis Exanpl e may
%58b|§:. . P ﬂﬁtghﬁhe

be used. A nethod of neJgas reacti on solution, for
exanpl e, may be used for th&Teaction,
CH30
CH3CH,CH,CH,
Ho©»s@ (1-50)
CHaCH,CH,CHy
e
HO S@ (i-51)
Hs;C
HaC CH,
HO S@ (i-52)
HaC
HaC CH,
HO s@ (i-53)
HaC CHs
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Usual |y, a great excess anmount of the chlorinating agent for the anount of
the sulfinate (Ib) is used in the reaction. This reaction is usually
carried out in a reaction solvent . As the reaction solvent, water, organic
sol vents such as tetrahydrofuran, N, N-dinethylforman de,

N, N- di met hyl acet oam de, acetonitrile, dinethylsulfoxide, and the |ike can
be given as preferable exanples, with water, nethanol,

N, N- di met hyl acet oam de, acet oni t e di et hyl sul f oxi de bei ng

N
Tonct on sof ventsGRe6 ChtiTR £ "oy wei gntd Gt er ably 10100

by wei gh ef erably 10-100
parts by weight, and particularuw-axefer.oly 20-50 parts by weight for 100
parts by wei ght of the sulfinat =Q. . If necessary, the above-nentioned
organi ¢ sol vent may be used toggkég’ with water. In this case, the anount
of the organic solvent used is usStally 5-100 parts by weight, preferably
10- 100 parts by weight, and particularly preferably 20-90 parts by wei ght
for 100 parts by weight of the total anp «5H3W@ter and the organic
solvent. The reaction is carried—aut at tenperature of usually 0-100C,
preferably 5- , an artic refgtably 5-40C for ually 5 m nutes
to 12 hours, mgﬁb&!ﬁa@i‘bﬁ 0 5] hours. In&ﬁ%g)reacti on of

sul fonyl chloride (4a) and N hy {i m de“conmpound, the nolar ratio of

N- hydr oxyi m de conpound to sulf hl oride (4a) is usually 0.1-10.0,
preferably 0.3-5.0, and parti cuNs preferably 0.5-2.0. This reaction is
usual ly carried out in a reactiofmsolvent . As the reaction solvent,
acetonitrile, dinethyl formam de, tetrahydrofuran, dinethyl sulfoxide,

met hyl ene chl oride, nethylene brom de, and chl orof orm can be given as
preferabl e exanples, with acetonitrile, tetrahydrofuran, and nethyl ene
chloride being particularly preferable. The anount of the reaction solvent

used is usually 5-100 parts by vwer™ géi:grably 10- 100 parts by weight,
7 rt
As e

and 56 particul arly Qysfiss@b by wei ght(if-66) 100 parts by
wei ght of the sul fonyl chloride Y : base catal yst, triethylam ne,
pyridine, N, N-diisopropylethyla A\ 2, 6-1utidine, N Ndiethylaniline,
4-di nmet hyl am nopyri di ne, and di @ ycl oundecene can be given as
preferable exanples, with triethyeaf ne and 4-di net hyl am nopyri di ne bei ng
particularly preferable. The nolar ratio of the base catalyst to the
@rably 1.5-~.0, and

sul fonyl chloride (4a) is usuall -10/0,Ypr @

particularly QH@G"@&MgCHz@. a , usual(liy'5c7&rri ed out at a
tenperature of 0-80C, and preferyliy 5-30€ dsually 5 mnutes to 6
hours, and preferably 10 m nut e/
conpound ( 2 ) of the fornul as or (2-B) can be manufactured by
preparing a sulfinate (Ib) from a—+drbornene derivative such as a

nor bornene derivative (2b) or (3b) or the hydrogenation derivative thereof,
previ ously described relating to the nmethod of manufacturing the onium

sul fonate conpound (1) of the fornulas (1-A) or (1-B), using the procedure
shown in the reaction formula ( 1) hen followi ng the procedure shown in

t
the reaction for COCHZ—'S@ (i-58)

@@ COCHZ_S@ (1—59)

hours. The N sul fonyl oxyi m de
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Mor eover, as exanples of the acid generator ( | ) other than the onium
sul fonate conpound (1) and the N-sul fonyl oxyi mde conpound (2), a sulfone
conmpound, sul fonate compound, disul fonyl diazomethane conpound,

di sul f onyl met hane conpound, oxinme sul fonate conpound, hydrazi nesul fonate
conpound, and the |Iike can be given. 57 These conpounds wi Il now be

di scussed. As exanples of the sul fone conmpounds, ~-ketosulfone,

~i -sul fonyl sul fone, and a-di azo conpounds of these compounds can be given.
Speci fic exanpl es of thsg fione conpounds include the conmpounds of the
followi ng fornmulas (3-1) (3-2): 071 GS02 CGR (3-1) Z2 71 7Z1 R C S02
CH2-S02 CG-R (3 22 Z2/™Wet€ein R Z1, and Zz are the sane as defined in
the formula ( e two R Z1, and ZZ grgﬁginin the forrmula (3-2) being
ei ther identi d B As exanpl e t he sul fonate conpounds,

al kyl sul f onat &s—hal oal R 3yl fonate, aryl sulfonate, and im no sul fonate
can be given. Specific erxanplles of the sul fonate conpounds include the
conmpound of the follow n rmula (4): 58

@—COCHZ— ) (i-61)

CH,
HO@S@ (1-62)
CH,
e
HO‘@'S@ (i-63)
HaC

s"“—<<§—s—<<:j>—-s+ (i-64)

35



Z1 A OS02 CR (4) Z2 wherein R Z1, and ZZ are the sanme as defined in the
formula (1), when two or nore R, Z1, and ZZ groups are present, such groups
may be either identical or different; A represents a j-valent organic
residue originating frompyrogallol, a-nethylol benzoin, and the |like; and
] is an integer from1l-3. As exanples of the disulfonyl diazonethane
conpounds, conpounds of the followng fornmula (5 can be given: 1 1 Z N2 Z
R-C S02 C S02 erein R Z1, and ZZ are the sanme as defined
in the formul Z1, ?nd 2 groups being either identical or
different. As\g di sul bh71 met hane conpounds, conpounds of
the foll ow ng Mefs A be given: 59 Z~ V Z~ RCS02 CGS02 CGR (6)
Z2 WZ2 wherein R Z1, and ZZ are the sane as defined in the formula (1),
the two R Z1, and Zz groups being either identical or different; V and W

i ndividually represent an aryl group, a hydrogen atom a linear or branched
nonoval ent al i phatic hydrocarbon group, or a nonoval ent organic group
having a hetero ato BV | east one of V or Wis an aryl

group, or V and Wn# qﬂqgnocquﬁczpr pol ycyclic structure
contai ning at | east : {ted/ bond, “or a group of the follow ng
formula (7): V c-j-

CH3—-©—I+—©-—CH3 (i1-3)

O—+Com s
CH3©—I@-CH3 (ii-5)

Do s
C2H5—@|L@02H5 (ii-7)
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wherein V' and W individually represent a hydrogen atom hal ogen atom

al kyl group, cycloal kyl group, aryl group, or aral kyl group, or V' and W,
each conmbining with the same or different carbon atons, conbine to forma
nonocyclic carbon structure, and a is an integer from2 to 10. As exanples
of oxinme sul fonate conpounds, conpounds of the follow ng fornmulas (8-1) or
(8-2) can be given: 60 Rs Z1 NCG-C=N-~0O-S02 CGR (8-1) Z2 Z1 Rs Z1

R- C- S02- O N=C- C=N- O S02 (8-2) Z2_R9 Z2 wherein R, Zl1, and ZZ are the

sane as defined in the f _a )/ ThRe two R 71, and ZZ groups in the
@~ GGz and He ik Ro

(J N
formula (8-2) being eit‘ﬁ'i»E Irc?
ani c group. As exanpl es of hydrazine

i ndividually represent awBHdoval ent
sul f onat e conpounds, conpounds of the followi ng fornmulas (9-1) or (9-2) can

be given: Z1 R C S02 N 9-1), F/ZRYL R-C S02 NHNHS02 C-R (9-2) 22 22
wherein R, zucquam—a@—ea @ "G (Chighe Tor(ry-9)(1). the tuo

R, Z1, and ZZ groups in ornmul a ) being erther identical or

different. 61
@Ii@-C(CH3)3 (ii-10)
(CH3)3C-©—|L©—C(CH3)3 (ii-11)

©—|L©—Noz (ii-12)
NO,
O—+O  ww

om—@—ni—@-mz (ii-14)
NO,
OO0  ww
ON
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Positive-tone radiation-sensitive resin comosition The positive-tone
radi ati on-sensitive resin conposition of the present inventionis a
conposition conprising either: (i)(a) the acid generator (1) and (b) an
aci d-cl eavabl e group-containing resin which is insoluble or scarcely
soluble in al kali and becones al kali sol ubl e when the aci d-cl eavabl e group
di ssoci ates (hereinafter referred to as "aci d-cl eavabl e group-cont ai ni ng
resin")(hereinafter referred to as_"positive-tone radiation-sensitive resin
conposition (i)"); oy \) ( pe~aci d generator (1) , (c) an
al kal i -sol ubl e resi - ( iQ€H4bl e cont@ﬁ]—]zﬁ;)ent (herei nafter
referred to as "posi n-sensitive resin conposition (ii) ")

As the acid generator (1) used in these positive-tone radiation-sensitive
resin conpositions, aCkQ generat/oFR\having heat and chemical stability are
preferabl e. Thp s { ongt oI itive ref,jin.pgrrposition (i) and
positive-tone rad at gsin conposition (11) of the present
invention will now be described. In the positive-tone radiation-sensitive
resin conposition (i) and positive-tone radiation-sensitive resin
conposition (ii), the acid generator (1) may be used either individually or
in conbination of two or nore. The anmount of the acid generator (l) used in
the positive-tone radiation-sepsttive resin conposition (i) and
positive-tone radi A sensi ¥f esip co osLﬁhgn (ii) varies depending

‘ tglor thet®62  acid generators which

are optionally used: s is usually 0.1-20 parts by weight,
preferably 0.1-15 pa by wei gh and particularly preferably 0.2-12 parts

by wei ght for é? DT TS\ by , wei he aci d-cl eavabl e group-contai ni ng
resin or alkal g/resin. eChmount(1dr18¢i d generator (| ) is
| ess than 0. 1 part“-By/wei ght, is difficult to achieve the intended

effect of the present invention; if nore than 20 parts by weight,
transparency to radiation, pattern shape, and heat resistance tends tc
decrease. Aci d-cl eavabl e croup-containincr resin As the acid-cl eavable
group-containing resin for the,positive-tone radiation-sensitive resin
conposition (i), a resin, i nsStlubl e or scarcely soluble in alkali by itself
and becones al lkadh- sol ubl en the acid-cl eavabl e group di ssoci at es,

obtai nable fr esit 135’%’ i pg one ar. mpRe oxygen containing functiona
groups such a enol i d oxgﬁ grodﬁﬂ-gﬁgoholic hydr oxyl group, or

car boxyl group oy substit g the hydrogen atons in the oxygen cont ai ning
functional groups with gne or nore acid-cl eavabl e groups through

di sassoci ation in the pwésence of an acid can be given. If 500 or nore of
the initial fil#thicknes a resist coating renmains after devel opnent

when a resi st r$ﬁ0n1th€.qsgg-cleavable gr oup- cont ai ni ng
resin is devel dame” al kal e vel opnent condi tions enpl oyed
for formng a re ' using a resist coating fornmed froma
positive-tone radiation-sensitive resin 63 conposition conprising the
aci d-cl eavabl e group-containing resin, such a characteristic of the

aci d-cl eavabl e group-containing resin is referred to as "insol uble or
scarcely soluble in alkali” in the present invention. As exanples of the
aci d-cl eavabl e group in the acid-cleavable group-containing resin, a
substituted nethyl group, 1-substituted ethyl group, 1-substituted n-propyl
group, 1-branched al kyl group, silyl group, gernyl group, al koxycarbonyl
group, acyl group, cyclic acid-cleavable group, and the |i ke can be given.
As exanples of a substituted nethyl group, a nethoxynethyl

7 AU
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group, methylthionmethyl group, ethoxynethyl group, ethylthionethyl group,
nmet hoxyet hoxynmet hyl group, benzyl oxynet hyl group, benzylthionethyl group,
phenacyl gr oup, 4-bronophenacyl group, 4-nethoxyphenacyl group,

4- et hyl t hi ophenacyl group, a-nethyl phenacyl group, cyclopropyl nethyl
group, benzyl group, diphenyl nmethyl group, triphenyl nethyl group,
adamant yl net hyl group, 4-bronobenzyl group, 4-nitrobenzyl group,

9- met hoxybenzyl group, 4-nethylthighenzyl group, 4-ethoxybenzyl group,

4- et hyl t hi obenzyl group, piperonyl//group, nethoxycarbonyl nethyl group,

s ar borpyls yl group,

. hea?ike gé&aggygiven. As exanples of a
1-substituted ethyl/group, a 1-nethoxyethyl group, 1-nethylthioethyl group,
64 1, 1- di met hox@kt hyl group, 1-ethoxyethyl group, 1-ethylthioethyl group,
1, 1-di et hoxyet hyl group, 1-phenoxyethyl group, 1-phenylthioethyl group,

| , | -di phenoxyet hyl group, 11g§nzyloxyethyl group, 1-benzylthioethyl group,
1- cycl opr opyl oxyet hyl group, cycl ohexyl oxyet hyl group, 1-phenyl et hyl
group, 1, 1-di phenyl t hoxycar bonyl et hyl group,

1- et hoxycar bon@ , poQfcar bc(rml—QGPyl group,

1-i - propoxycar bonyl gr oup) n- but oxycar bonyl et hyl group,

1-t - but oxycar bonyl et hyl\ group, 1-cycl ohexyl oxycarbonyl et hyl group and the

| i ke can be given. As ekxdnples of 1-substituted n-propyl group, a

1- met hoxy- n- propyl group, 1-ethoxy-n-propyl group, and the |like can be

gi ven. As exanples of 1-branched al kyl group, an i-propyl group, sec-butyl

group, t-butyl group, 1,1-dinethylpropyl group, 1-nethylbutyl group,

[y i -propyl di met hyl silyl group,
phenyl di et hyl si | yl group, qethyfdiphenylsilyl group, triphenylsilyl group,
"dno. zb T~CdozdoTo~ nozb‘é pSaTo- pros ozTol o a~~ ~0 saTdui exa s~

silyl groups, a tri I silyl gup, ethyldinmethylsilyl group,

met hyl di et hyl sil vyl triet

met hyl di -i - propyi si oy @

group, nethyldi-t-bu i1yl gra tri-t-butylsilyl group,

trimet hyl ger nyF4Gi —TCHRxauoTo~Co '(dfegB) T~C-uadoToAo

1, 1-di et hyl butyl group, and the |ike can be given. As exanples of the
| group, DY
‘ Qi% silyl grodpi-R4butyi di met hylsilyl
and the |ike can be 3(?“5 es of the gernyl groups, a
Q71
N3

uanzb aq ueo a~zT auk pua 'dnozb T~sau~ 'dnozb T~Cuo~TnsauanTo~-d 'dno. zb
T~Couz~o00zuosz 'dnozb T~ou-r~oozu 'dnozb T~Couau~ 'dnozb T~o0.zn~ 'dnozb
T~ou~auuzo 'dnozb T~Codoz~a 'dno.zb T~odoz~eozp~u 'dnozb T~onTo~ 'dnozb
TAou~ud~u ' dnozb TAoTeu~udaza~ ' dnozb T~oT~u~udosz 'dnozb T~oTeu~ud 'dnozb
‘ ozb TJCouoopsauz 'dnozb T~Cozau~n~ 'dnozb

o'd bhoghoZf zo~u~am ' dnozb
5 onocgge¥%ééo~qaggad%§§zb T~oeTaza ' dno. zb
T~0. zagns 'dnozb T~Co.zadzd 'dnozb TAodzps 'dnozb T~za~nTb 'dnozb T~Cuzonos
"dnozb T~uoTeu~ 'dnozb T~T~xo0 ' gge ~Cozsa~s 'dnozb Tfo~zu~T2d ' dnozb
khkaTanosT "dnozb TAoTsntd 'dnozb
T~CzaTan ' dnozh, " gpedb T~oua~dau ' dnozb T~zA~nqg ' dnozb TAuo-rdozd
"dnozb T~l ~aoa 3 ) gYauk ~o0 saTduzsygisz7wanzb aq use a~zT auk
dnozb T~Cuoqzao~xodozd- z
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"dno. zb Tr Cuogqzso~CxoT. ~~a ' dnoxb T~uoqzeor ~xou~au~ s 'sdnozb
TAuog. zso~l xoxTs auk ~o saTdu~sxa s~ uanzb aq use a~zT a~:~ pus 'dnozb
TWIzabTl uaudzz~ ' dnozb ZWi: zabTr ~uaudzpT~u~am ' dnozb
Tl ar zabTr CU~auypT~Cuaud ' dno. zb Z~Cu~zabT~C~nqg-~-z.z~ 'dnozb
Zf nzabTl ~ng- ~- zpTl u~aw ' dnozb Tfu~zabThu~au~TpTf ~ng-~ 'dnozb
T~tuzabT~l do. zd-T-T. z~ 'dnozb T~Cu~zabT~dozd-z-zpT~CU~au~ ' dnozb

~dnp. xb TAu~zabT~CU~aTZ~ ' dnozb
T~Cu~zabT~CU~ b Txu~zahT~ ~i pT~Clra _ 4-t-butyl
cycl ohexyl ﬁﬁ%ﬂﬁeﬁagﬁgﬁ$ cloﬁt;éﬁgs)group, nor bor nyl
group, i cl odecanyl group, adamantyl group,
t et rahydr opyran group, tetrahydrefuranyl group, tetrahydrothiopyranyl
group, tetrahyg i ” §r oup, (B-bronotetrahydropyranyl group, 4-nethoxy
t et r ahydr opyr - yG-eO-an@rl-bg)Pi opyr &iy 28 oup,
3-tetrahydr ot ene- 1, o0xi de group, nethyl adamantyl group, ethyl
adamantyl group, nethyl tricyclodecanyl group, ethyl tricyclodecanyl group,
met hyl cycl opentyl group, ethyl cyclopentyl group, nethyl cycl ohexyl group,
et hyl cycl ohexyl group, and -C (Rl) 3 group (wherein the Rl independently
represents a |linear or branched al kyl group having 1-4 carbon atons or a
substituted or unsubstiur

AT nonaya e\ al i cycli ¢ hydrocarbon group havi ng
4-20 carbon atons, prov @ 2 @ he gr S is a
N4 rmr!oval g:(;g?ﬁ@t)%ydr oggr@bgg}gr oup having

substituted or unsubstit
4-20 carbon atoms, or any two of the groups Rl form in conbination and

together with the carbon atqns to the two R1 groups bond, a
substituted oraun i t/dt ed\di v iC ' dr ocar,bon oup havi ng
4-20 carbon at%wﬁ h ‘:} i ni bmgfg i near erggénched al kyl
group having 1-4 carbon @ 5 Or a tituted or unsubstituted nonoval ent
al i cyclic hydrocarbon group having 4-20 carbon atons) can be given. O

t hese aci d-cl eavabl e groups, the benzyl group, t-butoxycarbonyl nethyl
group, 1-methoxyethyl group, 1-ethoxyethyl group, 1-cyclohexyl oxyet hyl
group, 67 1- et hoxy- n-propyl group, t-but yéf_-ﬁ@“g 1, 1-di net hyl propyl
group, trinethylsilyl group, t-butoxycarbonyl” grodp, 4-t-butyl cycl ohexyl
group, isobornyl group, tricy canyl up, tetrahydropyranyl group,

t et rahydrof uranyl group, tetr yl group, tetrahydro@hréihranyl
group, nethyl adamantyl group, hyl ad tyl group, nethyl

tricycl odecanyl group, @Hmb ri cycl odecanyl group, nethyl cyclopentyl
group, ethyl cyclopentyl group, nethyl cycl ohexyl group, ethyl cyclohexyl
group, -C (R1) 3 group, and the=hi ke are-fixeferable. As specific exanples
of the -C(R1) oar ) () O(GH ii-33

1- (5- hydr oxy- -I%{)) bgﬂgf?ﬁl- et hyl up,bmqyd:om 3)s ( )

1- (3-tetracycl odecanyl)- 1- met hyl et hyl group,

1- (8- hydroxy-3-tetracycl odecanyl ) -1-net hyl et hyl group,

1- (1-adamantyl)-1-net hyl et hyl group,

1- (3- hydr oxy- 1- adamant yl ) - 1- met hyl et hyl group, 2-nethyl-2-norbornyl group,

2-nethy|-5-hydroxy-2-ndﬁborny . 3yt hyl - 3ftetracycl odecanyl group,
3- et hyl - 8- hydEIYCE-0obr-T @} A o)~ 2GR OBC(GHaamaN(i-oup,
2- met hyl - 7- hydr oXy- 2- adamant yh\~g¥oup, axd

he |i ke can be given. The anpunt
of the acid-cleavable group introduced into the acid-cl eavabl e

group-containing resin (the \t of t unber of acid-cl eavabl e groups
= I 0OG(&ta)gr oups and (ii-35)
1- cl eav gr oup- cont ai ni ng resin)

in the total nunber (@CH;ROQENR
aci d-cl eavabl e groups in the a&

i spreferably 10-1000, 68 and still nore preferably 15-100 0, although the
anount varies dependi ng on types of acid-cleavable group and the

al kali-soluble resin into which the acid-cleavable group is introduced. The
pol ystyrene-reduced wei ght average nol ecul ar wei ght (hereinafter referred
to as "MvV') of the acid-cleavabl e group-containing resin (A) determ ned by
gel pernmeation chromatography is preferably 1,000-500, 000, nore preferably
| , 000- 300, 000, and particularly preferably 3,000-300,000. The ratio of Mw
to the pol ystyrene-reduced nunber average nol ecul ar wei ght (hereinafter
referred to as "Mh") determ ned by gel perneati on chromat ography (Mw Vn) of
t he aci d-cl eavabl e group-cont ai ni ng reshg is usually 1-10, and preferably
1-5.




These aci d-cl eavabl e group-containing resins nmay be used either
individually or in conbination of two or nore. As a suitable acid-cleavable
group-containing resin for the positive-tone radiation-sensitive resin
conposition (i) using a KrF exciner |aser, a resin insoluble or scarcely
soluble in alkali conprising one or nore recurring units of the foll ow ng
formula (10) and one or nore recurring units containing an acid-cl eavabl e
group is preferable (this resin-ds hereinafter referred to as "resin
(BL1)"). The resin (Bl) is alsiqas)table for use in a positive-tone

radi ation-sensitive resin congg A1 on (i) using an ArF exciner |aser, FZ
exci nmer | aser, ele ' beam;,t he |ike. 69 ~Cl - H- CHp~- (10)

~Rt | ~F(OH) e wherei o :-@. a hydroggn. ¢ or a nonoval ent organic
group, and a and f om 1-3, sgﬁg‘$ ing the fornula (e+f) ~5.
As exanples of the/[8Qurring units of the formula ( 10 ) , units obtainable
by cl eavage of a pg Py i zabl e unsaturated bond of a conpoundsuch as

4- hydr oxyst yr ene, i.h«droxystyrene, 2- hydr oxyst yr ene,

4- hydr oxy- a- net hyl st yrene, 3-net hyl - 4- hydr oxystyrene,

2- met hyl - 4- hydr oxyst yr ene, hydr oxyst yr ene,

4- met hyl - 3- hydr oxyst ydr oxystyrene, 3, 4-di hydroxystyrene,
and 2,4, 6-trihydroxy en. O these recurring units, units
obt ai nabl e by orEg abl e ufBatdThat ed bond of

4- hydr oxystyre gh- , 2-hydroxystyrene, or 4-hydroxy-a

nmet hyl st yrene Sl-lareferable. As the recurring units having the
above-nmenti oned—aci d- cl eavabl e group, recurring units having one or nore
types of acid functional group such as a phenolic hydroxyl group and

car boxyl group can be given, with the recurring units shown by the formula
(10) or recurring units obtained by cl eavage of the polynerizable

unsat ur at ed bong-of acrylic acid 70 wherein the hydrogen atom of
a phenolic hyd car bo§<lyll-3j3r oup is replaced by the
above- nent i oned\agid

pref erabl e groups are

a7abl e groups being preferable. Particularly
ecurring units obtained by the cl eavage of a

pol ymeri zabl e unsaturéted bond of a 4-t-butoxystyrene,
4-t - but oxycar bonyl oxystyrene, 4-t-butoxycarbonyl net hyl oxystyrene,
4-t et r ahydr of urémy ryTRRNe, 4-tetrahydropyranyl oxystyrene,

§ ‘ G opent91 hoxyst yr ene,
, t-butyl (nmeth)acryl at e,

DT é et hyl adamant yl (et h) acryl at e,

met hyl cycl opentyl (net i) acryl {e, et hyl cycl opentyl (neth)acryl ate,
nmet hyl cycl ohexyl (net h) acryl ate, ethyl cycl ohexyl (neth)acrylate, and the
| i ke. The resin (Bl) can conprise one or nore recurring units other than
t he above-nentioned recurring units (hereinafter referred to as "ot her

recurring units 8b|)"). . , _ ,
f thése monovalent onium cations, the sulfonium cations

shown by the formulas (i-1), (i-2), (i-6), (i~-8), (i-13),
(i-19), (i-25), (i-27), (i-29), (i-51), and (i-54), and the
iodonium cations shown by the formulas (ii-1) and (ii-11) are
preferable.

As the preferable onium sulfonate compound (1), compounds

of the following formulas (1-A) or (1-B) can be given.
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As exanples of the other recurring units (bl), units obtained by the

cl eavage of an pol yneri zabl e unsaturated bond of the foll ow ng conpounds
can be given: vinyl aromatic conmpounds such as styrenes such as styrene,
a- met hyl styrene, 2-nethyl styrene, 3-nethylstyrene, 4-nethyl styrene,

2- met hoxystyrene, 3-nethoxystyrene, 4-nethoxystyrene, and

4- (2-t-butoxycarbonyl et hyl oxy)styrene; 71 (meth)acrylates (neth)acryl ate,
(met h) acryl at ZR’} met h)acryl ate, (meth)acrylate, 2-hydroxypropyl

(met h)acryl at ket h) acryl , (11)-(13); such as nethyl (neth)acryl ate,
et hyl n-propyl A n-butyl i-butyl (meth)acrylate, n-pentyl
n- hexyl (neth) Ihexylzt hydr oxyet hyl (neth)acryl ate,
(meth)acryl ate, | phen I (neth)acrylate phenet hyl and the

nmononers of the 3
H2C=HGC- - - - C- O C- -~({F mz %%%gﬂﬂO%@hBWomo
O GC-~-CH2~-C 0O O CH=CH2 (12

H2C=HC- C- O - ~CH2~- - "\ ~~- - ~CH2~0- C— CHZ (13) a wherein g is an integer of
carboxylic acids such as (meth)acrylic acid, crotonic

t fumari c-acid, and cinnam c acid; carboxyal kyl esters of
unsat ur at ed car hRx Vop such as 2-carboxyethyl (nmeth)acryl ate,

2- car boxypropyl ) yl at e, zhnd 3-car boxypropyl (neth)acrylate;
unsaturated nit such as|(neth)acry|on|trlle

a-chloroacryl o e-C#aS{Dgl trifpgd, and (f4gyronitrile;

unsat urated am de~ge I Euch as [neth)acryl am de,

N, N- di et hyl (net h) acryl am de, crotoqz%I mal ei nam de, and fumar am de;
unsaturated i m de conpounds such as nalelnlde N- phenyl mal ei m de, and
N-cycl ohexyl mal ei m de; and ot her nitrogen-containing vinyl conpounds such
as N-vinyl-s-caprolactam N-vinylpyrrolidone, 2-vinylpyridine,

3-vinyl pyridine, 4-vinylpyridine, 2-vinylimdazole, and 4-vinylimdazole.

Of ‘these other tegyrLring: unid%2(ble).{ 4L ORLAINARLE.DYT), 1, ',

k, and n are as defined in formulas (I-A) and (I-B), and M’

is as defined in formula (1).

As a nonionic compound for the acid generator (I), an
N-sulfonyloximide compound of the following formula (2)
(hereinafter referred to as "N-sulfonyloximide compound (2)")

can be given.

Q
21 R®
|
R—C—S0,—0—N G (2)
12
o R’

wherein R, 2!, and Z? are as defined for formula (I), R®



cl eavage of a polynerizabl e unsaturated bond in the conpound such as

a- net hyl styrene, 4-(2-t-butoxycarbonyl et hyl oxy)styrene, a nononer of the
formula ( 11 ) , or a nononer of the formula ( 12 ) are preferable . As

ot her aci d-cl eavabl e group-containing resins for the positive-tone

radi ati on-sensitive resin conposition (i) using a KrF exciner |aser, a
resin wherein the hydrogen atom of a phenolic hydroxyl group of a cresol
novol ac resin Ef .repl aced gé t he aci d-cl eavabl e group can be suj tablgl used.
As exanpl e@16f Rpraferantalaedi BeRTFe39RbI% NYFEAFENT B O ks rudpFt 1 it e

et hoxyet hyl grou t-butyl group, t-butoxycarbonyl graup, 7

t - but oxycaroﬁg%}?‘f%%?%Wub‘%/%ﬂgpogﬁ&ef"r‘feoW?( - (A é’g?@gh.anﬁsRamgé’i £ e

aci d-cl eavab r - GO i Dj i o] t he. posi.tive-tone

radi ati on- %e%g?%it\?oé%rt&s%@trl%g}r}pr%s% t%%g%oh %t%rg? r?é) gﬁlggfletxhceﬁrrﬁégel%%%?? a
resin insolyb T cely |l e.i j risi e
recurring Sni %’g gf é':qhq@hf%g’l (?v%\]ncangbf grsrrgl %R‘FS%, §8§§H/%ér)&g%§n§?8%bp% 2
recurring ynits of f ql inNg formula (15) is preferable (this resinis
her ei naf t er rg ee_r rt_ey}?oangg %\r/]\'deofél%n_ (B2) ") . The resin (B2) is also suitable
for use in a posidLyerlons: LAl Aol Sensid hueuleshy160HReSE! dafbdbig using
a KrF exciner laser, ArF eximer [aser, FZ exciner laser, electron beams, or
the like. (&) whaRiuhdB brdiuedeahhywiapr esentilashygdrgges, at ooy prc a0

aci d-cl eavabl e group, at |east one of B being the acid-cl eavabl e group,

Di ndi vi dualdey gieresent a hydrogen atomor a linear or branched nonoval ent
al kyl group having 1-4 carbon atons, and x is an integer of 0 to 2. 74

R~z 1l -~-CCH2-~- ( 15) | O=Cl ORO-CR o0 R o werein RL2 represents a
hydrogen atom nethyl group, hydroxyal kyl group or perfluoroal kyl group and
R1 i ndi vi dual | R’;kepr esents a linear or branched al kyl group having 1-4
carbon atons cgr ubstityt€ed or unsubstituted nopmpval ent alicyclic

i n conbination
hydr ocar bon gr
being a substit'

R4l |or uns@ésti tuted diva icyclic
PO car?od atons, with Yhe refaining RL group
t¥teC
' pét]guted or] unsubstitute
hydr ocar bon group having 4-20 carbo‘atons. As pre
of the fornmula ( 14 ) , units having a norbornene
cl eavage of a polynerizable unsaturated bond of t
exanpl e, 5-t-3g, xycar bonyl bi cycl o[ 2. 2. 1] kept - 2- ene,
5-(4-t-butylc g,hexyl oxy) car bonyl bi cycl o[ 2. 2. 1] kept - 2- ene,

i carbon ,atons, or any\t{ wo of o0 groups form
DS

+186p—@—tMNanchedYAl kyl ~gr ¢@pAhavi ng

nongdal ent alicyclic

abl e Récurri ng units

kel et on "obt ai nabl e by
foll ow ng nononers, for

5- (1- et hoxyet hox bcycl o 2. 2. 1] kept - 2-en 6
5- (1- cycl ohexyl foxyetl Qi bpnyl bi cz/"cl o[2.2.1] heMRE
|
Y'-Cc—s0,—0—N Y2 (2-B)
n 2
Z =Y
O

wherein 2! and 7% are as defined in formula (I), Y!, R',
k, and n are as defined in formulas (I-A) and (I-B), and Rﬂ
R’, and Y? are as defined in formula (2).

As preferable imide groups for bonding with the
sulfonyloxy group (S0,-0-) of formulas (2), (2-A), or (2-B),

the groups of the following formulas (2-1) to (2-9) can be
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5-t - but oxycar bonyl met hoxycar bonyl bi cycl o[ 2. 2. 1] kept - 2- ene,

5-t et rahydr of ur anyl oxycar bonyl bi cycl o[ 2. 2. 1] kept - 2- ene,

5-t et rahydr opyranyl oxycar bonyl bi cycl o[ 2. 2. 1] kept - 2- ene,
8-t-butoxycarbonyltet racyclo[ 4. 4. 0. 127 S. 1'' 1] dodec-3-ene,
8- (4-t-butyl cycl ohexyl oxy)carbonyltetracyclo[ 4. 4. 0. |1Z S. 1'" 1]
dodec- 3-ene, 8- (1-ethoxyethoxy) carbonyltetracyclo [4.4.0. 12'5. 1''10]
dodec- 3- eng; Bn(.1- cycl ohexyl oxyet hoxy) carbonyl tetracyclo [ 4 . 4 . 0 . 12
S. 1'" 1] dodec-3-ene, 8-t-butoxycarbonyl met hoxycarbonyltetracyclo [ 4 .
4 . 0. 1lz2 S. 1'" 1] dodec-3-ene,

8-t etrahydrof uranyl oxycarbonyltetracyclo [ 4 . 4 . 0. 12" S . 1''" |0]
dodec- 3-ene, and @-tetrahydnopyranyl qyycarbonyl tetracyclo[4.4.0.12"S. 1'-10]
dodec- 3-ene can bé& gi ven. exanpl es\pf the preferable recurring units of

the formula ( 15 ~units ined b avage of a polynerizable
unsat ur at ed bordNof t|- butyN nef|h) aerN at
2- met hyl - 2- adaman nmet h) a ate, 2- adamantyl (net h)acryl ate,

2-met hyl cycl opent yi (net h) acilyl ate, 2- ¢t hyl cycl opentyl (neth) acryl at e,

2- et hyl cycl ohexyO(met h) acr@i ate, 2- éDhocycl ohexyl (nmeth)acryl ate, and the
units of the follow ng formulas (15-1)-(15-12) can be given. 76 R12

-G CH2-~C=C i O(p-BC C -615-1) R1Z9-yC-CH O=C H3C CH3 OH (15-4) R12
-~-CGCH2-~C=C i (% |WHBC- gﬂ%—g;ﬁ—l ( 15-2% 3)

o) Q Q
-1 I8 10
o} o) o)
(2-4) (2-5) (2-6)
Q Q Q
—N —N)ij@ —N
ol AP
(2-7) (2-8) (2-9)

Of these imide groups, the groups of the formulas (2-1),
(2-4), (2-8), or (2-9) are preferable.
The process of manufacturing the onium sulfonate compound

(1) will now be described in detail.
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R12 -~CGCH2-~0=C O H3CG-C-CH3 ( 15-5) R12 - f-CCH2-~-O=Ci Oi H3C CCH3 (
15-3) R12 -G CH2-~O=C Oi H3C- G CH3 ~CH (15-6) R12 --~C CH2-~0O=C 0 CH3
(15-7) R12 --~CCH2~O=Ci 0 CH3 HO R12

The onium sulfonate compound (1) can be manufactured using
known methods such as a method of D. D. Des Marteau (Inorganic
Chemistry, Vol. 32, 5007, 1993) or a method of J. V. Crivello
(Advances in Polymer Science 62, 49, 1984).

Specifically, as shown in the following reaction formula
(1), the onium sulfonate compound (1) is manufactured by
causing a precursor (la) to react with sodium dithionite in
the presence of an inorganic base to produce a sulfinate (1lb),
oxidizing the sulfinate (1b) using an oxidizing agent such as
hydrogen peroxide or the like to produce a sulfonate (1lc), and
then conducting an ion-exchange reaction using a

counter-ion-exchange precursor M'X".

Reaction Formula (1)

rd Z! Z
) N828204 | H202 |
R-C—X ~ R-C-SO,Na R—C—SO;Na

2 vid 22

[1a] [1b] [ic)
Z1

M X, R-C-s0; M' (1)

'Zz

wherein X is a releasable monovalent group and X 1is a
monovalent anion.

As examples of the releasable monovalent group for X of
the precursor (la), in addition to halogen atoms such as a

chlorine, bromine, and iodine, a methanesulfonate group,
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-~-CGCH2-~O=Ci OCH3 HO (15-10) (15-8) R12 -~-CGCH2O0=C i O CH3 (15-11)
(15-12) The resin (B2) can conprise one or nore recurring units other than
t he above-nentioned recurring units (hereinafter referred to as "ot her
recurring units (b2)"). As other recurring units (b2), units obtained by

t he cl eavage of a polynerizabl e unsaturated bond of nononers having a
nor bor nene skel eton such as R12 -~-CCH2-~0O=C 0 CH (15-9) R12 --~C CH2~C=C
O HO CH3 78 gorborn Eeébtcyclo 2.2.1 keﬁt- rﬁne, , ,

5- met hyl bi RyEP t‘%r.‘%.s&‘]? BPELS- 8haYP 5. tfyt ‘chﬁ B[ 922,95 hghYeD: eHith

5- hydr oxybj cycl o[ 2, 2..1] k fluorobicycl o[ 2. 2. 1] kept - 2- ene,
tetracyclob xﬁlgg and log? %ﬁomﬁ'gein? %5%% ¥§bg%e 8- nethyltetracyclo [

44,0128l Ll g8g98f3ﬁﬁ§e%r§c§££'%@t‘?iéf"cwf%r? écigmg 012

S. 1 1 ] dodec -ene roxytetr to ]

dodec- 3--68§th§oﬁl£E0f958t&é yE! a£1é of4so%9%?|%gth§5n e td he.

dodec- 3-ene’ unsaturated car oxy ic acid es suc as mal e
anhydri de gpdcibaseni¢a@anbydikd8ily 0.01-100 and preferably 1.0-10.

As examples of the inorganic base used in the reaction,
lithium carbonate, sodium carbonate, potassium carbonate,
lithium hydrogencarbonate, sodium hydrogencarbonate,
potassium hydrogencarbonate, and the like can be given, with
sodium hydrogencarbonate and potassium hydrogencarbonate
being preferable.

The molar ratio of the inorganic base to the sodium
dithionite is usually 1.0-10.0 and preferably 2.0-4.0.

This reaction is preferably carried out in a mixed solvent
of an organic solvent and water. As the organic solvent,
solvents having a high mutual solubility with water such as
lower alcohols, tetrahydrofuran, N,N-dimethylformamide,
N,N-dimethylacetoamide, acetonitrile, dimethylsulfoxide, and
the like can be given as preferable examples, with
N,N-dimethylacetoamide, acetonitrile, and dimethylsulfoxide
being more preferable, and acetonitrile being particularly
preferable.

The amount of the organic solvent used is usually 5-100
parts by weight, preferably 10-100 parts by weight, and
particularly preferably 20-90 parts by weight for 100 parts
by weight of the total amount of the organic solvent and water.

The reaction is carried out at a temperature of usually
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the (meth) acrylates previously given as exanples of the other recurring
units (bl) for the resin (Bl); 3-hydroxy-1-adamantyl (nmeth)acrylate, the
(meth)acrylate shown by the following formula (16): CHp-~- (16) 79 R13
wherein R13 represents a hydrogen atomor a nethyl group; and the |ike can
be given. When the resin (B2) has the recurring units of the above formula
(14), the recurring units originating fromnmal efic anhydride are preferable

as the 0theﬁo¥§@§%iiQﬂd%méfgéﬁ%%g6@§1?o%?EE?Ql £ P0CSEMANE s and

group-containing resin for t Itive-tone radi ati‘on-SenSitive fesin

COMPOSI LI 0Ny kb Yo bah 0§ 802 F24 SXEL MBI1d A% - RAKSLLAKANA IS Al q OF
scarcely soluble 1n alkali, conprising one or nore structural units of the

fol lowing foyamba i) taBAAOL 1 0N )i HPDBE Sid beluhalk y&%&énef 1 haddeql | owing

formula (18) can be given (this resin is hereinafter referred to as "resin

(B3) ") . ThepreséiréBldspsefenabl yscont ainschasdrustysay, unit of the
formula (17). The resin (B3) is also suitable for use in a positive-tone

radi ation-sensi tA¥ethr€sbRi&0APOSLEL@Nif | haiSbROd@: KEdT LXLEFBEN| 85eEhe AT F

exci mer | aser, electron beans, or the like. E-~-Si-O00(17) E -(-Si O ~--

(i 8) whereisuEfindtei dual | yinepd@sends tonppavedent porgandes,

group-cont ai ni ng an aci d-cl eavabl e group, and R14 represents 80
methachloroperbenzoic acid, t-butyl hydroperoxide, potassium
peroxysulfate, potassium permanganate, sodium perborate,
sodium metaiodate, chromic acid, sodium dichromate, halogen,
iodobenzene dichloride, iodobenzene diacetate, osmium oxide
(VII), ruthenium oxide (VII), sodium hypochlorite, sodium
chlorite, oxygen gas, ozone gas, and the like can be given,
with hydrogen peroxide, methachloroperbenzoic acid, and
t-butyl hydroperoxide being preferable.

The molar ratio of the oxidizer to the sulfinate (1b) is
usually 1.0-10.0 and preferably 1.5-4.0.

Furthermore, a transition metal catalyst may be used
together with the above-mentioned oxidizer.

As examples of the transition metal catalyst, disodium
tungstate, iron (III) chloride, ruthenium (III) chloride, and
selenium (IV) oxide can be given, with disodium tungstate being
preferable.

The molar ratio of the transition metal catalyst to the
sulfinate (lb) is usually 0.001-2.0, preferably 0.01-1.0, and
particularly preferably 0.03-0.5.

Furthermore, in addition to the above-mentioned oxidizer

and transition metal catalyst, a buffer agent may be used for
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a substituted or unsubstituted linear, branched, or cyclic nonoval ent

hydr ocar bon group having 1-2(7 r.arbon atons. As preferable exanples of the
group Ein the formulas ( 17 ) and (18), alicyclic hydrocarbon groups (such
as a cycl oal kyl group, norbornyl group, tricyclodecanyl group,

tetracycl odecanyl group, and adamantyl group) having an aci d-cl eavabl e
group, hal ogenated aromati c hydrocarbon groups having an aci d-cl eavabl e

Phe. St ruct ar e U T e Pordi 2T (ot Rl (B8 ) “structural

o o- o cocr) - AT G oW GRS 0 TR e 10 e i F

~i HZG T -G QAR ph &R {ddaRm Yihyassgdiphospidt e HER Dssium
hydrogenphosphate, potassium dihydrogenphosphate, and the
like can be given. The molar ratio of the buffer agent to the
sulfinate (1b) is usually 0.01-2.0, preferably 0.03-1.0, and
particularly preferably 0.05-0.5.

This reaction is usually carried out in a reaction solvent.
As the reaction solvent, water, organic solvents such as lower
alcohols, tetrahydrofuran, N,N-dimethylformamide,
N,N-dimethylacetoamide, acetonitrile, dimethylsulfoxide,
acetic acid, trifluoroacetic acid, and the like can be given
as preferable examples, with methanol, N,N-dimethylacetoamide,
acetonitrile, and dimethylsulfoxide being more preferable,
and methanol being particularly preferable.

The amount of the reaction solvent used is usually 5-100
parts by weight, preferably 10-100 parts by weight, and
particularly preferably 20-50 parts by weight for 100 parts
by weight of the sulfinate (1lb). If necessary, the
above-mentioned organic solvent may be used with water. In
this case, the amount of the organic solvent used is usually
5-100 parts by weight, preferably 10-100 parts by weight, and
particularly preferably 20-90 parts by weight.

The reaction is carried out at a temperature of usually
0-100°C, preferably 5-60°C, and particularly preferably 5-40°C
for usually 0.5-72 hours, and preferably 2-24 hours.

A known method may be used for the ion exchange reaction
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(~7-4) The resin (B3) can conprise one or nore structural units other than
t he above-nentioned structural units (hereinafter referred to as "ot her
structural units (b3)"). As preferable other structural units (b3),
structural units produced by hydrol ysis and condensati on of

al kyl al koxysi | anes such as nethyltri net hoxysil ane, nmethyltriethoxysilane,
et hyl tri net hoxysil ane, ethyltriethoxysilane, and the |iked and the

o quctural Lt siale byl e dPdngls (AR LRl dhsan e

90 B, S TIO N (et modui by (e o

with an acid-cl eayabhedq9s Q4R a L1 oBYe kBB hGET QPG d ¥y X pBP may be used
during the above-mentioned ion exchange reaction.

As examples of the monovalent anion for X in the reaction
formula (1), ¥, C1°, Br’, I, perchlorate, hydrogen sulfurate,
dihydrogen phosphorate, tetrafluorinated borate, aliphatic
sulfonate, aromatic sulfonate, trifluoromethane sulfconate,
fluorosulfonate, hexafluorinated phosphorate,
hexachlorinated antimonate, and the like can be given, with
Cl", Br, hydrogen sulfurate, tetrafluorinated borate, and
aliphatic sulfonate being preferable, and Cl°, Br , and
hydrogen sulfurate being particularly preferable. The molar
ratio of the counter-ion exchange precursor to the sulfonate
(lc) is usually 0.1-10.0, preferably 0.3-4.0, and particularly
preferably 0.7-2.0.

This reaction is usually carried out in a reaction solvent.
As the reaction solvent, water, organic solvents such as lower
alcohols, tetrahydrofuran, N,N-dimethylformamide,
N,N-dimethylacetoamide, acetonitrile, dimethylsulfoxide, and
the like can be given as preferable examples, with water,
methanol, N,N-dimethylacetoamide, acetonitrile, and
dimethylsulfoxide being more preferable, and water being
particularly preferable.

The amount of the reaction solvent used is usually 5-100

parts by weight, preferably 10-100 parts by weight, and

particularly preferably 20-50 parts by weight for 100 parts
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83 aci d-cl eavabl e group and/ or nonoval ent organic group having an

aci d-cl eavabl e group into a previously prepared organi c polysiloxane. In
the (co) polycondensation of the silane conmpound having a nonoval ent
organi ¢ conpound with an acid-cl eavable group, it is preferable to use an
acidic catalyst as the catalyst, and particularly preferable to react the
sil ane conpound by pol ycondensation in the presence of an acidic catalyst,
and to contdpueikiRe [ i (N c

exanpl es of }{]he gci dc?%%ggt%rgfé,%% gg%?]%hggi%se%%ﬁégé %ﬁ%gﬁfgﬁﬁ’ aci d,
sul furic aGighe Middy BeaGsdd POMH GrAerdanRBOSHNGERE. aci flhilst BRLWM the
tetrachl oride, zinc chloride and alumniumchloride; organic acids such as
form c aci hmaget icf atiedorfaRi @P5ONENACESkd big ylrsiuglqgi d-1val g€ sagid,
oxalic acid, malonic acid, succinic acid, malefic acid, fumaric acid,

adi pi ¢ aci dve jgtithalp e foihl yt arelth@are saglydweagiti Canhysdrt deu1gRhof i C
anhydride, citric acid, benzene sulfonic acid, p-toluenesulfonic acid, and
met hane sulgonferaselyd 2D beagiteemy @eitghesEoacildicpaatal gt seibydr oghl oric
acid, sulfuric acid, acetic acid, oxalic acid, nmalonic acid, nalefic acid,
fumari c acitthe avetal amhydr i, tleedo ngdrefd csantsyrdr iaded avaecqrarticul arly
preferable. As exanples of the above base catal ysts, inorganic bases such
as |ithium hydr ciieleeasddiammilsydrsorildg, cpor asdium ydeokedpe reslucieumt

hydr oxi de, bari um hydroxi de, sodi um hydrogencar bonate, potassium

hydr ogencarboiiiCe, 28d dirgfecaldonat 80 °GAdr prtuasdivuh® crimhdrest 80 ohganse bases
such as 84 triethylamne, tri-n-propylamne, tri-n-butylam ne, and

pyri di ne canderipirably kKM inbultimds €9 ediltPue al kal i - sol ubl e resin used
in the positive-tone radiation-sensitive resin conposition (ii) is a resin
havi ng one or nofRe PR sRAFCHRBAPECTG HIDI (th) ngb e inadtin wintls BAnAPKal i ne
devel opi ng sol ution, for exanple, an oxygen-contai ni ngfunctional group such
as a phenol 330 RIFRR PYFatipeIaP¥ otbE FRERLRM AN D AGURI I8P 1EaFBOXFR Egr oup.
As exanpl es of such an al kalj-soluble resin,_an addition polynerization

resin having oneA%rt%r%rQ?é&ﬁ r??ﬁgv?}ht? t‘_és?ﬂ e HWi 4 iovi gt or M%7 $499) to

(21), ., and, 2 poLycondisat! on. Lol . 0RvL0ge 0T O S CRUT T ERUOLLS O

- ~HG CH-- q:r%l%:ge %:s%qu Os_l!lc%_i égReit_sriyl acetate and n-butyl acetate,
ethers such as diethyl ether, and halogenated alkyls such as
methylene chloride and chloroform.

The onium sulfonate compound (1) shown by the formula

(1-A) is obtained by the reaction of a norbornene derivative
(2b), which is obtained by the Diels-Alder reaction of an
ethylene derivative (2a) and a cyclopentadiene compound in
accordance with the following reaction formula (2), or a
norbornene derivative (3b), which is obtained by the
Diels-Alder reaction of a cyclopentadiene compound and the
norbornene derivative (2b) obtained in the reaction formula
(3), in accordance with the reaction formula (1). The onium
sulfonate compound (1) having three or more norbornene or

norbornane rings can be produced by synthesizing a polycyclic
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(19) (20) (21) wherein R15 and R1' individually represent a hydrogen atom
or a nethyl group, R16 represents a hydroxyl group, a carboxyl 85 group,
- R18CO0OH, - OR18COCH, - OCOR18COOH, or -COOR18COOH ( R1$ individually

represents a group -(CHZ)h-, wherein h is an integer of 1-4). OH R19 R19 C
(22) R19 R19 R1 s wherein R19 individually represent a hydrogen atomor a
| i near or branched al kyl group having 1-4 carbon atons. In the case where
the al kali-soluble resjn.is. an a dition$ . ymeri zatiaon r%gi n, such a resin

: FRs P

0
may be for FStF SMREHT SIRENE PSPy heP ?%y%fco[ Forit grefyrent),
or may furt ont ai,n. one_ or. nor er currin its (hereinafter
referred toglggswrgo%gdrkper e%euar%ln%n uﬁ?ﬁul‘h(acl {f))’ itnhaes cqr;tlaoswjtr}% ¥Sinis
soluble in kal i.ne exanpl es of the other recurring units
(cl) , the ot h\gér @e%%?ﬁ%%ﬁ?fésd%ﬁ) for the resin (Bl) and the |ike can
be given. In the case where the alkali-soluble resin is a polycondensation
resin, such a resin may be fornmed only fromthe recurring units of the
fornul a (22§eactpfoﬂmyogrmﬁ1e{2)cont ain one or nore other recurring units
(hereinafter referred to as "other recurring units (c2) ") inasnmuch as the

resin is soluble 86 Z‘.
]
CH,=—CH—Y'-C—X + @
iz
[2a]
Diels-Alder reaction @\ z1
- |
Y1—C|I—X
Z2
[2b]

In the reaction formula (2), z! and 7z? are the same as
defined in formula (I), Y! is the same as defined in formula
(I-A) and (I-B), and X is the same as defined in reaction formula

(1).
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in an al kaline devel oper. Although the content of the recurring units of
the formulas (19) to (22) in the alkali-soluble resin cannot be generically
specified and varies according to the types of the other recurring units
(cl) or other recurring units (c2) , such a content is preferably 10-100
nol o, and nore preferably 20-100 nolo. The al kali soluble resin may be
used as the hydrogenate when the resin has a recurring unit which contains
a carbon-cagbop: vpsatyrated bond such as a recurring unit of the fornul as
(19) and (22), for exanple. In this instance, the hydrogenation degree is
usually 700 or |ess, aferably 500 or less, and still nore preferably 40%
or less of the total fnoynt of the carbon-carbon unsaturated bonds in the
recurring up of ,t hg fgrjnul as 219), (22), and the other simlar recurring
units. If tNA drdgen3 lgree-xs nore than 70 0, devel opability of the
al kal i -sol ub®="resin by an al kal tpe devel oper nmay decrease. As an
al kali-soluble resin in the posi# ve-tone radi ati on-sensitive resin
conposition (ii), a resin containing poly(4-hydroxystyrene),
4- hydr oxyst yr ene/ 4- hydr oxy- a-[@btlhyl st yr ene copol yner,
4- hydr oxyst yrene/ styrene copolyner, or the |ike as a major conponent is
particularly preferable. Although .}F eal kal i -sol ubl e resin varies

8 O

A 5

according to the.characteristics def oy {the pogitive-tone
radi ati on- sensi e MRAG jtik s preférable 87 range is 1,

000- 150, 000, with the range of 3, 0008~100¢ 000YbeiCgrXore preferable.
These al kali-soluble resins may be used either indig2dually or in

conbi nation of two or nore. Alkali solubility control agent As exanpl es of
the alkali solubility control agent in the %gs'tive-tone

radi ati on-sensitive resin conposition (ii), bhpounds in which a hydrogen
atomin the acidic functional group such as a phenolic hydroxyl group and a
carboxyl group is replaced by an aci d-cl eavabl e group or

t - but oxycar bonyl an_be given, As_gxa of the

thyl group,c | gs
aci d-cl eavabl e g 6ub¥etg%aggh%naé?ﬂmg#%a&abieZg < a8TRehtffofédsS s
connection with the, acid-cleavahl e group-containin esin, such as
substitutedg%%fﬂﬁg P UL Ui tut &3 E?ﬂy?mﬁ?dﬁ%fkff it é&“ﬁﬁbropyl
group, 1-branched 1 graup,., sil.yl group e | .grou al koxycar bonyl
group, acyl ?grgﬁﬁ,n%!c@/l % 38?‘35 &Feeaﬁﬂ/ea F@egafsog fﬁﬁ%q‘f}h@%&?%ﬁ?n ant "B i ven.
The al kal i $ ubility control agent nmay be either a | ow nol ecul ar wei ght
conpound or ‘a’ hi gh nol ecul ar wei ght conpound. As exanples of the | ow

| | i ght - t he, f i f | t
?‘2’7)6?”8? wf(ekgoo;ﬁgﬂg%ﬁog f@é@g@@pwg(%f )<§>n P11 PU NP oy as 23) to

in more detail. For the Diels-Alder reaction in reaction

formulas (2) and (3), a known method such as that described
in "Comprehensive Organic Synthesis, B.M. Trost & I. Fleming,
Pergamon Press, New York, 1991, Vol. V, pp 315" may be used.

When conducting the Diels-Alder reaction, themolar ratio
of the ethylene derivative (2a) to the cyclopentadiene compound
and the molar ratio of the cyclopentadiene compound to the
norbornene derivative (2b) are usually 0.01-100 and preferably
0.1-10.

This reaction may be conducted without the presence of

a solvent, or in a reaction solvent such as toluene, xylene,
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1) S(R00) p RR2 (OR2) r I ~1 (R21) q ~~~ (R21) S (R200) ~~~(R21) a (23)
(OR2) r 89 (24) (25 (RRO~~ p R22 (OR20) r C (R21 )q (R21 )s Q (26)
(R200) t (OR20) v CR22 (R21 )u (R21 )w (R20~~ p R22 (OR20) r C {R21 )q
(R21 )s (27) ~ 23 w (R20~~~ (R) R2-CR22 (R20~) t~--~ (R2~ ) a wherein Rz
i ndi vidual ly represent an aci d-cl eavabl e group or a t-butoxycarbonyl net hyl
group, Rzl individual

N,N,-dimethylformamide, tetrahydrofuran, 1,2-dichloroethane,
or the like.

The reaction is carried out at a temperature of usually
20-250°C, and preferably 80-180°C for usually 0.5-24 hours, and
preferably 4-12 hours. If the reaction temperature used is
higher than the boiling point of the reaction raw materials
or reaction solvent, a pressure vessel such as an autoclave
is used.

The onium sulfonate compound (1) shown by the formula
(1-B) can be produced by causing a norbornene derivative (for
example the norbornene derivatives (2b) or (3b) obtained in
the manner shown by the reaction formulas (2) or (3)) to come
in contact with hydrogen gas in a reaction solvent in the
presence of a hydrogenation catalyst.

As examples of the hydrogenation catalyst, transition
metal catalysts such as Raney nickel, palladium-carbon,
platinum (IV) oxide, rhodium-carbon, rhodium-alumina,
ruthenium-carbon, tris-(triphenylphosphine)chlororhodium
(I), and the like can be given.

The weight ratio of the transition metal catalyst to each
of the norbornene derivatives isusually 0.001-1 and preferably
0.01-0.2.

The pressure of the hydrogen gas during the hydrogenation
reaction is usually 1-120 atm, preferably 1-100 atm, and
particularly preferably 1-50 atm.

This reaction is usually carried out in a reaction solvent.

As examples of the reaction solvent, organic solvents such as
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represent a linear or branched al kyl group, phenyl group, or 90 1- naphtyl
group having 1-4 carbon atons, Rz2 individually represent a hydrogen atom
a linear or branched al kyl group having 1-4 carbon atons, or a phenyl
group, Qrepresents a s ingle bond, -0-, -S, -CO, -COO, -SO, -S02-, -C
( R3 ) ( RR9 ) (wherein Rz3 and R24 individually represent a hydrogen
atom a linear or branched al kyl group having 1-6 carbon atons, a |linear or
branched ac havi n -11 carbon at.ons, henyl_group, or a
e R il S e P R el

1-naphtyl group) ;, or"a's d or uns phenyl&ne group, p, q,

r, s, t, u, %HWE sent, an, i 0 I OVi at 57p?1
for formul at%%% . %@g’%ﬁ? ?Pﬁa@%éﬁ#%ggnﬁrgé?egﬁ)#%e (ng+]$e+t‘€aer§16$or
formul a (Za%ivegp? (ptr+t+v) ?1 for formula (26) , and 19? (p+r+t+v) ~1 for
formula (27); steroids (bile acids) such as cholic acid, deoxycholic acid,
and 11 thocholi ¢ Al die CIPOURAS eeNEALNLOJCANoRIEHAILC dd BAA o3r oBti ©
ring such as adanmantine carbonic acid or adamantine dicarbonic acid,

wher ei n t hen hivsls pgene atemvak itRe cankoxyh yorouwp | prLherssihonipo@chdg
conpound i s replaced by the above-nentioned aci d- ¢l eavabl e group or

t - but oxycarbonyl a®tdwl v o6 Selpe rabity t he-40 ke can be given. As a high

nol ecul ar wei ght al kal1 solubility control agent, the above-described

aci d-cl eavabl e grigaip-&id @Miing chegieg, ofieraexampe réadm e odsaduads y
preferable alkali solubility control agents for the positive-tone

radi ati on- SEOS2 0030 rpesd e rayipo A 0-1G0°Ci, | Andspereidalfbil epasfdgprbiych as
cholic acid, deoxycholic acid, and lithocholic acid, conmpounds contai ning
an alicycli20+10Q° ®ifoar osaalty rd rig-ZUthuas , adadent é feer galbdrile aoudsor
adamantine 91  dicarbonic acid, wherein the hydrogen atom of the carboxyl
group in thefcarbomactoin tcomeuaidiies usep deedigherhéhabovbenbntilangd

aci d-cl eavabl e group or t-butoxycarbonyl nethyl group, and the |ike can be
gi ven. Theseoahkalf tdel ubattigncomw melt eagentss oraye et Lgrd@Eivdrey or if
individually or in conmbination of two or nore. Negative-tone

radi ati on- sehg oS UL Ph o posireuen I usegatrveeddrieafRdianPreassEssiti ve
resin conposition of the present invention (hereinafter referred to as
"negat i ve- t 5S¢ hdP AR oRS s@hsREFeel 288 hS corPpdsi tion (iii)") conprises: (A
t he aci d generator él), %C% an_al kal|{ sol ubl e resin, ang (EB a conpound
that cross-|inksNehtal KBfi %%?G%?EuFb%gnm?ﬁh?%eogr%E%%% ORYLFY atPyde

h i naft f " li i t "). As th id
(her i naf ter_Lelsitonofa,oh, cosslioking poent (B)). s the acl
iti i), Ld t havi d chem cal bilit
comost (10 (111 saH9PBRLEAOEs mulam Dest sad om sol st ol iy ore
f th | i j - i bed. i, I in. As
of Lhe B SeeplabNenLL o vhld wibe desspibed ot kald ool @iasl 1

radiation-s§9§i£éggt{g§i@Ogﬁgpgskiipn (iii), the resins given for the

positive-tone radiation-sensitive resin conposition (ii) can be given. As
an al kal i -sol ubl ?pé@§fﬂcéfl§/hea§§ﬂ,6§vhvﬁﬁ Qe £ 921 o AGI A AL RSIrkduM& T esin

conposition (iili a resin containing poly(4-hydroxystyrene),
4- hydr oxyst y§ enej4shy df xYe a1 1B hyb SEYh 088t EQPOIYHBS . sulfonyl halide

4- hydr oxyst yrene/ styrene copol yner, or the |ike as a major conponent is

preferabl e. compound (4A) such as a sulfonyl chloride (4a) using a
halogenating agent such as chlorine gas. The sulfonyl halide
compound (4A) is reacted with an N-hydroxyimide compound in

a reaction solvent in the presence of a base catalyst to produce

the N-sulfonyloxyimide compound (2).
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Al t hough Mv of the al kali-soluble resin varies according to the
characteristics desired for the negative-tone radiation-sensitive resin
conposition (iii), a preferable range is 1, 000-150, 000, with the range of
3, 000-100, 000 being nore preferable. These al kali-soluble resins nay be
used either individually or in conmbination of two or nore. Crosslinking
agent (E) As an exanple of the crosslinking agent (E) for the negative-tone
radi ati on- senRthiore Hesiyl sCqmRosi tion (iii), a conpound having one or nore
functional groups (hereinafter referred to as"crosslinkabl efunctional
group”) which eﬁhibit crosslinki ng {eactivity with the alkali-soluble resin
can be given. &s exanpl es~pf the cfosslinkable functional group, a glycidyl
et her gr oupR |¥§qu“3 5182 groRp_,(':g%?idyl am no group, methoxynet hyl
group, ethoxy yl1¢' gr oup, benzyloxy Y group, acetoxynethyl group,
benzoi | oxy metdiyl group, fornyl gr&up, acetyl group, vinyl group,

i so- propenyl group, (dinmethylam no)nmethyl group, (diethylam no)nethyl
group, (dinedﬁbﬂolanino)nethyl gr oufptal( di et hyl ol ami no) net hyl 93 group,
nor phol i nomet hyl group, and the |like can be given. As exanples of the
crosslinking agent (E), a bisphenol A epoxy conpound, bisphenol F epoxy
conpound, bisphenol‘g epoxy conpound, novol ac resin epoxy conpound, resol
resin epoxy conpound\\ pol ygeydr oxystyrene) epoxy conpound, nethyl ol

gr oup- cont ai ni ng nel gm npound, met hyl ol group-contai ni ng

benzoguanam ne t hyl ol group-contai ning urea conpound, nethylo
group-containidﬁ p onpound, al koxyal kyl gQpup-contai ni ng nel am ne
conmpound, al koxyal kyl)gf oyp-cont ai ni_yg benzoguan ninefgbnpound, al koxyal kyl
group-contai ning ure conpaﬁnd, al kaxyal kyl groyp- tai ni ng phenol
conpound, car OMRACH-80),EIFHNNe re@l n, carpgxymet hyl
group-contai ni ng benzoguanam ne resily, cgrboxy th group-contai ni ng urea
resin, carboxymnethyl group-containiﬁ@ phenol respn, rpoxynethyl

gr oup- cont ai ni ng el am ne conpound, carboxyneth gr olp- cont ai ni ng
benzoquanam ne conpound, carboxynethyl group-containing urea conpound,

car boxynet hyl group-cont ai ni ng phenol conpound, and the |i ke can be given.
O these crosslinking agents (E), a nethylol group-containing

group- cont ai ni ng.r QyR: GALAI NG AT AUP LML ARG 19 OURCQRLAI ni ng

gr oup- cont ai ni ng phenol “conpound, net hoxynethyl nmel'am ne “conpound,

met hoxynmet | d, Y caluril.c -

ot hoxy et el e Coh e - A Aoy S Tyt Ao "a5raoeagtded 1n

preferabl enpd th BdsmaPRELLCURLL a@{@f&{é?t@secr‘ép”%‘ind§2peé?g7? 1993"

nmet hoxynet hyl group-contai ning nef am ne conpou d (for exanp
hexamet hoxyyret R¥ B8 A8dcr TBER R M| S 1 HE GO RLAIBL B} YeOh S&

i
conpound, net hoxymet hyl group-containing urea conpound, and the |ike.

Met hoxynet hyl  growte@d aiMidi®BEINRTIoN GAMROWRES it OB lon
avai | abl e under the trademarks CYMEL300, CYMEL301, CYMEL303, and CYMEL305
(manuf act ursed unidvl,t SWir Erangle] Gay b dsed Meirhahemethylt ighaup- cont ai ni ng
glycoluril conpounds are commercially avail abl e under the trademark CYMEL
1174 (rmanuf act urlechaldyl yM asae Oy axandsts &nounttalf haendhibeihakénganglent

met hoxynet hyl group-containing urea conpounds are commercially avail abl e
under the ticadé&mr &amdxR2O0 { meutadfinedebyliSanva WCeehiicath€aregctian) and
the like. Aresin provided with crosslinking agent characteristics by

repl aci ng a hydridgenragoniof isnuergyfbn ceamtizidnd wy ihunceiretdlongsolpenh. an

al kali-soluble resin with the above-nentioned crosslinkable functional
group can &Ssdhse r@atasy sSede@rds Wik et 0 SIGEIRICh § CdF@mit S( BAChTHReS anpunt

of the crosslinkable functionalcgroup introduced is usually 5-60 nol %

pr ef er abl y tEF-E50 i1t t@Rd S iN1d1Hs S Yfor@e B4 1 15- 40 nol o of the tota
oxygen containing functional groups in the alkalj-soluble resin, although
the specifite Y5ér Qi}?9ﬁ£?§ﬂ%%?m@ﬁﬁﬁﬁﬁh@rbhet9ﬁ5§t&ﬁqsulfOdee'ang
crosslinkag:ef n tionalkg;oup and the kal i.- sol ubl resint%ntotyhich t he
crossl i nkabi¥ f iGTRICSGTET €5 METFIeed S PR EmGiFnt "D Water,

crossl i nkabl efunct,i onal graoup .l.ess than_ 5 | o .decr.ease the rate of
resi dual C(r)na?tq:ihﬁéISOlan ,tl\lg-rcljg_érpe&@yﬁaceh:oamldrég ace@%ﬁ:rlle, %ncr|
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to i nduce neandering and swelling of the patterns. |If the anobunt exceeds 60
nol o, devel opability of exposed areas tends to decrease. Mt hoxynet hyl

gr oup- cont ai ni ng conpounds such as di et hoxymet hyl urea and

tetramet hoxynmet hyl glycoluril are preferable as the crosslinking agent (E)
for the negative-tone radiation-sensitive resin conposition (iii). The
crosslinking agent (E) may be used either individually or in conbination of

two or m)red 3;]( L)C_Lfd xgle&erat or{g(s)ﬁ[g}:re pRQ %ﬁtera%slee(r)igﬁaﬂr@ %ti on-sensitive

resin conposit posit osition

(ii), and 1 'éiﬁéroﬂﬁ Fff%ealtéﬁgl% sen5|t|ve resin corrp05|t|on (i) may

contai n aci'd generators "ot her an the acid generator ( | ) as required

(hereinafter ref'ﬁr{é%ﬁxoh?ita £ aid ea%cc'l%ngsg%aaer&sgd u@ﬁgﬂh{ gs% ot he

ot her acid generators, oni m de conpounds, oni um sal conpoun sul f one

conmpounds, u |
Mgso edélﬂj’fpp %Seféya%{s)f kL 1(ﬁj Eﬂ}c}s q%’/Fﬁ:(r)am nesul fonat e

di sul fonyl ‘met hane conpounds, oxi me sulfonate ‘conpo

conpounds, gt e dike Harde iy en- 5@%%%%91‘ wbhgRe %Peioécbgrts

generators are as foll'ows <Sul foni m de conpounds> As exanpl es

sul foni ni dex ¢ armiiidss £ caaunds Rt & hetdol | gwi ﬂgcégrsmekja €28) can be
gi ven: 96 Ol I 26 QA O25 R~/N—OS—R(28) co O'wherein Rz5 is a

monoval ent gB@ade g e @BdgRRbcis 1o <ditviak @bl ﬁ@aebgegh@mltfbpa@tteh:c
exanpl es of sul foni m de conpounds i ncl ude:

N-(trifluorbmehianesse f ahd eaxypstued bheidkeganic solvent used is usually
N-(trifluoronethyl sul fonyl oxy) phthalim de,

N-(trifl uororeElthyplasulsf bpywekyhdi phefemills dddép0 parts by weight, and
N-(trifluoronethyl sul fonyl oxy)bi cycl o[ 2. 2. 1] kept - 5- ene2, 3-di car boxyi m de,
N-(trifl uormamstiodlsad ¥yomuteberabl-yo2dbddy gac{tz. Bylivkeghb- éne- 208- dacasboxyi m
i de,

N-(trifl uoronwehghsudf dind brydbiamaind] 2 £2v4] dve pnanth$-cogpnd 3sdilventioxyi m d
e, N-(trifluoronethylsulfonyl oxy)napht hylim de,

N- ( 10- canphor sul Tlonylepapinrc disnFardesdN ¢ 0 t anplearsuiatomel oty pheRali ni de,
N- (10- canphor sul f onyl oxy) di phenyl nal ei m de, o

N- ( 10- canth)TJsQﬂ 1Con9¥%§?§%b£¥c5l‘@[ozcz alr]ci@ﬁtrtscéﬁézlz-mm%ﬁmlﬂ M C

N-(10-ca rsulfo on 7- oxablc 0 hept - 5- ene2, 3-di car boxyi m de,
97( "ph or usua y%lnutes to hgurs, nd prefera%ly 10 m?nute%

to 5 hours.

In the reaction of sulfonyl chloride (4a) and
N-hydroxyimide compound, the molar ratio of N-hydroxyimide
compound to sulfonyl chloride (4a) is usually 0.1-10.0,
preferably 0.3-5.0, and particularly preferably 0.5-2.0.

This reaction is usually carried out in a reaction solvent.
As the reaction solvent, acetonitrile, dimethyl formamide,
tetrahydrofuran, dimethyl sulfoxide, methylene chloride,
methylene bromide, and chloroform can be given as preferable
examples, with acetonitrile, tetrahydrofuran, and methylene
chloride being particularly preferable.

The amount of the reaction solvent used is usually 5-100

parts by weight, preferably 10-100 parts by weight, and
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N- (10- canmphor sul f onyl oxy) bi cycl o[ 2. 2. 1] hept an- 5, 6- oxy- 2, 3di car boxyi m de,

N- ( 10- canphor sul f onyl oxy) napht hyl i m de, N-(n-octanesul fonyl oxy)succi ni m de,
N- ( n- oct anesul f onyl oxy) pht hal i m de,

N- (n- oct anesul f onyl oxy) di phenyl nal ei m de,

N- (n- oct anesul f onyl oxy) bi cycl o[ 2. 2. 1] hept - 5- ene- 2, 3di car boxyi m de,
N-(n-octanesulfonyloxy) 7- oxabi cycl o[ 2. 2. 1] kept - 5- ene2, 3-di car boxyi m de,

N-(n-octang%qlpeﬁme& gr%xg F%#fééLgﬁf apes Sy 98y t39 £af 9ﬁ%59%96

N- (n-oct an onyl oxy) aph p-tolu nesur ony 0Xy) succl ni m de,

N-(p-t ol uengsylfime gy )plat @%ll'f@n%’ chloride (4a).
N- (p-t ol uenésul f onyl oxy) di phenyl mal ei m de,

N- (p-t ol uenesul faeNyHeX WakieC ¥&lt@N12:s2., LlckaRt 1%ﬂ@n%,,3gl GReeyi m de,

N- (p-tol uenesul f onyl oxy) - 7- oxablcyclo[2 2. 1T kept - ene2 3-di car boxyi ni de,
N- ( p- t ol ueng S iaRFpPEPNIcEEI1eMA n2., llzheplaa@din@ QXM&&:@HWI&Q%H%%
N-(p- toIuenesulfonyloxy)naphthyl|nlde

N-(2-trifl uerdmeithy ke zepgsuldiony exy) SUeGanityde oundecene can be
N-(2-trifluoronethyl benzenesul f onyl oxy) pht hal i m de,

N-(2-trifl udveretdyy lrestzenedw fexaylpdes), divitenyrialteiyiatdne and
N-(2-trifluoromethyl benzenesul f onyl oxy) bi cycl o[ 2. 2. 1]

kept - 5- ene-42ddmditdgrlamdiyiopydd,dine being particularly preferable.
N-(2-trifluoronethyl benzenesul f onyl oxy) - 7- oxabi cycl o

[ 2. 2. 1] kept - 5- effde2 M®-ldirc aaicyiah dde IBse catalyst to the sulfonyl
N-(2- trlfluoronethylbenzenesulfonyloxy)blcyclo[z 2.1]

hept an- 5, 6-coxypr2 d& didedr Boxyisvadd,y 1.0-10.0, preferably 1.5-5.0, and
N ( 2- trlfluoronethylbenzenesulfonylox )naphthyllnlde

N-(4-trifl redishAPen Paedanakdiy 1108y ) s feci ni mi de,
N-(4-trifluoronet hyl benzenesul f onyl oxy) pht hal i m de,

N-(4-trifl uororré-"thwrﬁéﬁiéﬁ@smsf@ﬁwbky)féﬁ%@ﬂ/m% gitnRdeemperature of
N-(4- trlfluoroqethylbenzenesulfonylo&y)blcyclo 2. 1]

kept ene-OZ'BéJ @vc%f?cﬁ)@%}el Pirgely 5-3 for usually 5 minutes to 6 hours,
N-

[ 2.

4- trlfluoroneth esulfo | 0x 7- oxablcyclo
2. 1] kept . L T3 Rhe b Gyt e, £ 2 HOurs
t4 trifluoro h%hggggfgg; Hsr?gé 8)e(yc)ol?r{p%ddokg) 2'tltl.he formulas (2-A)

ane-5, 6- oxy-

4-trifl wr EEEEylaq] Eony chleo&%nglpé}gmllﬁyad§ulflnate (1b) from

perfluor&b nze oxy succin

per f | uorobenzenesylf 8@¥}L9§¥§9Qt %\%l‘l M de, norgornene derivative (2b)

perfluorobenzenesulfony oxy) di phenyl mal ei m

perf'uofﬁgQ@%ﬁn%%u %nM 8%8§Qh8¥95 [aeglébkggg fn@9§3f3 gf&aiéeéyyn1de

per fl uor obenzenesul t onyl oxy)- 7- oxabi cycl o] hept - 5ene- 2, 3- di car boxyi

€, described relating to the method of manufacturlng the onium
per fl uorobenzenesul f onyl oxy) bi cycl o[ 2. 2. 1] hept an- 5, 6oxy- 2, 3- di car boxyi m

N ( per fduidrshaiy enapduheny L oxy ¥ nepdtfydndlide, (1-A) or (1-B), using
1- napht al enesul f onyl oxy) succi ni m de,
1- napht alienpsotéanykehowrhi halhdtéection formula (1), then following
1- napht al enesul f onyl oxy) di phenyl mal ei m de,
1- napht adrengmd demiydeorghdnrcyial afhiz e deeipin Foeme1130 (4) .
di car boxyi m de,
1- napht al enedMd feand mx§ $ ekampald cy £ ltd]e2a 21 d |geapiraf-cenéR) dtdiecatberyi m de

37

1- napht alhenesulumo syl ldxygltiec gomppng. 1L hepndntBe dxyu RSl eaybokgden de,
1- naphtalenesulfonyloxy)naphthyl|nlde

benzenestdrrsnyicbxid))sucei s mﬂﬁ%nMﬁW%Wmd m de,
benzenesul f o ony)dlphen | mal eimd

benzeneétM$8H§na&wﬁbaé9@ﬁ PQHQCEFﬁébFK% éh%?l§OHYE§F5@?%QWF6@90u“d
benzenesul f onyl oxy) - 7- oxabi cycl o[ 2. 2. 1] kept - 5- ene2, dlcarboxy|n1ge

N ( benzeneﬁﬂ#‘%yﬁ%%ﬁcﬂ%‘[@@ 9] Hast @%W%tedl%oﬂ m Y

N—(benzenes nyl ox ht hyl i m de, N-{(5-
met hyl - %ﬁbﬁféﬁ?ﬁéhy%%i A/l 2. 2. 11 heptan-2-yl ) sul fonyl oxy} succi ni m de,

N ~(5- nethyl 5- met hoxycar bonyl bi cycl o[ 2. 2. | ] hept an- 2-y1)
sul fonyl oxy} bi cycl o[ 2. 2. 1] kept - 5- ene- 2, 3 di car boxyi mi de, and the |ike can
be given. <Onium salt conmpounds>
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As exanpl es of oniumsalt conpounds, iodoniumsalts, sulfoniumsalts

(i ncludi ng thiophenium salts), phosphonium salts, diazoniumsalts, amonium
salts, and pyridiniumsalts can be given. Specific exanples of oniumsalts

i ncl ude: 100 bi s(4-t-butyl phenyl)iodoniumtrifluoronet hanesufonat e,

bi s(4-t-butyl phenyl )i odoni um pyrenesul fonate, bis(4-t-butyl phenyl)iodoni um

n- dodecylbenzenesulfonate bi s(4-t-butyl phenyl )i odoni um p-tol uenesul f onat e,

bi s(4-t-butyl ph I | um henz esulf nat e, bIS 4 t - but yl phenyl )i odoni um
10- canphorsulfoﬁ@%g) “% utylphgﬁyl%'o§6ﬁ| 0ctanesu|fonate

bi 5(4-1 - butyl phey! 'OdCi“' AR D) 'p%El@??%ZﬁEskF?saa?E?ner

b S5 O t fS

i s(4-t-butyl phenyl oni-um 4-t1ri £ . .

bi (-1 - bulpyl efﬂ%stm%@m BRAS LugLo 98”58&%&%&9 S LD QG001 um
trifluoro anesuffonate i phenyl rodoni um pyrenesul f onat e,

dlpheny|IO@%%] wa rridedecyl benzenesul fonate, di phenyliodoni um
p-tol uenesul fonat €, di phenyli odoni um benzenesul fonate, di phenyli odoni um

10- canphor sul f orgdeeyi fidenyldi1edopirurLB- 961 8BRS ULERPEL S s di pberyd | odoni um
2-trifluoromet hyl' benzenesul f onat e, di phenyl i odoni um

4-trifl uor emidiinRenzanesnd fronateind FRaMdledaE-UmM and (3-2):

per fl uor obenzenesul fonate, di (p- tonI)|0d0n|un1tr|fluoronethane sul f onat e,
di (p-tolyl)iodoni um pyrenesul fonate, di(p-tolyl)iodonium

n- dodecyl benzenesul fonate, di(p-tolyl)iodonium p-toluene sul fonate,
di(p-tolyl)iodoniun1benze ul f onat ep1di (p-tol yl')i odoni um

10- canphor sul f ona \I(p IyI)|odo i um n-oct anesul f onat e,
di(p-tolyl)iodon Egylbenzegﬁ | f onat e,

di (p- tonI)iodon 'rlf uo thy behzenesul f di (p-tolyl)iodonium
perfluorobenzeneSuh onate, di(3,4-di thylphenyl)lodonium
trifluoronethanesufonate, di(3,4-dinethyl phenyl)iodoni um pyrenesul fonat e,
di (3, 4-di net hyl ph ﬂyl)iodoniun1n-dodecyl enzenesul f onat e,

di (3, 4-di net hyl plighyl )i odoni um p-t ol uengsul f onat e,

di (3, 4- di net hyl phlenyl )i odoni um benzenesyl f onat e,

di (3, 4- di met hRpICry 5D odorCHy+HBEO3mhQ-stRf ona(8+2
di(3,4-d|nethylphgayl)lodonlun1n Sg?anes Ifonate( )

di (3, 4-di net hyl pti€hyl )i odoni um 2-tri fl ug@nmet hyl benzenesul f onat e,

di (3, 4-di et hyl phenyl )i odoni um 4-trifl uoronmethyl benzenesul fonate,

di (3, 4-di net hyl phenyl )i odoni um per fl uor obenzenesul f onat e,

4-ni trophenyl phenyl i odoni um trifl uoromet hanesul f onat e,

4-ni trophenyl phepy %%&H{)R' UZT‘ P3, ﬂ&@eg}?e‘c oRa et a§‘ FARREY EFHJ%MQ?Q um

n- dodecyl benzenesu onat &,  4-nitropheny phenyllo oni um p-tol uenesul f onat e,

4- ni tr ophenyl\phemd itQoml umlbeélﬁ@nﬁsl@lro%%t &n #nBi EB?HB@QYkPhQP%éQHQm um
10- canphorsulfonate 4-ni’'t rophenyl phenyl i odoni um n-oct anesul f onat e,

4- ni t r ophenysl yaenyil dQdoi 4m & tdi ffdwdrgnet hyl benzenesul f onat e,

4-ni trophenyl phenyliodonium 4-trifl uoronethyl benzenesul f onat e,

4-ni trophenyl phexiy kixagipniesns pejHd valebaazenssmbdoidd ealkyl sulfonate,

di (3-nitrophenyl)iodoniumtrifluoronmethane sul fonate, 102

di ( 3- ni t r optelrnd )i yod e Liffonatregnasyllf snafenate ( 3amd tirdploesyll foodori aan

n- dodecyl benzenesul fonate, di(3-nitrophenyl)iodoni um p-tol uene sul fonate,
di (3-ni t ropdenyidvyarodoni um benzenesul fonate, di (3-nitrophenyl)i odoni um
10- canphor sul fonat e, di (3-nitrophenyl)iodoni um n-oct anesul fonate,

di ( 3- ni t r ophenyl|9pestiioni aimx2mprlies| abridreshyfbeazensorpddrotmtiaclude the

di (3-ni trophenyl )i odoni um 4-trifl uoronethyl benzenesul f onat e,

di ( 3- ni t r oprmpAYricbdohi tire pee ¥l eriob efrmeksal (onat e,

4- et hoxyphenyl phenyl i odoni um tri fl uor onet hanesul f onat e,

4- met hoxyphenyl phenyl i odoni um pyr enesul f onat e,

4- met hoxyphenyl phenyl i odoni um n- dodecyl benzenesul f onat e,

4- met hoxyphenyl phenyl i odoni um p-t ol uenesul f onat e,

4- met hoxyphenyl phenyl i odoni um benzenesul f onat e,

4- met hoxyphenyl phenyl i odoni um 10- canphor sul f onat e,
4- me
4

t hoxyphenyl phenyl i odoni um n-oct anesul f onat e,

- met hoxyphenyl phenyl i odoni um 2-tri fl uoronmet hyl benzenesul f onat e,
4- met hoxyphenyl phenyl i odoni um 4-tri fl uoronet hyl benzenesul f onat e,
4- met hoxyphenyl phenyl i odoni um perfl uor obenzenesul f onat e,
di (4-chl orophenyl )i odoni umtrifl uoroneth@dne sul fonate,
di (4-chl or ophenyl )i odoni um pyrenesul fonate, di(4-chlorophenyl)iodoni um
n- dodecyl benzenesul fonate, di (4-chl orophenyl )i odoni um p-tol uenesul f onat e,
di (4-chl or ophenyl )i odoni um benzenesul fonate, 103



di (4-chl or ophenyl )i odoni um 10- canphor sul fonate, di (4-chl orophenyl )i odoni.um
n- oct anesul f onat e, di (4-chl orophenyl )i odoni um
2-trifluoronet hyl benzenesul fonate, di (4-chlorophenyl)iodoni um
4-trifluoromet hyl benzenesul fonate, di(4-chlorophenyl)iodoni um

perfl uorobenzenesul fonate, di(4-trifluoronethyl phenyl)iodoni um
trifluoronethanesul fonate, di(4-trifluoronethyl phenyl)iodoni um

pyrenesul fonate, di(4-trifl onet hyl phenyl )i odoni um

n- dodecyl benzenesul f onat e, (4-trifluoronethyl phenyl)iodoni um
p-toluenesulfggg d'gi&tri | ugr nethylghenyl)iodoniun1benzenesu|fonate,
di (4-trifluor 2}Tb$ T)1\edo m 104 nphor sul f onat e,

di (4-trifluorone hylphenyl)il doni;um n- oct anesul f onat e,

di (4-trifluoromethyl phenyl)i donidn12-trif|uoronethylbenzenesulfonate,

di (4-trifluoromethyl phenyl)iodonium 4-trifluoronethyl benzenesul fonate,

di (4-trifluoronethyl phenyl)iodoni um perfl uorobenzenesul f onat e,

di (1-napt hyl )i odoniumtrifl uoromet hanesul fonate, di (1-napthyl)iodoni um
trifluoromet hanesul fonate, di(1-napthyl)iodoni um

nonaf | uor o- n- buvhRESENfBNAL e angi $1aRapiiy sanedendefined in the formula
perfluoro-n-octanesul fonate, di(1-napthyl)iogdoni um pyrenesul fonate, 104
di (1- napt hy) i olBRPURTA- BB dBRYE RN Zene SHISf 6naeCURE (BIeh HRSIRANG odvHitum
p-tol uenesul fonate, di(1-napthyl)iodoni um benzenesul fonate,
di(1-napth9FPPB&oW?MnPTO§ééﬁﬁﬁo%gﬁprﬁé%e?rd?%@ﬁ?ﬁﬁﬂqﬂM5iQﬁRﬁﬁﬁﬁﬁts a
n-octanesuLfongte, digl-napthyL)iodonLun12-trifIuoronethglEﬁnienesulfonate,
di (1- napt hy VRS8N GFIRPEE FPGIFBReCRyPBEATEREs EFPBNRYECIal 1oL,

di (1-napth I)iodoniun1§erfluorobenzenesulfonateh bi phenyl enei odonj um

trifluor onBfREREYHCONaR 801D FRCh N8N kifoRPEM pyrdhdEtraskat 8O 1-3.

bi phenyl enei odoni um n- dodecyl_benzenesul.f.onat e,,.bi phenyl enei odoni um

- Lol Uenesul  onAfe SBTBAERy Ponel Bdane it dod eniaaPronteae conpouds,

bi phenyl enei_odoni um 10Q- canpharsul f.onate, bi,ph | enei pdoni.um .
n-octanesu%nggPQ%SbP%hgﬁfl éﬁggéﬁﬁuégprggfﬁgerﬁgtﬁylgénfghesulfonate,

bi phenyl enei odoni um 4-trifl uoronet hyl benzenesul f onat e, bi phenyl enei odoni um
per fl uor obenzenesul f onat e, 2-chl or obi phenyl enei odoni um

trifluoromet hanesylf onate, 2:chl orobi phenyl enei odoni um pyrenesul f onat e,

2- chl or obi phenyl efrei odoni u dodecyl benzenesul f onat e,

2-ch|orobipheg¥ eéglgﬁegiunJ -tétfenes | f gpate, 2-chl orobi phenyl enei odoni um
benzenesul f ondte, “2- robMpheriH2nei wdoht um 10«2anphor sul f onat e,

2- chl or obi phenyl efy@i odoni um n-oct anesulLjonate, 2-chl orobi phenyl enei odoni um
2-trifluoronethyl éenzenesul fonate, 10 2- chl or obi phenyl enei odoni um
4-trifluoronet hyl benzenesul fonate, 2-chl orobi phenyl enei odoni um

per fl uorobenzenesul fonate, triphenyl sul foniumtrifluoronethanesul fonate,
tri phenyl sul foni um pyrenesul fonate, triphenyl sul foni um
n-dodecylbenzenesulfonate,ltriphe yl sul f oni um p-t ol uenesul f onat e,

tri phenyl sul f oniwir@ngdmzRN&ESulanshat aretlipranglaufedhnashin the formula

10- ca~i phor sul fonate, triphenyl sul foni um n-octanesul fonate ,

tri phenyl sullf enitd® EM0r iR | dor oRBENG T HEFER KRR FshAiEhak iishRahA st fhi um
4-trifluoraonethyl benzenesul fonate, triphenyl sul foni um hexafl uoroanti nonate,
triphenylsﬁﬁﬁéﬁrﬁﬁﬁnaphthalenesulfonate, tri phenyl sul foni um

per fl uorobenzenesul f onate, 4-t-butyl phenyl di.phenyl sul f oni um

DT tor ot nandSuERORRIES 5 Thb: HBRdio RENPREH: FORPARS:

pyrenesul fonat e, 4-t-hutyl phenyl di,phenyl sul.f oni_.um . .
n-dodecylb&ﬁ?@ﬁ@@@@f&&gﬁéﬁ pﬁﬁﬁﬁPﬁﬁp&%ﬁyw&ﬁpﬂgﬁyF?GIPSnﬁ&ﬁFn‘

p-tol uenesul fonate, 4-t-butyl phenyl di phenyl sul f oni um benzenesul f onat e,

4-t - butyl phenyl di phenyl sul f oni um 10- canphor sul f onat e,

4-t - butyl phenyl di phenyl sul f oni um n- oct anesul f onat e,

4-t - butyl phenyl di phenyl sul foni um 2-trifl uoronet hyl benzenesul f onat e,

4-t - butyl phenyl di phenyl sul f oni um 106

4-trifluoronmet hanebenzenesul f onat e, 4-t - but yl phenyl di phenyl sul f oni unper f |l uor
obenzenesul f onat e, 4-t - but oxyphenyl di phenyl sul f oni unt ri fl uor onet hanesul f onat
e, 4-t - but oxyphenyl di phenyl sul f oni unpyr enesul f onat e, 4-t - but oxyphenyl di phenyl
sul f oni um- dodecyl benzenesul f onat e, 4-t - but oxyphenyl di phenyl sul f oni unp-t ol ue
nesulfonate,4-t-butoxypheny|diphenyISLH§§niunbenzenesulfonate,4-t-butoxyphe
nyl di phenyl sul f oni umLO- canphor sul f onat €,4-t - but oxyphenyl di phenyl sul f oni um-
oct anesul f onat e, 4-t - but oxyphenyl di phenyl sul f oni un2-trifl uoronet hyl benzenesu
| f onat e, 4-t - but oxyphenyl di phenyl sul f oni um4-trifl uoromnet hyl benzenesul f onat e,
4-t - but oxyphenyl di phenyl sul f oni unper f| uor obenzenesul f onat e,

4- hydr oxyphenyl di phenyl sul foni um trifl uoronmet hanesul f onat e,

-1 -F£¢ a4



p-tol yl sul fonium p-tolyl sul foniumfonate, p-tolylsulfoniump-tolylsulfonium
p-tol yl sul foni um p-tol yl sul foni um pyrenesul fonate, p-tol uenesul fonate,
benzenesul fonat e, 10-canphorsul fonate, n-octanesul fonate, 108
di (4- et hoxyphenyl ) p-tol yl sul fonium 2-trifl uoronethyl benzenesul f onat e,
di (4- met hoxyphenyl ) p-tol yl sul fonium 4-trifl uoronet hyl benzenesul f onat e,
di (4- met hoxyphenyl ) p-tol yl sul f oni um perfl uor obenzenesul f onat e,
phenyl bi phenyl enesuyl f oni um tri fl uor onet hanesul f onat e,
phenyl bi phenyl enedul f oni um Wyr enesul f8nate, phenyl bi phenyl enesul f oni um
n- dodecyl benzenesul f gnate, phen Ibiphénylenesulfoniun1p-to|uenesu|fonate,
phenyl bi pheny ar-SQpurm E%Bg§ﬂﬂ€kﬂdﬂe, phéGy! bi phenyl enesul f oni um
10- canphor sul f onat g, phenyl&iphenylené§ulfoniun1n-octanesulfonate,
phenyl bi phenyl eneédl f oni umW t ri f | uor &fret hyl benzenesul f onat e,
phenyl bi phenyl enesul foni um 4-trifl uoronet hyl benzenesul f onat e,
phenyl bi phenyl enesul f oni um per fl uor obenzenesul f onat e,
(4- phenyl t hi ophenyl ) di phenyl sul foni um trifl uoronet hanesul f onat e,
(4- phenyl t hi ophenyl ) di phenyl sul f oni um pyrenesul f onat e,
(4- phenyl t hi ophevriddatirpRer/, sand Ghianm thel cdeeys Helefenesiul i ahat Bormula
(4- phenyl t hi ophenyl ) di phenyl sul f oni um p-t ol uenesul f onat e,
(4- phenyl t hi Opheriyg Ydigptrenyd's ubhdnZing bengenesing onbtieer identical or
(4- phenyl t hi ophenyl ) di phenyl sul f oni uni 0- canphor sul f onat e,
(4- phenyl t mlofgﬁ@gng: i Frechyl sitdionidya Iy ctepresignttopat @ rylo@roup, a
(4-phenyl t hi ophenyl ) di phenyl sul foni um 2-trifl uoronet hyl benzenesul f onat e,
(4- phenyl t Hi Yk Phve riy | SidlFaohi Ui EanG e du srsyestaydtie rddmdsifl ¥onat e,
(4- phenyl t hi ophenyl ) di phenyl sul f oni um perfl uor obenzenesul f onat e,

'~ bi s( di*}&ﬁ&ﬁﬁ%’iﬁ%rﬁw&nm UMY i G i FI IR St A T idiat®) |
" - bi s(di.phenyl sul f oni ophenyl )sul fi de di renesul fonate),
' - bi s(di%ﬁﬁgﬁ aﬂ%ni%&l{éﬁ%dg 55% ak g?%ggc%% HerFeHedd RBnATEY,
' - bi s(di phenyl sul onho hegyl%sulfigg g%%ﬁ-toluenes lfonatei, 1
'~ bi s( diPHERA 801 BREIDAENFRA TS && ErDHRSYtf bh&fefyOLYCyCLic
' - bi s(di phenyl sul fani ophenyl | fide di(10-ca orsul fgnate),
b1 o( dipHonyT SH FOMGRRGRY 4 S ersteotr (e PoRdr & = oxoup
" - bi s(di sl f-oni figde
2-trifl uogj%]g{rge% hﬁ%@%ﬁr@%ﬁ%@a eg—g '
4' - bi s(di phenyl sul foni ophenyl ) sul fi de
di (4-trifluoronethyl benzenesul f onat e),
4, 4" - bi s(di pheny| sul f oni ophenyl )sul fi de di (perfl uorobenzenesul fonate),
1- phenyl t et r ahydMot hi opheni um tri fl uor onmet hanesul fonate, 110
1- (4- hydr oxyph t et rahydy ot hi opheniumtri fl uor onet hanesul f onat e,
1-(3,5-dineth7§? '%‘Hroxy&ﬂinyl)tetrahydrothiophenium
trifluoronethanedy Ponate, 1-(4-n-butoxyphenyl)tetrahydrothi opheni um
trifluoromet hane¥¥l f onat e,
1- (4- hydr oxynapht hal en- 1-yl ) t et rahydr ot hi opheni um
trifluoromet hanesul f onat e,
1- (4- met hoxynapht hal en-1-yl )t et rahydr ot hi opheni um
trifluoronmethanesul fonate, 1-(4-ethoxynaphthalen-1-yl)tetrahydrothiophenium
trifl uoronet hanedig¥eialeé and W' individually represent a hydrogen atom,
1- (4- n- but oxynapht hal en- 1- yl ) t et r ahydr ot hi opheni um
trifl uor omEthEERNY| F Bt ea,lkyl group, cycloalkyl group, aryl group, or

1- (4- met hoxynet hoxynapht hal en-1-yl )t et r ahydr ot hi opheni um
trifl uor Onﬁ%ﬁm,&or V' and'W', eac¢h combining with the same or

1-(4-eth ht hal en-1-yl )t et rahydr ot hi opheni

7111 or omATEHEAN S G oMY KGRy SeneR RO RAFERL Ly FREbon
t et rahydrot hi opheniumtrifl uoronmeth nesulfﬁpatgﬁ 10 _
1-[ 4- ( 2- net%%&‘g%ﬁ%‘?(y)% Ht haT e 13199 %t T 5 ot dthi‘opheni um

trifl uoromet haneoul Lonat £, od 4ufddmethoxyathoxuhoanlhbal eBnbothbis of

t et r ahydr ot hi ophéni Uiim fonat | uor 0- n-but'anesu

1-[4-(2- et - 1yl t ' i .
pe£f|ﬁorg?HQ%%¥§%2§§¥%§ﬁ§?%aﬂ%g?i-ﬁ%t%%i?%gggﬁﬂ;?%§§2§gﬁ@h§$%h-1-y|) 111

t et rahydr ot hi ophenium trifl uor onmet hanesul f onat e,

1- (4- et hoxycar bonyl oxynapht hal en- 1-yl ) tetrahydrothi opheni um

trifl uoronet hanesul fonate, 1-(4-n-propo%Ycarbonyl oxynapht hal en-1-yl)
t et rahydr ot hi opheniumtri fl uor onet hanesul f onat e,

1- (4-i-propoxycarbonyl oxynapht hal en-1-yl) tetrahydrothi opheni um
trifluoronethanesul fonate, 1-(4-n-butoxycarbonyl oxynaphthal en-1-yl)
t et r ahydr ot hi ophenium trifl uoronet hanesul f onat e,

v I L T

~hBADMDMBADMDID

4,
4,
4,
4,
4,
4,
4,
4,
di
4,



1-[4-(2-tetrahydrof uranyl oxy) napht hal en-1-yl ] tetrahydrothi opheni um
trifluoronethanesul fonate, 1-[~-(2-tetrahydropyranyl oxy)naphthal en-1-yl]

t et r ahydr ot hi ophenium trifl uoronet hanesul fonate, and the |ike can be given.
<Sul f one conpounds> As exanpl es of sul fone conpounds, b-ketosulfone,

b- sul f onyl sul fone, and a-di azo conpounds of these conpounds can be given.
As specific exanples of sul fone conpounds, phenacyl phenyl sul f one,

nmesi tyl phenacyl sul fone, 112 Rj1b|s(phenylsulfony1l)nethane and
4-trisphenacyl sul fone can beRJl ven. <Sul fonat € 'conpounds> As exanpl es of
sul fonate conpounds, al kyl sUlfonate, haloal kyll sulfonate, aryl sulfonate,
and i mno sul fonate can M@—gﬁmN—A@-s-r@G{rc(}rﬁpl es of sul f or{8t¢)
conpounds, benzoi ntosyl ate, pyrogall ol i sul fonate,

ni trobenzyl -9, 10- di et hoxyant hr acene- 2- sul f onat&f, a- net hyl ol benzoi nt osyl at e,
a- met hyl ol benzoin trifl uoronet hanesul fonate, a-nethyl ol benzoin

n- oct anesul f onat ep1 a- net hyl ol benzgy® dodecyl sul fonate, 2and the |i ke can be
gi ven. <Di sul fony[di azonet hane conpound> As exanples 0

di sul f | di || f |
(IZS;J a(rjlgyt hlea kel cagﬁg% gl@m% —Cwﬂd C g@ﬁz O O\K‘Bn%) ormia

wherein R, 2!, and 22 are the same as defined in the formula
(I), the two R, Z!, and Z® groups in the formula (8-2) being
either identical or different, and R® and R® individually
represent a monovalent organic group.

As examples of hydrazine sulfonate compounds, compounds

of the following formulas (9-1) or (9-2) can be given:

71
I
R— IC_SOZ_NH—NHZ (9-1)
F
Z' Z
| |
R—C—S80,—NH—NH—SO,—C—R (9-2)
72 7

wherein R, Zl, and Z2 are the same as defined in the formula
(I), the two R, Zl, and z? groups in the formula (9-2) being

either identical or different.
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O O wherein RZ' individually represents a nonoval ent group such as an al kyl
group, aryl group, hal ogenated al kyl group, and |13 hal ogenat ed aryl
group. As specific exanples of disulfonyldi azomet hane conpounds,

bi s(trifluoronethyl sul fonyl)di azonmet hane,

bi s(cycl ohexyl sul fonyl ) di azonet hane, bi s(phenyl sul fonyl ) di azonet hane,

bi s(p-tol uenesul fonyl) diazonet hane,

bi s(2, 4- d|qp%ﬂxyo-n%gnesulfon,Lkgﬁa;ogpth%neT nethylsu
p-tol uenes e A5 frazonet hane,

b 4- chl b ' | |
(|C§f:| oﬁex;)lr guﬂ’lonye;?gE?Q?{%ég%gé%%&dmazsoenstlht1ve resin composition
(CyC|0heXYkﬁyE%%ané #fo @%ﬁ@yéﬁtﬂy'5%%%8%¥Ek19h358HB£§§PEg either:

bi s(1, 1-dinethyle di azonet
bi s( 1- et hydiet hhyil Sdﬂef %Q‘)ild) JAedmiflang: n ac1|c5 c&leavable

bi s( 3, 3- dlneth -1, 5-di oxaspiro[ 5. 5]do&ecane 8-sul fony azonet hane,

bi s(1, 4-di @&%ﬁfiﬂf&[rﬁaﬁlrﬂﬁ%@aﬁgsZn%f&pws) gh@é?@@l@%}:escﬁ?geﬁpeséllgﬁl@an be
gi ven. <Di sul f onyl net hane ‘conmpound> As exanpl es of di sul fonyl nmet hane

conpounds, i& @QNRAAUNENEeNEoRYs tdiecd 101 |siurd  heul ené 393 i @ndl dheahike can
be given: 114 OV 0o R8-SCS-R (30) OWO wherein R28 individually

represent addupeat sebchhasshgtk ronoval ented@kirphatd ¢ aRyds OLRr HDE2 GEOUP, a
cycl oal kyl group, aryl group, aral kyl group, or other nonoval ent organic
groups havigmpup-eirarad ratremreéiany (Wd nedine fiead 1ng fiegqirerS @t aan aryl  group,
a hydrogen atom a linear or branched nonoval ent aliphatic hydrocarbon
group, or Cdtgwerithiorovalrentradigariice -greowis ivavicegia behposiaiom (pyvy} ded
that at | east one of V and Wrepresents an aryl group, or V and Whond to
forma nonaoychi¢c (ol ghal gcydlgenardatgprhéV) ng At ah edsia ldrsolmddteur @s £d, bond,
or V.and Wbond to forma group shown by the followwing formula (31): V' ~c~
can w, wheragich () ama l\Wa liimgioliudlal tontept eszant dhkydriogdheat nafehatdgen
atom an al kyl group, cycloal kyl group, aryl group, or aral kyl group, or V
and W eacHdarledayd tive Jane gradiftfimreraerncartiore ategnis sombasd figrmm a
nonocyclic Fasb%n structure, and b is an integer from2 to 10. 115

11 .

Qn yI

Ij

As the acid generator (I) used in these positive-tone
radiation-sensitive resin compositions, acid generators
having heat and chemical stability are preferable.

The positive-tone radiation-sensitive resin composition
(1) and positive-tone radiation-sensitive resin composition
(ii) of the present invention will now be described.

In the positive-tone radiation-sensitive resin
composition (i) and positive-tone radiation-sensitive resin
composition (ii), the acid generator (I) may be used either
individually or in combination of two or more.

The amount of the acid generator (I) used in the
positive-tone radiation-sensitive resin composition (i) and
positive-tone radiation-sensitive resin composition (ii)

varies depending on the type of the acid generator (I) or other
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<Oxi me sul fonate conpounds> As exanpl es of oxinme sul fonate conpounds,
conpounds of the followng fornmulas (32-1) or (32-2) can be given: R29 O
NC-C=NOS-R3~ (32-1) | 029 so 0 R101 so R-SSONCCNOS-R (32-2) O
R29 O wherein R29 and R3 individually represent a nonoval ent organi c group,

and when two Rz9 and R3 groups are present,

di fferent.

As specific exanples of R29 in the fornmula (32-1) and (32-

met hyl groaaideggeférgﬁegg,m&{ ;Me' ofted amgfa%dg;‘%;% ;a% GhOUDs

the |li ke can be”given. speci

IC € ormul a -

ampl es

such groups may be identical or

2), a
and
1) and

(32-2), a phenyhy9004pyot g%xfks%?,umeiambt g%leflgrrgB@]y gog-tﬂae Lirke %gyn be

gi ven. <Hydrazi nésul fonate conpounds>~As exanples o y

razi nesul fo

ate

conpounds, i ghRenzenehselif-enuldyds a2k 8ean Py 9(.2-119! yepel 1) henyhhydyazi ne,

100 parts by weight of the acid-cleavable group-containing
resinor alkali-soluble resin. If the amount of acid generator
(I) is less than 0.1 part by weight, it is difficult to achieve
the intended effect of the present invention; if more than 20
parts by weight, transparency to radiation, pattern shape, and

heat resistance tends tc decrease.

Acid-cleavable group-containing resin

As the acid-cleavable group-containing resin for the
positive-tone radiation-sensitive resin composition (i), a
resin, insoluble or scarcely soluble in alkali by itself and
becomes alkali-soluble when the acid-cleavable group
dissociates, obtainable from a resin containing one or more
oxygen containing functional groups such as a phenolic hydroxyl
group, alccholic hydroxyl group, or carboxyl group by
substituting the hydrogen atoms in the oxygen containing
functional groups with one or more acid-cleavable groups
through disassociation in the presence of an acid can be given.

If 50% or more of the initial film thickness of a resist
coating remains after development when a resist coating made
only from the acid-cleavable group-~-containing resin is
developed under the same alkaline development conditions
employed for forming a resist pattern using a resist coating

formed from a positive-tone radiation-sensitive resin
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116 bi s(trifluoromethane)sul fonyl hydrazi ne,

bi s(nonaf | uor o- n- but ane) sul f onyl hydr azi ne, bi s(n-propane)sul fonyl hydrazi ne,
benzenesul f onyl hydrazi ne, p-tol uenesul f onyl hydrazi ne,
triflu~romet hanesul f onyl hydrazi ne, nonaf!l uoro-n-but anesul f onyl hydr azi ne,

n- propanesul f onyl hydrazi ne, trifl uoronet hanesul f onyl

p-tol uenesul f onyl hydrazine, and the |ike can be given. O these other acid

enerators, . dj(t= )io ' ifl onet.hanesul f onate,. .

i (- but yi ST e AR, e TR ot S8 Eining
trifluoro nes e pggnjy f oni 0:.C or.sul-f onat e,

N-(trifl u(ﬁéﬁ% yfgs%‘fl?g%]ﬁ%i% -7- ox%%%y@?o%{’gg. %Cl Cﬁ—gléthe-%\éa;bel-ez, 3-di car boxyi m
i de, N—(107£§g3§q5 ) :Cd PL A) 1] j e.
These ot her” acid g@#e%%wor#é?%;}i%gg gég%gg??%g(rja% ngln\!snb gg F;‘;%é@%ﬁ&éﬂ,

conbi nat i ons Ofug MO Qf JDEL 11 Ny 4 hend gchiddd An-SENSIdi e resin conpositions
(i)-(iii), the proportion of the other acid generators to be used is

preferably 90 Wa® OfahSBsSs endcmarddcalard el fahly 80 e 0 or less for
100 wt % of the total anpbunt of the acid generator (I) and other acid

gener at or s.adN d-hougdw dhe: pfropgytd it Hifn e reponantsbkfitieedlfethyl
positive-tone radiation-sensitive resin conposition (i), positive-tone

radi ati on- spnsip ) VE-$@ss i oot seth h ditdyp, andsddie: itegadd we-grstey 1

radi ati on-sensitive resin conposition (iii) varies according to the

char act eri sdt@sp debilseshdtosd tdkeky esgsdup A Prlefleradd e prapantl anrdsp as
follows. For the positive-tone radiation-sensitive resin conposition (i)
and t he posalkaeytarsonaligatupn- sepsidrioup,r egtbhi c @ryasidlieavaldlie) grbhp,
anount of the acid generator (I) to be added is preferably 0.01-70 parts by
wei ght, stidndnpre bild erablly®. didOparts by weight, and particularly
preferably 0.5-20 parts by weight for 100 parts by weight of the

aci d- cl eavabl e ghvepavodeaiafl agutsdiit ugredahkihyl gobubl & meshaxyTaehahount
of the acid generator (1) less than 0.01 part by weight may inpair

sensi tivit yYJERHP r a8ty l Ohionethink groum eieesdse iy bagtaimy wei ght ,

resi st coating properties and pattern configuration tend to be adversely
af fect ed. FOYRYhENHofae §h k- TOPER r J07 BR 9B SErreyme fhey ¥ 51 ¢ Ronposi tion (ii)
, the armurltiae o%bf he al kal j sol ubi Iitg iontrol agent to be added.is

pref er abl y 2250 QRYREE Y R&iCyRy, PERFY{ L RbPRE bR BF SRRy BREDBCHAPESUBY

wei ght, and _articul'llarI%/YJ]greferabIX 5-%(1) arts b%/ wei ght for 100 parts by
wei ght of thePBPRAPRELBT bl T PER1 n® % RN3FY RN P sol ubi lity control

agent less fhan 5 paris by weight may decregse the rate of residual
coatings an T%ﬁk&%gggml%lrhﬁc%? SRR PRy & MG ENYIRNSHAH TBds 150 parts

b i ght . . . . ;
Strengih i et 1o R LureeR] ARIRN. 8pPVE. FEREFT SRetrot Rl PPl n
118 o b 1 ¢ . { 1 b
added |5 prererabr b By i S B atoR e tanh -8R Bt EFebobrleE. oo
parts by wejghip, a@%P@fc}éﬂ)&%ﬁ'?r&&ﬁf €4 204 ¥h Ok P& PR Solly, wei ght for 100

parts by weight of the al kali-soluble resin. The amount” of ft'h_e acid
generator (4)mé€gsltRNedoédndil p@féugy Neé B x PIBYn £ PPy FogeNsi tivity and

resolution. If the anbunt exceeds 70 parts by weight, resist coating
properties ahskipaltiel sbeonyl oy ahip prpieeeotipl beragtyer sely af fected.

methoxycarbonylmethyl group, ethoxycarbonylmethyl group,
n-propoxycarbonylmethyl group, i-propoxycarbonylmethyl group,
n-butoxycarbonylmethyl group, t-butoxycarbonylmethyl group,
and the like can be given.

As examples of a l-substituted ethyl group, a

l-methoxyethyl group, l-methylthicethyl group,
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The amount of the crosslinking agent (E) to be added is preferably 5-95
parts by weight, still nore preferably 15-85 parts by weight, and
particularly preferably 20-75 parts by weight for 100 parts by wei ght of
the al kali-soluble resin. The anmount of the crosslinking agent (E) |ess
than 5 parts by weight may decrease the rate of residual coatings and tends
to induce neandering and swelling of the patterns. |If the anbunt exceeds 95

parts by i ght -ﬁg%ﬁgiqggg it expgﬁgg t to decrease. O her
conponent \é\eﬂég\lciddl di ffusion }%:lon(%/rr%ﬁ'erg t R‘? pr fle%%g’to add an acid

di ffusion cordyaji@ daihe PAsid) Ve fone dRdlali Ry Sansid i ve resin
conposition (i), positive-tone radiation-sensitive resin conposition (ii),
and negat i ve-gruteoXxaciafl air SgNsi 14 fyesdHL Smpsiddfgp (i 11) . The acid

di ffusion controller controls diffusion of an acid generated fromthe acid
generat or Upon-E@XROsiE e dthheyr@sd St1 -k zyienatd g, 1t ¢ Rupder unfavorabl e
chem cal reactions in the unexposed area. The addition of the acid

di ffusi on conderotyBrhidaeioye sy s s age- sfdalidddpy 10fx tdihyaongresid i on and
resolution as a resist. Mireover, the addition of the acid diffusion
control | er prewentisetbotyatenyil ditows, thepheesiisdtipat teeroud,r om changi ng due
to variation of post-exposure delay (PED) from exposure to post-exposure
heat tr eat nent~diplerreble @hwbngposig, on-mwa tHoxerearkkaabt e tdyperg myugr ocess
stability can be obtained. As the acid diffusion controller, organic
conpounds cbmEion yeg rhemroheithwf guhilph lt-rediagiccitop mboey lredth wwhangepdur i ng
exposure or heating for formng a resist pattern are preferable. As

exanpl es of 1 sirbr spax wererb emnt el i oo 1rrani o rednpousiss rhoraomgdunld  shown by
the following fornula (33) (hereinafter called "nitrogen-containing
conpound ( &TupP R3L+t NpwZBy ¢ByoRes i il RBACUMdi vi dual |y represents a
hydrogen atom al kyl group, aryl group, or aral kyl group which are either
unsubst i t utjeﬁcid?l%wm%ff‘é@jrwﬁé?@%]t IERAP YRDURSshéke a2 m bRy BRY - gr oup.
A di am no conpound having two_njtrogen atons in the nolecule (hereinafter
referred to as "hFt9 Ledrit hi hi TP AR UL RDAFRERP Y P)ITIUR, & di ani no

pol ymer havjng three or nore nitrogen atons in the nolecule (hereinafter
Pof orred tol A SHRTY Gye ot ATTRTRY Corpiotty (1)P5oPen iR 2nd the
group-contaLn%ng co oundv urea conpound, and nitrogen-cont ai ni ng

het er ocycl i t- tonpountt c&h’ B¢ gi ven. Exanpl es of the nitrogen-containing
conpound (a) in oal kyl.am nes C S, D- | am.ne - he m ne,
n- oct yl am ne, nﬁ%%%%ﬁgﬁﬁﬁ%,O%&d@%£ﬁ5%§¥%%%ﬁ%%Qﬁﬁgﬁﬁy aﬁiﬁg§ﬁgﬂbﬁgég8'

di - n- but yl ag ne it Ns | am i - 0-hexylam 4 [ (B ty i.ne,

di - n-octyl Zgr%%g?u%dﬁq ngﬁ%?/a?ﬁ%rfg?y%g%l%f@’n-%’e%y gfﬁ%@ﬁ%%y%%%’es such
as triethyl argoe, yigie Pt B, ani Neyidddnyrityl 89bas, ddd thePentykapi ne,
tri-n-hexylamne,” tri-n-heptylamne, tri-h-octylamne, tri-n-nonylanm ne,
and tri-n-degylapdane; and aromatic am nes such as aniline, N-nethylaniline,
N, N-di net hyl aniline, 2-nethylaniline, 3-nethylaniline, 4-methylaniline,
4-nitroaniline, #géphemyldd BE, théigangnybasips, eiiftd:iixreﬁt@xg'ltsmﬂydnb@@up,
Exanpl es of the nitrogen-containing conpounds (p) include ethyl enedi am ne,
N, N, N, N -tethpneimytiey hyl epedyasime, methyldiethylsilyl group,

N, N, N, N -tetraki s(2-hydroxypropyl)ethyl enedi am ne, tetranethyl enedi am ne,
hexanet hyl etetk @ty hei 1 ¥l 4 chiigm Heoht gbrelnyd neet Hvaleed 1 Al 49 =a@liggm nodi phenyl

et her, 4,4'-di am nobenzophenone, 4, 4'-di am nodi phenyl am ne,

2, 2" - bi s(4-meinphhenit)popphaelyR-¢B3ewm nopheinydjory {2tk and rophiepy| ) pr opane,
t-butyldimethylsilyl group, methyldi-t-butylsilyl group,
tri-t-butylsilyl group, phenyldimethylsilyl group,
methyldiphenylsilyl group, triphenylsilyl group, and the like
can be given.

As examples of the germyl groups, a trimethylgermyl group,
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| 21 2- (4- am nophenyl ) - 2- ( 3- hydr oxyphenyl ) pr opane,

2- (4- am nophenyl ) - 2- (4- hydr oxyphenyl ) pr opane,

1, 4- bi s[ 1- (4- am nophenyl ) - 1- et hyl et hyl ] benzene, and

1, 3- bi s[ 1- (4- am nophenyl ) - 1- met hyl et hyl ] benzene. Exanpl es of the

ni t rogen-cont ai ni ng conpounds (y) include pol yethyl enei m ne,

pol yal Iyl am ne, a pol yner of dinethylam noethyl acrylam de, and the |ike.

Exanpl es of ontaining an am raup.i ncl ude .f or mam de,

N- et hy| foren%mﬁ%mclcﬁeﬂ qulooru m“}?gc%yg‘ce eg:rlﬁy SO e ORAReet am de,

N, N- di met hyl a i qi prQ | onam .ds 1 de, .pyr.rol.i daone, and
N-nethylpy%%%%ﬁ%@ﬁgga anﬁﬁggﬂﬁflu ea Sgéggﬁﬁﬁg%iéﬁm'&egﬁFég? nmet hyl ur ea,
1,1-dineth a1 13- di a, 3,.3-;teatr ,

1,3-diphenyeﬁ{ aCMéﬁdgﬂ#gﬁﬁg%%thioG?é%&LEféﬁbﬁééﬁggﬁ?%%ﬂﬁﬁﬁréﬁéﬁgBontaining

het er ocycl iC  SANPOMALS: 1 ﬁé!%,li 4az0) es. as igidazel

4-met hyl i m dazol’e, 4-ne€ﬂ'.-2-phg%yllﬁidagﬁﬁggﬁb23§¥%$§§%£%¥Ey%foup'

2- pheny| benzi i dagzal Liqdiaty digiess U ghasy RIHHRA g ATt Ry, di ne,

4- et hyl pyri di ne, 2-ef%y|pyr|d|ne, -ethyl pyridi'ne, 2-phenyl pyri dine,
4-pheny! pymighime.dbietyidednphemd iy idinterdlicRisha, JuaQ), tirf agid,

ni coti nam de, quinoline, 8-oxyquinoline, and acridi ne; pyrazine, pyrazole,
pyri dazi ne,1ind nexalgdeyivai ne, pyrrolidine, piperidine, norpholine,

4- et hyl nor phol i ne, piperazine, 1, 4-dinethyl pi perazine,

1, 4- di azabi cycl {2 .ekajgaisanes Qlenidildmsnyandgddigpd,i ke. 122 A

ni trogen-cont ai ni ng conpound havi ng an aci d-cl eavabl e group can al so be

used as a mdylogercadsdral nigpuyy, gastiieoparsrtiond;l Axexgnpl es of the
ni t rogen- cont ai ni ng conpound havi ng an aci d-cl eavabl e group,

N- ('t - but oxyiceybuonst Yqr peenydi gepud, (1 ~-Hut oxyacardonyl jroudazatad the 1ike

N- (t - but oxycar bonyl ) benzi m dazol e,

N- ('t - but oxyzzar Henyd Yven phenyl benzi mi dazol e,

N (t-but oxycar bonyl)di octyl am ne, N-(t-butoxycarbonyl)di et hanol am ne,

N- (t - but oxycar bds Exdineyer shiek e @fHeg rRIPS - B dRGERE IEPHP), dP pPRAYNEHRI ne,
and the |like can be given. O these nitrogen-containing organic conpounds,

t he nitrogeh-Tsm Hpﬁwﬁglcﬁﬁﬁjm;na@p(:aw/hiqnoo@enh@twgyﬂigﬁ@%nﬁ@hﬁasl( a),

ni t rogen- cont ai ni ng, het erocycli c conpound, and nitraogen-cont.ai ning
conpounds HERAHRy dn GFIW I B e HHE Bhd FHIR/ Ke e PrlefBrUutle. The
acid diffusion controller qg%_be used either individually or in conbination

of two or rbfets diBtRt e Yol GOHPY fstfs%a(fr?yclo‘ﬁf?w{@rxatlé’lbfér%aed i's
and st 11 b bPEPIEy 5008 RaREC By Cnet dhiS TR 100 Bartao by Hei ght
IR R Ll T R G R L
o ORI RS A ol miperet apgg fend 1o
crotonoyl group, oleoyl group, maleoyl group, fumaroyl group,
mesaconoyl group, campholoyl group, benzoyl group, phthaloyl
group, isophthaloyl group, terephthaloyl group, naphthoyl
group, toluoyl group, hydroatropoyl group, atropoyl group,
cinnamoyl group, furoyl group, thenoyl group, nicotinoyl group,
isonicotinoyl group, p-toluenesulfonyl group, mesyl group,
and the like can be given.
As examples of the cyclic acid-cleavable group,

cyclopropyl group, cyclopentyl group, cyclohexyl group,
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the pattern shape or dinensional accuracy as a resist may decrease
dependi ng on the processing conditions. <Alkali-soluble resin> An

al kali-soluble resin (hereinafter referred to as "al kali-soluble resin
(c)") can be optionally added to the positive-tone radiation-sensitive
resin conposition (i). As exanples of the alkali-soluble resin (c),

pol y(4- hydroxystyrene), partially hydrogenated pol y(4-hydroxystyrene),

| y(3-hyd t tially hyd d l.y(,3- hyd t ,
byt oy sty o ) P b ol S F SRR e SR anb
I , i I |, i id, dthe lik
can ba g1 ver RSB, Ui s oo PR o B G 000, and
f bl : - I [+ i d
Bl ther 1 ndi G AR s o AR S Sl e ol BB B e
al kal | - 50l ubl s esbas ooy hQubRndddath s RELEnblvcAdopoLLS, B MEgt of

|l ess for 1 parts by wei he’aci"d- cl'eavaBl’'e group-con resin.

<Surfactamféé%HﬁfﬁﬁﬁﬁﬁfbﬁﬁgHﬁyﬂgBBuﬁﬂﬁﬂﬂﬂdﬁ&ﬂgiﬂﬂmﬁﬁﬁb@&ddyigroup,
applicability or 'striation of thé conposition and déevel opabil'ity as a
resist may penaddsd; txdhg Rosddjmaryong-dadl atinnsgnsitive resin
conposition (i), positive-tone radiation-sensitive resin conposition (ii),
and negat i we=t e, dadiratd@n-H8/Sidddg ,resin conposition (iii). 124

Exanpl es of such surfactants include pol yoxyethyl ene | auryl ether,

pol yoxyet hy3-eret sitgatno treitdigte nepal yioxdhaeitiydee ner iy ImestHiar ,adamdarcogyiet hyl ene
n-octyl phenol ether, pol yoxyethyl ene n-nonyl phenol ether, polyethylene

gl ycol dil ayraipe, euilyietaaipiveme il yeolipdi steayat eriapdlcdsuengi abtryup,
avai |l abl e products such as FTOP EF301, EF303, EF352 (manufactured by TOHKEM
PRODUCTS CGRRCRATIrGN)y,c IMEGARAG 1FG Y bnp F ISt { yhmyfcdatpnemad, lbyg rBapni pponl | nk
and Chemcals, Inc.), Fluorad FC430, FC431 (manufactured by Sum tono 3M
Ltd. ) , AsadlertyAGELOp,Suethgh S3BheBC WbursCeltd2l SB=108exBLC- 104,
SC- 105, SC- 106 (nanufacturSd by Asahi dass Co., L d. ) , KP341

(manuf act ur@ePusy, SHith- i Chegiewm CGheraind bhe dhd Pollgpendenoly75, No. 95
(manuf actured by Kyoei sha Chem cal Co., Ltd. a . These surfactants may be
used either’SRERSAHAMIA yiBRAI O QRSN oA LEY 1t WCWP Notie g Thé aABRAR of
the surfactant to be added is preferably 2 parts by weight or_|ess_ for 100
parts by wedgttsS O fheulgt4teredvabhiw@ L RhmRPRy At 88 na b cyclic

al kal i -sol ubl e resin. <Photosensitizer> A photosensitizer .nay dded to
e pos; ¢1 VAYTEHE TR HHH SENarE: § 2P ets Boabimatia o Ui b aorE: 6. t one
radi ati on-sensitive resin conpositi@n, (ii), .and _negative-tone ..
radiation-sﬁ%%??iqﬂ? PEZFHeC% B@Ft%onl%i?i%?b%&ité&%ﬁ£9§su8?ub5tltutEd

phot osensitj zers,, carbazol es,. benz e es, 0 S, _-aht es, and
the like can %V%]ie\/rgtn.afﬁ%yd :ﬁs%&ggcnsﬁlolieqﬂéoﬁy@%e% %?t eﬁ?oerp

i ndi vi dual | i ' ' f : e - -
photosensit%%%ﬁsigligﬂgégng?gsgggf ?gﬁ?% ggrgéFgg 63nggﬁ%h?ggégﬁeggdfor

100 parts b%?%@&rr%% w2k hi H8e 2GI 7l £aYADIS gﬁgeﬁ-&m@brﬁmgﬁ;ﬁéﬂbeﬁd,

al kal i -solu esin. <O her additives> In addition, a dy or a pignent

may be added o @s¢iisuldzEr hAltiMsdimrges 8{ vexersed &hras ARddteckeduae the
effect of halation during exposure. An adhesion adjuvant nmay be added to

i mprove adhgsb@d Kvide sUSlIAtRN Atcalisheiaddihevesmahal agi R behhbitors
such as 4-hydroxy-4'-nethyl chal cone, forminprovers, preservation
stabilizerss BiMédpadd ngraA08THS aland g dd kavday he 4addedonSakvest or
a substituted or unsubstituted monovalent alicyclic
hydrocarbon group having 4-20 carbon atoms) can be given.
Of these acid-cleavable groups, the benzyl group,
t-butoxycarbonylmethyl group, l-methoxyethyl group,

l-ethoxyethyl group, l-cyclohexyloxyethyl group,
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The positive-tone radiation-sensitive resin conposition (i), positive-tone
radi ati on-sensitive resin conposition (ii), and negative-tone

radi ati on-sensitive resin conposition (iii) are used as a conposition
solution. Such a conposition solution is prepared by honogeneously

di ssolving the conposition in a solvent so that the total solid
concentration is 0.1-50 % and preferably 1-40 wo, and filtering the

Z?Iﬁé}?? L238995%95L%E%§§¥?2%98?p?ﬁé§8§ka§§% Pafl < FE??aﬁé?ﬂgﬁhﬁgf?iPhifeﬁi
gl ycol mon g%péhe€kﬁﬁ%tﬁ%?%%ﬁgihsﬁ89535tQEB¥£§98a9E¥88? g?ﬁgﬁgt y! ether

acetate, e gl ycol “nonoet 6 et her “acet at ne gl ycol

mono- n- pr opyk -gtRgH §§@1@$@xyﬁqgﬁ§%hyhgesogh$§0¢r5ﬁgvheyﬁ nekE%%%byq

acet ate; propylené glycol nonoa et hers such™ as propy

monomet hyl gebher, tREeRYhaRepgr¥agh GEBQ@EhXEt?EH?BroEE?QMk§n§r8h¥9°|
nono- n- propyl ether, and propyl ene gl ycol nono-n-butyl ether; propyl ene

gl ycol di akkykagihebshsdelrasypr gpylignetakyaal adbrBtBYLirghber grBugpy! ene
gl ycol diethyl ether, propylene glyco( di - n-propyl ether, and propyl ene

gl ycol di-mebuyylaabﬁahtymr@@bbgmee@hy@obdaﬁaaa&Kybr@hperméeﬁyates such as

propyl ene glycol nononethyl ether acetate, propylene glycol nobnoethyl ether
acetate, prepyhenedecyegll medapn- propyl cetheclaaetahel andupropykane gl ycol
nono- n-butyl ether acetate; lactic acid esters such as nethyl |actate,

et hyl | act ayelopeptgpydrodact attdylangcleopenpyl dractoateetiayi phatlichesarlboxyli c

acid esters such as n-anyl formate, i-anyl formate, ethyl acetate, n-propyl
acetate, i gpropyletivel atyelanexytlybraces at@(R'’} burphpacetidtée hikemdre
acetate, i-anyl acetate, i-propyl propionate, n-butyl propionate, and

i -butyl propederaedlect her esters such as ethyl hydroxyacetate, ethyl

2- hydr oxy-2- et hyl propi onate, nethyl 2-hydroxy-§-nethy|butyrate, et hyl

met hoxyacet at e, Ast pplecétfiox pxempaes, ofethyl -8-(Rebhogyprppi onat e, et hyl

3- et hoxypr opi onat e, net hyl 3-ethoxygropionate, et hyl 3-et hoxypropi onat e,
butyl 3-nethdXyaesbaraylpatlymethyletdyheofplr3- net hoxyacet ate, butyl

3- net hyl - 3- net_ hoxypr opi gnar P, butyl 3-nethyl -3-nmet hoxybutyrate, nethyl
acet oacet atls,( SePNGIr XY et oRCEPRERY Lt nife thy L aFRYé, J&RUPet hyl pyruvat e
aromatic hﬁdrgcarbons sych as tglugne and x¥lene; ket ones such as net hyl
ethyl ket ong, CAeEhYRYCopTECRBY S ¢ MREPHHE “Haty STRBPone, 2- hept anone,

3- hept anone, 4-heptanone, and cycl.ohexanone; .am des . such.as

N ot hy | o LR APV G PR A Y N roPRy A BE BW ABZ RPN di et hy!
acet am de, ;and _N-met hyl pyrrolidone; .and | act ones such as g-butyrol act one.
and t he |i%quaﬁd8§a&¥ygﬁ.1TW§§§Y§8F3¥§t§rﬁ€€'be used either individually
or i n conbiinati_ f. .1wo._ar 1y Eor I I esi pattern A resist
pattern islfgﬁngga %g ﬁﬁgggggﬁﬁs&%-?oﬁ%kbggﬁg%yénégékgftive resin
conposi ti 0B _(lek 1 AOSIHMSLANE 3R | ONm3eRsh LisVe Jhesky60ppositihon (i),
and negative-ton radié&ign-ggng?ti%e reg%n onposytionQ(?ii) by agblying

the conposigtien,sal-HdtaR 1nepRated 3¢ 1 BeRH-e0ad j2baye to substrates such as
a silicon wafer or a wafer covered wi th al um num using an appropriate

appl i cati on-rRi-hgd -JUER @S yat3atie@ Al yeaabed@n ydagtoagat i ng, and rol
coating to forma resist coating. The resist coating is then optionally

prebaked ap-act@neratbdatmadit yabeubup)- eaethiarai-ngtitexyref-ataedntglas " PB"
) and exposed
group, and the like can be given.
The amount of the acid-cleavable group introduced into
the acid-cleavable group-containing resin (the amount of the
number of acid-cleavable groups in the total number of oxygen

containing functional groups and acid-cleavable groups in the

acid-cleavable group-containing resin) is preferably 10-100%,
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128 to light through a predeterm ned mask pattern. As exanples of the
radi ati on used here, deep ultraviolet rays such as ultraviolet rays, KrF
exci mer | aser (wavel ength: 248 nm) , ArF exciner |aser (wavel ength: 193
nm, FZ excinmer |aser (wavel ength: 157 nm, or EUV (extrene ultraviolet,
wavel ength: 13 nm , charged particle rays such as el ectron beans, and
X-rays such as synchrotron radi ati on can be given, wth deep ultraviol et

rays and elgel 6o beagp. helig iafen abh gos The Sxposy &glgenﬁgmoeg pugh as

t he amount exposure a appropri ate y déterm ne I ng on t
conposi ti oyeferddi®d afli Aty SN IR ILSIAD 1GOTRRRIT 197 thypes of

additives, and theq{lke I'n the present invention, it Is preferable to
per f or m poStIENnosiy1ethaKke oher eintaf LBk chet LN 8814 0c 88, ) BERS) Abug0:460C
for 30 seconds or nore to consistently form mnute resist pat?erns with

hi gh preci siidroddcddie heating tenperature for PEB is |less than 70C
sensitivity may fluctuate according to the type of substrates. A desired
resi st pattern iTheobbaiysegrbyecdewalepunge idie resislgaupbNgcanazl kel gme
devel oper at 10-50C for 10-200 seconds, preferably at 15-30C for 15-100
seconds, antextdida e nrfafrareablys ats 225 C dforc hb =91 dsederdablAs t he

al kal i ne devel oper, an al kali ne aqueous sol ution prepared by dissolving an
al kal i suchyzsital teal i mpetad s iy drfox idde e mguecl $ vamgainipe reata-on di -,  or
tri-al kyl am ne, nono-, di-, or tri-al kanolam ne, heterocyclic ani ne,

t et r aal kyl armmmamndnairoxiide prefielriaivey 12900-500,000, more preferably

1, 8-di azabi cycl o[ 5. 4. 0] - 7-undecene, or 1,5-di azabicyclo[4.3.0]-5-nonene to
a concent r ati GH oF00L-010P wtansl Reyrsfierals 5l vl -5 afte rab lan @ 940364, 4100y
preferably 1-3 wt % can be used. Mbreover, an appropriate anount of a

wat er - sol ubl e oﬂﬁéhﬁétééﬂveww1§m@hea®3hﬁﬁ¢ﬁﬁﬁweEﬂﬁﬂ@@%@ﬁemb@ﬁ‘avguﬁqgctant
can be added to the devel oper conprising the above al kal i ne aqueous

sol ution. \WRETDR Wgiahteshareporteeh ref qrrercetiafk "Mni' i daye BRipPdvi ded
on the resist coating in order to prevent an adverse effect of basic
|npurltlesIﬁmaeﬂm@qWQGi%&ﬂEhrapét69€§@hY My e ehrheonretht @l car #dspher e.
Also, an antireflection filmnay bhe rOV|§ed on the | ower e ayer.
L~VTMDT L' G/ p?c?é’ste%ﬁ“%f}ﬂ/eﬁﬁ%%h%ﬁ | IsuB‘ér éfe%cﬂobea“ijnpﬁﬁf%r%?g i Y way
of exanpl es. wﬁ} thﬁse exangh%s shoul ot. be construed a% m ting
the present inve 2O FhEALR I%rsou%aq’? AYIANG LSNP IRy D ufﬁ?t (s
) by meight nIe ther se 1n ted. Synthesis of Cld gener at or
(1) Synt hesi gtr}i:'eia e Ol ot ave ?/\%r% X aaatrlgoemd (%//éqtthw osraeg of

di cycl opent adi eng, %ﬂgﬂu?@g%)ﬁ 0l s buooms 1o 1t B tgtald n;iq}gofésqw eoe. A

solution of 0.3 ¢ €eno uene was added

to the aut Oﬁ{éi\f:%sqsc1@760-@&4{33rr‘a@ta't9.%n—%%n81tlve resin composition (1)
using a KrFexcimer laser, a resin insoluble or scarcely soluble
in alkali comprising one or more recurring units of the
following formula (10) and one or more recurring units
containing an acid-cleavable group is preferable (this resin
is hereinafter referred to as "resin (B1l)"). The resin (Bl)
isalsosuitable foruse inapositive~tone radiation-sensitive
resin composition (i) using an ArF excimer laser, F, excimer

laser, electron beams, or the like.
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i nhibitor and the m xture was stirred for 5 hours at 170C. The reaction
product was purified by distillation under reduced pressure at 85C and 25
nHg to obtain 326 g of
1-bronmo-1,1, 2, 2-tetrafl uoro-2-(norborn-5-en-2-yl)ethane as a clear liquid
(hereinafter referred to as "conpound (1-a) ") . Next, a solution of 62 g
of the conpound (1-a) dissolved in 1 liter of ethyl acetate was added to a
2 liter eggplant flask. After the addition of 12 g of alum na containing 50
rhodium the m CHe<CH, d viqepyusly for 3 hours under a hydrogen
at nosphere. Then, \t he reaction solution was filtrated under reduced
pressure through g JRass filter covered with celite. The filtrate was
concentrat ed undruced pressure and the concentrate was purified by
di stillation unde ¥duced pressure to obtain 56 g of

fra

d

1-brono-1,1, 2, 2-t¢ | uor o- 2- (nor bornan-2-yl )ethane as a clear |iquid
(hereinafter re(Rf‘?)e (®bl)as "conpound (1-b)"). A 2 liter three-necked
flask, in which the fat m)s%here was t horoughly replaced with nitrogen, was
charged with a solution of 70 g of sodiumdithionite and 52 g of sodium
hydr ogencar bonat e di ssolved in 300 mMl of water. Then, 300 m of a solution
of 55 g of the conpound (1-b) dissolved in acetonitrile was added by

dri ppi ng f ethegre rhBUr rapreeent s empgriatgee, agod dhe sohotabanvasrgaait ed f or
two hours at 75C. Afterevaporatingthe acetonitrile under reduced pressure,
350 ng of odiupm aukgstadd aehydtagerantrdn0-g, ofatdishdingthe formula

hydr ogenphosphat e were added. 5.6 m of 30% hydrogen peroxi de aqueous

sol uti on wade+tfddel.by dripping at roomtenperature 131 while carefully
mai ntai ning the pH of the reaction solution. The solution was distilled
under reduced pFEsSHREPLLE S @fDVRS tIRCWITIET] WHE s o8 dhe {wrmekarbklled with
met hanol and distilled under reduced pressure to renove the nethanol,

t her eby obti@iifisngPssigasilel by, gloavageapf udrecbymerst bk Farls 3ty e trae

sodi um sul fonate (hereinafter referred to as "conpound (1-c)"). Next, 80 g
of 1- n- but BAATaphehePBRRURHFUSTR Y 4ot YA FRYSENSRNE, 3-hydroxystyrene,

pent oxi de-netti anesul fonic acid m xture were added to a five liter eggpl ant
flask and PhEYALOERYSE KRS et (4P oSy ~#sTR-RYLES YAE"Poom t enper at ure. 47 g
of tetranethyl ene.syl foxide was added. to the mxture by dripping at 0C and
the mi xt urtea%v\}aeghgtli ?lr Y FSFYSG YRS e € TEREN ﬁlet“tyéiﬁﬁé)r(’gt drE"SF the mixture
was gradual y i eas! t erature. -The. m xt ur tirred for an
addi ti onal —élﬁrt$Vﬁ§S%®)€{r%rJg%\%l§)§e§£i r? E“Bé&%é/ '?o h@r?éﬁoﬁfytget %ﬁ%’addi tion of
2 liters of:z.) r. a__gqql;& j pH t,Q £. i %.aqu ammoni a,
the m xturé—) %&tﬁh tll :B(rjg or%}osﬁg,}heg%’ Et’ ¢ cc)ic%rkﬁq/tdg?r)ﬁ( r%atﬁgfréoél%’Agggf t he

addi tion ofy a sQlcytiinQ Qi k& @ Rf Lheeonpornd (1-c) dissolved in 150 m
of water, the m xturé was 'stirred for an additional hour at room

temperature. Thef eaellcOReslrit hgNunAsseXtihacteshh i Nawes hy ere Ll gt i de
and the extract was washed with water. The net hyl ene chl oride was

evapor at ed dMdepd166HGEd P 1RS SR taitd tihie el due 4Was,dRdikyfsit§d-ehsd Ny a
silica gel colum (nethylene chloride: nethanol =20:1). 76 g of

1, 4- but y| ere-nybmodystpoamnph e -atoxsisitfaringn or 4-hydroxy-a-
1,1,2,2-tetrafl uoro-2-(norbornan-2-yl)ethane sul fonate was 132 obt ai ned
by repreci ety let wsineg aret ipedeerabiilear i de/ n- hexane. The results of 1H NWVR
anal ysis for this conmpound are shown in Figure 1 . The results of mass

anal ysis for théscatheorramiretiyngamehids dva viibigettyeard osieowe nitd deiegur es 2 and
3 respectively. This conmpound is referred to as "acid generator (A-1) ".
The mass araliypsicd egfvaiie acpdp garreratmomy AnlY s dmlitgeofieldowong axhes
generators (A-2) to (A-6) was carried out according to the follow ng

condi ti ons:0fAppafatuRCt 1gME AXSOPVIUERSS Speleenr @kt éyy dueEylf dEPUPeN By
JEOL, Ltd.) Emtter current: 5mA (gas used: Xe) Acceleration voltage: 3.0
kV 10N MULTFRIopxyl gFioxs iR Ret HodeNt a¥itht BRP bbHPaF Bttt U FaB) Siect i on

ion: cation(+) Measured mas% range: 20-1500m z Scan: 30 gec Refol ution:
1500 by the formula (10) or recurring units obtained by cleavage

of the polymerizable unsaturated bond of a (meth) acrylic acid
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Matri x: 3-nitrobenzyl alcohol Svnthesis Exanple 2 A 2 liter eggplant flask

was charged with a solution of 20 g of triphenyl sul foniumchloride

di ssolved in 500 mM of water. A 500 ml aqueous solution containing 20 g of

t he conpound ( 1-d) was added by dripping at roomtenperature and the

m xture was stirred for 30 mnutes. The reaction solution was extracted 133
with ethyl acetate and the organi c layer was washed twice using water. 16 g
of triphenyl sul foni 1@& 2-tetrafluoro-2(norbornan-2-yl) ethane

sul fonate WHS® ]E)%Jt%.lﬁ’é% AZOGFRAL R A V3 SURRO T hid TR MR t he

sol ution by d| Stl| ation under reduc 5%&) ssure. The results of 1H NWR

anal ysi s for® Ifl?'l? o%%%dl%r%e%lrﬁ) raebqlve‘ﬂf‘éltrle%rtﬁch of mass

I f d hown Fi 5 d
6 Fedpect | VT I E e EOHD e S Ha R T A €L P e e (A 2y
Synt h I t fI h d th | ut f
0o o d Eﬁeny+?ok§%€.g§%u o e aettd o, B35 AP IR By i s 2R kh0  °
aqueous sol ygion, captaining 20, Qhéafi%af%%ﬂ%ueq G1aCl4aRoRdded Dy,

dri ppi ng at roorh tenperature an ure was stirre m naf es.

The deposi t@ﬂtckgly@gg*@a%)% djcg%%dgg}gpprwr ough a glass filter, sufficiently

washed with water, reduced pressure to obtain 12 g of

di phenyl i odoni Lo ga&cg@mggw&gsg nodhor nan- 2-yl ) et hane sul fonate.

The results of 1H NVR analysis for this corrpound are shown in Figure 7. The

resul ts of sesst o ysdsutHiyide, £yt oiety and ani on noiety are shown
in Figures 8 and 9 respectively. This corrpound is referred to as "acid

generator (A-BgtralSydt t§nﬁm;vgﬁi fAerfe 2 2 id@iodyu@esneekeddd ask, in
whi ch the at rmsphe% \Ad/;%ﬁt hor oug I%yreplﬁced V\nthﬁfﬂ trio%inﬁpewas char ged
with a sol +oypclddent pioxetheofysogteme di thionite and 52 g of sodium
hydr ogencar bonate di ssolved in 300 m of water. 300 mM of a solution of 55
g of the colrpopnboldsxp)oxlyssiobxest yrermeptorbdtyl anavas) acderhdyy, dri ppi ng for
one hour at roomtenperature and the m xture was reacted for two hours at
75C. After rewaippladamgnt e (reeet oanctyldtee under reduced pressure, the
reaction solution was extracted with ethyl acetate. The organic | ayer was
washed wit ey lademantyl freetamcaary batever anhydrous magnesi um sul fate. The
et hyl acetate was evaporated under reduced pressure to obtain 35 g of
1,1,2,2- tetm%ﬁﬂmb@}océop?m@meﬁh@hlazCW§@tEhane sodi um sul fonate (hereinafter
referredto as ound (1-d)"). Next, a 2 liter eggplant flask was
charged wi t%tla%%y ?Eﬁln%ffl Qﬂﬁﬁ‘b#cﬂﬁ%a%npound (1-d) dissolved in 250 ni
of water. The so]ution was bubbled with superfluous chlorine gas for nore
than 15 mi rfiff B3Y WRYFEOREFY T (MY~ 2t 2FbbMR tenperature. The oily matter
collected on_the boftom o flask was extracte i th nmethyl ene chloride
The or ganf &Y ?/%(F %%XW\LQH%%W?W%\a%%dl?Rﬁh% ar bonat e aqueous

solution and dri over an% rous magnesi um sul fate The net h¥1| ene.ghl ori de
n

was evaporated u pre88stPEPt 6°6uaT P 68'G of SE1FE 118 Uit
2-tetraf | uogogs én%ﬁ?rg}ﬁen(%&é))e)% rﬂﬁg%nelﬁ fr%@(llrr&g!g%hgg (?ﬁ%%%a

referred to as " conpou ter °ng

N- hydr oxy-5 ?ép%@ g %53‘16'8 mg&%ﬁ@@% HH o.n) of 30 g of the

compound ( 4 di sso in 1 tetr uran, 29 g of triethylam ne

was added to theygi équ%glgg &fltﬂpén&théﬁtfécéﬂﬂd rlﬂ'llt’rfbe &3P, units

obtained by the cleavage of an polymerizable unsaturated bond
of the following compounds can be given: vinyl aromatic
compounds such as styrenes such as styrene, a-methylstyrene,
2-methylstyrene, 3-methylstyrene, 4-methylstyrene,
2-methoxystyrene, 3-methoxystyrene, 4-methoxystyrene, and

4-(2-t-butoxycarbonylethyloxy)styrene;
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reaction solution for 10 m nutes at roomtenperature, water was added by
dripping to obtain the rear.t ion product as white crystals. After
filtering, the crystals were dissolved in nethylene chloride and the

sol ution was consecutively washed wi th sodi um hydrogencar bonat e aqueous
solution, oxalic acid aqueous solution, and water. After drying the

sol ution over anhydrous magnesi um sul fate, the methylene chloride was

evapor at ed r ure to n of

N-(1,1,2, 2 ugr & s?nsglr Shor nsaﬁ“%t%y (frr?iﬁg%l%rd’dﬁt&y)ethyl

- 5-nor bor ne :%]gﬁg 0X Fr t he anal ysis results
of this corr(gr(g’eutﬁydgc1 ?éc%drr%{o n %rysl re erre %Ysaats lk_g_dltlve%ner ator (A4 ) "

Synt hesi s pfxaRl&- A AL aqt_%qjt@ie (W?eschc)r}&rr%ﬁ%t‘g tglt_}j%?‘l .LYOS g of

dr cycl opent adi ene and 32Z. 4 of 1-bro ro- 3-butene. A
sol ution of (@ t3)% Qfy 14rtEt W}@nqlméid@%@r\ﬁ%een %-@th%hte% ene was added

to the autoclave as ‘a polynerization inhibitor and the mxtu was stirred

for 5 hour siradthl @Gy1H I eagty d}rb,g[ Qduat (\f@s‘thqtérdrf};l%deby d| str | I ation
under reduced pressure at 85C and 1 to obtain 226 g

1- br ono- 1, L -2 yiteatyafdpiar om{t i) Qidr%/%éﬁ:'eo [3-4ydrbxy J_r2 S 1" 1]
dodec 3-en-8-yl ) ethane as a clear liquid (hereina ter referred to as
"conpound (Gresh))acH¥dte,a @RIl oeath )3T 1y 1eft &, hereorpeynd (5-a) dissol ved
in 1.5 liters of ethyl acetate was added to a 3 liter eggpl ant 136 fl ask.
After the addith)acroflat®,g afd ajheniremoeetsaiofl rhebFolhediiwg fdrenuTiag ur e
was stirred vigorous7_y for 3 hours under a hydrogen atnosphere. Then, the
reacti on sollut)i-ofl3das filtrated under reduced pressure through a gl ass
filter covered with celite. The filtrate was concentrated under reduced
pressure and the concentrate was purified by distillation under reduced
pressure to obtain 85 g of 1-brono-1, 1, 2, 2-tetrafluoro-2- (tetracyclo [4

.4 . 0. 12'5. 1'-10] dﬁljecaﬁ}l-ﬂ% I)ethar@Hgs a cIear liquid (hereinafter
referred to a @_}_é

dfla in which
t he at rrosphergzvvas or oug Iy re Pﬁ@%ﬂwt mtrog WAS C glllﬁded with a
solution of 10.2 g of sodi uniclg hi oni te GHd 04 g of sodi um

hydr ogencar bonat e di ssolved in 170 m of wat er . Then, a solution of 10 g of
t he conpound (5-b) dissolved in 750 ml of acetonitri le was added by
dripping for one hour at roomtenperature, and the solution was reacted for
seven hours at 100C. After prec Htati ng t acetonitri | e, the aqueous
solution was filtrated t he {:’ 3trat .' at ed under reduced

5

pressure. TheHJCrsiHD d QK= CHgd uni)
reduced pressure to re t he ¢Ef ano eby Yai ni ngl0. 2 g of
1,1,2,2-tetrafluoro-2-(tetracyc [440 1 1 1]dodecan 8-yl ) et hane
sodium sul finate (hereinafter referred to as "conpound (5-c)"). Next, a 500
m three-necked flask was charged with a solution of 9 g of the conpound
(5-c) dissolved in 75 M of water. 50 ng of sodiumtungstate dehydrate and
1.2 g of 137 di sodi utm hydr ogenpbesphat e were addedl) 3 m of 30% hydrogen
per oxi de aqu utfo )ﬁ?@m@}ﬁg@ g at ur ile
careful ly rra?‘r)?t@rr_%gng hg) e F S&/gti on e m Rtur eﬁwz,g
reacted for one hour at 60C, 10 m of water was added and the m xture was
cooled to roomtenperature. Then, a solution of 10 g of triphenyl sul fonium
chl oride dissolved in 250 m of water was added by dripping at room
tenperature and the reaction solution was stirred for one hour. Next, the
reaction solution was extracted with ethyl acetate and the organic Iayer
was washed #a%ed it idhels @81 dg bestest OfTHe &t hyl acetate was rempved under
reduced pressure and the residue was purified usi a silica gel colum

( met hyl ene W ayrde- %a%mrﬁeq)aq sobqt%l"n af g(“@fgtht rarcﬁw erhA S@H%bni um
1,1,2,2-tetrafl uoro-2 &eetrg ¥C|O¥ Cylgz Ldode an- 8-yl
) ethane sHFGPAE act gshits?o 1@%%5’1 'saf"SrCfﬁ’i‘gm Sn’i‘)%h t are
shown in fi ure 11 The ults ysi s, for.the_cation |ety and
ani on noi et dﬂﬁtri r&urogsuilf §H53£§dr S8 pRRFYYEFyacLds Such

2—carboxyethyl (meth)acrylate, 2-carboxypropyl

)
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This conmpound is referred to as "acid generator (A-5 ) " . Synthesis
Exanple 6 A 2 liter eggplant flask was charged with a solution of 25.2 g of
sodi um hydr ogencar bonate di ssolved in 500 m of water. 19.2 g of

2- (fluorosul fonyl)difluoromethyl acetate was added by dripping while
stirring the solution at roomtenperature. Then, the m xture was stirred
for a further 2 hours at room 138 tenperature, followed by evaporation of
wat er under g_ch ressur The. res i olid s dried overni ght under
vacuum at r(onf)m ea%e@aﬁer’e,a%pdur?fclaer Q;Qy’h%ex ryzlct(:moent iTH % i1 of methanol,
and dried qmj%'t :??Cé’é’&” g ]ﬁplo r@gmﬁ{ bt ai f .

nmet hoxycar bony chy uor or?rle% anereas |un(1?§s§l$coﬂngatsg S%nl?uéeﬂr}l(a)?a[ncgqflg‘tlg)rnolrte]?lelrer’ed to as
"conmpound (f-a)1'9 ahlg_x_;l, SO 478 foatri I oni um

chl ori de di sscg? verdO In SOrHal of  ‘wat gér}oov\clgosr%atdr glc?’t gnages%'llt}?{lgn%y’o?aq@ 34 g of
the compoundfHritdissol ved in 15 m of water. This m xed sol ution was
extracted twice with 20 ml of ethyl acetate . The organic | ayer was washed

with 20 M afsaalest andhmlde damsuridh ViU s $odidin) s fatmiddhe et hyl
acetate was renoved by evaporation under reduced pressure and the residue

was dried underd Masthgn tree bt ad Ay i), frc dhiaehlag, vinaceusamndedi hXd

tri phenyl sul f oni um nmet hoxycar bonyl di fl uoronet hane sul fonate. The mass

anal ysi s retuhdsaeidd he cation noiety and ani on noiety of this compound are
shown in Figures 14 and 15 respectively. This conpound is referred to as
"aci d generatsatreted "imiSymntdesgpcurkdangpleh 7aA ra ldineirdeeggpl ant fl ask was
charged with a solution of 20 g of 1-(4-hydroxy-3,5-dinethyl phenyl)

t et r ahydr ot @péreninm evet e sand dhat e b issol edld im0 1 of water. A 500
m aqueous solution containing 20 g of the conpound (1-c) was added by

dri ppi ng atandorthenpeltreyen arehti8ning el ny Xtasmpawsistiugredas or 15

m nutes. The precipitated crystals were filtered through a glass filter and
di ssol ved iNrwethWienepchlloctdn, FTheisglpyroalidsnaddadvioyhexandibyg,
dripping to obtain a white precipitate. The resulting precipitate was again
filtered t i oUghY P EdEng i | 4 erinnke yol diee ed ~ViHy datl el s And was

di ssol ved in acetone and the solution was added to water by dripping to
obtain a witelprebipiazree- The precipitate was again filtered through a
glass filter, coI%e ted, and dried under r‘edu?e pressure to  ob aii n 16 g of
1- (4- hydr oxy- 3, 52%i PhRERYT§CUH R Fhydridtshi Bpheritih s obtainable by
1,1,2,2-tetrafl uoro- norbtir nan-.Z-ﬁTllJ%et hane sutlzf(g ate, .Fi gh 16 shows .t he
1H NVR anal 7sT37 342 1% & BPYRFEéBhpouidSa Thi3te nbod%&r]i Pef8PPRE"Eo as
"acid generator (A7 ) " . nthesis Exanple 8 A 2 |liter eggplant flask was
charged w tshu(%ls%? u‘fi%%tkb\fl 56%?’ t he conpound (1-c) dissolved in 1,000 m

of a net hanpl /ywat € 1 I j stirri e ion at
" oom terpor bt (£ o S e CA R PR e e B RS Ve S a0 um
hydrogensul fatg, fi s§alved i N pl ke o o Bapgh VR dded, by rdELBRLNY.
Then, the ngxture \7\(/as )sft |g]r:r eg Pgr anoac]:éfgtalkonafl i ou)fra1 at ?oomte_rrper ature
and left to stang fd%rhé?cn_%c(ié)%lEB@aB&QaﬁkSuﬁuééﬁ%‘fﬁih@ 1S {Laci 8Re
sol ution was extracted with methylene chloride. The organic |ayer was
washed Wﬂtrp&@ﬁ@ivégﬁbﬁgkﬁ@i@%@bna@@M@ﬁQH$eLﬁQﬂxlcomposition (i) using

a KrF excimer laser, a resin wherein the hydrogen atom of a

phenolic hydroxyl group of a cresol novolac resin is replaced

by the acid-cleavable group can be suitably used. As

examples of preferable acid-cleavable groups for this resin,

an ethoxyethyl group, t-butyl group, t-butoxycarbonyl group,

t-butoxycarbonylmethyl group, and the like can be given.

As a suitable acid-cleavable group-containing resin for
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magnesi um sul fate. The product was dissolved in nethylene chloride and the
sol ution was added to hexane by dripping to obtain white crystals. The
crystals were filtered through a glass filter and dried under reduced
pressure to obtain 18 g of bis(4-t-butyl phenyl)i odoni um

1,1,2,2-tetrafl uoro-2(norbornan-2-yl)ethane sul fonate. Fig. 17 shows the
1H NVR anal ysis results of this conmpound. This conpound is referred to as
"aci d generato Aq " n Ls.of acjd- v e Qup-cont ai nj.ng resin
Synt heor o ELEBrE 5 6158 51 FA0ae 5t oy e oy basro s o R 4"y

&-t-but oxysiinenas 8,6 alkcarad shaabul wronliel La OB candcl.geal

t - dodecyl nercapt an were di ssol ve n 0 g of propylene glyco

e o SUIEe (HaS RNV TEERERdSEAG SRNOr R dl JOGLD &g NTOORRE

at nosphere. After polynerization, the'reaction solution was a

to a |argetgeanbit ywohgned@nane t1Q)caagubatenand ﬂa&lefyewﬁr{ﬁﬁtur&iiw
resin. After the addition of 150 g of propylene glycol nononethyl ether to

the resin, c30@hg Golmetharolfori®ia qfishriiet Bykdriraelecandnld geefinnater were
added. The m xture was hydrolyzed for 8 hours while refluxing at the
boi |'i ng poihrire iAftferert e feeaetl 08, as hersnlvem2)and t rhet hysani e were
evapor at ed under reduced pressure. The resulting resin was dissolved in
acet one anadltshe sadkuabienfyasisededadpopint Seet tore | madian iaMsdys of ivater to
coagul ate the resin. The resulting white powler was filtered and dried
over ni ght atesSGCanmpers itaducdd)l4singpaeksbrexcither r essdar wasr F catitnd o have
Mv and MV Wh of 16,000 and 1.7 respectively. The result of 13C NWR anal ysis
confirmed tleetert,hé’.copotymaer Laatronerebaronabeansf dxrhydeokykeyrene,
styrene, and 4-t-butoxystyrene of the copolymer was 72:5:23. This resin is
referred to as a "resin (B-1)" Mv and Mh of the resin (B-1) and the
followng resins (B-2) through (B-13) were neasured by gel perneation
chromat ography (G7C) using. GPC col ums (manufactured by Tosoh Corp. ,
&2000HXL x 2, n OHXL x 1 ) under the follow ng conditions .
Flow rate: 1.0 m/Wm | uate: tetrahydrofuran, colum tenperature: 40C,
standard reference Rateria nonodi sper sed pol ystyrene. Synthesis Exanpl e
10 100 g of 4-aceto£‘5lﬂl!’é, 25 g of t-butyl acrylate, 18 g of styrene, 6
Ht=dddecyl ner caftldn were di ssolved in 230 g of
ether. The m xture was pol ynerized for 16 hours
here. After polynerization, the reaction
¢4t a |arge quantity of hexane to coagul ate and
purify the resul tig AB er the addition of 150 g of propylene glycol
nmononet hyl ether to } 8in, 300 g of methanol, 80 g of triethylam ne,
and 15 g of water vWBre addefd The m xture was hydrolyzed for 8 hours while
refluxing at the boiling point. After the reaction, the solvent and
triethylam ne were evaporated under |42

propyl ene gl ycol no
at 70C in a nitrogeR
sol uti on was added

wherein B individually represent a hydrogen atom or an
acid-cleavable group, at least one of B being the
acid-cleavable group, D individually represent a hydrogen atom
or a linear or branched monovalent alkyl group having 1-4 carbon

atoms, and x 1s an integer of 0 to 2.
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reduced pressure. The resulting resin was dissolved in acetone and the

sol ution was added dropwi se to a large quantity of water to coagul ate the

resin. The resulting white powder was filtered and dried overni ght at 50C

under reduced pressure. The resin was found to have Mv and Mv Wvn of 11,500

and 1.6 respectively. The result of 13C NWR anal ysis confirnmed that the

copol yneri zation nolar ratio of 4-hydroxystyrene, t-butyl acrylate, and

styrene of the copolyn§é was 61:19:20. This resin is referred to as a

"resin (B-2)". SynthdRi'S Exanple 11 176 g of 4-t-butoxystyrene was

ani onically polynerjzgd at -78C in 500 m of tetrahydrofuran using

n-butyllithiuma ot G, er péigyerization, the resulting resin

sol ution was coagul at&d in nethanol to obtain 150 g of white

pol y(4-t-butoxystyd=ng). 150 g of poly(4-t-butoxystyrene) was dissolved in

600 g of dioxane. Afte¢r the addition of diluted hydrochloric acid, the

m xture was hydrolyze® at 70C for 2 hours . The reaction product was added

dropwi se to a | arge qpanti%z of water, thereby causing the resin to

coagul ate. A st¢wﬂbﬁ-g}s$éﬁ ing the resulting resin in acetone and addi ng

dropwise to a large qyiantity of water to coagulate the resin was repeated.

The resulting white qqﬂﬂer was filtered and dried overnight at 50C under

reduced pressure. The Mv and MM Mh of this resin were 10,400 and 1.10, 143

respectively. 13C-NWR analysis confirned that only part of t-butyl group in

t he pol y(4-t-butoxystyrene) had a hydrol yzed structure and the nolar ratio

of 4-t-butoxystyrene and 4-hydroxystyrene was 68:32. This resin is referred

to as a "resin (Mpein Kt heBresExbspr e IQroGey afom, copotyhedrofp,

4- hydroxystyrene and 4-t-butoxystyrene (copolynerization nmolar ratio,

90: 10) was W%%%Mylngmepgropeﬁfbu@wahgé% greurning Bgehnga¥idaal bbbl ed

t hrough the solution for 30 mnutes. After the addition of 3.3 g of ethyl

vinyl et herfSESCREDR BYRPEF i LRGSR YL SRR N I AT 4l §REPORhe

m xture was reacted at roomtenperature faor, 12 hours. The reaction_sol ution

was added PN &F EoSEPITHEY rﬁﬁuﬂ%iﬂ?ﬁﬁk?QﬁﬁduPPBHVF&eBEa@ﬁFEYElfﬁe

resin. The rqgin s filtered and ergﬁ oV rnigﬂ} in a vacuu€1drigr1@t 50C.

Mv and Mv/ N SFCTHTO} SHWREPE L 8spet? | SRTYCAF T BT &FdY01 O & resul t

of 13C NWR eé’ssl oril kfﬁ} r cﬁhﬁrﬁﬁsl fnouands%?osé]i V& yu%é‘ffb%éﬂ:t%é&h 23

nmol % of hydtr'ogen atons 0 e phenol'i ¢ hydroxXyl group in

pol y(4- hydr o: : A 0 | % by

t - butyl gr&ﬁ%ﬁigﬁﬁggkfgg?ﬁ% é%ﬁ%h@%ﬂ??gggéqgﬂ%ggg?n5?3¥ﬁ?RQI%g%t ésis

Exanpl e 13 5 gn of piorhpr neng, g2 grfa}pnﬁé@ﬁgcaagwgugﬁtealog of

8- hydroxytetracyclo[4.4.0.12° 5.1 "1] dodec-3-ene, and 23 g of 144
unsubstituted linear or branched alkyl group having 1-4 carbon

atoms or a substituted or unsubstituted monovalent alicyclic
hydrocarbon group having 4-20 carbon atoms.

As preferable recurring units of the formula (14), units
having a norbornene skeleton obtainable by cleavage of a
polymerizable unsaturated bond of the following monomers, for
example,
5-t-butoxycarbonylbicyclo[2.2.1]hept-2-ene,
5-(4-t-butylcyclohexyloxy)carbonylbicyclo[2.2.1]hept-2-ene,
5-(l-ethoxyethoxy)carbonylbicyclo[2.2.1]hept-2-ene,

5-(l-cyclohexyloxyethoxy)carbonylbicyclo[2.2.1]hept-2-ene,
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2- met hyl - 2- adamantyl nethacryl ate were dissolved in 50 g of tetrahydrofuran
to obtain a honbgeneous solution. After injection of nitrogen for 30

m nutes, 3 g of AIBN was added. The m xture was heated to 65C and stirred
for 6 hours at this tenperature. After polynerization, the reaction
solution was cooled to roomtenperature and diluted with 50 g of
tetrahydrofuran. The diluted solution was poured into 1,000 m of n-hexane.
The preci pktat i r col ed by filtrati an ried to
obtain a rés?nsg¥§?¥555§§ﬁ9§%%¥§8é868F§§%¥99%¥Hc%ﬂ&%m?o??%?ﬁ 6?"ﬁ8§rng a
copol yreri zat.| i . i ydride, . ,_

o Pyd oxyt r Fasyal a0F 05105V Bon R LY 1 BTSN o 2-ene,
2-nmet hyl - 2=a = 3832030, - Thi LN~L eferred to
as a "resig ?%ﬁg?b¥5§§§%Egg?gbgggﬁﬁFéﬁngﬁé9§%gé26?'glﬁgéky?-%pédanantyl
met hacr yl agetapdtadyBroAl 1 therhal,Lowiagscompoung” (8h),yeres digsol ved in
200 g of 2-butanone’to obtain a hohbgeneous solution,” followed by the

addi tion o8-4404-guel,189th¥he230Bksh sa¥BbAyALELA8c@R1bNitiator to obtain a
nononer solution. N trogen gas was bubbled through™a one liter three-necked
flask cont a4niung.180 .97 Zodukt-aposgs f or 30 minutes. The tenperature was
increased to 80C while stirring. The above nononer sol ution was added by
dri ppi ng as-qlrataoaletBory) barbbuyesetandythe (@i Xt or e?\was’pb] ymeri zed for
5 hours. The reaction solution was cooled to 30C or |ess and poured into
145 2, 00dogeot-3retibanol . White precipitate produced was coll ected by
filtration, mxed with 400 g of nethanol, and washed tw ce. The white

preci pi t at @-Wdsclicllohakedoapdtdpkgdchobohylhetracgt1b0C to obtain a resin.
This resin was a copolyner with an Mv of 12,200, having a copol yneri zation
ratio of 2{#e#hyl.12°adatbidyderedhameyl ate: conmpound of formula (34) -
40.6:59.4. This resinis referred to as a "resin (B-6)". CH3 C CH2 (34)
Synt hesi s Bx&mplgoxycagbooygmethexysenpbngligamantglonet hacryl ate, 15. 47 g
of 3-hydroxy-1-adapggntyl nethacrylate, and 43.64 g of the conpound of
formula ( 34-P-Werde dilssol dede¢n3280eg of 2-butanone to obtain a
homogeneous sol ution, followed by the addition of 4.02 a of .methyl

azobi si sovaréeirehy8rebtiapnyacnyrarbrnystetirarYCchPlifoder - 43s -was bubbl ed

through a one liter three-necked 146
9 dodec-3-ene, and

8—tetrahydropyranyloxycarbonyltetracyclo[4.4.0.1L5.1%1%
dodec-3~-ene can be given.

As examples of the preferable recurring units of the
formula (15), units obtained by the cleavage of a polymerizable
unsaturated bond of t-butyl (meth)acrylate,
2-methyl-2-adamantyl (meth)acrylate,
2-ethyl-2-adamantyl (meth)acrylate,
2-methylcyclopentyl (meth)acrylate,
2-ethylcyclopentyl (meth)acrylate,
2-methylcyclohexyl (meth)acrylate,
2-ethocyclohexyl (meth)acrylate, and the units of the

following formulas (15-1)-(15-12) can be given.
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flask containing 100 g of 2-butanone for 30 mnutes. The tenperature was
increased to 80C while stirring. The above nononer sol ution was added by
dripping at a rate of 10 nl/5 m nutes, and the m xture was pol ynerized for
5 hours. The reaction solution was cooled to 30C or |ess and poured into
2,000 g of methanol. White precipitate produced was coll ected by
filtration, mxed with 400 g of nethanol, and washed twi ce. The white
precipitate was filtrated and dried for 17 hours at 50C to obtain a resin.
This resin was a cRP8l yner with an RiZof 9,200, havi Ri% copol yneri zati on

rati o of 2-nethy} - adanan a rylat 3 hydr xyk 1- adamant yl

nmet hacryl ate: ¢O rnul 6‘ pS/resin is
referred to ase S|n(B-7)" oy= esi s Exanple% 055gof

2- met hyl - 2- adanmant yl net hacryl at €, 49 g of 3-hydroxy-1-adamantyl

met hacryl ate, and @38.97 g of the coﬁbound of fornula(DS4) wer e dissolved in

200 g of 2-bu t btain nﬁg@ us sol fall,oned by the
addi ti on of Sf'égfgéofe’?& hyl agbg"() cgﬁbrate ﬂ'gfi@bt 'gila&mnomar
solution. Nitrogen/ga§ was bubbl ed QuUgh a one lite -
containing 100 g put anone for nutes. The t
i ncreased to 80C Wu..?snirring T jove nononer s on was added by
dripping at a rate™*10 nl /5 m nut est<and t he nlxtur- s polynerized for
5 hours. The 147 reaction sol uti on wagyqool ed to | ess and poured
into 2,000 g of nethanol. Wiite preC|p|tate pr oduced col | ected by
filtration, mxed with 400 g of nethanol, and washed twce. The white
precipitate was fit rated and drie?k&?é 17 hours at C.1o0 obtain a resin.
This resin was a & %‘finer with an\MV~ } 9, 800, havi 2 copol yneri zati on
rati o of 2-nmethyl-2-adamantyl nethacryl ate: 3-hydroxy-1-adamantyl

nmet hacryl ate: conpound of formula (34) - 45.2:25.6:29.2. This resin is
referred to as a "resin (B-8)". Synthesis Exanple 17 46.17 g of

2- met hyl - 2- adamantyl nethacrylate, 5. 179 g of 3- hydrogz 1- adamant yl

met hacryl at e, and 265 g of the copﬁﬁhnd of formula ) were dissolved in
200 g of 2-butan ne to obtgin a h neous sol uti Ifollome by the
addition of 4. 0?@9 j‘rgf Ql'éz to%g‘t r GHpoponer
solution. Nitro as was bubbl rough a one | t hr ee- necked fl ask
containing |00 gﬁﬂng but anone fo m nutes. The™telfperature was
increased to 80C Wl e stirring. Th€ above nnnoner sdQuti on was added by

dripping at a e lof m/5 pinutes, d the ur | pol yrmeri zed for
5 hours. The *&gé—ﬁgﬁ utiong&gg 60 to 30 6 'sgeéhd poured into
2,000 g of methanol ite precipitgte produced was | ected by

f||trat| on, m xed i @ , and washef ce. The white
@ ()
AT

preci pitant was fiN\t¥afed and dri 17 hours at 50C to obtain a
~adamantyl nethacryl at e:

resin. This resin an Mwv of 9,/
\ t hacryl ate: conpound of fornula (34) -
39.2:5.4:55.4. This'resinis referred to as a "resin (B-9)".

(15-4) (15-5) (15-6)
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Synthesis Exanple 18 47.76 g of 2-ethyl-2-adamantyl nethacrylate and 52. 24

g of the conpound shown by fornula (34) were dissolved in 200 g of

2- but anone to obtain a honbgeneous solution, followed by the addition of

3.93 g of nethyl azobisisovalerate to obtain a nononmer solution. N trogen

gas was bubbl ed through a one Liter three-necked flask containing 100 g of

2-but anone for 30 mnutes. The tenperature was increased to 80C while

stirring. The above noner sol ution,was added by dri,pping at a rate of 10

ml/5 m nutes, and m xture was EQFynerlzed for 5R‘8urs The reaction

sol ution was coof e or le ed in met hanol

VWite preC|p|ta—€_ ogggd ?%@ 23 fl|t—%& 8"'??2?2?1’With 400 g of

met hanol , and wgshgd twi ce. The Cte preC| pitateags filtrated and dried

for 17 hours at 50€ to obtain a redin. This resin mms a copolyner with an

Mv of 11, 600, havéhg a copol yreri €ation ratio of 2Cbthy| 2- adamant yl

nmet hacryl at e: ] TQ;ElreS|n is referred

to as a "resin & of

1- et hyl cycl ohexXy 7 efipound shown by formul a

(34) were disso in 200 g of ut anone to ob { a honogeneous

sol ution, follomed by the addi,;d on of 4.37 g of | azobi sisovalerate to
,,,'

obtain a nonomner sol ution. N't'™ogen gas was bubb hrough a one liter

t hree- necked flask containing 100 g of 2-butanone—fdr 30 m nutes. The
tenperature was increased to 80C while stirring. The above nononer sol ution
was added by dripplog7ht a rate of1568)/5 ni nutes,(18r@)t he nixture was

pol ymeri zed for 5 hours. The reaction solution was cooled to 30C or |ess
and poured into 2,000 g of nethanol. White precipitate produced was
collected by filtration, mxed with 400 g of nethanol, and washed tw ce.
The white precipitate was filtrated and dried for 17 hours at 50C to obtain
a resin. This resi nRﬂ/Qs a copol yner 121 an Mwv of 13, 400, Rh1a%/i ng a

copol ynmeri zation jatli o of 1yethyl cy Ibhex hacryl a Iconpound, of
fornula (34) - 42%1(%ﬁ?@ﬂ42?%rs res*;' {éﬂggﬁed to as—;P"EsCH4§%F11)".
Synt hesi s Exanpl g)%é 52.00 of 2- @ | - 2-adamantyl ne a ylate, 24.74 ¢
of 3-hydroxy- 1-adangnt yl nethacryl tey and 23.26 g of t itonpound of
formula (34) were d(ssolved in 200 g @f 2-butanone to obteln a honogeneous
solution, followed R it S
azobi si soval er at £
t hrough a one | i
30 minutes. The oy f - :
nononer sol utio added by dripping at a rate of 1~ m/5 m nutes, and
the m xture wasw‘ﬁ‘wf-rized for 5 hours. The reaction solution was cool ed
to 30C or |ess and—pgoured into 2,000 g of nmethanol. Wite precipitate
produced was ected by filtration, m xed with 400 g of nethanol, and
washed tw ce. e white precipitant was filtrated and dried for 17 hours at
50C to obtain a resén.]gﬁis resin mai g co olyner with an, Mv of, 8, 700,
havi ng a copol yneri 1 rati o of 2{&07 2 adamant yl (H%c 3)ate

3- hydr oxy- 1- adamant yl et hacryl at e: conpound of formula (34) -
44.4:25.3:30.3. This resinis referred to as a "resin (B-12)".

GHs bubbl ed
2;butanone f or

The resin (B2) can comprise one or more recurring units
other than the above-mentioned recurring units (hereinafter
referred to as "other recurring units (b2)").

As other recurring units (b2), units obtained by the
cleavage of a polymerizable unsaturated bond of monomers having

a norbornene skeleton such as
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Synt hesi s Exanple 21 A three-necked flask was charged with 1. 52 g of the
sil ane conpound of formula (35), 1.57 g of the silane conpound of formula
(36), 1.91 g of nethyltriethoxysilane, 15 g of 4-nethyl-2-pentanone, and
1.31 g of a |.75% aqueous solution of oxalic acid, The m xture was reacted
for six hours at 80C while stirring, followed by cooling with ice to
termnate the reaction. The reaction m xture was poured into a separating
funnel to renopve t ter .l ayer,. rganic | ayer was washed 151 wth
ion-exchan&@& ﬁgpg?gd ﬁFVc%ﬁgﬁfgééjﬁgﬁ%s Iﬁpgén becomes neutral. The

organic Iagg&eg%aégg%gggéﬁ%g2qu%%gkggg%gg pressure to obtain a resin. The

Mv of the resi hi's'resin’is réferred to as a "resin (B-13)".

S (CEZFE)35(-%§)na/fG(_bg_c9cllo%%)ﬁ hgg(togzlgg)es; (36) CH2 F3C-C-CF3 OH Synthesi s

Exanpl e 22 7 “t-butyl carbonate was added to a solution in which 12

g of poly @A¢Q¥QQ9§&QEX&§QQE.@nq]@e%tab_ghggthyIanine 152  were dissol ved
in 50 g of dioxane while stirring. The mxture was stirred for 6 hours at

room t enpersatiin@roPialicd A% .G Wahedienadded to neutralize triethyl am ne.
The reaction solution"was dropped into a |large quantity of water to

coagul at e te dRSid1lo [Ehea .qoadid at'ed) geakn-vasnvpshed with purified water
several tinmes. The resin was then filtered and dried at 5(1C overni ght

under reduceghagihgaWte.a Wit 1and . MyoV ?0f. 1T hi°sde@stR3vwene, respectively 9, 200
and 1.8. As a result of 13C-NWR analysis, the resin was found to have a
structure ignadhyditeldamicle [of. hydrndgen’dtddedet-a-phenol i ¢ hydroxyl group
i n poly(4-hydroxystyrene) was replaced by t-butoxycarbonyl groups. This
resin is ref-drydatbdytetsraxyalesia 4.B-.14)>..1'Syhthdsts3Exnapl e 23

8-fluorotetracyclo(4.4.0.1%°.17'°dodec-3-ene;

unsaturated carboxylic acid anhydrides such as maleic

anhydride and itaconic anhydride;

the (meth)acrylates previously given as examples of the other

recurring units (bl) for the resin (Bl);

3-hydroxy-l-adamantyl (meth)acrylate, the (meth)acrylate

shown by the following formula (16):

R

B

( (l: CH2} (16)
i
o)
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41.15 g of 2-nethyl-2-adamantyl nethacrylate, 5.19 g of

3- hydroxy- 1- adamantyl nethacrylate, and 53.66 g of the conpound of formula
( 34 ) were dissolved in 200 g of 2-butanone to obtain a honobgeneous
solution, followed by the addition of 4.04 g of nethyl azobisisovalerate to
obtain a nmononer solution. Nitrogen gas was bubbled through a one liter

t hree- necked fl ask containing 100 g of 2-butanone for 30 mnutes. The

tenperature was increaseg to 80C |l e st rring., The above onmer sol ution
vas added by dri &&rﬁgmaﬁ ALPREEGF BO7 RS ARUE BT And TRENHIA T % ivas

pol ymeri zed f QJ-rS e%ptlon solution was cooled to 30C or |ess
and poured M OIV% gf Yéthanol . VMite preci pitate produced was

The. whi te preci BT g{[n'tt%\%asg]\i{ﬁ?t R T o e
a resin. ThidAs NvAS 2/EoRRoMEn Y Lhan Myioh 8800, dayl Bk ic

copol yneri zati on ratlo ‘of " 2- met hyl'- anmanty acryl ate:

3- hydr oxy- Lyadamnty tp%cf@fla%q% a%OHHQUBQhQT: £9&5*1J%9n§3@its (b2) .

35.8:5.1:59.1.” Thi s reS|n is referred to as a "resin

RADI ATl ON- SENSI HoVE  RESE AL COMRGRI T 1Y s e S ub- %%n%QQnQQGpﬁééﬁhvﬁoExa”p|e

1 Conponents shown in Table 1 were m xed to "prepare honobgerieous sol utions.

The sol uti o WA thid-ele@ rhugughoa-senbrangef kbben whhPodi bR digpneter
of 0.2 ~tmto obtain conposition solutions. The solution conpositions were

spi n- coat ediDmgsidd @Mnewafiees. 1BBewasat penypenbaaned wngderubhe eenditions
shown in Table 2 to formresist coatings wth the thickness shown in Table
2. As the ratlimidlon sbilghllesonralasliin tbapexamphesne arsheppest NSR 2285 EX
12B (nunerical aperture: 0.55), manufactured by N kon Corporation, was used
as the KrF wexicisvesf |@serfdlinohioss etbdmul'Kr ({7 )i ranbakdre ahe) gr arorAy F exci mer

| aser exposure apparatus (nunerical aperture: 0.55), manufactured by Ni kon
Cor por at i orgt mas- wseld wsl tshe fAthReeoildewings épruiladi( tat edabybé AgEvenn
Table 1); an FZ excinmer |aser exposure apparatus XLS (nunmerical aperture:

0. 60) , mafifiectesdd by mﬁtmm@f:tthtracf;@mr,edl he.as "wesir64B3)Used dbet he F2
exci mer | aser (|nd|cated by "FZ" in Table 1); a direct-wite el ectron-beam
| i t hogr aphyrfeidhi(Ré) Mty gy appapapas ghevetara handdcef dhe FoRTMYORL age
was i nproved to a range of 30 KeV to 50 KeV) manuf actured by Hitachi,

Ltd. , was UsBd aFhenaesiact(Bon Beamlsaf tselrltééﬁauéprng%xﬁasare in
accordance wth the conditions of Table 2, PEB was conducted in accordance
with the ccﬁ&ﬁJt‘%Jo‘f?s“iﬂneréﬁfiéa’éloﬁﬁée‘ﬂééi:éi’e&é’cstlé’rﬁ%m%?étﬁ%ve(lldpléalag 23C
for 1 mnute b addl e net ho sin 38 wto tetraneth Iannn

hydr oxi do- s e8.2x SORGE I ARe A TE i bdtes RbEE LB SELhod kP
purified ma%eg and dried to =ormresist patterns. The results of t he

eval uati on of*®ach resist are shown in Table 3. Exanpl es 20-23 Conponents
shown in Table 4 were m xed to prepare honbgeneous sol utions) The sol utions
were filtered through a nenbrane filter with a pore dianeter of 0.2 ~mto
obtain conposition | utions. The solguion conmposi tions were spin-coated on
silicon wafers. %ﬁs t hen perforned%énder the conditions shown in Table 5

to formresist cqﬁt gs tifvlthe t hf ckmess wn in Table 5. The resi st
coatings were expg s%ﬁ ' A KrF exgi

| S usi ng a stepper NSR2205
EX12B (manufacturedpspy N kon Corp., ngrarical aperture: 0.55) and baked
(PEB) under the condftions shown in |l e 5. The resist patterns were
devel oped at 23C forl 1 minute by a paddle nmethod using a 2.38 w %

(17) (18)

wherein E individually represents a monovalent organic

group-containing an acid-cleavable group, and R'* represents
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155 t et ramet hyl ammoni um hydr oxi de aqueous sol ution. The resist coatings
were then washed with purified water and dried to formresist patterns. The
results of the evaluation of each resist are shown in Table 6. Eval uation
of the resists of Exanples 1-23 and Conparative Exanple 1 was carried out
as follows. Sensitivity: Sensitivity was eval uated bayed on an opti num
exposure dose which is a dose capable of formng a 1:1 |ine and space
pattern (1Ll it l.ine widt £.0,.2 n_when a resist coating.forned
on a silicgn§§gﬁ%éggg gtPgt nfggggﬁgggaétygbﬁaﬁf,bFﬁﬁSﬁ?éteP§ FgFﬁ&ﬁed by
PEB, al kal j,na. deyelep [N 1.5.h er, ;a rying. _Ln the exanpl es
usi ng an Arg 8xc¥ner FEQEP?SZEQED Fﬁ%h18§§%ggaéagﬁeg8¥b %rﬁ#ﬁﬁsa 0.16 ~m

| i ne- and- space patters (A1S) . With AN el : Spjt i on:
The m nimum i ne é%d space (%f%@% S?ﬁé%ipgﬁgﬁgg%ﬁbgﬁwﬁé gﬁgg%%ggu 'g&posure

dose was takan(8s) { ey 1ep0l i i diasly ALk a depengency; Resisd gpat i ngs

providing |ine patferns wth a’line wdth“exceedi ng 1" gned

line wdthghkenpd Rorpd2ngunghbles PALEGENCLRCAAyTMLLNE, 2- 2 ~m space) upon
exposure using an opti nmum dose were indicated by "good”, otherw se the
resist coatemgscyeledebdngat §doby, " BAAr adaMABByANGABEREXRESYRE 1RO
apparatus is used at an optinum dose, resist coatings providing |ine
patterns wathdacleagapldidraxcerdlbgehQ¥%afa ddieydeshgaedchipen MdpS or a
0.16 ~.m 1L10S pattern (0.16 ~mline/1l.6 ~m space) upon exposure using an
opt i num doseviegeanndictdt-edebyabgeodtoupt handi sket heékeesinft beoatiivegs were
i ndi cated by "poor" . Mask pattern fidelity: The difference (absolute

val ue) between RhepbkirhécwidrhyopraflraBlemekbhSlpat bér nhé0sR22uculriane/ 1. 1
~m space) and the design width (0.22 Vim produced upon exposure using an
opt i nrum doseiwast tEiefcanuimsK1lpat fer mHd delsiiy (B3), structural units

of the following formulas (17-1) to (17-4) can be given.

| 7
5 [-si—o-
\ /
Si—O0
faot |
CF3 <”)
HZC—CI:—O—C—O—C(CH;,);, |C|)—-O—C(CH3)3
CF, o)
(17-1) (17-2)
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Exanpl es 24-34 and Conparative Exanple 2 Each conposition sol ution having
conponents shown in Table 7 was eval uated. The evaluation results are shown
in Table 9. Evaluation of the resists of Exanples 24-34 and Conparative
Exanple 2 was carried out as follows. Radiation transmttance: A
conposition solution was applied to a quartz plate by spin coating and
post - baked on a hot plate at 130C for 60 seconds to obtain a resist coating
with a thickness of 0.34 Vim The radiation transmttance of the resist
coating was cal culated fromthe absorbance at a wavel ength of 193 nm and
was enployed as a standard for transparency in the geep UV ray region. |57
Sensitivity: A solution conposition was applied to silicon wafer (ARC25)
with a 820A thickneps ARC25 fil m (manufactured ewer_Sgi ence Corp.)
coated on the surfgge by spin coating and post-bak TiTGiﬁ&ﬁ-plate under
the conditions s wn in ,Table 8 to obtain a resist fcoating wth a thickness
of 0.34 Vim Th g8ptigig was exposed to radiation tihrpugh a mask pattern
using an ArF exci‘mdgr | agser exposure apparatus ured by N kon Corp.

| ens nuneri cal re: 0.55). After perform nQ~PEB_wnder the conditions
shown in Table 8 he)resi st coating was devel 025C for 80 seconds in
a 2.38 wto tetra | ammoni um hydr oxi de aqueou otqti on, washed with

wat er, and dri ed orma positive-tone resis n. An optinmum dose
capabl e of for 2-0. 16 ~m | i ne-and- space patte JL1S) with a 1:1 line
wi dth was taken W engLtivity. Resolution: Thm | i ne and space
(1L1S) dinension regol By byOan opti num exposur e—dese was taken as the
resol ution. Pattenﬂ}px iiéfzu'The di mensi ons of the Ifower side Lb and the
upper side La of the rfct ang%"l‘é?‘(ﬁ(@sﬁ, section of ad_i._@__agggi% ce pattern
(1L1S) with a line w dtfy of 0.16 ~mwere nmeasured ufing a el ectron

m croscope. A patternshape which satisfied the forngla "0.85 <= La/Lb <= 1"
and was strai ght thdi7gg)188

(17-4)

The resin (B3)
Other than the above

referreq to as

other Structura] units (b3) ™)

alkylalkoxvys i
¥silanes such as methyltrimetho
Xysilane,

ethyltrimethox j

| ¥silane
e

thyltrlethoxysilane, and the lik |

methyltriethoxysilane

€7 and the Structurg] Units

show
n by the following formulas (18-1)~¢

18-4) can be given.
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extended skirt was evaluated as "Good". Defective devel opnent: Defective
devel opnent was eval uated using a KLA 2112 or KLA 235] defect inspection
apparatus (manufactured by KLA-Tencor Corporation) in accordance with the
foll owi ng nethod. The wafer for defect inspection was prepared in the
foll ow ng manner. A solution conposition was applied to a silicon wafer
with an 820A thi ckness ARC25 film (manufactured by Brewer Science Corp. )
coated on the surface to obtain a dried thickness of 0.30 Vim This silicon
waf er was post-bakped at 130C for 90 deconds. The entire surface of the
waf er was exposed &40 a 5 mMm x 5 mm bjsxank exposure using a full field
exposure machi ne (panufac ured by Ni Kon Corp. ; S203B when KrF exci nmer
| aser was use ﬁaﬂqg_ghen ALE_ﬁx ]aELcj was used). After performng
PEB at 1300C for\ 9P secOnds, the rasijst coatd ngs were devel oped in a 2. 38
wt ~ tetranethyl a [ um hydr oxi de agyeoqus solution at 25C for 30 seconds,
washed wi th wat dried to fogf man\i nspecti on wafer. Next, the

: spected fof the nynmber of exposure defects of 0. 15
~.mor nore i n\{he_expbsed area ughwg-a"KLA 2112 or KLA 2351 defect
i nspection appa rrzsgf act ur eA— Tencor Corporation). The total

e ¢lu

nunber of defectiv 8s and u Lers extracted fromthe difference
caused by superposj,ng t piLxel s A ef erence 159 i mage was detected
Ql Ne

by observing at arfabab o] TiR acid generators, alkali-soluble
resins, acid diffusion cé: troll erI i nki ng agents, other additives,
and sol vents indicated ™ Jabl es 1 and |9 dBEaas follows. O her acid
aenerators a-1: N—(trifluoronethylsulfonylbxy)bicyclo[2.2.l]

kept - 5- ene- 2, 3-di car boxyi ni de a-2: TH Fs@Honi um
trifluoromethanesul fonate a-3: Bis(cycl ohexyl sul fonyl)di azonet hane a- 4:
1- (4- n- but oxynapht hal en-1-yl ) tetrahydrot HC gheni um

nonaf | uor o- n- but anesul fonate Al kali-soluble resin C 1:
4-Fydroxystyrene/qugeTy copol yner (18-2)

@
S

T~

(18-3) (18-4)

The resin (B3) can be produced by the (co)polycondensation
of a silane compound having a monovalent organic group with

an acid-cleavable group, or by the introduction of an
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(copol ynerization ratio: 78:22, Mv=3,100, Mw~ Mi=1.13; VPS3020 (rmanufactured
by N ppon Soda Co., Ltd.)<0) Acid diffusion controller D 1:
tri-n-octylam ne D-2: triethanol am ne D 3: 2-phenyl benzi m dazol e D 4:

2, 6-di net hyl am nopyri di ne D-5: N-t-butoxycarbonyl -2-phenyl benzi m dazol e
Crosslinking agent |60 E-1: N,N, N, N-tetra(nmethoxynethyl)glycoluril O her
additives F-1: t-butyl deoxycholate F-2: t-butoxycarbonyl net hyl

d hol t b th I t | at e Sol t 1l..eth
aotate G 2GR ay B éEs,ova?%%y?%%%ae@@c%f@%%wrﬁ% ’
ether  acet ai,e G- c%ed%tb%ogem%p m%c' ORPANANE LG GrelxBUlY LY AG QN 161

polysiloxane.

In the (co)polycondensation of the silane compound having
a monovalent organic compound with an acid-cleavable group,
it is preferable to use an acidic catalyst as the catalyst,
and particularly preferable to react the silane compound by
polycondensation in the presence of an acidic catalyst, and
to continue the reaction with an addition of a base catalyst.

As examples of the acidic catalyst, inorganic acids such
as hydrochloric acid, sulfuric acid, nitric acid, boric acid,
phosphoric acid, titanium tetrachloride, zinc chloride and
aluminium chloride; organic acids such as formic acid, acetic
acid, n-propionicacid, butyric acid, valeric acid, oxalic acid,
malonic acid, succinic acid, maleic acid, fumaric acid, adipic
acid, phthalic acid, terephthalic acid, acetic anhydride,
maleic anhydride, citric acid, benzene sulfonic acid,
p-toluenesulfonic acid, andmethane sulfonic acid can be given.

Of these acidic catalysts, hydrochloric acid, sulfuric
acid, acetic acid, oxalic acid, malonic acid, maleic acid,
fumaric acid, acetic anhydride, and maleic anhydride are
particularly preferable.

As examples of the above base catalysts, inorganic bases
such as lithium hydroxide, sodium hydroxide, potassium
hydroxide, calcium hydroxide, barium hydroxide, sodium
hydrogencarbonate, potassium hydrogencarbonate, sodium

carbonate, and potassium carbonate; organic bases such as
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Tahle 1 Unit in parenthesis: parts by weight

Aci dResi nAci dCr ossl i nki ngQt her Sol vent gener at or di f f usi onagent addi ti vescontro
| | erExanple 1A-1 (3)B-1 (100)D-3 (0.1)--G 1 (800)Exanple 2A-2 (3)B-1
(100)D-2 (0.1)--G 1 (800)Exanple 3A-3 (3)B-1 (100)D-4 (0.3)--G 1

(800) Exanpl e 4A-4 (3)B-1 (100)D-3 (0 1)--G 1 (800) Exanpl e 5A—3 (1)B-1
(100)D-5 (0.2)--G 1 (400)a_1 (6)G 3 400)Exa le 6A-3 (2)B-2 (100)D- 2

(0.1)--G 1+ 0) 00) L4(400) G 3
(400)Exanp|g§%g}§i%m§ég F?ggﬁogfzéﬁ§i& %% g §;§y§gﬁébﬁka Fe 9A- 1
(2)B-5 (90 grs?zd(lgelkaﬁ bel %Q),ghz} (700)G 5 (300) Exarrpl e 10A-1 (5)B-6 (92)D-3
(0.4)-F-2 (8)G3 (700)G6 (50)Example 11A-2 (2)B-13(100)D-3 (0.1)--G 3(
1200) Exampl e 12A-2 (3)B-1 (100)D-3 (0.1)--G 1 (800)Exanple 13A-2 (3)C1
(97)D-1 (0.1 )E-1 (7)-G 1 (550)B-4 (3)G 2 (250)Exanple 14A-1 (4)B-7 (90)D- 3
(0.4)--G 4n(2Ra0)As21(b)B- 13 40) G 6 (550) Exanpl e 15A-1 (4)B-7 (90)D-3
(0.3)--G 4 (250)A"5 (1)B-11 (10) G 6 (550)Exanple 16A-1 (5)B-8 (60)D-3
(0.4)--G 4 (800rBel@lka)Exampbeecl?Asin(bsBd9i61003Do38s{0idp~tond

(800) Exanpl e 18A-1 (4)B-12(100)D-3 (0.4)--G 4 (800)A-2 ( 1 )Exanmple 19A-1
(4)B-12(100pPid3t(On3pen6id 1(800¢ i d dondpdLapat atiliyeasla (FBHHd HIOP- 3
(0.1)--G 1 (400)Exanple 1G 3 (400) 162 Tabl e 2 Thi ckness

(A) PBRadi abnenPEBTemp (CGnhtitnengdeg)kdepp ERiMibetingcaExanpkte ¥5t0G0@H2090Kr F
exci mer | aser 13090Exanpl e 25, 00012090Kr F exci ner | aser 13090Exanpl e

35, 0001209€ekkE lexei nevellapeny3690ELanpl e £45, 686MROOOKRR exci mer

| aser 13090Exanpl e 55, 00012090Kr F exci mer | aser 13090Exanpl e 65, 00014090Kr F
exci mer | aS&yIL090ER&ARNE N5 WOTLBDTOKAFOBRG Uy 25 #spheB000E et axy L

85, 00010090Kr F exci nmer | aser 10090Exanple 9 ~3, 00014090Ar F exci ner
IaseranOEﬁéﬁHPe 2330800 1300UALPXEkc IFEHP) aS&r C80DOEYANPEEUR11, 00013090FZ
exci mer | aser 11090Exanpl e 123, 00012090EI ectron beanl3090Exanpl e

135, 0009060Kr F @@c?ﬁ@@?i%@éﬂﬁf@ng&%ﬁﬂ1 1143 30PLI0Y0AL R exiaAgition

| aser 13090Exanpl e 153, 30013090Ar F exci ner | aser 13090Exanpl e 163, 30013090Ar F
exci mer IaEQ#YT@Q@Eﬁé&ﬁPer%?Bné@b@éﬁ@@%?F”é%@Fﬁe?eq%&%%@%e@ﬂﬁfhﬁﬁ tehe

183, 30013090Ar,F exci serl 90Ex?ggge 193, 30013090Ar F exci ner

| aser 11090E8APFEMA v E’ﬁ‘é el 1B, 660 OKFIE Bxk? ?On%%%§éi§69@ T30 Tabl e

3 Resol uti nSenS|t|V|t Mask patternde endency

31 Mo CoodEx BATLET26751 *hnBa6° I HEEEDUERSADY &° 0t F0TbTa00 I FRCTERA Bl e
40.20 ~.nB / e 50.20 urr820 J/ neGoodExanpl e 60. 21 ~, nB90
Jl nQGoodExg(r%%ﬁ E%%%%Eénggb "J/ neGoodExanpl e 80. 20 pnB80 JlI nQGoodExarrpI e
90. 17 p.nB00 J/ m2GoodExanpl e 100. 15 pnB00 J/ nRGoodExanpl e 110. 17 pnR00
J/ m2GoodExanpfe 120.16 ~. m4 uCGoodExanpl e 130.20 ~n260 JI nRGoodExanpl e

140. 15 ~nR260 J/nqu%dExarrpI e 150. 15 80 Jl nkGoodExanpl e 160. 15 unB20
J/ nzGoodExanpl e 1R."15 pn280 JI nQGo arrpl e 180.15 wnR40 J/ nm2GoodExanpl e

190. 15 un70 J/ dbodcoﬂf tiveo. n820 JX m2Poor anple 1 64 Table 4
Unit in paren ?}‘Uy

=7 O—? IC_
OH OH OH
R16
(19) (20) (21)

wherein R!® and R'” individually represent a hydrogen atom or

a methyl group, R'® represents a hydroxyl group, a carboxyl
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Aci dResi nAci dSol vent gener at ordi ffusi oncontrol | er Exanpl e 20A-6 (2)B-1
(100)D-3 (0.2)G 1 (400)a-1 (6)G 3 (400)Exanple 21A-6 (2)B-2 (100)D- 3
(0.2)G 1 (400)a-1 (6)G 3 (400) Example 22A-6 (2)B-14(100)D-3 (0.2)G 1
(400)a-1 (6) G 3 (400)Exanple 23A-6 (2)B-4 (100)D-2 (0.2)G 1 (400)a-3 (6)G 3
(400) Table 5 Thi ckness (A) PBRadi ati onPFBTenp (C) Tine (sec)Tenp (O Ti ne
(sec) Exanpl e 205, 00012090Kr F exci nmer | aser 13090Exanpl e 215, 00012090Kr F

exci mer | aser 13090Exa 225, 90Kr F exginmer | aser 10090Exanpl e

235, 00010095%)58‘1?'ex'c"?u(1 @5§asé$%og§§ TaBPSOR F?&O&!rutqron@é%%q?w@fﬁywalssk
atternfideljt: l.e, 200. 18 10 Jl nR10Ex le 210,20 ~.nB30Q

5)| mlzaamﬁAeé%%%lewﬁd’rﬁﬁ%M%o%d @gglﬁﬁ@owﬁﬁﬁﬂnl%ls Rohl a 7
Unit in par ;Dﬁ?! S:< part,s by weight Acid generatorResinAcid diffusion
controller dqﬂ}er adcﬁ% Plve@Sol vent Exanpl e 24A-8 (5)B-8 (92)D-3 (0.10)F-2

(8) G 3(700) Exanpl e 25A-8 (5)B-8 (92)D-3 (0.10)F-2 (8) G 3(700) Exanpl e 26A-2
(5)B-8 (92)D-3 (0.30)F-3 (8)G 3(700) Exanple 27A-1 (5)B-8 (92)D-3 (0.30)F-3
(8) G 3(700) Exanpl e 2 (5)B-8 (92)D-3 (0.30)F-2 (8) G 3(7D0) Exanpl e 29A-7
(5)B-8 (92)D-3 (0, 1,?) -2 (8)G 3(700) Exanpl e 30A-4 (5)B-8 (92)D-3 (0.10)F-2
(8) G 3(700) Exanpl B 31ja- 1 (5.3%8—7 (65.8) B-15(28.2)D-5 (0.43)F-2

(6) G-4(500) G 5(20 npl R32A-1 (5.5)B-7 (65.8) B-15(28.2)D-5 (0.43)F-2
(6) G-4(500) G 5(20 |e|3§A-1 (5.5)B-7 (28.2) B-15(65.8)D-5 (0.43)F-2
(6) G 3(470) G C T (22)
L
R® R

wherein R individually represent a hydrogen atom or a linear
or branched alkyl group having 1-4 carbon atoms.

In the case where the alkali~-soluble resin is an addition
polymerization resin, such a resin may be formed only from the
recurring units of the formulas (19) to (21), or may further
contain one or more other recurringunits (hereinafter referred
to as "other recurring units (cl)") inasmuch as the resin is
soluble in an alkaline developer.

As examples of the other recurring units (cl), the other
recurring units (bl) for the resin (Bl) and the like can be
given.

In the case where the alkali-soluble resin is a
polycondensation resin, such a resin may be formed only from
the recurring units of the formula (22), or may further contain
one or more other recurring units (hereinafter referred to as

"other recurring units (c2)") inasmuch as the resin is soluble
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G 5(30) Exanpl e 34A-1 (5.5)B-7 (28.2) B-15(65.8)D-5 (0.43)F-2 (6)G 3(470)
G 4(200) G 5(30)Conparative exanple 2a-4 (5)B-8 (92)D-3 (0.30)F-2
(8) G 3(700) 166 Tabl e 8 Resi st Substrat ePBPEBcoati ng t hi ckness (pm
Tenperature (C) Tinme (sec) Tenperature (C) Tine (sec)Exanple

240. 34ARC251309013090Exanpl e 250. 34ARC251309013090Exanpl e

260. 34ARC251309013090Exanpl e 270. 34 ~ARC251309013090Exanpl e 280. 34

I ARC2513099143Q80Ex 2R 629Q,34ARBE251309013090Exanpl e

300. 34ARC251309013090Exanpl e 310. 34ARC251309013090Exanpl e

320. 34ARC251309@13039 amaleec%%Qe%f&AB@Z%%O%%ﬁQQQEzgam%h%s of

340. 34ARC251309013090Conpar ati ve exanpl e 20. 34ARC25 1309013090 Table 9

Radi at i onSeaghuRaso-(Payt esnPey el opi fige def St SLE@NSole resin cannot be
generically specified and varies according to the types of the
other recurring units (cl) or other recurring units (c2), such
a content is preferably 10-100 mol%, and more preferably 20-100
mol%.

The alkali soluble resin may be used as the hydrogenate
when the resin has a recurring unit which contains a
carbon-carbon unsaturated bond such as a recurring unit of the
formulas (19) and (22), for example. 1In this instance, the
hydrogenation degree is usually 70% or less, preferably 50%
or less, and still more preferably 40% or less of the total
amount of the carbon-carbon unsaturated bonds in the recurring
units of the formulas (19), (22), and the other similar
recurringunits. If the hydrogenation degree ismore than 70%
developability of the alkali-soluble resin by an alkaline
developer may decrease.

As an alkali-soluble resin in the positive-tone
radiation-sensitive resin composition (ii), a resin
containing poly(4-hydroxystyrene),
4-hydroxystyrene/4-hydroxy-a-methylstyrene copolymer,
4-hydroxystyrene/styrene copclymer, or the like as a major
component 1is particularly preferable.

Although Mw of the alkali-soluble resin varies according
to the characteristics desired for the positive-tone

radiation-sensitive resin composition (ii), a preferable
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mttance (%tivity (J/nmR)lotion (p, mshapeAnmount Exposure machi neDef ect

i nspecti on appar at usExanpl e 24712380. 13Good0S2038KLA2115Exanpl e
25712380. 13Go0d0S306CKLA2351Exanpl e 26692320. 13Go0d12S2038KLA2115Exanpl e
27702290. 13Good0S2038KLA2115Exanpl e 28702290. 13Good0S306CKLA2351Exanpl e
29722490. 13G00d4S2038KLA2115Exanpl e 30702830. 13Good1S203BKLA2115Exanpl e
31712520. 13G00d0S2038KLA2115Exanpl e 32712520. 13Good0S306CKLA2351Exanpl e

33702540. 1 05203 | e, 34702540. 13Go0d0S306 Conpar ati ve
exanpl e 27g§§§3_iégﬁgﬁﬁgééﬁggﬁﬁﬂﬂyiié‘Hg%ranﬁﬁeggcfﬁﬁggﬁﬁﬁéﬁﬁﬁ§%ql 9of the
present in [ Lhhts conparatively high conbustibility and no
bioaccunulﬁ??%n?gggégégg uces an acid exhibiting high acidity and a high

botling point. Thes8chdxqenesanahi8xhblihs Rhghpbr agsnacepqy, to deep

ultraviolet rays such as a KrFk exciner [aser, excrner ‘l'aser, FZ exciner

laser, or EWMiy28daeheCbronnbeanp.inaRdoRr BEUCES Bbemgygfonic acid (1-a)

either as a photoacid generator 1 n response to the above radiations or as a

heat - sensi hilk@1acid198nehal0EohRrH@SRgRse to heat . Particularly, the acid
generator Can be suitable used as a pnotoacid generator in a

radi ation- sensi hisVéex4BS] &s CFNPRSI 4114 it Bat ubs1usofdlnd Q1 aheri-Cahlohe
anplified resists. The sulfonic acid (l-a) of the present invention is
useful as posampoaerbnkorationfling-aBnantiveetkeghi eB8mpbskMt ©8nt heiypper or

| ower | ayer provided during the formation of a resist pattern. The

sul fonat e ed@poandssihf @nykhhal hdercgsamoatnsh (4Nt ddieiiRy exerdt idgnent | on
are useful as a reaction internediate material for synthesizing the acid
gener at or gltpupMsnehvas ,a tdrersill fomyelracyd gkoap, asdl 4 arsade {WIC)g r ad

sul fonyl halide conmpound (4A) are useful as raw materials for the synthesis
of the sul fisnirepdecegdderi wat bzesi-cTerevebdeafjronpsensiti ve resin conposition
of the present invention containing the acid generator (l) is responsive to
deep ul traki-bugoxyapsbonyhnas hy lKgEcgrccapr beagérvenAr F exci ner | aser, Fz
excinmer |aser, or EUV, and el ectron beans, is highly sensitive to

radi ati on, has &snedematiesyofhshe dicitlusieavebhgt hree8, tha shaeresi st
coating, displays excellent resolution, |ow dependency to mask pattern
density, aR§iflaflBavabileabrpugsedsi Repkéonedl dnofForneEstapr wéahi ehe
represented hy the production of integrated circuits, which is expected to
becone mor AR CAERE2RILRUFEOURLTPBRER LY NG T idtrs SHEdH £ F catSUs Idridced

vari ations ofhtge Eresenﬁ inﬁention gre go sible in_light of the above

t eachi ngs. "FEPYS BREPEr orte SUBSHE tULEEr §L88d BRIHP Wit RPRSEREUSEEpe of the

appended cl ai ns he_invention nay he acticed otherw se than as
speci fi cal Py P485¢ i8§8uﬁeriiﬁFaP éeg aPkPt g 55lp,” STyt Froup, Ermy1

group, alkoxycarbonyl group, acyl group, cyclic

acid-cleavable group, and the like, can be given.

The alkali solubility control agent may be either a low
molecular weight compound or a high molecular weight compound.
As examples of the lowmolecular weight compound, the compounds

of the following formulas (23) to (27):
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VWHAT IS CLAIMED IS: 1. An acid generator having a structure of the
followng formula (1), Z1 RCS02 (1) Z2 wherein Ris a nonoval ent organic
group with a fluorine content of 50 w%or less, a nitro group, a cyano
group, or a hydrogen atomand Z1 and ZZ individually represent a fluorine
atomor a linear or branched perfluoroal kyl group having 1-10 carbon atons.
2. An acid generator having a structure of the followng formula (1-1),
(1-2), or (1-3 170 FI RCGS02 ( I-1) FFI RCS02 ( I-2) CF3 CF3
R-C-S02 ( 1-3) &E@) herein R individually represents a nonoval ent organic
group with a fluori ontent of 50 wt% or less, a nitro group, a cyano
group, or a hydrodef gm 3., Ap acid generator having a structure of the
followi ng formula or ((23 B , 171

Al

R*") 4
(RZOO) D (ORZO) .
) w
R*") 4 R*")
(RZOO) o 22 (ORZO) r
R

(I+0) e

S NS

(R21)q (R21)s

(R2°O) 1:\_/ (R21) .
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R )k 1Z VY1l-CGS02 (I-A) LnZ2 R)k 12ZY1-CS02 (I-B) L n Z2 wherein Z1
and ZZ individually represent a fluorine atomor a linear or branched

per fl uoroal kyl group having 1-10 carbon atonms, Y1 represents a single-bond
or divalent group, R represents a nonoval ent or divalent substituent, k is
an integer of 0 or nore, and nis an integer fromO-5. 4. An acid generator
whi ch is an opium sul fonate conpound shown by the following fornula (1), Z1
R-C-S03 M+ (1) ~2 Z wherein Ris a m)nov%ent organic group with a fluorine

content of 50 Wg) less, a nitro g{@R")3. cyano group, or a hydrogen 172
i ndi

atom Z1 and Z iB.dual | yR#&presept a fluorine atomor a linear or
yINgr oup hg¥
-

branched perfl uorog 1- 10 carbon atons, and M+ is a
nonoval ent oni um ca gnerator which is an oni um sul fonat e

((:orrp;)und shown by t | ow a (1-A) or (1-B), Z1 Y1-C ~03 Mt
1-A) [ Z
(R?")q (R
Q (26)
(R¥0), (OR¥)
O
\\,//J £222 L\\\J/ Y
(R?Y), (R%"),
®R®0), o (OR®),
O+
(R*")q (R™)g
2n
B
(R¥0), Ry
R22_C_R22
(Rzoo)t\_/ (R21)u

wherein R*® individually represent an acid-cleavable
group or a t-butoxycarbonylmethyl group, R*' individually

represent a linear or branched alkyl group, phenyl group, or
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Z ~R~~k 1 Z Y1-C--SC3 Mt (1-B) L n Z2 wherein Z1 and ZZ individually
represent a fluorine atomor a linear or branched perfl uoroal kyl group

havi ng 1-10 carbon atons, Y1 represents a single-bond or divalent group, R
represents a nonoval ent or divalent substituent, k is an integer of 0 or
nore, nis an integer fromO0-5, and Mt is a nonoval ent oniumcation. 6. The
aci d generator according to any one of clains 4-5, wherein M+ is a

sul foni um cation.shown by the foll.owng formula 173 ,, (i), R~ - S Rs (
) wherein &f,naﬁg‘,tygnc? B iAW C%erﬁ}oé‘searﬁoénsa &bsi‘?%h‘fje‘augfly
unsubsti t ut eed relsier}l ar. Qr C{)ranchedE al k%' 19rau havi| ng 1- 1(8 carbon atons, a
substit ut ed GIF Unsubst ?]tyu TSF <A VI otip %3\‘79%906-95 R&PH naghﬂ ILBPPtwe or
nore of th - R, fo a -~ t oget her. wi th the sul fur
atomin thgq ol?%ﬁaalf%%rﬁg%%%geniéna cﬁ{h a corgtfgﬁlé)’t & é:r?)?r()enseeno?s ¢t ai ms
4-5, wherein | i gdoni um catdon o he fekl owi &g for a,(id2p, . R4 |
Rs (i i) %}e eé! %oﬁg'ang RS %nn'di vdld(;u'al Ifcybréprgés)eht éz;tgzsdbs?‘il(l ut)((aecﬁz)(;)r
unsubst i t ut %eééﬂwﬂ%n@r@m*ﬂsgi@hwglggoye paying &-&gdf&ggﬁna@&m& a

I V|n8 6- 18 carbon atons,

substituted or unsubstituted aryl group or R4 and

RS form a %iﬂgxkﬁﬁ?kﬁe%ﬂ@dd%é@h%lk@ﬂiQ%o@boﬁhbﬂnghﬁ—goéﬂy$@n 8toMg, agid
generator which is an N-sul fonyl oxyi mde conpound of the follow ng formula

(2), 174 OirarorBGmdPedudyY4rbdb hdving 2-11 carbon atoms, a phenyl

group, or a 1-naphtyl group), or a substituted or unsubstituted
phenylene group, p, q, £, s, t, u, v, and w represent an integer
of 0 or more, provided that 52p=21 for formula (23), 102 (p+r)
21 for formula (24), 152 (p+r+t)=21 for formula (25), 202
(p+r+t+v) 21 for formula (26), and 192 (p+r+t+v) 21 for formula
(27):; steroids (bile acids) such as cholic acid, deoxycholic
acid, and lithocholic acid; compounds containing an alicyclic
ring or aromatic ring such as adamantane carbonic acid or
adamantane dicarbonic acid, wherein the hydrogen atom of the
carboxyl group in the carbonic acid compound is replaced by
the above-mentioned acid-cleavable group or
t-butoxycarbonylmethyl group; and the like can be given.

As a highmolecular weight alkali solubility control agent,
the above-described acid-cleavable group-containing resins,
for example, can be used.

As preferable alkali solubility control agents for the
positive~tone radiation-sensitive resin composition (ii),
steroids (bile acids) such as cholic acid, deoxycholic acid,
and lithocholic acid, compounds containing an alicyclic ring

or aromatic ring such as adamantane carbonic acid or adamantane

91



7 OR wherein Ris a nonoval ent organic group with a fluorine content of 50
wei ghto or less, a nitro group, a cyano group, or a hydrogen atom Z1 and
ZZ individually represent a fluorine atomor a |inear or branched

per fl uoroal kyl group having 1-10 carbon atonms, R6 and R individually
represent a hydrogen atomor a substituted or unsubstituted nonoval ent
organic group, or R6 and R forma ring together wwth the carbon atons,
each bondi Lihe e : YZ i.ngl a

doubl o bora  oro Mt VAT ot rgan b roun B0 el S SRR s an
N-sul fonyl el de eRaPesPgdoRf c t hei dokbayb g f 0 %ﬁlégéd\)%grtﬁg- B), 175
(R)k ORG'Y GS02 ON Y2 (,2-A) 22 RO(R)k OR6 Z Y~-C502" _"O N Y2
(2-B) 22 TaRoe>wheneiondd apdaZiéndinidugbbyprepresent a fluorine atom or
a linear or branched perfluoroal kyl group having 1-10 carbon atons, Yl
represent st abst 89y €2 beddy Dhe thyal @pbug) OaRd Fhe I EPEELSEM So@ dDReNal ent or
di val ent substituent, k 1s an integer of 0 or nore, nis an integer from
0-5, R6 and R Thds¥iaduallliyseeppeseny cordtrdyloggsnat aEywbe ausabstiichat-ed or
unsubsti tuted nonoval ent organic group, or R6 and R forma ring together

wi th the cantdoniatehby eachnboodbigat boei vhetwd her ghomp. R6 or R, and YZ is
a single bond, a double bond, or a divalent organic group. 10. A sulfonic
acid of the following fornula (1-a), 176 Z1l R CSO3H (l-a) Z2 wherein R
is a nonoval ent organic group with a fluorine content of 50 wt o0 or less, a
nitro grouPegattyanboyeovpdiatianhgensyehvat basandedipasnit Zoni ndi vi dual |y
represent a fluorine atomor a linear or branched perfl uoroal kyl group

havi ng 1-10 carBbof nggatslvericon® sabfiehapa-etnsheiveltenimgofwomiltaofnlC), Z1

of the present invention (hereinafter referred to as
"negative-tone radiation-sensitive resin composition (iii)")
comprises: (A) the acid generator (I), (C) an alkali soluble
resin, and (E) a compound that cross-links an alkali soluble
resin in the presence of an acid (hereinafter referred to as
"crosslinking agent (E)").

As the acid generator (I) used in the negative-tone
radiation-sensitive resin composition (iii), acid generators
having heat and chemical stability are preferable.

The negative-tone radiation-sensitive resin composition

(iii) of the present invention will now be described.

Alkali-soluble resin

As examples of the alkali-soluble resin for the
negative-tone radiation-sensitive resin composition (iii),
the resins given for the positive-tone radiation-sensitive
resin composition (ii) can be given.

As an alkali-soluble resin in the negative-tone

92



R-C-SO03M ( 1C) z2 wherein Ris a nonoval ent organic group with a fluorine
content of 50 wt%or less, a nitro group, a cyano group, or a hydrogen
atom Z1 and Zz are individually a fluorine atomor a linear or branched
perfluoroal kyl group having 1-10 carbon atonms, and -- Mis an Na, K, or Li.
12. A sulfonyl halide conmpound of the followng fornula ( 4A) , |77 Z1
R-C- S02A (4A) Z2 wherein R represents a nonoval ent organic group with a
fluorine c .af Q.qr, | (s rQuUp. .&,cyan LQup, or a
hydr ogen a?ggﬁg%igénggggggﬁgeiﬁ%?épdgg P&Sgtgﬁﬁogﬁﬁg>ét§n?8gl§ | i near or
branched peghkdehealhkyh19MQup awiRgrlrlhesarbon atonms, and A is a hal ogen
atom 13. A positive-toné radiation-sénsitive resin conposition conprising:
(A) the aciyd K l,ai d.C R Ll oS I r. al kali | ow
sol ubl e resi rkllg?g%( i Siya-”%“sﬁ 4a&@é*?f8?‘§’§8‘aﬁﬁ)eet%v}§l&§‘?€h§t glﬁ’%@%ﬁ’é‘%%ol uble in

al kal i when-hRe racyétireavallis r@gheuRogossaeirat 8s. thd. 1AkROaKk! hvanhene

radi ati on-sensitive reéesin conposition conprising: (A the acid generator of
claiml1, (Gbmpdnahkaliis pelol-@apiesin, and (D) an alkali solubility control
agent. 15. A negative-tone radiation-sensitive resin conposition conprising
(A) the acid gemerabaghaeesdicAg 4 Dk£l bt lub(Eredinat kol és stadt @i dgesi n,
and (E) a conpound which can crosslink an alkali soluble resin in the
presence oftocamhacictha rhtd erARtAcAFdeAYreAY(EoA thAl fegAtive-tone

ul . Aa. A(.AY. ALl . A(. A AS. Al . A A@. ALnl . Al . AF; . AF; | . AA A Af. A@ A9. AS;

AL A Ay. Aradia8iAnAsknsAtive resin composition (iii), a preferable

A9l . AL A(. AFuY. AFa. AFu3. AY. Au. AY. Al . Al | . AF. A Al . AF. Al . AFF. A. Al | . Al . AFNY. Al .
A. Al (. AFN. Alangle. As AL AFQ Q% 1 3072000 WALAl LAk . rargeNoSa3 ADMD £ 1 D, AGA. e EnAY;

AL AF; Y. ALLAY; Y. A3a. A5, A(. A ARNY. Al AL (LA AL A(.Aul . AN A(. A

. ASY. AY. A. MorAl PIAYerAGLeAl N. AYl . AH Al (. A Al . Al f.AF; Y. A(l . AF. Al . AF. A. A AY,
AN AL CA L A3a. A AFa. Al (LAY, AL LAY AY(. A3 AY( . AF;

Y. A3. A. AF(. A A Ahgeeaaf kalixsmlukd eAresANg maxl bAal pgedyeither

CACACACAFA A9& A AL A ANY Y. Atv. AL A AAAA AAAAAd G QR2c%5
individually or in combination of two or more.

Crosslinking agent (E)

As an example of the crosslinking agent (E) for the
negative-tone radiation-sensitive resin composition (iii), a
compound having one or more functional groups (hereinafter
referred to as "crosslinkable functional group") which exhibit
crosslinking reactivity with the alkali-soluble resin can be
given.

As examples of the crosslinkable functional group, a
glycidyl ether group, glycidyl ester group, glycidyl amino
group, methoxymethyl group, ethoxymethyl group,
benzyloxymethyl group, acetoxymethyl group, benzoiloxy methyl
group, formyl group, acetyl group, vinyl group, iso-propenyl
group, {(dimethylamino)methyl group, (diethylamino)methyl

group, (dimethylolamino)methyl group, (diethylolamino)methyl
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wherein R*® is a monovalent organic group and R?® is a divalent
organic group.

Specific examples of sulfonimide compounds include:
N-(trifluoromethanesulfonyloxy)succinimide,
N-(trifluoromethylsulfonyloxy)phthalimide,
N-(trifluoromethylsulfonyloxy)diphenylmaleimide,
N-(trifluoromethylsulfonyloxy)bicyclo[2.2.1]hept~5-ene-
2,3-dicarboxyimide,
N-(trifluoromethylsulfonyloxy)-7-oxabicyclo[2.2.1]hept-
5-ene-2, 3-dicarboxyimide,
N-(trifluoromethylsulfonyloxy)bicyclo{2.2.1]heptan-

5, 6-oxy-2,3-dicarboxyimide,
N-(trifluoromethylsulfonyloxy)naphthylimide,

N- (10-camphorsulfonyloxy) succinimide,
N-(1l0-camphorsulfonyloxy)phthalimide,
N-(10-camphorsulfonyloxy)diphenylmaleimide,

N- (10-camphorsulfonyloxy)bicyclo([2.2.1]hept-5-ene-
2,3-dicarboxyimide,

N- (10-camphorsulfonyloxy)-7~oxabicyclo[2.2.1)hept-5-ene-

2,3-dicarboxyimide,

97



@O0%U & ()-<'r""""(9(dEYNC @10% & ()- L*10% & ()-31 (10% & ()- S&I0% & () -

$10% & ()- "10% & ()-9(o(((()9% dEYNC

3710% & ()-510% & ()-3310% & ()-110% & ()- 010% & ()-

CAI0% & ()-9]) ) )a)b)))=* =1 10%<& ()-"! 10%<& ()-  109% ()-" 210( 210(

10(f< 10% & ()-910% & () -=*****+=++}"< = 13 10%<& ()-Z 3 109B& ()-Z2 '3

10%<<& ()-Z 10%& ()- 10%& ()-! 10%<& ()- + . mo.p.g.r.Wo~_= 1!

109KK&' ()-3 10%& ()-3 10< 10< 10<L< 10%& ()-!F@&k 10%/ & ()-F@&

10%<& () - 02034 rspmphessadifony 1og Yl b icord o0 %2 1 hertengSe p-@xYIéov® () - @

10%/Y& ()- 109 ()-x4067S7Z88RI}[ <SH= - 10%& ()-!'F" 10%&%&T()1 F' 109%& () -

1Y! 109& () Sbperdugyimiderodiy ((P-Regenorsylionylopy) peoRtoylimideroog () - Tl |

109 ()-T C
N-(n-octanesulfonyloxy)succinimide,
N-{(n-octanesulfonyloxy)phthalimide,
N-(n-octanesulfonyloxy)diphenylmaleimide,
N-(n-octanesulfonyloxy)bicyclo[2.2.1]hept-5-ene-2,3-
dicarboxyimide,
N- (n-octanesulfonyloxy)-7-oxabicyclo[2.2.1}hept-5-ene~
2,3~-dicarboxyimide,
N-(n-octanesulfonyloxy)bicyclo[2.2.1]heptane-5, 6-oxy-2, 3-
dicarboxyimide, N-(n-octanesulfonyloxy)naphthylimide,
N- (p-toluenesulfonyloxy)succinimide,
N-(p-toluenesulfonyloxy)phthalimide,
N- (p-toluenesulfonyloxy)diphenylmaleimide,
N- (p-toluenesulfonyloxy)bicyclo[2.2.1]hept-5~ene~-2, 3~
dicarboxyimide,
N-(p-toluenesulfonyloxy)-7-oxabicyclo[2.2.1]hept-5-ene-
2,3-dicarboxyimide,
N-(p-toluenesulfonyloxy)bicyclo[2.2.1]heptane-5, 6-oxy-
2,3-dicarboxyimide, N-(p-toluenesulfonyloxy)naphthylimide,
N-(2-trifluoromethylbenzenesulfonyloxy)succinimide,
N-(2-trifluoromethylbenzenesulfonyloxy)phthalimide,
N-(2-trifluoromethylbenzenesulfonyloxy)diphenylmaleimide,
N-(2-trifluoromethylbenzenesulfonyloxy)bicyclo[2.2.1]
hept-5-ene-2, 3-dicarboxyimide,

N-(2-trifluoromethylbenzenesulfonyloxy)-7-oxabicyclo

[2.2.1]hept-5-ene-2,3-dicarboxyimide,
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heptan-5, 6-oxy-2, 3-dicarboxyimide,
N-(2-trifluoromethylbenzenesulfonyloxy)naphthylimide,
N-(4-trifluoromethylbenzenesulfonyloxy)succinimide,
N-(4-trifluoromethylbenzenesulfonyloxy)phthalimide,
N-(4-trifluoromethylbenzenesulfonyloxy)diphenylmaleimide,
N-(4-trifluoromethylbenzenesulfonyloxy)bicyclo(2.2.1]
hept-5-ene-2, 3-dicarboxyimide,
N-(4-trifluoromethylbenzenesulfonyloxy)-7-oxabicyclo
[2.2.1]hept-5-ene-2, 3-dicarboxyimide,
N-(4-trifluoromethylbenzenesulfonyloxy)bicyclo([2.2.1]
heptane-5, 6-oxy-2, 3-dicarboxyimide,
N-(4-trifluoromethylbenzenesulfonyloxy)naphthylimide,

N- (perfluorobenzenesulfonyloxy)succinimide,
N-(perfluorobenzenesulfonyloxy)phthalimide,
N-(perfluorobenzenesulfonyloxy)diphenylmaleimide,
N-(perfluorobenzenesulfonyloxy)bicyclo(2.2.1]hept-5-ene-
2,3-dicarboxyimide,

N- (perfluorobenzenesulfonyloxy)-7-oxabicyclo[2.2.1]hept-5-
ene~2, 3~dicarboxyimide,
N-(perfluorobenzenesulfonyloxy)bicyclo(2.2.1]heptan-5, 6~
oxy-2, 3-dicarboxyimide,

N- (perfluorobenzenesulfonyloxy)naphthylimide,
N-(l-naphtalenesulfonyloxy)succinimide,
N-(l-naphtalenesulfonyloxy)phthalimide,

N- (l-naphtalenesulfonyloxy)diphenylmaleimide,

N- (l-naphtalenesulfonyloxy)bicyclo[2.2.1]hept-5-ene-
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N-{1- naphtalenesulfony ox§)ﬁ?'o§3348@%i6E2LﬂJIWH?HS %Rﬁ@f()-l 0%

2,3~ dlcarboxylmlde,

N—(1—naphtalenesulfonyloxy)blcyclo[2 2.1]heptan—5,6—

oxy—2,3—dicarboxyimide,

N-

(1-

naphtalenesulfonyloxy)naphthylimide,

N-(benzenesulfonyloxy)succinimide,

N-(benzenesulfonyloxy)phthalimide,

N-

(ben

zenesulfonyloxy)diphenylmaleimide,

N—(benzenesulfonyloxy)bicyclo[2.2.l]hept—S—ene—

2,3—dicarboxyimide,

N-

(benzenesulfonyloxy)—7—oxabicyclo[2.2.l]hept—5—ene—

2,3-dicarboxyimide,

N—(benzenesulfonyloxy)bicyclo[2.2.1]heptan—5,6—oxy—

2,3—dicarboxyimide, N—(benzenesulfonyloxy)naphthylimide,

N=-{ (35— methyl—S—methoxycarbonylbicyclo[2.2.l]heptan—Z—yl)

sulfonyloxy}succinimide,

N~

sulfonyl

{(5- methyl—5—methoxycarbonylbicyclo[2.2.l]heptan—2~yl)

oxy}bicyclo[Z.2.1]hept—5—ene—2,3—dicarboxyimide,

and the 1ike can be given.

<Onium S

altc compounds>

As examples of onium salt compounds, jodonium salts,

sulfonium salts (including thiophenium salts), phosphonium

salts,

diazonium salts, ammonium salts, and pyridinium salts

can be given.

specific examples of onium salts include:
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bis (4-t-butylphenyl)iodonium pyrenesulfonate,
bis(4-t-butylphenyl)iodonium n-dodecylbenzenesulfonate,
bis(4-t-butylphenyl)iodonium p-toluenesulfonate,
bis(4-t-butylphenyl)iodonium benzenesulfonate,
bis (4-t-butylphenyl)iodonium 1l0-camphorsulfonate,
bis (4-t-butylphenyl)iodonium n-octanesulfonate,
bis (4-t-butylphenyl)iodonium
2-trifluoromethylbenzenesulfonate,
bis(4-t-butylphenyl)iodonium 4-trifluoromethyl
benzenesulfonate, bis(4-t-butylphenyl)iodonium
perfluorobenzenesulfonate,
diphenyliodonium trifluoromethanesulfonate,
diphenyliodonium pyrenesulfonate, diphenyliodonium
n-dodecylbenzenesulfonate, diphenyliodonium
p-toluenesulfonate, diphenyliodonium benzenesulfonate,
diphenyliodonium 10-camphorsulfonate, diphenyliodonium
n-octanesulfonate, diphenyliodonium
2-trifluoromethylbenzenesulfonate, diphenyliodonium
4-trifluoromethylbenzenesulfonate, diphenyliodonium
perfluorobenzenesulfonate,
di (p-tolyl)iodonium trifluoromethane sulfonate,
di(p-tolyl)iodonium pyrenesulfonate, di(p-~tolyl)iodonium
n-dodecylbenzenesulfonate, di(p-tolyl)iodonium p-toluene
sulfonate, di(p-tolyl)iodonium benzenesulfonate,

di(p-tolyl)iodonium 10-camphorsulfonate,

di(p-tolyl) iodonium n-octanesulfonate, di(p-tolyl)iodonium
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2U¥@¥ﬂﬁu&%6ﬂ€€ﬁ§fﬁéﬁ§éél sulfonate, di(p-tolyl)iodonium

4-trifluoromethylbenzenesulfonate, di(p-tolyl)iodonium

10%& () -

perfluorobenzenesulfonate,

di(3,4-dimethylphenyl) iodonium
di(3,4-dimethylphenyl) iodonium
di(3,4-dimethylphenyl) iodonium
di(3,4-dimethylphenyl) iodonium
di(3,4-dimethylphenyl) iodonium
di(3,4~-dimethylphenyl)iodonium
di(3,4-dimethylphenyl) iodonium

di(3,4-dimethylphenyl) iodonium

- 10%& ()-Y 10%&' () - UUUVWWWuUj _ @D

trifluoromethanesufonate,
pyrenesulfonate,
n-dodecylbenzenesulfonarte,
p-toluenesulfonate,
benzenesulfonate,
10-camphorsulfonate,

n-octanesulfonate,

2-trifluoromethylbenzenesulfonate,

di(3,4-dimethylphenyl) iodonium

4-trifluoromethyl

benzenesulfonate, di(3,4-dimethylphenyl)icdonium

perfluorobenzenesulfonate,

4-nitrophenyl * phenyliodonium trifluoromethanesulfonate,

4-nitrophenyl * phenyliodonium pyrenesulfonate,

4-nitrophenyl * phenyliodonium n-dodecylbenzenesulfonate,

4-nitrophenyl * phenyliodonium p-toluenesulfonate,

4-nitrophenyl * phenyliodonium benzenesulfonate,

4-nitrophenyl * phenyliodonium l0-camphorsulfonate,

4-nitrophenyl * phenyliodonium n-octanesulfonate,

4-nitrophenyl * phenyliodonium

2-trifluoromethylbenzenesulfonate, 4-nitrophenyl °

phenyliodonium 4-trifluoromethylbenzenesulfonate,

4-nitrophenyl * phenyliodonium perfluorobenzenesulfonate,

di(3-nitrophenyl)iodonium trifluoromethane sulfonate,
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10' 09< di (3-nitrophenyl)iodonium n-dodecylbenzenesulfonate,
di(3-nitrophenyl)iodonium p-toluene sulfonate,
di(3~-nitrophenyl)iodonium benzenesulfonate,
di (3~-nitrophenyl)iodonium 10-camphorsulfonate,
di(3~nitrophenyl)iodonium n-octanesulfonate,
di(3-nitrophenyl)iodonium 2-trifluoromethylbenzene
sulfonate, di(3-nitrophenyl)iodonium
4-trifiluoromethylbenzenesulfonate,
di(3-nitrophenyl)iodonium perfluorobenzenesulfonate,
4-methoxyphenyl * phenyliodonium trifluoromethanesulfonate,
4-methoxyphenyl * phenyliodonium pyrenesulfonate,
4-methoxyphenyl * phenyliodonium n-dodecylbenzenesulfonate,
4-methoxyphenyl * phenyliodonium p-toluenesulfonate,
4-methoxyphenyl * phenyliodonium benzenesulfonate,
4-methoxyphenyl * phenyliodonium 10-camphorsulfonate,
4-methoxyphenyl * phenyliodonium n-octanesulfonate,
4-methoxyphenyl * phenyliodonium
2-trifluoromethylbenzenesulfonate,
4-methoxyphenyl * phenyliodonium
4-trifluoromethylbenzenesulfonate,
4-methoxyphenyl * phenyliodonium perfluorobenzenesulfonate,
di (4-chlorophenyl)iodonium trifluoromethane sulfonate,
di (4-chlorophenyl) iodonium pyrenesulfonate,
di(4-chlorophenyl) iodonium n-dodecylbenzenesulfonate,

di(4-chlorophenyl)iodonium p~toluenesulfonate,

di (4-chlorophenyl)iodonium benzenesulfonate,
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2-trifluoromethylbenzenesul fonate,
di (4-chlorophenyl) iodonium
4-trifluoromethylbenzenesulfonate,
di (4-chlorophenyl)iodonium perfluorobenzenesulfonate,
di(4-trifluoromethylphenyl)iodonium
trifluoromethanesulfonate,
di(4-trifluoromethylphenyl)iodonium pyrenesulfonate,
di(4-trifluoromethylphenyl)iodonium
n-dodecylbenzenesulfonate,
di(4-trifluoromethylphenyl)iodonium p-toluenesulfonate,
di(4-trifluoromethylphenyl)iodonium benzenesulfonate,
di(4-trifluoromethylphenyl)iodonium 1l0-camphorsulfonate,
di(4-trifluoromethylphenyl)iodonium n-octanesulfonate,
di(4-trifluoromethylphenyl)iodonium
2-trifluoromethylbenzenesulfonate,
di(4-trifluoromethylphenyl) iodonium
4-trifluoromethylbenzenesulfonate,
di(4-trifluoromethylphenyl) iodonium
perfluorobenzenesulfonate,
di (l-napthyl)iodonium trifluoromethanesulfonate,
di(l-napthyl)iodonium trifluoromethanesulfonate,
di (l-napthyl) iodonium nonafluoro-n-butanesulfonate,
di(l-napthyl) iodonium perfluoro-n-octanesulfonate,

di(l-napthyl)iodonium pyrenesulfonate,
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Z10% C C& QQ %1%45%H9 %%%nﬁ%—toluenesulfonate,

i(l-napthyl)iodonium benzenesulfonate,

d
di(l-napthyl)iodonium 1l0-camphorsulfonate,
di(l-napthyl)iodonium n-octanesulfonate,
di(l-napthyl)iodonium 2-trifluoromethylbenzenesulfonate,
di(l-napthyl)iodonium 4-trifluoromethylbenzenesulfonate,
di(l-napthyl)iodonium perfluorobenzenesulfonate,
biphenyleneiodonium trifluoromethanesulfonate,
biphenyleneiodonium pyrenesulfonate,

biphenyleneiodonium n-dodecylbenzenesulfonate,
biphenyleneiodonium p-toluenesulfonate,
biphenyleneiodonium benzenesulfonate,
biphenyleneiodonium l10-camphorsulfonate,
biphenyleneiodonium n-octanesulfonate,
biphenyleneiodonium 2-trifluoromethylbenzenesulfonate,
biphenyleneiodonium 4-trifluoromethylbenzenesulfonate,
biphenyleneiodonium perfluorobenzenesulfonate,
2-chlorobiphenyleneiodonium trifluoromethanesulfonate,
2-chlorobiphenyleneiodonium pyrenesulfonate,
2-chlorobiphenyleneiodonium n-dodecylbenzenesulfonate,
2-chlorobiphenyleneiodonium p-toluenesulfonate,
2-chlorobiphenyleneiodonium benzenesulfonate,
2-chlorobiphenyleneiodonium 1l0-camphorsulfonate,
2-chlorobiphenyleneiodonium n-octanesulfonate,
2-chlorobiphenyleneiodonium

2-trifluoromethylbenzenesulfonate,
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109%& () - -!Y%Qé%éﬂylsulfonlum trifluoromethanesulfonate,

triphenylsulfonium pyrenesulfonate,
triphenylsulfonium n-dodecylbenzenesulfonate,
triphenylsulfonium p-toluenesulfonate,
triphenylsulfonium benzenesulfonate,
triphenylsulfonium l10-camphorsulfonate,
triphenylsulfonium n-octanesulfonate,
triphenylsulfonium 2-trifluoromethylbenzenesulfonate,
triphenylsulfonium 4-trifluoromethylbenzenesulfonate,
triphenylsulfonium hexafluorocantimonate,
triphenylsulfonium naphthalenesulfonate,
triphenylsulfonium perfluorobenzenesulfonate,
4-t-butylphenyl * diphenylsulfonium
trifluoromethanesulfonate,

4-t-butylphenyl * diphenylsulfonium pyrenesulfonate,
4-t-butylphenyl * diphenylsulfonium
n-dodecylbenzenesulfonate,

4-t-butylphenyl * diphenylsulfonium p-toluenesulfonate,
4-t-butylphenyl * diphenylsulfonium benzenesulfonate,
4-t-butylphenyl * diphenylsulfonium 10-camphorsulfonate,
4-t-butylphenyl * diphenylsulfonium n-octanesulfonate,
4-t-butylphenyl * diphenylsulfonium
2-trifluoromethylbenzenesulfonate,

4-t-butylphenyl * diphenylsulfonium
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perfluorcbenzenesulfonate,
4-t~butoxyphenyl * diphenylsulfonium
trifluoromethanesulfonate,
4-t-~butoxyphenyl * diphenylsulfonium pyrenesulfonate,
4-t~-butoxyphenyl * diphenylsulfonium
n-dodecylbenzenesulfonate,
4-t-butoxyphenyl * diphenylsulfonium p-toluenesulfonate,
4-t-butoxyphenyl * diphenylsulfonium benzenesulfonate,
4-t-butoxyphenyl * diphenylsulfonium 10-camphorsulfonate,
4-t-butoxyphenyl * diphenylsulfonium n-octanesulfonate,
4-t~pbutoxyphenyl * diphenylsulfonium
2-trifluoromethylbenzenesulfonate,
4-t-butoxyphenyl * diphenylsulfonium
4-trifluoromethylbenzenesulfonate,
4-t-butoxyphenyl * diphenylsulfonium
perfluorobenzenesulfonate,
4-hydroxyphenyl * diphenylsulfonium
trifluoromethanesulfonate,
4-hydroxyphenyl * diphenylsulfonium pyrenesulfonate,
4-hydroxyphenyl * diphenylsulfonium
n-dodecylbenzenesulfonate,
4-hydroxyphenyl * diphenylsulfonium p-toluenesulfonate,
4-hydroxyphenyl * diphenylsulfonium benzenesulfonate,
4-hydroxyphenyl * diphenylsulfonium 10-camphorsulfonate,

4-hydroxyphenyl * diphenylsulfonium n-octanesulfonate,
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4-hydroxyphenyl * diphenylsulfonium
2-trifluoromethylbenzenesulfonate,
4-hydroxyphenyl ¢ diphenylsulfonium
4-trifluoromethylbenzenesulfonate,
4-hydroxyphenyl * diphenylsulfonium
perfluorobenzenesulfonate,
tri(4-methoxyphenyl)sulfonium trifluoromethanesulfonate,
tri(4-methoxyphenyl)sulfonium pyrenesulfonate,
tri(4-methoxyphenyl)sulfonium n-dodecylbenzenesulfonate,
tri(4-methoxyphenyl)sulfonium p-toluenesulfonate,
tri(4-methoxyphenyl)sulfonium benzenesulfonate,
tri(4-methoxyphenyl)sulfonium 10-camphorsulfonate,
tri(4-methoxyphenyl) sulfonium n-octanesulfonate,
tri(4-methoxyphenyl)sulfonium
2-trifluoromethylbenzenesulfonate,
tri(4-methoxyphenyl)sulfonium
4-trifluoromethylbenzenesulfonate,
tri(4-methoxyphenyl)sulfonium perfluorobenzenesulfonate,
di (4-methoxyphenyl) * p-tolylsulfonium
trifluoromethanesulfonate,
di (4-methoxyphenyl) * p-tolylsulfonium pyrenesulfonate,
di (4-methoxyphenyl) * p-tolylsulfonium
n-dodecylbenzenesulfonate,
di (4-methoxyphenyl) * p-tolylsulfonium p-toluenesulfonate,
di (4-methoxyphenyl) * p-tolylsulfonium benzenesulfonate,

di (4-methoxyphenyl) * p~tolylsulfonium l0-camphorsulfonate,

di (4-methoxyphenyl) * p~tolylsulfonium n-octanesulfonate,
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2-trifluoromethylbenzenesulfonate,

di (4-methoxyphenyl) * p~tolylsulfonium
4-trifluoromethylbenzenesulfonate,

di (4-methoxyphenyl) * p-tolylsulfonium
perfluorobenzenesulfonate,

phenyl * biphenylenesulfonium trifluoromethanesulfonate,
phenyl * biphenylenesulfonium pyrenesulfonate,

phenyl * biphenylenesulfonium n-dodecylbenzenesulfonate,
phenyl * biphenylenesulfonium p-toluenesulfonate,

phenyl * biphenylenesulfonium benzenesulfonate,

phenyl * biphenylenesulfonium l10-camphorsulfonate,

phenyl * biphenylenesulfonium n-octanesulfonate,

phenyl * biphenylenesulfonium
2-trifluoromethylbenzenesulfonate,

phenyl * biphenylenesulfonium
4-trifluoromethylbenzenesulfonate,

phenyl * biphenylenesulfonium perfluorobenzenesulfonate,
(4-phenylthiophenyl) * diphenylsulfonium
trifluoromethanesulfonate,

(4-phenylthiophenyl) * diphenylsulfonium pyrenesulfonate,
(4-phenylthiophenyl) ¢ diphenylsulfonium
n-dodecylbenzenesulfonate,

(4-phenylthiophenyl) * diphenylsulfonium p~toluenesulfonate,
(4-phenylthiophenyl) * diphenylsulfonium benzenesulfonate,
(4-phenylthiophenyl) *diphenylsulfonium 10-camphorsulfonate,

(4-phenylthiophenyl) * diphenylsulfonium n-octanesulfonate,
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4-phenylthiophenyl) * diphenylsulfonium

4-trifluoromethylbenzenesulfonate,

(4-phenylthiophenyl) * diphenylsulfonium

perfluorobenzenesulfonate,

4,4'-bis(diphenylsulfoniophenyl)sulfide

di(trifluoromethanesulfonate),

4,4'-bis(diphenylsulfoniophenyl)sulfide

di (pyrenesulfonate),

4,4'-bis(diphenylsulfoniophenyl)sulfide

di {n-decdecylbenzenesulfonate),

4,4'-bis(diphenylsulfoniophenyl)sulfide

di (p-toluenesulfonate),

4,4'-bis (diphenylsulfoniophenyl)sulfide

di (benzenesulfonate),

4,4'-bis(diphenylsulfoniophenyl)sulfide

di (10-camphorsulfonate),

4,4'-bis(diphenylsulfoniophenyl)sulfide

di (n-octanesulfonate),

4,4'-bis(diphenylsulfoniophenyl)sulfide

di(2-trifluoromethylbenzenesulfonate),

4,4'-bis (diphenylsulfoniophenyl)sulfide

di(4-trifluoromethylbenzenesulfonate),

4,4'-bis (diphenylsulfoniophenyl)sulfide

di (perfluorobenzenesulfonate),

l-phenyltetrahydrothiophenium trifluoromethanesulfonate,
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1-(3,5~-dimethyl-4-hydroxyphenyl)tetrahydrothiophenium
trifluoromethanesulfonate,
1- (4-n-butoxyphenyl) tetrahydrothiophenium
trifluoromethanesulfonate,
1-(4-hydroxynaphthalen-1-yl)tetrahydrothiophenium
trifluoromethanesulfonate,
1-(4-methoxynaphthalen-1-yl)tetrahydrothiophenium
trifluoromethanesulfonate,
1-(4-ethoxynaphthalen-1-yl)tetrahydrothiophenium
trifluoromethanesulfonate,
1- (4-n-butoxynaphthalen-1l-yl)tetrahydrothiophenium
trifluoromethanesulfonate,
1- (4-methoxymethoxynaphthalen-1-yl)tetrahydrothiophenium
trifluoromethanesulfonate,
1-(4-ethoxymethoxynaphthalen-1-yl)tetrahydrothiophenium
trifluoromethanesulfonate,
1-[4~-(1-methoxyethoxy)naphthalen-1-yl]
tetrahydrothiophenium trifluoromethanesulfonate,
1-[4-(2-methoxyethoxy)naphthalen-1-yl]
tetrahydrothiophenium trifluoromethanesulfonate,
1-[4~(2-methoxyethoxy)naphthalen-1-yl]
tetrahydrothiophenium nonafluoro-n-butanesulfonate,
1-[4-(2-methoxyethoxy)naphthalen-1-yl]
tetrahydrothiophenium perfluoro-n-octanesulfonate,

1- (4-methoxycarbonyloxynaphthalen-1-y1)
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1-(4-n-propoxycarbonyloxynaphthalen-1-yl)
tetrahydrothiophenium trifluoromethanesulfonate,
1-(4-i-propoxycarbonyloxynaphthalen-1-yl)
tetrahydrothiophenium trifluoromethanesulfonate,
1-(4-n-butoxycarbonyloxynaphthalen-1-yl)
tetrahydrothiophenium trifluoromethanesulfonate,
1-(4-t-butoxycarbonyloxynaphthalen-1-y1l)
tetrahydrothiophenium trifluoromethanesulfonate,
1-(4-benzyloxynaphthalen-1-yl)tetrahydrothiophenium
trifluoromethanesulfonate,
1-(2-naphthalen-1-yl-2-oxoethyl) tetrahydrothiophenium
trifluoromethanesulfonate,
1-{4-(2-tetrahydrofuranyloxy)naphthalen-1-yl]
tetrahydrothiophenium trifluoromethanesulfonate,
1-[4-(2-tetrahydropyranyloxy)naphthalen-1-yl]
tetrahydrothiophenium trifluoromethanesulfonate,

and the like can be given.

<Sulfone compounds>

As examples of sulfone compounds, b-ketosulfone,
b-sulfonylsulfone, and a-diazo compounds of these compounds
can be given.

As specific examples of sulfone compounds,

phenacylphenylsulfone, mesitylphenacylsulfone,
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bis(phenylsulfonyl)methane, and 4-trisphenacylsulfone can be

given.

<Sulfonate compounds>

As examples of sulfonate compounds, alkyl sulfonate,
haloalkyl sulfonate, aryl sulfonate, and imino sulfonate can
be given.

As specific examples of sulfonate compounds,
benzointosylate, pyrogallol methanetrisulfonate,
nitrobenzyl-9,10-diethoxyanthracene-2-sulfonate,
a-methylolbenzointosylate, a-methylolbenzoin
trifluoromethanesulfonate, a-methylolbenzoin

n-octanesulfonate, a-methylolbenzoin dodecylsulfonate, and

the like can be given.

<Disulfonyldiazomethane compound>
As examples of disulfonyldiazomethane compounds, a

compound shown by the following formula (29) and the like can

be given:
R
R27—-ﬁ—C——ﬁ—R27 (29)
0] 0]

wherein R?’ individually represents a monovalent group such as

an alkyl group, aryl group, halogenated alkyl group, and
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As specific examples of disulfonyldiazomethane
compounds,
bis(trifluoromethylsulfonyl)diazomethane,
bis (cyclohexylsulfonyl)diazomethane,
bis (phenylsulfonyl)diazomethane,
bis (p-toluenesulfonyl)
diazcmethane,
bis(2,4-dimethylbenzenesulfonyl)diazomethane,
methylsulfonyl p~toluenesulfonyldiazomethane,
bis(4-t-butylphenylsulfonyl)diazomethane,
bis(4-chlorobenzenesulfonyl)diazomethane,
(cyclohexylsulfonyl) (p-toluenesulfonyl)diazomethane,
(cyclohexylsulfonyl) (1,1-dimethylethylsulfonyl)
diazomethane,
bis(l,1l-dimethylethylsulfonyl)diazomethane,
bis(l-methylethylsulfonyl)diazomethane,
bis(3,3-dimethyl-1, 5-dioxaspiro(5.5)}dodecane-8-sulfonyl)
diazomethane,
bis(1l,4-dioxaspiro[4.5)}decane-7-sulfonyl)diazomethane,

and the like can be given.
<Disulfonylmethane compound>

As examples of disulfonylmethane compounds, a compound

shown by the following formula (30) and the like can be given:
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R28—|S|——Ic—ﬁ—R28 (30)
O WO

wherein R%® individually represent a linear or branched
monovalent aliphatic hydrocarbon group, a cycloalkyl group,
aryl group, aralkyl group, or other monovalent organic groups
having a hetero atom, V and W individually represent an aryl
group, a hydrogen atom, a linear or branched monovalent
aliphatic hydrocarbon group, or other monovalent organic
groups having a hetero atom, provided that at least one of V
and W represents an aryl group, or V and W bond to form a
monocyclic or polycyclic ring having at least one unsaturated
bond, cr V and W bond to form a group shown by the following

formula (31):

V)
|

—HIH; (31)

W’

wherein V' and W' individually represent a hydrogen atom,

halogen atom, an alkyl group, cycloalkyl group, aryl group,
or aralkyl group, or V' and W' each bonded to the same or

different carbon atoms bond to form a monocyclic carbon

structure, and b is an integer from 2 to 10.
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<0xime sulfonate compounds>
As examples of oxime sulfonate compounds, compounds of

the following formulas (32-1) or (32-2) can be given:

R29
| TR
NC—C=N—0—5—R (32-1)
o)
R29
I | I
R3°—ﬁ-—o—N=c—c|:=N—o—ﬁ—R3° (32-2)
o) R? o)

wherein R?*® and R*® individually represent a monovalent organic
group, and when two R* and R*° groups are present, such groups
may be identical or different.

As specific examples of R?*® in the formula (32-1) and
(32-2), a methyl group, ethyl group, n-propyl group, phenyl
group, tosyl group, and the like can be given.

As specific examples of R*® in the formula (32-1) and
(32-2), a phenyl group, tosyl group, naphthyl group, and the

like can be given.

<Hydrazinesulfonate compounds>
As examples of hydrazinesulfonate compounds,
bis (benzene)sulfonylhydrazine,

bis (p-toluene)sulfonylhydrazine,
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bis(trifluoromethane)sulfonylhydrazine,
bis (nonafluoro-n-butane)sulfonylhydrazine,
bis(n-propane)sulfonylhydrazine,
benzenesulfonylhydrazine,
p-toluenesulfonylhydrazine,
trifluoromethanesulfonylhydrazine,
nonafluoro-n-butanesulfonylhydrazine,
n-propanesulfonylhydrazine,
trifluoromethanesulfonyl p-toluenesulfonylhydrazine,
and the like can be given.

Of these other acid generators,
di (t-butylphenyl)iodonium trifluoromethanesulfonate,
di(t-butylphenyl) 1l0-camphorsulfonate,
triphenylsulfonium trifluoromethanesulfonate,
triphenylsulfonium 10-camphorsulfonate,
N-(trifluoromethylsulfonyloxy)-7-oxabicyclo([2.2.1]hept-5-
ene-2, 3-dicarboxyimide,
N-(l0-camphorsulfonyloxy)succinimide, and the like are
preferable.

These other acid generators may be used either
individually or in combination of two or more.

In the radiation-sensitive resin compositions (i)~ (iii),
the proportion of the other acid generators to be used is
preferably 90 wt% or less, and particularly preferably 80 wt$
or less for 100 wt% of the total amount of the acid generator
(I) and other acid generators.

Although the proportion of the components in the
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positive-tone radiation-sensitive resin composition (ii), and
the negative-tone radiation-sensitive resin composition (iii)
varies according to the characteristics desired for the resist,
a preferable proportion is as follows.

For the positive-tone radiation-sensitive resin
composition (i) and the positive-tone radiation-sensitive
resin composition (ii), the amount of the acid generator (I)
to be added is preferably 0.01-70 parts by weight, still more
preferably 0.1-50 parts by weight, and particularly preferably
0.5-20 parts by weight for 100 parts by weight of the
acid-cleavable group-containing resin or alkali-soluble resin.
The amount of the acid generator (I) less than 0.01 part by
weight may impair sensitivity and resolution. If the amount
exceeds 70 parts by weight, resist coating properties and
pattern configuration tend to be adversely affected.

For the positive-tone radiation-sensitive resin
composition (ii), the amount of the alkali solubility control
agent to be added is preferably 5-150 parts by weight, still
more preferably 5-100 parts by weight, and particularly
preferably 5-50 parts by weight for 100 parts by weight of the
alkali-soluble resin. The amount of alkali solubility control
agent less than 5 parts by weight may decrease the rate of
residual coatings and induce swelling of patterns. If the
amount exceeds 150 parts by weight, coating surface roughening

and decrease in the coating surface strength tends to occur.

For the negative-tone radiation-sensitive resin
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added is preferably 0.01-70 parts by welght, still more
preferably 0.1-50 parts by weight, and particularly preferably
0.5-20 parts by weight for 100 parts by weight of the
alkali-soluble resin. The amount of the acid generator (I)
less than 0.01 part by weight may impair sensitivity and
resolution. If the amount exceeds 70 parts by weight, resist
coating properties and pattern configuration tend to be
adversely affected.

The amount of the crosslinking agent (E) to be added is

preferably 5-95 parts by weight, still more preferably 15-85
parts by weight, and particularly preferably 20-75 parts by
weight for 100 parts by weight of the alkali-soluble resin.
The amount of the crosslinking agent (E) less than 5 parts by
weight may decrease the rate of residual coatings and tends
to induce meandering and swelling of the patterns. If the
amount exceeds 95 parts by weight, developability of exposed

areas tends to decrease.

Other components

<Acid diffusion controller>

It is preferable to add an acid diffusion controller to
the positive-tone radiation-sensitive resin composition (i),
positive-tone radiation-sensitive resin composition (ii), and
negative-tone radiation-sensitive resin composition (iii).
The acid diffusion controller controls diffusion of an acid

generated from the acid generator upon exposure in the resist

119



M10% /& ()-z M10% & ()-2,gl0% & ()-}-@" <~ = '11Y&y/ 109%@ @& ()- 'u&y/
10% /r/ & ()- -10% & ()-1t)10% /& ()-' 10% & ()- | % 10% & ()-: uS4

| L<109@& ()-! 109@ZKZK& ()-2 109%Z& ()-2 109%&Z& ()-2 10// 10// 10//! &yl
10% /& ()- 7-~\= 13 109& ()-! 109 ()- 109 ()-!F 109 ()-,F 109 ()-, 10Z
10Z 10Z-01231~\: !!] 10%m& ()-!l 10%m& ()-!l 10%m& ()-1 10%m& ()- 10 10
10L<109& ()-1~_@''Y 109 ()- "1 m 109 ()-- 10m 10m 10mi<10%m& ()- &

10%& () - égaEQ%@k@%(%1&Mgpdgﬁﬁg%orable chemical reactions in the

unexposed area,

The addition of the acid diffusion controller improves
storage stability of the composition and resolution as a resist.
Moreover, the addition of the acid diffusion controller
prevents the line width of the resist pattern from changing
due to variation of post-exposure delay (PED) from exposure
to post-exposure heat treatment, whereby a composition with
remarkably superior process stability can be obtained.

As the acid diffusion controller, organic compounds
containing nitrogen of which the basicity does not change
during exposure or heating for forming a resist pattern are
preferable.

As examples of such nitrogen-containing organic
compounds, a compound shown by the following formula (33)

(hereinafter called "nitrogen-containing compound (a)"),

R31
I
R3¥—N—R?! (33)

wherein R*' individually represents a hydrogen atom, alkyl
group, aryl group, or aralkyl group which are either
unsubstituted or substituted by a functional group such as a
hydroxy group.

A diamino compound having two nitrogen atoms in the

molecule (hereinafter referred to as "nitrogen-containing
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atoms in the molecule (hereinafter referred to as
"nitrogen-containing compound (y)"), an amide
group—-containing compound, urea compound, and
nitrogen-containing heterocyclic compound can be given.

Examples of the nitrogen-containing compound (a) include
monoalkylamines such as n-hexylamine, n-heptylamine,
n-octylamine, n-nonylamine, and n-decylamine; dialkylamines
such as di-n-butylamine, di-n-pentylamine, di-n-hexylamine,
di-n-heptylamine, di-n-octylamine, di-n-nonylamine, and
di-n-decylamine; trialkylamines such as triethylamine,
tri-n-propylamine, tri-n-butylamine, tri-n-pentylamine,
tri-n-hexylamine, tri-n-heptylamine, tri-n-octylamine,
tri-n-nonylamine, and tri-n-decylamine; and aromatic amines
such as aniline, N-methylaniline, N,N-dimethylaniline,
2-methylaniline, 3-methylaniline, 4-methylaniline,
4-nitroaniline, diphenylamine, triphenylamine, and
l-naphthylamine.

Examples of the nitrogen-containing compounds (B)
include ethylenediamine,
N,N,N',N'-tetramethylethylenediamine,

N,N,N',N'-tetrakis (2-hydroxypropyl)ethylenediamine,
tetramethylenediamine, hexamethylenediamine,
4,4'~diaminodiphenylmethane, 4,4'-diaminodiphenyl ether,
4,4'-diaminobenzophenone, 4,4'-diaminodiphenylamine,
2,2'-bis(4-aminophenyl)propane,

2-(3-aminophenyl)-2-(4-aminophenyl) propane,

121



10|y < 10% & ()-W?4C | 10nD< 10%m& ()-!+ 10%=& ()--+ 10%m& ()--F"

10%1& ()-F' 10%m& ()-!'1 109°P& ()-jNC8 1 10 10@LO%& ()-y9<10%&' (O)-1)

109& ()-F109%& ()- | 109 ()-4 10m 10nmP®AQ M NC 10%m& ()-:1 -10%m& ()- !0Y
109%9q9& ()-S'Y 109171 & ()-SI>Y 10%& ()-S! 9Y 10% : & ()- s 10fi j kI xmbC
10%m T 109& ()- 10m 10m 10m <10%m& ()--! 10%m& ()- M ! 10%m& ()- M

+10%r8’ () - aB7C 10f 9<10%&' ()-( 10%& ()- !l T 10%mg ()-1T 10%& ()-1T

10% & (-1 40908, ()5 35HXEC 10VI00 (1L wi0NE () x10%e: ()-1y10%
2-(4-aminophenyl) -2-(4-hydroxyphenyl)propane,
1,4-bis[1l-(4-aminophenyl)-1-methylethyl]lbenzene, and
1,3-bis{1-(4-aminophenyl)-1-methylethyl]benzene.

Examples of the nitrogen-containing compounds (y) include
polyethyleneimine, polyallylamine, a polymer of
dimethylaminoethylacrylamide, and the like.

Examples of compounds containing an amide group include
formamide, N-methylformamide, N,N-dimethylformamide,
acetamide, N-methylacetamide, N,N-dimethylacetamide,
propionamide, benzamide, pyrrolidone, and
N-methylpyrrolidone.

Examples of urea compounds include urea, methylurea,
1,1-dimethylurea, 1,3-dimethylurea, 1,1,3,3-tetramethylurea,
1,3-diphenylurea, and tributylthiourea.

Examples of the nitrogen-containing heterocyclic
compounds include imidazoles such as imidazole,
4-methylimidazole, 4-methyl-2-phenylimidazole,
benzimidazole and 2-phenylbenzimidazole; pyridines such as
pyridine, 2-methylpyridine, 4-methylpyridine,
2-ethylpyridine, 4-ethylpyridine, 2-phenylpyridine,
4-phenylpyridine, N-methyl-4-phenylpyridine, nicotine,
nicotinic acid, nicotinamide, quinoline, 8-oxyquinoline, and
acridine; pyrazine, pyrazole, pyridazine, quinoxaline, purine,
pyrrolidine, piperidine, morpholine, 4-methylmorpholine,
piperazine, 1,4-dimethylpiperazine,

1,4-diazabicyclo[2.2.2]octane, phenanthroline, and the like.

122



10UZ*ah{a?EC 10! z10% ; & ()-Z !z10%H& ()-Z .10%& ()- S+10%& ()-

f #1094 () - &f #10%4&' ()- }"<EC 10!l 10%HH& () - @. 10%4& () -

0y109% & () -s! y10%HH8 () -sf10%4& ()- !(z109% k(k& ()-Z }"<EC

10! 10%&' ()-s010%-& ()-s!.10% H. H& () -sf 10%4& () -

| 10%-& ()- @ 109%\N& ()- @kl 10!! 109%WM& ()- 10H 10H

10Hy$: 10%4&' () - 3f #1094 () - y& : 10%4& () - @ 10%4& () - . 4; 2MX} [ 9vkI

" 10968 ()-!110%& ()-1110%h& () - SI093& () - 1h10%& ()- 1093 ()- X\ kv~z[ vk
| >109%& () - flogégp%%gOQ%qu@@@%_%§Qg compound having an acid-cleavable

1> L10%GGS () - S!  L10%&. () -S! ! L10%h& ()-S"}A2vkl 1>1 1098 ()- .
/ 10968 () - %%B%%&“( ?}g§&g§18§8§' éy- g! 216%8{38&0?511:5%66}@ %f ganpgoyk|
| >l hF109%&: () - | F10%BGS! () - 8310%6& () -6 109438 ()- 4@O0% ()-2

109438 () - ! %%‘E’?PS\ = 1] 109 () -

As examples of the nitrogen-containing compound having
an acid-cleavable group, N-(t-butoxycarbonyl)piperidine,
N-(t-butoxycarbonyl)imidazole,

N- (t-butoxycarbonyl)benzimidazole,

N- (t-butoxycarbonyl)-2-phenylbenzimidazole,

N- (t-butoxycarbonyl)dioctylamine,

N- (t-butoxycarbonyl)diethanolamine,

N- (t-butoxycarbonyl)dicyclohexylamine,

N- (t-butoxycarbonyl)diphenylamine, and the like can be given.

Of these nitrogen-containing organic compounds, the
nitrogen-containing compounds (o), nitrogen-containing
compounds (B), nitrogen-containing heterocyclic compound, and
nitrogen-containing compounds having an acid-cleavable group
and the like are preferable.

The acid diffusion controller may be used either
individually or in combination of two or more.

The amount of the acid diffusion controller to be added
isusually 15 parts by weight or less, preferably 0.001-10 parts
by weight, and still more preferably 0.005-5 parts by weight
for 100 parts by weight of the acid-cleavable group-containing
resin or alkali-soluble resin. If the proportion of the acid
diffusion controller exceeds 15 parts by weight, sensitivity
as a resist and developability of the exposed area tend to

decrease. If the amount is less than 0.001 part by weight,
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the pattern shape or dimensional accuracy as a resist may
decrease depending on the processing conditions.
<Alkali-soluble resin>

An alkali-soluble resin (hereinafter referred to as
"alkali-soluble resin (c)") can be optionally added to the
positive-tone radiation-sensitive resin composition (i).

As examples of the alkali-soluble resin (c),
poly (4-hydroxystyrene), partially hydrogenated
poly (4-hydroxystyrene), poly(3-hydroxystyrene), partially
hydrogenated poly(3-hydroxystyrene),
4-hydroxystyrene/3-hydroxystyrene copolymer,
4-hydroxystyrene/styrene copolymer, novolac resin, polyvinyl
alcohol, polyacrytic acid, and the like can be given.

Mw of the alkali-soluble resin {(c) is 1,000-1,000,000,
and preferably 2,000-100,000.

These alkali-soluble resins (c) may be used either
individually or in combination of two or more.

The amount of alkali-soluble resins (c) to be added is
preferably 30 parts by weight or less for 100 parts by weight
of the acid-cleavable group-containing resin.
<Surfactant>

Surfactants exhibiting an action of improving the
applicability or striation of the composition and
developability as a resist may be added to the positive-tone
radiation-sensitive resin composition (i), positive-tone
radiation-sensitive resin composition (ii), and negative-tone

radiation-sensitive resin composition (iii).
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Examples of such surfactants include polyoxyethylene
lauryl ether, polyoxyethylene stearyl ether, polyoxyethylene
oleyl ether, polyoxyethylene n-octyl phenol ether,
polyoxyethylene n-nonyl phenol ether, polyethylene glycol
dilaurate, polyethylene glycol distearate; and commercially
available products such as FTOP EF301, EF303, EF352
(manufactured by TOHKEM PRODUCTS CORPORATION), MEGAFAC F171,
F173 (manufactured by Dainippon Ink and Chemicals, Inc.),
Fluorad FC430, FC431 (manufactured by Sumitomo 3M Ltd.), Asahi
Guard AG710, Surflon S-382, SC-101, sSC-102, SC-103, SC-104,
SC-105, SC-106 (manufactured by Asahi Glass Co., Ltd.), KP341
(manufactured by Shin-Etsu Chemical Co., Ltd.), and Polyflow
No. 75, No. 95 (manufactured by Kyoeisha Chemical Co., Ltd.).

These surfactants may be used either individually or in
combination of two or more.

The amount of the surfactant to be added is preferably
2 parts by weight or less for 100 parts by weight of the
acid-cleavable group-containing resin or alkali-soluble
resin.
<Photosensitizer>

A photosensitizer may be added to the positive-tone
radiation-sensitive resin composition (i), positive-tone
radiation-sensitive resin composition (ii), and negative-tone
radiation-sensitive resin composition (iii).

As examples of photosensitizers, carbazoles,
benzophenones, rose bengals, anthracenes, and the like can be

given.
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These sensitizers may be used either individually or in
combinations of two or more. The amount of the photosensitizer
to be added is preferably 50 parts by weight or less for 100
parts by weight of the acid-cleavable group-containing resin
or alkali-soluble resin.
<Other additives>

In addition, a dye and/or a pigment may be added to
visualize latent images of exposed areas and to reduce the
effect of halation during exposure. An adhesion adjuvant may
be added to improve adhesion to the substrate.

As other additives, halation inhibitors such as
4-hydroxy-4'-methylchalcone, form improvers, preservation
stabilizers, antifoaming agents, and the like can be added.
Solvent

The positive-tone radiation~sensitive resin composition
(i), positive-tone radiation~sensitive resin composition (ii},
and negative-tone radiation-sensitive resin composition (iii)
are used as a composition solution. Such a composition
solution is prepared by homogeneously dissolving the
composition in a solvent so that the total solid concentration
is 0.1-50 wt%, and preferably 1-40 wt%, and filtering the
solution through a filter with a pore diameter of about 0.2
mm.

Examples of solvents used for preparation of the
composition solution include:

ethylene glycol monoalkyl ether acetates such as ethylene

glycol monomethyl ether acetate, ethylene glycol monoethyl
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and ethylene glycol mono-n-butyl ether acetate;
propylene glycol moncalkyl ethers such as propylene glycol
monomethyl ether, propylene glycol monoethyl ether, propylene
glycol mono-n-propyl ether, and propylene glycol mono-n-butyl
ether;
propylene glycol dialkyl ethers such as propylene glycol
dimethyl ether, propylene glycol diethyl ether, propylene
glycol di-n-propyl ether, and propylene glycol di-n-butyl
ether;
propylene glycol monocalkyl ether acetates such as propylene
glycol monomethyl ether acetate, propylene glycol monoethyl
ether acetate, propylene glycol mono-n-propyl ether acetate,
and propylene glycol mono-n-butyl ether acetate;
lactic acid esters such as methyl lactate, ethyl lactate,
n-propyl lactate, and i-propyl lactate;
aliphatic carboxylic acid esters such as n-amyl formate, i-amyl
formate, ethyl acetate, n-propyl acetate, i-propyl acetate,
n-butyl acetate, i-butyl acetate, n-amyl acetate, i-amyl
acetate, i-propyl propionate, n-butyl propionate, and i-butyl
propionate;
other esters such as ethyl hydroxyacetate, ethyl
2-hydroxy-2-methylpropionate, methyl
2-hydroxy-3-methylbutyrate, ethyl methoxyacetate, ethyl
ethoxyacetate, methyl 3-methoxypropionate, ethyl

3-methoxypropionate, methyl 3-ethoxypropionate, ethyl

3-ethoxypropionate, butyl 3-methoxyacetate, butyl

127



Y6 100& ()-!, 8109438 ()-2y}A?] _@! QY

10%&' () - 3yL10%m8 () - T! NyL10%" () - T! yL10%rknk& () - Tf 1098 () - 10%re: () - Sn

dEj @' Q &10%& ()-- 10%1& ()-Y +10%m& ()-F" 10%m& ()-

y10%r&' () - 10%1& ()- 1" """ 7"| #b@! Q YY 10%& () - gYY 10%&' ()-g 10m 10m 10nf s<

10%18' ()-s3 10%n&' ()-1 1TL0%& ()-| ##%&& ' }[ <1@ 10S&<109& ()-!I +

10%: ()- @+ 10% ()- @Y 10% ()-Y 10% ()-Iw 109%: ()-g' "' ' p(())gE@ 10! F

109%: ()~ F.10% 0% () 100 &' - 3 100& ()- 10

10)0+, ,,,, «%hgf)fo:“ i’x% Icsef = g 10 10 10, L<10%&: ()-!F 109%& ()-F
0, N2~

100& ,
! 10%5&&') ()-%'ST%é’egﬁ i‘“etsS‘f’d‘OYé’éo(pf O“al;? F'10(%‘&3’(1) -1 @S109%58& () - Z&S109%& () - Zo,
"""’dE)%y%é%%Jﬁ—fu&ﬁ%%ngbdt%%éée,(%et%yi acetoacetate, ethyl

acetoacetate, methyl pyruvate, and ethyl pyruvate;
aromatic hydrocarbons such as toluene and xylene;
ketones such as methyl ethyl ketone, methyl propyl ketone,
methyl butyl ketone, 2-heptanone, 3-heptanone, 4-heptanone,
and cyclohexanone;
amides such as N-methylformamide, N,N-dimethylformamide,
N-methylacetamide, N,N-dimethyl acetamide, and
N-methylpyrrolidone; and
lactones such as g-butyrolactone.
and the like can be given.

These solvents may be used either individually or in

combinations of two or more.

Formation of resist pattern

A resist pattern is formed from the positive-tone
radiation-sensitive resin composition (i), positive-tone
radiation-sensitive resin composition (ii), and negative-tone
radiation-sensitive resin composition (iii) by applying the
composition solution prepared as mentioned above to substrates
such as a silicon wafer or a wafer covered with aluminum using
an appropriate application method such as rotational coating,
cast coating, and roll coating to form a resist coating. The
resist coating is then optionally prebaked at a temperature

of about 70-160°C (hereinafter referred to as "PB") and exposed
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ultrav1olet rays, KrF excimer laser (wavelength: 248 nm), ArF
excimer laser (wavelength: 193 nm), F, excimer laser
(wavelength: 157 nm), or EUV (extreme ultraviolet, wavelength:
13 nm), charged particle rays such as electron beams, and X-rays
such as synchrotron radiation can be given, with deep
ultraviolet rays and electron beams being preferable. The
exposure conditions such as the amount of exposure are
appropriately determined depending on the composition of the
radiation-sensitive resin composition, types of additives,
and the like.

In the present invention, it is preferable to perform
post-exposure bake (hereinafter referred to as "PEB") at
70-160°C for 30 seconds or more to consistently form minute
resist patterns with high precision. If the heating
temperature for PEB is less than 70°C, sensitivity may
fluctuate according to the type of substrates.

A desired resist pattern is obtained by developing the
resist using an alkaline developer at 10-50°C for 10-200
seconds, preferably at 15-30°C for 15-100 seconds, and still
more preferably at 20-25°C for 15-90 seconds.

As the alkaline developer, an alkaline aqueous solution
prepared by dissolving an alkali such as an alkali metal
hydroxide, aqueous ammonia, mono-, di-, or tri-alkylamine,
mono-, di-, or tri-alkanolamine, heterocyclic amine,

tetraalkylammonium hydroxide, choline,
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1,5-diazabicyclo[4.3.0]-5-nonene to a concentration of 1-10
wt%, preferably 1-5 wt%, and particularly preferably 1-3 wt%
can be used.

Moreover, an appropriate amount of a water-soluble
organic solvent such as methanol and ethanol or a surfactant
can be added to the developer comprising the above alkaline
aqueous solution.

When forming a resist patltern, a protective film may be
provided on the resist coating in order to prevent an adverse
effect of basic impurities and the like which are present in
the environmental atmosphere. Also, an antireflection film

may be provided on the lower or upper layer.

EXAMPLES
The present invention will be described in more detail
by way of examples. However, these examples should not be
construed as limiting the present invention.
In the examples, part(s) and % refer to part(s) by weight

and wt% unless otherwise indicated.

Synthesis of acid generator (I)

Synthesis Example 1

An autoclave was charged with 108.5 g of dicyclopentadiene
and 322.4 g of 1l-bromo-1,1,2,2-tetrafluoro-3-butene. A
solution of 0.3 g of 4-methoxyphenol dissolved in 5 ml of

toluene was added to the autoclave as a polymerization
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pressure at 85°C and 25 mmHg to obtain 326 g of

l1-bromo-1,1,2,2-tetrafluoro-2-(norborn-5-en-2-yl)ethane as
a clear liquid (hereinafter referred to as "compound (l-a)").
Next, a solution of 62 g of the compound (l-a) dissolved
in 1 liter of ethyl acetate was added to a 2 liter eggplant
flask. After the addition of 12 g of alumina containing 5%
rhodium, the mixture was stirred vigorously for 3 hours under
a hydrogen atmosphere. Then, the reaction solution was
filtrated under reduced pressure throughaglass filter covered
with celite. The filtrate was concentrated under reduced
pressure and the concentratewas purifiedbydistillation under
reduced pressure to obtain 56 g of
l-bromo-1,1,2,2-tetrafluoro-2-(norbornan-2-yl)ethane as a
clear liquid (hereinafter referred to as "compound (l-b)").
A 2 liter three-necked flask, in which the atmosphere was
thoroughly replaced with nitrogen, was charged with a solution
of 70 g of sodium dithionite and 52 g of sodium
hydrogencarbonate dissolved in 300 ml of water. Then, 300 ml
of a solution of 55 g of the compound (1l-b) dissolved in
acetonitrile was added by dripping for one hour at room
temperature, and the solution was reacted for two hours at 75°C.
After evaporating the acetonitrile under reduced pressure, 330
mg of sodium tungstate dihydrate and 5.0 g of disodium
hydrogenphosphate were added. 5.6 ml of 30% hydrogen peroxide

aqueous solution was added by dripping at room temperature
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The solution was distilled under reduced pressure to remove
the water, the residue was extracted with methanol and
distilled under reduced pressure to remove the methanol,
thereby obtaining 35 g of
1,1,2,2-tetrafluoro-2- (norbornan-2-yl)ethane sodium
sulfonate (hereinafter referred to as "compound (l-c)").

Next, 80 g of l-n-butoxynaphthalene and 212 g of a
phosphorus pentoxide-methanesulfonic acid mixture were added
to a five liter eggplant flask and the mixture was stirred for
15 minutes at room temperature. 47 g of tetramethylene
sulfoxide was added to the mixture by dripping at 0°C and the
mixture was stirred for 20 minutes, then the temperature of
the mixture was gradually increased to room temperature. The
mixture was stirred for an additional hour. The mixture was
again cooled to 0°C. After the addition of 2 liters of water
and adjusting the pH to 7.0 using 25% aqueous ammonia, the
mixture was stirred for one hour at room temperature. After
the addition of a solution of 116 g of the compound (1l-c)
dissolved in 150 ml of water, the mixture was stirred for an
additional hour at room temperature. The reaction solution
was extracted with methylene chloride and the extract was
washed with water. The methylene chloride was evaporated
under reduced pressure and the residue was purified using a
silica gel column (methylene chloride:methanol=20:1). 76 g
of 1,4-butylene-{(l-n-butoxynaphta-4-yl)sulfonium

1,1,2,2-tetrafluoro-2-(norbornan-2-yl)ethane sulfonate was
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following acid generators (A-2) to (A-6) was carried out
according to the following conditions:

Apparatus: JMS-AX505W mass spectrometer (manufactured by

JEOL, Ltd.)

Emitter current: 5mA (gas used: Xe)

Acceleration voltage: 3.0 kV

10N MULTI: 1.3

Ionization method: fast atom bombardment (FAB)

Detection ion: cation(+)

Measured mass range: 20-1500m/z

Scan: 30 sec

Resolution: 1500

Matrix: 3-nitrobenzyl alcohol

Synthesis Example 2

A 2 liter eggplant flask was charged with a solution of
20 g of triphenylsulfonium chloride dissolved in 500 ml of water.
A 500 ml aqueous solution containing 20 g of the compound (1-d)
was added by dripping at room temperature and the mixture was

stirred for 30 minutes. The reaction solution was extracted
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viscous oil by concentrating the solutionbydistillation under
reduced pressure. The results of 'H-NMR analysis for this
compound are shown in Figure 4. The results of mass analysis
for the cation moiety and anion moiety are shown in Figures

5 and 6 respectively.

This compound is referred to as "acid generator (A-2)"

Synthesis Example 3

A 2 liter eggplant flask was charged with a solution of
20 gof diphenyliodoniumchloride dissolved in 1l liter of water.
A 500 ml aqueous solution containing 20 g of the compound (1-c)
was added by dripping at room temperature and the mixture was
stirred for 15 minutes. The deposited crystals were filtered
through a glass filter, sufficiently washed with water, and
dried under reduced pressure to obtain 12 g of diphenyliodonium
1,1,2,2-tetrafluoro-2- (norbornan-2-yl)ethane sulfonate.

The results of 'H-NMR analysis for this compound are shown
in Figure 7. The results of mass analysis for the cationmoiety
and anion moiety are shown in Figures 8 and 9 respectively.

This compound is referred to as "acid generator (A-3)"

Synthesis Example 4

A 2 liter three-necked flask, in which the atmosphere was

thoroughly replaced with nitrogen, was charged with a solution
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The ethyl acetate was evaporated under reduced pressure to
obtain 35 gof 1,1,2,2-tetrafluoro-2- (norbornan-2-yl)ethane
sodium sulfonate (hereinafter referred to as "compound
(1-d)").

Next, a 2 liter eggplant flask was charged with a solution
of 80 g of the compound (1-d) dissolved in 250 ml of water.
The solution was bubbled with superfluous chlorine gas for more
than 15 minutes while stirring at room temperature. The oily
matter collected on the bottom of the flask was extracted with
methylene chloride. The organic layer was washed with a sodium
hydrogencarbonate aqueous solution and dried over anhydrous
magnesium sulfate. The methylene chloride was evaporated
under reduced pressure to obtain 68 gof 1,1,2,2-tetrafluoro-
2- (norbornan-2-yl)ethane sulfonyl chloride (hereinafter
referred to as "compound (4-a)").
Next, after adding 22 g of N-hydroxy-5-norbornene-2, 3-

dicarboxyimide to a solution of 30 g of the compound (4-a)
dissolved in 150 g of tetrahydrofuran, 29 g of triethylamine

was added to the mixture by dripping. After stirring the
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with sodium hydrogencarbonate aqueous solution, oxalic acid
aqueous solution, and water. After drying the solution over
anhydrous magnesium sulfate, the methylene chloride was
evaporated under reduced pressure to obtain 35 g of
N-(1,1,2,2-tetrafluoro-2-(norbornan-2-yl)ethylsulfonyloxy)
-5-norbornene-2, 3-dicarboxyimide.
Fig. 10 shows the 'H-NMR analysis results of this
compound.

This compound is referred to as "acid generator (A-4)".

Synthesis Example 5

An autoclave was chargedwith 108.5gof dicyclopentadiene
and 322.4 g of l-bromo-1,1,2,2-tetrafluoro-3-butene. A
solution of 0.3 g of 4-methoxyphenol dissclved in 5 ml of
toluene was added to the autoclave as a polymerization
inhibitor and the mixture was stirred for 5 hours at 170°C.
The reaction product was purifiedbydistillation under reduced
pressure at 85°C and 0.1 mmHg to obtain 226 g of
l-brome-1,1,2,2-tetrafluoro-2-
(tetracyclo(4.4.0.1%°,17°]dodec~-3-en-8-yl)ethane as a clear
liquid (hereinafter referred to as "compound (5-a)").

Next, a solution of 93 g of the compound (5-a) dissoclved

in 1.5 liters of ethyl acetate was added to a 3 liter eggplant
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pressure and the concentrate was purifiedbydistillation under
reduced pressure to obtain 85 g of
1-bromo-1,1,2,2~-tetrafluoro-2-(tetracyclo[4.4.0.1%5.1719)
dodecan-8-yl)ethane as a clear liquid (hereinafter referred
to as "compound (5-b)").

A 2 liter three-necked flask, in which the atmosphere was
thoroughly replaced with nitrogen, was charged with a solution
of 10.2 g of sodium dithionite and 7.4 g of sodium
hydrogencarbonate dissolved in 170 ml of water. Then, a
solution of 10 g of the compound (5-b) dissolved in 750 ml of
acetonitrile was added by dripping for one hour at room
temperature, and the solution was reacted for seven hours at
100°C. After precipitating the acetonitrile, the aqueous
solution was filtrated and the filtrate was concentrated under
reduced pressure. The residue was extracted with methanol and
distilled under reduced pressure to remove the methanol,
thereby obtaining 10.2g0f 1,1,2,2~tetrafluoro-2-(tetracyclo
[4.4.O.125.17J0]dodecan—8—yl)ethane sodium sulfinate
(hereinafter referred to as "compound (5-c)").

Next, a 500 ml three-necked flask was charged with a

solution of 9 g of the compound (5-c) dissolved in 75 ml of

water. 50 mg of sodium tungstate dihydrate and 1.2 g of
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Yl solution. The mixture was reacted for one hour at 60°C, 100
ml of water was added and the mixture was cooled to room
temperature. Then, a solution of 10 g of triphenylsulfonium
chloride dissolved in 250 ml of water was added by dripping
at room temperature and the reaction solution was stirred for
one hour. Next, the reaction solution was extractedwith ethyl
acetate and the organic layer was washed three times using water.
The ethyl acetate was removed under reduced pressure and the
residue was purified using a silica gel column (methylene
chloride:methanol=8:1) to obtain 1 g of triphenylsulfonium
1,1,2,2-tetrafluoro-2-(tetracyclo
[4.4.0.1%°.17"% dodecan-8-yl) ethane sulfonate.
The results of 'H~NMR analysis for this compound are shown
in figure 11. The results of mass analysis for the cation
moiety and anion moiety are shown in figures 12 and 13
respectively.

This compound is referred to as "acid generator (A-5)".

Synthesis Example 6

A 2 liter eggplant flask was charged with a solution of
25.2 g of sodium hydrogencarbonate dissolved in 500 ml of water.
19.2 g of 2-(fluorosulfonyl)difluoromethyl acetate was added
by dripping while stirring the solution at room temperature.

Then, the mixture was stirred for a further 2 hours at room
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vacuum at room temperature, purified by extraction with 200

ml of methanol, and dried under vacuum at room temperature to
obtain 0.34 g of methoxycarbonyldifluoromethane sodium
sulfonate (hereinafter referred to as "compound (6-a)").

Next, a solutionof 0.478 g of triphenylsulfoniumchloride
dissolved in 5 ml of water was added to a solution of 0.34 g
of the compound (6-a) dissolved in 15 ml of water. This mixed
solution was extracted twice with 20 ml of ethyl acetate. The
organic layer was washed with 20 ml of water and dried over
anhydrous sodium sulfate. The ethyl acetate was removed by
evaporation under reduced pressure and the residue was dried
under vacuum to obtain 0.25 g of a highly viscous and oily
triphenylsulfonium methoxycarbonyl difluoromethane
sulfonate.

The mass analysis results of the cation moiety and anion
moiety of this compound are shown in Figures 14 and 15
respectively.

This compound is referred to as "acid generator (A-6)"

Synthesis Example 7

A 2 liter eggplant flask was charged with a solution of
20 g of 1-(4-hydroxy-3,5-dimethylphenyl)
tetrahydrothiophenium methanesulfonate dissolved in 500 ml of
water. A 500 ml aqueous solution containing 20 g of the

compound (l-c) was added by dripping at room temperature and
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precipitate. The precipitate was again filtered through a
glass filter, collected, and dried under reduced pressure to
obtain 16 g of 1-(4-hydroxy-3,5-dimethylphenyl)
tetrahydrothiophenium 1,1,2,2-tetrafluoro-2-
(norbornan-2-yl)ethane sulfonate.
Fig. 16 shows the 'H-NMR analysis results of this

compound.

This compound is referred to as "acid generator (A-7)"

Synthesis Example 8

A 2 liter eggplant flask was charged with a solution of
20 g of the compound (l-c) dissolved in 1,000 ml of a
methanol/water (70/30) mixed solvent. While stirring the
solution at room temperature, a solution of 36 g of
bis (4-t-butylphenyl)iodonium hydrogensulfate dissolved in 1
liter of methanol was added by dripping. Then, the mixture
was stirred for an additional 1 hour at room temperature and
left to stand for one day. The organic substance in the
reaction solution was extracted with methylene chloride. The

organic layer was washed with water and dried over anhydrous
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magnesium sulfate. The product was dissolved in methylene
chloride and the solution was added to hexane by dripping to
obtain white crystals. The crystals were filtered through a
glass filter and dried under reduced pressure to obtain 18 g
of bis(4-t-butylphenyl)iodonium 1,1,2,2-tetrafluoro-2-
(norbornan-2-yl)ethane sulfonate. Fig. 17 shows the 'H-NMR
analysis results of this compound.

This compound is referred to as "acid generator (A-8)".

Synthesis of acid-cleavable group-containing resin

Synthesis Example 9

101 g of 4-acetoxystyrene, 5 g of styrene, 42 g of
4-t-butoxystyrene, 6 g of azobisisobutyronitrile (AIBN), and
1 g of t-dodecylmercaptan were dissolved in 160 g of propylene
glycol monomethyl ether. The mixture was polymerized for 16
hours at 70°C in a nitrogen atmosphere. After polymerization,
the reaction solution was added dropwise to a large quantity
of n-hexane to coagulate and purify the resulting resin.

After the addition of 150 g of propylene glycol monomethyl
ether to the resin, 300 g of methanol, 80 g of triethylamine,
and 15 g of water were added. The mixture was hydrolyzed for
8 hours while refluxing at the boiling point. After the
reaction, the solvent and triethylamine were evaporated under
reduced pressure. The resulting resin was dissolved in
acetone and the solution was added dropwise to a large quantity
of water to coagulate the resin. The resulting white powder

was filtered and dried overnight at 50°C under reduced
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pressure.

The resin was found to have Mw and Mw/Mn of 16,000 and
1.7 respectively. The result of '*C-NMR analysis confirmed
that the copolymerization molar ratio of 4-hydroxystyrene,
styrene, and 4-t-butoxystyrene of the copolymer was 72:5:23.

This resin is referred to as a "resin (B-1)".

Mw and Mn of the resin (B-1) and the following resins (B-2)
through (B-13) were measured by gel permeation chromatography
(GPC) using GPC columns (manufactured by Tosoh Corp., G2000HXL
x 2, G3000HXL x 1, G4000HXL x 1) under the following conditions.
Flow rate: 1.0 ml/minute, eluate: tetrahydrofuran, column
temperature: 40°C, standard reference material: monodispersed

polystyrene.

Synthesis Example 10

100 g of 4-acetoxystyrene, 25 g of t-butyl acrylate, 18
g of styrene, 6 g of AIBN, and 1 g of t-dodecylmercaptan were
dissolved in 230 g of propylene glycol monomethyl ether. The
mixture was polymerized for 16 hours at 70°C in a nitrogen
atmosphere. After polymerization, the reaction solution was
added dropwise to a large quantity of hexane to coagulate and
purify the resulting resin.

After the addition of 150 g of propylene glycol monomethyl
ether to the resin, 300 g of methanol, 80 g of triethylamine,
and 15 g of water were added. The mixture was hydrolyzed for
8 hours while refluxing at the boiling point. After the

reaction, the solvent and triethylamine were evaporated under
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reduced pressure. The resulting resin was dissolved in
acetone and the solution was added dropwise to a large quantity
of water to coagulate the resin. The resulting white powder
was filtered and dried overnight at 50°C under reduced
pressure.

The resin was found to have Mw and Mw/Mn of 11,500 and
1.6 respectively. The result of '>C-NMR analysis confirmed
that the copolymerization molar ratio of 4-hydroxystyrene,
t-butyl acrylate, and styrene of the copolymer was 61:19:20.

This resin is referred to as a "resin (B-2)".

Synthesis Example 11

176 g of 4-t-butoxystyrene was anionically polymerized
at -78°C in 500 ml of tetrahydrofuran using n-butyllithium as
a catalyst. After polymerization, the resulting resin
solution was coagulated in methanol to obtain 150 g of white
poly(4-t-butoxystyrene).

150 g of poly(4-t-butoxystyrene) was dissolved in 600 g
of dioxane. After the addition of diluted hydrochloric acid,
the mixture was hydrolyzed at 70°C for 2 hours. The reaction
product was added dropwise to a large quantity of water, thereby
causing the resin to coagulate. A step of dissolving the
resulting resin in acetone and adding dropwise to a large
quantity of water to coagulate the resin was repeated. The
resulting white powder was filtered and dried overnight at 50°C
under reduced pressure.

The Mw and Mw/Mn of this resin were 10,400 and 1.10,
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respectively. '’C-NMR analysis confirmed that only part of
t-butyl group in the poly(4-t-butoxystyrene) had a hydrolyzed
structure and the molar ratio of 4-t-butoxystyrene and
4-hydroxystyrene was 68:32.

This resin is referred to as a "resin (B-3)".

Synthesis Example 12

25 g of a copolymer of 4-hydroxystyrene and
4-t-butoxystyrene (copolymerization molar ratio, 90:10) was
dissolved in 100 g of n-butyl acetate. Nitrogen gas was
bubbled through the solution for 30 minutes. After the
addition of 3.3 g of ethyl vinyl ether and 1 g of pyridinium
p-toluenesulfonate as a catalyst, the mixture was reacted at
room temperature for 12 hours. The reaction solution was added
dropwise to a 1 % ammonium aqueous solution to coagulate the
resin. The resin was filtered and dried overnight in a vacuum
drier at 50°C.

Mw and Mw/Mn of this resin were respectively 13,000 and
1.01. As a result of >C-NMR analysis, the resin was found to
have a structure in which 23 mol% of hydrogen atoms of the
phenolic hydroxyl group in poly(4-hydroxystyrene) was
replaced by ethoxyethyl groups, and 10 mol% by t-butyl groups.

This resin is referred to as a "resin (B-4)".

Synthesis Example 13

5 g of norbornene, 11 g of maleic anhydride, 11 g of

8-hydroxytetracyclo[4.4.0.1L5.17J°]dodec—3—ene, and 23 g of
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2-methyl-2~adamantyl methacrylate were dissolved in 50 g of
tetrahydrofuran to obtain a homogeneous solution. After
injection of nitrogen for 30 minutes, 3 g of AIBN was added.
The mixture was heated to 65°C and stirred for 6 hours at this
temperature. After polymerization, the reaction solution was
cooled to room temperature and diluted with 50 g of
tetrahydrofuran. The diluted solution was poured into 1,000
ml of n-hexane. The precipitated white powder was collected
by filtration and dried to obtain a resin.
This resin was a copolymer with an Mw of 6,100, having
a copolymerization ratio of norbornene: maleic anhydride:
8-hydroxytetracyclo([4.4.0.1%°.1"°1dodec~3~ene:
2-methyl-2-adamantyl methacrylate = 15:35:20:30.

This resin is referred to as a "resin (B-5)".

Synthesis Example 14

46.31 g of 2-methyl-2-adamantyl methacrylate and 53.69
g of the following compound (34) were dissolved in 200 g of
2-butanone to obtain a homogeneous solution, followed by the
addition of 4.04 g of methyl azobisisovalerate as an initiator
to obtain a monomer solution.

Nitrogen gas was bubbled through a one liter three-necked
flask containing 100 g of 2-butanone for 30 minutes. The
temperature was increased to 80°C while stirring. The above
monomer solution was added by dripping at a rate of 10 ml/5
minutes, and the mixture was polymerized for 5 hours. The

reaction solution was cooled to 30°C or less and poured into
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2,000 g of methanol. White precipitate produced was collected

by filtration, mixed with 400 g of methanol, and washed twice.

The white precipitate was filtrated and dried for 17 hours at

50°C to obtain a resin.

This resin was a copolymer with an Mw of 12,200, having
a copolymerization ratio of 2-methyl-2-adamantyl

methacrylate: compound of formula (34) = 40.6:59.4.

This resin is referred to as a "resin (B-6)".

Synthesis Example 15

40.90 g of 2-methyl~2-adamantyl methacrylate, 15.47 g of
3-hydroxy-l-adamantyl methacrylate, and 43.64 g of the
compound of formula (34) were dissolved in 200 g of 2-butanone
to obtain a homogeneous solution, followed by the addition of
4.02 g of methyl azobisisovalerate to obtain a monomer
solution.

Nitrogen gas was bubbled through a one liter three-necked
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flask containing 100 g of 2-butanone for 30 minutes. The
temperature was increased to 80°C while stirring. The above
monomer solution was added by dripping at a rate of 10 ml/5
minutes, and the mixture was polymerized for 5 hours. The
reaction solution was cooled to 30°C or less and poured into
2,000 g of methanol. White precipitate produced was collected
by filtration, mixed with 400 g of methanol, and washed twice.
The white precipitate was filtrated and dried for 17 hours at
50°C to obtain a resin.

This resin was a copolymer with an Mw of 9,200, having
a copolymerization ratio of 2-methyl-2-adamantyl
methacrylate: 3-hydroxy-l-adamantyl methacrylate: compound
of formula (34) = 36.2:15.2:48.6.

This resin is referred to as a "resin (B-7)".

Synthesis Example 16

50.55 g of 2-methyl-2-adamantyl methacrylate, 25.49 g of
3-hydroxy-l-adamantyl methacrylate, and 23.97 g of the
compound of formula (34) were dissolved in 200 g of 2-butanone
to obtain a homogeneous solution, followed by the addition of
3.97 g of methyl azobisisovalerate to obtain a monomer
solution.

Nitrogen gas was bubbled through a one liter three-necked
flask containing 100 g of 2-butanone for 30 minutes. The
temperature was increased to 80°C while stirring. The above
monomer solution was added by dripping at a rate of 10 ml/5

minutes, and the mixture was polymerized for 5 hours. The
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reaction solution was cooled to 30°C or less and poured into
2,000 g of methanol. White precipitate produced was collected
by filtration, mixed with 400 g of methanol, and washed twice.
The white precipitate was filtrated and dried for 17 hours at
50°C to obtain a resin.

This resin was a copolymer with an Mw of 9,800, having
a copolymerization ratio of 2-methyl-2-adamantyl
methacrylate: 3-hydroxy-l-adamantyl methacrylate: compound
of formula (34) = 45.2:25.6:29.2.

This resin is referred to as a "resin (B-8)".

Synthesis Example 17

46.17 g of 2-methyl-2-adamantyl methacrylate, 5.179 g of
3-hydroxy-l-adamantyl methacrylate, and 48.65 g of the
compound of formula (34) were dissolved in 200 g of 2-butanone
to obtain a homogeneous solution, followed by the addition of
4,03 g of methyl azobisisovalerate to obtain a monomer
solution.

Nitrogen gas was bubbled through a one liter three-necked
flask containing 100 g of 2-butanone for 30 minutes. The
temperature was increased to 80°C while stirring. The above
monomer solution was added by dripping at a rate of 10 ml/5
minutes, and the mixture was polymerized for 5 hours. The
reaction solution was cooled to 30°C or less and poured into
2,000 g of methanol. White precipitate produced was collected
by filtration, mixed with 400 g of methanol, and washed twice.

The white precipitant was filtrated and dried for 17 hours at
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50°C to obtain a resin.

This resin was a copolymer with an Mw of 9,400, having
a copolymerization ratio of 2-methyl-2-adamantyl
methacrylate: 3-hydroxy-l-adamantyl methacrylate: compound
of formula (34) = 39.2:5.4:55.4.

This resin is referred to as a "resin (B-9)".

Synthesis Example 18

47.76 g of 2-ethyl-2-adamantyl methacrylate and 52.24 g
of the compound shown by formula (34) were dissolved in 200
g of 2-butanone to obtain a homogeneous solution, followed by
the addition of 3.93 g of methyl azobisisovalerate to obtain
a monomer solution.

Nitrogen gas was bubbled through a one liter three-necked
flask containing 100 g of 2-butanone for 30 minutes. The
temperature was increased to 80°C while stirring. The above
monomer solution was added by dripping at a rate of 10 ml/5
minutes, and the mixture was pclymerized for 5 hours. The
reaction solution was cooled to 30°C or less and poured into
2,000 g of methanol. White precipitate produced was collected
by filtration, mixed with 400 g of methanol, and washed twice.
The white precipitate was filtrated and dried for 17 hours at
50°C to obtain a resin.

This resin was a copolymer with an Mw of 11,600, having
a copolymerization ratio of 2-ethyl-2-adamantyl methacrylate:
compound of formula (34) = 39.8:60.2.

This resin is referred to as a "resin (B-10)".
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Synthesis Example 19

41.95 g of 1-ethylcyclohexyl methacrylate and 58.05 g of
the compound shown by formula (34) were dissolved in 200 g of
2-butanone to obtain a homogeneous solution, followed by the
addition of 4.37 g of methyl azobisisovalerate to obtain a
moncmer solution.

Nitrogen gas was bubbled through a one liter three-necked
flask containing 100 g of 2-butanone for 30 minutes. The
temperature was increased to 80°C while stirring. The above
monomer solution was added by dripping at a rate of 10 ml/5
minutes, and the mixture was polymerized for 5 hours. The
reaction solution was cooled to 30°C or less and poured into
2,000 g of methanol. White precipitate produced was collected
by filtration, mixed with 400 g of methanol, and washed twice.
The white precipitate was filtrated and dried for 17 hours at
50°C to obtain a resin.

This resin was a copolymer with an Mw of 13,400, having
a copolymerization ratio of l-ethylcyclohexyl methacrylate:
compound of formula (34) = 42.1:57.9.

This resin is referred to as a "resin (B-11)".

Synthesis Example 20

52.00 g of 2-ethyl-2-adamantyl methacrylate, 24.74 g of
3-hydroxy-l-adamantyl methacrylate, and 23.26 g of the
compound of formula (34) were dissolved in 200 g of 2-butanone

to obtain a homogeneous solution, followed by the addition of
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3.85 g of methyl azobisisovalerate to obtain a monomer
solution.

Nitrogen gas was bubbled through a one liter three-necked
flask containing 100 g of 2-butanone for 30 minutes. The
temperature was increased to 80°C while stirring. The above
monomer solution was added by dripping at a rate of 10 ml1/5
minutes, and the mixture was polymerized for 5 hours. The
reaction solution was cooled to 30°C or less and poured into
2,000 g of methanol. White precipitate produced was collected
by filtration, mixed with 400 g of methanol, and washed twice.
The white precipitant was filtrated and dried for 17 hours at
50°C to obtain a resin.

This resin was a copolymer with an Mw of 8,700, having
a copolymerization ratio of 2-ethyl-2-adamantyl methacrylate:
3-hydroxy-l-adamantyl methacrylate: compound of formula (34)
= 44.4:25.3:30.3.

This resin is referred to as a "resin (B-12)".

Synthesis Example 21

A three-necked flask was charged with 1.52 g of the silane
compound of formula (35), 1.57 g of the silane compound of
formula (36), 1.91 g of methyltriethoxysilane, 15 g of
4-methyl-2-pentanone, and 1.31 g of a 1.75% aqueous solution
of oxalic acid. The mixture was reacted for six hours at 80°C
while stirring, followed by cooling with ice to terminate the
reaction. The reaction mixture was poured into a separating

funnel to remove the water layer. The organic layer was washed
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with ion-exchanged water until the reaction solution becomes
neutral. The organic layer was evaporated under reduced
pressure to obtain a resin.

The Mw of the resin was 2,500.

This resin is referred to as a "resin (B-13)".
Si(OC2Hs)3
(35)
|C=O

7
C(CHa)s

Si(OC,Hs)s3
(36)
CH,

|
FaC—G—CFy
OH

Synthesis Example 22

7 g of di-t-butyl carbonate was added to a solution in

which 12 g of poly (4-hydroxystyrene) and 5 g of triethylamine
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"9 "10% & ()-/9 "10% & ()-/9 "10% & ()-/9 "10% & ()-/4<FPRT"_?89 "10%
9 "10% & ()-/9 "10% & ()-/9 "10% & ()-/9 "10% & ()-/9 "10% & ()-/9
"10% & ()-/~_"jklnrVv:89 "1099 "10% & ()-/9 "10% & ()-/9 "10% & ()-/9
"10% & ()-/9 "10% & ()-/5W "mop{rR289 "10% & ()-/9 "10% & ()-/9 "10%
& ()-/5W "-9 "10% & ()-/9

were dissolved in 50 g of dioxane while stirring. The mixture

was stirred for 6 hours at room temperature. Oxalic acid was

then added to neutralize triethylamine. The reaction solution

was dropped into a large quantity of water to coagulate the

resin. The coagulated resin was washed with purified water

several times. The resin was then filtered and dried at 50°C

overnight under reduced pressure.

Mw and Mw/Mn of this resin were respectively 9,200 and

1.8. As a result of *C-NMR analysis, the resin was found to

have a structure in which 30 mol% of hydrogen atoms of a phenolic

hydroxyl group in poly(4-hydroxystyrene) was replaced by

t-butoxycarbonyl groups.

This resin is referred to as a "resin (B-14)".

Synthesis Example 23

41.15 g of 2~-methyl-2~adamantyl methacrylate, 5.19 g of
3~hydroxy-l-adamantyl methacrylate, and 53.66 g of the
compound of formula (34) were dissolved in 200 g of 2-butanocone
to obtain a homogeneous solution, followed by the addition of
4.04 g of methyl azobisisovalerate to obtain a monomer
solution.

Nitrogen gas was bubbled through a one liter three-necked
flask containing 100 g of 2-butanone for 30 minutes. The
temperature was increased to 80°C while stirring. The above
monomer solution was added by dripping at a rate of 10 ml/5
minutes, and the mixture was polymerized for 5 hours. The

reaction solution was cooled to 30°C or less and poured into
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"10% & ()-/1-89 "10% & ()-/5W "9 "10% & ()-/9 "10% & ()-/9 "10%
& ()-/19 "10% & ()-/0S89 "10% & ()-/5W@ "10% & ()-/9 "10% & ()-/ 9 "10%
& ()-/19 "10% & ()-/9 "10% & ()-/9 "10% & ()-/jJ*89 "10% & ()-/9 "10%
& ()-/19 "10% & ()-/9 "10% & ()-/9 "10% & ()-/5W "mX®B899 "10% & ()-/9
"10% & ()-/9 "10% & ()-/5W

2,000 g of methanol. White precipitate produced was collected

by filtration, mixed with 400 g of methanol, and washed twice.

The white precipitant was filtrated and dried for 17 hours at

50°C to obtain a resin.

This resin was a copolymer with an Mw of 9,800, having
a copolymerization ratio of 2-methyl-2-adamantyl
methacrylate: 3-hydroxy-l-adamantyl methacrylate: compound

of formula (34) = 35.8:5,1:59.1.

This resin is referred to as a "resin (B-15)".

RADIATION-SENSITIVE RESIN COMPOSITION

Examples 1-19 and Comparative Example 1

Components shown in Table 1 were mixed to prepare
homogeneous solutions. The solutions were filtered through
a membrane filter with a pore diameter of 0.2 pum to obtain
composition solutions. The solution compositions were
spin-coated on silicon wafers. PB was then performed under
the conditions shown in Table 2 to form resist coatings with
the thickness shown in Table 2.

As the radiation light sources in the examples: a stepper
NSR 2205 EX 12B (numerical aperture: 0.55), manufactured by
Nikon Corporation, was used as the KrF excimer laser (indicated
by "KrF" in Table 2); an ArF excimer laser exposure apparatus
(numerical aperture: 0.55), manufactured by Nikon Corporation,
was used as the ArF excimer laser (indicated by "ArF" in Table
1); an F, excimer laser exposure apparatus XLS (numerical

aperture: 0.60), manufactured by Ultratech Stepper, Inc., was
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"9 "10% & ()-/9 "10% & ()-/V;8999 "10% & ()-/5W "9 "10% & ()-/9 "10%
& ()-19 "10% & ()-/9 "10% & ()-/ '){[;99 !10% & ()-" !10% & ()-"

110% & ()-" 910% & ()-10_"10 "10 "( 9@<10%"& ()-)+58:; <l -{[;

1109 & ()-"15W-J! 1109 & ()-" 110% & ()-" !'10% & ()-"

1109% & ()-"<=BGLRSAH{[; !10% & ()-" !'10% & ()-" !'10% & ()-" !'10% & ()-"
1109 & ()-" 1109% & ()-"

used as the F; excimer laser (indicated by "F," in Table 1);
a direct-write electron-beam lithography machine HL-700 (an
apparatus wherein the acceleration voltage was improved to a
range of 30 KeV to 50 KeV), manufactured by Hitachi, Ltd., was
used as the electron beam. After conducting exposure in
accordance with the conditions of Table 2, PEB was conducted
in accordance with the conditions of Table 2.

The resist patterns were developed at 23°C for 1 minute
by a paddle method using a 2.38 wt% tetramethylammonium
hydroxide aqueous solution. The resist coatings were then
washed with purified water and dried to form resist patterns.

The results of the evaluation of each resist are shown in Table

3.

Examples 20-23

Components shown in Table 4 were mixed to prepare
homogeneous solutions. The solutions were filtered through
a membrane filter with a pore diameter of 0.2 um to obtain
composition solutions. The solution compositions were
spin-coated on silicon wafers. PB was then performed under
the conditions shown in Table 5 to form resist coatings with
the thickness shown in Table 5.

The resist coatings were exposed with a KrF excimer laser
using a stepper NSR2205 EX12B (manufactured by Nikon Corp.,
numerical aperture: 0.55) and baked (PEB) under the conditions
shown in Table 5. The resist patterns were developed at 23°C

for 1 minute by a paddle method using a 2.38 wt%
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1109 & () -
1109% & () -
1109 & () -
1109 & () -
1109 & () -

"SX] bhisl-{[; !109% & ()-"5W-J! 110% & ()-" !10% & ()-"

11098 & ()-"sy}_?{[; '10% '10% & ()-" '10%B & ()-" '10%8 & ()-"

TT1I0B & ()-" 1108 & ()-"nN.{[; '1098 & ()-" 109 & ()-"
110 & ()-" 1109 & ()-"SWIImME{[; 1109 & ()-" 1109 & ()-"
"SWHIIT T109 & ()-" 11098 & ()-"1-{[; '10% & ()-"5WJ!

tetramethylammonium hydroxide aqueous soluticn. The resist
coatings were then washed with purified water and dried to form

resist patterns. The results of the evaluation of each resist

are shown in Table 6.

Evaluation of the resists of Examples 1-23 and Comparative
Example 1 was carried out as follows.

Sensitivity:

Sensitivity was evaluated based on an optimum exposure
dose which is a dose capable of forming a 1:1 line and space
pattern (1L1S) with a line width of 0.22 pm, when a resist
coating formedon a siliconwafer substrate is exposed to l1ight,
immediately followed by PEB, alkaline development, washing
with water, and drying. In the examples using an ArF excimer
laser, an optimum dose capable of forming a 0.16 um

line-and-space pattern (1L1S) with a 1:1 line width was used.

Resolution:

The minimum line and space (1L1lS) dimension resolved by

an optimum exposure dose was taken as the resolution.

Mask pattern dependency:

Resist coatings providing line patterns with a line width
exceeding 70% of the designed line width for a 0.22 pm 1L10S
pattern (0.22 pm line/2.2 um space) upon exposure using an
optimum dose were indicated by "good", otherwise the resist

coatings were indicated by "poor". When an ArF exposure
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1109 & () -
1109% & () -
1109 & () -
1109 & () -
1109 & () -

" 110% & ()-" 110% & ()-" 110%W & ()-"%, ?{[; !10% !10% & ()-"
" 1109 & ()-" 1109 & ()-" 110% & ()-" 110% & ()-",-7=ADVnN. {[;
" 1109 & ()-" 1109 & ()-" 1109 & ()-"

"SW-JIVZ) AhnrM{[; 11098 & ()-" 1109 & ()-" !10% & ()-"5W-J!!

" 1109 & ()-"rul-{[; !10% & ()-"5W-J! 110% & ()-" !10% & ()-"

apparatus is used at an optimum dose, resist coatings providing
line patterns with a line width exceeding 70% of the designed
line width for a 0.16 pum 1L10S pattern (0.16 pum line/1.6 um
space) upon exposure using an optimum dose were indicated by

"good", otherwise the resist coatings were indicated by "poor".

Mask pattern fidelity:

The difference (absolute value) between the line width
of a 0.22 pm 1L5S pattern (0.22 pum line/1.1 um space) and the

design width (0.22 pm) produced upon exposure using an optimum

dose was taken as mask pattern fidelity.

Examples 24-34 and Comparative Example 2

Each composition solution having components shown in
Table 7 was evaluated. The evaluation results are shown in
Table 9.

Evaluation of the resists of Examples 24-34 and
Comparative Example 2 was carried out as follows.

Radiation transmittance:

A composition solution was applied to a quartz plate by
spin coating and post-baked on a hot plate at 130°C for 60
seconds to obtain a resist coating with a thickness of 0.34

um. The radiation transmittance of the resist coating was

calculated from the absorbance at a wavelength of 193 nm and
was employed as a standard for transparency in the deep UV ray

region.
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1109% & ()-"
11098 & ()-" 1109 & ()-" 1109 & ()-"nN.{[; '10% & ()-" '10% & ()-"
110% & ()-"
1109 & () -
1109 & () -

"BW-JIL 1109 & ()-" 110% & ()-"  #$/1-{[; !10% & ()-"5W-J!
" 110% & ()-" 110% & ()-"

Sensitivity:

A solution composition was applied to a silicon wafer
(ARC25) with a 820A thickness ARC25 film (manufactured by
Brewer Science Corp.) coated on the surface by spin coating
and post-baked on a hot plate under the conditions shown in
Table 8 to obtain a resist ccating with a thickness of 0.34
um. The coating was exposed to radiation through a mask
pattern using an ArF excimer laser exposure apparatus
(manufactured by Nikon Corp., lens numerical aperture: 0.55).
After performing PEB under the conditions shown in Table 8,
the resist coating was developed at 25°C for 80 seconds in a
2.38 wt% tetramethylammonium hydroxide aqueous solution,
washed with water, and dried to form a positive-tone resist
pattern. An optimum dose capable of forming a 0.16 um
line-and-space pattern (1L1S) with a 1:1 line width was taken

as sensitivity.

Resolution:

The minimum line and space (1L1S) dimension resolved by

an optimum exposure dose was taken as the resolution.

Pattern profile:

The dimensions of the lower side Lb and the upper side
La of the rectangular cross section of a 1line and space pattern
(1L1S) with a line width of 0.16 um were measured using a
scanning electronmicroscope. A pattern shape which satisfied

the formula "0.85 <= La/Lb <= 1" and was straight with no
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1109 & ()-"/59<NRU ?{[; !10% !10% & ()-" !10% & ()-" 110 & ()-"
1109 & ()-" 1109 & ()-" '10% & ()-"WagknnN. {[; !'10% & ()-" '10% & ()-"
1109 & ()-" 1109 & ()-" '10% & ()-"5WI!mv{[; 109 & ()-" 110 & ()-"
11098 & ()-"5W-J!! 11098 & ()-" '10%W & ()-"I-{[; '10% & ()-"5W-J! 110% & ()-"
110%8 & ()-" 1109 & ()-" 1109 & ()-"_?{[; !'10%

extended skirt was evaluated as "Good".

Defective development:

Defective development was evaluated using a KLA 2112 or
KLA 2351 defect inspection apparatus (manufactured by
KLA-Tencor Corporation) in accordance with the following
method.

The wafer for defect inspection was prepared in the
following manner. A solution composition was applied to a
silicon wafer with an 820A thickness ARC25 film (manufactured
by Brewer Science Corp.) coated on the surface to obtain a dried
thickness of 0.30 pum. This silicon wafer was post-baked at
130°C for 90 seconds. The entire surface of the wafer was
exposed to a 5 mm x 5 mm blank exposure using a full field
exposure machine (manufactured by Nikon Corp.; S203B when KrF
excimer laser was used and S306C when ArF excimer laser was
used). After performing PEB at 1300oC for 90 seconds, the
resist coatings were developed in a 2.38 wt%
tetramethylammonium hydroxide aqueous solution at 25°C for 30
seconds, washed with water, and dried to form an inspection
wafer.

Next, the inspection wafer was inspected for the number
of exposure defects of 0.15 um or more in the exposed area using
a KLA 2112 or KLA 2351 defect inspection apparatus
(manufactured by KLA-Tencor Corporation). The total number
of defective clusters and unclusters extracted from the

difference caused by superposing the pixels and a reference
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1109 & ()-" 1109 & ()-" '10% & ()-" '10% & ()-" !'10% & ()-"
11098 & ()-"nN.{[; !'109% & ()-" 1109 & ()-" !'10% & ()-" !'10% & ()-"
1109 & ()-"5WJl#)-mv{[; 110% & ()-" 110% & ()-" 110% & ()-"5WJ!!

1109 &
110% &
1'10% &

-" 11096 & ()-"-0BFIJU-{[; !10% & ()-"5W-J! 110% & ()-"
-" 110% & ()-" 1109 & ()-"U _btx{_?{[; !10% !10%& ()-"

N N’ N N N N’

image was detected by observing at an array mode.
The other acid generators, alkali-soluble resins, acid
diffusion controllers, crosslinking agents, other additives,

and solvents indicated in Tables 1 and 9 are as follows.

Other acid generators

a=-1l: N-(trifluoromethylsulfonyloxy)bicyclo[2.2.1]
hept-5-ene-2, 3-dicarboxyimide

a-2: Triphenylsulfonium trifluoromethanesulfonate

a~-3: Bis(cyclohexylsulfonyl)diazomethane

a-4: 1-(4-n-butoxynaphthalen-1-yl)

tetrahydrothiophenium nonafluoro-n-butanesulfonate

Alkali-soluble resin

C-1: 4-Hydroxystyrene/styrene copolymer
(copolymerization ratio: 78:22, Mw=3,100,
Mw/Mn=1.13; VPS3020 (manufactured by Nippon Soda Co.,

Ltd.)<0)

Acid diffusion controller

D-1: tri-n-octylamine

D-2: triethanolamine

D-3: 2-phenylbenzimidazole
D-4: 2,6-dimethylaminopyridine

D-5: N-t-butoxycarbonyl-2-phenylbenzimidazole

Crosslinking agent
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1109 & ()-" 1109 & ()-" 1109 & ()-" '10% & ()-"{|nN.{[; !'10% & ()-"
1109 & ()-" 1109% & ()-" 110% & ()-" 110% & ()-"5WJI! mv{[; !'10% & ()-"
1109 & ()-" 1109 & ()-"5WJ!! 1109%& ()-" '109%& ()-"1-{[; !'10% & ()-"5WJ!
1109 & ()-" 110% & ()-" 110% & ()-" '109% & ()-" _?{[; !'10% !10%& ()-"
1109 & ()-" 110% & ()-"

E-1: N,N,N,N-tetra(methoxymethyl)glycoluril

Other additives

F-1: t-butyl deoxycholate
F-2: t-butoxycarbonylmethyl deoxycholate

F-3: t-butoxycarbonylmethyl lithocholate

Solvent
G-1: ethyl lactate
G-2: ethyl 3-ethoxypropionate
G-3: propylene glycol monomethyl ether acetate
G-4: 2~Heptanone
G-5: Cyclohexanone

G-6: y-Butyrolacton

lel



1109 & ()-" 1109 & ()-" '10% & ()-"(.25nN.{[; !'10% & ()-" !'10% & ()-"
11006 & ()-" 1109 & ()-" 110% & ()-"5W-J1 5GKNOPTI N-{[; L<10% & ()-
1109 & ()-"5W-J1% !110% & ()-" !'10% & ()-"

1109 & ()-"TUVW  kw \ <L<14w10% "} & ()-!4wl0%"} & ()-!4wl0% "} & ()-!4wl0% "}
& ()-!

1094 "} & ()-' 10! 10! 10! hD| \ <L<1#3Pv4wl09% "} & ()-!4w10% "} & ()-!4wl0% "} & ()-!
AW109% "} & ()-! 1#3Pv D]\ <L<14wl0% "} & ()-! #3Pv4wl0% "} & ()-! 4wl0% "} & ()-! 4w
109"} & ()-14wl0% "} & ()-'{_?|\<L<14wi0% "} & ()-!4wi0% "} & ()-!#3Pv4wi0% "}
& ()-14wl0ovpld & ()-!4wl0% "1 & ()-!

Unit in parenthesis: parts by weight
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0/ 010/ 10 Example8 A-4 (2) -4 (100) D- 1 (0.1) G-1 (400)
4f L<10% &' () - 4wl0% "} & () - | #3PvAwl0% "} & ()} l4vvlo% 1& () | KX 3-8 (ApLI<1#10%
! - 0, T y ) AN - =
e f‘o&zt&l%"ﬂﬁ%{’) A1 d2bos %25((%@/6156}53&1(19 10041 & () F1188% ¢ &G #700)
10% t & ()=—2)2A hE[NAI <1#1004t &' () - G-5 (300)
Example 10 |A-1(5) |B-6(92) |D-3(0.4) F-2 (8) G-3 (700)
G-6 (50)
Example 11 A-2 (2) B-13(100) | D-3 (0.1) - G-3
(1200)
Example 12 | A-2 (3) B-1 (100) | D-3 (0.1) - - G-1 (800)
Example 13 |A-2(3) |C-1(97) |D-1(0.1) |E-1(7) - G-1 (550)
B-4 (3) G-2 (250)
Example 14 |A-1(4) |B-7(90) |D-3(0.4) - G-4 (250)
A-2(1) | B-11(10) G-6 (550)
Example 15 |A-1(4) |B-7(90) |D-3(0.3) G-4 (250)
A5(1) |B-11(10) G-6 (550)
Example 16 |A-1(5) |B-8(60) |D-3(0.4) G-4 (800)
B-10 (40)
Example 17 | A-1 (5) B-9 (100) | D-3 (0.4) G-4 (800)
Example 18 | A-1(4) | B-12(100) | D-3 (0.4) G-4 (800)
A-2 (1)
Example 19 |{A-1(4) | B-12(100) | D-3 (0.3) - G-4 (800)
A-5 (1)
Comparative | a-1 (3) -1(100) | D-3 (0.1) - G-1 (400)
Example 1 G-3 (400)



10% t & ()
10% t & ()
10%t & ()
10% t & ()

- 10%t& ()- 10%t& ()- 10%t& ()- )?A vVV6[NALO%t& ()- 10%t& ()-
- 10%t& ()- 10%t& ()- )?A ~bB[NALO%t& ()- 10%t& ()- 10%t& ()-
- 10%t& ()- )?A )3zZ [NA10O%t& ()- 10%t& ()- 10%t& ()-
- 10%t& ()- )?A
Table 2
Thickness (A) PB Radiation PEB
Temp Time Temp | Time
(°C) | (sec) °C) | (sec)
Example 1 5,000 120 90 KrF excimer laser 130 90
Example 2 5,000 120 90 KrF excimer laser 130 90
Example 3 5,000 120 90 KrF excimer laser 130 90
Example 4 5,000 120 90 KrF excimer laser 130 90
Example 5 5,000 120 90 KrF excimer laser 130 90
Example 6 5,000 140 90 KrF excimer laser 140 90
Example 7 5,000 130 90 KrF excimer laser 130 80
Example 8 5,000 100 90 KrF excimer laser 100 90
Example 9 3,000 140 90 ArF excimer laser 140 90
Example 10 | 3,300 130 90 ArF excimer laser 130 90
Example 11 | 1,000 130 90 F, excimer laser 110 90
Example 12 | 3,000 120 90 Electron beam 130 90
Example 13 | 5,000 90 60 KrF excimer laser 110 90
Example 14 | 3,300 130 90 ArF excimer laser 130 90
Example 15 | 3,300 130 90 ArF excimer laser 130 90
Example 16 | 3,300 130 90 ArF excimer laser 110 90
Example 17 | 3,300 130 90 ArF excimer laser 130 90
Example 18 | 3,300 130 90 ArF excimer laser 110 90
Example 19 | 3,300 130 90 ArF excimer laser 110 90
Comparative | 5,000 120 90 KrF excimer laser 130 90
Example 1
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345=>?] ~bB[ NALO% t & ()- 10%t& ()- 10%t& ()- 10%t& ()- 10%t& ()- )?A
1JU gg{zZ: [NA10% t & ()- 10%t& ()- 10%t& ()- 10%t& ()- 10%t& ()- )?A
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Table 3
Resolution Sensitivity Mask pattern
dependency

Example 1 0.21 um 360 J/m? Good
Example 2 0.21 ym 320 J/m? Good
Example 3 0.20 um 300 J/m? Good
Example 4 0.20 um 350 J/m? Good
Example 5 0.20 um 320 J/m? Good
Example 6 0.21 um 390 J/m? Good
Example 7 0.21 um 360 J/m? Good
Example 8 0.20 um 380 J/m? Good
Example 9 0.17 um 800 J/m? Good
Example 10 0.15 pm 300 J/m? Good
Example 11 0.17 um 200 J/m? Good
Example 12 0.16 pm 4 .C Good
Example 13 0.20 um 260 Jim? Good
Example 14 0.15 um 260 J/m? Good
Example 15 0.15 um 280 J/m? Good
Example 16 0.15 um 320 J/im? Good
Example 17 0.15 um 280 J/m? Good
Example 18 0.15 pm 240 J/m? Good
Example 19 0.15 um 270 Jim? Good
Comparative 0.21 pm 320 J/m? Poor
Example 1
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~bB[ NALO% t & ()- 10%t& ()- 10%t& ()- 10%t& ()- 10%t& ()- )?A
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Table 4 Unit in parenthesis: parts by weight
Acid Resin Acid Solvent
generator diffusion
controller
Example 20 | A-6 (2) B-1(100) | D-3(0.2) G-1 (400)
a-1(6) G-3 (400)
Example 21 | A-6 (2) B-2 (100) | D-3(0.2) G-1 (400)
a-1 (6) G-3 (400)
Example 22 | A-6 (2) B-14(100) | D-3 (0.2) G-1 (400)
a-1 (6) G-3 (400)
Example 23 | A-6 (2) B-4 (100) | D-2 (0.2) G-1 (400)
a-3 (6) G-3 (400)
Table 5
| Thickness (A) PB Radiation PFEB
Temp Time Temp | Time
(°C) (sec) (°C) | (sec)
Example 20 | 5,000 120 90 KrF excimer laser 130 90
Example 21 | 5,000 120 90 KrF excimer laser 130 90
Example 22 | 5,000 90 90 KrF excimer laser 100 90
Example 23 | 5,000 100 90 KrF excimer laser 100 90
5 Table6

Resolution Sensitivity Mask pattern

fidelity
Example 20 0.18 um 310 J/m? 10
Example 21 0.20 pm 330 J/m? 12
Example 22 0.20 ym 290 J/m?

Example 23 0.18 um 300 J/m?
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5Wi=! 6! 104 & ()-P 6! 104 & ()-P 6! 104 & ()-P 6! 104 & () - P

2El L"be_?[ NA6! 109% 6! 1094 & ()-P 6! 104 & ()-P 6! 104 & ()-P 6! 104 & ()-P

6! 109 & ()-P 6! 10% & ()-P ef qw{~nN. [ NA6! 109 & ()-P 6! 10% & () - P
6!10% & ()-P 6/10% & ()-P 6! 109 & ()-P 5Wi=! mvt [ NA6! 109 & ()-P 6! 10% & ()- P
6!10% & ()-P 5Wi=! 16/ 109 & ()-P 6!10% & ()-P |-[ NA6! 10% & ()- P

5Wi=! 6! 1094 & ()-P 6! 104 & ()-P 6! 10%4 & () - P

Table 7 Unit in parenthesis: parts by weight
Acid Resin Acid diffusion | Other Solvent
generator controller additives

Example 24 A-8 (5) B-8 (92) D-3 (0.10) F-2 (8) G-3(700)

Example 25 A-8 (5) B-8 (92) D-3 (0.10) F-2 (8) G-3(700)

Example 26 A-2 (5) B-8 (92) D-3 (0.30) F-3 (8) G-3(700)

Example 27 A-1(5) B-8 (92) D-3 (0.30) F-3(8) G-3(700)

Example 28 A-1 (5) B-8 (92) D-3 (0.30) F-2 (8) G-3(700)

Example 29 A-7 (5) B-8 (92) D-3 (0.15) F-2 (8) G-3(700)

Example 30 A-4 (5) B-8 (92) D-3 (0.10) F-2 (8) G-3(700)

Example 31 A-1(5.5) B-7 (65.8) D-5(0.43) F-2 (6) G-4(500)

B-15(28.2) G-5(200)

Example 32 A-1(5.5) B-7 (65.8) D-5 (0.43) F-2 (6) G-4(500)

B-15(28.2) G-5(200)
Example 33 A-1(5.5) B-7 (28.2) D-5(0.43) F-2 (6) G-3(470)
B-15(65.8) G-4(200)
G-5(30)
Example 34 A-1(5.5) B-7 (28.2) D-5(0.43) F-2 (6) G-3(470)
B-15(65.8) G-4(200)
G-5(30)
Comparative | a-4 (5) B-8 (92) D-3 (0.30) F-2 (8) G-3(700)
example 2
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6! 109 & ()-P _?[ NA6! 1094 6! 109 & ()-P 6! 10% & ()-P 6!10% & ()-P 6! 10% & ()-P
6/ 10% & ()-P 6/ 10% & ()-P rR2[ NA$(10% & ()-$(10% & ()-$(10% & () -
3'10% & ()-6! 104 & ()-P
5WI=!) * +, - 69 NAS( 10%6( 109 & () - $(10% & ()-! $(10% & () - $(10% & () - #3L$( 10%

& () - 67BISVW <[ NA#3L$(10% & ()-$(10% & ()-$(10% & () - $(10% & () - #3LVWbKkt wx" D
[ NA#3$( 109 & () -#3L$(10% & ()-$(10% & ()-$(10% & ()-$(10% & () -{_?[ NA#S(10%

1& ()-$(100b1€8() - #3LP(10W & ()-$(10W & ()-$(10%W & () -

RES810! 1

0! 10!

9<10% & (|) - $(10% & ()Rgs?gﬁ( 18%8skate) F $(10% &5() - bBRE810! nD'AEER R& ()]- nD" 10%
R R& ()-nD'109R! R&|( R%D" 109R R& () 11 109RIR& () -
109R! R&' () -! +34_/ RES/RAA) nD' 109&R R&*rérg.pému,ebof%ﬁﬁ,ﬁ@ ,am,% nD‘ 109R
| R& ()-n' 109 R& ()Migk"8™F c| dDRES/ KA4" n )gﬂgo l?%?i) -nD"' il#%?l ﬁﬁ ' 109%R! R
& ()-nD'109R! R&' () 4 nD{EOPAR|RE' () - nD'lOO T4REST D" 1 ﬂ ()-nD'1
0% R& () £3EhbR%8' R& (0)34nD | TORRR TR 0%? REo ()| T KAA&SSIREST T09R! R&
()-nD'109 = T‘i%‘\%?no ‘-n,J'i ARG~ mq “AB-10UR-R&-(—SS3RES/ nD' 1
0UR! R& ()- | Rg: O30yl AR () ./ i ny 1891 IRg' (A30nDr 100 ‘() - #+0S
3RES/ nD' 1B@NE&' 26) - nDOBAYR! 'RRARG25 KUA4" nT30l09R R&D()- nD'MBOYR R&' (90- nD' 109R! R
& () - +42 G BREY D' 1;030@ R& @015K44"nt)!,31§)wl &igf) -[nD" Jﬁ,(@ R& (g 109R! R&
' )-nD'ng &H\dﬂ u”é}“ RESf J.U%R“ R& ) FnD 189 ' HR&' () -
D' 109R! R&FTRE<Pqc 40 -id 233%al 0 ¥ o 890 - A 1608 Re; ()g&n' 109R! R&
' () - nD'1( ARamEle(20- D" DBAR | R& ARC2D" 10YRIFR’ () | t TARES/ nDI3D0OYR! R 's@- nD' 109R
B&Isg ?Q-Eg?' E%mbR&0( ) - n@ahO%" k€25 nD" 1094y R& () 9hK44" 430 o 100¢
0 | T RE R4z iR - TUY -Nn 0
R R&' () - 5kSt Sﬁp\;é} FOAD: 1@%3 Ao WD' 059\ - nPLﬂ]’ AL R&! /\%n D1109R! R&
' () - nD' 10%RamRle(3R- nD' PBAR! RS ARC2E ol t TAR®B/ nD 189K [Re' (130nD" 10%690R! ()-nD'1
0%R! R& ()| ExBmpRYB! R& ()3anD’|108A&LIR () - Y4 4pt4” BREB/ nD" 10p4g! R& () -doK44" nD" 10%
RIR& ()-r & TR D OUR! ?RES I R& () -
nD" 10(%2' E"%M’a "(,3\0.“,: O “/i? Re:- (32 nyh wﬁ Re. ( {3. ) - $. g)sS
3RE8/ nD" 1 @mna@tl(lq nDOoR! R&AF&fyZﬁwD'loM&'( _ PRA4" nD AR ;' 109R! R
& () -6?IREexaPBES/ nD' 109%R! R&' () -/ K44" nD' 109R! R&' () -InD"' 109R! R& () - nD'|10%R! R&
"()-nD' 109 R& () -Jabcal m ~{[;/nD TTOC C& () - TI0%C C& ()- 1109 C& ()-
n10%C' C& ()-10"10"10" n, <10% & ()-~Qb{[;/ ! 10%C'C& ()- C5WF
AT 10%C TaBle ©) - Ilo%:c&() 1 10%C c&'() 1109 C& () - gg([;
[} 109CTCT 109 CF daatioh T@4hsiCH Fgasp.l TiEage 2 ()~ ol b8y Gefeels
: 0 ' trans 9 tmﬂ/G{ "lution s‘gape rﬁ%un kE}xposure Defect
mittance | (J/m2) | (um) machine inspection
(%) apparatus
Example 24 71 238 | 0.13 | Good 0 S203B KLA2115
Example 25 71 238 | 0.13 | Good 0 S306C KLA2351
Example 26 69 232 0.13 Good 12 S203B KLA2115
Example 27 70 229 0.13 Good 0 S203B KLA2115
Example 28 70 229 0.13 Good 0 S306C KLA2351
Example 29 72 249 | 0.13 | Good 4 $203B KLA2115
Example 30 70 283 | 0.13 | Good 1 S203B KLA2115
Example 31 71 252 | 0.13 | Good 0 $203B KLA2115
Example 32 71 252 | 0.13 | Good 0 S306C KLA2351
Example 33 70 254 | 0.13 | Good 0 S203B KLA2115
Example 34 70 254 | 0.13 | Good 0 $306C KLA2351
Comparative 70 224 0.13 Good 526 S203B KLA2115
example 2
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11090 C& ()- 11090 C& ()- ! 109%C'C& ()- ! 109%C'C& ()- ! 109%C" C& () -
[ 110%C" C& ()- SWF }A1 1109 C& ()- ' 109" C& ()- ! 109" C& () -
11090 C& ()= _?{[:7°110% ! 10%C" C& ()- ! 109%C"C& ()- ! 109%C" C& ()-
11090 C& ()- T1109CC& ()- " 110%C'C& ()- nN. {[; !10%C' C& ()-
11090 C& ()- 11090 C& ()- 1 109%C"C& ()- ! 109%C"C& ()- SWE }AI

$' (38>mM{[; ! 10%C" C& () -

The acid generator (I) of the present invention exhibits
comparatively high combustibility and no biocaccumulation, and
produces an acid exhibiting high acidity and a high boiling
point. The acid generator exhibits high transparency to deep
ultraviolet rays such as a KrF excimer laser, ArF excimer laser,
F, excimer laser, or EUV, and electron beams, and produces the
sulfonic acid (I-a) either as a photoacid generator in response
to the above radiations or as a heat-sensitive acid generator
in response to heat. Particularly, the acid generator can be
suitablv used as a photoacid generator in a radiation-sensitive
resin composition that is useful for chemically amplified
resists.

The sulfonic acid (I-a) of the present invention is useful

as a component for forming an anti-reflection £ilm on the upper

or lower layer provided during the formation of a resist pattern.

The sulfonate (1C) and sulfonyl halide compound (4A) of the
present invention are useful as a reaction intermediate
material for synthesizing the acid generator (I). Moreover,
the sulfonic acid (I-a), sulfonate (1C), and sulfonyl halide
compound (4A) are useful as raw materials for the synthesis
of the sulfonic acid derivatives.

The radiation—-sensitive resin composition of the present
invention containing the acid generator (I) is responsive to
deep ultraviolet rays such as a KrF excimer laser, ArF excimer
laser, F,; excimer laser, or EUV, and electron beams, is highly

sensitive to radiation, has amoderately short diffusion length
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U109 C& () - 1 10%C C& () - 5WE }AITU 11098 CE () - ! 10%CTC& () -
>BEI LMKI - {[; "1 10%4C" C& () - SWF }A1° 1100 C& ()- 1 10%C'C& () - ! 109%C" C& () -
1 10%C" C& () - X_eilps_?{[; 1109 C 1 10%C' C& ()- "1 109%C' C& ()- ! 109%C" C& () -
1109 C& ()- TT109C'C& ()- 109" C& ()- stnN {[; !10%C' C& () -
1109 C& () - 1109 C& ()- 1109 C& ()- 109" C& ()- SWE }AUmM{[;
1109 C& () -

in the resist coating, displays excellent resolution, low
dependency to mask pattern density, and can be suitably used
in the field of microfabrication represented by the production
of integrated circuits, which is expected to become more and
more minute.

Obviously, numerous modifications and variations of the
present invention are possible in light of the above teachings.
It is therefore to be understood that, within the scope of the
appended claims, the invention may be practiced otherwise than

as specifically described herein.
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11090 C& ()- ! 109%C C& ()- S5WE A" I109CC& ()- C1109CC& ()- |-{[;
11090 C& ()- S5WF }AIC 11090 C& ()- 1090 C& ()- ! 109%C" C& () -
11090 C& ()- _?{[: !110%C'C | 109C" C& ()- ! 1090 C& ()- ! 109%C" C& () -
11090 C& ()- T1109C"C& ()- 1109 C& ()- nN. {[; !110%C'C& ()- ! 10%C' C& ()-
11090 C& ()- 11090 C& ()- ! 109%C"C& ()- SWE A

WHAT IS CLAIMED IS:

1. An acid generator having a structure of the following

formula (I},

wherein R is a monovalent organic group with a fluorine content
of 50 wt% or less, a nitro group, a cyano group, or a hydrogen
atom and Z' and 2% individually represent a fluorine atom or
a linear or branched perfluorocalkyl group having 1-10 carbon

atoms.

2. An acid generator having a structure of the following

formula (1-1), (I-2), or (I-3),
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mvi{[; ! 109%C' C& ()- " !10%C'C& ()- " !109%C'C& ()- 5WE }A1" 1 109%C" C& () -
1109 C& ()- $ 4/ 1-{[; 11090 C& ()- S5WF }ACI109C"C& ()- ! 109%C" C& () -

C1109C"C& () - ! 109C C& E) :2EILPS ?{[; 1 10%4C'C ! 10%4C"' C& ()- ! 10%C' C& () -
1109 C& ()- “1109%C"C& ()- “!110%C'C& ()- “!110%C'C& ()- ST_djngnN.{[:
C110%C"CE ()- 110%C'C& ()- 109" C& ()- 1 10%C'C& ()- C!109%C'C& ()- SWF
F
R—c::—soz—— (I-1)
F.'
F
boso— oo
CF;
CF,
R—Cl.)—SOz——- (I-3)
CFs

wherein R individually represents a monovalent organic group
with a fluorine content of 50 wt% or less, a nitro group, a

cyano group, or a hydrogen atom.

3. An acid generator having a structure of the following

formula (I-A) or (I-B),
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}ALquxymME {[; ! 10%C" C&' () - ! 10%C C&' () - ! 10%C C&' () - SWF

FAIT 109 C& () - 109 C& () - ?{[; 1 10% ! 109" C&' () - ! 10%C" C& () -
11090 C& ()- " 1109%C"C& ()- "1 10%C'C& ()- !110%C'C& ()- rR{[:+ "10% & ()-+
"108 & ()-+ "10% & ()- + 1094 & ()- 1 10%C'C& ()- 5WF }Alc' {;c "%
"1096 & ()-+ "10% & ()-+ "10% & ()-+ "109% & ()-+ "10% & ()- dD{;c "+
"109% & ()-+ "10% & ()-+ "10% & ()-+ "10% & ()-+ "109% & ()-+ "10% & () -
'08_?{;c I 11098 & ()-+ "10% & ()-+ "10% & ()-+ "10% & ()-+ "10% & () -+
"10% & ()- 82Uk ccG {+ "10W & ()-+ "10% & ()-; ¢

| 3
Y‘—cl:—-soz——— (I-A)
-n

wherein Z' and %% individually represent a fluorine atom or a
linear or branched perfluorocalkyl group having 1-10 carbon
atoms, Y represents a single-bond or divalent group, R'
represents a monovalent or divalent substituent, k is an

integer of 0 or more, and n is an integer from 0-5.

4. An acid generator which is an onium sulfonate compound

shown by the following formula (1),

wherein R 1s a monovalent organic group with a fluorine content

of 50 wt% or less, a nitro group, a cyano group, or a hydrogen
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"+ 10 & ()-+ "10% & ()-+ "10% & ()-cgl gsy_?{+ "10% + "10% & ()-
"10% & ()-+ "10% & ()-+ "10% & ()-+ "10% & ()-+ "10% & ()-hH({+ "10% & () -+
"10% & () -+ "10%'&' ()-+ "10% & ()-+ "10% & ()-;¢c "cG{+ "10% & ()-+

"10%4 & ()-:c "+ "10% & ()-+ "10% & ()-+ "10% & ()-_?{+ "10% + "10% & ()-
"109% & () - At 109% & ()-+ "10% & () -+ "10%'&'()-+ "10%6 & ()-hH({+ "10% & ()-+
"10% & () -+ '10‘V&'() + 109 & ()-+ "10% & () - " eG{+ "10% & ()-+
"10%4 & ()-;¢c " "10‘V&2() + "10% & ()-+ "10‘V&'()-|&( 6_2{+ "109% +

"10% & () awtomlo% gAPS- &° iR quall v rmpre genty @ sy i atom or a
"10% & ()-67BEINShH({+ "10% & "10% & ()-+ "10% & ()-+ "10% & () -+
"109% & 8 Lipearggre é’({fﬁé‘é}‘ f—é)%lgzo(rfai k'Yi(())@*of@UP) hay lng;l L1804 &f(bp(nl

"10% & ()-+ "10%. & 2(+ "109 0% & () -+ "10% & " 109 &
"10% & 8 aga O%aé}d(%“ rvélég/“%‘“‘(’yaififi‘ﬁo“%ﬁ%é aggon. - 10%5 3&' Z) + o O(V(' 3&' Z) +
"109% & ()-+ "10% & ()-;c "cG {+ "10% & ()-+ "10% & ()-;¢c "+ "10% & ()- +
"10% & ()-+ "10% & ()- _'>{+ "109%6 + "10% & ()-+ "10% & ()- T 0w ()-+
"109% & ()-+ "1G% % & ()- 1 " 1096
0o e () - 109 5 e ot R EEbr MG Y R M kAR e apadtily ¢ |
"10% & " 10 * [ 46 (11096 " 1096 & () - +
" 109 & 8 SEQ%O%' ?“)e %C{-ﬂ%&?@gﬁ ﬁg}%w %}qf %é()}bth({+ "(2)% & ()-+
"10% & ()-+ "10% & ()-+ "10% & ()-+ "10% & ()-:c  "gl pv~C({+ "10% & () -

(R)

‘\" ,

wherein 2! and 22 individually represent a fluorine atom or a
linear or branched perfluorocalkyl group having 1-10 carbon
atoms, Y! represents a single-bond or divalent group, R
represents a monovalent or divalent substituent, k is an
integer of 0 or more, n is an integer from 0-5, and M' is a

monovalent onium cation.

6. The acid generator according to any one of claims 4-5,

wherein M" is a sulfonium cation shown by the following formula
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"+ "1I0W & ()-+ "10W & ()-+ "10W & ()-+ "10W & ()-8s@vUd "10% 3"M 10% & () -
+3"M10%B & ()- 3 10 & ()- +3 10%8 & ()-10"10"10" +L<10% & ()-ytxyz{{vUul
"10% + 10%'E& ()- 10 & ()- + 10%' E& ()- 10!10!'10! +s<10% & ()- +F3
108 & ()-vW4 "10% 6y 10%c& ()-- +3 s1l0%K! X& ()- +S109X!I X& ()- +
109! X& ()-10E! EIOE! EIOE! E + <10%! E& () -7?_cdef | [ NA4 "10%0X! X10X! X10X! X+
+L<10%X!X&f() + + 109K X&' () -+ +9%409%K! X& ()- + 109! X& ()-T
6y‘109@'c )--fj{|[:NA4 "109%0 + 10% ' E& ()-+ +S 10%'E& ()- @ #S
10%! =& () aS 10%{& ()-@D@10%! & ()- k@ 10% ()-"C | [ NAMd
"10%0E! EIOE! E10E! E+ + <10%!' E& () -+ +% 0% E& () -+ +$10%' E& () - +@
109! E& () - +L 10%! E& () -xWBNA4 "10% + 109! X&' () - <
#Yy10% 'i & () -!' YylL0%iH& () - 7
5y10@@'d&f()-'[y %&'()-'+y10%X}X}&f()-62]0q|[:hMA "10% +6 109! X& () -
6yL 10%@C&f() -10% & () - @6yL-10%c& ()- @ +y) Z109%! X&' () -
+' 10%('X&'()R R %+y21()%&'()- + 10% & ()- + 109 & ()-
10X X10X! X10X! X +<109! X& () - +8 109! X& ()-%A[9vW4 "10% ! q0& 109 Q & () -
# yl109%& ()-@ Wylow!7& ()-@ ylO0%&' ()-@ +3S10%W & ()- + 109 & () -9 [>14
"110!' "4 109 & ()- +<10N & ()-+ + 9 10 & ()- + 37108 & ()- + ) 1098 & ()-m
(& 10%s!s& ()-CbA4 "110! +f 109R!'2& ()- +109%2!2& ()- + 109! 2& () -
+f 109228& hebk+nlR¥%R!H& GhdlB? IHNGCH A4 INAA et 21021t2 tuted
+ <109R! 2&' () - +F7109R! 2& ()- +S5109%R!2&' ()- +) 109! 2& ()-z +f $
109! 2&' ( prmifbubgt N4t &4 1 10i ngd A 9 &rehche'dl 8Uk§l (Jroup HEG R )1-3.0
u yZ10%RKkR& ()- kyZ1l0% & ()- 1yZ10%& ()-'uS2 "1 | S10% & () - &&! 6@ 0%&' () -
P@.O% & ( rarb@hOakiEs ( p- D@5 GO0 thiX e dHo@<O8418S € ) £ Uy 829,124 B8 u g YavhiOh & () -
+ 3Z10% & ()- +" 10% & ()-p +& 10% & ()-!, S10%& () - &

6-18 carbon atoms, or twoc or more of the groups R RZ, and R3

form a ring together with the sulfur atom in the formula.

7. The acid generator according to any one of claims 4-5,

wherein M+ is an iodonium cation of the following formula (ii),

RA——R5 (ii)

wherein R* and R® individually represent a substituted or
unsubstituted, linear or branched alkyl group having 1-10
carbon atoms, a substituted or unsubstituted aryl group having
6-18 carbon atoms, or R® and R® form a ring together with the

iodine atom in the formula.

8. An acid generator which is an N-sulfonyloxyimide

compound of the following formula (2),
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TS10% & ()-&dA210" + ,S, f10%&R ()- @+l 109%8& ()- + 1098& ()-f 6S10%B& () -,
6S10% & ()-, 10"10""Zbfg|[:-210$% +&<10%$& ()- + 6f10%B& ()- +510%& ()- +F1
109%& ()- +) 109%& ()- ,S, f10%& ()- @hil } bA210$ + +F 10%" K& ()- +S
109" k& ()- + 109%"Kk& ()- ;f10%4"{& ()-- ,f10%1 & ()--10%10% KR<|[: A210% +
4 109" k& ()- +@4109%"k& ()- +. &10%K"Kk& ()- +, 109%"k& ()- +* 109%K" k& ()-
+(4109%" k& () -<@<|[: A210$ + 4 109%" k& ()- +@4109%"k& ()- +.&10%"Kk& () -
+, 109%" k& ()- +* 10%"k& ()-~+l =10%"k& ()- Normal" "Heading 13]c"
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and R’ form a ring together with the carbon atoms, each bonding
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to either the group R® or R’, and Y? is a single bond, a double

bond, or a divalent organic group.

9. An acid generator which is an N-sulfonyloxyimide

compound of the following formula (2-A) or (2-B),
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wherein 2! and 22 individually represent a fluorine atom or a
linear or branched perfluoroalkyl group having 1-10 carbon
atoms, Y' represents a single-bond or divalent group, R'
represents a monovalent or divalent substituent, k is an
integer of 0 or more, n is an integer from 0-5, R® and R’
individually represent a hydrogen atom or a substituted or
unsubstitutednwnovalentorganicgroup,orR6andR7formearing
together with the carbon atoms, each bonding to either the group
R® or R’, and Y? is a single bond, a double bond, or a divalent

organic group.

10. A sulfonic acid of the following formula (I-a),
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wherein R is a monovalent organic group with a fluorine content
of 50 wt% or less, a nitro group, a cyano group, or a hydrogen
atom and Z' and Z°? individually represent a fluorine atom or
a linear or branched perfluoroalkyl group having 1-10 carbon

atoms.

11. A sulfonate of the following formula (1C),

71
|

R—C—SOsM (10
b2

wherein R is a monovalent organic group with a fluorine content
of 50 wt% or less, a nitro group, a cyano group, or a hydrogen
atom, z! and z? are individually a fluorine atom or a linear
or branched perfluoroalkyl group having 1-10 carbon atoms, and

M is an Na, K, or Li.

12. A sulfonyl halide compound of the following formula

(4R},
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wherein R represents a monovalent organic group with a fluorine
content of 50 wt% or less, a nitro group, a cyano group, Or
a hydrogen atom, z' and Z? are individually a fluorine atom or
a linear or branched perfluorocalkyl group having 1-10 carbon

atoms, and A is a halogen atom.

13. A positive-tone radiation-sensitive resin
composition comprising: (A) the acid generator of claim 1 and
(B) an alkali soluble or alkali low soluble resin comprising
an acid-cleavable group that becomes soluble in alkali when

the acid-cleavable group dissociates.

14. A positive-tone radiation-sensitive resin
composition comprising: (A) the acid generator of claim 1, (C)
an alkali soluble resin, and (D) an alkali solubility control

agent.

15. A negative-tone radiation-sensitive resin
composition comprising (A) the acid generator according to
claim 1, (C) an alkali soluble resin, and (E) a compound which
can crosslink an alkali soluble resin in the presence of an

acid.
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