24_Apri | 2006 TI TLE OF THE | NVENTI ON ACI D GENERATOR, SULFONEC ACID
SULFONI C ACI D DERI VATI VES AND RADI ATI ON- SENSI Tl VE RESI N CCNPCSITICN
- BACKGROUND OF THE I NVENTION Fiel d of the Invention The present invention
"relates to an acid generator, sulfonic acid, sulfonic acid derivative, and
radiation-sensitive resin conposition. Mre particularly, the preaRihgoos
invention relates to a photoacid generator suitable for use in a
_radlatlonrﬁﬁg§|@¢vpﬁﬁeﬁmwgﬁgggﬁsition which is used as a chenically
anplifie rcation utilizing various types of radiation,
~for exanplerp dgxrATI@Y ko ebNTaYAcSHC hs@Sra ¢ R@XChRREVARSOkR AGF exci mer
" laser, F2 exciner laser, or EQV (extrene ultraviolet), X-rays such -as
-_synchrotrmm@xgmh@w+sgus;mzwﬂmgggxh[Eprgngmﬁys such as el ectron beans, to
~a sulfonic acid generated fromsaid acid generator, a sulfonic acid
derivative useful as a raw material or internediate for synthesizing said
acid generator, and a positive-tone or negative-tone radiation-sensitive
resin - conposition-cont aiBNOKGROEING & d HIedevaANGIONDescri ption of the

Background Art In the field of mcrofabrication represented by fabrication
~ of |ntegrﬁieihcwfcum¢ Tevénesona |ithographic

) The present ;nventlon relates toc an acid-generator?
sulfoniczacid, sulfonic acid derivative; and
fadiatioh4een51tive resih eompositioﬁ More pdeteeueueey,.e

'ethepresent1nventlonrelatestx>aphotoac1dgeneratorsultable
for use in a radiation-sensitive resin comp051tlon which is
used as a- chemlcally ampllfled resist for mlcrofabrlcatlon Lo

~utilizing various types of radlatlon, for example, deep

-ultraVLOletrayssuchasaaKrFeXCLmerlaser ArFexc;merla

: F; excimer laser, or _EUV (extreme ultravz.olet) ' X—-ra_ys such
as synchrotren radiation, or chargedrparﬁicle rays such as
electron beame, te a sulfcnic acid generated from Said‘acid :
genera_t'or,' a sulfolnic acid derivative useful as a raw :'rriat-erial_-.
or ilntermediate for synthesizihg said acid generator, an&.a"
positive—tone or neqative—tone radiation-sensitive resin
composition coﬁtainiﬁg said aeid generator. |

Description of the'Beckgfound_Art

. In the field of microfabrication represented by
fabrication of integrated circuit devices, a lithographic
technology enabling microfabrication with a line width cf 0.20

um or less has been demanded in order to achieve higher

integration.




téechnol ogy enabling mcrofabrication with a line wwdth of 0.20 mor |ess
has been demanded in order to achieve higher integration. 1 A conventional
|ithographic process utilizes near wultraviolet rays such as i-line
radiation. It is known in the art that mcrofabrication with a line width
of a sub-quarter nicron order using near ultraviolet rays is ver$4 April 2006
‘difficult. Therefore, use of radiation with a shorter wavel ength has been

studi ed for ermbtémgemt £60d BDT i €Rbd 0o & NoBodd e Wit 0fn 0,20 gm or
|l ess. As radiation with a shorter wavel ength, deep. ultraviolet rays

repr esentielt byviolénesspesttimoHfi-a ineersdiyt 1 &AP andi ancexeh NBY +haser, _
X-rays, electron beans, and the |like.can be given. O these, a KrF exciner

| aser (vevet erfgtth mizA® feljri cart iAnFwéxai aelihaserddiatehesgbhgud98ernn),
F2 exciner |aser (wavelength: 157 nnm) , EUV (wavelength 13 nm, and

‘el ect r on hianen havde atuTiand etbaat tdritnaon.olas aayadiiat renyseénsttitugtresin
conposition agﬁélcable to shorter wavel ength radi ation, a nunber of
conpositions $¥¢ﬁ¢ﬁg:@S@h@ﬁﬂ@ﬂl&ﬂHWWWLteﬁu@hoetéEMEWﬁﬁwmmﬂiaasonponent'
having an acid-cl eavabl e functional group and a photoacid_generator which’
gener at esPAP & W ARSbIT T PRAPALNENMiCHef ebrbfR BloR 4l & dipesuidth has

‘been proposed. Such a _conposition is hereinafter called a _
Chenlcall?féhﬁﬂiﬂmé&r less. As radlatlon with a shorter wavelength,

deep ultraviolet rays represented by a line spectrum of a -
mercury lamp and an excimer laser, X—rays, electron.beamsi and.
the like can be'givenf'-Of{these, a KrF excimer”laser :'
'(wavelength: 248 nmf, an ArF excimer laser (Qavelength: 193'
ﬁm), an Féexcimer laser.(waveleegth: 157 nm}, EUV (wavelength
13 nm), and eleetron beams have attracted attentien,f'

- As a radiation-sensitive resij1compositionaapplicabie-to
shorter wavelength'radiation, a number.of compositions
'utilizing'a|:hemical amplification effect between a-componeﬁt'
having an acid-cleavable functional_group and a photoacid
~generator which generates an acid upoh irradiation
(hereinafter called "exposure") has been proposed. Such a
composition is hereinafter.called a chemically—amplified.
radiation—sensitive composition.

As the chemlcally ampllfled radlatlon sensitive
comp051t10n, Japanese Patent Publication No. 27660/1990
discloses a composition comprising a poiymer containing a
‘t-butyl ester:grouprof carbexylic acid or a t-butylcarbcnate
group of phenol and a photoacid generator. This composition

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




radi ati on-sensitive conposition. As the chem cally-anplified

-radi ation-sensitive conposition, Japanese Patent Publication No.

27660/ 1990 discloses a conposition conprising a polyner containing a
t-butyl ester group of carboxylic acid or a t-butylcarbonate group

phenol and a photoacid generator. This conmposition utilizes the2%AP@@9mbf
the polyner to release a t-butyl ester 24 APR 2006 group or t-butyl

- car bonat &;,05, 00, Oy e ACT QB Rfa @ NelAted jWR0R reposig to form
an aC|d|q;gfgﬂp such aéﬂa E%arbékylﬁggg o&%ﬁor aaphenollc hydroiyl group,

whi ch 1 engde{sra il RS edi A LE- Ot A 1081 Hn GRAMIRY gread lsicpolawblee in an
al kal i ne devel oper. As characteristics demanded of a photoacid generator

. for a chemgat)yramglddy ed & asheaid Div s8REIdIWe geolpOSWhion, rerxipes i or
_ transparency to radiation, high quantumyield, and capability of producing
an aci d w cdhasedta vy cﬂCIadIﬁe}E,J_Ei’tl glvathioid iregdudiyntse lahd ea isuiarabl e
diffusion distance in a resist coating (hereinafter referred as diffusion
| engt h) cabhkdkingidereldernsure high acidity, high boiling point, and
~appropriate diffusion |ength, the structure of an anionic noiety in the

‘ionic photoaci&s @@m@tt@maﬁdcsh@emm@@@ wieadfhotpatid Gﬁ;llermﬁpét@orn t he
noni oni ¢ photoaC|d gener at or :
chemlcally ampllfled radiation- ~sensitive composition,

superlor fransparency to radlatlon, high quantum'yleldw and
.capabllltyrof'produc1ng an ac1d.wh1ch.has strong'aCLdlty, hlgh
. boiling point, and a sultable dlfqulon distance in a re51sta
coating (hereinafter referred as diffusion length} can be
giﬁen. “ |
Tb ensure high acidity,-highjboiling point,.anqn
appropriate diffusion length, the strucﬁure of an anionic
moiety in the ionic photoacid geherator and the structure.of
a sulfonyl moiéty in the nonionic photoacid generator
:comprising a Sulfonyl_structure or a sulfonic acid ester
~structure are impdrtaat._ When the phctoacid generator has.a
trifluoromethanesulfonyl struature, for example, even though
-a suffiaiently strong acid to ensure adequate-resolutioh
.peffofmance ofeiphatoresist is.generated, theré is a}drawback
of a high mask dependency due to the Low boiling point and long
" diffusion length of the:generafed acid. When thé photoacid
.generatar has a sulfonyl structure with a large organic group
such as a 10-camphorsulfoayl structure, even though the mask
dependency is low due to the high boiling po;nt and short

diffusion length of the generated acid, the resolution




conprising a sulfonyl structure or a sulfonic acid ester structure are
inportant. Wien the photoacid generator has a trifl uoronethanesul fonyl
structure, for exanple, even though a sufficiently strong acid to ensure
adequat e resol ution performance of a photoresist is generated, there is a
drawback of a high mask dependency due to the | ow boiling poi nt24il P¥ey
diffusion length of the generated acid. Wen the photoacid generator has a

sul fonyl structure with_a |arge or i C.aroup . - ca sul f onyl
st ruct ur &S TEVEN A rGugh ?t%h%écgﬂesld%%eqnsdéncsy%&s%cﬁ%\%vtadgge?to&%]hee %l%g% boi | i ng
poi nt and %p AN diffusion length of the generated acid, the resolution 24
CApri 2006 pertormance as a photoresist is insufficient due to the poor

acidity. On the qther,handy, pRot eaci:d 08neralere thaki Rdving a

per fl uoroal kyl'sul fonyl structure such as perfluoro-n-octané sulfonic acid

(PFOS) haye heen Gi1EA salitephiloBtirickascentu¥gais pahie ddrd-he-ardeguat e

acidity, "‘boiling point of thé acid, and diffusion |ength. However, view ng

these phalioacdth ggperat s hakvBdh den ACRT ¥peepelbh Uor patknt Stddany!
structure froman environnmental aspect, they have | ow conbustibility and

their bigascsnhat aeRqusteuspedied, Boiepagt pbssueds byhd hecid S.and
Environnental Protection Agency, entitled "Perfluorooctyl
B diffusion length.

However, viewing.theSe photoécid generators having a
PEFOS-type perfluoroalkylsulfonyl strucfure froﬁ an
environmental_aspect,'they have low combﬁstibility and their
b;oaccumulation is suspected. A ieport issued by the'U;S,
_Environmental Protection Agency,.entitled "Pé:fluorbbctylﬂ: 
:Suifcnates; Proposed Sigﬁificant New 6Sé Ruleﬁ proposes. 
ﬁegulapinqtheusecﬁithesecompounds.'Therefore,inthefield
of microfabrication, the development of a component. |
'functibningexcellentlyas‘aphotéacidgeneratorwith@utthese
'drawbacks hés been desired. -

The object of the present invention is to pfovideialmavel
photoacid generator which, when used aséiphotoaéid geheratof
sensitive to radiations or héafligﬁhibits high transpareﬁcy
to deep'dlfraﬁiolet rayé;édéh as a KrF:excimer'laser} AfF.
excimer iaser, fﬁ‘éﬁéimer laser, or EUV,-énd electron.béams,
exhibits compérativély high combustibility and no -
bioaccumulation,andproducesanacidexhibitinghighacidity,'
"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




Sul fonat es; Proposed Significant New Use Rule" proposes regulating the use
of . t hese conpounds. Therefore, in the field of mcrofabrication, the
devel opment of a conponent functioning excellently as a photoacid
generator w thout these drawbacks has been desired. The object of the
present invention is to provide 'a novel photoacid generator wh2tAprilgpeh
"used as a photoacid generator sensitive to radiations or heat, exhibits
hi gh transparency to deep ultravial rays _such 3 cimer |aser,
Ar F excPH&FOPé§ePFl§2%€%&Wﬁ§ﬁvﬁa§€F%%&raéu@,r%Hd%§F§5F%5n8 eans,
-exhibits., caonparatively high conmbystihili d .nq bipacsugul atien, and
produces * %E%%?i@%ﬁ B%fi% n%ﬁgﬁ]giééﬁ?%%%%ﬁﬁggcﬁgi?%ng poi nt, noderately
short diffusion length jn the . resigl£0alding.aAndehawrdepenrdenay to mask
pattern @&%ﬁ%ﬂﬁa%ggghfggﬁéyaiﬁﬁfgené}ate& fromthe photoaci d generator: a
24 April fQniG aci:d G8Y vl intR tusefid @%edataw. material or
internedf%ﬁégaéﬁgﬁéﬂf%%sifiﬁgﬁ{he pﬁ%?gacid gg%erator; and a positive-tone
or negative-tone radiation-sensitive resin conposition containing the
phot oaci d generator. SUMVARY OF THE I NVENTION First, the present invention
provides an aci d generat orsuMMERei ORfTiE INfENTEIN to as "acid generator .

. (I)") which is a conpound containing a structure represented by the

following . First, the present invention provides an acid generator
_(hereinaftef reférred to as "acid generator (I)") which_is'a
‘compound containing a structure represented by the following

formula (I) (heréinafter referred to as.ﬁstructure (IJ"),_'

o |
F?“13'_E“32_——“ (I)
z

-whereinf{representseamonévéleﬁtorgénicgroupvﬁ1ﬁ1éfluOrine
content -of 50 wt% or less, a nitrd groupr a cyanougfoup, or
a hydrogen atom, and 7! and 2% are individually'a fluorine atom
oféilinear6ﬁbranchedperfluoroalkylgrouphgvingl—locarbon
: atoms.
Second; the.present invention provides a sulfonic acid
represénted by.tﬁe following formula (I-a) (hereinafte:'

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




~formula (1) (hereinafter referred tows "structure (ry", 21 rRGCS® (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 a hydrogen atom and
Z' and Z2 are individually a fluorine atom or a linear or branched
perfluoroal kyl group having 1-10 carbon atons. Second, the pres&hfpri2006
i nvention provides a sulfonic acid represented by the follow ng fornul a
(1-a) (herei nafter referred to as "sulfonic acid (1-a)"), Z1 R-C SGBH

(l-a) ZzZ2 whereZn R represents a nonoval ent organic group with a fluorine

content of 50 wi% or | ess, -a, nitro group, a cyano group, or a hydrogen
atom and ZRan@—Zz5Q@gH i ndi (1wajal | y a fluorine atomor a linear or

- branched perflugkoal kyl group having 1-10 carbon atons, Third, the présent

invention provides a sulfonate represented by the following formula (10
(hereinafter referred to as "sulfonate (10)"), Z1 -

“wherein R represents a monovalent organic group with a. fluorine
content of 50 wt% br less, a nitro group, a'cyaﬁd grbﬁp,.or.
. a hydrogen atom, and Zlénd.zzare.individually a fluorine atom
.ora linear. or branched perfluo_roalk'y_l group having 1_—10 carbon-
atoms,.
Third, -the present invention provides a sulfonate
représented by the followingffprmula (lC) (hereinafteff

referred to as "sulfonate  (1C)"),

21

o _ _ '
R—C—SOM  (1C)
1o o

wherein R represents a monovalent o:_:ga_nic group with a fluorine
éonﬁent of 50 wt% or less, a nitro qroﬁp, a cyano groﬁp, or
‘a hydrogen atom, 2! and 2? are individually a fluorine atom or
a linear or branched perfluoroalkyl group having 1—10 carpon
atoms, and M 1s an Na, K, or Li.

Fourth, tﬁe present invention provides a sulfonyl halide
compound represented by the follcwing formula (44)

" (hereinafter referred to as "sulfoﬁyl halide compound {(4RA) "),




‘invention pr
'conprrsrng (a) me ‘acid generator (1) and (b) an al kali sol ubl e or al kal

| RRC-SBM (ic) Z2 wherein R represents a nohoval ent organic group with a
fluorine content :of 50 wt% or less, 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 having 1-10 carbon atons, and Mis an Na, K
or Li. Fourth, the present invention provides a sul fonyl halide 2480
represented by the following formula (4A) (hereinafter referred to as

“sul fonyl halide conpound (4A) 6 Z1 | R G SQ2A (4A) Z2 wherein R :
represents a nonoval ent organi ¢ group with a fluorine content of 50 w % or
less, a nitro gr p, a cyano-group, or a hydrogen atom Z' and Z2 are
indivrdually a uorine atomor a linear or branched per fl uoroal kyl group
having 1-10 n_ agg f\IS a hal ogen atom Fifth, the present

' [ §e%§gstrv Qone radi ati on-sensitive resin conposition

| ow

wherein R represe’nte a monovalent organic gr_oﬁp rnrith a fluorine
centent of 50 wt% or less, a nitro-group,'a cyano groﬁp,'or
a hydrogen_atom, z* and Zzare individuallyﬂa flﬁorine etom or
a linear-or branched_perfluorealkyl greup:havingﬂl-lo carben
atoms, and A is a halogen atom. | .

- Fifth, the present invention-pfevides-a positive—tone
radiation—sensitiVe.resin.compositienleomprieing: (a)_the
ac1d generator (I) and (b) an alkali soiuble of alkali low
soluble resin cemprlslng an acid- cleavable group that becomes.'.
soluble in alkall when the ac1d cleavable group dlssoc1ates

' Slxth, the present invention provldes a positive-tone
.fadiation—sensitive resinreomposition comprisiﬁg: (a) the
acid geﬁerator (i),_(b)_an-alkalihéeluble resin, and (c) an
alkali solubility control. agent.
| Seventh, the present invention provides a_negative—tOne
;adiation-sensitive resin composition comprising: (a) the
acid generator (I), (b)'en alkali soluble.resin, and (e) a

- compound that cross-links an alkali.soluble resin in_the
' preeence of an acid.
Other objects, features and advantages of the invention

will hereinafter become more readily apparent from the




sol uble resin conprising an aci d-cl eavabl e group that becones soluble in
al kali when the acid-cl eavabl e group di ssociates. Sixth, the present

i nvention provides a positive-tone radiation-sensitive resin conposition
conprising: (a) the acid generator (1), (b) an alkali soluble resin, and
(c) an alkali solubility control agent. Seventh, the present i nvertAnbePos
provi des a negative-tone radiation-sensitive resin conposition conprising:

(a) the _.acid er . (b) an alkali soluble resin, and (c) a
'conﬁoundngnggﬁ sgg%?% ékgﬁnélkali'soluble resin in the presence of an:
acid. O her objects, features and advantages of the invention wll
~“hereinafter beconme nore readily apparent fromthe 7 24 April 2006 foll ow ng

description. BRI EF DESCREPTHEN O DRAWNGS fagiNgs 1 shows the 1H NWR

anal ysis results of the—acid generator 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 thguré&NMRanakys S+esulanslgfsitsheeaoiids of the acid
| generatgr {(A-1). | | |
_ Figure'Z shows the mass analysis resﬁlts of ;he,cation
moiety.of the acid'generator {Aa-1).
Figure 3.shows the masé-analYSis results df the anibn
| moiety éf the acid generator {(A-1l). |
. .Figure'4 shoﬁs-the *H-NMR analySis.:eSults-of the acid
-'generator (A-Z)., |
Figure 5 sh¢WS'the.maés aﬁaiysis results of the cation_ 
‘moiety of the acid generator (A—Z){
| : -Figﬁre 6 shows the mass analysis results of the anion
moiety of the acid.generator (A=2) . | |
Figure 7.Shoﬁs_thelH—NMR analysis results of the acid
.generator (A-3). o
Figure 8 shows the mass analysis results Qf the cation
moiety of the acid generatorl(AfB). |
Figure 9 shows the mass analysis results of the anion
moiety of the acid generator (A—357
Figure 10 shows the1H~NMR analysis_results.of the acid
generator (A-A).' |
Figure 11 shows the 'H-NMR analysis results of the acid

generator (A-3).

Figure 12 shows the mass analysis results of the cation.




generator (A-2). Figure 5 shows the nass analysis results of the cation

noi ety of the acid generator (A-2). Figure 6 shows the mass anal ysis
results of the anion noiety of the acid generator (A-2). Figure 7 shows
the 1H NVR analysis results of the acid generator (A-3). Figure 8 shows
the mass analysis results of the cation noiety of the acid genefhrsy 2008
(A-3). Figure 9 shows the mass analysis results of the anion noiety of the
aci d genefcdteaty (of 3Ihe Rigur etk rshews @ )1lH NVR anal ysis results of the
acid generator (A-4). Figure 11 shows the 1H NWVR anal ysis results of the
acid generator FLAuse. LFigjune T2eshons el yeiss ranallys sfresaldrsiaf the
cation 24 April 2006 noiety of the acid generator (A-5). Figure 13 shows
the nmass rana@tysics rdsulasiofyareseadsonA1i.ety of the acid generator (A-5).
Figure 14 shows the nmass analysis results of the cation noiety of the acid
‘generator (A-6)FiBhgered ﬁslos\m@betwsmwla’ﬁasys@%um%mft ghefcathieorani on

noi ety of the acid generator (A-6).
_ moiety of the acid generator (A—6)

Figure 15 shows the mass analysis results of the anion

moiety of the acid generator (A-6).

DETAILED DESCRIPTION OF THE INVENTION

AND PREFERRED EMBODIMENTS .

The present invention will now be dé_scribe_d inmore detail

by. way of embodiments.

Acid generator (I}

| The acid generator {I}) is a componenf that_geheraﬁes a
:sulfonlc ac1d (I-a) when subjecfed to exposure or heating.

Due to the presence of a strong fluorine- contalnlng

electron withdrawing grouplln-the a-p951tlon of.tne sulfonyl E
group in the structure (1), the aCid.generatof (I) can produce
an acid with high acidity such as sulfonic acid and the.like.
Inaddition,theacidproducaﬂisdifficulttosublimatedufing
a pﬁotélithography'prOCess due to a]nigh.bdiling poiﬁt and has
amoderatelyshoftaciddiffusionlengthjJitheresiSthating.
Furthermore, because the amount of flﬁorine'in'the produced
écid is less than the amount of flucrine in perfluocrocalkyl
sulfonic acid, combustibility is comparatively high and
accumulation in the human body is low. |

'As examples of the monovalent organic group with a




DETAI LED DESCRI PTI ON OF THE | NVENTI ON AND PREFERRED EMBODI MENTS The
present invention will now be described in nore detail by way of

enbodi ments. Acid generator (1) The acid generator (I) is a component that
generates a sulfonic acid (l-a) when subjected to exposure or heating Due
to the presence of a strong fluorine-containing electron mﬁthdr%hﬁmb %Woup
in the a-position of the sulfonyl group in the structure (1) , the acid

generat ore{ide SAD KIS N 30l B b EN DLON AT LY - RUCko R pUl Lo0) © act d

i &, “th&-3crd roduced IS di icu 0 sublimte

duri ng a_gphot ol thogr e gmoc gga tR12a highpboiléngnpoi ngpandihas a

~noderately short acid di: u3|on gth i'n the resi$t coating. urt hernore,

~because t heg, appuntgiof f ljugr @%dh@lﬁﬁ%l@ryog@ﬁ§@seﬁ€' g g§b£@§§u£@ano£ he
-anmount of fluorine in perfluoroalkyl sulfonic acid, conbustibility is

conpar at i yely, i ohyedd 1 Accaul Btd anéd, tde dpimine hathois drow. As. exanpl es
of the nonoval ent organic group with a 9 24 April 2006 fluorine content of

50 Wt % orh{@88ch BholR drotipesfon M 30 (¢dxrbon Ridons CQ Rldest GARRILLor -
. (R11) (R12) , -S-R11, -SO-R11, -SC2-R11 (mhereln R11 and R12 |nd|V|duaIIy
-representuﬁsﬁb@ﬁit&ﬂé@dabyl grnup with 6-30 carbon atoms, or a
| substltuted.or unsubstltutedrnonovalent heterocycllc organlc

group with 4-30 carbon atoms), and the llke can be g;ven.
As-exémplés of the unsubstituted liﬁear, brénched, or
.cyclic monovalent hydrocarbon group having 1-30 cérbon atoms
for_Rn.and R”; a methyl group, ethyl group, n+pfopyl group,
-_i—propyl group, n—butyi qroup, ﬁ%butyl‘group,'n—pentyl group,
i—pentyl groupr n;hexyl grbup;li;hexyl group, n-octyl group,
i—oétyl group; 2¥ethylhexyl group, n-dodecyl group;
cyclopropyl group,'cyclopentyi group, cyclohexyl group,
groups with a norbornene structure, groups with a norbornane
:structure groupsw1thaatr1cyclodecanestructure qroupSWLth
a tetracyclddodecane structure, and the like can be given.
As examples of the'substituents for the above hydrocarpbon
group, an aryl group, alkenyl group, an organic: |
: group—containing-a.heterb atom such_as halogen, ongeh,
nitrogen, sulfur, phdsphorus, 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

10



unsubstituted |inear, branched, or cyclic nonoval ent hydrocarbon group with
1-30 carbon atons, a substltuted or unsubstituted alyl group with 6-30
carbon atons, or a substituted or unsubstituted nonoval ent heterocyclic
organic group with 4-30 carbon atons), and the |ike can be givegu%£$
exanpl es of the unsubstituted |inear, branched, or - cyclic nono A 2mm
hydr ocar bon group having 1-30 carbon atoms for R11 and R12, a nethyl
group, et r r yl l.-grQqup, t-butyl
o oup, B Q%‘*?Cohu%fﬂa?ﬂf”pdeﬁ"%%ﬁoupgﬂu%ﬁefﬁ Bl Bllecaraup, |
n-octyl g@ , G} e AL tuqrdﬁﬁﬂtbqJy@gﬂegyyyugmoﬁpdodecyI group,
cycloprop roup cyclopenty group, cycl ohexyl "group, groups with a

nor bor nene. st UL A h @l Qsup tdh 1% RO NANRE oust, I WG WHE o r@@Wpsy W th a
tricyclodecane structure, groups with a tetracyclododecane structure, and
‘the like gasupe B vBIbrAsr@xA el dhier sihstddetenie thenl dieurhove

hydr ocarbon group, an aryl group, alkenyl group, an organic

7 gr oup- cont @i ¢t Ngr ea dret elnte @ iy soah, gsriad fdgenrobexygeime thivtlr ggerg, sul fur,

- phosphorus, silicon and the |ike can be given. As exanples of the |inear,
- branched,aminayeth ¢l npnoval erycl diyerocaniromegiolp drawizng 1- 30 carbon at ons
substituted by the above substituent, a benzyl group, nethoxynethyl group, . -
- net hyl_thi@mwlmmimh@mIgwoug:r,ougimshémbﬁwﬂmthyl group, .
2- phenylethyl group, 3- phenylpropyl group, and 2- amlnoethyl
group can be given.
As examples of the unsubstltuted aryl group havrng 5-30
carbon atoms for R and Ru, a phenyl group, l-naphthyl group,
2- naphthyl group, 1- anthryl group, 1- phenanthryl group, and‘:
the like can be glven.
As examples of the:nonovalént hetérocyolic organic groupr
having 4-30 carbon atoms_for'Rlland R*?, a furyl group, thionyl-
Qroup, pyranyi‘group, pyrrelyl group, thianthrenyl group, .

: pyraiolyl group, iso—thiazolyl:group, iso-oxazolyl'group,
pyrazinylgroup,pyrimidinylgroop,pyridazinylgroup,andthe
like can be given, | |

As exampies of the substituents for the above aryl group
:andInonovalent.heterocyclic.organic group, an alkyl group, an
organicgroup-containimgaheteroatomsuchashalooen,oxygen,
nitrogen, sulfur, phosphorus, silicon and the like can be
given.

.As examples of the substituted aryl group having 6-30
carbon atems, a o-tolyl group, m-tolyl group, p—tolyl'group,

p‘methoxyphehyl group, mesityl group, o-cumenyl group,

11




10 24 April 2006 group, nethoxycarbonyl net hyl group, ethoxycarbonyl net hyl
group, acetyl nmethyl group, fluoronethyl group, trifluoronethyl group,
chl oronmet hyl group, trichloronmethyl group, 2-fluoropropyl group,
triflucroacetyl methyl group, trichloroacetylnethyl group, 4 A
pent af | uor obenzoyl net hyl group, am nonethyl group, cyclohexylan%n%ﬁ%gHVI
‘group, di phenyl phosphi nonet hyl group, trinethylsilylnmethyl group,
2-phenyl eehgl-xgloupgrduphepykEpuopybngroupgranig, 2- am noet hyl - group can be
gi ven. As exanples of the unsubstituted aryl group having 6-30 carbon
atons forpRtrafiduRrd@derhglphenyl group, p-haphtbyéngl oypsup2- naphthyl
group, l-anthryl group, 1-phenanthryl group, and the like can be given. As.
exanpl es pf-chhernphenalemtolret grdcydnheroriggnbop graoup theavi kg daBGecar bon
atoms for Rl1 and R 12, a furyl group, thienyl group, pyranyl group, '
pyrrolyl gr#ép, thianthrenyl group, pyrazolyl group, iso-thiazolyl group,
i so-oxazolyl group, . pyrazinyl group, pyrimdinyl group, pyridazinyl group,
and the 1ike Béneﬁém@¥©én9fAEhQnﬁﬂﬁﬁﬁﬁiwﬁedIm&&ﬂﬁ&ﬂﬁnﬁuéﬁﬁ§rp@NCﬂh@'above
aryl group and nonoval ent. heterocyclic organic group, an al kyl group, an
organic group having 4~30 Carbon atoms, a Z2-bromofuryl group,
3-methoxythienyl group, and the like_éan be given.

As the group R in the formula (I), hydrdcarbon groups such
as(amethylgroup,ethylgroup,n—butylgroup,cyciohekylgroup,
phenylgroup,l—haphthylgroup,andgroupshavimganorbornene,

- norbornane, tricyclodecane structures, or.tetracyclododécane
structures, and the groups -S-R'', -S0-R*, and -S0,-R'!, wherein

~R'Misa hydrocarbon group such as a methyl group, ethyl group,
n%butylgroup,cyclohexylgroup,orphenylgfoup,cankxagiven,

-_With groups having a norbornene, norbornane, or -
tetracYclododecane structure beingrpa:ticularly pfeferable;

As examples of the perfluoroalkyl group having 1-10 carbon
atoms for 2' and Zzin.the formula (I), atrifluoromethyl group,
pentafluorocethyl group,-heptafluoro4n—prdpyl Qroup;
nonaflubro—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.

12




- group, can g

organi ¢ group-containing a hetero atom such as hal ogen, oxygen, nitrogen,
sul fur, phosphorus, silicon and the |ike can be given. As exanples of the
substituted aryl group having 6-30 carbon atonms, a o-tolyl group, mtolyl
group, p-tolyl group, p-nethoxyphenyl group, nesityl group, o-cuneqxl
group, 11 24 April 2006 2, 3-xylyl group, p-fluorophenyl group, 24 April 2006
~ p-trifluoronethyl phenyl group, p-bronophenyl group, p-chlorophenyl group,
p-i odophenyl greup, and the |ike can be given. As exanples of the
- substituted nonpval ent heterocyclic organic group having 4-30 carbon
atons; a 2-byomkfu aroup, BZgﬁbhoxythienyr group, and the |ike can be
~given. As t grou inthe fo a (1), hydrocarbon groups such as a
- met hyl group, eghyl group, n-butyl group, cyclohexyl group; phenyl group,
1-napht hyl group, and groups having a norbornene, norbornane, .
tricycl odecane gtructures, or tetracycl ododecane structures, and the groups
-S-R11, -SO R11y and -SO2-R11, wherein is a hydrocarbon group such as a
met hyl gr oupy_ eihyl @rm n- bu ];/_I%Pgroup, cycl ohexyl group; or phenyl
ve|$ 2with gr ou{) avi ng a nor bor nene, . nor bor nane, or
tetracycl ododec g%'structureibeing particularly preferable. -

g
R—C—S0;—  (I-9)
| CF3 | ' -

wherein R is the same as defined in formula (I).
. As otHer_preferablé-structures for (1), the following B

formulas (I-A) and (I-B) can be given.
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As exanples of the perfluoroal kyl group having 1-10 carbon atons for Z1
and Z2 in the formula (1) , a trifluoronethyl group, pentafluoroethyl
group, heptafl uoro-n-propyl group, - nonafluoro-n-butyl group, and the like
can be given. As preferable structures for (1), the follow ng forqgl?s
(1-1) , (1-2), and (1-3) can be given, with (1-1) and (1-3) bei n§* /Pl 2006
particularly preferable. 12 24 April 2006 F RCSO®2 (I1-1) F i R G SO2-
(1-2) CR3reF3sdhtG Y% i(dg1D-n B herieian Rt %rBl(le),SQ{'Tﬁr rdsthpedyin

formula (1). As other preferable structures for e Tollow ng formul as
(1-A) anduéhoB1 6o Lo Maenther eid oF iadgé2 afreot Be mawe,asndehined in

formula (1), Y1 13
is an integer from 0-5.

As examples of.the divélent group for ¥Y', -0-, -S-,
'carbonyl group, sulfinyl group, sulfonyl group, methylense
group, 1l,l-ethylene group, 1,2-ethylene group;_propylene
group, l-methylpropylene group, l-ethylpropylene group, -
triﬁéthylene group, difluoromethyleﬁe group, o )
tetrafluoro-1,2-ethylene group, 1,2-phenyléne.group,
 1;3—phenylene group, l,4—phénylene.group; and the like can be
given. | L | |
| .Among theée.divalen; groups,_a carbényl qroﬁp}-methylene
group, difluoromethylene grqup; and.iétrafluord—l?é—ethyiene

_ g;oup_are preferable. | |

As examples of thelnonovaient,or:jivalent substitﬁent for

R', ah_oxo group (=O),-hydro$yl gfoup, éarboxyl gréﬁp, formyl
'.group,alinearQrbranchedalkyigrouphaving1*10carbonatomé,
aiinéarorbfanthedvinylidenegrouphavingl—locarbohatoms,
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-¢érbon'atoms, a linear or branched alkylcarbonyl group
having 2-10 carbon atoms; an arylcarbonyl group having 7-20
éarbon.atoms, a linear or branched alkoxycarbonyl group having
1-10 carbon atoms, an aryloxycarbonyl group having 7-20 carbon

atomé, and the like can be given.

GivenasexamplesofthelinearorthebranChedalkylgroup

14




24 April 2006 represents a single-bond or divalent group, R represents a
nmonoval ent substituent, k is an integer of 0 or nore, and n is an integer
fromO-5. As exanples of the divalent group for Y1, -0 -S carbonyl group,
sul finyl group, sulfonyl group, nethylene group, 1,1-ethylene O%Pi
-1, 2-et hyl ene group, propylene group, 1-nethyl propyl ene group, 4 Aprii 2006
1- et hyl propyl ene group, trinethylene group, difluoronethylene group,

tetrafl uoheving- éthyl eaebgnoapemi, 2rphenyikenel g bdipe, dt18y PheRylgene group,
1, 4- phenyl ene group, and the |like can be given. Anmong these dival ent '

- groups, ancarbdtylgyrwup i -pevmyilegeougr aubutdilf §nonomet-yd eyl ggeawp, and
- tetrafluoro-1, 2-ethyl ene group are preferable. As exanples of the
‘monoval enf- BENEY o Z2MP s Db ey lear Ok pr nReptarl gxougr oup(=A) gryd:, oxyl
group, carboxyl group, formyl group, -a linear or branched al kyl group
‘havi ng 1- PoneA¥BoATaEBrsN~dacyingapusy Branthedlikayl i dene group having
1-10 carbon atons, a nonoval ent cyclic organic group having 1-12 carbon
atons, an arypl§P8uﬁSh%§@%@l%sZ@fc%h?x#ﬂQﬁﬂﬁn9r grﬁpﬁéﬁﬂ ginyladehed
- aIkoxyI grou V|n 1- 1? carbon atons, an aryl oxy group having 6-20
- ~carbon atgﬁﬁ PFﬁggr o ObFﬁﬁEﬁBdaEPW§I€5?b%n9@r%?%ﬁb 9¥RWPng 2-10 carbon

~atonms, an a&l %grﬁoaé guhaylngpyllgenyl group,

1~methylpropy11denyl group, l-ethylpropylidenyl group, and
. the like. o
| Given as examples of the mqnovalent cyglié'orgénic group 1
having 1-12 carbon atoms are a cyclopentyl groﬁp, cyclohexyl
group,adamantylgroup,no:bornylgréup,caﬁpholoylgroup,add_
~ the like. : | o : |
| "Given as examples of the aryl group having 6-20 éarbon
atomsareeaphenylgroup,o—tolylgroup,m—toiylgroup,p—tdlyl
group,p hydroxyphenylgroup,l naphthylgroup,l anthracenyl.
group, benzyl group, and the like,

Given as examples of the linear or branched alkoxyl group
having 1-10 carbon atocms are a methoxy group, ethoxy group,
n—propoxy'group, i-propoxy group, n-butoxy qroﬁp, t—bﬁtoxy
group, and the like.

.Given.as examples of the aryloxytgroﬁp having 6—-20 carbon
atoms areéaphenoxy-qroup, p—hydroxypheﬁoxy group, o-tolyloxy
group, m-tolyloxy group, p-tolyloxy group, and the like.

Given as examples of the linear or branched alkylcarbonyi

_ group having 2-10 carbon atoms are a methylcarbonyl group,’

ethylcarbonyl group, n-propylcarbonyl group,

15




carbon atons, a linear or branched al koxycarbonyl group having 1-10 carbon
atons, an aryl oxycarbonyl group having?-20 carbon atons, and the |ike can
be given. Gven as exanples of the linear or the branched al kyl group 14 24
April 2006 having 1-10 carbon atons are a nethyl group, ethyl group,. :
n-propyl group, i-propyl group, n-butyl group, t-butyl group, n&bgﬁﬂ§@m3

- group, n-hexyl group, n-heptyl group, n-octyl group, n-nonyl group,

n-decyl gfoyPeopANdatBenli keroGhyen-Bst 8XIPIESy Pfgidlg, | i near or branched
vi nyl i dene "~ group having 1-10 carbon atons are a carbenyl group,

1, 1-ethyl i deny\ 165 0W8ny Dr @Byhbreayl @roupike 1- met hyl propylidenyl group,
| -ethyl propylidenyl group, and the like. Gven as exanples of the
nmonoval ent cycticenrganitarriaip o thavkengr 1 d2x cat POy et aaiega7eygol opent yl
group, cyclohexyl group, adamantyl group, norbornyl group, canphol oyl
- group, - andarbbe dtidees a G vephasy bxanpbegl ofcctulpe @y y graotprav gngup- 20
carbon atons are a phenyl group, o-tolyl group, m+tolyl group, p-tolyl
- 'group, p-aydrokgphekgl group, 1-naphthyl group, 1-anthracenyl group,
benzyl group, and the like. Gven as exanples of the |inear or branched
~al koxyl group Given as examples of the linear or branched alkoxycarbonyl
” | group having 2-10 carbon atoms are a methOXycarbonyl_group,
ethbxycarbonyl group,_n—propoxycarbonyl'group;
i-propoxycarbonyl group, n~putoxycarbonyl group,
 t-butoxy¢arbonyl group, and the like..
GiVenasexamplesofthearyloxycarbonylgrbuphavinngZO
carbon atoms are a phenoxycarbenyl 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, if two or mbre are presént, may be either
the same or different.

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

As éxamples of preferable structures fér (-A) and (I-B),

the following formulas (A-1) to (A-12), (B-1) to (B-12) can

be given.
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having 1-10 carbon atons are a net hoxy group, ethoxy group, n-propoxy
group, i-propoxy group, n-butoxy group, t-butoxy group, and the |ike.

G ven as exanpl es of the aryl oxy group having 6-20 carbon atons are a
phenoxy group, p-hydroxyphenoxy .group, o-tolyloxy group, mtolyloxy.group,
p-tol yl oxy group, and the like. Gven as exanples of the |inear %‘rA%‘} Bhed
al kyl carbonyl group having 2-10 carbon atons are a nethyl carbonyl  group,

- et hyl car bony oup, n-propyl carbonyl group, 15 24 April 2006

i - propyl car group, n-butylcarbonyl group, t-butylcarbonyl group, and
the like. G as exanpl es of the aryl car on%l group having 7-20 carbon
atons are a phenyl Cf S@z-g-roup, benzyl carb _yll) group, and the Iike.

G ven as exanples of the |inear or branched al koxycarbonyl group having

2-10 carbon ) are a net hoxycarbonyl group, ethoxycarbonyl group,

n- propoxyca group, i-propoxycarbonyl group, n-butoxycarbonyl group,
aryl oxycar bony4 gr@,mz-he}ﬂ S arbon atons are a phenoxycarbonyl group,

t - but oxycar group, and the like. G ven &s®xanpl es of t he

' ~ bénzyl oxycarbonyl group, ‘and the |ike. These substituents may have any

| e
gl CFZ_CFZ_ CFg_ SO,—
Ol

o éFa |
L CHZ—(‘;— 0.2_ . (A—B)
@\ - (A-6)
S 'C"'CFZ—SOZ—
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substituents, for exanple, one or nore of the above-nentioned

substituents. In the fornulas (1-A) and (I=B), R may bond with any of the
- carbon atons that formthe norbornene ring or norbornane ring. R groups,
if two or nore are present, nmay be either the sanme or different, |n the
formulas (1-A) and (1-B) , Yl is preferably a single bond, rreth%ﬂ%‘ﬁ'ézoos
group, or carbonyl group, k is preferably 0, and nis preferably 0 or 1.
As exanpl es of preferable structures for (1-A) and (1-B), the follow ng

formulas (A1) totA 12~ (B-1) to (8-12) can be given. 16 CF2 SO2 17
(A-1) 24 April @)é’ 0 CF2 SO2 CF2 - CF2-SQ2 'CF2-CF2 CF2-SO2 C-CF2

SOo2 '
CFr8O— W71

.

R | (A-8)
CFQ_CFQ__SOZ_““

8

| (4-9)
: CszCFz_ CFz_"" 802_ ' T

‘) gy | (A-10)

o

-850~
CFy
QO &
& CH2_9—502— (A-11)
' CF; |
- i (A-12)
C‘CF[‘SOz""‘ .
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11 018 (A-10) (A-11) (A-12) (A-7) 24 April 2006 (B-1) (B-2) C SO2 CF3 CF3
CH2 GSOZ CF3 'C-CF2-SOZ n (B-5) (B-6) 24 April 2006 19 24 April 2006 C
(B-11) - |

| @\CFZ_Soz__ - B
@ -_ B
CF,—CF,—S0,— :
- CFz_CFz"CFz—SOz__ _ _

- C—S0;— By

CF3

oW
CHp—C~80,— (89

| CF3

@\ - (B-6)
: C-CFym80;—
S |

24 April 2006

19



(B-12) (B-7) (B-8) (B-9) As an ionic conpound for the acid generator (1) ,
an onium sul fonate conmpound of the following fornula (1) (hereinafter”
referred to as "onium sul fonate conmpound (1)") can be given. The onium.
sul.fonate conpound (1) is a conpound wherein the sulfonyl group of the
structure (1) binds with an oxygen anion CF3 20 24 April 2006 t PHARTHE06
sulfonic acid anion. ZIL. RCSB M- (1) Z2 In the formula (1),R Z1, and
Z2 are the sape ined for the formula (1) and M is a nonoval ent

oni um cation exafpl es of the nonoval ent oniumcation for M, 0, S, Se,
N, P, As, Sb ’ , and the |ike can be given, % t hese oni um '
cations, S and are preCFrza-bse)z-b-n the formul a (_1()3’, as exanples of a
nmonoval ent onium cation réepresented by M, the following fornula (i) and

(ti) can be en; , : |
I m (B9
. ' CFg_CFz“SOzf B '

(8-9)

A&
C

:

CFz“CFg_-CFz_ SO,—

@@\CF;; | |
- (:}_-302— o _(B—'IO)
o CF3 |

@@L £ |

g g CHz_ﬁ:"SOz— | (B-11)

| CF3

1l

C— CF2"'" 802_"'
O . .

As an ionic compouhd for the acid genérator (I), an onigm
sulfonate compound of the following formula (1) (heréinafter_
.refe:red_ to as "onium sulfonate compound (1)") caﬁ be given.
'The onium sulfonate compound (1) is a compound wherein the

s'ulfonyl group c¢f the structure (I) binds with an oxXygen aniocn

20



RL R2-S+ R3 (i) wherein Rl, R2, and R3 individually represents a
substituted or unsubstituted, |inear or branched al kyl ‘group having 1-20
carbon atons, a substituted or unsubstituted aryl group having 6-20 carbon
~atons, or two or nore of RlL, R2, and R3 forma ring together with the
sulfur atomin the formula, and 21 24 April 2006 wherein R4 and #&April 2006
“individually represent a substituted or unsubstituted, |inear or branched
- al kyl group havi ng g carbog atons, or a substltuted or unsubstituted
~aryl grotp ﬂé@rﬁgsél B EGr Ao atOne" or R4 and R5 forma ring toget her |
with the iodine atomin the fornula. The nonoval ent onium cation noiety of -
M can be produced by a known nethod, for exanple, the method described in
"J. V. Crivellq, Advances in Polyner Science 62, 49, 1984". As exanpl es of
preferabl e mon@/al ent oni um cations, the sul foni um cati ons shown by the
following formjlas (i-1) toq (|-64£ and t he i odoni um cati ons shown by the

foIIovm ng ffaﬁrfli]-a'sSQgr-lM o ({1}39) can be given. CH3 (i-2) 22 (|-3)
Z2

eIn the.forﬁule (1),_R, Zﬂ and 7% are the same as defined
for rhe:formuia (i) and M* is a monovalent onium cation.
As examples of the'monovalent onium cation for M*, O, S,
Se, N,.P, As, Sb; ci, Br, I, and'the like can be given. _Of
these oniuﬁ cations, S end I are preferable_-r
In the formuia (1), as examples of a monovaient_eniﬁﬁ
cation represented by M', the_fellowing formﬁla (i) and (ii)

can be given:

| R! |
| _
RZ—s™R® (i)

wherein R}, R?, and R’ iﬁdividually represents a substitﬁted
.~ _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 Oor more of R', R?, ‘and R? form a ring

together with the sulfur atom in the formula, and
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23 24 April 2006 H3C CH3 24 24 April 2006 CH(CH3)2 25 24 April 2006 24
April 2006 OC2H5 (i-15) OCH2000C(CH3)3 (i-19) S -0 O 11 O C O C(CH3)3
(i-20) 26 24 April 2006 (i-21) OC(CH3)3 -0 27 -

24 April 2006

R—I—R®  (ii)

wherein R* and R® individually represent a substituted o.r
unsubstituted, liﬁear'or-branched alkyi group having 1-20
carbon atomé_, or’l a substituted or unsubstituted aryl group
having 6-20 carbocn atoms, or R* and R® form a ring togethg—:.-.r witﬁ
th'e.-‘iodilne.atom in the formula.

The monovalent onium éatioh moie.'ty of M" ca}x be produced
by a known method, for e.xample,_the method. described in' "J.
V. Cfivello, Advances in P'olym'e'r Sciénée 62, 49, 1984.'.'.

As. exampl__es_ of prefe;éble monovalent-onium cations.,' the
'sﬁlfoﬁium Caﬁions:shown by the following forﬁulas_(;—l) to
{(i-64) land thé iédonium cations shown by the following formula.s

{ii-1) to (i1i-39) can be given.:

@—s IERReE)
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(i-24) 24 April 2006 OCH200OC( CH3) 3 OCH2OOOC(CH3)3 O 11 O G O C(CH3) 3
(i-25) 0 0 (CH3)3CGOC Ok |~S~1 1SOC O C(CH3)3 (i-26) 28 OH (i-29) 29 24
- April 2006 30 (i-33) 24 April 2006 (i-37) 24 April 2006 31 CH2CH2CH2CH3 |
- CH3CH2CH2CH2

: _ 24 April 2006

¢’ i

(i-6)
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CH2CO (i-47) (i-48) 32 (i-43) (i-44) 24 April 2006 CH30 CH3CH2CH2CH2 HO
CH3CH2CH2CH2 33 24 April 2006 CH(CH3)2 (i-54) S+ (i-55) COCH2 SC (i-58)
COCH2-S'' (i-59) (i-56) 24 April 2006 34 24 April 2006 (i-60) 35

24 April 2006

S;”’ CHs (i-10)
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CH3 CH3 H5 (ii-6) 24 April 2006 36 24 April 2006 (CH3)2CH CH(CH3)2 CH(CH3)2
(ii-9) RN-O- 1+ O N2 (ii-14) 37 24 April 2006 OCH3 (11-16) 38 C C Cl
(ii-22) COOCH3 (0 39 (ii-27) 24 April 2006 24 April 2006 OCH2000C(CH3)3

24 April 2006

: ?c(cHs)S (i-12)

)_’ fcm i
- O*0 -’ ST
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(11-32) (CH3)3C-0-CO-(O-I+ OOCOC(CH3)3 (1i1-34) OCH2COOC(CH3)3 (i1-28)
O 11 OGCOCCH3)3 (ii-29) 40 24 April 2006 (ii-36) O these npbnoval ent
oni um cations, the sulfoniumcations shown by the formulas (i-1), (i-2),
(i-6), (i-8), (i-13), (i-19), (i-25), (i-27), (i-29), (i-51), apd (i- 5(?
and the iodonium cations shown by the fornulas (ii-1) and (ii-143AR{H 200
preferable. As the preferable onium sulfonate conpound (1), conpounds of
the follow ng for as (1-A) or (1-B) can be given. 41 24 April 2006

YI -GSO Mr (1- A) YI-CSOB M (1- B) wherein Z1 and Z2 are as defined in
~formul a (r.), Yi, k and n are.-as defined in fornulas (1-A) and (I-B),

| and M. is as ed | romula (1). '
@—s OC,Hs (i-15)
'SO'C_H(CH3)2 -~ (i-16)

| soc:Hchzcﬁzcl;g_,_,  (1'—17) |

SOCHéCOOC(CHs)a (i-19)
O

-@s*—@—o—&o—qcmk  (i-20)

26




As a nonionic conpound for the acid generator (1), an N-sul fonyl oxi m de
conpound of the following formula (2) (hereinafter referred to as

"N-sul fonyl oxi m de conpound (2)") can be given. Zi | RCSX®2-ON, y2 (2)
22 wherein R, Z1, and Z2 are as defined for fornula (1), R6 42 24 April
2006 and R7 individually represent a hydrogen atom or a substit uf%tPrl 06
~unsubstituted nonoval ent organic group, or R6 and R7 may form a ring
together with the carbon atons to which either the group R6 or R7 conbine,
and Y2 is a single bond, double bond, or a divalent organic group. As
preferable exanples of the N-sulf oxi m de conmpound (2), conpounds of
the-followi ng formiulas (2-A) or can be given. Y1-C-S02 O-N YZ (2-A)
Z2 Y~C-SO2 ON Y2 (2-B) ZzZ ~R7 : '

(CH3)300@8©—00(CH3)3 | (i-21)
(GH3)3COOCCH20SOC-HZCOOC(CH;,);;  (i-22)

-' 0 =Y = O R
(CH3)3C—O—&“O@SO—(%—.O—C(CHa.):; O (i-23)
- OC(CHys -

omooAO-s~Orocems w2
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wherein Z1 and Z2 are as defined in fornmula (1), Y1, R, k, -and n are as
defined in formulas (1-A) and (I-B) , and R6, R, and Y2 are as defined in
formula (2). As preferable imde groups for bonding with the sulfonyl oxy
group (S02-0-) of fornulas (2), (2-A), or (2-B), the groups of £ /SO 0
following fornmulas (2-1) to (2-9) can be 43 24 April 2006 given. "47306
(2-8) (2-9 O these imde groups, the groups of the formulas (2-1), (2-4),
(2-8), or (2-9) are preferable. Tl"@cpfzg;mg(gﬁ jganufacturlng t he oni um

sul fonate conpound (1) will now b déescri bed |n detail. 44 24 April 2006

- The oniunsul fonate conpound (1) be manuf actured using known net hods
- such as a nethod of D. D. Des \@
1993) or a nethod of J. V Crivel™Rp

(I'norganic - Chem stry, Vol. 32, 5007,
1984) . SpeC| fically, as t he
oni Ut sul 1 dedissCORBANAO L 9 mea

(Advances in Pol yner Science 62, 49,
to react with sodi um di.t hi ont~t¢ in

wing reaction fornula (1), the
akﬂz Q@ﬁ((ﬁ‘dah pr eémﬂﬁﬁr (1a)

0-C-0-C(CHa)s

| 0 :: o S
) _(CH3)30—0—E';-0_—©—S0—(":—0—_(:(CH5)3 (i-26)

QCHs

(i-28)
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" the presence of an inorganic base to produce a sulfinate (lb), oxidizing
the sulfinate (I b) using an oxidizing agent such as hydrogen peroxide or
the like to produce a sulfonate (1c) , and then conducting an ion-exchange
reaction using a counter-ion-exchange precursor MrX-. Reaction Fornula (1)
Z1 RCX RCSM®Na . 22 72 H202 Z1 R-C-S@BNa Z2 [1a] [1b] [Ic.]24hprik2008 71
R CSC3 Mt (1?7 22 wherein X is a rel easabl e nonoval ent group and X- is a
nonoval ent anion. As e es of the rel easabl e nonoval ent group for X of

the precursor (la), in @qsl ion to hal ogen atons such as a chlorine,
brom ne, and iodine, alyeifyanesul fonate group,

@S@OH (i-29)

- OH

| HQSOH -(1—31)

@*S@OCOC% (i-32)
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~ to the sodi unt=

Na2S204 i 45 24 April 2006 p-tol uenesul fonate group, and the |like can be
given, with bromne and iodine atons being preferable. In the reaction of
the precursor: (la) with sodium dithionite, the nolar ratio of sodium
dithionite to the precursor (la) is usually 0.01-100 and prefergbu¥%

1. 0-10. As exanples-of the inorganic base used in the reaction, 40,2006,

carbonate, sodi um carbonate, - potassi um carbonate, [ithium
hydr ogencar bonat e /88t um hydr ogencar bonate, = potassi um hydrogencar bonat e,
and the |ike can bg en, with sodium hydrogencarbonate and potassi um

hydr ogencar bonat e 4Nng preferable. The nolar ratio of the inorganic base

' +'t s usuatty 1.0-10.0 and preferably 2.0-4.0. This
9 a m xe isghxent of an organi c sol vent

: < sol vent s ‘having a hi gh nut ual

~solubility with water such as |ower alcohols, tetrahydrofuran, N,

N-di met hyl f or mam de N, N- di net hyl acet oam de, acetonitrile, _

- di met hyl sul f oxi de, the |li ke can be given as preferable exanples, with

N, N-di met hyl acet ¢, acetonitrile, and dinethylsulfoxide .

'cz—©~socH3 -3)

@S e .
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bei ng nore 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 tenperatur 24,2008 | y
46 24 April 2006 40-200C, and preferably 60-120C for usual 0.5-72 hours,
and preferably 4 hours. If the reaction tenperature used is higher than
the boiling pojf of the organic -solvent or water, a pressure vessel such
as an autocl avg used.” As the oxidizer used in the oxidation reaction of

the sulfinate ), in addition to hydrogen peroxide,

~met hachl or oper benzoi &~asi\d, t-butyl hydroperoxide, potassium |
per oxysul f a C}pﬁ .€¥‘ h/per mel éte, sodi um per borat e, sodi um net ai odat e,
.-chrom c acid, sodi um\d@~ehromate, hal ogen, iodobenzene dichloride,

i odobenzene di acetate, osmiumoxide (VII), rutheniumoxide (VIl), sodium

hypochl orite, sogiMg hl ori-te, oxygen gas, ozone gas, and the |like can be
- given, wth h dﬂeg]f'-aioxide . met.hachl or operbenzoi c acid, and - t-butyl
hydr oper oxi b‘&s Ei&g ’rabl eli mol ar ratio of the oxidizer to the
“sulfinate (lIb) is P ' - :

k i o :
H3C—_SOH (i-39)
o

HC-S-CHy (i-40)

CHCl | |
L :
Wt cw

i) o

Hac.—s“lCHz_c:o—@ (i-42)
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usually 1.0-10.0 and preferably 1.5-4.0. Furthernore, a transition netal
catal yst may be used - together with the above-nentioned oxidizer. As
exanples of the transition netal catalyst, disodium tungstate, iron (I11l)
chloride, ruthenium (111) chloride, and selenium (1V) oxide can 4bﬁ ﬁg'balo%n,
wi th disodiumtungstate being preferable. The nolar ratio of t ht AP
.transition netal catalyst to the sulfinate (Ib) is usually 0.001-2.0,
preferably 0.01-1.0, and pz@HggHz’@l-béQ}-qgf erably 0.03-0.5. Furthernore, in
addition.to the above-nentidned oxidi zer_~and transition netal catalyst, a
buffer agent may be used fori 47 24 Aprif~2Q06 controlling the pH of the
reaction soI@HaﬁJHzCP?CHaﬂgnﬁ-eﬁHiC e @ agefi-43) sodi um
‘hydr ogenphosphat e, sodi um di hydr ogenphoshtiat e, di potassi um ' ,
hydr ogenphosphat e, pot assi um di hydr ogenphosphate, and the |ike can be
" given. The nolar ratio of tI@ngffer agent to the sulfinate (Ib) is

usual ly 0.01-2.0, preferabl yij0°@g3=3\0, and particularly preferably
0.05-0.5. This reactiof4C8ua @ i@Ed out i n{-44kaction sol vent. As
the reaction solvent, water, or ganté sol vents such as |ower al cohol S,
tetrahydrofuran, N, N-dinethylf A TN de, : :

s@ (i-47)
HO O s@ (i-48)
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- above-nenti oned i on exchagg

N, N-di met hyl acet oam de, acetonitrile, dinmethylsulfoxide, -acetic acid,
trifluoroacetic acid, and the |like can be given as preferable exanples,

wi th nmethanol, N, N-di methyl acet oam de, acetonitrile, and di nethyl sul f oxi de
being nore preferable, and nmethanol being particularly preferable. The
amount of the reaction solvent used is usually 5-100 parts by w2l 2006
preferably -10-100 parts by weight, and particularly preferably 20-50 parts
by wei ght for 100 p FF()by wei ght of the sulfinate (Ib). If necessary, the
above-nenti oned orga_lé ol vent may be used with water. In this case, the

anount of the organic sol ~§ usually 5-100 parts by weight,
preferably 10-100 p#QO® hy aid pariti490l arly preferably 20-90 parts
by weight. The reaction i rrie t at a tenperature of usually 0-100C,
preferably 5-60C, and particularly preferably 5-40C for usually 0.5-72
hours, and preferabl§ﬁ£ﬂ34 hours. A known nethod may be used for the ion
exchange reaction 48 24 April 2006 of sulfonate (lc), for exanple the

met hod described in "J. V. Crivello, Advances in Polyner Science 62, 49,
11984". A metQiddCHsBHECHon exchange chromat ography may be used during the

e.reactjon. As exanples of the nonoval ent anion
s@ (1-50) |

=

for X- inthe reactfﬁmj.

(81
(i-52)

(i-53)
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.in a reaction solvent. As th

formula (1) , E, Cl-, Br-, | perchlorate, hydrogen sulfurate, dihydrogen
phosphorate, tetrafluorinated borate, aliphatic sulfonate, aromatic

sul fonate, trifluoronethane sulfonate, fluorosulfonate, hexafluorinated .
phosphorate, hexachlorinated antinonate, and the |like can be given, wth
d -, Br, hydrogen sulfurate, tetrafluorinated borate, and ali ph%ﬁl‘if"zoos
~sul fonate being preferable, and Cl- Br-, and hydrogen sul furate being

particularly preferable. The ra::lof t he counter-ion exchange
precursor t —ugtral fy 0. 1- 10. 05 - ferably 0.3-4.0,
~and parti cu%ﬁ&%ﬂ?gﬁ . 0. S reacti onpli sﬁ)%)gual ly carried out
ctl on solvent, water, organic solvents
- such as lower alcohols, tetrg pf uran, N, N-di net hyl f or mam de, N,

N- di et hyl acet oam de, acetoni - di met hyl sul foxi de, and the |ike can be
given as preferable exanples, w t h wat er, nmethanol,
N, N- di met hyl acet oam de, acetonitrile, W(%H“’Ft hyl suI f oxi de being nore
preferable, and water being particularfy [ &ferabl e. The anount of the .

_ _ - 100 rts by weight, preferably 10-100
parts by M|@5C|f§%%géwio 1

prgfrer abl y 20- 50(pagsgys by weight for 100
parts 49 24 ApPi N _ o

'cmstc) @ ' G - (i-56)

CH3CH20H20H20"S® (1 57)

"COCHQ_ O (i- 59)
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by wei ght of the counter-ion exchange precursor. |f necessary, water may be
used with an organic solvent- In this case, the anount of the organic
solvent used is usually 5-100 parts by weight, preferably 10-100 parts by
wei ght, and particularly preferably 20-90 parts by weight for 100 parts by
wei ght of ~the total anpbunt of the organic solvent and water. The AREEER%0n
is usually carried out at a tenperature of 0-80C, and preferably 5-30C for
usually 10 mnutes to 6 _hQurs, and preferably 30 mnutes to 2 hours. The
oni.um sul fonate conpou obtained in this manner can also be purified
by extraction using an bni ¢ solvent. As the organic sol vent used for
purification, —mapgani c/sofwvents that do not mx with water are preferable.

[ sfers |such as ethyl agep@te and n-butyl acetate, ethers
hal ogenat ed al kyl's such as nmethyl ene chloride

sul fonate conpound (1) shown by the formula (1-A)
of a norbornene derivative (2b), which is
obtai ned by the D els-Adér reaction of an ethylene derivative (2a) and a
cycl opent adi ene_conpound -in a rdance. with the follow ng reaction fornul a

(2), or a ngpto\nene derivative b), R@igh i s obtained by the '
Di et s- Al der )‘ Qchizwﬁope adi edd~Bdhpound and the norbor nene
ob

tained in th action fornul a

(i-63)
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(3), in accordance with the reaction fornula (1) . The onium sulfonate

conpound (1) having three or nore norbornene or norbornane rings can be

produced by synthesizing a polycyclic 50 24 April 2006 norbornene

derivative by repeatedly conducting the procedure shown in the ﬁﬁﬁﬁﬁ&%

formula (3), then follow ng the above-nentioned procedure. Reactl

Formula (2) Z, CH2 = CHY1-C X Z2 [2a] D ets-Alder reaction [2b] In the

reaction forpgHQ (2), Z] d Z2 are the same as defined in fornmula (1), Y1

i ( S ormul a¢ {dpy») and (1-B) , and X is the sane as
a:1) b (1). 51 24 April 2006 Reaction Fornula (3)

[2b] Diels-Alder reaction ' ' :

©e|i©fci-|3 (ii-2)

(1i-3)

36




[3b] In the reaction fornmula (3), Z1 and Z2 are the sane as defined in
formula (1), Yl is the same as defined in fornula (1-A) and (1-B) , andX
is the sane as defined in reaction fornula  (1). The reaction fornulas (2)
and (3) will now be described in nore detail. For the Diels-Alder reaction
in reaction formulas (2) and (3), a known nethod such as that ot B
in "Conprehensive Organic Synthesis, B.M Trost & 1. Flemng, Perganon
Press, New York, 1991, Me 5. may be used. V\hen conducting the

Di el s- Al der reaction, of hyl en Lhvative (2a) to

t he cycl opent adi ene cORy | rml%lr_lleegfﬁ ® of t &)cl opent adi ene
conpound to the norborneme derivative (2b) are usually 0 01- 100 and

preferably 0.1-10. Thi eaction be conducted without the presence of
a solvent, or_in ea so]ve ch ?_53 ene, xylene, 52 24 April
2006 N, N, - di{didlp &f“& , Ltr 9) Lﬁé'rﬁb L522 di chiisiget hane, or the
i ke. The reactl onis c ed out tenperature of usually 20-250C, and

preferably 80-180C for usually 0.5-24 hours,  and preferably 4-12 hours. If o

the reaction tenperature used is -

O—Ocorn 10
(CHs)aC—©—l+—©'—C(CH3_)3 (ii-11)

| 1N02 (ii-12)

| N,

OO
@+ o
Q@ e
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hi gher than the boiling point of the reaction raw naterials or reaction
sol vent, a pressure vessel such as an autoclave 1is used. The onium:

sul fonat e conpound (1) shown by the formula (1-B) can be produced by
causing a norbornene derivative (for exanple the norbornene derjvatives
(2b) or (3b) obtained in the manner shown by the reaction for m#4&rT{ 2§06
(3) ) to come in contact with hydrogen gas in a reaction solvent in the
" presence of a hydr st. As exanples of the hydrogenation

catal yst, transiti as Raney: .ni
'ZQEE%hodlun}ca A&brhodlun}alunlna

pal | adi um car bon

rrut heni um car bon, phosphi ne) chl ororfiodium (1), and the

‘i ke can be given. o of the tranS|t|on netal catalyst to
.éi ually O nd preferably.

each of the norboyy 7
@ g duri ng dr ogenat i on

0.01-0.2. TR0
reaction is usually 5+ef erably 1-100 atn1 and particularly

preferably 1-50 atm This reaction is usually carried out in a reaction
solvent. As exanples of the reaction solvent, organic solvents such as 53

24 April 2006
OO
CIICI_ (1i-19)

OO
&} o
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met hanol , €t hanol, ethyl acetate, toluene, xylene, tetrahydrofuran,

1, 2-di chl oroet hane, and the like can be given. The weight ratio of the
reaction solvent to each of the norbornene derivatives is usually 1-100,
preferably 5-100, and particularly preferably 10-80. The reaction is
carried out at a tenperature of usually 20-200C, preferably 20- 150 &G
particularly preferably 20-100C for -usually 0.5-24 hours, and preferably
4-12 hours. If the reaction temggrature used is higher than the boiling
poi nt of the reaction raw materi/als or reaction solvent or if +the pressure

of the hydrogen ed gxcpeds\1l atm a pressure vessel such as an
aut ocl ave isGl —ttrs pfaduri ng ife2Bdd of - N-sul fonyl oxy i ni de
- conpound (2) wll descri bs n detail. N-sul fonyl oxyi m de conpound (2).

~1s manufactured , for exanple; using the sulfinate (I b) or sulfonate (1c)
shown in the reaction fornmula (1). Specifically, as shown in the foll ow ng
reaction formula. (4), a sulfinate (Ib) is converted into a sul fonyl halide
“conmpound (4A) such as a sullonyl chloride (4a) using a hal ogenating agent

such as chlorine ga The su yl halide conpound (4A) is reacted with an
dim ctkﬂn sol vent_in the presence of a base g
—| 6&1—23) -

N hydr oxyi mi
- Cl 5 '

catal yst to prlodt
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the N-sul fonyl oxyi m de conmpound (2). 54 24 April 2006 Reaction Fornula (4)
zi Z1 1 d2i RGCSOZNa -- RCGSO2CL 22 Z2 [1b] [4a] zi R C SO2-0-N Y2
(2) Z2 For the reaction of the sulfinate (Ib) and the chlorinating agent,
a known nethod such as that described in "D. D. DesMarteau, |norganic
Chemi stry, Vol. 32, 5007, 1993" or the nethod descri bed | at er i P Ryiheessi s
Exanpl e may be used A net hod of bubbling chlorine gas into the reaction
- sol ution, fo anpl e, Ay be used for the reacti on Usual |y, a great
excess ano th \ at t\he a the sulfinate
(Ib) is us )heFl. A\ O%g@ﬁéé(e Bs us %Q arried out in a
reaction sol.Ve As t

S reactl on sol vent, water, organl c solvents such as

tetrahydrofuran, N, N djnethyl foam de, N N- di et hyl acet oam de, |
acetoni tri I[Lyl i dcs, '&n% C(CHa) (11-29) |
L —y— a)3 -

@IOC(CHs)s (ii-30)
CH300C I"COOCH3__ (1i-31)
COOCH;

@ _ .

CH,00C

(CH3)§COOCCH20_OCHgCOOC(CHg);; (1i-33)

(CH3)30—o—&—-o—@—#’—@—o—&-o—qcmh (1i-34)
(CH3)3004©%£+—©-00(0H3)3. C ({i-35)
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the like can be given as preferable exanples, with water, nethanol, N,
N-di met hyl acet oam de, acetonitrile, and 55 24 April 2006 di nethyl sul f oxi de
bei ng nore preferable, and water being particularly preferable. The anount
of the reaction solvent usedis usually 5-100 parts by weight, Eref,erably
10- 100 parts by weight, and particularly preferably 20-50 parts Pnt
for 100 parts by weight of the sulfinate (1b). If necessary, the
above-nmenti oned organic sol l& may be used together with water. In this

case, the amount of the orgg ol vent used is usually 5-100 parts by

~ weight, preferably_10-100 p by weight, and particularly preferably

20-90 parts by for+1 parts by weight of the total amount of water
Ef e

and the organic S . hotion is Earrd®d out at a t enrper at ure of
usually 0-100C, rably O0C, and particularly preferably 5-40C for
usually 5 m nut eg 2 hours, and preferably 10 minutes to 5 hours: In
the reaction of yl chloride (4a) and N hydroxyim de conpound, the
“nolar ratio of N Wydfoxyimde conpound to sulfonyl chloride (4a) is
~usually 0.1-1-0.0, preferably 0.3-5.0, and particularly preferably.
0. 5-2.0. yried out in a reaction solvent.

(ii-37)

'Of_theselnoﬁovalent oniunlcations, thé sulfonium cations
. shown by the formulas (i—l), (i—2); (1—6), (i-8), (1i-13),
(i-19), ti—25), (i-27), (i¥29), {(1-51), and (i454),_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 fecllowing formulas (1-A) or (1-B) can be given.
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As the reaction solvent, acetonitrile, dinethyl formam de,

t et rahydr of uran, dinmethyl sulfoxide, nethylene chloride, nethylene

brom de, and chl oroform can be given as preferable exanples, wth
acetonitrile, tetrahydrofuran, and methylene chloride being partlcularly
preferabl e. The anpunt of the reaction solvent used is usually AWl 2008t s
by weight, preferably 10-100 parts by weight, and 56 24 April 2006
partlcularly(m»eferably 20-50 parts by weight for 100 parts by weight of
“the sulfonyl k As the base catal yst, triethylamne, pyridine,
N, N- di i soprop ,6-lutidine, N, N-di ethyl aniline,

4- di net hyl am dlazaﬂicycloundecene can be given as
‘preferabl e exs |ethﬁT$nlne and 4- dlnethylanlnopyrldlne bei ng
i A1 2 e of t M base(lcef)al yst to the

sul fonyl chloris (4a) fusual 1y |3. 8 0, preferably 1.5-5.0, and
particularly preferably 1.5-3.0. TH reactlon Is usually carried out at a
tenperature of 0-80C, and preferably 5-30C for usually 5 mnutes to 6
hours, and p ﬁrably 10 mnutes to 2 hours. The N-sulfonyl oxyi m de

‘ IMas (2-A) or (2 8) can be manufactured by

Y'-C—s0; M*  (1-B)
£2' _ . )

' whé:éin'Z} and 22 are as defined in formula (L}, vl Ry,
-k, and n.é;eVés défined'in formulés (I-&) and (i—B),.énd M
is as defined in formula (1). |
" As a nonionic cgmpound for.the acid generator {I), én
N-sulfonyloximide compound of the following formula (2)
(hereinaftérreferredtx)as"N*SﬁlfonylgximideCompound(z)")

can be given.

.
21 R®
I o
R—C—S0,~0—N_ Y2 @
L2 | E
4 R’

wherein R, Zl, and Zz_a;e_as defined for formula (1), R®



a norbornene derivative such as a norbornene derivative (2b) or (3b) or

t he hydrogenation derivative thereof, previously described relating to the
met hod of manufacturing the onium sulfonate conpound (1) of the fornul as
(1-A) or (1-B), using the procedure shown in the reaction fornmula (1) ,
then fol lowing the procedure shown in the reaction formula (4). ¥bhrthgeds,
"as exanples of the acid generator (1) other than the onium sul fonate
conpound ang, 4 lfea h 84 qcomrpaund,d 2 ﬁ%ﬁm@ﬂmwmm
_sulfonaté&%%épg%ﬁgsglgFggﬁ;on #gggazoneyﬁgnggconpou§§;a%isulfony met hane
corrpound,%r ‘a)ﬁ!s%sﬁ!’ﬂu;‘e@atn?orfc%ﬁl%kdor?é@i@@ﬁw,l 59'P{a_ta‘%1cpﬁmﬁgr&.€brnﬁnd t he

. like can be given. 57 24 April 2006 These conpounds wi |l now be di scussed.

-~ As exanpl £5i6f; thgesul f Qne rcORPQWIHN Primt e honR e i etk henytsug f one,
and a-di azo conpounds of these conpounds can be given. Specific exanples

of the suk? one rCospapngls, | acd utfe itsha seagpeundadpf dbhiel & dbdowy ngr far nul-as
(3-1) and (3-2): 021 it GS2-CR (3-1) 22 _—
' ' divalent organic group.

| As preferable examples of the N-—sulfon_jrloximide compound

(2}, compounds of the following fCrmulaé (2-A) or (2-B) can

- be given.

e

(2-B)

wherein Z! and Z? are as defined in formula (I), Y', R',

k, and n are as defined in-formulas (I-A} and (I-B), and R®,

7 and Y? are as defined in formula (2).

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

the groups of the followihg formulas (2-1) to (2-9) can be
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Z1 zi i I RGCSOR-CH2 SO2-CR (3 2) Z2 Z2 wherein R Z1, and Z2 are the
‘same as defined in the formula (1), the two R Z1, and Z2 groups in the
formula (3-2) being either identical or different. As exanples of the

sul fonat e conpounds, al kyl sulfonate, hal oal kyl sul fonate, aryl sulfonate,
and inino sulfonate can be given. Specific exanples of the sulf%"n%R 2006
conpounds include the conpound of the following fornula (4): 58 24 April
2006 I @iS@2-.C-R (4) 22 J wherein R Z1, and Z2 are the same as defined in
the formula (1), when two or nore R, Z1, and Z2 groups are present, such
groups may be either identical or different; A represents a j-valent
organi ¢ residue_originati ng from pyrogal I ol , (x- et hyl ol benzoi n, andthe

like; and j |s?;]|nteger§ml

:(2—1) (2—2) -(2f3)

e O
o o o
(2-7)  (2-8) (29

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

{1l) will now be described in detail.
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As exanpl es of the disul fonyl diazonmethane conpounds, conpounds of the
following formula (5) can be given: 1 1 Z N Z RGCSXR-CSR2-CR 2222 (5)
wherein R, Z1, and Z2 are the sane as defined in the fornula (I) the two
R, Z1, and Z2 groups being either identical or different. | es of
the disul fonyl methane conpounds, conpounds of the follomnng for riill 2P
can be given: 59 24 April 2006 Z1 V zi | RCSX2 CSXR-CR (6) Z2 W22
wherein R Z1, ThrdZ2uaseltheasammmswdef ( Nedahmd hent tddthfed (k)ingt he two
R, Z1, and Z2 groups being either identical or different; V and W

i ndi vi dualdnpwnepetbeds suchaeyl a gradimd af hydr.oDes Mdmaa (Cheeagsnde
branched nonoval ent aliphatic hydrocarbon group, or a nonoval ent organic
group havichgrd stheteolat ¥t Vi d8d3t hatr ametdast cbné. 6f. Yravellios an

aryl group, or V and Wmay conbine to forma nonocyclic or polycyclic
(Advances in Polymer Science 62, 49, 1984).

Specifically, as shown in the following reaction formula
(1), the onium sulfonate compound (1) is mahufactu;ed by.
causing a precursor (la) to react.with.sodium:dithionite in
. the'presénce of an inorganic base to produce'a sulfinate (ib),
oxidizing the sulfinate (1b) using an oxidizing agent Such as
- hydrogen peroxide or the-liké to-produce51sulfonate-(lc), and
- then conduCting an ion—exchénge'reaction using a

-counter-ion-exchange precursor M'X™.

' Reaction Formula (1)

'N628204 ) H>05 ] ‘
R—c— — R—C=SO;Na R-C=SO;Na
[1a] [ § 1) I [1c]
Z1
M X _ RC-s0; M (1
g2 |

-wﬁerein X is a releasable monovalenﬁ.groﬁp and X 1is a
monovalent anion.

As exzamples éf the releaséﬁle monovalent §roup.f§r X of
the precursor (la), in addition to halogen atoms such as a

chlorine, bromine, and iodine, a methanesulfonate group,
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structure containing at |east one unsaturated bond, or a group of the
followng formula (7): wherein V' and W individually represent a hydrogen
atom hal ogen atom al kyl group, cycloal kyl group, aryl group, or aralkyl
group, or V. and W, each conbining with the sane or different carbon
atonms, conbine to forma nmonocyclic carbon structure, and a is #hApih2efer
from2 to 10. As exanpl es of oxine sulfonate conpounds, conpounds of the

~fol | ow ngfrenmenasu(Gohhter (r%u%), Gan Reconven: -89 B4 ApLih,2096nR8 Z1 1 |
NC-C=N-O"SQ2-G- R 72 (8-1) B Z1 T T. ONGCNOS CR (8-2) RO 72

wherei n Bro&lineaRthdZ2 cari@et he csandeasgdeiefedabnethe fornula (1), the two

R, Z1, and Z2 groups in the formula (8-2) being either identical or

different, andnR&handeR@tiindi wifdtalel precursor (la) with sodium
dithionite, the molar fatio of sodium dithionite to the
precursor {la) 1is usually 0.01-100 and'preferably 1;0-10.

| As examples of the inorgaﬁic base used in the reaction,

lithium carbonate, sodium carbgnate,Jpqtassium carbonate,
lithium hydrogenéarbonate, Sodium hydrogencarbonate,
potassium hydrogencarbonate, and thé like can be.givén,'with
sodium hydrogencarboﬁate and potassium hydrogencarbonate
being preferable. |

The molar ratlo of the 1norgan1c base to the sodlum'

 d1th1on1te is usually 1.0-10. Y and preferably 2.0-4. O

Thlsreactlonlsgueferablycarrledoutleanuxedsolvent
of an organic sclvent and water. As the organic solvent,
Solventé.having a high mutual solubility with water such as
lower alcohols, tetrahydrofuran, N,N—dimethylforﬁamide,
N,N~dimethy1acetoamide}aceténitrile,dimethylsulfoxide,and
the like can be given as preferable examples, with
N,N~ dlmethylacetoamlde, acetonitrile, and dlmethylsulfox1de
being more preferable, and acetonltrlle being partlcularly"
preferable.

The amount of the brganic solvent used is usually 5-10C0
parts“bylweight, preferably 10-100 parts by weight, and
partigplarly_preferably 20-90 parts by weight for 100 parts
bym'ﬁeight of the total amount of the organic solvent and water.

The reaction is-carried out at a temperature of usually
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represent a nonoval ent organic group. As exanples of hydrazine sulfonate
conmpounds, conmpounds of the followi ng formulas (9-1) or (9-2) can be
given: 2i R GCSO2-NHNH (9-1) F 21 Z1 | R GCGSO2-NHNH SX®2-CR (9-2) 22
Z2 wherein R, Z1, and Z2 are the sane as defined in the formula (1), the
two R Z1, and Z2 groups in the fornula (9-2) being either idend4Aul2W6
different. 61 24 April 2006 Positive-tone radiation-sensitive resin

conposi ti @p-FHe°®OSkI Yes tONg, Nadbat bofe gersidiae f 6SEA72aMosd tkad  of the

‘present invention is a conposition conprising either; (i)(a) the acid
gener at or pgk¥e2ad1¢bl-2n Reudscl eavahle regraupnc ephperiangreesisedmMisch is
I nsol ubl e or scarcely soluble in alkali and becones al kali sol ubl e when
the aci d- eigaeabt ean gheupedl ss9@dcires cfhereiotabnér sefeenedt vagsr,
~"acid-cleavabl e group-containing resin")(hereinafter referred to as
"positiveat pressadieatreenedenschi ¥e apsantoohpusi tsows€d)"); or (ii) (a)
the acid generator (I), (c) an al kali-soluble resin,

' As the oxidizer used in the oxidation reaction of the

" sulfinate (lb), in addition to hydrogen peroxide,

_ methadhloroperbenzoic:acid, t—bqtyl hydroperoxide, pdtassium
peréxysulfate,_potassium permanganate, sodium perborate,
sodium metaiodate, chromic.acid, sodium.dichromafe;.halogen,
iodobenzené'dichloride,_iodobenzene diacetate, osmium oxide.
‘(VII), ruthenium oxide (VII), sodium hypochlorité, sodiuﬁ'
chlorite, oxygen gas, ozone.gas, and the'iike.can be given,
Qith hydrégen peroxide,'methachloroperbenzéic'acid{ and:
t-butyl hydroperoxide being.preferable. | |

The molar ratio of the oxidizer to the sulfinate (1b) is

'uéually l.O;I0.0 and preferably 1.5—4;0._

. Furthefmbre, a transition metal catalyst may be used_'
together with the above-mentioned oxidizer.

As examples of the transition_meﬁal catalyst, disodium
tungstate, iron (III) chloridé,_ruthenium.(III) chloride,.and
éeleﬁium(IV)oxidecankxagiven,withdisodiumtungstatebeing
preferable. o

The molar ratio of the transition metai'catalystrto the
sulfinate {1b) is usually 0.00l—Z.O,_preferably 0.01-1.0, and
particularly preferably 0.03-0.5. | |

Furthermore, in addition to the ablove-mentioriec{ oxidi_zer

and transition metal catalyst, a buffer agent may be used for
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and (d) an al kali-soluble control agent (hereinafter referred to as
"positive-tone radiation-sensitive resin conposition (ii) ") As the acid
generator (1) used in these positive-tone radiation-sensitive resin
conpositions, acid generators having heat and chem cal stability are
preferable. The positive-tone radiation-sensitive resin conposi t$ofPril 2906
~and positive-tone radiation-sensitive resin conposition (ii) of the
present ieneindlohing [Yhengil bef destridsad.idm sdiegosi.t i ve-t one

radi ati on-sensitive resin conposition (i) and positive-tone '

radi at i on- senshd i K@RBRISIH ofcdripp i far (@deont + s sasiidmgenerator (1) may be
used either individually or in conbination of two or nore. The anpunt of
the aci d JEhe?2RBNIDNAfsed Fefie didbsd tqdrnrhei@haidi atileRtesssiuni ve resin

TOITOS it el st ¢ 1o A BT oy RO TRRSPREGE, (P ner 63 24
i1 2006, aci d t i ch ti | “Such t ]
ARt Tt S Ta s S A R TERS SR b St ol e
articul ar| f ly.0.2-12 i ght f 10 by_wei ght of
Phe ot o erLabi €GPt a8 Saa BP0 O PRI $esitaptdod BB Pe2edE U1 ¢ he
amount of Jagcl 0 9eNeF ALQL forably 0.05-0.5. R

- This reaction is usually carriedout in a reaction solvent. .

As the reaction solvent, water, organic solvents such as lower

alcohols, tetrahydrofuran, N,N—dimethylformamide,

'N,N—dimethylacetoamide, acetonitrile, diﬁethylsulfoxide,
acefic acid, trifluorocacetic écid, and fhe'like can be giﬁen
aspreferableexaﬁpleg,withn@fhanol,N;ﬁ—dimethYlacetoamidé,
acetonitfile,.and dimethylsulfbxide beiﬁg moré-préferable,
and ﬁethanol being particﬁlarly preferable.

- The amount of the reaction solvent used is usualiy 5-100
parts by weight, preferably 10-100 parts by weight, and
particularly preférably 20~50 parts-by weight for 1080 parts
by weight of the sulfinate (1b). If necessary, thé"
above-mentioned organic solvent may be used with water. ‘It
this'case, the amount of the organic solvent-used is usually
5-100 parts by weight, preferably 10-100 parts by weight, and
pérticularly'preferably 20-90 parts by weight.

The reaction is carried out at a temperature of usually
0-100°C, preferably 5-60°C, and particulafly 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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(I') is less than 0.1 part by weight, it is difficult to achieve the
i ntended effect of the present invention; if nore than 20 parts by wei ght,
transparency to radiation, pattern shape, and heat resistance tends to
decrease. Aci d-cl eavabl e group-containing resin As the acid-cleavabl e
group-containing resin for the positive-tone radiation-sensitiveMRL20p8
conposition (i), a resin, insoluble or scarcely soluble in alkali by
i'tsel f andf betbHomstal Kal)i,- Solrubkemphentid ecatiod- 6 eavabde g OUR V.
di ssoci ates, obtainable froma resin containing one or nore oxygen
cont ai ni n§riivnétpeondtivgnoapsisuEhlasea Phiante céhydidxyl984t oup, al coholic
hydr oxyl group, or carboxyl group by substituting the hydrogen atons in the
oxygen cont ai nAmgetiedctiadnak georsheinds oheonataoraphgimkclkeavabbde groups
t hrough di sassociation in the presence of an acid can be given. If 50% or
- nore of tRAErippt thE RPPHErHPBkAEBSdoicn pBSharge coz@¢hPremins after
- devel opnent when a resjst coating nade only fromthe acid-cleavable

- group- cont ai ni A§ FEIRMLES o LdERR FEpeTatsasrat Hen SareX al kdihensedetéPopnent

conditions .enployed for faormng a_resist _pattern using a resist coating

f or ned fr%ﬁFEggés tivé- t Srfer rBiiratioRSSERLPERYE, eGP 9ER 241 ABERIES2006 -

composi ti 9n ,cATRGLE! BALRB25LY; cLepyabl & gt oUP Gt AININY, 15 tharic
: sﬁlfonéte, aromatic sulfonafe; trifluoromethane sulfonate,
fluorosulfonate, hexafluorinated phésphdrate,
hexaéhlorinated anfimonate, and the like can be given, with
Cl“, Br~, hydrogen sulfurate, tetrafluorinated borate; and
aliphatic éulfonate.being preferable, and Cl-, Bf"; and
- hydrogen Sulfuraté being particularly preférablé; Tﬁe moiar_
fatio of the_céuﬁﬁer?ion'exchénge precursor to the sulfoﬁéte
(lc)isusuallyo.lﬂl0.0,preferably0.3*4.0,andparticularly
preferably 0.7-2.0. o
ThiéreactionistmuallycarriedoutjJ1areactionsolvent.
As the reaction solvent, water, organic solvents sﬁch;és lower
alcohols, tetrahydrofuran, N,N—dimethylformamide,
N,N—dimethylacetoaﬁide,acetonitrile,dimethylsulfbxide,and
the like'can_bé given as preferable examples, with water,
methanol, N;N—dimethylaéetoamide, acétonitrile, and
diﬁethylsulfoxide being more préferable, and water.being
particularly preferable.
The amouﬁt-of the reaction solvent used is usually 5-100
parts by weight, pféferably 10-100 parts by weight, and

particularly preferably 20-50 parts by weight for 100 parts
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resin, such a characteristic of the acid-cleavable group-containing resin
is referred to as "insoluble or scarcely soluble in alkali" in the present
i nvention. As exanples of the acid-cleavable group in the acid-cleavable
group-containing resin, a substituted methyl group, 1-substituted ethyl
group, 1-substituted n-propyl group, 1-branched alkyl group, si3Apri?®8p,
gernyl group, al koxycarbonyl group, acyl group, cyclic acid-cleavable
‘group,” - abg WdigyHt ke wancbengkyenonAsc@ange gseofr sosubgtti hatedsaeyhyl
group, a met hoxynet hyl group, methylthionethyl group, ethoxynmethyl group,
et hyl t hi onethyl magy daguseet Hokhiedhoagwetinysogreup, brerdyilsoxpset hyhegroup,

. benzyl t hi onet hyl group, phenacyl group, 4-bronophenacyl group, '

- 4- et hoxyphenatybf ditvum rgapivesiplivenitophedaty |usyraduyy, Sa-lvét bypkplsehscyl

i pheny! EABDF: GPoapsL aebiuH 71 ARIIAA= DL LehBr oRDBORES T Loara6nY
4-ni trobenzyl group, 4-nethoxybenzyl group, 4-nethylthiobenzyl group,
4-et hoxyb@ﬁgﬁﬁrgbéup?o-aﬂe@ﬁ#? HPBbERENt diadup 0 OpPpeitsny yeeapt of
- br Opoxy EBPBA PhoERg ARGy Blip ChF- BFERBKGCHP DETHY ety oup, |
- but oxyoar bonyLget byl - SEQUPs J 4 He2L BRI Y, Q0R .o A0d Lhe ke
0-80°C, and preferably .5-—.30°C for usually 10 minutes to 6 hours,
and preferably 30 minutes to 2'h0urs; |
The oniqm.sulfonate compound (1) obtained in this manner
can also be purified by.extraction using an organic soivent.
As”thé organic solvent used for purification, organic
solvents that do not mix with wéter are preférablé. Examples 
includé esters such as ethyl acetate and ﬁ—bufyl aéetate,
ethers such aé diethyl efher, and halogenaﬁed alkyls such as
methylene chloride and chloroform. | |
The bnium sulfénate compound {1} shown by'the'formula
{(1-A) is cobtained by.the.reacﬁion of a norbornené derivatiﬁe
:(2b),.whiCh is obtained by the Diels—Alder reaétion_of an
ethyiéne 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 cyclopehtadiene compound and.the
' '_norbornene derivative (2b) cbtained 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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As exanples of a 1l-substituted ethyl group, a 1-nethoxyethyl group,

- 1-net hyl thi oethyl group, 64 24 April 2006 1, 1-di net hoxyet hyl group,

1- et hoxyet hyl group, |-ethylthiroethyl group, 1, 1-diethoxyethyl group,

1- phenoxyet hyl group, 1-phenylthioethyl group, 1, 1-diphenoxyethyl group,
1- benzyl oxyet hyl group, 1-benzylthioethyl group, 1-cyc|opropy|o£§éﬂﬂ?95
.group, 1-cyclohexyl oxyethyl group, 1-phenylethyl group, 1,1-diphenylethyl
group, 1-metrboxyeacboaylestbytvegrouppektealoxycanrbonyd teichplrogiolc

| - n- propoxycar bonyl et hyl group, 1-i-propoxycarbonylethyl group,

~ 1- n- but oxypt@wibonyl ehkyireagraop, forimubat dRycatbenytel hyvigyoupe

1-cycl ohexyl oxycar bonyl et hyl group and the |like can be given. As exanples
of 1-subst@byeederipropdl pgeesagura- 1- met hoxy-n-propyl group, -

1- et hoxy-n-propyl group, and the 1like can be given. As exanpl es of
1-branched al kyl group, an i-propyl group, "sec-butyl group, t-butyl group,
-1, 1-di net hyl praopyl group, 1-nethyibutyl group, 1, 1-dinethyl butyl group,
and the | Hé&ctann E%I@P&énﬁzAs exanpl es of the silyl groups, a -
trimethylsilyl group, e%@yldinethylsilyl group, nethyl diethylsilyl group, '

CH2_=CH—Y’—¢—~X + @ " .
[zl L
Diels-Alder reaction @ z'
- | Y'—-C—X
[2b]

- In the reaction formula (2), Z! and Z? 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 formul_a

(L).
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triethylsilyl group, i-propyldinethylsilyl group, nethyldl-l-propyI5|IyI
group, tri-i-propylsilyl group, t-butyldinmethylsilyl group,
met hyl di -t-butylsilyl group, tri-t-butylsilyl group, phenyldinethylsilyl
group, nethyldiphenylsilyl group, triphenylsilyl group, and the like can
be given. As exanples of the gernyl groups, a trinethylgernyl grédufpenl 38624
April 2006 ethyl di nmet hyl gernyl group, nethyl diethyl gernyl group,
triethyl geeaykigroeprmiiipr @py! di net hyl gernyl group,
met hyl di -i -propyl gernyl group, tri-i-propylgernyl group,
t- butyldlnethylgerny gLoup, nethyldi-t-butylgernyl group, .

\, | phenylsdi net hyl gernyl group, nethyl di phenyl gernyl
xoup, d the Ilike can be given. As exanples of
-t he al kox ps,‘é-wﬁhthxycarbonyl group, et hoxycarbonyl group,
i - propoxycarbonyl group, t-but carbonyl group; and the like can be
given. As exanples of the acyl roups, an acetyl group, propionyl group,
‘butyryl group, heptanoyl t? hexanoyl group, valeryl group, pivaloyl
group,. isoval eryl group, Io group, nyristoyl group, pal mtoyl
group, stearoyl group, oxaIyI group,

group, tri

L . Z1
Dieis-Alder reaction ' - 0
Y'—-Cc—X-

22

© [3b]

In the reaction formula (3), z! and z? are the same as
defined in formula (1), Y' is the same as defined :in formula
(I-A) and (I-B), and X is the same as defined in reaction formula
(1) . |

" The reaction formulas {2) and (3) will now be described
i'rn_ more detail. For the Dielé—Alder reaction in reaction
formulas (2) and (3), a known method such as ‘ﬁha‘t described
in "Ccmprehensive Organirc Synthesis, B.M. Trost & I. Fleming,
Pergamon Press, New York, 1991, Vol. V, pp 315" may be used.

When conducting the Diels-Alder reaction, the rﬁolar ratio
of_.the ethylene derivative (2a) to the cyclopent'adien'e compound
and the molar ratio of the cyclopentadiené compound to the
norbornene derivative (2b) are usually 0.01-100 and preferably
0.1-10. |

This reaction may be conducted without the preséncé _of_'

a solvent, or in a reaction solvent such as toluene, xylene,
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mal onyl group, scucinyl group, glutaryl group, adipoyl group, piperoyl

~group, suber oyl group, azel aoyl group, sebacoyl group, acryloyl group,
propi ol oyl group, nethacryl oyl group, crotonoyl group, oleoyl group,

-mal eoyl group, fumaroyl group, nesaconoyl group, canphol oyl group, benzoyl
group, phthal oyl group, isophthal oyl group, terephthal oyl group?4AmipA0Goy|
group, tquoyI group, hydroatropoyl group atropoyl group; ci nnanoyl

, f th
o o uenSbat ronge aang s ob Bopth i Pk Fi s S A, oo

exanpl es of gre C¥F|IC aci d-cl eavabl e group, cycl opropyl group,
cyclopent oup, cyclohexyl group, 66 24 April 2006 4-t-butyl cycl ohexyl

group, 4-Methaxy, Guclalignyl s0EQHP; og U QheXepihodzoUpee N9 RO 1T OUp,
i.sobornyl group, trlcycﬁ ggcany %roup, adanant@l groﬂ%, tetrahy&gopyfanyl

gr oup, te}d-aiWEC’faLH@Bs_%fa&%@y deet T oL NLQRY1 QY5 -GrOHPurs, and
t et rahydrot hi'of ufanyl ~group, 3-bronotetrahydropyranyl group, 4- nethoxy

tetrahydr&@/ﬁ@}%lﬂf@@@ résured.hoxy thet rahyeien hiamysarrgrossmd is -
3-tetrahydrot hi ophiene-1, 1-di oxi de group, mnethyl adamantyl group, ethyl

adamant yln gfrous .+ et e tdiavelgogecanybigthepreaet iyt taw oyt oxteckny|
group, nethyl cyclopentyl group, ethyl
" or reaction solvent, a pressure vessel such as an autoclave
is ﬁsed. - | N

The onium_sulfonate compound {1} shcwn by the formula

{1-B) can be produced by causing a norbornene derivative (for
”example the norbornene derivatives (Zb):ér (3b) 6btained'in
.the manner shown by the reactlon formulas (2) or.(.)).tb come

in contact with hydrogen gas in a reaction solvent in the
presence of a hydpogenat;on catalyst.

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

The weight ratio of the t.fans_ition metal catalyst to each
ofthenorbornenederivativeéisusually0.00l—landpreferably
10.01-0.2. |

' The pressure of the'h.ydr.og'en gas during the hydrogenation
reaction is usually 1—120 atm; preferably 1-100 atm, and
particularly preferably 1-50 atm. |

Thié reaction.is usﬁally carried out in a reaction solvent.

As examples of the reaction solvent, organic solvents such as
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cycl opentyl group, nethyl cyclohexyl group, ethyl cyclohexyl group, and
-C(R10) 3 group (wherein the R10 independently represents a |linear or
branched al kyl group having 1-4 carbon atonms or a substituted or
unsubstituted nonoval ent alicyclic hydrocarbon group having 4-2? garB@%
atons, provided that at |east one of the groups R10 is a substi L
unsubstituted nonoval ent alicyclic hydrocarbon group having 4-20 carbon
at ons, or T@&wranwd  ofthhaocdrogpbyRl68ckorfme. i hotoabhé naxybenand together with
the carbon atons to which the two R10 groups bond, a substituted or
unsubst i t (Hedd adiveaIcERE a8l i dyérfé Chy@reeahban. grauphhalitg 4anrobear bon
atons, with the remaining RLO being a linear or branched al kyl group
““having 1-#1¢&bon atons or a substituted or unsubstituted nonoval ent
‘alicyclic hydrocarbon grou han%g 4-20 carbon atons% can be given. O
these acid-cl ed\'sbl'ELg 5u5§?l? gﬁﬁ%f@agﬁéﬁﬁ,soiyﬁﬁ B EHBoRA rBEhy|
group, 1-nethoxyethyl group, 1-ethoxyethyl oup, _1-cycl ohexyl oxyet hyl
Oroub, 67 R AL B S Yo L5 DR PR SEReb o ouh b

1, 1- di met hyl pr.opyl roup,.. trinmethyl silyl group, t-butoxycarbonyl group,
' 4-t-butylé§ﬁ%%ﬁ%§%ﬁl gFg%gFrF?g%ogﬁyﬁogroup, tricycl odecanyl group,

tetrahydropyr anle 9LQURsohel L AL MR 08 Obnpe AL A QLNLGRY any!
group,. tetrahydrothi"ofufanyl ~group,
' 20~200°C, preferably 20#150°C,-and'particularly preferably
 20-100°C for usually 0.5-24 hours, and preferably 4-12 hours.
If the reéction'temperature used is higher than the.boiling
point of ﬁhe réaction raw materials dr_reaction solvent or if
the pressure of the hydrogen.éas used exceeds 1 atm, a pressure
.véssel suéh as an autoclave is. used.
| Next, the maﬁufaéturing meﬁhod-of N—suifonyloxy.imide
compound {2) will be.deséribéd in détail._.
: N-sulfonylokyimide cbmpound (2) is manufactured by, for
example;_using the sulfinate (1b) of sulfonate (lc) shown in
- the reaction formula {1).
| SpecificalLy, as shown.in.the following reaction formula
(4), a sulfinate {1lb) is.converted_into a sulfonyl halide
compound (4A} such as a sulfonyl chloride (4a) using a
halogenating agent such as chlorine gas. The suifonyl halide-
compqund (41) 1s reacted with an N—hydroxyimide compouhd in
areactionsolventjjxthepresenceofeabasecétalysttxﬁproduce

the N-sulfonyloxyimide compound (2).
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met hyl adamantyl group, ethyl adamantyl group, nethyl tricycl odecanyl
group, ethyl tricycl odecanyl group, nethyl cyclopentyl group, ethyl

cycl opentyl group, nethyl cyclohexyl group, ethyl cycl ohexyl group, -C
(R10) 3 group, and the like are preferable. As specific exanples of the
-C(R10) 3 group, 1-(2-norbornyl)-1-nethylethyl group, 24 April 2006

1- (5- hydr oxy-2-norbornyl)-I-nmethyl ethyl group,

1- (3-t et reeyet oseceamph)ra- net hyl et hyl group,

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

1- (I-adananti L) -1-methyl ethyl growp, _
1-(3- hydroxy I-adananty -1 nmet h&l et hyl group, . 2-nethyl -2-norbornyl group,
2- et hyl - é YIR—8ragm,cp- et hyl - 3-tetracycl odecanyl. group,
3- et hyl - 8- égroxg tetracyclode any? group, 2-met hyl - 2- adamant yl group,
2- et hyl - 7- r oxy- 2- adamant yl group, and the |like can be given. The
‘anmount .of t?e aci d-cl eavabl e grouE %ftroduced into the acid-cleavable

- group- contalhbhg resin (the anmoun the nunber of acid-cleavable groups
in the total nunber of oxygen containing functional groups and .

aci d- cl eavabl e groups in the - acid-cleavabl e group-containing resin) is
preferably 10- 100@&368 24 April 2006

| R®
o R
HO-N - 2 | o
h? i R
| ' :
» R-C-S0,—O-N Y2 (2)

'For_the réaction of the sulfinate (lb) and the
chlorinating agent, a known method such as that described in
"D. D. DesMarteau, Inorganic Chemistry, Vol. 32, 5007, 1993"
or the method described iater_in Synthesis. Example may be.used.

A method of bubbling chlorine gas into the reaction
solution, for example, may be used for the reaction.

Usually, a great excess amount of the chlorinating agent
for the amount of the sulfinate (1b) is used in the reaction.

ThisreactioniSquallycarriEdoutjjla;eactionsolvént.
As the reaction solvent, water, Qrgahic solvents such as
tetrahydrofuran, N,N-dimethylformamide,
N,N—dimethylacetoamide,acetonitrile,dimethylsulfoXiderand
the like can be given as preferable examples, with water,

methanol, N,N-dimethylacetcamide, acetonitrile, and
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and still nore preferably 15-100% although the anount varies depending on
‘types of acid-cleavable group and the alkali-soluble resin into which the
aci d-cl eavable group is introduced. The polystyrene-reduced wei ght average
nol ecul ar weight (hereinafter referred to as "Mv') of the acid-gl avabl e
group-containing resin (A) determ ned by gel perneation chromat ﬁﬁ
preferably 1,000-500,000, nore preferably 1,000-300,000, and particularly
pr ef er abl §18e 0091 300 900de Thei matnorofpMidaiile pold/ stayrrendeaieduced nunber
average nolecular weight (hereinafter referred to as "M") deternlned by
~ gel pernengkbhcehavhut pgedphybiav M) of the acid-cl eavabl e
group-containing resin is usually 1-10, and preferably 1-5. These
aci d- ¢l eavabl eTHF GUIRWHN LA BIAF $32i i @y vbatuseed e uhealigdbvi@al Iy or
i n conbination of two or nore. As a suitable acid-cleavable
gr oup- conPéFHFnBYr@§FﬂhForPf?ﬁ%r%%%Yt1@e1@QNR9F%ﬁhQﬁ|Wﬂ%9§§h$ﬁ¥?¥e resin
conposition g, using a KrF excipner_laser, a resin insoluble o
scar cel y- B8F bF@laFﬁyaw%f?r%ﬁ%r%% Hy R PR IPECHPF i ?aaouﬂﬁfgsm t he
follow ng formula, (1Q) r ec units nt ai ni ng an
aci d- clea9¥bW81§g5 ) Egﬁrﬁ?gfh ?Ee(fﬁ?g g&fﬁe e§sﬁ§¥e|% ter referred to
as "resin " The r S|n %? U|tabl use
posi {1 ve- panter B s SarE daartee L il A% 457 EaiBtrtEfuith aren
exci mer | ?ﬁeﬁhlgéagé?' %L amount 'of_the organlc solvent used is usually
5-100 parts by weighti preferably 10—100.parts-by'weight, and
‘particularly preferably 20-90 parts by weight for 100 parts
by'weight of the total amount of water and the organic solvent.
_ The reaction is carried out at a temperature of usually
0-100°C, preferably 5-60°C, and. part'iéularl.y preferably 5-40°C
for usually'5 minutes to 12 hours, and preferably 10 minutes
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 particulariy 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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| aser, electron beans, or the like. 69 24 April 2006 _~CH CH2~-- (10)
" (R11)f(OH)e wherein R 1 represents a hydrogen atom or a nonoval ent organic
group, and e and f are integers from1-3, satisfying the formula (e+f) <5.
As exanples of the recurring units of the formula (10), wunits obtainable -
by cl eavage of a polymerizable unsaturated bond of a compound sA#cHribe006
4- hydr oxystyrene, 3-hydroxystyrene, 2-hydroxystyrene,

4-"hydr oxyp @ BElVA 81y (BN e 3dBE M0 A RUGeX st YE€PE: for 100 parts
2- met hyl - 4- hydr oxystyrene, 2-nethyl - 3-hydr oxystyrene,

4- et hyl -8y hyslt @bty sé §/ reiee, su BEdRE hyd b Go iyl opaest.yr ene, :
3, 4-di hydroxystyrene, and 2,4,6-trihydroxystyrene can be given. O these

recurring unitss tin tisaobtad tebfe: byt ol edwalgernimd, ypdldiner,i zabl e
unsat urated bond of 4-hydroxystyrene, 3-hydroxystyrene, 2-hydroxystyrene,
or 4- hydr¥xy~-aiisephydslgrieneamimee preferilaltlicdinAds ¥ hé-deetiny lagi ubneés havi ng
t he above-nentioned acid-cleavable group, recurring units having one or
nore typeé-dimethylaminopyridine, and diazabicycloundecene can be
given as_pfeferable examples, with triethylaminé énd
4edimethylaminopyridine being particulafly preferable.

B The molar ratio of the base catalyst to the sulfonyl
chloride (4a) is usually 1.0-10.0, preferably 1;5—530,.and:
particuiarly preferably 1.5-3.0.

The reaction is usually carried out at a températufe of
0-80°C, and p’feferably 5-30°C for usually 5 min,ut_es to 6 _houi;s, :
.and preférably-lO'minutes to 2 hours; |
' TheN—sulfonyloxyimidecom@oumd(2)oftheformulas(Z-A).
or (2-B) can be manufactured by preparing a sulfinate (1b) from
a norbornene derivative sﬁch as a norbornenerdefivative (2b)
or (3b) or the hydrogenation derivative théreéf, previously
described relating to the hethod of Manufacturing the onium
sulfonate compound (i) of the formulas (1-A) or (1—8),.using
theprocedurééhownjjlthereactionfgrmula(1),thenfbllowing
ﬁhe procedure shown in the reaction formula (4).
Mo:eéver,asexamplescﬂftheacidgeneratgr (I) other than
the conium sulfonate compound.(l)'and the N-sulfonyloxyimide
compound (2), a sulfone c&mpouhd, sulfonate compound,
disulfonyl diazomethane compound, disulfonyl methane compound,

oxime sulfonate compound, hydrazinesulfonate compound, and

the -like can be given.
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of acid functional group such as a phenolic hydroxyl group and carboxyl
group can be given, with the recurring units shown by the fornula (10) or
recurring units obtained by cleavage of the polynerizable unsaturated bond

of a (meth) acrylic acid 70 24 April 2006 wherein the hydrogen a&g
phenol i ¢ hydroxyl group or carboxyl group is replaced by the Apmzoms
above-nentioned acid-cl eavabl e groups bei ng preferable. Particularly

~preferabl e groDpssareonecunds ngi Lhi héw ab ad nedidned.he cl eavage of a

- pol'ymeri zabl e unsaturated bond of -a 4-t-butoxystyrene,

4-t - but oxycar bbayépayst s en, tHhe t sbluf oxy casimyH et prkexystiyfene,,
4-tetrahydrofuranyl oxystyrene, 4-tetrahydropyranyl oxystyrene,

2- et hoxy ebhexd/seyy bhiel fords ¢ ol b perdtiylzox pempoxystypEnehese compounds

- 2-cycl ohexyl oxyet hoxystyrene, t-butyl (nmeth)acrylate,
'.nethyladaﬁﬁﬁt??(géVﬁWacrylate et hyl adamant yl (net'h) acryl at e,

met hyl cycl opentyl (meth)acryl ate, _ethyl cycl opentyl (nmeth)acrylate,

net hyl cycl ohex§P%ﬁé£h§a%¥w%%%s OlettiA @&f@w&ypm@tﬂmﬂacwcg’@@e Bhe t he

i ke. The resin can c i se one or npore recurring units
_ compoun s %f the gg?lOWLDQ formulas (3- 1) and %. -2):

A R
C=$0,—C—R (-
22
' R—C—80,—CH,—S0,—C—R  (3-2)
| |22 | | _%2

-wherehﬁR,Zl,andzzarethesameas;wfinedjjltheformula
(I, the two R,.zi, and zz.groupsriﬁ the.formula (3-2) being
éither identical or-different.. | |

As examples of the sulfonate compounds, alkyl sulfonate,
halcalkyl sulfecnate, aryl sulfonaﬁe, and imino sulfonate can
be given. | - |

Specific examples of.the sulfonate compounds include the

compound of the'folloWing formula (4):
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~ other than the above-nentioned recurring units (hereinafter referred to as
"other .recurring units (bl)"). As exanples of the other recurring units
(bl'), units obtained by the cleavage of an pol yneri zabl e unsaturated bond
of the follow ng conpounds can be given: vinyl aromatic conpounds such as
styrenes such as styrene, a-nethylstyrene, 2-nethylstyrene, 24 April2006
3-net hyl styrene, 4-nethyl styrene, 2-nethoxystyrene, 3-nethoxystyrene,
4- met hoxystyrene, and 4-(2;4t-but oxycarbonyl et hyl oxy) styrene; 71 24 Apri
2006 (neth)acrylates such ne hyl (meth)acrylate, ethyl (neth)acrylate,

(meth)acryl a :i gﬁ@acr (rreg acrylate, 2-hydroxypropyl

(met h) acryl acr at (1l 13); n-propyl (neth)acrylaté,
n-butyl - i -buty (et h) acr;ézate jn- pentyl n-hexyl (meth)acryl ate,
2- et hyl hexyl

wherein R, Z', and z° are the same as defined in the formula
(I), when two or more R, Zi, and 2° groups are present, such
groups may be either_identical or diff.erent; A represents a
j-valent organic residue originéting from pyrogallol;
a~methylol benzoin, and the like; and j is an inteqef from 1-3.

As exampleé of the 'dis.ulfo'nyl 'diazomethane compounds,

compounds ¢f the following formula ({5) can be_'g.iven:

AP
R—C—80,—C—80;—C—R  (5)
- 2z . 2

wherein R, 2}, and 7z? are the same as defined in ’_che formula
(I), the two R, 2!, and z® groups being either identical or
different; | |
As examples of the ldis_ulfonyl methane ‘compounds, -

compounds of the following formula (6) can be given:
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2- hydroxyet hyl (neth)acrylate, (meth)acrylate, 3-hydroxypropyl phenyl
(nmeth)acryl ate, phenethyl and the nononers of the follomﬁng formulas O CH3
CH3 HCHC-COGC-~CH}-COCCHCH2 (11) CH3 g CH3 O 11 CH, CHA H
OCOo--CH=CH2 (12) - OC ~CH2}-CFi CH3 3 O H2CGHC-C O Cl_IZ)L‘VgWPOOG
O CCH=CH2 (13) wherein g is an integer of 1-6; unsaturated car b¥ ¢

aci ds such as crotonic acid, maleic acid, fumaric (nmeth)acrylic acid, acid,
- and cinnamc aciZJ“; car boxyal kyl estgk of unsaturated carboxylic :

| | N
R—clz—soz—-—clz—soz-—_cl:—-R (6)
y Y 72

wherein R, z', and z® are the same as defined in the formula
(I}, the two R, Z!, and ZZ groups being either identical or
different; V and W.individually répresent an aryl.gfoup, a
hydrogen atom,'a'linéar or branched anovalent_aliphatic
hydrocatbon group, or a monovalentnorgaﬁic group having a
hetero atom, prévided thaf'at least cne of V.or W is an aryl
group, or Vand W 'may combine to form a monocyclic or polycyclic,
structure contalnlng at least one unsaturated bond or a group

of the follow:.ng formula (7):

wherein V' and W' individually represent. a hydrogén atom,

: h_alogen' atom, alkyl group,' cycloalkyl group, aryl gr-oup; or

aralkyl group, or V' and W', each combining with the same or

different carbon atoms, combine to form a monocyciic ;:arbon
structure, and a is an integer from 2 to 10.

As examples of oxime sulfcnate compounds, comp.ounds of

the following formulas (8-1) or (8-2) can be given:
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aci ds such as 2-carboxyethyl (neth)acrylate, 2-carboxypropyl 72 24 Apri
2006 (meth)acrylate, and 3-carboxypropyl (nmeth)acrylate; unsaturated
nitryl conpounds such as (neth)acrylonitrile, a-chloroacrylonitrile,

-crotonitrile, maleinitrile, and fumaronitrile; unsaturated am de conpounds

such as (meth)acrylamde, N, N-dinethyl (meth)acryl am de, crot onf/iriib2006
mal ei nam de, and fumarani de; unsaturated inide conmpounds such as
mal ei m de, . N—phenylnale|n1q§ and N—cycloh%?ylnaleinide; and ot her

" nitrogen-containing vinyl npounds such as N-vi nyl - e-caprol actam

N-vi nyl pyrrolidone, 2- V|nyI yridine, V|n pyLi di ne, 4-vinyl di ne,
2-vinylimdazol e, and N Cg'yTNm @zosé 'Fu" e other recur bj units

(bl'), units obtainable by cl eavage of a pdjgnnlzable unsaturated.bond in
t he conpound such as a-nethyl styrene,

4-(2-1t- butoxycarbonylethyloxy)styrene a nononer of the formula (11) ,
a nononer of thz formula (12) arR?preferabIe As otZér aci d-cl eavabl e
group-containing resins for the positive-tone radiation-sensitive resin

composi t1 on R} (50, —0—N=C—G=N—0—80,—C~R (-2
' B

- wherein R.,. z!, and 72 are the same as defined in the for.mu'}.a
(I), the two R, 7!, and 2? groups in the formﬁla (8-2} béing
ei‘th.er identical or different, and R® and R® individually
represent a monovaient organic group;

As examples of'hydrazine sulfonate compounds, compounds

.'o'f the following formulas (9-1) or (9-2) can be given:

Z1
| o _
R_—C’:——_SOZ"-—*NH-.-NHz (9-1)
| | ' 1
. R—C—SOZ—NH'—NH—SOZ—?—R (_9—2)
I B

wherein R, 2!, and Z? are the same as defined in the formula h
(I), the two R, 2z', and 2 groups in the formula (9-2) being

either identical or different.
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a KrF exciner |aser, a resin wherein the hydrogen atomof a phenolic
hydroxyl group of a cresol novolac resin is replaced by the acid-cleavable
group can be suitably used. As exanples of preferable acid-cleavable
groups for this resin, an ethoxyethyl group, t-butyl group, _ 1 200
t-butoxycarbonyl group, t-butoxycarbonyl nethyl group, and the | Pk8PEZR0%e
‘given. As a suitable acid-cleavable group-containing resin for 73 24 Apri
2006 the pesiftive-fene radiation-sensitive resim conmpositiem (i) wusing an
ArF excimer laser, a resin insoluble or scarcely soluble in alkali

conprisi ng one T8f W%t#‘é%lﬁqq%gaﬁlﬁiaﬁ%o@f'seﬂﬁétwﬁImﬁlrrgcbmpnatiai@_M)

and/or one or nore recurring units of the following formula (15) is
preferablQf(FH?sp?%Eﬁqﬁi%?vﬁﬁéﬂéFhéﬁtérc?@ﬁ%ﬁ¥¥kpﬁ;§Q¥Pf1ﬁe§§heéBQPT). Th?.
‘resin (B2),.i.s _.al.so suitable for use_in a positive-tone radiation-sensitive
resin f:on%d‘gi(tai)oﬁ%ﬁ 7CuEi BGREERFRTeX el mBRd| ABbran meidsshervabiger, F2

exci mer |

| ectron_b y the. like. B wherein B individually
repr esent %2%%196%831%%&%8%?%%@%%léé:ihg%%:%’aﬁ?&?ﬂ%’j)eg?ﬁéﬁa%ﬁellYeﬁ@tcliuéﬂié of t B
bei t he ., + . B241:ndivi dua represent, a rogen atom
Cor 2t nedr S R P PR R B S TR S8 T4 BB e

group dissociates (hereinafter referred to as "acid-cleavable

groﬁp—containing-resin")(hereinafter referred to as

"positive-tone radiatiqn—sensiﬁive resin COmp§sition {(1y™);

o:{ii)(a)theacidgenefator(I), (c) analkali-scluble resin,

and- (d) én aikali-soluble contrdl agent.(héreinéfter referred

to as "positive-tone radiatioh—sensitive resiﬁ compoéition
BNEESLI ' | |

As the acid generator (I) used in-the#e pésitive—téhe
'radiation-sensitive resin éompositions, acid genefatdrs

' havihg heat and chemical stability are preferable.

The poSitive——tone radiation-sensitive resin composition
(1) and_positivéjtdne radiation-sensitive resin composition
(i1} of the present invention will now be described..

In the'posifive*tohe radiation-sensitive resin
composition (i) and positive-tone radiation%sensitive resin
_cémposition (ii), the acid generator (I} may be used either

- individually or in éombination 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 compbsition (11)

varies depending on the type of the acid generator (I) or other
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atons, and x is an integer of 0 to 2. 74 24 April 2006 R12 --C CH2+ (15)
O=C RRo-CRIO R o wherein R12 represents a hydrogen atom nethyl group,
hydr oxyal kyl group or perfluoroal kyl group and Rl individually represents
a linear or branched al kyl group having 1-4 carbon atons or a substituted
or unsubstituted nonoval ent alicyclic hydrocarbon group havi ng 250l 286bon
atons, or any two of RLO groups formin conbination a substituted or
UNSubst i tak £ getiavalents ahi ENCAEE JMAIREANRONSEROUPs NAY 1RTaAo2R: s bon
atons, wth. the remaining R10 group being a substituted or unsubstituted
i near orubsanches Blky|pgFrosmhavd ighd,- 4 eafdromb ] alans- 167 prirgebshi tuted or
unsubstituted nonoval ent alicyclic ydrocarbon group having 4-20 carbon
atoms. Aswigier abkdess ecieil ngl wpireS cafabllyel f Drmbar€$4)y wedghtsfohavi ng a
nor bor nene - skel et on obt ai nabl e by cl eavage of a pol yreri zabl e unsaturated
bond of th@o fpdtonbng wengners; tlos a@mﬁﬁqﬂ&ﬂvable group- contalnlng

5-t-but oxycar bonyl bi cycl o[ 2. 2. 1] hept - 2- ene,

: resinor alkali-soluble resin. Iftheamountofac1dgenerator
(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, t_rarisparency toradiation, pattern shape, and

heat resistance tends tc¢ decrease.

Acid-cleavable group-containing resin ..

As the acid-cleavable group—centaining resin for the
_positive-tone radiation—seneitive resin comﬁositien (i),ea
:esin,.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

'*QxygencentainingfunctionalgroupssuchaszapheneliEhydroxyl
group, alcoholic hydroxyl'group,.or carboxyl group'by
substituting the hydrogen atoms in the oxygen containing
functlonal groups with one or more acid-cleavable groups
through dJ_saSSOCJ_atJ_on 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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(4-t-butyl cycl ohexyl oxy) car bonyl bi cycl o[ 2. 2. | | hept - 2- ene,

(1- et hoxyet hoxy) car bonyl bi cycl o[ 2. 2. 1] hept - 2- ene,

5- (I -cycl ohexyl oxyet hoxy) car bonyl bi cycl o 2. 2. 1] hept-2-ene, 75 24 April 2006
5-t - but oxycar bonyl net hoxycar bonyl bi cycl o[ 2. 2. 1] hept - 2- ene, .

5-t et r ahydr of ur anyl oxycar bonyl bi cycl o[ 2. 2. 1] hept - 2- ene, 24 April 2006
S-tetrahydr opyranyl oxycar bonyl bi cycl of 2. 2. 1] hept - 2- ene, : :

8-t - but oxyempbebyl bet caaycl ofdg 4t Re 126 £ 15 dDfdoderrdgh@ontaining

8- (4-t-butyl cycl ohexyl oxy) carbonyltetracyclo [4.4 . 0 . 12, -1.17" 10

-] dodec- 3- easjin, 8s(th et hoxyethoxyl shibony| tiet racyiidebvh 2, 5. 17, 10]
dodec- 3-ene, 8-(Il-cycl ohexyl oxyet hoxy)carbonyltetracyclo [4.4 . O . 12, s
17, 10 ] dodeup3centainBny restioxyeaefonybddtchoxyéasbonylestr acyetoly[ 4 . 4
..0 . 12°1 . 17° 10 ]dodec- 3-ene,

8-t et rahydpdpblanynoxykat bonynt efieapyes oy, YT EMIA A\ 17, 10] dodec- 3- ene,
-and 8-tetrahydropyranyl oxycarbonyltetracyclo [4.4.0. 12t5. 17, 10]
dodec- 3- ene cafiShexgrhens A5 ERAnPFES-oF TR bt FEWDI & réurring units of
the formula (15), units obtained by the cleava%e of a, polymnerizable

unsat ur at éalﬂaﬁéleéf’alPl%u‘EW‘(‘%@M%@:i/%%‘i gesin, a substituted methyl

group, l-substituted ethyl group, l4substituted'n—propyl

5-
5-

groﬁp, l-branched alkyl group, silyl group, germyl group,
alkoxycarbonyl group, acyl group, cyclix:acid—cleavable'group,
and the like can be given.

.Asexamplesof@asubstitutedmethylgroup,anethoxymethyl.
group, methylithiomethyl group, ethoxymethyl groqp,
ethylthiomethyl tj:bup, methoxyethoxyﬁzethyl group,

.benzyloxymethyl gréup, benzylthiomethyl group, phenacylgroup,
4—bromophenacyl.group, 4-methoxyphenacyl group, | '
4-methylthiophenacyl group, a-methylphsnacyl group,

- cyclopropylmethyl group, benzyl group, diphenylmethyl group,
triphenyimethyl group, adamantylmethyl groﬁp, 4-bromobenzyl
group, 4-nitrobenzyl group, 4-methoxybenzyl group,
4-methylthicbenzyl group, 4-ethoxybenzyl group,
4-ethylthiobenzyl group, piperonyl group, . |
methoxycarbonylmethyl groub, ethoxycarbonylmethyi group,
n—propg%ycarbonylmethylgroup,iﬂpropoxycarbonylmethylgroﬁp,
.n—butoxycarbonyimethyl group, t-butoxycarbonylmethyl group,
.and the like can be given.

“As examples of a l-substituted ethylrgroup, a

l-methoxyethyl group, l-methylthiocethyl group,

64




2-met hyl - 2- adamant yl (et h) acryl ate, 2-ethyl-2-adamantyl (nmet h)acryl at e,

2- et hyl cycl opentyl (neth)acryl ate, 2-ethylcycl opentyl (neth)acryl ate,

2- met hyl cycl ohexyl (et h) acryl ate, 2-ethocycl ohexyl (nmeth)acrylate, and the
units of the followi ng formulas (15-1)-(15-12) can be given. 76 R12 -- 1
CCH2 O=COHIGCCH3 (15-1) O 1 H3C-GCH3 R12 | CCH2 O=C 4 April 2006

1,1-dimethoxyethyl greoup, l-ethoxyethyl group,
l-ethylthiocethyl group, 1,1l-diethoxyethyl grocup,
l-phenoxyethyl group, l-phenylthicethyl group,
l,l—diphénoxyethyl group, l-benzyloxyethyl group,
l-benzylthioethyl group, l-cyclopropyloxyethyl group,
1~cyclohexylokyethyl group, l-phenylethyl group,
”l,lfdiphenylethyl group, l-methoxycarbonylethyl group,
l-ethoxycarbonylethylgroup,l—nfpropoxycarbonylethylgroﬁp,-
l—i—propoxycarbbnylethyl group, l—nfbutoéycarbonyléthyl
group, 1—t~bﬁtoxycarb0nylethyl group,
l*cyclohexylcxycarbonylethyl group and the like.can be giﬁen.
As examples of l-substituted nwpfopyl:gréup, a
l—meﬁhoxy—nipropyl group, l—ethéxy—n—_prdpyI g#oup, _and the
iike-can_be given.. |
As examples of 1-branched alkyl group, an i—propyl group,
secﬁbutyl group}.t-butyl.group, 1,i-dimethylpropyl group,
l—methyibutylgroup,l,i—dimethylbutylgxpup,andthelikecan
be giwven. . | |
. As examples of the silyl groups, a trimethylsilyl group,
ethyldimethylsilyl group, methyldiethylsilyl grdup, |
ﬁriethylsilyl group, i—propyldimethylsilyl group,
méthyldi—i—propylsilyl group, trifi*propylsilyl group,
t—butyldimethyléilyl group, meﬁhyldi-t-butylsilyl group,
tri-t-butylsilyl group, phenyldimethylsilyl group,
methyldiphenylsilyl group, triphenylsilyl group, and the like
can be given. |

Asexamplesofthegermylgroups,atrimethylgermylgroup,
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H3C-C-CH3 OH (15-2) 0 1 H3C-C-CH3 (15-5) 77 0 (15-3) 12 +C-CH2* O=C 0
r H3C-C-CH3 (15-6) 24 April 2006 24 April 2006 R12 R12 +C- CH2 +C - CH2
O=CO=Cl | 0

24 April 2006

ethyldimethylgermyl group, methyldiethylgérmyl group,
ctriethylgermyl group, i-propyldimethylgermyl group,
methyldifi—propylgerhyl group, tri*i—propylgermyl group,
t-butyldimethylgermyl group, methyldi-t-butyldermyl group,
tri~t-butylgermyl group, phenyldimethylgermyl groﬁp,
methyldiphenylgermyl group, triphenylgermyl group, and the
like can be given. |
" As examples of the alkbxycarbonyl'groups, a
methorycarbonyl group,-eﬁhoxycarbonyl group,
_i—propoXycarbonyl group, t-butcoxycarbonyl group, and the like
can be given; |
Asexamplescﬁftheacylgroups,énacetylgroup,propionyl
group,_ butyryl group, heptanoyl group, hexano-yi group,' valeryl
.group, pivaloyl group, iscvaleryl group, lauryldyl'gr6Up,
myristoyl group, palmitoyl grdup, stearoyl group, oxalyl group,
Imalonyl group, scucinyl group, glutaryl grcup, adipoyl group,
piperoylgroup;suberoylgroup,azelaoylgréuﬁ,sebacoylgroup,
acrylceyl grecup, propioleoyl group,'methacryloyl group,
~ crotonoyl group, oleoyl group, maleoyl grdup, fumarbyl group,
mesaconoyl group, campholoyl group, benzoyl group, phthaioyl
' group, isophthaloyl group, terephthaléyl group, naphthoyl
gtoup} toluoyl group, hydrcatropoyl group, atrdpoyl-group,-
cinnamoylgroup,furoylgroup,thenoylgroup,nicotinoylgroup,
isonicotinoyl group, p-toluehesuifohyl group, mesyl grecup,
and the like can be given.
As examples of the cyclic acid-cleavable group,

cyclopropyl group, cyclopentyl group, cyclohexyl qfoup,
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(15-7 0 (15-8) (15-10) Rl12 +C-CH2 0=C O (15-9) (15-12) The resin (B2) can

conprise one or nore recurring units other than the above-nentioned

recurring units (hereinafter referred to as "other recurring units (b2)").

As other recurring units (b2), units obtained by the cleavage of a .
pol yneri zabl e unsaturated bond of nononers having a norbornene YT
such as 78 24 April 2006 norbornene(bicyclo[2.2.1] hept-2-ene

5-net hyl bideyebak212cibepheRyEneroup; et byt bheye! O 2L chddhepirdnene,
5- hydr oxybi cycl o[ 2. 2. 1hept - 2-ene, 5-fl uorobicycl o[ 2. 2. 1] hept - 2- ene,
tetracycl oy414h6xeBy5. §¥o0P) dodeveBaghegroup, isobornyl group,
tricyclodecanyl group, adamantyl group, tetrahydropyranyl
groﬁp, tetrahydrofuranyl group, tetrahydrothiopyfanyl group,
tetrahydrothiofuranyl group, 3-bromotetrahydropyranyl group,
4-methoxy tetrahydropyranyl group, 4-methoxy
tetrahydrothicpyranyl group,
3-tétrahydrothiophene—l,l—dioxide group, methyl adamantyl
group, ethyl adamantYl.group, ﬁethyl tricyclodecanyl group,
ethyl tricycledecanyl group, methyl cyclopéntyl group, ethyl
cyclopentyl group, methyl cyclohexyl gfoup, ethyl cycléhexyl
‘group, and -C(RY); group'(wherein the.Rm'independently
réprésents a linear or branched alkyl group having 1-4 carbon
atoms or arsubstitutéd or unsubstituted monovalent alicyclic
hydrccarbon group having 4-290 carbon.atoms; provided that.at
least one of the groups R'® is a substituted or unsubstituted
"monovalent alicyclié hydrocarbon group having 4-20 carbon
atoms, or any two of the groubs R'® form, in combination and
together with the carbon atoms to wh.ich the two RY Qroups bond,
a sub_stituted or unsubstituted divalent alicyclic hydrocarbon
group having 4-20 ¢arbon atbms, with the remaining R0 béing
a linear or branched alkyl group having 1—4.cérbon atoms. ox
‘a substituted or unsubstituted monovalent alicyclic
hydrocarbon group having 4-20 carbon atéms) éan be given.
Of these acid-cleavable groﬁps,'the benzyl group,
t-butoxycarbonylmethyl grcup, l-methoxyethyl group,

l—ethdxyethyl group, 1l-cyclohexyloxyethyl group,
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8-nmet hyltetracyclo[4.4.0.12,5. 10]dodec-3-ene, 8-ethyltetracyclo [4 .4
.0.12"5. 1''1] dodec-3-ene, 8-hydroxytetracyclo [4.4.0.12'5. 1'10]
dodec-3-ene, 8-fluorotetracyclo [4.4.0.12"5. 1''10] dodec- 3-ene;

- unsaturated carboxylic acid anhydrides such as mal eic anhydride and

i taconi ¢ anhydride; the (nmeth)acrylates previously given as exanf &%l #06t he
other recurring units (bl for te resin (Bl);

3- hydr oxyk+e dawent o faret h)derud atte-ddsy I matdupgeny habie mes QW oy ytithe
following fornmula (16): 79 24 April 2006 wherein R13 represents a hydrogen

atom or agmeithy|tgmegy land/ it herdudke tcanu o ygiaveon yWheolpe resin (B2) has,
the recurring units of the above fornula (14), the recurring units
_ ori gi nat i ot thwiy relveileheanydrode, drsotprmefer gbbep ast itieyatdbrcarecur ri ng
units (b2). As a suitable acid-cleavable group-containing resin for the
- posi tive-3EP r def Bt i sanisianwle gnssim dertpediydired utieny lugiregpan F2
-~ excinmer |laser, a polysiloxane, insoluble or scarcely soluble in alkali,
conpri si ngf o M HPHP R FaR urd o Uk ted reh vidye thalifowing 1f erwuba (17)
and/ or -one ég rnné% structural units of the followng fornula (18) can be
given (tM Yo AIPRANHEY & TRHR e et e B@ans vas 9EPE nmeBBYL) . The
tricyclodecanyl group, ethyl tricyclodecanyl group, methyl -
cyclbpentylgroup,ethylcyclopentylgroup,methylcyclohexyi
group, ethyl cyclohexyl group, -C(R); group, and the like are
preferable. - | |
As specific examples of the —C(Rm)3 grdup,
1*{2—norbornyl)—l;methylethyl group,
1—(5—hydroxyf2—norbornyl)—i—méthylethyl group;
1~{3—tetracyclodecanyl)*1—methylethyl group, - -
1—(8—hydrdxy—3-tetracyclodecanyl)—1—methylethy1 group,
1-(1l~adamantyl}-1-methylethyl group, ° |
1-{3-hydroxy-l-adamantyl)-1l-methylethyl group,
Z2-methyl-2-norbornyl group, Zemethyl~5—hydfoxy-2—norbornyl
group, 3*methyl—3—tetracyclode¢anyl group, | |
3-methyl-8—hydroxy¥3—tetracyclodecanyl group,
Z2-methyl-2-adamantyl group, 2—methyl—Tfhydroxy—Zfadamantyl
'gfoup, 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 cxygen

'containing functional groups and acid-cleavable groups in the

acid-cleavable group-containing resin) is preferably 10-100%,"
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resin (B3) preferably contains a structural unit of the formula (17). The
resin (B3) is also suitable for use in a positive-tone radiation-sensitive
resin conmposition (i) using a KrF excimer |laser, ArF exciner |aser, _

el ectron beans, or the like. EE _+Si -0} Si-OORya |l (17) wherein E

i ndi vidual |y represents a nonoval ent organi ¢ group-contai ni ng a#f April 2006
aci d-cl eavabl e group, and R14 represents 80 24 April 2006 a substituted or
‘unsubst i t anddstihkamrebpaathedplorl ©yldddyx, mbnavabenihdyebaear AL gs oup
havi ng 1-20 carbon atons. As preferable exanples of the group E in the
fornul as @ependand ¢a8}ypraki efchctdhgteaca bonggroupsid suich as a cycl oal kyl
group, norbornyl group, tricyclodecanyl group, tetracyclodecanyl group,
and adanaﬁﬂ%ﬁlgré@éybﬁavrﬁgi@nin@%ﬂﬁlbﬂedVEbH@i@r@d9§VhéE@ggnaUEdiaronatic
hydr ocarbon groups . having an aci d-cl eavabl e group, and the |ike can be

gi ven. AsipaffreGrdrly preferable exanples of the structural wunit of the

formula (17) for the resin (B3), structural units
_ The polystyrene-reduced weight average molecular weight

{hereinafter referred to as "Mw") of the acid-~cleavable
group~containihg resin (A) determined by gel permeation
chromaﬁoqraphy ié preferably 1,000-500,000, more preferably
1,0006-300,000, and particularly preferably 3,000-300,000.
The rati_o of Mw to the polystyrene—reduced number average'
.molecular'weight (hereinafter referred to as "Mn") determined
bygelpermeationthromatogréphy(Mw/Mnyoftheacid—cleavable
group—dontaiﬁing resin is usuaily 1—10,'and pteférably 1-5.
.These acid-cleavable group-containing resins may be used
either individually or in.combinatioﬁ of two of.more;
 Bs a suitable acid-cleavable group-~containing resin.for
the positive~tdne radiation-sensitive resin compositicn (i)
usingéaKrFexcimerlaser,aresininsolubleorscarcelysoluble
in alkali comprising bne or more recurring units of the
following formula (10} and one or more ieéurring units
containing an acid-cleavable group is prefe:able {this resin
is hereinafter referred to as "resin (B1}"). The resin (Bl)
isalsosuitableforusejjlapositiveetoneradiation—éensitive
resin composition (i) using an ArF excimer laser, F; excimer

laser, electron beams, or the like.
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of the followng fornulas (17-1) to (17-4) can be given. (S1-OF3 O I 11
H2C C OGO C(CH3)3 CF3 (17-1) GO C(CH3)3 11 0 (17-2) 81 24 April 2006 F3
Il 0 HZC ?_OCO0-C(CH3)3 CF3 (17-3) GO C(CH3)3 11 O (17-4) The resin
(B3) can conprise one or nore structural units

—6CH—CH2)—' (10)

Q

(R™), (OH),

24 April 2006

_ wherein R! represents a hydrogen atom or a monovalent organic
group, and e and f are integers from1-3, satisfying the formula
(e+f) 5.
As examples.of the recurrihg units of the formula (10},
o units obtainable'bj cléa%age of a polymerizable unsaﬁurated
bond(ﬁfacompogndSuchés4?hydroxystyrené,3—hydroxystyrene,
2—hydroxystyrene,'4—hydroxy—quethyisﬁyrene,
'3—methyl*4~hydroxyétyrene, 2-methyl-4-hydroxystyrene,
2-methyl~3~hydrpxystYrene, 4—methyi—3—hydroxystyrene,
5—methyl43—hydroxystyrene, 3,4—dihydroxystyrene, and
.'2,4,6~trihydroxystyrene can be giveﬁ.

Of these recurring uniﬁs,-uhits-obtaihable by cleavage
of a polymerizable unsaturated.bond of 4-hydroxystyrene,
3-hydroxystyrene, 2~hydroxysﬁyrene, or 4-hydroxy-a-

'methylstyrene are preferable.
As the recurring units having the above-menticned
acid—cleavablegroup,recurrihgunitshavingonecn:morétypes
.of acid functional group such as a phenclic hydroxyl group and
carboxyl group can be given, with the recurring units shown
by the formula (10) or recurring units obtained by cleavage

of the polymerizable unsaturated bond of a (meth) acrylic acid
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ot her .than the above-nentioned structural units (hereinafter referred to
~as "other 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 nethyltrinethoxysilane, nmethyltrieth si | ane,
ethyl tri met hoxysilane, ethyltriethoxysilane, and the like; and % q%;mzoms

structural units shown by the followng fornmulas (18-1)-(18-4) can be

gi ven. 82y24réphi thd0R%d ® atom GB £Fsh i i Ay i (0k8-2) CF3
H2C- C- OH ?18r3) (18- 4)§T€§%?es?um?83) céﬁlbe S}Oduced 8; %ﬁxﬁ%% :

pol ycondepsabbRfl 9toapsisanep Tocpound tieyi41gh v Vs rent Organlc group
with an acid-cleavable group, or by the introduction of an
: acid-cleavable groups being preferable. Particularly
preferablegroupsarerecurrinéunitsobtainedknfthecleavage
of a polymerizable unsaturated bond of a 4—t—butoxystyrene,
.4—t—butoxycarbonyloxystyrene,
4ft—butoxycarbonylmethyloxystyrené,
4—tétrahydrofuranyloxystyrene?
4-tetrahydropyranyloxystyrene, Z2-ethoxyethoxystyrene,
:2-cyclupentyloxyethoxystyrene,._ .
2-cyclohexyloxyethoxystyrene, t—butyl(meth)acryiaté;
. methyladamantyl(meth)acrylate, | |
ethyladamantylkmeth)acrylate,
methylcyclopentyl (meth)acrylate,
ethylcyclopentyl {meth}acrylate,
methylcyclohexyl(meth)acrylate,
ethylcyclohexyl(meth)acrylate, and the like.
The resin tBl) can comprise cone or more recurring units
other than the above-mentioned recurfing units (hereinaftef
. referred to as "other recurring units (b1)").
| " As examples of the other recurring units (blf. units'
obtained by the cleavage of an polymerlzable unsaturated bond
of the following compounds can be given: vinyl aromatic
uompounds such as styrenes such as styrene, a-methylstyrens,
2-methylstyrene, 3—methylstyrene, 4-methylstyrene,
2-methoxystyrerne, 3—méthoxystyrene? 4-methoxystyrene, and

'4~(2—t—butoxycarbonylethyloxy)styrene;
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e

e A g e L

83 24 April 2006 acid-cleavable group and/or nonoval ent organi c group
havi ng an aci d-cl eavabl e group into a previously prepared organic

pol ysi |l oxane. In the (co)pol ycondensation of the silane conmpound having = a
monoval ent or.gani ¢ conpound W th an acid-cleavable group, it is preferable
to use an acidic catalyst as the catalyst, and particularly pre@£$HE?@K&o
react the silane conpound by polycondensation in the presence of an acidic
cat al yst, (mdéaeh) dor gatd nueadhes s aactiwn width))art8dditlel, oRtofyla base

catal yst. As exanples of the acidic catalyst, inorganic acids such as .
hydr ochl ofmetlacidyykald uritpmopyl (methcaaoldtehom-buagild, phosphoric
acid, titaniumtetrachloride, zinc chloride and alum nium chloride;

or gani ¢ a¢reshsachy kst € or niieutael dimetetderyladied, mrgemdpiloni ¢ acid, butyric
acid, valeric acid, oxalic acid, 'malonic acid, succinic acid, maleic acid,
fumari ¢ aéhethbaépybataci o heny halmet o ety karopiteaihyd hesivd, acetic
anhydride, nmaleic anhydride, citric acid, benzene sulfonic acid,

p-tol uenestitFdhrerakiee, ahoh Y PravRIRY f (R ativd adén be given. O these
acidic catal ysts, hydrochloric acid, sulfuric acid, acetic acid, oxalic
acid, mal SANEIERTEPECRY bi RSl tECr Y it i S H Y OBEHIARY lanhydr i de, and

.ﬁalelc an?%g{hggc?§fétgﬁféﬁgﬁ§ff%%é%%?ﬁéiy Aé%,'phenethyl '

(meth)acrylate, and the monomers of the followihg fgrmulas

(11)-(13);
o icl) _ CI;H3'/ \ 3
© HpC=HC—C~0-C—{ CHyj—C-0-G—CH=CH, . (1)

CHa

¢
¢
CH, CHa

Hy, . CHy .= .
—€CH2}'—(|‘J—O—©*CH=CH2 (12)
g : .

. o o |
: :5; . T .
HzC=H-C_" &—- 0—6 CHZ)__- CHQ)_ O-C—CH= CHZ (13)
] g . g

wherein g is an integer. of 1—6;.

unsaturated carboxylic acids such as (meth)acrylic acid;
crotonic acid, maleic acid, fumaric acid, and cinnamic acidf
carbokyalkyl esters of unsaturatedrcarboxylic acids_such'as

2=carboxyethyl (meth)acryléte, 2-carboxypropyl
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As exanpl es of the above base catal ysts, inorganic bases such as |ithium
hydr oxi de, sodi um hydr oxi de, potassium -hydroxi de, cal ci um hydroxi de,
barium hydroxi de, sodium hydrogencarbonate, potassium hydrogencarbonate,
sodi um carbonate, and potassium carbonate; organic bases such as 84 24
April 2006 triethylanine, tri-n-propylamne, tri-n-butylanm ne, a#fApril2006
pyridine can be given. Al kali-soluble resin The al kali-soluble resin used

in the poshbiNpatPPeatré 2dhRd | PreSERSkip¥Ep¥ LSk ANMes/den (i1) is aresin
having one or nore functional groups exihibiting affinity with an

al kal i ne Qﬁ!@t@?hE‘stﬂi_.tli%]_@neorﬁlﬁkﬁuﬂ@n@h@a o QRteRo iy i g & unct i onal
group such as a phenolic hydroxyl group, alcoholic hydroxyl group, or

carboxyl greHpordscexasplesiDE, seiedt ol Ked | nedlaiblia miasd,n.aran addi tion
pol ymeri zation resin having one or nore recurring units of the follow ng
formul as €ElhRprbai€2i)e;and a pol ycondensation resin having one or nore
recurring units of the following formula (22) can be given. R1 5 R17
-G CH2-j - uGsEHRrabEd Chri Qe Co @@ @xd@s such as (meth)acryiamide,
N,N-dimethyl(meth)acrylamide, crotonamide, maleinamide, and
.fﬁmaramide;
_unséturated imide compounds such as maleimide,
- N-phenylmaleimide, and N—cyclohexylmaleimide;
and other nitrogen-containing vinyl compounds such as
' N—vinyl-&caproléctam, N-vinylipyrrolidone, 2-vinyleridine,
3-vinylpyridine,.4—§inylpyfidine, 2—vinylimidazole, and
- 4—viny1imidazolef
Of these other recurring units (bl), units obtainable by
cleavagé of a polymefizable unsaturated bond in thé.éompound
such.as a—methylstyrene,
4- (2-t-butoxycarbonylethyloxy)styrene, a monomer of the
_formula (11), or a monomer of the formula (12) are preferable,
As other acid-cleavable group~—containing resins fo; the .
positive—toneradiation—sensitivéresincompcsition (i) using
a KrF exciﬁer laser, a resin wherein the hydrogen atom of a
_ ?henolic hydroxyl group of a cresol novolac resin is replaced
by the acid-cleavable group can be suitably used. . As
examples of preferable écidfcleavable groups for this resin,
an ethoxyethyl group,-t—butyl group, t-butoxycarbonyl grdup,
t—butoxycarbonylmethyl group, and the like can be given.

As a suitable acid-cleavable group-containing resin for
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OH OH OH R16 (19) (20) (21) wherein R15 and R17 individually represent a
hydrogen atomor a nethyl group, Rl6 represents a hydroxyl group, a
carboxyl 85 24 April 2006 group, -R18COOH, -OR18000H, -(OCOR18COCH, or _

- COOR18COOH (R18 individually represents a group -(CH2)h-, wherein h is an
integer of 1-4). (22) wherein R19 individually represent a hydr offeMNPrhee6 on
‘a linear or branched al kyl group having 1-4 carbon atons. In the case
wher e t hetalkkabbisolubteneesaaihsian-asthit Ore Reliymebhgakiieioneskin, such a
resin may be forned only fromthe recurring units of the fornmulas (19) to
(21), or mmyinQuehh&rE egntmem dnee@;, avresbhhensokcbl«e oy sohtsSely
.(hereinafter referred to as "other recurring units (cl") inasnmuch as the
resin is ssdubBkeinnadhkadlkabinpeldevel operor A mxagpiues iofy the tet hér
recurring unirts (cl) , the other recurring units (bl) for the resin (Bl)
and the |itke Eanipelngifmmula (e erdéonare orhroet kKaldurgdinmhbaitresin is a

pol ycondensation resin, such a resin nmay be fornmed only from
of the following formula (135) 1s preferable (fhis resin is

hereinafter referred to as "resin (B2)"). The resin (B2) is
. also suitable for use in a positive-tone radiation-sensitive
resin composition (i) usiﬁg a KrF excimer laser, ArF eximer

laser, F, excimer laser, electron beams, or the like.

HC CH+ -

'(14)'

P

wherein B individually represeﬁt a hydrégen atom cor an
acid-cleavable group, at least one'of'B being the |
aéid—cleavablegroup,i)individually;epresentéahydrogenatom
oralinearorbranchednmnovalentalkylgrquphavingI—Qéarbon

‘atoms, and x is an integer of 0 to 2.
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the recurring units of the fornmula (22), or may further contain one or
nmore other recurring units (hereinafter referred to as "other recurring
units (c2) ") inasnuch as the resin is soluble 86 24 April 2006 in an

al kal i ne devel oper. Although the content of the recurring units of the
formulas (19) to (22) in the alkali-soluble resin cannot be gen®ARIAP0f
specified and varies according to the types of the other recurring units
(cl) or other recurfjipg units (c2) , such a content is preferably 10-100
.mol % and nore pref ably 20 100 nnl[err] The al kali soluble resin may be

.used as the hydro e the r has a recurring unit which contains
a carbon- carbon n ond s as a recurring unit of the fornulas
(19) and (22), ng ' anple nthis |nstance the hydrogenation degree is
usual ly 70% or SS) preferably 50% or. less, and still nore preferably

40% or” | ess of the tlotal amount of the carbon carbon unsaturated bonds in
the recurring unit§ of the formulas (19), (22), and the other simlar
recurring units g4 tthhydrogenatlon degree.is nore than 70%
developabilityRo?_F s dihkal i -solubl e resin by an al kaline devel oper nay
decrease. As an al kdl4g-soluble resin in the positive-tone '

wherein R'? represents a hydrogen atom, methyl grou?,

hydroxyalkylgroupcn:perfluoroalkylgroupandfﬁoindividually
.:epresénts a linear or branched alkyl grdup having 1-4 carbon
atoms cr a substituted or unsubstituted monovalent élicyclic_
hydrocarbon group having 4-20 carbon afoms, or any two of R
groups form in combination a subsﬁituted'or unsubstituted
diValeﬁtalicyclichydrocarbongrouphaving4—20carbonatoms,
ﬁith.the remaining R'® group being a substituted or
unsubstituted linear or branched alkyl éroup havin.g- 1-4 éarbon
'aﬁoms or a substituted or unsubstituted monovalent alicyclic
hydrocarbon qréup having 4-20 carbon atoms. |
| As preferable recurring units of the formula (14), units
having a norbornene skeleton obtainable'by cleavage of a
polymerizable unsaturatecﬁbond of the following monomers, for
example, -
5-t-butoxycarbonylbicyclo{2.2.1llhept-2-ene,

. 5—(4—t—butylcyclohexyloxy}carbonylbicyclo[2.2:l}hept—Z—enef.
Sf(1—ethoxyethoxy)carbonylbicyclo[Z.Z.l]beptf2—ene,.

5-(l-cyclohexyloxyethoxy)carbonylbicyclo[2.2.1])hept~2-ene,

15




radi ation-sensitive resin conposition (ii), a resin containing

pol y(4- hydroxystyrene), 4-hydroxystyrene/4-hydroxy-a-nethyl styrene

copol ymer, 4-hydroxystyrene/ styrene copolyner; or the like as a major
conponent is particularly preferable. Although Mv of the al kali-sol uble
resin varies according to the characteristics desired for the 24 April 2006
positive-tone radiation-sensitive resin conposition (ii), a preferable 87

24 April Qﬂﬂﬁbmﬁwﬁg?éﬁbéhﬁiM&ﬂﬁEk§H&kbdﬁgﬂbﬂdy%lkqmg@.qﬁh%pQOQu%QQHOOO bei ng

~nore preferable. These alkali-soluble resins nay be used either
i ndi vi duas +ye ©F ath Yid £ofb ARk 1 by @f ridovoy 1051 dyee [ 2 A Kalhepsoelouwkidd, ty contr ol
agent As exanples of the alkali solubility control agent in the
~ posi ti ve- % onet raldydt ¢ oyesenist # yoer ast Ik icorgpasi.izan (hidpt,- 2 -@srpounds i n
whi ch a hydrogen atomin the acidic functional group such as a phenolic
hydroxyl @+ otipudy ca darhoXyd t taawplo i 4. 4.6plldced by 1 dndaci-d-eheavabl e group
or t-butoxycarbonyl nethyl group can be given. As exanples of the
aci d- cl ea¥abd et gpwupl c¥ hleo sl o6l ¢h B g terafysUPs as mentioned in

. .connection with t i d-cl eavabl e group-contai ning resin, such as a
substituté@;4.0.1n?.Iﬁ&hdodec—3~ene,g P g

8~(l-ethoxyethoxy)carbonyltetracyclb[4.4.O.i&5.1%1%
dodeé—B—ene, |
8—(1—cyclohexyloxyeth0xy)carbonyltetracyclo._
[4.4.0.125;leo]dodec-3~ene, ' |
8~tﬂbutoxycarbonylmethoxyéarbonYitetracyclo
(4.4.0.1%%.1"Yjdodec-3-ene,
8—tetrahydrofuranylo$YCarbonyltetracyclot4,4rdflas.lhlﬁ
.dodec¥3—ene, and
'8;tetrahydropyranyloxycarbonyltetracyclo{4.4.0.1L5.17J°i
dodec—-3~-ene can be_given. :
As éxampleé of the_breferable recurring units of the.
'formula(15},unitsobtainedtnrthecieavageofzapolymerizable
unsaturated bond of t-butyl(meth)acrylate;
2-methyl—2—ad§mqﬁtyl(meth}acrYléte, .
2—éthyl—2-adamantyl(meth)acrylate,
: 2—methyl¢yclopentyl(meth)acrylate,
.Z—ethylcyclopentyl(meth)acrylate,
2—methylcyclohexyl(meth}acryiate,
2-ethocyclohexyl (meth)acrylate, and the units of the

following formulas (15-1)-(15-12) can be given.
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T (F R2-CR22

met hyl 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 |like, can be given. The
al kali solubility control agent may be either a |l ow nolecul ar wei ght
~conpound or ‘a high nol ecul ar wei ght conpound. As exanpl es of t he24 f&mwil 2006
nol ecul ar wei ght conpound, the conpounds of the follow ng formulas (23) to
(27): 88 24 April 1é(r)OG (23) (24) &121%) 89 24 April 209@ (26) (27) (ROV/
iRida

ein R20 indiv |1y represent RN aci d-cl eavabl e group

or- a t-butoxyc rgggxkﬂﬁt | gro ,'EQ i,ndi vi dual _represent a linear or
br anched al kyl—%ﬁ, up, h%nLyl grﬁu& oh’é@%_ (|: %2_}; |

] O=l
0 0 .
HsC—-C—CH;  HzC—C—-CHjs HaC~C~CH;
| S OH 8 |
(15-1) o (15-2) (15-3)
g2 'R12 o CR2 |
_ I N 1 _ ' | '
~C—cHr  H{C—CHry- ~-C—CHy
0=C 0=C o=¢
¢ o ?
H3C"’C.—CH3 ' H3C“‘C"CH3 | H3C—C—CH3

-9 s (159
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24 April 2006 1-naphtyl group having 1-4 carbon atons, R22 individually
represent a hydrogen atom a linear or branched al kyl group having 1-4
carbon atons, or a phenyl group, Qrepresents a single bond, -0-, -S,
-CO, -COO, -SO, -S@-, -C(R23)(R24)- (wherein R23 and R24 individually
represent a hydrogen atom a linear or branched al kyl group havZhgpril2@6
carbon atons, a |inear or branched acyl group having 2-11 carbon atons, a
phenyl group, or1QI-naphtyI gro&?&, or a substityuyed or unsubstituted -
phenyl ene group, v, and M/repre nt an integer of 0 or

r, s,
“more, provid #91 ril- p iﬁL z{f r]1(p+r) 2?1 for
formul a (24) err Fﬁﬁgﬁ%;t) erir] 1 O?gng 125), F%%?grr] (ptr+t +v)
?1 for . fornuIdDFZB) and 192 ﬁ{3+t+v) > for Q@ ﬁ la (27); steroids

as cholic aC|dé)deoxychoI|c k. and lithocholic acid;

ng an alicyclic ring or aromati

nt ane Qnﬂg aci d, wheret
acrrd conps repl aced by the
3 p or t-butoXyedy
the like can begiven. As a highTol ecul ar wei gf

Y bonyl met hyl group; and
agent, the above-described i d-cl eavabl e gra

al kali solubility contro
)nt ai ni ng resins, for

exanpl e, can be used. As preferable alkali sol

t he : :

(bile acids) suc
conmpounds -cont ai
carbonic acid g
the carboxyl

ty control agents for

(15-7) (15-8) (15-9)

R12 R12 : R12

i | |
—~C—cH - C—CH-  C—CHyp
0=¢ oe=¢ =¢

0 0 0
HG |

(15-10) - sy - (16-12)

The resin (B2) can comprise one or more recurring units
other than the above-menticned recurring units {hereinafter
“referred to as "other récurring units (b2)").
As other recurring units (b2){ units obtained by the
cleaﬁagecﬁfapolyﬁerizableunsaturatedbondofnwnomershaving

a norbornene skeleton such as
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_positive-tone radi ati on-sensitive resin conposition (ii), steroids (bile
aci ds) such as cholic acid, deoxycholic acid, and lithocholic acid,
conmpounds containing an alicyclic ring or aromatic ring such asadamant ane
carbonic acid or adamantane 91 24 April 2006 dicarbonic acid, wherein the
hydrogen atom of the carboxyl group in the carbonic acid conpoungt Agril 2006
repl aced by the above-nentioned acid-cl eavabl e group or

t - but oxycagr boayh okt i c geoups . anthidye- 13 ke, Lan be given. These al kal i
solubility control agents may be used either individually or in

conbi nati 9nnEEnl Vi Y- 1®! 2. 2 Nepépvertane radi ation-sensitive resin
conposition The negative-tone radi ati on-sensitive resin conposition of the
present ipvephiyopifhere[pabt ernepter+ateto as "negative-tone

radi ati on-sensitive resin conposition (iii)") conprises: (A the acid
gener at or 5€hydréybhayal &b i 2 sb) ubpe-2f@sd n, and (E) a conpound t hat

- cross-links an alkali soluble resin in the presence of an acid :

(hereinaf teflneftebiedcio(as2.thesstirkrag agent (E)"). .As the acid
generator (1) used in the negatjve-tone radiation-sensitive resin

conposi ti betERFYFLe [Ack d0gdfiér At dtislodeavidtgniseat and chemical stability are

preferable. The negative-tone radiaiiLon;:sensitive resin conposition
B 8—methyltetracyclo[4.4.0.?ig.?h%]dodec—B—ene,

8-ethyltetracyclol4.4.0.1%%.1"°]dodec~3-ene,
8-hydroxytetracyclo(4.4.0.1%3. 17  dodec-3-ene,
8~fluorotetracyclo(4.4.0.1%%.17) dodec-3-ene;
unsaturated carboxylic acid anhydrideé such as maleic
anhydride and itaconic'anhydride;

R the'(meth)aﬁrylatés préviouély given as examples of the other
recurring units (blj'for the resin (Blf; |
3-hydroxy-l-adamantyl (meth)acrylate, the (méth)ac:ylate

shown by the following formula (16):

-R13' | " |

| | o
cI:fQHzﬁ— (18
T

=

O
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(i1i1) of the present invention will now be described. Al kali-soluble resin
As exanples of the alkali-soluble resin for the negative-tone

radi ati on-sensitive resin conposition (iii), the resins given for the
positive-tone radi ation-sensitive resin conposition (ii) can be-given. As
an al kali-soluble resin in the negative-tone 92 24 April 2006 24 April 2006
radi ati on-sensitive resin conposition (iii), a resin containing

pol y(4-hydr oxygh¥rgRg)g!3 fe;rwégéwsstayw@@é&emé@wxraa m%ttmyllsgyeeae
copol ymer,  4-hydroxystyrene/styrene copol ymer, or the |iké aS a major

~conponent ahg phef eiabl ganAbthgugnMv of the alkall-soluble resin varies
according tao the characteristics desired for the negative-tone

radi ati on- sensiihkeveti€sids iepTRAS| haortid irkknraipgeiel edler thangBoke
1, 000- 150, 000, with.the range of 3, 000-100,000 being nore preferable.
These al kdbirmsidkuhlie)r eshasreaayrbénygsediestdetginading ditadd nadteim
conbi nation of two or nore. Crosslinking agent (E) As an exanple of the
crossl i nkangvdgende 6Ep poefeheblaegatihe-didme raduation- sensst i(bé)resin
conmposition (iii), a
. As a sulitable acid-cleavable group-containing resin for
the positive-tone radiation—sensitive resin compoesition (i)
usiﬁg an F; excimer laser, a polysiloxane,.insoluble or
- scarcely soluble in alkali, comprising one or more structural
units of the following formula (1?) and/cr one or more
structural units of the following formula (18) can be given
_(this resin is hereinafter referred tc as "resin (B3)f). The
resin (B3) preferably contains a structural unit of the formula
(17). The resin (B3) is also suitable for use in a
positive—toneradiation—sensitiveresincompositidn (i) using

a KzF excimer laser, ArF excimer laser, electron beams, or the

like.

' T
O
b S g

(17) - (18)

wherein E 1nd1v1dually represents a monovalent organic

group- containing an ac1d cleavable group, and R** represents
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conpound havi ng one or nore functional groups (hereinafter referred to as
"crosslinkabl e functional group") which-exhibit crosslinking reactivity
with the alkali-soluble resin can be given. As exanples of the
crosslinkabl e functional group, a glycidyl ether group, glycidyl ester
group, glycidyl amino group, nethoxynethyl group, ethoxynethyl &t ber2006
benzyl oxynet hyl group, acetoxymethyl group, benzoiloxy nmethyl group,
fornyl grouppAceliedrURN MU tEIQUP,1 iinS@rHr BREAYhedgr 8¥Pcyclic

(di nmet hyl am no) met hyl group, (diethylam no)nethyl group,

(di met hylped e diemetiydr ayaitpn dicet-hWaaliaag nepoetthybof3a24émlpril 2006
group, norpholinonethyl group, and the |ike can be given. As exanples of
t he crosslinkiagpagéatabEy exmnlyilsgrzhefdhaAgepor\E tconpaufidrmbilaphelibl F epoxy
conpound, bi sphenol S epoxy conpound, novol ac resin epoxy conpound, resol
‘resin epoaxyd (ddipoaddcypdhiy(hydrogysityn eye)urspdsychoapoiind;c st higy ol

gr oup- cont ai ni ng nel am ne conpound, nethylol group-containing
benzoguanamdure corpounnd/ 1 restdwd ol t rigrsupdssiarailniofgurea conpound, nethyl o
group-contai ning phenol conpound, al koxyal kyl group-containing nmel am ne
conpound, t & kaxyal ddacablu @ ot aidfith G e ddila ¥aeure  Neédipeuid

~al koxyal kyl group-caontai ning urea conpound, o -
. “acid-cleavable group, halogenated arcmatic hydrocarbon groups

havihg an acid-cleavable group, and the like can be given.
As particularly preferable examples of the structural
unit of the formula (17) for the resin (B3), structural units

of the following formulas (17-1) to (17-4) can be given.

9
1
(-Sli—_—oa- l
— CcFy O |
Hzc—c—o—llz%o—C(CHa)s ﬁ—O"C(CHs)s
- CF3 ' o O
ar-n S ar
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al koxyal kyl group-contai ni ng phenol conpound, carboxynet hyl

gr oup- cont ai ni ng nel am ne resin, carboxynethyl group-containing
benzoguanam ne resin, carboxynethyl group-containing urea resin,

car boxymet hyl group-containing phenol resin, carboxynethyl
group-cont ai ni ng mel anm ne conpound, carboxynet hyl group-cont ai n#hpril 2006
benzoquanam ne conpound, carboxynethyl group-containing urea conpound,
car boxymet hyl group-contai ni ng phenol conpound,; and the |ike can be given.
O these crosslinking agents (E), a nethyl ol grjoup-containing
.group-contai ning group-containing group-contg)ning group-containing

gr oup- cont ai ni ng phenol . conpound, met hoxynet hyl| nel ani ne conpound,

. met hoxynet hyl henol compound, net hoxymnet Si-ye@t++ conpound,
met hoxynet hyl Erea conpound, and acetoxynet hyl{ phenol conpound are
preferable, wtg 94 ' -

o

. CF; O | -
Hzcﬁclzmo—i:_—-o_—'—qcns); | ﬁ—'o—.' C(CH3)3
CF3 o | 0

(17—3) ' AR (17-4)

The resin (B3) can comprise_one or more structural units
other.than the above-menticned structural units (hereinafter
réfeﬁred to as "other structural units (bB)TL.

N As'preferabie other structural units (b3),

structural units produced by hydrolysis aﬁd condensation of
alkylalkoxysilanes such as methyltrimethoxysilane,
methyltriethoxysilane, ethyltrimethoxysilane,
ethyltriethoxysiléne, and the like; and the structural units

shown by the following formulas {18Fl)—(18—4) can be given.
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24 April 2006 particularly preferable conpounds bei ng a net hoxynet hyl
group-contai ni ng nmel am ne conpound (for exanple,
hexanet hoxynet hyl mel am ne), net hoxynet hyl group-containing glycoluri
conpound, nethoxynet hyl group-containing urea conpound, and the |iKke.
Met hoxymet hyl group-contai ning nel amine conpounds are conmer ci af4 Aprit 2006
avai |l abl e under the trademarks CYMEL300, CYMEL301, CYMEL303, and CYMEL305
(manuf actured by; M tsui Cyanam d ., Ltd.), nmethoxynethyl S
group-cont ai ni ngf gl ycol uril conpounds are commercially avail able under the
trademark CYMEL @174 (manufacturedCby Mtsui Cyananid Co., Ltd.) and the.
li ke; and met hpx}ynet hyl y group- centlai ni ng yrea conpounds are commercially

~avail abl e Site @ rk—rv%?ﬁi—(‘n@m)'a'ctured by Sanwa Chemical Co.,
Ltd.) and the Fike. A résin providgd w th ‘crosslinking agent '
characteristicg y ogen atom of an oxygen cont ai ni ng
functi onal

isnal group be suitably used as the
The a the crosslinkable functional group

@?(3‘0 mol % Yp+eferably 10-50 nmol % and still nore
preferably 15-40 myl % pf "t he togen cont ai ni ng functional groups in

' Q De specific percentage may dependi ng

t he al kal i -sol ub A | t
D M

(18-3) s

The resin (B3) can be producedby the {co)polycondensation
of & silane compound having a monovalent organic group with

an aéid—cleavable group, or by the introduction of an
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types of crosslinkable functional group and the alkali-soluble resin into
whi ch the crosslinkable functional group is introduced. The anmount of
crosslinkabl e functional group less than 5 nol % nay decrease the rate of
residual coatings and tends 95 24 April 2006 to i nduce meandering and
swelling of the patterns. If the amunt exceeds 60 nol % devel opeturd 200§ of
exposed areas tends to decrease. Methoxynethyl group-containing conpounds

such as gdietboxyiebhy| g8 anY dretcamkibhexymethyhi 8l yeohpridvane
"preferable as the crossllnklng agent (E) for the negative-tone

- radi ati onageasi+yeeseshe COMPOSi inton { ipigwiokld iosplared g cgent (E)
maybe used either individually or in conbination of two or nore. O her
. acid genepalossldhenpositive-tone radiation-sensitive resin conposition
(i), positive-tone radiation-sensitive resin conposition (ii), = and’
negative-tone faditat { on} sehstendensasion ofrpgosiEt lane (CiOirrip)'OHDﬁﬂalya‘c@n@al n acid
generators other than the acid generator (1) -as required éhereinafter
referred aomagoveidet ardaniyemmumors! WithAgneraiprescarabhe 9FABP, aci d
generators, sulfonimde conpounds, oniumsalt conpounds, sulfone
Conpoundsltsgsfgﬁgf@rable 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
alumlnlunlchlorlde, organic acids such as formlc ac1d acetic
racid, n- proplonlcaCLd butyr1cac1d valer1cac1d oxallcac1d
malonic acid, succinic acid, maleic acid, fumaric acid, adipic
acid, phthalic acid, terephthalic acid, acetic'anhydride,
maleic anhydride, citric acid, benzene sulfonic acid,
p—toluenesﬁlfonicacid,andn@thanesulfonicacidcankxegiven.
Of these acidic catalysts,'hydrochloric acid, sulfuric
acid, acetic acid, oxalic acid, malonic acid, maleic acid,
- fumaric acid, acetic anhydride, and maleic enhydride are
partlcuiarly preferable.
As examples of the above base catalysts, J.norganlc bases
- such as lithium hydroxide, sodium hydroxide, potassium
hydroxide, calcium hydroxide, barium hydroxide, sodium

hydrogencafbonate, potassium hydrogencarbonate, sodium

carbonate, and potassium carbonate; organic bases such as
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conmpounds, disul fonyl diazonmethane conpounds, disulfonyl nethane _

conpounds, oxine sul fonate conpounds, hydrazinesul fonate conpounds, and

the |li ke can be given. Exanples of these other acid generators are as

follows: <Sul fonimde conmpounds> As exanpl es of sul foni m de conpounds,

conpounds of the following formula (28) can be given: 96ggg 24 #2bhurl 200606

(28) wherein R25 is a nonoval ent organic group and R26 is a dival ent

‘organi ¢ ‘gtoipthpacifié c exanptesowslatd fonivd de-comawrdsd naide:

N-(trifluoronethanesul f onyl oxy) succi ni m de,

N-(trifl uoyobedinhy| szt flomyd oxgr) pht hal i m de,

N-(trifluoronethyl sul fonyl oxy)di phenyl mal ei m de,

“N-(trifluoronethyl sul fonyl oxy) bi cycl o] 2. 2. 11hept -5-ene 2, 3-di car boxyi m de,

N-(trifluoronethyl sul fonyl oxy)-7-oxabi cycl o[ 2. 2. 1] hept -

5- ene- 2, 33Hkaht haeyppd geresin - '

N-(trifl.uoronet hyl sul fonyl oxy) bi cycl o[ 2. 2. 1] hept an- o :

5, 6- oxy- 2, 3- di CAF bdXNR i TR0 LN ¢ t Fe$ 1ot HY I\ eRitSHAS TR hyl i ni de,

N—(lO-CanPh rsulfongloxy@succinLnide, S o _ .
adiation-sensitlive resin composition (ii) is a resin having

one or more functicnal groups exihibiting affinity with an
alkaline developing solﬁtion,'fof example, an 7
oxygen-containing functional group such as a phenolic hydroxyl
group, alcbholic hydroxyl grou@, or cérboxyl group.

As examples of such an alkali-soluble resin, an addition
polymerization resin having one orlndre recurring units of the
following formulas (19) to (21), andaa?olycondensation resin

: having one or more reéurring units of the following formula

(22) can be given.

RS R o
| \ [ I \ L . .
Aot —on g
o | o=c1: chlz cI::o
OH | OH OH -
RS | .
(19) NG (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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10- canphor sul f onyl oxy) pht hal i ni de,

N
N- ( 10- canphor sul f onyl oxy) di phenyl mal ei m de,
N- (10- canmphor sul f onyl oxy) bi cycl o[ 2. 2. 1] hept - 5- ene- 2, 3-di car boxyi m de,
N- ( 10- canphor sul f onyl oxy) - 7- oxabi cycl o[ 2. 2. 1] hept - 5- ene-
2, 3-di car boxyi mi de, 97 24 April 2006 N-(10-canphorsul f onyl oxy) bi 24/&prthp062,

1] heptan-5, 6-oxy-2, 3- di car boxyi m de,
- N-(10-canp b@@ulipﬁzb@}qy) napMdndH,M-@20R®COOH, or -COORM™®COQH (R'®

N- ( n-oct ahesu fony oxy)SUCC|n|n1de N (n- octanesulfonyloxy)phthal|nlde
N- (n- oct anggul-{ @ayl oxyy &b phesyt sod ey ro@e, - (CH,) h—-, wherein h is an

N- (n- oct anesul f onyl oxy) bi cycl o[ 2. 2. 1] hept - 5- ene- 2, 3- di car boxyi m de,
N—(n-octanﬁsuhéﬁnyfoxy;}Y-oxabicyclo[2.2;1]hept-5-ene- 2, 3-di car boxyi m de,
N-(n-octanesul fonyl oxy) bi cycl o[ 2. 2. 1] hept ane- 5, 6- oxy- 2, 3- di car boxyi m de,
N- (n-oct anesul f onyl oxy) napht hyl i mde, N-(p-toluenesul fonyl oxy)succini m de,
N- (p-t ol uenesul f onyl oxy) pht hal i m de,

N- ( p-t ol uenesul f onyQd%y) di phenyl nal ei m de,

N—(p tquenesuIﬁQ ony)blcyclo[2 2. 1] hept-S-ene-2,3- dicarboxyim de,

\ |
(22)
I\><'><) &19} o

f?19 |R19

wherein.Rlg individually represent.é,hydrogen atom or a linear
- or brénched_élkyi group having 1-4 caben atoms.
| Inthecasewherethealkali—solubleresinisenuaddition
polYmerization resin, such a resin May be formed only from the
.recurring units of the formulas (19} to (21), or may further. 
containoneormoreotherfecur:ingunits(hereinéfterreferred
to.as "other recurring units (cl)}") inasmuch aé the resin is
scluble in an alkaline develcper.

As examples of the other recurring units (cl), the other
ﬁecurring units {(bl} fer the resin (Bl) and the like.can be
given. 7

In the caée where thé 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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p- t ol uenesul f onyl oxy) - 7- oxabi cycl o[ 2. 2. 1] hept - 5- ene- 2, 3-di car boxyi m de,
p-t ol uenesul f onyl oxy) bi cycl of 2. 2. 1] hept ane-5, 6- oxy- 2, 3-di car boxyi m de,
p-t ol uenesul f onyl oxy) napht hyl i m de,
2-trifluoronet hyl benzenesul f onyl oxy) succi ni m de,
2-trifluoromet hyl benzenesul f onyl oxy) pht hal i m de, 24 April 2006
2-trifluoronethyl benzenesul f onyl oxy) di phenyl mal ei m de,
2-trifhiygospnethyl beazeagsubpenyl oxy) bi cycl o[ 2. 2. 1]
t-5-ene- 2, 3-di car boxyi m de,
2-trifluor onethyhenzeaesuhtenyl 60Xy} hd- pxabieied Qunits of the
.2.1] hept - 5-ene- 2, 3-di carboxyi m de, 98 24 April 2006
2-tri ffuomoheshylﬁbnlzcene&lﬂ fiomy hox g ldadyielsofl2ab2elkesin cannot be
t an-5, 6- oxy- 2, 3-di car boxyi m de,
2-tri fgaoecmahwt@ﬁ@r@@ﬂ ﬁodmegmaphphsﬂhnmmthe types of the
4-trifluoronet hyl benzenesul f onyl oxy) succi ni m de,
4-trif PUBREMRH Wy SR&5E! fOhY o9 ber Hreidusirdag units (c2), such
4-trifluoronet hyl benzenesul fonyl oxy) di phenyl mal ei m de,
4-tri f RFSTORERhyF REedaTediin bRyl Bk yrditey2n pgrzpmeferably20 100
t-5-ene-2, 3-di car boxyi m de,
4 trifPgdromet hyl benzenesul f onyl oxy) - 7- oxabi cycl o

2. 1] hept - 5-

U111 uor ofBEnSH Bt ARt Ty PBCRRI btes 2 e bydrogenate

when the resin has a recurring unit which contains a

Zgzzzzzgzgzgzzzzzzz

2.
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- carbon-carben unsaturated bond such és a recurring unit of the
formulas (19) and (22), for example. In this instance, the
hydrogenation degree is usually 70% or less, preferably 50%
or less, and still more preferably 40%lor less of the total
arﬁount of the carbon-carbon unsaturated bondé in the recurring
units of the formulas (19} (22), énd the other similar
.recurringuniUS Ifthehydrogenatlondegree1snmrethan70ﬁ,

: developabzllty of the alkali- soluble resin by an alkallne
‘developer may decrease.

As an alkali—soiuble resin-in the positive—tone
radiation-sensitive resin composition {(ii), a resin
containing poly(4—hydroxystyréne),
4—hydroxystyrene/4—hydroxy—a—methylstyrene co?olymer,
4-hydroxystyrene/styrene Copblymér, or the like as a major
component.is particularly preferable.

Although Mw of the alkali-soluble resin varies accordiﬁg
to the characteristicé desired for the positive-tone

radiation-sensitive resin composition_(ii), a preferable
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hept ane- 5, 6- oxy- 2, 3-di car boxyi m de,
N-(4-trifluoromnethyl benzenesul f onyl oxy) napht hyl i m de,
N- (per fl uor obenzenesul f onyl oxy) succi ni m de,
N- (per fl uor obenzenesul f onyl oxy) pht hal i m de,
N- (per f 1 uor obenzenesul f onyl oxy) di phenyl mal ei mi de, 24 April 2006
N- (perfl uorobenzenesul f onyl oxy) bi cycl o[ 2. 2. 1] hept - 5- ene-
2, 3- di carbgyé misde, 000-150, 000, with the range of 3,000-100,000 being
_N-(perfluorobenzenesulfonyloxy) 7- oxabi cycl o[ 2. 2. 1]hept 5-

ene- 2, 3- dhecrs hoxeyfanadele .
' N-(perfluorobenzenesulfonyloxy)blcyclo[z 2. 1] hept an- 5, 6-

- oxy-2, 3- d|carbﬁh@ﬂ&nakkaRi{q&ﬂdﬂhﬂnnﬁﬁﬂnaemequbbom$bdx¢ﬁmaphthyI|nlde

N-(1- naphtalenesulfonyloxy)SUCC|nlnlde

N- ( 1- naphiad enedud flonydoxiy) phatislnatiidey of two or more.
N-(1- naphtalenesulfonyloxy)dlphenylnalelnlde

N (1- naphtaka i : ] hept -5-ene 99 24 April 2006
2, 3- dlcarboxylnlde :

- N (1-naphtal en%%@|Xfa51ﬁ}ﬁéx<§/i}' Theorbkpdy AVUPidityheprt Bok@@ent in the

2, 3-di car boxyi m de, (1- papht al enesul f onyl oxy) bi cycl o[ 2., 2. 1] hept an- 5, 6-
oxy-2, 3- d?%%¥%5&?|?ﬁ?ﬁar?@%%?%ﬂﬂﬂﬁ%ﬂ%ﬁﬁ%ﬁﬂfQﬁﬁﬁ“o%§TﬁﬁﬁHFH?Plﬁﬁdér

compounds in which a hydrogen atom in the acidic functional
' group such as a phenclic hydroxyl group and a éarbbxyl greup
ié replaced_b? an acid—cléavable group 65
t—butoxycarbonylmethyl group can be given.
| As examples of the acid-cleavable group, the same
écid—éléavable groups as mentioned in éonnection with the -
acid-cleavable group-containing resin, such as a substituted
methyl group, l-substituted ethyl group, l-substituted
n-propyl group, l—branched alkyl group, silyl group, germyl
group, alkoxycarbonyl group, a¢yl group, cyclic | |
acid—cieavable.group, and the like, can be given.
The alkali solubility control agent may be either a low
._molecularweightcompoundo:eahighnmlecularweightcompound.
Asexamplesofthelowrmﬂecularwelghtcompound the compounds

of the following formulas (23) to (27):
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(benzenesul f onyl oxy) succi ni m de, N-(benzenesul f onyl oxy) pht hal i m de,
(benzenesul f onyl oxy) di phenyl mal ei nmi de,

(benzenesul f onyl oxy) bi cycl o[ 2. 2. 1] hept - 5- ene- 2, 3-di car boxyi m de,
(benzenesul f onyl oxy) - 7- oxabi cycl o[ 2. 2. | ] hept - 5-ene- 2, 3-di car boxyi m de,
-N- (benzenesul f onyl oxy) bi cycl o[ 2. 2. 1] hept an- 5, 6- oxy 2, 3- di car box34 Apriti2006
- N-(benzenesul f onyl oxy) napht hyl i m de, N-{(5-

-met hyl - 5=net hoxycar bonyl bi cycl o[ 2. 2. 1] hept an- 2-yl)

sul f onyl oxy} @f&%ﬁl@hbm de, N-((5-

met hyl - 5- net hoxycagboqy! bi cycl o[ 2. 2. 1] hept an- 2-yl)

sul fonyl oxy} bi cy {% 1] hgg@SS ene- 2, 3-di carboxyi mde, and the like can

N-
N-
N-
N-
N-

be given. <Oniu tOnpo > As exanpl es of onium salt conpounds,

i odoni um sal ts, oni um salts (including thiopheniumsalts), phosphonium
sal ts, diazoni u&zﬁl ts, amoniumsalts, and pyridiniumsalts can be given.
Speci fi ¢ exanpl fd onium salts include: 100 24 April 2006

bi s(4-t-butyl phenyl)iodoniumtrifl uoronet hanesuf onat e,

-bi s(4-t-butyl phenyl )i odoni um pyrenesul f onat e,

(R*0), s (07R2°)r. .
| [@ Q @ (24)
SRS T
Ry R*) s
(R?'DO) I}\ R22 (ORZO) r
(<) w
(R“T/ R?)
’aq @ s
(RZOO) t\___/ (R21) J
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bIS(4 t - but yl phenyl )i odoni um n- dodecyl benzenesul f onat e,

bi s(4-t-butyl phenyl )i odoni um p-tol uehesul fonate, bis(4'\utyl phenyl)iodoni um
benzenesul fonate, bis(4-t-butyl phenyl)i odoni um 10-canphor sul f onat e,

bi s(4-t-butyl phenyl )i odoni um n-oct anesul f onat e,

bi s(4-t-butyl phenyl)iodonium 2-trifluoronethyl benzenesul f onat e, 24 April 2006

bi s(4-t-butyl phenyl)iodoni um 4-trifluoronethyl benzenesulfonate,

bi s(4-t- butylgﬁﬁnyl)lodonlun1 perfleﬁgggenzenesulfonate, di phenyl i odoni um
~trifl.uoronet &)l fonate ?lphenﬁ m um pyrenesul fonate,’
dlphenyllodonlun1 odec psul fonat e, di phenyli odoni um

p-t ol uenesul f onat benzenesul fonate, di phenyli odoni um
10- canphor sul f on n* m n-octanesul fonate, diphenyliodonium
2-trifluoronethyl g

4-trifluoronmethyl Bghzenesu fonat e, fxﬂenyliodonium

perfluorobenzenéEhI)@nate di (p-tolyt)isdoniumtrifl uoronet hane sul fonate,
di (p-tolyl)iodoni um pyreneQul f onat e, d|(p toI&Mﬂlodonlum

n- dodecyl benz Egg?ﬂ$£onate %dl(p toI oni um p-tol uene sul fonate,

di (p- tonI)| benzen sulr/pq i{p-tolyl)iodonium

10- canphor sul f ona

(R21 )u (.RZ'l )W
| : ) 20
(R®0),, oy (ORT)y
R
OQ
(R, /__\ (R?),
| , @27)
IR,
(R¥0), " (R™)y
. R2_—C—R2
s e,

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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W@

di (p-tolyl)iodoni um n-octanes. ul fonate, di(p-tolyl)iodonium 101 24 Apri
2006 2-trifluoronethyl benzene sul fonate, di(p-tolyl)iodonium
4-trifluoromet hyl benzenesul fonate, di(p-tolyl)iodonium

perfl uorobenzenesul fonate, di (3, 4-dinethyl phenyl )i odoni um
trifluoromethanesufonate, di(3,4-dinethyl phenyl)iodoni um pyr enedubrib2e6e,
di (3, 4-di net hyl phenyl )i odoni um n- dodecyl benzenesul f onat e,

di (3, 4-di ,%BB%EE@%E&WQQWH@; P1L ol depssyl 400RE €,8%? individually

di (3, 4-di nmet hyl phenyl )i odoni um benzenesul f onat e,

di (3, 4- di pephyspReny! hiodogéym dén canphiofed fonat@nched alkyl group

di (3, 4-di net hyl phenyl )1 odoni um n- oct anesul f onat e,

di (3, 4- di mathygpheaykhirbdanauons2- bri &l poeapet fiybhenzenesitd onat €, a

di (3, 4-di met hyl phenyl )i odoni um 4-trifl uoromethyl benzenesulfonate,

di (3, 4- di sehhykpheny) )i®@doristn -perf | «ddbersenesubbpnat-€ (R??) (R*) -

4-ni t rophenyl phenyl i odoni um trifl uor onet hanesul f onat e,

4- ni t r ophdmyepkény RFbdoni &i pyrainsisii ldnatrepresenitt roprdmphephemnyt, odoni um

'n-dodecyl benzenesul fonate, = 4-nitrophenyl phenyl i odoni um p-tol uenesul f onat e,

4- ni t r ophenyipkeny P odoanohed enkenk it dumndray ing-Initt copbeny Bkawy| 2odoni um
10- canphor sul fonate, - : :
: " linear or branched acyl group having 2-11 carbon atoms, a phenyl

gro‘up,. or a 1-naphtyl group), or a substituted or unsubstituted
phenvlene group, Q, q, r, s, t, u, v, and w represent an integer
of 0 or more, provided th‘a.t SEpgl for formula (23), 10 (p+r)
=1 for formula (24),_15;(p+r+t)§l for formula (25), 20=
| (ptr+t+v) =1 for formula (26), and 19= {p+r+t+v) 21 for formula
'(27); steroids (bile acids) suéh as cholic acid, deochholiﬁ
acid, and'lighocholic acid; compbunds containing an alicyclic
ring or ardmatic ring such as adamantane carbonié acid or
adamantahe dicarbonic acid, wherein the hydrogen atom of the
carboxyl group in the carbenic acid compound is replaced by
the ébove—mentioned acid—cleavable.group.or
t-butoxycarbonylmethyl group; and the like can be given.

_Asakﬁghnwlecularweightalkalisolubilitycontrolaqent,
fhe'above—described acid-cleavable group-centaining resins, -
for exaﬁple,_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, debxycholic acid,
“and lithocheolic acid, compounds containing an alicyclic ring

or.aromatic ring such as adamantane carbonic acid or adamantane
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4- ni t rophenyl phenyl i odoni um n- oct anesul fonate, 4-nitrophenyl phenyl i odoni um
2-trifluoronethyl benzenesul fonate, 4-nitrophenyl phenyliodoni um
4-trifluoronet hyl benzenesul fonate, 4-nitrophenyl phenyli odoni um

perfl uorobenzenesul fonate, di(3-nitrophenyl)iodoniumtrifluoronethane

sul fonate, 102 24 April 2006 di (3-nitrophenyl)iodoni um pyrenesul #bfgi 8006
di (3-ni trophenyl )i odoni um n-dodecyl benzenesul f onat e,

di ( 3- ni t reprenyd)iodoridim yhe ot irengies Ut damates, atdin( 3fnitheophemylkyiiodoni um
benzenesul fonate, di(3-nitrophenyl)iodonium 10-canphorsul fonate,

di (3- ni t rophEnyIT) | B riarhanige tatias lddmmratnel 1sdirg8-laicedoplyeniyle) i odoni um
2-trifluoronethyl benzene sulfonate, di(3-nitrophenyl)iodonium

4-tri f | uckomes HiR Hetsrb st ¥braksa vakdiq 3nsuer @ghenyl )i odoni um

perfl uoropbenzenesul fonate, 4-net hoxyphenyl phenyl i odoni um

trifl uor oeR HERTEETA FrRTa e T et 3 IeeryieogoRi bl pyvemesul f onat e,

4- met hoxypheny| phenyl i odoni n- dodecyl benzenesul f onat e, ‘
4- et hoxypheny"\L%F‘l%%é‘llikSgEJﬁ%kbl-]tjoq%598§6ﬁcﬁ%r&s may be used either

4- met hoxyphenyl phenyl i odoni um henzenesul f onat e,
4 ot oy DRER ST | S SO b o s e more -

Negative-tone radiation-sensitive resin composition

The negative-tone radiation~sensitive resin compésition
of the present in#ention (hereinafter referred to as
"negative-tone radiation-sensitive resin composition {iii)}"™)
comprisés: (&) the acid generator.(l), (C) an alkali soluble
resin, and (E) a compound that cross"lihks an alkali.sdluble
resin in the presence of an acid (hereinafter referred to as
"crosslinking agent (E)"). |

As the acid generator (I) used in the negative-tone
: radiationusensitive-resin composition (iii}, acid generators
having heat and chemical stability are preferablé. N
'The negative-tone fadiation—sensitive resin composition'

(1ii) of the present invention will now be described.

Alkali-scluble resin

As examples of the alkali-soluble resin for the
negative-tone radiation-sensitive resin composition fiii),
the resins given for the positive-tone radiation-sensitive
resin composition (ii) can be given. |

'_ As ‘an alkali-soluble resin in the negative-tone'.
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4- met hoxyphenyl phenyl i odoni um n- oct anesul f onat e,

4- met hoxyphenyl phenyl i odoni um 2-trifl uoronet hyl benzenesul f onat e,

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

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

. di (4-chl orophenyl )i odoni umtrifl uoronet hane sul f onat e, 24 April 2006

~ di (4-chl orophenyl )i odoni um pyrenesul fonate, di (4-chl orophenyl)i odoni um
n- dodecyl bedzenesnttenateivedicé4inhtenpphetydn i odoni um p-doinpenesul fonat e,
di. (4- chl or ophenyl )i odoni um benzenesul fonate, 103 24 April 2006

di (4-chl ocophengihgodohyyArhPdcanphoysahéppate, di (4-chl orophenyl )i odoni um
‘n-octanesul fonate, di(4-chlorophenyl)iodonium '
2-trifluodehgtihykbengenasilifapdtexy-d-hdtnhl ot pphenydpoDans tm
‘4-trifluoromethyl benzenesul fonate, di (4-chlorophenyl)iodoni um

perfl uor oBehzdneslictynane/stuireast cppblprenet ¢yl phenydRé coord umajor
trifluoronmethanesul fonate, di(4-trifluoronethyl phenyl)iodonium

' pyrenesul FeRRPBENLJLE4PLRERKBBEBREL hyl phenyl )i odoni um

Although Mw of the alkali-soluble resin varies according
to the characteristics desired for the negative-tone
radiation—sensitiﬁe resin composition (1ii), a preferable
range is 1,000-150,000, with the range of 3,000-100,000 being
more preferabie.

These alkali-socluble résios may be used either

individually or in combination of two or more.

Crosslinking agent (E)

As ah example of the crosslinking agent (E) for the
négative—tone radiatioo—sensitive resin composition (iiiy), a
compound having one or more functional groups (hefeinafter_
referredtﬁ:as"crosslinkablefunctionélgroup")whichexhibit
crosslinking reactivity with the alkali-sclubile resio_oan be
given. |
| As examples.of the crosslinkable functional group, a

__glycidyl'ether grcup, glycidyl ester group, glycidyl amino
group, methoxymethyl group, ethoxymethyl grouo,
benzyloxymethylgroup,acetoxymethylgroup;benzoilokynethyl
‘group, formyl group,.acetyl group, vinyl group, iso-propenyi
group, (dimethylamino)methyl group,_(diethylamino)methyl

group,(dimethylolamino}methylgroup,(diethylolamino)methyl'
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n- dodecyl benzenesul fonate, di(4-trifluoronethyl phenyl)iodoni um

- p-tol uenesul fonate, di(4-trifluoronethyl phenyl)iodonium benzenesul fonate,
di (4-trifluoronethyi phenyl)iodoni um 10-canphorsul f onat e,

di (4-trifluoromethyl phenyl)i odoni um n-octanesul f onat e,

di (4-trifluoronethyl phenyl)iodonium 2- trifl uoronet hyl benzenesul Pl 2006
di (4-trifluoronethyl phenyl)iodonium 4-trifluoromethyl benzenesul fonate,

di (4-trifduaromidpdhiemdndteganigwaumesildenebenzenestl benatieen.

di (1-napt yI)|odon|un1tr|fluoronethanesulfonate di (1- napt hyl )i odoni um
trifluoromet hamesaddmpiatiseof dhelenapthyhkiodoagemt (E), a bisphenol
nonaf | uor o- n- but anesul fonate, di (1-napthyl)i odoni um

per f | uor & evoctyaresuifrahab espheng 1 -Fhapd ky [compdoniduh ipahemesuBfapate, 104 24
April 2006 di(1-napthyl)iodoni um n-dodecyl benzenesul f onat e,
-~ di (1- napt tyrhp ¢ onkdni nero i et PO Yo dmmiRemnddi @Esﬁépﬁﬁ§up|@@@ﬁNUm
-~ di (1-napt hyl )i odoni um di (1-napt hyl)i odoni um
compound poly(hydroxystyrene) epoxy compound, methylol
group-containing melamihe compound, methylel
grdup—containing benzoguanamine éompound, methylol
groﬁp—containing urea_compound; methylol group-containing
- phenol compound, alkoxyalkyl group-containing melamine
compound, alkoxyalkyl group-containing benzoguanamine
compound, alkoxyalkyl éroup-containing urea compound,
alkoxyalkyl group-containing phenol coﬁpound,'carboxymethyl
group- contalnlng melamine resin, carboxymethyl
group contalnlng benzoguanamlne resin, carboxymethyl
group-containing urea resin, carboxymethyl group-~containing
phenol resin, carboxymethyl group—containing melamine
. compound, carboxymethyl group—containing-beanquanamine
compound, carboxymethyl group-containing urea compound,
carboxymethyl group-containing phenol compound}'and the like
can:be-givenQ . |
| Of these crosslinking agents (E), a methylol
group—containing phenol compound, methoxymethyl
_ group—éontaining melamine. compound, ﬁethoxjﬁethyl
group-containing phenol compound, methoxyméthyl
group—containing glycoluril cdmpound, methoxymethyl
gﬁoup~containing urea compound, and acetoxymethyl

group4containing phencl compound are preferable, with
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di (1- napt hyl )i odoni um di (1-napt hyl )i odoni um bi phenyl enei odoni um

p-tol uenesul fonate, benzenesulfonate, 10-canphorsulfonate,

n- oct anesul fonate, 2-trifluoronethyl benzenesul fonate,
4-trifluoronet hyl benzenesul fonate, perfluorobenzenesul fonate,

trifl uoronethanesul fonate, biphenyl enei odoni um pyrenesul fonate, 24 April 2006
bi phenyl enei odoni um n- dodecyl benzenesul f onat e, bi phenyl enei odoni um

bi phenyl epgi-edeni ¥ v bh pheaylienei asand wias iphend eraired@mistRy 1
bi phenyl enei odoni um " bi phenyl enei odoni um p-t ol uenesul f onat e,

benzenesuhtengteont 4 0n Lgphel sl fonedmp ounts ocf e estdnipdrat e,
2-trifluoromet hyl benzenesul f onat e, '
hexamethexymethylmelamine), methoxymethyl group-~containing
glycoluril compound, methoxymethyl group-containing urea
compound, and the like. Methoxymethyi group~containing
melaﬁine compounds are commercially availablé under the
trademarks CYMEL300, CYMEL30l, CYMEL303, and CYMEL305
(manufactured by Mitsui Cyanamid Co., Ltd.), methoxymeth?l
group—containing glycoluril compounds are commercially
| available under the trademark CYMEL 1174 (manufactured by
Mitsui Cyanamid Co., Ltd.)'and the like; and methoxymethyl
group—containing urea_éompounds are commercially available
underthetrademarkMXZSO(n@nufaéturaibySanwaChemiCalCo.,
Ltd.) and the like. o
Aresinprovidedwithcmossiinkingagentcharacteristics
by replacing a hydfogen atcmof an oxygen éontaining functional
group in an alkali—soluble resin with the above-mentioned
crosslinkable functional group can also be suitably-used as
the crosslinking agent (E). ‘The amount.of the crosslinkable
functional group’ihtroduced is usually 5-60 mol%, preferably
10—50 mol%, and still ﬁore preferably 15-40 mol% of the totél

bxygen containing functional groups in the alkali-soluble

o T

. resin, although_ﬁhe specific pé;cénta@e*ﬁéy:&éEY’depending on
typesclfcrosslinkablefﬁnctionalgroupandtjuaalkaliwsoluble
‘resin into which the érosslinkable'fﬁnctional gfoup is
introduced. TheamountofcroSslinkablefunctionalgroﬁpless

than 5 mol% may decrease the rate of residual coatings and tends
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4-trifluoromet hyl benzenesul fonate, bi phenyl enei odoni um

per fl uorobenzenesul fonate, 2-chl orobi phenyl enei odoni um
trifluoromethanesul fonate, 2-chl orobi phenyl enei odoni um pyrenesul f onat e,

2- chl or obi phenyl enei odoni um n- dodecyl benzenesul f onat e,

2- chl or obi phenyl enei odoni um p-t ol uenesul f onat e, 24 April 2006
2- chl or obi phenyl enei odoni um benzenesul fonate, 2-chl orobi phenyl enei odoni um
10- canphof s Ul A @Red anearddLM 0F o Phanyl engj edoniHdm-reet-agesuk topgte,

2- chl or obi phenyl enei odoni um ™ 2-tri fl uor onet hyl benzenesul fonate, 105 24
April 2006mRuehlnicehiqehenyherre) cldenrilomand 1tk fdtexemrkhyh beazenasad f onat e,
.2- chl or obi phenyl enei odoni um per fl uor obenzenesul fonate, triphenyl sul fonium
trifl uorooetdheanesusd onate, triphenyl sul foni um pyrenesul fonate,

tri phenyl sul f oni um n- dodecyl benzenesul fonate, triphenyl sul fonium

p-t ol uenesul f driat e x vyt e Nyt su £ oo e rhieny ervegglunoisatsech as

tri phenyl sul foni um 10- canphor sul fonate, tri phenyl sul foni um

n- oct anesdifonateymetnyphersgd sand o urams thd fimedhane thyidedmzede sud<f onat e

preferable as the crosslinking agent {(E) for the negative-tone
radiation-sensitive resin composition (iii).
 The cross_linki'ng agent (E) may be used either individually

or in combination of two or more.

Other acid generatcrs

-The positive—tone radiation—sensitive.resin.cOmposition
(i),positive—toneradiation~sensitiverésincomposition(ii),
éhdnegative~toneradiation-seﬁsitiveresincompositioﬁ{iii)
may contain acid generators other than the acid generator (I}

- as required (hereinafter_referréd to as "other acid
generators"). | | 7

As examples of the other acid generators, sulfonimide
compounds, onium salt compounds, sulfone compounds, sulfonate
compounds, disulfonyl diazomethane compounds, disulfonyl
methane compoﬁnds, oxime sulfpnate compoundé, |
hydrazinesulfonate compounds, and the like can be givén.

Examples of these other acid generators are as follows:
<Sulfonimide compounds>

As examples of sulfonimide compounds, compounds. of the

- following formula (28) can be given:
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tri phenyl sul foni um 4-trifl uoronethyl benzenesul fonate, triphenyl sulfonium
hexaf | uoroanti nonate, triphenyl sul foni um napht hal enesul fonate,

tri phenyl sul f oni um perfl uorobenzenesul f onat e,
4-t-butyl phenyl di phenyl sul fonium trifluoronethanesul fonate,

4-t - butyl phenyl diphenyl sul foni um pyrenesul fonate, - 4-t-butyl phe#fypril 2006
di phenyl sul foni um n-dodecyl benzenesul f onat e,

4-t-butyl phenyl digphenyl sul f oni um p-tol uenesul forrate, 4-t-butyl phenyl

di phenyl sul f oni uf) benzenesul fonate, 4-t-butyl phenyl di phenyl sul f oni um

10- canphorsul fonge, 4-t-kmtyl phenyl di phenyl sul f oni um n-oct anesul f onat e,
4-t-buty|phenyld?ﬁhgnylsulﬂpniun1 2-trifluoronethyl benzenesul f onat e,

4-t - but yl phenRi8di phgry (e SenRIm 106523) April 2006 ,
4-trif|uoronetHapgbénzenesqufonate, -t-but yl phenyl di phenyl sul foni um
perfl uorobenzenegl f onate, @-t-butoxyphenyi. di phenyl sul f oni um _
trifluoromethanedll fonate, 4-t-butoxyphenyl diphenyl sulfonium
pyrenesul fonate, Q ' :

wherein R*® is a monovélent organic group.and R*® is a divalent
organic group. | |

Specific examples of sulfonimide compounds inélﬁde:
_N—{trifluoromethanesulfonyloxy)succinimide{
N~(trifluoroﬁethylsdlfonyloxy)pbthalimide,
N~(trifiuoromethylsulfonyloxy)diphenflmaleimide,_
N—(trifiuoromethylsulfonyloxy)bicyclo[2.2.l]hept~5—ene-
2,3¥dicarboxyimide,
N~(tfifluoromethylsulfonyloxy)~7—oxébicyclo[2.2.1}hept—
.5—ene—2;B*dicarboxyimide,
N—(trifiuoromethylsulfonyloxy)bicyclo[z;2.l]heptan1
5,6-o0xy-2,3~dicarboxyimide,
N~ (trifluoromethylsulfonyloxy)naphthylimide,
N- (10-camphorsul fényloxy) succinimide, . |
N—(lO-camphoréulfonyloxy)phthalimider
N—(10—camphorsulfonyloxy)diphenylmaleimide,
N—(lO—cémphorsulfonyloxy)bicyclo[2.2.l]hept—S—ene—
'2,3-dicarboxyimide, |
N—(10—camphorsulfonyloxy)—7—oxabicyclo[2;2.ljhept—S—ene—

2,3-dicarboxyimide,

97




4-t - but oxyphenyl di ph'enyl sul foni um n-dodecyl benzenesul f onat e,

4-t - but oxyphenyl di phenyl sul foni um p-tol uenesul fonate, 4-t-butoxyphenyl
di phenyl sui f oni um benzenesul fonate, 4-t-butoxyphenyl di phenyl suifonium.
10- canphorsul fonate, 4-t-butoxyphenyl diphenylsulfonium n-octanesul fonate,
4-t - but oxyphenyl . di phenyl sul fonium 2-trifl uoronet hyl benzenesul 44atmit €006
4-t - but oxyphenyl di phenyl sul fonium 4-trifluoronethyl benzenesul fonate.,
- 4-t-but oxyphenyl _ dipheny] sul fonj um. f | uor; ulsf guate, » 3-

2 hydr oxybhergT o Brengt SR B B oo acu onard 2

4- hydr oxyph | sujf pp oeﬁrgeﬁtécf &, nydnaxiReny!

di phenyl scgf‘?%#%nfﬂﬁ?%%ﬁﬁ:yﬁbﬁeﬁgﬁ%{su fonatdé/l,1 Q)ﬁf%r oxs/rphenyl
di-phenyl syl oni Psd iﬁ&g@ﬁ&glz angd &, ifi-dy dr oxyphenyl di phenyl sul f oni um
benzenesu fg)ﬁaét)%@ %f-‘]?uydr oxyph)te)nyl dinplhenyl sul f oni um 10- canphor sul f onat e,
4- hydr oxygbenyh - di phenytsw f o8) WA thoctranesul fonate, 107 24 April 2006
4- hydr oxyphenyl di phenyl sul T oni um :

N-{n-octanesulfonyloxy)diphenylmaleimide,

~ N-(n-octanesulfonyloxy)bicyclo[2.2.1]hept-5-ene-2, 3~
.dicarbdxyimide, '
N—(ﬁ—octanesulfonyloxY}-7—oxabicyclo[2.2.l]hept—S—ene-
2,3-dicarboxyimide, | | |

-.N—(n—octanesulfonyloxy)bicyclo[2.2.1]heptane~5,6—oxy—2,3—_
.dicarboxyimide,.N—(n~oc£anesulfonyloxy)naphthyiimide,
N—(p-toluenesulfonleXy)sdccinimide,
N—(p—toluenesulfdnyloxy)phthalimide,
N—(p—toluenesulfonyloxy)diphenylmaleimide,
N—(p—toluenesulfonyloxy)bicyclo{2.2.l}hept—S—ene—Z,3—
dicarboxyimide, -
N—(p—tolueﬁesulfonyloxy)-7-oxabicyclp{2.2.l]hept-5—ene—
2,3-dicarboxyimide, |
N—(p—toluenesulfdﬁYloky)bicyclo[2.2.1]heptane—5,6~oxy—
2,3-dicarboxyimide,-Nf(p-toluenesulfonyloxy)naphthylimide,
N—(2-trifluoromethylbenzehesulfonyloxy)sucCinimide,
N—(2—triflﬁoromethylbenzeneéﬁlfonyloxy)phﬁhalimide,
N—(2—trifluoromethyibenzenesulfonyloxy)diphenylmaleimide,f
N—(2—trifluoromethylbenzenesulfonyloxy)bicyclo[2.2.1]
hept~5—ene—2,3¥dicarboxyimide,
N—(2¥trifluoromethylbenzenesulfonyloxy)—?—oxabicyclo

{2.2.1]hept-5-ene-2, 3-dicarboxyimide,
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2-trifluoronet hyl benzenesul fonate, . 4-hydroxyphenyl di phenyl sul f oni um
4-trifluoronethyl benzenesul fonate, 4-hydroxyphenyl di phenyl sul f oni um
‘perfluorobenzenesul fonate, tri(4-methoxyphenyl)sul fonium
trifluoronethanesul fonate, tri(4- nethoxyphenyl)sulfonlunlpyrenesulfonate
~tri(4-methoxyphenyl)sul foni um n-dodecyl benzenesul fonate, 24 April 2006
tri (4-met hoxyphenyl ) sul f oni um p-tol uenesul f onat e,

tri(4-net hexypbenylysubhovhybbbenzeassut dopnd:ey)bicyclo[2. 2.1]

tri.(4-nmet hoxyphenyl ) sul f oni um 10- canphor sul fonate, tri (4-nethoxyphenyl)
sul f oni umhepoehaheubkpnat 8rditarpdxyenhdxyphenyl ) sul f oni um
2-trifluoronethyl benzenesul fonate, tri(4-nmethoxyphenyl)sulfonium

4-trifl uoNertéthyhbénzepesthfbhanesnesvl {4nykehokygHery Disuldoni um
-perfl uorobenzenesul fonate, di (4-nmethoxyphenyl) p- tolylsulfonlum
trlfluoroHEtHaﬁé$ﬁﬂﬂ@ﬁ@m@thﬂﬁpﬁﬂﬁﬁﬂﬁé&%ﬁﬁ%ﬁ¥¢§ykﬁ%%ﬂ%ﬂ%ﬁﬂ ®ni um
pyrenesul fonate, di  (4-nmet hoxyphenyl) Eﬁt0| yl sul f oni um

n- dodecyl Heﬁfeﬁégéllﬂeﬁamethawanﬁ‘éflﬁés& réhmy)ptzwwgm%m um

p to'“e”e%”H29@%Ef1uoro& HS&QQ%%QQ&QXE%ORyEOX ) i%ﬁéﬁ@ihafé{%f esul fonate,

w(4—trifluoromethylbenzenesulfonyloxy)bicyclo[2.2.1]
hept-5-ene-2, 3-dicarboxyimide,
—(4-trifluoromethylbenzenesulfonyloxy)—7—oxabiéyclo
{2.2.1]hept-5—ene¥2,3~dicarboxyimide;
N—(4—trifluorométhylbenzenesulfonyloxy)bicyclo{2.2.1]
heptane 5, 6-0xy-2,3-dicarboxyimide, A
-{4- trlfluoromethylbenzenesulfonyloxy)naphthyllmlde,
—(perfluorobenzenesulfonyloxy)succinimide,
—(perfluorobenzénesulfonyloxy)phthalimide,
N—(perfluorobenzenesulfonyloxy)diphenylmaleimide,
—(perfluorobenzenesulfonyloxy)bicyclo[2.2.lihept—Swene—
2,3—dicarboxyimide, | . |
—(perfluorobenzenesulfohyloxy);7—oxabicyclo[2.2.l]hept—B—
ene-2, 3-dicarboxyimide, |
*(perfluorobenzenesulfonyloxy)bicyclo{2.2.1]heptan—5,6—_
oxy-2,3-dicarboxyimidé, |
—(perfluorobenzenesulfonyloxy)naphthylimide,
N-{l-naphtalenesulfonyloxy)succinimide,
N-(l-naphtalenesulfonyloxy)phthalimide,
N—(1—naphtalenesulfon§loxy)diphenylmaleimidé,

Nf(1—naphtalenesulfonyloxy)bicyclo[2.2.l]hept—S—ene—
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di (4- met hoxyphenyl) p-tolyl sul foni um 10-canphorsul f onat e,

di (4- met hoxyphenyl ) p-tolyl sul foni um n-octanesul fonate, 108 24 April 2006
~di (4- met hoxyphenyl ) p-tol yl sul fonium 2-trifl uoromethyl benzenesul f onat e,

di (4- met hoxyphenyl ) p-tol yl sul fonium 4-trifluoronethyl benzenesul f onat e,

di (4- met hoxyphenyl ) p-tol yl sul foni um perfl uorobenzenesul fonate, 24h@hiQ06
bi phenyl enesul fonium trifl uoronet hanesul fonate, phenyl '
b|phenyleaesuhﬁ@akggkgyhgagsulfonate phenyl bi phenyl enesul f oni um

n- dodecyl benzenesul fonat e, phenyl bi phenyl enesul f oni um p-t ol uenesul f onat e,
- phenyl bi pkenyl-eaestkiencgm fenzenasy-Tobatpeicyphenyl bi phesyt ehestd £ oni um

10- canphor sul fonate, phenyl biphenyl enesul f oni um n-octanesul fonate, phenyl

bi phenyl erzeSudfianirbox y2mtitief, | uor omet hyl benzenesul f onat e, phenyl

bi phenyl enesul fonium 4-trifl uoronet hyl benzenesul fonate phenyl

bi phenyl emesll-nepihtmlpeetuddoolydpzenésalytopi{dt 8, 1] heptan-5, 6-

(4 phenyl t hi ophenyl ) di phenyl sul fonium trifl uoronet hanesul f onate,
oxy-2,3-dicarboxyimide,
N-(l-naphtalenesulfonyloxy)naphthylimide,

- {benzenesulfonyloxy) succinimide, |
N~(benzenesulfonyloxy)phthalimide,

-{benzenesulfonyloxy)diphenylmaleimide,

- (benzenesulfonyloxylbicyclo[2.2.1]hept-5-ene~
2,3-dicarboxyimide,

—(benZenesulfcnyloxy)—7—oxabicyclo{2.2.l]hept—S—ene—
2,3—dicarbdxyimide, |

—(benzehesUlfonyloxy)bicyclo[2.2.1]heptan—5,6—oxy—
2,3-dicarboxyimide, N—(benzenesulfonyloxy)naphthylimide,

—{(5-'methyl~54methoxycarbonylbicyclo[2.2.l}heptan—2-yl)
sulfonyloxy}succinimide,

-{(5- methyl-5-methoxycarbonylbicyclo[2.2.1]lheptan-2-yl)
sulfonyloxylbicyclo(2.2.1]lhept-5-ene=2, 3-dicarboxyimide,

and the like can be given.

<Onium salt compounds>

As examples of oﬁium salt compounds, iodonium salts,
sulfonium salts {including thiophenium salts), phosphonium
salts, diazonium salts, ammonium salts, and pyridinium salts
cén be given.

Specific examples of onium salts include:
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(4- phenyl t hi ophenyl ) di phenyl sul f oni um pyr enesul f onat e,

(4- phenyl t hi.ophenyl ) di phenyl sul f oni um n-dodecyl benzenesul f onat e,

(4-phenyl t hi ophenyl ) di phenyl sul f oni um p-t ol uenesul f onat e,

(4- phenyl t hi ophenyl ) di phenyl sul f oni um benzenesul f onat e,

(4- phenyl t hi ophenyl ) di phenyl sul f oni un o- canphor sul f onat e, 24 April 20086
(4- phenyl t hi ophenyl ) di phenyl sul f oni um n- oct anesul fonate, 109 24 April 2006

(4- phenyly phenr»qt)@p%%%mﬂ AL 2 AGLLLHOE IRLDYLRRZENes Ul fonat e,

(4- phenyl yIsuI onium 4-trifluoronet enzehesul f onat e,

(4- pheny (ﬁdﬂ ydigfaeiml) 5i‘<5|d QH' RE felsuqnsetqg@éenesul fonate,

4,4 -bis nylsulfonlopheny Ysul'fide. di(trifluoromethanesul fonate),

4, 4" - bi s (5 phenylisi f1oHerhenYdoulii de dodiccpibenesykbanabakce,

4,4 - biS(dL en_vl sul-foni ophenyl)sul fi de di (n-dodecyl benzenesul fonat e) ,

-4, 4" - bi S(kdid)lftﬁfbdkﬁ}ﬂﬁ%e@@mrwd)omlufm et divepretalLlgenassl f onat e)
4 4" - bi s(di phenyl sul'f oni ophenyl )sul fi de
bis (4-t-butylphenyl)iodonium benzenesulfonate,
bis (4-t-butylphenyl) iodonium l0-camphorsulfonate,
bis(4-t~butylphenyl)iodonium n-octanesulfonate,
bisf4—t—butylphenyl)iodonium
2—trifluoromethylbenzenesulfonate,
bis(4—t—butylphényl)iodonium 4—trifluofomethyl
'benzenesulfohate, bis(4—t—butylphényl}iodonium.
-perfluorobenzenesﬁlfonate, |
diphenyliodonigm trifluoromethanesulfonate,
.dipheﬁyliodbnium pyrenesulfonate, diphehyliodbnium
nQdodecylbenzénesulfonate, diphenyliddonium';
_p—tpluenesulfonate, diphenyliodoniﬁm benzenesulfonate,
diphenyiiodonium.10—camphorsulfonate; diphényliodonium
n—octahesulfoﬁate, diphenyliodonium
2~trifluoromethylbenzenesulfonate,.diphenyliodonium.
.44trifluordmetﬁylbenzenesulfonate, diphenyliodonium
perfluorobenzenesulfonate,
.di(p—tolyl)iodoniuﬁ trifluoromethéne sulfonate,
di(p-tolyl)iodonium pyrenesulfonate, di(p—tolyl)iédonium.
n-dodecylbenzenesulfonate, di(p;tolyl)iodonium p-toluéne
.sulfonate, di(p~toly1yiodonium benzenesulfonate,
di(p—tblyl)iodonium 10-camphorsulfonate, -

'di(p—tolyl)iodonium'n—octanesulfonate, di{p-tolyl) icdonium
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di (benzenesul fonate), 4,4'-bis(diphenylsulfoniophenyl)sulfide

di (10- canphorsul fonate), 4,4'-bis(diphenyl sul foni ophenyl)sul fide

di (n-octanesul fonate), 4,4'-bis(diphenylsul foni ophenyl)sulfide

di (2-trifluoronethyl benzenesul f onat e),

4, 4" - bi s(di phenyl sul f oni ophenyl ) sul fide 24 April 2006
di (4-trifluoronethyl benzenesul fonate),

4,4 - bi s(@rpmédyhoubfrethgphenygensulbfildenade( pet { pbtoo bpenzenesithf onat e) ,
1- phenyl t et r ahydr ot hi opheni um tri fl uor onet hanesul fonate, 110 24 April 2006
1- ( 4- hydr dxy-pRéEACYPBet A} BeoERNEpH&APDAT St r i Dot ohel haesul fionat e,

1- (3, 5-di net hyl - 4- hydr oxyphenyl ) t et r ahydr ot hi opheni um
trjfluoroﬁ@FﬁéH@§8Pﬁ8ﬁ&Pé?uifPﬂaﬁebutoxyphenyl)tetrahydrothiophenium
trifluoronethanesul f onate ) . ,

1- (4- hydr Mﬁagﬁéﬁgﬁéﬁﬁ@?ﬁw& LRAPBAYRNEEhRERPERFethanesufonate,
trifluorongethanesul f onate . . _

1 ot ey radrenar SR LEpE e LaRgBIBENPEBRBRF B onate,

trifluorOgﬁﬂgquﬁgh%%ﬁ%ﬁghenyl)iodonium n-dodecylbenzenesulfonate,
di(3,4-diméthylphenyl)iodohium p—toluehesulfonate,
di{3,4-dimethylphenyl)iodonium benzenesulfonate,
di(3,4~dimethylphenyl)iodonium lO—camphorsulfonate,
di(3,4—dimethyiphenyl)iodonium n-oétanesulfonate,

-di(3,4-dimethylphenyl)iodonium |
2;trifluoromethylbenienesulfonéte;

._. Idi(3;4—dimethylphenylfiodoni@m 4—trifiuoroﬁéthyl

| benzenesuifonate, di(3,4-dimethyl§henyl)iodonium
perfluorobenzenesulfonate,
4-nitrophenyl * phenylicdonium trifluoromethanesﬁlfonate,
4—ﬁitr0phenyl -phenyliddonium pyreﬁésulfonété,

_ 4;nitrophenyl °phenyliodonium n—dodeéylbenzenesulfonate;
4-nitrophenyl * phenyliodonium p-toluenesulfonate,
4-nitrophenyl * phenyliodonium benzenesulfonate,
é;nitrophenyl.-pheﬁyliodonium l10-camphorsulfonate,
~4-nitrophenyl * phenyliodonium n-octanesulfonate,
d-nitrophenyl * phenyliodonium |
2-triflucoromethylbenzenesulfonate, 4-nitrophenyl -
phenyliodonium 4-trifluoromethylbenzenesulfonate,
4-nitrophenyl -phenyliodonium perfluorobenzenesulfonate,

di(3-nitrophenyl)iodonium trifiuvoromethane sulfonate,
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1-(4-ethoxynaphthalen-l-yl)tetrahydrothiophenium
trifluoronethanesul fonate,

1- (4- n- but oxynapht hal en- 1-yl') t et r ahydr ot hi opheni um
trifl uoromet hanesul f onat e,

1- (4- met hoxymet hoxynapht hal en- 1-yl ) t et r ahydr ot hi opheni um 24 Aprit 2006
trifluoronethanesul fonate,

1-(4- ethoxynethoxynaphthalen 1- yI)tetrahydrothlophenlum
tri'fl uor oiet ramidsindhmmatle, 1 RN BYEERGyetRERY Fnapht hal en- 1-y1]
t et rahydr ot hi ophenium trif| uoromet hanesul f
tlr I[ ?| g (2) r g@c ﬁ@@#ﬁ@e@mwwn% Imﬁodetcyﬁqba?}ﬁ’f&PSFHFopﬁéﬁFam
- met hanesul f onat e 4-(2- thox eth ht hal en- 1-yl
aetza?gdr%%h tﬁﬁ&ﬁﬁﬁﬁﬁ?ﬁ%&ﬁQQﬁﬁ%¥Wmﬂa §%1fo§§¥ég%g s
met ox et ho hIh | en- 1-. te L@t hi opheni um
perfluoro fl % %B%% %Qﬁiﬁ%? O i%%v%gr %&Iéxynaphthalen 1-yl) 111

24 April t d
L (et nofh AT BonST STl ﬂi??‘ﬁ’&m“m RS o, um
trLfIuorog¥&?g§§§g£éggﬁ$f }o&o fbﬁ'&uéﬁﬁﬁﬂéEUf¥UHQ&¥ynaphtha'en 1-y1)

t et rahydr eni uor onet hanesul f onat e,
o .di(3—n1trophenyl)1odon1um 2-trifluoromethylbenzene

sulfonate, di(3-nitrophenyl)iodonium
4ftrifluorbmethylbenzenesulfonate,

" di(3-nitrophenyl)iocdonium perfluorcbenzenesulfonate,
4-methoxyphenyl ° phenyllodonlum trifluoromethanesulfonate,
4—methoxyphenyl phenyllodonlum pyrenesulfonate,

4-methoxyphenyl -éhenyliodonium'n—dodecylbenzenesulfonate,

- 4-methoxyphenyl * phenyliodonium p—toluenesulfonate,

| 4—meth0xypﬁenyl * phenyliodonium benienesulfonate,
4—méthoxyphenyl ‘phenyliodonium.10—¢amphorsulfonate,_
-4—methoxyphenyl.'phenyliodonium n—octanesulfonate;
_4~methoxyphenyl'°phenyliodonium
2ftrifluoromethylbenzenesulfonate,_
4-methoxyphenyl - phenyliodonium
4-trifluoromethylbenzenesulfonate,

_4—methoxyphenyl 'phenyliodonium perfluorobenzénésulfonate,
di {4-chlorophenyl) iodonium trifluoromethane sulfonate,
di{4~chlorophenyl)iodonium pyrenesulfonate,
.di(4—chlordphenyl}iodonium n«dodecylbenzenesulfonaﬁef
_di{é—chlofophenyl)iodonium p-toluenesulfonate,

di(4—chlorophenyl)iodonium benzenesulfoﬁate,.
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1- (4-1-propoxycar bonyl oxynapht hal en-1-yl) tetrahydrothi opheni um
~trifluoronethanesul fonate, 1-(4-n-butoxycarbonyl oxynaphthal en-1I-yl)

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

1- (4-t-but oxycar bonyl oxynapht hal en- 1-yl) tetrahydrothlophenlum

trifl uoromet hanesul f onat e, _ 24 April 2006
1- (4- benzyl oxynapht hal en-1-yl )t etrahydr ot hi opheni um

trifluoropgetihapgsukbbeA8kE1) iodonium 10-camphorsulfonate,
'1- (2-napht hal en-1-yl - 2- oxoethyl)tetrahydrothlophenlum

trifluoropethapasskbpAahes) lolidn(dmt ot sehydk of Uf syt ©Xy) napht hal en- 1- yl]
t et rahydr ot hi opheniumtrifl uor onet hanesul f onat e,

1-[ 4- (2-t ainabydnepypasyl,oxypaapbthal en-1 -y1] tetrahydrothlophenlun1'
trifluoronmethanesul fonate, and the |ike can be given. <Sul fone conpounds>
As exanpl eéstefi fdubtronethgirpenndsesbikenasa) f one, b-sul fonyl sul fone, and
a-di azo conpounds of these conpounds can be given. As specific exanples. of
sul f one cdifdurtiscrophengdylipbenylbmul f one, nesityl phenacyl sul fone, 112 24
April 2006 bis(phenyl sul fonyl)mmethane, and 4-trisphenacyl sul fone can be
o 4-trifluoromethylbenzenesulfonate,

_di(4—chlorophenyl)iodonium perfluorobenzenesulfonate,

di (..4—trifluoromethylphén_yl) iodonium -

'trifluoromethanesulfonate,

'di(4—tfifluoromethy1phenyl)iodonium pyrenesulfonate,

di (4-trifluoromethylphenyl)iodonium
nfdodecylbenzenesulfbnaﬁe,
di(4—trifluoromethy1phényl)ioddﬁium p—toluehesulfonate,
i'di(4—trifluorgmethyiphenyl)iodonium benzenesulfonatg?
di(4ftrifluoromethylphenyl)iodoniﬁm lO—camphoréulfonate,
di(4-t£ifluoromethylphenyl)iodonium n-octanesulfonate,
di(4—trifluoromethylpﬁenyl)iodonium

._2—trifluoromethylbenzenesulfonate,

di (4—trif1uoromethy1phenyi} iodonium
4-trifluoromethylbenzenesulfonate,
di{4-trifluoromethylphenyl) icdonium

'perfluorobenzenéSulfonate, |

'.di(l-napthyl)iodénium trifiuoromethanesulfonate,
di(l—napthYl)iodonium'trifluordmethanesulfonate,
di (1-napthyl) iodonium nonaflﬁoro—n~butanesulfonate,

di(l-napthyl)iodonium perflucro-n-octanesulfonate,

di(l-napthyl)iodonium pyrenesulfonate,
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glven <Sul fonat e conpounds> As exanpl es of sul fonate conpounds, alkyl
sul fonate, haloal kyl sulfonate, aryl sulfonate, and imino sulfonate can
- be given. As specific exanples of sul fonate conpounds, benzointosylate,
pyrogal | ol met hanetri sul f onat e, .
ni trobenzyl -9, 10- di et hoxyant hr acene- 2- sul f onat e, 24 April 2006
a- net hyl ol benzoi nt osyl ate, a-nethyl ol benzoin trifluoronethanesul fonate,

a- met hyl oldaqnzeiapthigcbanasukf anabaecaipehhyhokhenzgife dodecyl sul fonat e,
and the like can be given. <Disul fonyl di azonet hane conpound> As exanpl es

of "di sul f enylidnapatgthaneceonpoprdsluanegalipeyatdeshown by the foll ow ng
formula (29) and the like can be given: 0 N2 0 11 11 R27 S--S-R27 11 11
0 0 (29) whgrieinapR2yli)ddidendual bynrzepeeséfibsaaeponoval ent group such as an
al kyl group, aryl group, hal ogenated al kyl group, and '
' di{l-napthyl}iodonium lOfcamphorsulfonate,
di(l—hapthyl)iodonium n-octanesulfonate,
di(l—népthyl)iodonium 2—trifluoromethylbenzenésulfonate,
di(l—napthyl)iodonium 4-trifluoromethylbenzenesulfonate,
di(i—napthyl)iodonium perfluorobenzenesulfonate,
. biphenyleneiodonium trifiuoromethanesulfonate,
biphenyleneiocdonium pyrenesulfonéte,
biphenyleneiodonium n—dodecylbenzenesulfonate,
biphenyleneicdonium p-toluenesulfonate,
: biphenyleneiodonium benzenesulfonate,
biphenyleneiodonium lO—caméhorsuifonate,
.biphenylenéiodonium n-octanesulfonate,
biphenyleneiodonium 2~trifluoromethyibenzeﬁesulfonate,
biphenyleneiodonium 4—trifluorohethylbenzeneSulfonate,
biphenyleneiodonium_perfluorobenzenesulfOnate,
2-chlorobiphenyleneiodonium trifiucrcomethanesulfonate,
'2~chldrobiphenyleneiodonium pyrenesulfonéte,
2-chlorobiphenyleneiocdonium n-dodecylbenzenesulfonate,
2-chlorobiphenyleneiodonium pﬂtoluenesulfonate}
2-chlorcbiphenyleneiodonium benzehesulfonate,
Z2-chlorcbiphenyleneiodonium 1l0-camphorsulfonate,
‘2-chlorobiphenyleneiodonium n-octanesulfonate,

2—chlorobiphenyleneiodonium

2-trifluoromethylbenzenesulfonate,
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113 24 April 2006 hal ogenated aryl group. As specific exanples of
~di sul fonyl di azonet 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 ) di azonet hane, 24 April 2006

bi s(2, 4-di net hyl benzenesul f onyl ) di azonmet hane, et hyl sul f onyl

p-t ol uenegukthobybbiprenpt BAB&odohi 8h4-t - but yl phenyl sul f onyl ) di azonet hane,

bi s( 4- chl orobenzenesul f onyl ) di azonet hane,

(cycl ohexytsulifanpkppchglienesuksonybhdtazonet hane,

(cycl ohexyl sul fonyl) (1, 1-di met hyl et hyl sul fonyl ) di azonet hane,

bi s(1, 1- derethyleblipheolyfenglipdbaiomephafiéuorobenzenesulfonate,

. bi s(1- et hyl et hyl sul f onyl ) di azonet hane, '

bi s( 3, 3- dtméphghylseldooiarpirbfsusrangebanesglsordtanyl) di azonet hane,

bi s(1, 4- di oxaspi ro[ 4. 5] decane-7- sulfonyl)dlazonethane and the |i ke can be
gi ven. Dt§etph6ﬁyllﬁéltlﬁéﬁéU@oﬁﬁé@ﬁﬂ5‘-11fonater

triphenylsulfonium n—dqdecylbenzenesulfonate,
triphenylsulfonium p~tcluenesulfonate,
triphenylsulfonium benzenesulfonate,
triphenylsulfdniuﬁ l0~-camphorsulfonate,
triphenylsulfeonium n-octanesulfonate,
triphenylsulfonium 2—trifluoromethyibenzenesulfonate,
triphenylsulfonium 4—t:ifluoromethylbenzenesulfonaté,
triphenylsulfdnium.hexafluoroantimonate, |
triphenylsulfonium naphthalenesulfonate,
triphenylgulfonium perflﬁorobenzenesulfonate,
4-t-butylphenyl * diphenylsulfonium
trifiubromethaneéulfénate,
4-t-butylphenyl 'diphenylsulfonium.pyrenesulfonate,'

. 4-t-butylphenyl * diphenylsulfonium
.n—dodecylbenzenesulfonate,
4—ﬁ-bﬁtylphenyl * diphenylsulfonium p-toluenesulfonate,
4—t—butyiphényl 'diphenylsulfoﬁium_benZenesuifoﬁate, |
4-t-butylphenyl 'diphenyisulfonium lOfcamphquulfonater
d-t-putylphenyl * diphenylsulfonium n—octahésﬁlfonate,
4-t-pbutylphenyl 'diphenylsulfonium : , | B
2—trifiuoromethylbenzenesulfonate,

4-t-butylphenyl - diphenylsulfonium
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As exanpl es of disul fonyl met hane conpounds, a conpound shown by the
following formula (30) and the like can be given: 114 24 April 2006 OV O
R28-S-C-S-R28 (30) O WO wherein R28 individually represent a |inear or
branched nonoval ent aliphatic hydrocarbon group, a cycl oal kyl group, aryl
group, aral kyl group, or other nonoval ent organi c groups havi ngR4Pmib26o
atom V and Windividually represent an aryl group, a hydrogen atom a
| i near or 4btaaéhedranadhahenenaknphal Fonayer ocar bon group, or other .
‘nmonoval ent organi c groups having a hetero atom provided that at |east one
of V and4wreptegsphesyan diptermyloup, farith and Wbond to forma nonocyclic
~or polycyclic_ring having at | east one unsaturated bond, or V and W bond
to form aP§FréLHOSRABRAZBYCERELPBREBWI Nng fornula (31) : wherein V' and W
. individual ly represent a_hydrogen atom hal ogen atom an al kyl group,
“cycl oal kyR~§rBUpOXAPPENYL cUPLPIRY BF W 481 W oup, or V' and W each bonded
to the sage.%r diffghent carbon _atons bond to form a nonocyclic carbon
struct ur e " TAfdURTPES aPﬁ?BgEP“?F8n12 to 10. 115

4~t-butoxyphenyl - diphenylsulfonium pyrenesulfonate,
4-t-butoxyphenyl * diphenylsulfonium
- n-dodecylbenzenesulfonate,
4—t—butoxyphenyl Vdiphenylsu}fonium p~toluenesulf§hate,
4ft~butoxyphenyl 'diphenylsulfonium benzenesulfonate, 7
4—t—butoxyphehyl -diphenylsulfonium ld*camphorsulfonate,
4-t—bﬁtoxyphenyl °dipheﬁylsulfbhium n—octanesulfonate,
44t—butoxyphényl}‘dipheﬁylsulfoﬁium
2—trifluoromethyiﬁenzenesulfonate,_
4—t—bu£oxyphenyl 'dipheﬁylsulfonium
4—trifluoromethylbenzenesulfonéte,
4—t~but0xyphenyl °diphenylsulfonium
perfluorobéﬁzeﬁesulfonate,
_4—hydroxyphenyl'diphenylsulfonium
trifluorémethanesulfonate, .
4~hydroxyphenyl'jdiphenylsulfonium pyreneéulfonate,
4-hydroxyphenyl 'diphenylsulfonium | |
n—dodecylbenzenesulfonate,7
4-hydroxyphenyl - diphenylsulfonium p"téluenesulfonate,
4-nydroxyphenyl * diphenylsulfonium benzenesulfonate,
4-nydroxyphenyl * diphenylsulfonium 10-camphorsulfonate,

4—hydroxthenyl * diphenylsulfonium n-octanesulfonate,
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24 April 2006 <Oxime sulfonate co "
: ul nmpounds> As exanpl es of oxinme sul
%Sgpgugds, conpounds of the follow ng fornmulas (32-1)or(32-2) caﬁ LgnSFSen'
Il (32-1) NGC=NOS-R30 11 0 OR290 30 11 I 11 30 '

RS-O N=C-C=N-O S-R(32-2) 11 111 O R290 wherein R29 and R30 i ndi vj dual

represent a nonoval ent organic group, and when t a/
( oup, wo R29 and R30 ’éfﬁ'b
present, such groups nmmy be identical or different. As specific%;axarrf)lnfge

of R29 in the formula (32-1) and - _
o oo mohansy: ssaspErvesylCarbin, i (he'l[LE can e 6 VEh.
t osyl -'gfmfmme@?ﬂhﬁmﬁ%&;r Olq%i 22;:2] ggd (32-2), a phenyl group,
<Hydr azi nesul f onat e conpounds> grven.
4-hydroxyphenyl + diphenylsulfonium
4—trifluoromethyibenzenesulfbnate,
4-hydroxyphenyl + diphenylsulfonium
perfluOrobenzenesulfonate,
tri(4—methoxy§henyl)sulfonium_trifluoromethanesulfonate,
tri(4—methoxyphenyl)sulfonium pvrenesulfonate,
tri{4—methoxyphényl)sulfonium n-dodecylbenzenesulfonate,
tri{4—me£hoxyphényl)sulfonium p—toluenesulfdnate,
tri(é—methoxyphenyl)sulfonium béﬁzenesulfonate,
tri{4¥methoxyphenyl)sulfonium.10-camphoréulfonate,
- tri(4—methoxypheﬁyl) sulfonium n-octanesulfonate,
_ tfi(4~methoxyphenyl)sulfonium |
2-trifluoromethylbenzenesulfonate,
_'trik4—methoxyphenyl)sulfonium
_4—trifluOromethylbenzenesulfonate,
tri(4-methoxyphenyl)sulfonium perfluorbbenZenesulfbnate,
di (4-methoxyphenyl) - p-tolylsulfonium o
trifluoromethanesulfonate,
di (4-methoxyphenyl) : p-tolylsulfonium pyrenesﬁlfonate,
di(4—meth§xyphenyl) - p-tolylsulfonium | |
-n—dodecylbenzenesulfonate,
di(4~methoxyphenyl) -p—tolylsulfoniumIp—toluenesulfonate,
di (4-methoxyphenyl) -p—tolylsulfonium benzenesulfonaté,

_di(4—methoxyphenyl) - p-tolylsulfonium 10-camphorsulfonate,

di(4—methoXyphenyl) -p—tolylsulfohium n—octaqesulfonate,
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As exanpl
bi s(benzene) sul fonyl hydrazi ne, bis(p-toluene) sulfonylhydrazine, 116 24
- April 2006 bis(trifluoronethane)sul fonyl hydrazine, ' '
bi s(nonaf | uor o- n- but ane) sul fonyl hydrazi ne, bi s(.n-propane)
sul fonyl hydrazi ne, benzenesul fonyl hydrazine, p-tol uenesul f onyl #Ah2008e,

trifluoromethanesul fonyl hydrazine,

es of hydr azi nesul f onat e conpounds,

n- propanesulfon%lh dr azi ne triflu hanesulfonyl

p-t ol ueneSul f oASGF

gener at or
di (t-buty
trifluoro
N—(trlflu
ene- 2, 3-d
are pref

L rgk 5 g{g ggﬁ} doni pon t¢d f 1 uor omet hanesul fonate, .,
IOE ? -ca

eny orsu onate t11 phenyl sul f oni um

e L

!4Q@EQ%MbeH@th%E&Qz§§@PBQE§HH@“Y| oxy) succi ninide, and the |ike

erab
di(4-methoxyphenyl) * p-~ tolylsulfonlum

perfluorobenzenesulfonate,

phenyl * biphenylenesulfonium trifluoromethanesﬁifonéte,
phenyl,°biphenylenesulfonium pyrenesulfonate,

phenyl * biphenylenesulfonium n—dodecylbenzenesulfdnate,
phenyl - biphenylenesulfonium p-toluenesulfonate,

phen?l 'bi?heﬁylenesulfonium.benzenesulfonate,

phenyl tbiphenylenesﬁlfonium 10;camphorsulfonate,.

phenyl 'biphenylehesulfonium n—octaneéﬁlfonate,

N phenyl 'biphenylenesulfbnium

2;trifluoromethylbenzenesulﬁonate[

phenyl - biphenylenesulfonium |
4—triflﬁoromethylbenzenesulfonate,

phenyl 'biphenyleﬁesulfonium perfluorcbenzenesulfonate,
{(4-phenylthiophenyl) . diphenylsulfonium |
trifluordmethanesulfonate,

(4~pheny1thiophenyl) * diphenylsulfonium pyrenesulfonate,

'(4—phenylthiophenyl) 'diphenylsﬁlfonium

n—dodecylbenzenesulfonate,
(4-phenylthiophenyl) 'diphenylsulfonium.p—toluenesulfonate,
{(4-phenylthiocphenyl) » diphenylsulfonium benzenesulfonate,

(4~phenylthiophenyl)'diphenylsulfoniumlO—camphorsulfonate,

' (4-phenylthiophenyl) * diphenylsulfonium n-octanesulfonate,
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yohemel) éhd“%%Y %W €"¢4R be given. O these other acid




These ot her acid generators may be used either individually or in

.conbination of two or nore. In the radiation-sensitive resin conpositions

(i)-(iti) the proportion of the other acid generators to be used is
preferably 90 wt % or |l ess, and particularly preferably 80 wt% or |ess for
100 wt % of the total anount of the acid generator (I) and ot her24&wi2006
generators. Although the proportion of the conponents in the 117 24 Apri
2006 positjve-to radi.ation-sensitive resin.conposition (i), _
positive-%%‘n@‘?‘é@f‘éﬁoﬁﬁ%ﬁ i £ P& OES ?r?ugo%égﬁti on (ii), and the |
negat i ve-4ope: fadl AldoNssanst 1d ves fesddngonposition (iii) varies according

to the characteristics desired for the resist, a preferable proportion is

as foll ows, _ ﬁgn%{%%fgﬁﬂéﬁyfytqﬁ%h%%@q%hhqghggasitive resin conposition

(i) and the positive-tone Tadiation-sensitive resin conposition (ii), the

anmount of st he; ach &r SRPEF L I9En£desi DEdeatglded is preferably 0.01-70 parts

by weight, still nmore preferably 0. 1-50 parts by weight, and particularly
pref erabl y;-Pnén¢OcRaspseRY1 WeidBhdran slQGpaiks by wei ght of the

“aci d-cl eavabl e group-containing resin or alkali-soluble resin. The anount,

of the acpdrfenerabenzéhg¢stibSsnatan 0.01 part by weight may inpair
sensitivity and resolution. If the anount : = _ :
' _4,4'—bis(diphenylsulfoniophenyl)sulfide.
di(£rifluoromethanesulfonate);”
4,4;—515(diphenylsulfoniophenyl)suifidé.
di(pyrenesulfonate), |
4;4'—bis(diphenylsulfoniophenyl)sulfide
di(n—dodecylbenzenesulfonate),'
4,4'—bis(dipﬁenylsulfonibphenyl)sulfide
di(p—toluenesulfoﬂate}, ' |
4,4'—bis(diphenylsulfbniophenyl)sulfide
di(benzénesulfonatef;. | |
4,4‘—bis(diphénylsulfoniophenyl)sulfide-
di(lO—camphorsulfqnate)f- '
4,4'-bis (diphenylsulfoniophenyl)sulfide
"di{n-octanesulfonate), | |
'4,4'-bis(diphenylsulfoniophenyl)sulfide
di(2ftrifluoromethylbenzenesulfonate),
4,4"-bis (diphenylsulfoniophenyl)sulfide
di(d-trifluoromethylbenzenesulfonate),
4,4'—bis(diphenylsulfoniophenyl)sﬁlfide.r

di {perfluorobenzenesulfcnate), .

fl—phényltetréhydrothiophenium trifluoromethanesulfonate,
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exceeds 70 parts by weight, resist coating properties and pattern
configuration tend to be adversely affected. For the positive-tone

radi ati on-sensitive resin conposition (ii), the amount of the alkali _
solubility control agent to be added is preferably 5-150 parts by weight,
still nore preferably 5-100 parts by weight, and particularly 3Aib2a06] y
5-50 parts by weight for 100 parts by weight of the alkali-soluble resin.

The a"D”nE‘QE‘ﬁQE?Q%gﬁg%H9EBL&§ﬁ§ﬁ9&£9£hi5§ﬁgﬁ%ﬁﬁss than 5 parts by wei ght

may decrease t resi coatings and I nduce swelling of

patterns. ¢ Lf ¢t D8roABRHALeS%EEEHSA50 parts by weight, coating surface
‘roughening and decrease in the coating surface strength tends to occur.

For the _nﬁgqx@i,}3fed&fa@ehmdhah'yaﬂowgﬁéhwﬁf@ﬁﬁh}l&&@ﬁdwéﬂi@r@% .
conposition (1ii), the anmount of the acid generator (1) to be added is
preferabl yr0r0kofOmpanksebylvehgbt, still more preferably 0.1-50 parts by
wei ght, and particularly preferably 0.5-20 parts by weight for 100 parts
. by wei ght 1ef(4thebuabkabheagllubkernhgdnot Abhepaemint of the acid generator
(1) less than 0.01 part by weight may inpair sensitivity and resolution.
| f the ambuntlexceedshiBepaltenbyewei ght, resist coating properties and
pattern configuration tend to be adversely affected.
1- (4-hydroxynaphthalen~1l-yl)tetrahydrothiophenium .
trifludromethanesulfonate,
1-{4-methoxynaphthalen-1-yl)tetrahydrothiophenium
trifluoromethanésulfonate, '
l—(4—ethoxynaphthalen-1—yl)tetrahydrothiophenium
trifluoromethanesulfonate, |
l—{4—ﬁ-butoxynaphthalenﬂi—yl)tetrahYdrothiophenium
" trifluoromethanesulfonate, |
-.1—(4-methoxymethoxyhaphthalen—l—Yi)tetrahydrothiophenium
trifluoromethanesﬁlfonate,
l~(4“ethoxymethoxYnaphthalen—l—yl)tetrahydrothiophenium
trifluoromethanesulfonate,
1-[4-(1l-methoxyethoxy)naphthalen-1~-yl]
tetrahydrothiopheﬁium trifluoromethanesulfonate,
‘1-[4-({2-methoxyethoxy)naphthalen-1-yl]
ﬁetrahydrothiophenium trifluoromethanesulfonate,
1-[4- (2-methoxyethoxy) naphthalen-1-yl]
tetrahydrothidphenium noﬁafluoro—n-butanesulfonate,
1-[4-(2-methoxyethoxy)naphthalen-1-yl]

" tetrahydrothiophenium perflucoro-n-octanesulfonate,

1e(4—methoxycarbonyloxynaphthélen-l“yl)_
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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 anpunt of the crosslinking agent (E) |ess
‘than 5 parts by weight may decrease the rate of residual coati Rih 06
tends to induce neandering and swelling of the patterns. If the anount

exceeds 9bepashdbyrNEbSdn i GeVer OPRRS ik HfnXNGSeG rAreas tends to-
. decrease. O her conponents <Acid diffusion controller> 1t is preferable to

add an acid(giéthskptacosty Dbk @iapiothd tenpiosjt)i ve-tone radi ation-sensitive
resin conposition (i), positive-tone radiation-sensitive resin conposition
(i1), andtenegaydvethodmehenthimat t ohf BensiridtreareasiIToe@egsition (iii). The
acid diffusion controller controls diffusion of an acid generated fromthe
aci d genetat érnupodpexpostrenyhot hwapleshsiterd119-v24 ApH 2006 coating to

~hi nder unfavorabl e chem cal reactions in the unexposed area. The addition
~of the actdtdihydsponiecphenoiherriflrovesstistrorsagd etaddsi,l ity of the
conposi tion and resolution as a resist. Mreover, the addition of the acid .
di ffusi onlcéhrioPrepoxycarbonyloxynaphthalen-1-y1)

. tetrahydrothiephenium trifluoromethanesulfonate,
1—(4~n~butokycarbonyloxynaphthalen—l—yl)
tetrahydrothiophenium trifluoromethanesulfonate,
1«(4—t—butoxycarboﬁyloxynaphthalen—l—yl)
tetrahydrothiophenium trifluoromethanesulfonate,
l-(4-benzyloxynaphthalen—l~yl)tetréhydrbthiophenium
-trifluoromethanesﬁlfonate,
1—(2—naphthalen—1—yl—2—oxoethyl)tetrahydrothiophenium
trifluoromethanesulfeonate,
1-{4-(2-tetrahydrofuranyloxy)naphthalen-1-yi}
tetrahydrothiopheniﬁm triflucromethanesulfonate,
1—[4~(2*tetrahydropyranyioxy)naphthalen-l-yl]

tetrahydrothiophenium trifluoromethanesulfonate,

and the like can'be'given.

. <Sulfone coﬁpqunds>
As examples of sulfone compéunds; b-ketosulfone,
b-sulfonylsulfone, and a-diazc compéunds of these compounds
can be given.
As specific examples of sulfone compounds,

phenacylphenylsulfone, mesitylphenacylsulfone,
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~prevents the line width of the resist pattern fromchanging due to

vari ation of post-exposure delay (PED) from exposure to post-exposure heat
treatnment, whereby a conposition with remarkably superior process stability
can ‘be obtained. As the acid diffusion controller, organic conpounds
contai ning nitrogen of which the basicity does not change duri mf Aihd¥Er e
or heating for formng a resist pattern are preferable. As exanpl es of
such nitroqgen- i.ni I [ o] ds,. . e

ol lowi ng TarRiEAv s Ry AR cEan e B 1CT i B FiRERE T TN, S B o
(a)"), R3L;RRIN-R31 (33) wherein R' individually represents a hydrogen
atom alk group, aryl group, or aral kyl group which are either
unsubstituted or substituted by a functional group such as a hydroxy
group. A diam no conpound having two nitrogen atons in the nolecule

(her ei naf tey, refRile ¢ d@dmndait rogen- cont ai ning 120 24 April 2006 conpound
(0) ") , a diamno polynmer having three or nore nitrogen atons in the

nol ecul e (her eimafdempliefeigreduligoas te” Boinpogatdscoal ayhi sgléonpaeend (y)"),

- an am de

haloalkyl sulfonate, aryl sulfonate, and imino sulfonate can
be given. |

| As specific examples of sulfonate .compounds,
benzointosylate, pyrogailol methanetrisulfonate,
nitrobenzyl—9,10~diethoxyanthracene-2-sulfbnate,
a%methylolbenzointosyléte,'a—methylolbenzoin
trifluoromethanesulfonate, a-methylolbenzoin
'n*octanesulfonaté,'a—methylolbeﬁioin.dodecylsulfonate, and

the like can be given.

- <bisulfonyldiazomethane compound>
" As éxamples of disulfeonyldiazomethane compounds, a
compound shown by the following formula (29) and the like can

be given:

2ﬁ |
S— —ﬁ—R” (29)
0 o}

q
R¥—g-

O=Z

wherein R?’” individually represents a monovalent group such as

" an alkyl groﬁp, aryl group, halogenated alkyl group, and
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group- cont ai ni ng conpound, urea conpound, and nitrogen-containing

het erocycl i ¢ conpound can be given. Exanples of the nitrogen-containing
conmpound (a) include nonoal kyl am nes such as n-hexyl am ne, n-heptyl anm ne,
n-octyl am ne, n-nonyl am ne, and n-decyl am ne; di al kyl am nes such as

di - n-butyl am ne, di-n-pentyl anine, di-n-hexylamne, di-n-heptyl #himib2006

di -n-octyl am ne, di-n-nonylam ne, and di-n-decylam ne; trialkylam nes such
as triethhybhogematediarybraopyl@mm ne, tri-n-butylamne, tri-n-pentylam ne,
tri-n-hexylamne, tri-n-heptylamne, tri-n-octylamne, tri-n- nonylanlne

and tri-n-decyranipesifi sronmtés @i dien: 1 Bunhl dis zamietihaae
N-met hyl aniline, N, N-dinethylaniline, 2-nmethylaniline, 3-nethylaniline,

- 4- nethyla@@MP%@ndS4 nitroaniline, diphenylamne, triphenylam ne, and

1- naphthylanlne Exanpl es of the nitrogen-containing compounds (p) include
et hyl enedPafi el fh2RE Nre Y + ¢+ Bert Wyl et aRAsHEdsani ne,

‘N, N,N ,N -tetrakis(2- hydrox §§0ﬁgl)ethylenedlanlne t et ranet hyl enedi am ne,
hexanethyPéﬁéBY%ﬁ?%%xy st oy bt e phdia/tSret hane, 4, 4' - di.ami nodi phenyl

ether, 4,4 zop enone, 4, 4'-di am nodi phenyl am ne,
2. 2 bi s (BL8HPRERHERS gb%azémeﬁhan |

2-(3- a”‘”QEh?BYL%lueSesu gfﬁnyl)propane

diaiomethane,
bis{2,4-dimethylbenzenesulfonyl)diazomethane,
methylsulfonyl p-toluenesulfonyldiazomethane,
bis(4-t-butylphenylsulfonyl)diazomethane,
bis(4-chlorobenzenesﬁlfonyl)diazomethane,
(cyclohexylsulfonyl)(p-toluenesulfonyi}diazomethane,

' {cyclohexylsulfonyl) (1,1-dimethylethylsulfonyl)
diazomethane, | '
bis{l,l—dimethylethylsulfonyl)diazomethane,
'bls(1—methylethylsulfonyl)dlazomethane,
bis (3,3~ dlmethyl 1,5-dioxaspiro[5.5)dodecane—~8~- sulfonyl)
diazomethane,
bis(1,4—dioanpiro[4.5}decane—7—sulfonyl)diazomethane,

and the like can be given;
<Disulfonylmethane compound>

As examples of diéulfonylmethane compounds, a compound

‘shown by the following formula (30) and the like can be given:
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121 24 April 2006 2-(4-am nophenyl)-2-(3-hydroxyphenyl ) propane,

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 ) - I - met hyl et hyl ] benzene. Exanpl es of the

ni t rogen- cont ai ni ng conpounds (y) include polyethyleneimne,  24April2006
pol yal l yl am ne, a polyner of dinethylam noethyl acryl am de, and the |iKke.
Exanpl es of conpounds containing an am de group include formam de,

N- et hyl f or mam de, N,htp mgt hyhf or mami de, acetami de, N-nethylacetani de, N,

N- di et hyl acet am de, ropqonqplde benzanlde pyrrolidone, and
N-nethylpyrrolldqqéa__ e[ofR Bea cqggyunds i ncl ude urea, nethyl-urea,
1,1-di methylurea, "1, 3- g ne hy” rea 1, 1 3-tetranet hyl urea,

1;3-dipheny|urea, and t*gyl hi ourea. Exanpl es of the nitrogen-containing
het er-ocycl i ¢ conpounds 1 ncl ude i m dazol es such as i m dazol e,

- 4-met hyl i m dazol e, 4-nethyl -2-phenyl i m dazol e, benzi m dazol e and

2- phenyl benzi m dazol e; pyridi nes such as pyridine, 2- nethylpyridine,

4-met hyl pyridine, _2-ethylpyridine, . 4-ethylpyridine,. ghenylpyridine,

4- phenyl pyhededs, RRE nmdmquﬁehwemrﬁs@mea Ailpeeirner 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
groué, a hydrogen atom, a linear or branched mOnbvalent
"aliphatic hydrocarbon group, or other monovalent organic
groups haviﬁg a heterd atem,’ provided_that at least_one 6f Vv
and W represents an aryl grbup, or V. and W bond to form a
monocyclic or polycyclic ring.having.at least one unsaturated
bond, or V and W bond te form a group shqwn'by the folloﬁing

formula (31}:

ﬁ; @31

: Y’-
¥
: VV’

_.whérein V! and W' individually represent a hydrogen atom,
halogen atom, an aikyl group, cyclecalkyl 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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~hicotinic acid, nicotinanm de, quinoline, 8-oxyquinoline, and acridine;
pyrazi ne, pyrazol e, pyridazine, quinoxaline, purine, pyrrolidine,

pi peri di ne, norpholine, 4-methylmorpholine, piperazine,

1, 4-di net hyl pi perazine, .1, 4-diazabicyclo[?2.2.2]octane, phenanh&ﬁgljne
and the like. 122 24 April 2006 A nitrogen-containing conpound 2
aci d-cl eavabl e group can also be used as a nitrogen-containing organic
conpound. As exanpl es of the nitrogen-containing conpound having an
aci d-cl eavabl e group, N-(t- butoxycarbonyl)piperidine

"N (t-but oxycarbonyl )i nm dazol e %f but oxycar bonyl ) benzi m dazol e,

N-(t - but 6%&1{%8% P“étﬁhERE?PB&H?F dazol e,

N- (t-but oxycarbon dloct I hanol ne,
N-(t- butoxycaﬁﬁoﬁéﬁ% &léy xy?aﬁ?%é§n%$g t- f%ggﬁa%gog%h oA

di phenyl a Bes LR ol %1%@ (B8-9j vep. 3@Lzshz%§ﬁ Bkt § 0g&A: contai ni ng
organi c & rogen contalnlng conpounds (a),

ni‘'t rogen- contalnlng conpounds (p), nitrogen-containing heterocyclic
conpound, and nitrogen-cont ai ni ng conpounds havi ng an aci d-cl eavabl e group
and the |ike ared)z'geferabl eo

[l

| _ -
NC—C=N—'O—ﬁ—R3° o (32-1)
I
0 R2S |
| | ] o
R3 —g—oﬂm—c—c:—-N—o——s—R30 (32-2)
T e

wherein R?® and R** individually fepresenteamonovalent organic
group,.and when two R?® and R*® groups are present, such groups.
may be identigal'or different. | | ‘
Aé specific examples of R?? in the foﬁmula'(32—1) and
.(32—2),'a methyl group, ethyl group, népropyl_groqp; 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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The acid diffusion controller nmay be used either individually or in

~conbination of two or nore. The anmount of the acid diffusion controller to

be added is usually 15 parts by weight or less, preferably 0.001-10 parts
by weight, and still nore preferably 0.005-5 parts by wei ght f()4ééﬁ%ﬁﬁ?rts

by wei ght of the acid-cleavable group-containing resin or alkalT- e

resin. If the proportion of the acid diffusion controller exceeds 15 parts

by wei ght bisgnsitilubkyme8Banel 86l sbnandydexelopability of the exposed area

tend to decrease. If the amount is less than 0.001 part by weight, 123 24

April 2006ishecpatiennoshapetencisubfishpbaldagciacy as a resi st my

decrease dependi ng on the processing conditions. <Alkali-soluble resin> An

al kal i - sobublle-pespang¢henétnayikydreténeed to as "alkali-soluble resin

(c)") can be optionally added to the positive-tone radiation-sensitive

resi n conpesizenemuliipnyAsydxanmphes of the alkali-soluble resin (c),

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

poIy(3-hy@rﬁ%ﬁ§??ﬁéﬁéf?nﬁéhvﬁéﬁFynehydrogenated pol y( 3- hydr oxyst yrene),

-4- hydr oxystyrene/ 3-h droxyst¥rene copol yrer, ' -
triflucromethanesulfonylhydrazine,
nonafluoro-n-butanesulfonylhydrazine,
n-propanesulfonylhydrazine,

'trifluoerethanesulfonyl p-tcluenesulfonylhydrazine,
and the like can be given.
Of these other acid generators,

di (t-butylphenyl)iodonium trifluorométhanesulfonate,
di (t-butylphienyl) 10—camphorsulfonate,:
triphenylsulfonium triflucromethanesulfonate,
triphenylsulfonium 1l0-camphorsulfonate,
N-{trifluoromethylsulfonyloxy)-7-oxabicyclo[2.2.1l]hept-5-
ene-2, 3-dicarboxyimide,
Nf(lo—camphorsulfonyloxy)sucCinimide, and the like are
preferable.

These other acid generators may be used eithér
individﬁally or in combination of two or more.

: Intheradiation~sensitiveresincompositions(i)—(iii),
the proportion of the other acid generators to be used is
preferably 20 wt% or less, and particularly prefefably 80 wt%
.or less for 100 wt% of the total amount of the acid generator

(I) and other acid generators.

'Although the-proporﬁion of the components in the
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4- hydr oxystyrene/ styrene copol yner, novol ac resin, polyvinyl alcohol,

pol yacrytic acid, and the |like can be given. Mv of the al kali-soluble resin
(c) is 1,000-1,000,000, and preferably 2,000-100,000. .These :

al kali -soluble resins (c) may be used either individually or in )

conbi nation of two or nore. The amount of al kali-soluble resins %%@WYEP%%
‘added is preferably 30 parts by weight or less for 100 parts by weight of
the acid-gheaypble: GROUPsEOM AN I BSI v rSW TRGiRY X 194 fact,ant s
exhibiting an action of inproving the applicability or striation of the
conposi ti 9ss abdve deyed epabikiibyi-88n8 iteFk e sMYycHepasitedot q itihe and
positive-tone radiation-sensitive resin conposition (i), positive-tone
radi at i ontsensichiti@er-esine £oiposi dr-o3er(d i i veands hegahpoe-ittdre (iii}

~ radiation-sensitive resin-conposition (iii). 124 24 April 2006 Exanples of

such surfastaas sdcockdide tpotexyetrtadtend stilcaured i michéor thea yoxyethyl ene
stearyl ether, polyoxyethylene oleyl ether, polyoxyethylene n-octyl phenol
et her, pohypxgéehybbaepneoponylcphinots eftdhekgwpol yet hyl ene gl ycol

di l aurate, polyethylene glycol distearate; and commercially avail able
product s such HSrFIop Fr3D1iveErBose FFdbption-sensitive resin

composition (i) and the positiye—tone radiation-sensitive
iesin éomposition (ii), the aﬁount of the acid generator (I)
to be aaded is preferably 0.01-70 parts by wéi§ht, still more
preferably 0.1-50 parts by weight, and particularly preferably
O}5~20.parts by weight fof 100 parts by weight of the
'acid-cleavablegroupfcontainingresino:alkali—solﬁblereSinr
-The amount of the'acid éenerator (I) less than 0.0i;part by
weight may impair sensitivity and resolution. If the amount
éxceeds 70 parts by weight, resist coating properties and
pattern configuration tend to be adversely affected.

For the pOSitive—toné.radiation—Senéitive 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—sdlubleresin._Theamountofalkalisolubilitycontrol
agent less than 5 parts by weight may decrease the rate of

- residual coatihgs and induce swelling of patterns. If.the
amount exceeds 150 parts by weight, coating surface roughening
';nd.decrease in the coating surface strength tends to occur.

For the negative-tcne radiation-sensitive resin
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(manuf actured by TOHKEM PRODUCTS CORPORATI ON), MEGAFAC F171, F173

(manuf actured by Daini ppon Ink and Chemicals, Inc.), Fluorad FC430, FC431
(manuf actured by Sumitono 3M Ltd.), Asahi Guard AGr10, Surflon 5-382,

SC- 101, SC-102, SC- 103, SC-104, SC-105, SC 106 (rmanufactured by_ Asahi

G ass Co., Ltd.), KP341 (manufactured by Shin-Etsu Cheni cal 24@Wﬁ2qm
and Polyflow No. 75, No. 95 (manufactured by Kyoei sha Chenical Co., Ltd.).

‘These surfacpasisiomy( biel usedecanbentindithiedaal dygaredatoxcom)i natben of two

-or nore. The anpunt of the surfactant to be added is preferably 2 parts by
wei ght oratlded farp1ebepabls Bydhelghraots thie et clstavableore

group-containing resin or alkali-soluble resin. <Photosensitizer> A

photosensPFPféFaﬁﬁy(bé-éﬂh@ﬁrF%bWM?¥ﬂﬁﬁ¢ﬁVé%ﬁﬁﬁécqiﬂfkﬂpbﬁf%éﬁb1Y|ve

-.resin conposition (i), positive-tone _radiation-sensitive resin conposition
(ii), and nég§9|9@rF6nEY Valpati bR sEHEi R3S rusivte idvip e thitom (iii). As

~ exanpl es oi ggotos tlzers, carbazoles benzophenones, rose ben al s,
ant hr acen@4ka3hgspRd ?kéeﬁﬁﬁ be Ny iARgNnt, 95 EﬁeAﬁFFﬂ 9908 Fhege (1

seHSItlzeigsga¥hgg 8589 elt@ebylﬂgigﬂd%€£§yimpalr sen51t1v1ty and

resolution.. If the amount exceeds 70 parts by weight, resist
eoating 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
perts by weight, and particularly preferably 20-75 parts by
weigﬁt for 100 parts.by weight of the alkali-soluble resin.
The amoﬁnt of the crosslinking agent (E) less than 5 parts by
weight may decrease the rate of residual coatings and tends
to induee meandering and swelling of the petterns If the
amount exceeds 95 parts by welght developability of exposed

areas tends to decrease.

Other components

<Acid diffusion contrcller>

It is preferable'to add aﬁ acid diffusion_controller tec
the positive;tone radiation-sensitive resin compositicn (i),
positive—tone radiation—sensitive resin composition (ii), and :
negative-tone radiation-sensitive resin composition (1ii) .
The acid diffusion eontroller:controls diffusion of an acid

generated from the acid generator upon exposure in the resist
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conbinations of two or nore. The anount of the photosensitizer to be added
is preferably 50 parts by weight or less for 100 parts by weight of the
aci d-cl eavabl e group-containing resin or alkali-soluble resin. <O her
additives> In addition, a dye and/or a pignment nay be added to vjsualize
| at ent i mages of exposed areas and to reduce the effect of hal a4 il eRpe; ng
exposure. An adhesion adjuvant nmay be added to i nprove adhesion to the
substrat ecofsimd hes ladeid 4 vasfaadadlionciaidill ehciuehsasn the

~ 4-hydr oxy- 4- net hyl chal cone, forminprovers, preservation stabilizers,
anti f oam wge syesed, acaw. t he |i ke can be added. Sol vent The positive-tone
radi ati on-sensitive resin conposition (i), positive-tone
r adi at i on- sensThe veddigsion cdhpdsi gican @iiffusiandcoeygatl Vet omeroves
radi ati on-sensitive resin conEosi tion (iii) are used as a conposition
sol ut i on. S'SpEMIQ steRpasitlyi vhthgslamp i ti i paepaese U Leondbgencosiss .
dissolving the conposition in a solvent so that the total solid
concent r PBHRCVES, Othe s Do prleg er@l VA LA iggcoatd Sliiser i ng t he
solution through a filter with a pore dianeter of about 0.2 mm Exanpl esof
sol vent s REBUEEEF e pErf o Athéhecsm§dstt PBRTSBNUETOR Fhenated -

due to.variation of post—eXposure delay (PED) from exposurs
to pbst—exposure heat treatment, whereby a composition with
remarkably superior process stability caﬁ 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 cempound {(a)"},

R3! |
| .
R¥*—N—R¥  (33)

wherein R individuaily represents a hydrogen atom, alkyl
grbup; aryl groﬁp,.or aralkyl group which are either
unsubstituted or substituted by a functional group such as a
hydroxy.group.'

A diamino compound having two nitrogen atoems in the

molecule {hereinafter referred to as "nitrogeh—gontaining

120




-ethyl ene gl ycol nonoal kyl ether acetates such as ethylene glycol

nononet hyl ether acetate, ethylene glycol nonoethyl 126 24 April 2006 et her
acetate, ethylene glycol nono-n-propyl ether acetate, and ethylene glycol
nmono-n-butyl ether acetate; propylene glycol nonoal kyl ethers such as
propyl ene glycol rmonomethyl ether, propyl ene glycol nonoethyl et4 2006
propyl ene glycol nono-n-propyl ether, and propyl ene glycol nono-n-butyl

t her; I | dialkyl eth h. I I | di thI-.
cther. progyreeaiVea dBatin bRy b Fo SEQT i FRSBPERYI et her.
and propyl.enesdline ehedolebuiY! (netbNehasPLOPYL 0P, 0 YEO!  fron0al kyl et her
acetates such as propylene glycol nononethyl ether acetate, propylene

gl ycol nom e t | enen gl I 0- n- propyl ether
gﬁ%@blgen }:B%rcaaﬁ%gl BonPbARY E?)y 9] ¥0larffRR0- N- pr opy

‘acet at e, propyl ene glyc n- but'yl” ‘'ether acetate; lactic acid

esters suglram-Hulinkagt abgpoahhy! ukaat abRpouRdprony! |actate, and
i -propyl lactate; aliphatic carboxylic acid esters such as n-anyl formate,

Ci-anyl  f orimieiereidivit adeehat @etBrp9RYE caeshpbendi c K OpY| gagehat e,
n-butyl acetate, i-butyl acetate, n-anyl acetate, i-anyl acetate, i-propyl

propi onat e, n- @iaplplpsopt abad fitadden-Bohyhining compound («) include '
mbnoalkylamines.such as n-hexylamine, n—heptylamihe,.
n—oétylamine, n—nonylamiﬁe, and n-decylamine; dialkylamines
such as di-n-butylamine, di—n—péntylamine, di-n-hexylamine,
di-n-heptylamine, di—n—octylamine, difn—nbnylaminé, and
di—h~decylamine; trialkylamines such as triethylamine,
'tri—n-prépylamine, tri*n~butylamine, tri—n—pentyléminé,

' tri—n—héxyiémine; tri-n-heptylamine, tri;n—octylaminé,.
tri-n-nonylamine, and tfi—n~decylamine; and arcmatic amines -
such as aniline,'N—methylaniline, N,N-dimethylaniline,
2—méthylaniliné; 3-methylaniline, 4-methylaniline,
.4—nitroéniline, diphenylamine, triphenflamine, and’
l—naphthylamine. | |

Examplés of the nitrogen-ccentaining compounds IBI
include ethylenediamine,
N,N,N',N'-tetramethylethylenediamine}
N,N,N',N'—tetrakis(2—hydroxypropyl)éthylenediamine,I
tetramethylenediamine, hexamethylenediamine,
4,4'*diaminodiphenylmethane, 4,4'—diaminodiphenyl'ether,
4,4‘—diaminobenzophenone,'4,4'—diaminodiphenylamine,
2,2'—bis(4aaminophenyl)propane,

2-{3-aminophenyl)-2- (4-aminophenyl)propane,

121




propionate;'other esters such as ethyl hydroxyacetate, ethyl
2- hydr oxy- 2- nmet hyl propi onate, nethyl 2-hydroxy-3-nethyl butyrate, ethyl
“met hoxyacetate, ethyl ethoxyacetate, nethyl 3-nethoxypropionate, ethyl

3- et hoxypr opi onate, nethyl 3-ethoxypropionate, ethyl 3-ethoxyp§ i @#@,
butyl 3-nethoxyacetate, butyl 127 24 April 2006 3-nethy|-3-netho‘§§3@? e,
butyl 3-nethyl - 3-nmet hoxypropi onate, butyl 3-nethyl-3-nethoxybutyrate,

met hyl acetoacghah8pn&hiy) -22¢ceLRAGRLRLE: . divate, and et hyl
pyruvat e; aronaticphyd?oiarbons@gﬁch %ﬁh?ﬂfigﬁéxgﬁg xyl ene; ketones such

as net hyl cethybnkebpReny MpLhy | 4 PF pRYbx Kk ONEl ) preidnd, butyl ket one, _
2- hept anone, 3-heptanone, 4-heptanone,. and cycl ohexanone; am des such as

N-net hyl f or repidel - Nagli ABphyh§ OF ARAhEEny 1 &k el ydraoatean ded N, N- di net hyl

“acetam de, and N-nethylpyrrolidone; and |actones such as g-butyrol actone.

and the | Lke-pas[be (grarhnophesegl sol veatsyhayh k] hiesexkred t her i ndi vi dual |y

or in conbinations of two or nore. _

' ' Examples of the nitrogen-containing compounds (y) include
polyethyleneimine, ﬁolyallylamine, a poiymer of
dimethylamihoethylacrylamide,'and.the_like.

. Examples of compounds containing an amide group include
formaﬁide, N-methylformamide, N,N—dimethylformamide,
écetamide, N-methylacetamide, N,N—dimethylacetamide,
propicnamide, benzamide, pyrrolidone, and
_N—methylpyrrolidone.-

| Examples'of'urea_compounds include urea, methylurea,
l,l—dimethyiurea, l,3—dimethylurea, 1,1,3,3-tetramethylurea,
i,3—diphenylurea, and tributylthiourea. |

" Examples of the nitrogen-containing heteroccyclic
compcunas include imidazoles.such as imidazole,
4“methylimidazole,_4—methyl—2—phenylimidazole,
benzimidazole and Z—phenylbenzimidazole; pyridines such as
éyridine, 2-methylpyridine, 4-methylpyridine,
Z-chylpyridine, 4-ethylpyridine, 2—phenylpyridine,
4—phenylpyridine, N-methyl—@¥§£enylpyridine, nicotine,
nicotinic acid, nicotinamide, quinoline, 8-oxyquinoline, and -
acridine;pyrazine,pyrazole,pyridazine,quinoxaline,purine,
'pyrrolidine, piperidine, morpholine, 4-methylmorpholine,
piperazine; 1, 4-dimethylpiperazine,

*l,4-diézabicyclo[2.2.2]octane, phenanthroline, and the like.
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Formation of resist pattern Aresist pattern is fornmed fromthe
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) by applying the conposition

- solution prepared as nentioned above to substrates such as a si 4 AR5h28s er
~or a wafer covered wth alum numusing an appropriate application nethod

such as rotatigqﬂtfgggd4gbnté%HﬂmfgéﬁbBQndQQgﬁﬁﬁfEn%%ﬂéﬁﬁ%i%biﬁi@‘a

resist coating. The Tesist coating is then optionally pr ed at a

tenper at U@Eougf caR0Y1 sd Opd 6Q5e 4 hes ed naf ¢ edgdef@ided 4i0 A% rgd2B)- and exposed
128 24 April 2006 to |ight through a predeterm ned nask pattern. As
exanpl es cehpbhigdradi ation used here, deep ultraviolet rays such as
~ultraviolet rays, KrE exciner |aser (wavelength: 248 nm), ArF excimer

| aser (wavel engshexdi®3l ag)of Fheexditmeigen-asart ainwangl eagbbundSdattpg or EWV
“(extrenme ultraviolet, wavelength: 13 nm , charged particle rays such as

- el ectron beassidanlleXvalhys gsach, al- syrichr oty vadi latp igre wiati e, gi ven,

with deep ultraviolet rays and el ectron beans being preferable. The

exposure Sordi-bbbnsysachoaygli heidapohe,of exposure are appropriately

det erm ned dependi ng on the conposition of the radiation-sensitive resin
conposi ti ¥n,(trppésxyraganyivesnzimidazole, '

| N—(f—butoxycarbonyl)—2—phenylbenzimidazole;

N- (t-butoxycarbonyl}dioctylamine,
N—(t—butoxycarbonyl)diethanolamine,

N- (t-butoxycarbonyl)dicyclohexylamine,

- N-{t-butoxycarbonyl)diphenylamine, and the like cantxagiven.

Of these nitrogen-containing érganic compounds, the
nitrogen-containing compounds (a), nitrogen-containing
compounds{B),nitrogen-containingheterobycliccompound,and
nitregen~containing compounds having an acid—cleavablé group
and the like are preferable.
The acid diffusion controller may be used eitﬁér

individﬁally or in combination of two or more,
| The amount of the acid diffﬁsion controller to be added
isusuallylSpartsbyu@ightofless,preferably0.00l—lOparfs
by weight, and still more preferably 0.005-5 parts by weighﬁ
for 100 pérts by weight of the acid-cleavable group-containing
resin or élkali-soluble resin. If the proporfion of the acid
diffusion céntroller exceeds 15 parts by weight, seﬁsitivity

as a resist and developability of the exposed area tend to

_decrease. If the amount is less than 0.001 part by weight,

123




and the like.. In the present invention, it is preferable to perform
post - exposure bake (hereinafter referred to as "PEB") at 70-160C for 30
seconds or nore to consistently formmnute resist patterns with high
precision. If the heating tenperature for PEB is |less than 70C, )
sensitivity may fluctuate according to the type of substrates. A fRE2p08g
resist pattern is obtained by developing the resist using an al kaline

devel oper +ak ﬁgtégghfgﬁagg 890d1ﬁ@59@9§a1p5@£§§§@yya@I a 1s 30 for, 15- 100

seconds, and stil nore preferably at 20-25C 15-90 seconds. As t he
al kal i ne @@\é@lea@@r deEanahkgl bRetAgUEOYEe5oL HY T 8na Pt e ed by dissol ving an
- alkali such as an alkali nmetal hydroxide, aqueous amoni a, nono-, di-, or

“tri-al kyl amirali-genablediresiae tri-al kanol am ne, heterocyclic am ne,

t et raal kyl ammoni um hydr oxi de, choline, 129 24 April 2006

1, 8-di azabi cyclha[ 314aQli-Zolndéeenesior (hdrbidaArzabi cytdof<dd 3tH]aH- nonene to

a concentration of 1-10 w% preferably 1-5 wt% and particularly

pr ef er abl yalk3Llit-%clobhebesasad.(cMi) eorer beanpappnapl y atddedoumt tio a

‘wat er-soluble organic solvent such as nmethanol and ethanol or a surfactant
pOSltlve 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
hydrcgenated éoly(3—hydroxystyrene),

.4—hydroxystyrene/3—hydroxystyrene copolymer,
' 4—hyd:oxystyrene/styrene copolymer; noyolac resin, pelyvinyl
~-alcohol, polyacrytic acid, and the like can be givgn.
| Mw of the alkali-soiuble resin {c} is 1,000-1,000,000,
and preferably 2,000-100,000.
';These alkali-soluble resins (¢) may be used eithef
' individﬁally 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 exhibitihg an action of improving the
applicability or striation of tpq_éomposition aﬁd
developability as a resist may be added to the positive-tone
radiation-sensitive resin composition (i), positive-tone
'radiation-sensitiveresincomposition(ii),andnegativé—tone

radiation-sensitive resin composition (iii).
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can be added to the devel oper conprising the above al kal i ne aqueous
solution. Wen formng a resist pattern, a protective filmmy be provided
on the resist coating in order to prevent an adverse effect of basic
inmpurities and the Iike which are present in the environnental atnosphere.
Also, an antireflection film may be provided on the | ower or upfbfrrl 0% .
EXAMPLES The present invention will be described in nore detail by way of -

exanpl es. Howeygimp1eser exadP! £ SN0tk 0t ideC PRIIKE tas/ 1l t i ng -t he
present invention. In the exanples, part (s) and %refer to part (s) by

- wei ght  angui Yodtteasspol hekvwesRyl Bk cad etk yISgahbesiso bfoagd th gbsres at or (1)
- Synthesis Exanple 1 An autocl ave was charged with 108. 5g of

di cycl opent agl esehe ando @20 4y griof L dndrommetly 11, dhectletatdfdyor o- 3- but ene.. A
sol'ution of 0.3 g of 4-nethoxyphenol dissolved in 5 m of toluene was
added t o pheyaxyechalenasn-anpoyynenezal i orhal30 A4 varhivle2@0 6 ivewilbi t or and
the m xture was stirred for 5 hours at 170C. The reaction product was
purified Bylauseiel avdlyeundkeene aieed ddséssupscat aB8CAMERGLakd to

obtain 326 g of
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 5—382, sSC-101, sc-102, SC-103, SC-104,
SC—lOS, SC-106 (manufactured by Asahi Glass Co., Ltd.), KP341
(manufactured by Shin-Etsu Chemical Cof, Ltd.), and Polyflow
No. 75;'No. 95 (mahufactured.by Kyoeisha Chemical Co., Ltd.).

These surfactants may'be used either individually or in
cOmbination of two or mcre. |

.5The amount of the surfactant to'be adﬁed is preferably

2 parts by weight or less for 100'pafts 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—sensitiveresincompositidn(ii),andnegativthone
radiation—sensitivé resin coﬁposition {(iii).

As examples of photosensitizers, carbalees,
benzophenones, rose bengals, énthracenes, and'the'like can be

given.
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1-brono-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
t he 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 5%
rhodium the nixture was stirred vigorously for 3 hours under a2 %‘&Qn
at nrosphere. Then, the reaction solution was filtrated under reduced
pressure through a glass filter covered wth celite. .The filtrate was
concentrat ed Undee senstedzeps awsule At FeChen Sy Aldy Bﬁr'llﬁi ed by
di-stillation under reduced pressure to obtainb5 f -

1- br ono- toib2natiensatl GEPERIOESr bAFaRTOUNY f&fﬁé@ﬂsga‘écawa &ar Tiquid

(hereinafter referred to as "co nd -b%"). | it gr, Lhr-ee- Regked
flask, irnowhiechddpd e rﬁfsﬁﬁ@f%b%%% tpﬁ‘%r‘l'(?u Hl‘f/eiro%%? éjcltegev?f?h ni frogen, was
charged with a solution f . 70_q.qf i i 30 onid e and G=@finsodi um
hydrogen@@rrﬁénﬁﬂewﬂ%ggBlQ/fg(jfhienagbg ﬁ?gg}’g}\%}a?eiﬂ%eﬁ t?}aOO 1%1% of a sol ution
of- 55 g of the canpo r‘l’gil%rl ?ﬁidi ssolved in acetonitrile was added by
dri ppi ng Frora 1d1de- 1 : J nt'errper ature, and the solution was reacted
for two-h<ours raf«?g;cgf%isvoeAf; er evaporating the acetonitrile under reduced

. pressure, di'um t ungstate .di hydrate and 5.0 g of disodium
hydr ogenphosphat e j_rteiddar{jdeéj'd 6 H/ A SPHghedi-ogan per axdddd taqueous

sol uti on was added Dy dri‘ppi ng at room tenperature
visaalizerlatent images of exposed areas and to reduce the
effect of halation during exposure. An adhesion adjuvant may
" pe added to improve adhesion to the substrate.
As other additives, halation inhibitor; su;h as
| 4~hydroxy—4'-methylchélcone, form improvers{ preservation
.stabilizers, antifoaming agents, and the like can be.added.
: éolvent
Thé&positive—toné radiation-sensitive resin composition
(i);positive~£oneradiation—sensitiveresincompositioP(ii),
andnegative—toneradiation—sensitiveresincomposition(iii)
age used. as a éomposition solution. Sdch a'composifiop
éolution is prepared.by homogeneously dissolving the
composition in a solvent so that the total soliq 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
compoéition solution include:
eﬁhylene glycol monoalkyl ether acetates such as ethylene

glycol mondmethyl.ether acetate, ethylene glycol monoethyl
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131 24 April 2006 while carefully nmaintaining the pH of the reaction
solution. The solution was distilled under reduced pressure to renove the
wat er, the residue was extracted with nethanol and distilled under reduced
pressure to renove the nethanol, thereby obtaining 35 g of .

1,1, 2, 2-tetrafl uoro- 2- (nor bor nan- 2-yl ) et hane sodi um sul fonate (HbAR A6 er
referred to as "conpound (1-c)"). Next, 80 g of 1-n-butoxynaphthal ene and

212 ¢ of_@cr@p%@f&ratt%,p%@hgﬂed@- el hanesshd ol Sr &) d Snd MrR-aaeites added to
a five liter eggplant flask and the m xture was stirred for 15 m nutes at

room t emMeidtdiis:lehe Glofcdletdomeiiyphans etukloxideawas added to the

m xture by dripping at OC and the mxture was stirred for 20 m nutes, then
the tenmperadgyiemd gl IMndnd=a Was eghadisalshi aer easegleaer gdgcol _
tenperature. The mxture was stirred for an additional hour. The m xture
was againorometetylt etB€r, Aftery idree gllgcbil ommafetdyli ¢ ehsr pfomwaterensand
adjusting the pHto 7.0 using 25% aqueous ammoni a, the mxture was stirred
for one hplycal mpoorntemppratainter Akhdrpragie eaddilyonl aferep sotluttivan of 116
.g of-the conmpound (1-c) dissolved in 150 m of water, the m xture was
stirred feorhemy additional hour at roomtenperature. The reaction sol ution

.was extracted wth nethylene chloride and the extract was
propylene glycol dialkyl ethers such as propylene glycol

dimefhyl ether, propylene glycol diethyl ether, propylene
glycol di-n-propyl ether, and propyléne glycol divn—butyi
_ ether; |
propylene glycol moncalkyl ether acetates such as propylene
glycol monomethyl'ethEr acetéte, propylene glycol monoethyl
.ether acetate, prdpyléne glycol mono-n-propyl ether acetate,
and propylene glycocl mono-n-butyl ether acetate;
lactic acid esters such as methyl lactate, ethyl lactate,
n-propyl lactate, and i-propyl lactate:;
aliphéticcarboxylicacidestefssuéhasn?amylformate,i—amyl
formate, ethyl.acétate,-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 hydrdxyacetate, ethyl
'2—hydroxy—2—methylpropionate, methyl'
2-hydroxy-3-methylbutyrate, ethyl methoxyacetate, ethyl
ethoxyacetate, methyl 3-methoxypropionate, ethyl
3-methoxypropionate, methyl 3—eth§xypropionate, ethyl

3-ethoxypropionate, butyl 3-methoxyacetate, butyl
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washed with water. The nethyl ene chlori de was evaporated under reduced
pressure and the residue was purified using a silica gel colum (nethylene
chl ori de: met hanol =20:1). 76 g of

1, 4- but yl ene- ( 1- n- but oxynapht a- 4-yl ) sul f oni um

1,1, 2, 2-tetraf | uoro-2- (norbornan-2-yl)ethane sul fonate was 132 2% /g 2406
2006 obtalned by reprecipitation using methylene chloride/n-hexane. The

results OP VR —%Uﬁé¥ﬁb?gggétégbs ggrpeund are shown in Figure 1. The

results of mass-anal ysi's he cation noi ety and anion noiety are shown

in F|guregu%e%@qla3Lﬁ§@ggkyggb¥loggys cggpgynd is referred to as "acid
~generator (A-1) he naSs ahal ysis of the acid generator (A-1) and the

foll owi ng ﬁme@hg@n@r—aﬁe@hax@ﬁu&zrh@e( AnB}hypasacarbhedroué, @egprding to the
foll owi ng conditions: Apparatus: JMsS-AX505W mass spectroneter (nmanufactured

by JEQL, ddedtorcEmiatker methenpyrbfmAtégasndsedhyXepyrédegederati on vol t age:
3.0 kV 10N MULTI: 1.3 lonization nethod: fast atom bonbardnent (FAB)
Det ect i on dramatdat hguicerabassr edchmss rtabhgene28rd500héze;

.ketones such as methyl ethyl ketone, methyl propyl ketone,
ﬁethyl butyl ketone, 2-heptancne, 3-heptanone, 4-heptanone,
and.cyclohexanone: |
amides such as N-methylformamide, N,N;dihethylformamide,

_N—methylacetamide, N,N-dimethyl acetamide, and
N-methylpyrrolidone; and

.lactones such as g—butyfolactone.
and the like can be given.

These solvents may be used either iﬁdividually 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), poéitive—tone
radiation~5ensitiveresincomposition(ii),andnegative-tone

-~ radiation-sensitive resin composition (iii) by applying the
compositionsolutionpreparedasn@ntionedabomeﬁosubstrates
sﬁch as a silicon wafer or a wafer covered with aluminum using
an appropriate applicatioh.method such as rotatiocnal 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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Scan: 30 sec Resolution: 1500 Matrix: 3-nitrobenzyl al cohol Synthesis _
Exanple 2 A 2 liter eggplant flask was charged wwth a solution of 20 g of
tri phenyl sul fonium chl oride dissolved in 500 mM of water. A 500 ml aqueous
sol ution containing 20 g of the conpound (1-d) was added by dri ‘g_g at
roomtenperature and the mixture was stirred for 30 nminutes. Thé* ARhéeGton
solution was extracted 133 24 April 2006 with ethyl acetate and the organic
| ayer wastoabhw@itt tiviiceualsi g ravterrmitedqy refs k paphenyl. subd onkamples
1,1,2,2-tetrafl uoro-2- (norbornan-2-yl) ethane sul fonate was obtained as a
clear highf Vigcor@diatichyusehdesnes atderp tue ol iutlison deyy sdisstdh laat i on under
reduced pressure. The results of 1H NWR analysis for this conpound are
shown in ¥ gtRe-AleTHE esHIFf s #F 1 hais 3 agrdl yseseléngth h@ddaninon Aol ety and
ani on noi eté/, are shown in Figures 5 and 6 respectively. This conpound is
referred $H°HESY ab3 S hehed W bINIM 2) L Sy ittHesiks EXGAPEE 32AcZ |iter eggpl ant
fl ask vvas(charfjed vatg ! sol utian of 20 g of di phenyl i.odoni um chl ori de
di ssol ved ' YAVAIFFFE?: 6P Villler OF BV EGBXRF SRg SIS VoI Gt o¥A CoheRI Hi hg 20 g
| Of the Cof@%yar)]c,i él%efrcged_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 (hereiﬁafter referred to as "PEB") at
70—160°C for 30 seconds or more to consistently form minute
resist patterns with high precision. If the heatihg
temperature for PEB is less than 70°C, sensitivity may
fluctuate according to the type of substraﬁes.
A desired resist pattern is obtained by-déveloping 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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was added by dripping at roomtenperature and the m xture was stirred for
15 mnutes. 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-tetrafl uoro-2-(norbornan-2-yl)ethane

sul fonate. The results of 1H NVR analysis for this conpound are 2
Figure 7. The results of mass analysis for the cation noiety and anion

noi ety ar h LR Fl .B8.and79,respegtively. This conpound is referred
to as "ac?dggg%%?g?égy%%ég?"g %gngh%§§s Efgnﬁﬁé 4 A2 liter three-necked
flask, injwhighathsialavspheseoyas-nbhonoughly coapkaged twohhomi 1¥Dgen, was
-~ charged wifh a solution 134 24 April 2006 of 70 g of sodiumdithionite and
52 g of sqdiunprbygr@gencarhenat,eadidspatvecilar BO®rdfeafabiat a-3 808 nl of a
solution of 55 g of the conpound (1-b) dissolved in acetonitrile was added
by drippi agnf B2 @8edhour at roomtenperature and the nixture was reacted
for two hours at 75C. After evaporating the acetonitrile under reduced
pressure, the Meaebivem,sehutppmopwastexemashedofid watdwtsakbertbde. The
organi c | ayer was washed w th saturated brine and dried over anhydrous
‘magnesi umosglahdtesolThet esbgh ar atedthenids 2aedapohaned Uh@epurédGEaatpr essure

to obtain 35 g of 1,1,2,2-tetrafluoro-2- (norbornan-2-yl) ethane
can be added to the developer comprising the above alkaline

aquéous solution.

When forming a resist pattern, 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 cn the lower'or'upper layer.

EXAMPLES
" The present invention will be descfibed in more detail
by way of examples. However, these examples should not be
construed as limiting the preéent invention.
In the examples, .pa.rt (s} and % refer to part(s) by weight

and wt% unless otherwise indicated.

Synthesis of acid generator (I)

Synthesis Example 1

Anautoclavewaschargedwith108.5@;ofdicyclopentadiene
and 322.4 g of 1-bromo-1,1,2,2-tetrafluoro-3~butene. A
solution of 0.3 g_of'4~methoxyphenol dissolved in 5 ml oﬁ

toluene was added to the autoclave as a polymerization
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- sodium sul fonate (hereinafter referred to as "conmpound (1-d)"). Next, a 2
-liter eggplant flask was charged with a solution of 80 g of the conpound
(1-d) dissolved in 250 ml of water. The solution was bubbled with
superfluous chlorine gas for nmore than 15 mnutes while stirring at_room
tenperature. The oily matter collected on the bottom of the fl adkArh3006
extracted wwth nethylene chloride. The organic |ayer was washed with a

sodi um hydr 9gensar bodat g agiieause Sdditdon.and i edneves arhydpeys
magnesi um sul fate. The met hyl ene chl ori de was evaporated under reduced

pressure tQe it B thdictlwis duAd-ftfetdpby W9s0112a € NOA RRIdRAN- 2dytdd et hane
sul fonyl chloride (hereinafter referred to as "conpound (4-a)"). Next,

after addppgs2drg of Hehydrmxy>HrHparnent-sAn332di gapgoxyi m de to a
solution of 30 g of the conpound (4-a) dissolved in 150 g of

tetrahydr dfuramp-291 g2 p2 -tet et hyhan A2- (masbaddet-4o- 2-he Jradttame dyy
dripping. After stirring the 135 24 April 2006 reaction solution for 10

m nut es at ¢bear tlégperdal beesinaf eer nwese mddetoys dcoppiongdt 61obi &l n t he
reaction product as white crystals. After filtering, the crystals were

‘di ssolved in Nexkhylrelslion 6 ead ofetBel eanmrundad Icensataspvety washed

wi t h sodi um hydr ogencar bonat e aqueous sol ution, oxalic acid
in 1 liter of ethyl acetate was added to a 2 liter eggplant

flaék. After the addition of 12 g of alumina containing 5%
rhodium, the mixture was stirred vigorousl? for 3 hours under
a hydrogen atmosphere. Then, the reaction solution was
filtratedunderreducedpressurethrou@naglaésfiltercovered
with celité. The filtrate was concenﬁrated'under reduced
pressureandthecdncentratewaspurifiedbydistillationunder
reduced pressure.té obtain 56 g of
l*bromo—l,1,2,2—tetrafluoro—2—(norbornan—Z-yljethane as a
..clear liquid (hereinafter referred to as "compound (l;b)").
{ A2 liter three—necked_flask,j41which the étmosphere was
'thoroughlyréplaceﬂwithnitrogen,Waschargedwithiasolution
of 70 g of sodium dithionite and 52 g of sodium
hydrogencarbonate dissolved in 300_ml of water. Then, 300 ml
éf a solution of 55 g of the compound (l-b) dissolved in
acetonitrile was added by dripping for one hour at room
température,andthesolutionwasreactedfortwohoursat75%3.
Afterévaporatingtheacetonitrileunderfeducedpressure,350
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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aqueous solution, and water. After drying the solution over anhydrous
magnesi um sul fate, the nethyl ene chloride was evaporated under reduced
pressure to obtain 35 g of

N-(1,1,2,2-tetrafl uoro-2-(norbornan-2-yl)ethyl sul fonyl oxy) )

- 5-nor bor nene- 2, 3-di car boxyi mide. Fig. 10 shows the 1H NWR anal y314&prii 220§ t s
of this conpound. This conpound is referred to as "acid generator (A-4)".
Synt hesi swBxaapter&fihl putool e wes ttlkapgeds WiHd r2@8£3¢nokolution.

di cycl opent adi ene and 322.4 g of 1-brono-1,1, 2, 2-tetrafluoro-3-butene. A
sol uti on @he0s8lytobniwaetthbxyphksd| urdiss adededddnpferbksuat tbokamneewas
added to the autoclave as a polynerization inhibitor and the m xture was
stirred f&heswhAsgrs ahelreeiduFheapeastrantpdoduth wethwl fard by

distillation under reduced pressure at 85C and 0.1 mtHg to obtain 226 g of
1- br ono- 1945313 legt paflpgorsdpced pressure to remove the methanol,

(tetracyclo[4.4.0.12'5.17'10£dodec-3-en-8~yl)ethane as a clear liquid

(her ei naf CBRIREYePPERGLTENEs 3®cBnPbund (5-a)"). Next, a solution of 93 g of

t he conpoyn 5-a issolved .in 1.5 liters of ethyl acetate was added to a
ggglf ?"%?gr 31 2

3liter e n ABFPr220BB6TPPFRERT2AYE EPLHERE aRRATY®N of 18 g of
al um na C%ﬂ 595%% ﬁ%ﬁreinafter referred to as "compound (l-c)").
Next, 80 g of l-n-butoxynaphthalene and 212 g of a

phoéphorus pentoxide“methanesulfonic acid mixture were added
to a five liter eggplant flask and the mixtﬁre was stirred for
15 minutes at room temperature. 47 g of.tetramethyiene
sulfoxide was added to the mixture by dripping at 0°C and the
’mixture_was stirred for-ZO minutes, tﬁen the temperature of
the mixture was gradually increased to room temperature. The
mixture was stirred for an additional hour. The mixture was
agaln cooled to OOC. After the addition of 2 liters of water
and adjusting the pH to 7,0.uéing 25% aqueoﬁs ammonia, the
mixture was stirred for one hour at room tempefature: Aftef
the addition of a solution of 116 g of the compound (1—5)
dissolved in 150 ml of water, the mixture was stirred for an
additional héur at room temperature. The reaction solution
was extracted with methylene chloride and the extract was
washed with water. The méthylene.chloride was evaporated
under reduced pressure and the residue was purified usihg a
silica gel column {methylene chloride:methanol=20:1). 76 g
of 1,4—butylene—(1*ﬁ~butoxynaphta—4—yl)sulfonium

1,1,2,2-tetrafluoro-2-(norbornan-2-yl)ethane sulfonate was
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rhodium the m xture was stirred vigorously for 3 hours under a hydrogen
at nosphere. Then, the reaction solution was filtrated under reduced
pressure through a glass filter covered with celite. The filtrate was
concentrated under reduced pressure and the concentrate was purified b
distillation under reduced pressure to obtain 85 g of 24 April 2006
1-brono-1,1,2,2-tetrafluoro-2-(tetracyclo[4.4.0.12,5.17,10] dodecan-8-yl)
et hane as I, QL i r r t s "conpound (5-b)"). A
2 liter t ?%%iﬁ%(ﬁzkﬂé% ﬁ%ﬁ@%#%%ﬁ% %ngltﬂr%%ﬁ,hlee(r}lgawas t horoughly

repl aced wWhibrpidroogd.xas charged with a solution of 10.2 g of sodium:
dithionite and 7.4 g of sodi um hydrogencarbonate dissolved in 170 m of
‘water. Then, arhsaldsiler of *EONEReMAING iGOMPP YR s(Sorkdowh $SGleveloim 750 m
of acetonitrile was added by dripping for one hour at room tenperature,
and the sohWiigirenns rerctedul s oFevess hadlysat fol0OREcAfier mpL ey pi tati ng

the acetonitrile, the aqueous solution was filtrated and the filtrate was
concentr aked anien mse st etroressur €n Figuresi duendad exspactbdeit h
met hanol and distilled under reduced pressure to renove the nethanol,
t'her eby obt ai nThys 1@@epwid L sl r2f2rretr bl amr'ecdd yeheasyolto(A-1)".
[4.4.0.12'1.17' 10] dodecan- 8-yl ) et hane sodi um sul finate (hereinafter
referred to asTheompssnangbye}s)of Nele , acaldolemraineethrelcketnd | @yk was
charged with a )
S following acid generators (A-2) to (A-6) was carried out
according to the.follbwing conditions:
. BApparatus: JMS-AX505Wmass spectrometer (manufacturedby
JEQL, Ltd.)
Emitter current: SmA'(gas used: Xe}
Acceleration voltage: 3.0 kV
10N MULTI: 1.3
Ionization method: fast atom bombardment (FAB)
*Detection ibn: cation(+)
Measured mass range: 20-1500m/z
Scan: 30 sec

Resolution: 1500

Matrix: 3-nitrobenzyl alcchol

Synthesis Example 2

A 2 liter eggplant flask was charged with a solution of
20g;oftriphenylsulfoniuhchloridedissolvaﬂinSOOnﬂ.ofwater.
.\ BOOnﬂ;aqueous solution containing 20quf'the compound (1-d)
was added by dripping at room temperature and ﬁhe mixture was

stirred for 30 minutes. The reaction solution was extracted
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"solution of 9 g of the conpound (5-c) dissolved in 75 M of water. 50 ng
of sodiumtungstate dihydrate and 1.2 g of 137 24 April 2006 di sodi um

hydr ogenphosphat e were added. 3 m of 30% hydrogen peroxi de aqueous

sol ution was added by dripping at room tenperature while carefully .

mai ntai ning the pH of the reaction solution. The mixture was re&tfr#2905
one hour at 60C, 100 mnl of water was added and the m xture was cooled to
room tenpefRiingl Jher a9l thd o %iéol%,&f whElRabd suhtanigimg chl ori de
di ssolved in 250°m of water was adged by dripping at roomtenperature and
the react{9pe80! Utd @n Jaas rShihengd shaffonaig hour 2, Nexttrhhgubeasti-on
solution was extracted with ethyl acetate and the organic |ayer was washed
three ti mesoubbAgamet€fl) ethhenetshyilf cacetal €s was arewaves sunden rrietyiced
pressure and the residue was purified using a silica gel colum (nethylene
chl ori de: viretbasait®dohoenbtat ind theodotut phrebylddulcfiddiagrion under
1,1,2,2-tetrafluoro-2-(tetracyclo [4.4.0. 12" 1. 17 B

10] dodecane8uytdiep hassusal f ofaee rethé teesd! tH-IR bR snafysishinr this
conpound are shown in figure 11. The results of nmass analysis for the

cati on nobBpyunddhishewmDi Bt Figitee dhowbhenrésyieofipagadanglysis -
respectively. This conpound is referred to as "acid generator.(A-S)".

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 solUtiqn of
20 .g of diphenylibdonium chloride dissclvedinl liter of water. |
A 500 ml agueous s'oiution contalining 270 g of the cempound (1-c)
was added by dripping at room temperature and the mixture was
stirred for 15 minutes. The depoéited crystals were filtered
t.hrough a giass filter, sufficiéntly washed with water, and
 driedunder 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 .s.hown _in' Figures 8 and 9 respectively.

This compouhd is referred to as "acid generator (A-3)".

Synthesis Example 4

A 2 liter three—-necked flask, in which the atm'osphe're was

thoroughly replaced with nitrogen, was charged with a solution. =
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Synthesis Exanple 6 A 2 liter eggplant flask was charged with a sol ution of
25.2 g of sodi um hydrogencarbonate dissolved in 500 mMl of water. 19.2 g of
2-(fluorosul fonyl)difluoronmethyl 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 24 April 2006 tenperature, fol P2
evaporati.on of water under reduced pressure. The resulting solid was dried
over ni ghtofintierg ~acssm i doomdéenperatdre P fdedday extraction™with
200 m of methanol, and dried under vacuum at roomtenperature to obtain
0. 34 g of hyetbpxycariom «lidilamrionst Hang09odl unt sudtfeanat e00hatebnad t er
“referred to as "conpound (6-a)"). Next, a solution of 0.478g of

‘tri phenyl salfohdumicil grifdehdicogglonad. [ - dissdlwaden awstadidediie a
‘solution of 0.34 g of the conpound (6-a) dissolved in 15 m of water. This
m xed so¥asiasiflagabyekt reted fosl caevitetr 20 ndomfteappda tagest and. tiide
organic | ayer was washed with 20 ml of water and dried over anhydrous

sodi um sulfAaEere Has SERFLedcEPat BVQdPUTEnBl ey AGaporevipvranted reduced
pressure and the residue was dried  under vacuumto obtain 0.25 g of a

hi ghly vi SR@@SSARa 1Sy e YWRdhERPLSEORAR R Pt RoR yeabamp sel 11 ier omet hane

sul-fonat e. . . .
: was extractedwith ethyl acetate. The organic layer was washed

withsaturatedbrineanddfiedoveranhydrousmagnesiumsulfaté.
The ethyl acetate was evapcorated under reduced pressure'to
obtain 35 gof 1,1,2,2-tetrafluorco-2- (norbornan-2-yl)ethane
sodium sulfonate (hereinafter referred to as “compouhd
(1-d)"}.

.' Next, a2 liter eggplant flask was charged with a solution
df 8¢ g of the compound {l-d} dissolved in 250 ml of water.

Thesoiutionwasbubbledwithsuperfluouschlorinegasfbrnmre

than 15 minutes while stirring at room temperature. The oily
matter collected on the bottom of the flask was extractednwith
methylenechloride. The organic layer was washed with a sodium
hydrogencarbonate aguecus solution and dried over anhydrous
magnesium sulfate. The methylene chloride was .e'vaporated
under reduced pressure to obtain 68 g of 1,1;2,2+tetrafluoro—
24(norbornan—2-yl)ethane sulfonyl chlo;ide (hereinafter
referred to as "compound (4=-a)"). |

| Next, after addihg 22 g of N-hydroxy-5-norbornene-2,3-
_dicarboxyimide to a. solution of 30 g of the_compound (4-2)
dissolved in 150 g of tetrahydrofuran, 29 g of triethylamine

~was added to the mixture by dripping. After stirring the
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The mass analysis results of the cation noiety and anion noiety of this
conpound are shomn in Figures 14 and 15 respectively. This conpound is
referred to as "acid generator (A-6)". Synthesis Exanple 7 A2 liter

eggpl ant flask was charged with a solutlon of 20 g of

| - (4- hydr oxy- 3, 5- di met hyl phenyl) tetrahydrot hi opheni um et hanes#t f£@5hae®

di ssolved in 500 mM of water. A 500 ml aqueous sol ution containing 20 g of

the conpead: {dn Qo Masi dded- by diinRRieRy adt ragﬁ%éﬁ@@@;f@e A 439 24

April 2006 the m xture was stirred for 15 m nutes precipitated

crystal s wesexdddd eredrippodght@ dtass thetesaanibrdipssahvedasiwhies hyl ene
chloride. The solution was added to hexane by dripping to obtain a white
preci pi t ateysThes r epudtd M@ idrtexiipid, atthewas vagails Wektedeédsbhredghna gl ass
filter and collected. The collected solid was dissolved in acetone and the
sol uti on mashpteed dhol avaitdy aoyl dhieppd gt tan oltsacnnacohtieelpregspedate. The
precipitate was again filtered through a glass filter, collected, and

dri ed undetthesodbdn predsegencarbatd rqu@ogsofolution, oxalic acid

1- (4- hydroxy- 3, 5-di met hyl phenyl ) tetrahydrothi opheni um

1,1, 2, 2- tequafauaoar@hzthrmor WR-EZ- ylﬁtﬁa@mq &h&t éolutlon over

anhydrous magnesium sulfate, the methylene chloride was
evaporated under reduced pressure to obtain 35 g of
N~(l,1,2,2—te£rafluoro—2-(norbornan?2—yl}ethylsulfonyloxy)
—5—norbornene—2,B—dicarboxyimide.
| Fig. 10 shows the 14-NMR analysis results of this

~ compound.

This compound is referred to as "acid generator.(A—4)"

Synthesis Example 5

-Anautoclavewaschargedwith108.5gofcﬁcyclopentadiene
and 322.4 g of i-bromo-1,1,2,2-tetrafluoro-3- butene A
solution of 0.3 g of 4- methoxyphenoi dissolved in 5 ml of
toluene was added to the autoclave as a polymerization
inhibitor and the mixture was stirred for 5 hbu:s at i?OQC.
Thereactionprodudtwaspurifiedbydistillationﬁnder:educed
pressuré at B85°C and (0.1 mmHg to obtain-226 g of
i-bromo-1,1,2,2-tetrafluocro-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) dissolved

in 1.5 liters of ethyl acetate was added to a 3 liter eggplant

136




Fig. 16 shows the 1H NVR analysis results of this conpound. This conpound
is referred to as "acid generator (A-7)". Synthesis Exanple 8 A 2 liter
eggpl ant flask was charged with-a solution of 20 g of the conpound (1-c)
dissolved in 1,000 M of a nethanol/water(70/30) m xed solvent. Wile
'stirring the solution at roomtenperature, a solution of 36 g of4April 2006

bi s(4-t-butyl phenyl)iodoni um hydrogensul fate dissolved in 1 Iliter of

met hanol Wazskhddédtimr dihieppiddg.tithenf RegndXt alenimascsttatednfoss an

addi tional 1 hour at roomtenperature and |eft to stand for one day. The
organi ¢ stpedawee the mheturea¢as ot isulag végowass éxt fac tledowirshunée hyl ene
chloride. The organic |layer was washed with water and dried over anhydrous
140 24 Ap?ily200schedHecsrine st f dhen Théepreadgeionascdiissohvedsi n met hyl ene
chloride and the solution was added to hexane by dripping to obtain wite
crystal s. FrhBraf§e tade nis 1999 PepRIUFALOEGHTE & glass Hilitearcardredi ed
under reduced pressure to obtain 18 of bis(4-t-hbutyl phenyl)iodoni um
1,1, 2, 2- t &HFRf ‘E%ﬁ%‘b‘? 2- T(%rﬁ&%&ﬁ-ez-“%% C@Pﬁ&ﬁéréﬁﬁfio%ﬂé?—" FREUCER shows t he
_ };t::\lg/Rgeﬁgfé%l%lﬁg?r&%gi)%ﬁescggctem:?:agg%%uggfi ihelc?bg%q.%?:%rjﬂaltsiornelflr?criégd to as

reduced pressure to obtain 85 g of -
l-bromo-1,1,2,2-tetrafluoro-2-(tetracyclo[4.4.0.1%-%, 1719
dodecan-8-yl)ethane as a clear liquid {(hereinafter referred
to as "compqund 15=b)"y.

- A2 liter three-necked flask, in which the atmosphere was
thorpughlyreplacedwithnitrogen,waschargaﬂwithzasolution
of 10.2 g of sodium dithionite.and 7,4 g éf sodium
hydrogencarbonate dissol#ed in 170 ml of water. Then, a
soluticn of 10 g of the compcund (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.hqurs'at
1OO°C7 After precipitating:the acetonitrile, the aqueous.
solution was filtrated and the filtrate was concentrated under
réducedpreésure. TheresiduewaséXtractaﬂwithméthanoland
distilled under reduced pressure to remove the methanol,
therebyobtaining10.2g;of1,l,2,2—tetrafluoro;2—(tetracyclo
[4.4.O.125.17Jﬂ]dodeéann8—yl)ethane'sodium sulfiﬁate
(hereinafter referred to as "compound (5-¢)").

Next, a 500 ml three-necked flask was charged with a

solution of 9 g of the compound (5-c) dissplved in 75 ml of

- water. 50 mg of sodium tungstate dihydrate and 1.2 g of
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Synt hesi s .of aci d-cl eavabl e group-containing resin Synthesis Exanple 9 101
g of 4-acetoxystyrene, 5 g ,of styrene, 42 g of 4-t-butoxystyrene, 6 g of
azobi si sobutyronitrile (AIBN) , and 1 g of t-dodecyl mercaptan were

di ssolved in 160 g of propylene glycol nononethyl ether. The m xture was
pol ynerized for 16 . hours at 70C in a nitrogen atnosphere. Aft er24Aprit2006
pol yneri zation, the reaction solution was added dropwi se to a |l arge

quantity dbfodidrexanadeemorgiphate aadepaddéy. t lremnesdl 80D v&BbHen Af t er
the addition of 150 g of propylene glycol nononethyl ether to the resin,
300 g of petdtaidd  adleguofsdIiEetdrylwd neldedand b igpdhowateromer e added.
-The: m xture, was hydrolyzed for 8 hours while refluxing at the boiling
poi nt. Aftempé¢hetureattilencarsigaikll venntandingitethpHant heeweeacevapor at ed
under reduced pressure. The resulting resin was dissolved in acetone and
t he sol ut$eohuwegn addd¢ Aispwirsewas beiarg@ fRamneg yousf a\naﬁérctolﬁ@agul ate
the resin. The resulting white powler was filtered and dried overnight at
50C under®tedficead-an1was a¢¥¢d PUOE- It axisiire WHfe qoediedl Wes Tohd to have
‘Mv and MV Wn of 16,000 and 1.7 respectively. The result of 13C- NMR anal ysis
confi r medtePRa¥2 EWES cogdISre Ea%i‘ghorﬁtﬁ%rlor &t P56 BYiRBeR DAYEPYEBhe,

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 sclution was extracted with ethyl
acetateandtheorganiclayerwaswashedthreetimesusingwater.
‘The ethyl acetate was removed under reduced pressure and the
residue was purified uoing a silica gel column (methylene
chloride:methanol%B:l) to cbtain 1 g of triphenylsulfonium
'1,1,2,2—tetrafluoro—2—(tetracyclo |
[4.4.0.lms.leo]dodecan—B—yl)ethane sulfonate.

. The results of 'R-NMR analysis for this compound are shown
in flgure 11. The results of mass analy31s for the cation
moiety and anion moiety are shown in figures 12_and-13

. respectively.

This compound is referred to as "acid generator (A-3)"

| Synthesis Example 6 .

| A 2 liter eggplant flask was charged with a solution of
.25.2g;ofsodimmhydrogencarbonatedissolvaﬁinSOOnﬂ_ofwater.

| 18.2 g of 2-(fluorosulfonyl)difluoromethyl acetate Qas added
by dripping while stirring the solution at room temperature.

Then, the mixture was stirred for a further 2 hours at rcom
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styrene, and 4-t-butoxystyrene of the copolynmer was 72:5:23. This resinis
referred to as a "resin (B-1) Mvand WMh of the resin (B-1) and the
following resins (B-2) through (B-13) were neasured by gel perneation

chromat ography (GPC) using GPC colums (manufactured by Tosoh Corp., |
R000HXL x 2, G3000HXL x 1, G4000HXL x 1) under the follow ng c%ﬂfg?"!?‘lﬂﬁs.
Flow rate: 1.0 m/m nute, eluate: tetrahydrofuran, columm tenperature:

40C, _Stané@ﬁ\geksw.&@pq@om@éaa&y dpnliapensed waekyshyhepereSypLhesis
Exanpl e 10 100 g of 4-acetoxystyrene, 25 g of t-butyl acrylate, 18 g of

styrene, Bres8hirl BN nangkshiid ify tsiodecid TGt avaweightdivgsieived in 230
g of propylene glycol nononethyl ether. The m xture was polynerized for 16

hours at ¥@Cuuf atnibdé@gesmpat ansphensriAfiel yokyreaczabhonithheoteaction
~solution was added dropwise to a large quantity of hexane to coagul ate and
purify thealresudimmnhalesiand Afted udrnueaddictiuonaofrddd tgmpe rartepy ene gl ycol
nononet hyl ether to the resin, 300 g of nethanol, 80 g of triethylamne,
and 15 g obtwedhel .Wdrg afdedthFhgcarkonyéedwbsubydnotlyzes sodiuB® hours while
refluxing at the boiling point. After the reaction, the solvent and
triethyl asiridonete dhepeineécundeferied2noppsilcogoeund (6-a)") .
Next, asclutionof 0.478 gof triphenylsulfoniumchloride
diséolved 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
seclution 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
"triphenylsuifonium methoxycarbonyl diflucromethane
sulfonate.
The mass analysis results of the cation moiety and aniqn
moiety.of_this compound are shown in Figureé 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)
-tetrahydfothiophenﬂnnméthanesulfonatedissdlvedjJ15001nldf
water. A 500 ml agueous solution containing 20 g of the

compound {l-c) was added by dripping at room temperature and_
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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 overnight at 50C
under reduced pressure. The resin was found to have Mv and Mwv Ma of 11, 500
and 1.6 respectively. The result of 13C- NVR anal ysis confirnmed 2 2946e
copol yneri zation nolar ratio of 4-hydroxystyrene, t-butyl acrylate, and
styrene ofthéheixopotymes swbrbHdd 1062015 dinsteesi Thesptrebepiedtke as a
"resin (B-2)". Synthesis Exanple 11 176 g of 4-t-butoxystyrene was

ani oni cal tyypobyseréred ikte rdB8C LS00 anlglaefk st €t i ahydand ud ansasirag
n-butyllithiumas a catalyst. After polynerization, the resulting resin

- sol uti on hasnebaglenat echlor e hafdle soloftiannwab0addefl whi hexane by

pol y(4-t-butoxystyrene). 150 g of poly(4-t-butoxystyrene) was dissolved -in
600 g ofd@ipRang. LAfPeEaines addite onretinftatted AY@r seBMdLtiagaci d, the

m xture was hydrolyzed at 70C for_2 hours. The reaction product was added
dr opwi se P8S&IPhFgke quant #¥510f Lhatered Herateh &fldsy tiHegesitdto
coagul ate. A step . of dissolving the resulting resin in acetone and addi ng
dr opwi se FBléeFﬁgﬁe Tty ordarét dt B2 FHRANE e RESFRNRad fepeat ed.

‘The resulping white pawder, s, filtered and.dried overnight at, 50

preCipitate. The precipitate was again filtered through a
glass filter,.collected, and dried ﬁnder reduced pressure to
obtain 16 g of l-(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 compdund 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 (1-c) dissolﬁed in 1,000 ml of a
methanoL/water(?O/BO) mixed solvent.. While stirring the
solution at room temperature, a solution of 36 g bf'
bis(4—t—butylphenyl)iodonium hydrogénsulfaté dissclved in 1
liter of methanol was added by dfipping. Then, the mixture
was stirred for an additional 1 hour at room temperature.and'
 left to stand for one day. . The organic substénce in the
reaction sclution was extracted with methylene chloride. The

organic layer was washed with water and dried over anhydrous
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under reduced pressure. The Mv and MV Mh of this. resin were 10,400 and
1.10, 143 24 April 2006 respectively. 13C-NWR analysis confirnmed that only
part of t-butyl group in the poly(4-t-butoxystyrene) had a hydrol yzed
structure and the nolar ratio of 4-t-butoxystyrene and 4-hydr oxgstyr ene
was 68:32. This resinis referred to as a "resin (B-3)". Synthesf&AEkE051 e
12 25 g of a copol yner of 4-hydroxystyrene and 4-t-butoxystyrene
(copol ynemiazatisanmmehatarat i oThd0 dddua@ssyalisisloedd 1ol @R thofede but yl
acetate. N trogen gas was bubbled through the solution for 30 minutes.
After thechadditieoandftlde Ialuwficet s widdgH et hesxand bl graboayrg dioni um
p-tol uenesul fonate as a catal yst, the m xture was reacted at room
t enper at upbtion ¥Ringursysthhes r eddts omysbhilsi oaravasi ladded tdrrepwitsa to a 1
% amoni um aqueous solution to coagulate the resin. The resin was filtered
‘and dri ed9a@éenfghternard viicifmurdisre regucsdCordpsane vt aofn tU8 s resin
- were respectively 13;000 and 1.01. As a result of 13C NWR anal ysis, the
resi n was°fobft§ (ot -Rarelrhenvleiafeninmwhi éh2 23- bt 08 Htudiyerdgen at ons of
the  phengl o Bangy. 9 28Rkl B HLAREET R PR P ne ot
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—écetoxystyrene, 5_g_of styrené, 42 g of
4-t-butoxystyrene, 6g;df azdbisisobuterHitri%e {AIBN), aﬁd
-1 geof twdddecylmercaptah.were dissolved in 160 g of propylene
rglycol monomethyl ether. The ﬁixture Wwas polymerized for 16
hours at 70°C in a nitrogen atmosphere. After‘polymerizationq
the reactién solution was added dropwise.to a large quantity
of n-hexane to coagulate and purify the resulting resin.
Aftertheadditionoflﬁoc;ofpropyleneglyéolnmnomethyl
ether to the resin, 300 g of methanol, 80 g of triethylamine,
énd 15 g of water were added. Tﬁe mixture,ﬁas hydrolyzed for
3 hours while refluxing at the boilingrpéint. 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 gquantity
of water to coagulate the resin. The resulting white powder

was filtered and dried overnight at 50°C under reduced
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repl aced by et hoxyethyl groups, and 10 nol % by t-butyl groups. This resin
is referred to as a "resin (8-4)". Synthesis Exanple 13 5 g of norbornene,
11 g of maleic anhydride, 11 g of

8- hydroxytetracycl o[ 4.4.0.12.5. 17" 10] dodec- 3-ene, and 23 g of 144 24 ril
2006 2-net hyl - 2-adamantyl methacryl ate were dissolved in 50 g of 24 April 2006
tetrahydrofuran to obtain a honbgeneous solution. After injection of

ni trogen pees3Qrm.nutes, 3 g of AI BN was added. The mi xture was heated to
65C and stirred for 6 hours at this tenperature. After polynerization, the
reacti on sol ut fbe wasincwasefionmd romrhdenpsr aina elwaic difl dted 0w ahd50 g of
tetrahydrofuran. The diluted solution was poured into 1,000 nml of n-hexane.
‘The preci pi-fatedpebitiweppwdefhavase volt ext edC-1yYR faha Iasioncembidnéed to
obtain a resin. This resin was a copolyner with an Mv of 6,100, having a
copol yner thati 6her gprolyhenorbbiapnecladl eeciandydéthigdroxystyrene,

8- hydr oxytetracycl o &[14. 4 0 12,5. 17'1] dodec-3-ene: 2-nethyl-2-adanmantyl
et hacr yl &t&rengs: 384 2 BRUTHI s Teing i Eeeeroral ypayas TReSi@3(-B-5)".
Synthesis Exanple 14 46.31 g of 2-nethyl-2-adamantyl methacrylate and 53.69
g of the fol | okPA§ E6ApBund FSAFTHRFetdi 38ofvelesHr 200} of

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 ceolumns (manufactured by Toscoh Corp., G2000HXL
}{2,G3OOOHXL}11,G4OOOQXL>§1)underthefollowingconditions.
Flow rate: 1.0 ml/minute, eluate: tetrahydrofuran, column
temperaturef40%L standardreferencenmterial:monodispersed

polystyrene.

Synthesis'Example 10

- 160 g of 4—acetoxystyrene,_25 g of t-butyl acrylate,.lB
. g of styrene, 6 g of AIBN, and 1 g of tﬂdo§ecylmercaptan were
dissolved in 230 g of propylene glycel monomethyl ether. The
_mixture Was polymerized for 16 hours at 70°C in a nitrogen
atmosphere. Affer polymerization, the reactioﬁ solution was
édded dropwiée'to a large quantity of hexane to coagulate and
purify the resulting resin.
'Aftertheadditiongf]50<gofproleenegiytolmonomethYl
- ether to the resin,'3OG g of methénol, 80 g of triethylamine,
and 15 g of water were added. The mixture was hydrolyzed for
8 hours while refluxing at the boiling boint. After the

reaction, the solvent and triethylamine were evaporated under
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- 2-butanone to obtain a honbgeneous solution, followed by the addition of
4.04 g of methyl azobisisovalerate as an initiator to obtain a nononer
solution.. Nitrogen gas was bubbl ed through a one liter three-necked flask
contai ning 100 g of 2-butanone for 30 mnutes. The tenperature was
increased to 80C while stirring. The above mononer sol ution was2hfRiEdosy
dripping at a rate of 10 mM/5 mnutes, and the m xture was polynerized for
5 hours. TheiuckelaptriceBusel UtTIIE YeSuTODIEM-dHi BAG Prdilwess wanrd poured into
145 24 April 2006 2,000 g of nmethanol. Wite precipitate produced was

col | ect ed adey ohiel 4mdtcihens o b keoh watshadddd grepwirethanal |z ard quasitead vt Wi ce.
The white precipitate was filtrated and dried for 17 hours at 50C to
obtain a rdsiwateThts cexjulaes tacapsliyner Tk ttean tMoofvhi2 2@dwdravi ng a
copolynerlzatlon ratio of 2-methyl-2-adamantyl nethacrylate: conpound of
fornul a (34 £i4¢egeso and Triledr egpnnighteter bW tundey aedwsid (B-6)"

(34) Synthesis Exanple 15 40.90 g of 2-nethyl-2-adamantyl nethacrylate

15. 47 g oS3y dr-oxy- | -adamantyl methacrylate, and 43.64 g of the

conmpound of fornula 34) were dissolved in 200 of 2-butanone
bhe re 1n was found to have Mw and Mw/Mn of 11,500 and

1.6 respectively. The result of *’C-NMR analyéis confirmed
that the copolymerization molar ratio of 4-hydroxystyrene,
t-butyl acrylate, and styrene of the copoiymer was 61:19:20.

This resin is referred to as a "resin {B=-2)"

Synthesis Example 11

176 g of 4—t;bﬁtoxystyrene was anionically ﬁolymerized
at -78°C in 500 ml of tetrahydrofuran using n-butyllithium as
a catalyst. After polymerization, the resulting resin
solution was coagulatéd in methanol to obtain 150 g of white
poly(4~t—butoxystyrene).

| 150 g of poly(4-t—butoxystyrene) was dissolved in 600 g
bf dioxane. After the addition of diluted hydrochloric acid,
the mikture was hydrolyzed at 70°C for 2 hours. The reaction
productwasaddeddropwisetoealargequantityofwater,thereby
causing the resin to coagulate. A step of dissolﬁing the
resulting resin in acetone and adding dropwise to a large
‘quantity of water to coaguiate the resin was repeated. The
resultingwhitepowdérwasfilteredanddriedovernightat!MPC

- under reduced pressure. |

. The Mw and Mw/Mn of this resin were 10,400 and 1.190,
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to obtain a honogeneous solution, followed by the addition of 4.02 g of
nmet hyl azobi si soval erate to obtain a nononer solution. N trogen gas was
bubbl ed through a one liter three-necked 146 24 April 2006 flask contai ning
100 g of 2-butanone for 30 m nutes. The tenperature was increased to 80C
while stirring. The above nmonomer solution was added by dri ppi néf 2Rrl 80063t e
of 10 mM/5 mnutes, and the m xture was polynerized for 5 hours. The
reacti on swap€wn wdy -cobiCetiMRo a3@Cyer sl ess fardefouned bAl9 par0008rg of

met hanol . White precipitate produced was collected by filtration, mxed
with 400 ¢ dfutydt banek,imndevweshetd t W ivet ox ey metid)e hpriex ihgidratle ases
filtrated and dried for 17 hours at 50C to obtain a resin. This resin was
a copol ymEtiatieen 2w ¢heompdar wariegofadcopblyasysezatenn aati o of

- 2-met hyl - 2-adamantyl net hacryl ate: 3-hydroxy-I|-adamantyl nethacryl ate:
conpound MBS YCSAP ¥a3668::85.-2: 48.6. This resinis referred to as a
"resin (B-7)". nt hesi.s Exanple 16 50.55 g of 2-nethyl-2-adamantyl

met hacryl ate, 28140 Z§S3R 18- kededEpd t8damadt yFemenhaBrii ate, and 23.97 g
of the conpound of fornula (34) were dissolved in 200 g of 2-butanone

Synthesis Example 12

25 g‘df a copolymer of 4—hydroxystyrene and
4-t-butoxystyrene {copolymerization melar ratio, 90:10) was
dissolved in 100 g of n-butyl acetaté. 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.ovérnight in a vacuum
drier at 50°C.

Mw_aﬁd'Mw/Mn of this resin were reSpecfively 13,000 aﬁd.
1.01. As a result of 13C—NMR analysis, the resin was found to
have.a structure in which 23 mpel% of hydrogen atoms of the’
phenolic hydroxyl group in poly(4-hydroxystyrene) was
replacedknrethoxyethyl 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

12,57- l?, 10

f8~hydroxytetracyclo[4;4.0. ldodec-3-ene, and 23 g of
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to obtain a honbgeneous solution, followed by the addition of 3.97 g of
met hyl azobi si soval erate to obtain a nononer solution. N trogen gas was
bubbl ed through a one liter three-necked flask containing 100 g of
2-butanone for 30 mnutes. The tenperature was increased to 80C while
stirring. The above nononer solution was added by dripping at a2tarR2@6 10
m/5 mnutes, and the m xture was polynerized for 5 hours. The 147 24

Apri | 200$-ﬁ§@§§10?—§%h%@§u vRs: 1600 eith de0 306 a&sgeiaeangnpgyrgdofnt 0
2,000 g of nethanol . ite precipitat'e produced was collected y

filtrati Oﬂetﬁﬁﬁgr@f&fbﬁo@o Govta Et hanwhogaubumashaditivince. arthe white
precipitate was filtrated and dried for 17 hours at . 50C to obtain a resin.

“Thi's resi pnyast ao&0PPInAEFoglrt Foan 3MmohuPe 8003 havri ngeNawaspatige®r i zati on
rati o of 2-nethyl-2-adamantyl nethacryl ate: 3-hydroxy-I|-adamantyl
met hacryl ghe: mtonporincs béatednud & B843nd A5 r2eP5f6r 20 hdurkhas tkssn is
referred to as a "resin (B-8)". Synthesis Exanple 17 46.17 g of
2- et hyl - 2eagamantiyé . nek faor pbaymer5z4a790y, dhe Sehydiox pdluddamavey|
nmet hacryl ate, and 48.65 g of the conpound of formula (34) were, di ssol ved
in 200 g obo2edutanopem temperature and diluted with 30 g of :
tetrahydrofuran. The diluted solution was poured into 1,000
ml df 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-hydr0xytetracyclo[4.4;0.125.17Jn]dodec—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 followiné compound (34) were dissolved in 200 g of
2—bu£anone 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
ﬁemperature was increased to 80°C while stirring. Thé above
monomer solution waé 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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to obtain a honogeneous solution, followed by the addition of 4.03 g of
met hyl azobi sisoval erate to obtain a nononmer solution. N trogen gas was
bubbl ed through a one liter three-necked flask containing 100 g of
2-butanone for 30 mnutes. The tenperature was increased to 80C while
stirring. The above nonomer solution was added by dripping at a242R#206 10
m/5 mnutes, and the m xture was polynerized for 5 hours. The reaction

~solution 830800Lehd ;AR5 OF Wit SRl P%?% bEbAucgd0M 900 SaRLhanol .

White precipitate produced was collecte rltration, mxed with 400 g

of nethangl, sand-ryeshed dieerwitAhe b e GnRilt, aghd WassHdd tkated and
dried for f} hours at 148 24 April 2006 50C to obtain a resin. This resin
was a CopahwTRhiwethrad My Hfe XaA00i1havtsg ar cepekyFBEi ZatHomry ati o of
2-met hyl - 2-adamantyl net hacryl ate: 3-hydroxy-I|-adamantyl nethacryl ate:
conpound sofPcfesnubBa({84) Fe8Pn2:5.4:55.4. This resinis referred to as a
."resin (B-9)". Synthesis Exanple 18 47.76 g of 2-ethyl-2-adamantyl

nmet hacryl ate amtis2r2d4ig weaf 4 hemomgeundishoan ¥y dorirfyl28 O, 34p wisrge

di ssolved in 200 g of 2-butanone to obtain a honbgeneous sol ution,
followed lay 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~édamantyln@thacrylate, 15.47 g of
3—hydroxy—1—adamantyl methacrylate,.and 43.64 g_of the
compound of formﬁla {34) were dissclved 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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the addition of 3.93 g of nethyl azobisisovalerate to obtain a nononer
solution. N trogen gas was bubbled through a one liter three-necked flask -
contai ning 100 g of 2-butanone for 30 m nutes. The tenperature was
increased to 80C while stirring. The above nononer sol ution was_added b
dripping at a rate of 10 m/5 ninutes, and the mixture was pol yfbprméds o

5 hours. The reaction solution was cooled to 30C or |ess and poured into
2,000 g of1aekhamotaiWhdelPd egipi tatimuprodicetbmad ealdectsed Thy

- filtration, mxed with 400 g of- nmethanol, and washed twice. The white

~ precipitatempasatite neded renceadrddedof 80°A Whidur Stdtrrib@C t Dhebiabdnea resin. -
This resin was a copolyner with an Mv of 11,600, having a copolynerization
rati o, of Roedhgt - 26 hdahwmmtwa sretdrest yyvatdeippdogpetnd oatéorful@ ©B4) =
39.8:60.2. This resin is referred'to as a "resin (B-10)". 149 24 April 2006
Synt hesi stERaRpFe a9d4theonpxbird.-wahyahoicohead et Hadopize.e &hd 58.05 g
~of the compound shown by formula (34) were dissolved in 200 g of

2-but anonESE6t 6BR af - &t HoEh o esoltat BB Folleswednpyrensedadidiei on of

4.37 g of _nethyl azobisisovalerate to obtain a nononer solution.
2,000°g of methanol. Whltepre01p1tateproducadwascollected

by filtration, mixed with 400 g of methanol, and washed twice.
The,white precipitate was filtrated and dried for 17 ﬁours at
. 50°C to obtain a resin.
Thié 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.gc¢f2—methyl-2—adamantyinmthacrylate, 25.49 g of
B*hydroxy—l—adamantyl methacrylate, and 23.97 g of the
compeound 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 sclution 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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Ni t rogen gas was bubbl ed through a one liter three-necked flask containing
100 g of 2-butanone for 30 mnutes. The tenperature was increased to 80C
while stirring. The above nononer solution was added by dripping at a rate
of 10 M/5 mnutes, and the m xture was polynerized for 5 hours. The
reaction solution was cooled to 30C or |ess and poured into 2, 0&bARjil 8906
met hanol . White precipitate produced was collected by filtration, m xed
with 400 geefctteinhanolisidRdwiBSEes] éa €€ .30°Ther Whide JHEGRIARL & rivas
filtrated and dried for 17 hours at 50C to obtain a resin. This resin was
a copol yner, 08itt & cefhmdbhafio 13, 400;t chaveagpiaate palopneridzed ¢ o 1aidtedof

1- et hyl'cycl ohexyl nethacrylate: conpound of fornula (34) = 42.1:57.9. This
resin is ref éiledatbons miAgkginh(BAD) O Baitadresl,saklamilee@@w5200 g of

2- et hyl - 2-adamantyl nethacrylate, 24.74 g of 3-hydroxy-I|-adamantyl

met hacr yl &he whade2rocigivite has dodpoanedoind cluhaedaf g4} 7 vievwer gliagsol ved
in 200 g of 2-butanone to obtain a honpgeneous solution, followed by the
addi tion of0"€5802abppin12200818:85 g of methyl azobi sisoval erate to obtain

a nononmer solution. Nitrogen gas was bubbl ed through a one liter
t hr ee- necked This resin was a copolymer with an Mw of 9,800, having

a copolymerization ratio of 2-methyl-2-adamantyl
,_methacrylate: 3-hydroxyf13adamantyl'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—adémantyl methacrylate, 5.179 g of
3-hydroxy-l-adamantyl methacrylate, and 48.65 g of the
compound of.formula {34)_were dissclved in 200 g of 2-butanone
to obtain a homogeneous sclution, followedAby.the addition of
4.03 g of methyl azobisisovalerate to obtaiﬁ a monomer
solution.

.Nitrogen gas was bubbled through a.one liter thfee—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 :ate of 10 mi/5
minutes, and the mixture wés pélymerized for 5 hgurs. The
reaction solutiohjwas 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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flask containing 100 g of 2-butanone for 30 mnutes. The tenperature was
increased to 80C while stirring. The above nononer solution was added by
dripping at a rate of 10 nl/5 mnutes, and the m xture was polynerized for
5 hours. The reaction solution was cooled to 30C or |ess and poured into
2,000 g of methanol. Wiite precipitate produced was col |l ected b¥*April 2006
filtration, mxed with 400 g of nethanol, and washed twice. The white
preci pit app°ovass fddtiaiat ed rardrdried for 17 hours at 50C to obtain a resin.
This resin was a copolynmer with an Mv of 8,700, having a copolynerization
rati o of 2-ethyhi2-ssaimniad aretdwadryieat erith3ahydwoxy- 1 ; abidreind ying

" methacryl ate: conmpound of fornula (34) = 44.4:25.3:30.3. This resin is '

referred tocapoaytheesiat {® 125t 1o Syht ress tsh Exdhddar@htAlt hr ee- necked fl ask

‘was charged with 1.52 g of the silane conpound of forrmula (35), 1.57 g of

the sil aneetbapovhdtef 3foydidzay{B6idamandyly roft aatdipdats etdumpmindane, 15 g
of 4-nethyl-2-pentanone, and 1.31 g of a 1.75% aqueous solution of oxalic

~acid. Theofi kpumelané3tbatt&d-$0P-6iXOhburs at 80C while stirring,

followed by cooling with ice to ternminate the reaction, The reaction

nmixture was poliféd FhtalScpRtRETHY TP il TP EhO\E Yhe water layer. The

organi.c | ayer was washed 151

Synﬁhesis Example 18

47.76 g of 2-ethyl-2-adamantyl methacrylate and 52.24 g'
of the compound sheown 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 methyi 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 mi/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. Whiteprecipitateproducajwascollected
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 copclymer with an Mw of 11,600, having
a copolymerizaticn 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)".

149




24 April 2006 with ion-exchanged water until the reaction solution becones
“neutral. The organic layer was evaporated under reduced pressure to obtain
a resin. The Mv of the resin was 2,500. This resin is referred to as a
"resin (B-13)". Si (OC2H5)3 (35) C(CH3)3 (36) CH2 F3C-CCF3 OH ﬁyﬂth§@¢f
Example 22 7 g of di-t-butyl carbonate was added to a solution i RO 12
g of poly(4-hydroxystyrene) and 5 g of triethylamne 152 24 April 2006 were
di ssolved in 50 g of dioxane while stirring. The m xture was stirred for 6
hours at roomtenperature. Oxalic acid was then added to neutralize

tri et hyl adivnéheBhe Feaopilen 19ol ution. was dropped into a large quantity of
water to coagul ate- the resin. The coagul ated resin was washed with
purified water 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 cbtain a homogeneous sclution, followed by the
addition of 4.37 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
temperaturé was increased to 80°C while stirriﬁg. 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 methancl. White precipitate producedwas collected
by filtrétion, 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-ethylcyclchexyl methacrylateﬁ
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
compouhd.of formula (34) were dissolved in 200 g cf 2-butanone

to obtain a homogeneous solution, followed by the addition of
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several tinmes. The resin was then filtered and dried at 50C overni ght

- under reduced pressure. Mv and MM Mh of this resin were respectively 9, 200

and 1.8. As a result of 13C-NWR analysis, the resin was found to have a
structure in which 30 nol % of hydrogen atons of a phenolic hydr | . up
i n-pol y(4-hydrexystvrene) was replaced by t-butoxycarbonyl grou%‘gxp"fgﬁgog
.resinis referred to as a "resin (B-14)". Synthesis Exanple 23 41.15 g of

2- met hyl - 2- Y, f roxy=l- ntyl
met hacr yI%t%‘?j gndJ% g@g%@}ga%%d%%&%xga%%ﬁ:f&o f%g&%na)é( ?E)n%\%%g di ssol ved
in 200 g 9fy2:bytanone to obtain a honpbgeneous solution, followed by the

-additionof - 4.04 g of nethyl azobisisovalerate to obtain a nononer

sol ution. NitrQgeR-gas gaaswiyphiced ddht QEghyR 0hee hiiker three-necked flask
contai ning 100 g of 2-butanone for 30 m nutes. The tenperature was

i ncreasedrt 9sB06ombiiRisg i 100 ng. o Fhe-1aboaeonOIEI0 falnitdean Waseadded. by
dripping at a rate of 10 mM/5 mnutes, and the m xture was pol ynerized for
5 hours. db@pereactéomsalndicrsamhsoc0Peditid S@Eiaringss ahd piooved into
- 153 24 April 2006 2,000 g of methanol. Wiite precipitate produced was
col | ect edmonomer solution was added by dripping at a rate of 10 ml/5
minutes, and the mixture was polymerized for 5 hours. The
reactioﬁ solution was cooled to 30°C or less and poured into
2,000 g of methanol. White precipitate produced was collected
_by_filtratidn, 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
acopolymerizationratio<1E2-ethyl—2—adamantylmethacrylate:
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 wiﬁh_l .52 g of the silane
Compound of formula (35},.1.57 g of the silane compound. of
formuia (36), 1.91 g of methyltriethoxysilane, 15-g of
4—methyl—2—pentanéhe, 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, foilowed by cooling with ice to terminate the
reactibn} .The reaction mixture was poured into a separating

funnel to remove the water layer. The organic layer was washed
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by filtration, mxed with 400 g of nmethanol, and washed twice. The white
precipitant was filtrated and dried for 17 hours at 50C to obtain a resin.
Thi's resin was a copolyner with an Mv of 9,800, having a copolynerization
rati o of 2-nethyl-2-adamantyl nethacrylate: 3-hydroxy-|-adamantyl

met hacryl ate: compound of fornula (34) = 35.8:5.1:59.1. This reélﬁ”\’%ooa
referred to as a "resin (B-15)". RADI ATI ON- SENSI TI VE RESI N COVPCSI TI ON
Exanpl es ik% and-€appangtiveafxanple 11 tGenpeaent Sn SWOW idh Tal)emek were

m xed to prepare honogeneous solutions. The solutions were filtered
through aewmalaneThel beganithlayporeasli avgberaodd Qirdgm tedwdddi n
conposition solutions. The solution conpositions were spin-coated on
silicon wafrerssureB wwaetthem perfesrimed under the conditions shown in Table
2 to formresist coatings with -the thickness shown in Table 2. As the

radi ati on |ightThsodbces ithet Wesdnampises, 580st epper NSR 2205 EX 12B
(nunerical aperture: 0.55), manufactured by N kon Corporation, was used as
the KrF exci meffhigsaesiimdiscardgrogg tRr BS gn"Tabie 2B-13h"ArF exci mer

| aser exposure apparatus (nunerical aperture: 0.55), manufactured by N kon
Corporation, ~was used as the ArF exciner laser (indicated by "ArF" in.
Table 1); an F2 exciner |aser exposure apparatus XLS (nuneri cal

Si(OC2Hs)3
- (35)
=

C(CHa)s

SI(OCHs)s
(36)
CH,

|
FiC—C—CFy
OH

Synthesis Example 22

7 g of di-t-butyl carbonate was added to a solution in

which 12g;of poly (4-hydroxystyrene) and S g of triethylamine
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aperture: 0.60), manufactured by U tratech Stepper, Inc., was 154 24 Apri
2006 used as the F2 excinmer |aser (indicated by "F2" in Table 1) ; a
direct-wite el ectron-beamlithography machi ne HL- 700 (an apparatus
~wherein the acceleration voltage was inproved to a range of 30 KeV to 50
KeV) , manufactured by Hitachi, Ltd. , was used as the el ectror? 006
After conducting exposure in accordance with the conditions of Table 2,
PEB vas_cooduciero VL AEEMAANGE Midfridigneepdidi a0l TaBle: Zeudhe resist
patterns were developed at 23C for 1 mnute by a paddle nmethod using a

2. 38 W % §;gLranet hod FHI0BI A r hYEr QX bAer ARABERMS, O] Uixan i cTheiKesi st
coatings were then washed with purified water and dried to formresist
patterns. thdhedesuts neat rhhezevaliualh Arindheaachhé esiagtt iaesshownoh n Tabl e
3. Exanpl es 20-23 Components shown in Table 4 were m xed to prepare
honpgeneouwsssatoppetsinthes sl ngd ensmnvdrry bifl veced tbrovghul ataenis ane
filter with a pore dianeter of 0.2 mto obtain conposition solutions. The
sol uti on eenaposi tTlonscomerd atspl mesaat @dsomashkdceonthafers£i&8 waset hen
~performed under the conditions shown in Table 5 to formresist coatings
with thesthiechhesnshowThenrFabhewsds 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 He-NMR analysis, the resin was found to
have a structure inwhich 30 mol% of hydroge'n atoms of a phenclic
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—hydroxyfl*adamantyl methacrylate,.and-53.66 g of the
compound of formula (34) were dissolved in 200 g of 2-Butanone
to obtain a homogéneous soiution, followed by the.addition of
4.04 g of methyl azobisisovalerate to obtain a monomer
solution.

' Nitfogen gas was bubbled through a one liter three-neckad
flask_containihg 100 g-bf 2~butanone for 30 minﬁtes. The
temperature was increased to 80°C while stirring. The above

 moncomer solution was added by dripping at a rate of 10 ml/S_
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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The resi st coatings were exposed with a KrF excinmer |aser using a stepper
NSR220S EX12B (nmanufactured by N kon Corp., nunerical aperture: 0.55) and
baked (PEB) under the conditions shown in Table S. The resist patterns
were devel oped at 23C for 1 mnute by a paddle nethod using a 2,38 wt % 155
24 April 2006 tetranethyl ammoni um hydr oxi de aqueous sol uti on. Th% %@E?%ﬁ
coatings were then washed with purified water and dried to form resist.

patterns. >Theoreseldscipfndihe %@k@%f@&gp{t@@& rBéébéB wall Boshauacin Tabl e
6. Evaluation of the resists of Exanples 1-23 and Conparative Exanple 1

was carrigg puttast fod | aWsedSenshtdod LYof n@%’h%hb'lwéﬂd%%?@éﬁl:u&&@d based

~on an optinum exposure dose which is a dose capable of formng a 1:1 line

and spaceTnpakhets ddddipitsrdthwasl EDee wetlkd 0fd Qr22dntowhen hauresSkst

~coating forned on a silicon wafer substrate is exposed to |ight,

i nredi at ebp°f ot b ovieca try PEBR:siab kal | ne devel opnent, washing with mafer, and

drying. In the exanples using an ArF excinerr |aser, an optinum dose
capabl e of forfhng asdidbwas| i nespmliyspacel tfatdreMw ECELESPOW, t haaitgl |ine

wi dth was used. Resolution: The minimumline and space (ILI'S) dinension

‘resol ved bycopolymerization ratio of Z-methyl-2-adamantyl

methacrylate: 3-hydroxy-l-adamantyl methacrylate: compound
of formula (34) = 35.8:5.%:59.1.

This resin is referred tc as a "resin (B-15)".

RADIATTON-SENSITIVE RESIN COMPOSITION

Examples 1f19 and Comparative Example 1

~ Compcnents shown in Table i'were mixed to prepare
homogeneous solutions. The solutions were filtered through
‘a membrane filter with a pore diameter of 0.2 um to obtain
'compbsition 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
NikonCorporation,waéusedenstheK:Fexcimerlase:(indicated
by "KrF" in Table 2); an AxF excimer laser exposure apparatus
(numericalaperture:0.55),manufacturedknfNikonCorporation,
was used as the ArF excimer laser (indicated by "Ar¥" in Table
1); an F» exoimer laser exposure apparatus XLS {nuﬁéifﬁal

aperture: 0.60), manufactured by Ultratech Stepper, Inc., was
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an opti mum exposure dose was taken as the resolution. Mask pattern
dependency: Resist coatings providing line patterns with a line width
exceedi ng 70% of the designed line width for a 0.22 pm 1L10S pattern (0Q.22
pmline/2.2 pmspace) upon exposure using an optinmm dose were | ndicated
by "good", otherwi se the resist coatings were indicated by "poo%*AmWﬂ%ﬁ an
- ArF exposure 156 24 April 2006 apparatus is used at an optinum dose, resi st
coati ngs peedi dsnghel FNnexpdidear Aaswirt Hiadk caeedi dy ' BXcaediTagy120% of t he
designed line width for a 0.16 pm 1L10S pattern-,(0.16 pmline/1.6 p.m
space) upendéxposuweitisi @beanroptiberm dosegwrmy maichdned Hby 70§oddh, -

ot herwi se the resist coatings were indicated by "poor". Misk pattern:
fidelity: aPperditiSevbacel apsolance heglafdorbgpnsanst Wes | inrraied ko éf a 0. 22
pm 1L5S pattern 0.22[err]mline/1.1 [err]mspace) and the design width
(0.22 pm rpragueePUBEN EXpdsBed) ushag Eacopistbm HHedel wad Ghkeads mask
pattern fidelity. Exanples 24-34 and Conparative Exanple 2 Each conposition
sol uti on H&FNGScERBoRRESTSRORAIMN Hhbte FORREC SV (RIRAPUTFhe eval uat i on

results are shown in Table 9. Evaluation of the.resists of Exanples 24-34
and accordance witg the conditions of Tab&e 2, PEB was condug%ed. :

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 aqueoué 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
homogenéous solutions. The solutions were_filteted through
.a membrane filter with a pore diameter of 0.2 um to obtain
'composition solutions. The solution compositions were
spin—coéted on silicon wafers. PB was then performed under
the conditions shown in Table 5 to form resist cecatings with
ﬁhe thickness shoﬁn in Table 5.

The resist coatings wére exposed with a KrF excimer léser
using a stepper NSR2205 EX12B (manufactured by Nikon Corp.,
numerical aperture: 0.55) anclbaked.(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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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 pm The radiation transmttance of the
resist coating was calculated fromthe absorbance at a wavel engfh” ¥ 2443
nmand was enployed as a standard for transparency in the deep UV ray

regi on. 157 24 ril 2006 Sensitivi uti pn._conpo i on. wa i ed
o000 | T AT Ty AR o o s A e BB se T RRESET T Tl (it aPP LG

b B S Cor . th

pbst - bakGtPH A9 e Bl e (ARG TR L RALE L Re b o 85 T obt ai
t f t h t f Th t ' dt

adiat ot TR BUIR EoRAGk | BT TR G 1 B AR GREl per | Sae Tt e

appar at us i kon Corp., lens nunerical aperture: 0.55)
After per?o#ggﬂﬁh Ei# ‘%%r the conditions shown in Table 8, the resist
coating was devel oped at 25C for 80 seconds in a 2.38 W%

t et ramet hyl ammoni um hydr oxi de aqueous sol ution, washed with water; and
dried to formg,positiyeolraie: £88ESts 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 forﬁing a l:1 line and spade
pattern (1L1S) with a line width of 0.22 um, when a resist
éoatingformedcnlasiliconwafersubstrateisexposedtolight,
immediaﬁely followed by PEB, alkaline development, washing
with water, and drying. In thé éxamples ﬁsing an ArfF 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.

Resclution:

The minimum line and space (1L1S) dimension resolved by

an optimum exposure dose was taken as the resolution.

- Mask pattern dependency:

Resistcoatingsprovidinglinepatternswithzaliﬁewidth
exceeding 70% of the designed line width for a 0.22 um 1L103
pattern (0.22 um line/2.2 pm space) upon exposure using.an
optimum dose were indicated by "good", otherwise the resist

- coatings were indicated by "noor". When an ArF exposure
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pattern. An optinum dose capable of formng a 0.16 pm |ine-and-space
~pattern (1L1S) with a 1:1 line wwdth was taken as sensitivity. Resolution:
The m ninmum |line and space (ILI'S) dinmension resolved by an opti num exposure
dose was taken as the resolution. Pattern profile: The dinensions of the

| ower side Lb and the upper side La of the rectangul ar cross setd#h2¥¥ a
line and space pattern (1L1S) with a line width of 0.16 mwere neasured
using a s ekl DAL HrCEHPECRRR doAPat s &1 o shapenwbighosadigfi ed the
formula "0.85 <= La/Lb <= 1" and was straight with no 158 24 April 2006
extended Bkié tpavas reisakitiahed Jane' Gaadh. ebeéesiny & devel opseidsifedective

" devel opnment was eval uated using a KLA 2112 or KLA 2351 defect inspection
appar at usy { faned &et Wed Dy . ILAnTengos parperat kon)6ijmaries daneeua th t he
foll ow ng nethod. The wafer for defect |nspect| on was prepared in the

f ol | owi ngspackerupoh selpisiuae Vehpgsal | ark Wwast awslel vdreoiadisat&domny waf er

Wi th an 820A .t hickness ARC25 film (manufactured by Brewer Science Corp.)
coat ed on"ghedSupfheswisediteatrasdstcioed ings were indicated by "poor™.

Mask pattern fidelity:

v The difference (abeolute value) between the line width
of a 0.22 pm 1L5S pattern (0.22 um line/1.1 pm 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 scolution having components shown in
Table 7 was evaluated. The evaluation results are shown in
-Table 9. |

Evaluation of the resists of Exemples_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 6C
secconds to obtain a resisﬁ coating with a thickness of 0.34
pm. The.radiation transmittance of the resiet 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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thickness of 0.30 m This silicon wafer was post-baked at 130C for 90
seconds. The entire surface of the wafer was exposed to a 5 nmx 5 mm

bl ank exposure using a full field exposure nmachine (manufactured by Nikon
Corp.; S203B when KrF exciner |aser was used and S306C when ArF exci ner

| aser was used) . After performing PEB at 1300C for 90 seconds,2%Ansl 2006

" resist coatings were developed in a 2.38 w % tetranet hyl ammoni um hydr oxi de
aqueous sobwiiofvaty25C for 30 seconds, washed with water, and dried to
form an iNSpection vvaf er. Next, the inspection wafer was inspected for the
nunber  of eXQ@SwBﬂﬂﬁ:ﬁreC&c&nfﬂfsﬂ:i]cﬁd M e dd the expasesd agarusing a
KLA 2112 or KLA 2351 defect inspection apparatus (manufactured by

KLA- Tencoraio? poratttony Theh tidtiad kruberrCay  rdafre qiravier felagsirers kynd -
unclusters extracted fromthe difference caused by superposing the pixels
and a refRremee 350127 Arid. )2006 tethge was detréstedopysphservianina@t an
array node. The other acid generators, alkali-soluble resins, acid

di f f usi onacdrpest tier'ssd arosshatkipdgtagentsyr ohbecordiiiovesshoemdisol vent s
indicated in Tables 1 and 9 are as follows. Qther acid generators a-1:
N—(trlfl uBrlbhet hyt & WFGTY Gx EsiifcIcopEinglyith a thickness of 0.34

pum. The coating was exposed to radiation through a mask

pattérn 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 agueocus solution,
washed with water, and dried to form a positive-tone resisﬁ
pattern. An optimum dose capable of forming a 0.16 pm
iine—and—space pattern (iL1S) with a 1:1 line width was taken

as sensitivity.

Resolution:

The minimum line and_space (1Li3) dimension resolwved 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 line and space pattern

(1L1S) with a line width of 0.16 um were measured using a
scanning electron microscope. Apatternshapewhichsatisfied

- the formula "0.85 <= La/Lb <= 1" and was straight with no
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" hept-5-ene-2, 3-di carboxyi mde a-2: Triphenyl sul foni.um
trifluoronethanesul fonate a-3: Bis(cyclohexylsulfonyl)di azonet hane a-4:
1- (4- n- but oxynapht hal en-1-yl) tetrahydrothi opheni um
nonaf | uor o- n- but anesul fonate Al kali-soluble resin C1: .
4- Hydr oxyst yr ene/ styrene copol ymer (copol yneri zation ratio: 78; ZbApril2006
Mn=3, 100, Mw Mh=1.13; VPS3020 (manufactured by Ni ppon Soda Co. Ltd.) <0)
“Acid diffustendeanskobtewasDedaluibted-ost ybasdne D-2: triet hanol ani ne D-3:
2- phenyl benzi m dazol e D-4: 2,6-dimethyl am nopyridine D-5:
N-t - but oxycar bonyl - 2- phenyl ben2| m dazol e Crosslinking agent 160 24 Apr| I
2006 E-1: N, N, N, Ntetra(nmethoxynethyl)glycoluril Qther additives F-i:
t-butyl déetgcholat deFel2optebtoxycarbonyl methyl deoxycholate F-3:
t- but oxycar bonyl met hyl Iithocholate - '

Defective development was evaluated using a KLA 2112 or

KLA 2351 defect inspection apparatus (manufactured by
KLA-Tencor Corporation) in accordancé with the following
method.

The wafer for defect.inspection was prepared in the
folléwing manner. A sclution composition was applied to-a
silicon wafer with an.SZDA thickness ARC2S film (manufactured

-byBrewerScienceCorp.)Coat@jonthesurfaoetoobtainxadried
thickness of 0.30 pum. This silicon wafer was post-baked at
130°C for 90 secohds. The entire surface of the wafer was

"exposed to 2 5. mm x 5 mm blank exposure ﬁsing a full field
exposﬁre machine (manufactured by Nikon Corp.; S203B when KrF
.excimér laser was used and S$306C when ArF excimer laser was
used) .  After performing PEB at 1300oC for 90 secqnds, the
resist coatings were developed in a 2.38 wt$%
tetramethylammonium.hydroiide'aqueous solution at 25°C for 30
seconds, washed with water, and dried tb form an'inspection
wafer.

Next, the inspection wafer was inspec;ed for the number
of exposure defects of 0.15 pm or more in the exposed area using
a KLA 2112 or KLA 2351 defect inspection apparatus
(manufactured by KLA-Tencor Corporaticn). The total number
of defectife clusters and unclusters extracted from the

difference caused by-superposing.the pixels and a reference
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Solvent G 1: ethyl lactate G 2: ethyl 3-ethoxypropionate G 3: propyl ene
gl ycol moncnet hyi ether acetate G 4: 2-Heptanone G 5: Cycl ohexanone G 6:
y-Butyrol acton 161 24 April 2006 Table 1

Aci dResi nAci dCr ossl i nki ngQt her Sol vent gener at ordi f f usi onagent addi ti ves
controller Exanple 1A-1 (3)B-1 (100)D-3 (0.1)--G 1 (800) Exanpl % Ansl 2006
(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) Examilse 44 dDBrbd H90)Bs3 b@nd) atCGah 680Q) mbxampl e 5A-3 (1)B-1
(100)D-5 (0.2)--G 1 (400) a-1 (6)G3 (400) Example 6A-3 (2)B-2 (100)D-2
(0.1)--G 1 (40Me 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-(trifluorcmethylsulfonyloxy)bicyclo[2.2.1}]
' hept-5-ene-2, 3-dicarboxyimide

éf2: Triphenylsulfonium trifluoromethanesulfonate
a-3: Bis{cfclohexylsulfonyl)diaZomethane

a-4: 1-(4-n-butoxynaphthalen-1-yl)

‘tetrahydrothiophenium nonafluoro-n-butanesulfonate

Alkali—soluble resin

C—l:.4—Hydroxystyrene/styrene copolymer
(copolymerization ratio: 78:22, Mw=3,100,
'Mw/Mn=1.13;VP53020(manufactur@ibyNipponSOdaCo.,'.

Ltd.)<0)

Acid diffusion controller

D-1: tri-n-octylamine

D-2: triethanolamine.
D—B;.2—pheny1benzimidazoie
D-4: 2,6-dimethylamincpyridine.

D-5: N-t-butoxycarbonyl-Z-phenylbenzimidazole

~ Crosslinking agent -
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G2 (400) Exanple 7A-3 (2)B-3 (100)D-3 (0.1)--G 1 (400) G 3 (400) Exa
8A-2 (2)B-4(100)0-1(0.1)--G 1 (400) G 3 (400) Exam(JIe g)A—l ((2)5-)5 (905@2
(0.1)-F-1 (10)G 4 (700) G5 (300) Exanple 10A-1 (5)B-6 (92)D-3 (0.4)-F-2
(8)G3 (700) G 6 (50) Exanple 11A-2 (2)B-13(100)D-3 (0.1)--G 3 (1200
Exanpl e 12A-2 (3)B-1 (100)D-3 (0.1)--G 1 (800) Exanple 13A-2 (3)@@’!@#’}301
(0.1)E-1 (7)-G 1 (550) B-4 (3)G2 (250) Exanple 14A-1 (4)B-7 (90)D 3
(0.4)--G 4 (250) A-2 (1)B-11 (10)G 6 (550) Exanple 15A-1 (4)B-7 (90)D-3
(0.3)--G 4 (B5D) WB NayBraars ipyenexyss Y%%%l% -1 (5)B-8 (60)D-3
(0.4)--G 4 (800) B-10 (40) Exanple 17A-1 (5)B-9 (100)D-3 (0.4)--G 4 (800)
Exanmpl e 18A-1 (4)B-12(100)D-3 (0.4)--G 4 (800) A-2 (1) Exanple 19A-1

4) B- - -
(4 12(%&%@2_%d%9t§%856-4 (800)

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 moncmethyl ether acetate
G-4: Z-Heptanone
G-5: Cyclohexénone

G-6: y-Butyrolacton
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A-5 (1) Conparativea-1 (3)B-1 (100)D-3 (0.1)--G 1 (400) Exanple 1G 3 (400)

Unit in parenthesis: parts by weight 162 24 April

2006 Tabl e 2 Thi ckness

(A) PBRadi ati onPEB Tenp Tine Tenp Tinme (C)(sec)(C) (sec) Exanple
15, 00012090' Kr F exci nmer | aser 13090 Exanpl e 25, 00012090Kr F exci ner

| aser 13090 Exanpl e 35, 00012090Kr F exci ner | aser 13090 Exanpl e 45, $oWibe¥§kr F

| aser 13090 Exanpl e 55, 00012090Kr F exci nmer

65, 00014090Kr F exci mer

Exanpl e 85, 00010090Kr F exci ner
ebleh

“exci ner

| aser 13090 Exanpl e
| aser 14090 Exanpl e 75, 00013090Kr F exci ner

| aser 1409 mpl e 103_30013090Ar E_exci merUNHE parenthesis: pars/py weight
111, OO0O[L3090F2 exCi n&did | aseResi09 Acid Crosslinking Other Solvent
generator : diffusion agent additives
controiler '
Example 1 | A-1(3) B-1(100) | D-3 (0.1) - - G-1 (800)
Example2 | A-2(3) B-1(100) | D-2 (0.1) - - G-1 (800)
Example3 |A-3(3) B-1(100) | D-4 (0.3) - - G-1(800) -
Example4 | A-4(3) B-1{100) | D-3(0.1) - . G-1 (800)
Example 5 |A-3(1) |B-1(100) | D-5(0.2) - - G-1 (400)
, a-1(6) G-3 (400)
Example6 | A-3(2) B-2 (100) | D-2(0.1) - - G-1 (400)
. G-2 (400)
Exampie 7 | A-3(2) B-3 (100) | D-3 (0.1) - - G-1 (400)
G-3 (400)
Example 8 | A-2(2) |B-<4(100) | D-1(0.1) - - G-1 (400)
' G-3 (400)
ExampleS |A-1(2).  |B-5(90) |D-3(0.1) - F-1(10) | G-4(700)
I 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) -
Exampie 12 | A-2(3) B-1 (100) | D-3 (0.1) - - G-1 (800)
Example 13 {A2(3) |C-1(97) |D-1(0.1) |E-1(D) - G-1 (550)
' B-4 (3) G-2 (250)
Example 14 | A-1 (4) B-7(90) |D-3(0.4) - - G-4 (250)
A2 (1) B-11 (10) G-6 (550)
Example 15 | A-1(4) |B-7(S0) |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) . - G4 (800)
| A2 (1) |
Example 19 | A-1 (4) B-12(100) | D-3 (0.3) - - G-4 (800)
A5 (1)
Comparative | a-1(3) B-1{100) | D-3(0.1) - - G-1 (400)
Example 1 : G-3.(400)
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Exanpl e 123, 00012090El ect ron beanl3090 Exanpl e 135, 0009060Kr F exci ner
| aser 11090 Exanpl e 143, 30013090Ar F exci mer | aser 13090 Exanpl e

153, 30013090Ar F exci mer | aser 13090 Exanpl e 163, 30013090Ar F exci ner
|-aser 11090 Exanpl e 173, 30013090Ar F exci mer | aser 13090 Exanpl e ‘
183, 30013090Ar F exci mer | aser 11090 Exanpl e 193, 30013090Ar F exci nedApril 2006
| aser 11090 Conparative 5,00012090Kr F exci mer | aser 13090 Exanple 1 163 24
April 2006 Table 3 ResolutionSensitivityMask pattern dependency Exanple
10. 21 pnB860 J/ nm2Cood Exanpl e 20.21 nB820 J/ nm2CGood Exanpl e 30.20 nB800

J/ m2Good £xanpl e 40. 20 nB50 J/ n2Good Exanpl e 50.20 nB20 J/ n2Good Exanple

60. 21 pnB90 J/ nPGood Exanple 70.21 nR6Q 1/ nPGood FExanple 80 20 nB80
J/ m2Good Thickness (4) PB Radiation _ PEB
' ' Temp Time Temp |- Fime
(°C) (sec) ' ("’('-5)"- ’ (éec)
Example 1 5,000 120 90 KrF excimer {aser 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 a0 KrF excimer laser 130 a0
Example 5 5,000 120 90 KrF excimer laser i30 a0
Example 6 5,000 140 a0 KrF excimer laser 140 80
Example 7 5,000 130 90 KrF excimer laser 130 a0
Exampie 8 5,000 100 g0 KrF excimer laser 100 90
Example 9 3,000 140 a0 ArF excimer laser 120 80
Exampte 10 | 3,300 130 90. ArF excimer laser 130 90
Example 11 | 1,000 ‘ 130 a0 'F; excimer laser 110 Q0
Example 12 | 3,000 120 80 Electron beam 130 90
Example 13 | 5,000 80 60 Krf excimer laser 110 390
Example 14 | 3,300 130 90 ArF excimer laser 130 90
Example 15 | 3,300 130 90 - | ArF excimer laser | 130 80
Example 16 | 3,300 130 a0 ArfF excimer laser 10 90
Example 17 | 3,300 130 g0 ArF excimer laser 130 - a0
Example 18 | 3,300 130 90 ArF excimer laser 110 90
Example 19 | 3,300 130 80 ArF excimer laser 110 90
Comparative | 5,000 120 g0 | KrF excimer laser 130 80
Example 1

1e3




- Exanpl e 90.17 nB00 J/ m2Good Exanpl e 100.15 nB00 J/ nRGood Exanple 110.17
n200 J/ n2Good Exanple 120.16 m4 pCGood Exanpl e 130.20 nR60 J/ n2Good Exanpl e
140. 15 n260 J/ n2Good Exanpl e 150. 15 nm280 J/ nmRGood Exanple 160.15 nB20

J/ m2Good Exanpl e 170. 15 n280 J/ n2Good Exanple 180.15 nR40 J/ m2CGood Exanpl e
190. 15 270 J/ nR2Good Conparative 0.21 nB20 J/ n2Poor Exanple 1 16450 %@il
- 2006 Table 4 Unit in parenthesis: parts by wei ght Aci dResi nAci dSol vent
gener at or ghifié 3si on control |l er Exanple 20A-6 (2)B-1 (100)D-3 (0.2)G 1 (400)

a-1 (6) G3—{400)Exanple21A-6 (2)B-2 (100)D-3 (0 2)G 1 (400)
_ Resolution Sensitivity Mask pattern
| dependency

Example 1 0.21 pm 360 J/im? Good
Example 2 0.21 um 320 Jim? Good
Example 3 0.20 um 300 J/im? Good
Example 4 0.20 um 350 J/im? Good
Example 5 0.20 um 320 Jim? Good
Example 6 021pum | 390 J/m? Good
Example 7 0.21 um 360 J/im? Good
Example 8 0.20 um 380 J/m? Good
Example 9 0.17 pm 800 J/m? Good
Example 10 0.15 um © 300 J/im? Good
Example 11 0.17 um 200 J/im? Good
Example 12 0.16 um 4 uC Good
Example 13 0.20 um 260 J/im* Good
Example 14 0.15 um 260 Jim? Good
Example 15 0.15 um 280 J/m? Good
Example 16 0.15 um 320 J/m? Good
Example 17 0.15 um 280 J/m? Good
Example 18 0.15 um 240 JIm? Good
Exampie 19 015pm | 270 Jim? Good
Comparative 0.21 ym 320 J/im? - Poor
Example 1




205, 00012090Kr F exci mer
| aser 13090 Exanple 225, 0009090Kr F exci mer
235, 00010090Kr F exci ner

pattern fiadgld ty Exanple ZOleadaﬁe%

a-1 (6)G 3 (400) Exanple 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 onPEB Tenp Tinme Tenp Tine (C)(sec)(C) (sec) Exanple

| aser 13090 Exanpl e 215, 00012090Kr F exci ner
| aser 10090 Exanpl e

e}.{sngaip@ bgmrga{ e 2

Exanp|e 220.20 nP9

24 April 2006
| aser 10090 5 Tabl e 6 Resol utionSensitivityMask
10. 20 pnB30 J/ n212

1/ nR28 Example 165
Acid Resin Ac1d Sol\_fent
generator “diffusion
‘ coniroller
Example 20 | A-6 (2) B-1(100) | D-3 (0.2) G-1 (400)
a-1(8) G-3 (400)
Example 21 | A-6(2) B-2 (100) { D-3(0.2) G-1 (400)
a-1 (6) -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 (&) PB Radiation PEB
' Temp | Time Temp | Time
(°C) (sec) - (°C) | (sec)
Example 20 | 5,000 120 - 90 KrF excimer laser 130 90
Example 21 | 5,000 120 80 KrF excimer laser 130 90
Example 22 | 5,000 g0 90 | KifF excimer laser 100 80
Exampie 23 | 5,000 100 S0 KrF excimer laser 100 90
Table 6
Resolution Sensitivity Mask pattern |
fidelity
Example 20 0.18 um 310 J/m? 10
Example 21 0.20 um 330 J/m? 12
Example 22 0.20 ym 290 Jim?
Example 23 - 0.18 pm 300 Jim?
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Exanpl e 3Qfp4 (5)B-8 (92)D-3 (0.10)F-2 (8)/GtH Hiindskaptse

24 April 2006 Table 7 Unit in parenthesis: parts by weight Acid ResinAcid
di ffusion O her Solvent generatorcontroll eradditives Exanple 24A-8 (5) B-8
(92)D-3 (0.10)F-2 (8)G 3(700) Exanple 25A-8 (5)B-8 (92)D-3 (0.10)F-2
(8) G 3(700) Exanple 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) Exanple 28A-1 (5)B-8 fo5H2epe
(0.30)F-2 (8)G 3(700) Exanple 29A-7 (5)B-8 (92)D-3 (0.15)F-2 (8)G 3(700)

Medgit (5.5)B-7

(65.8) DF5 (0. 43)F fb) G4( :_g%% B 15( 28.cd)dmaoR 0@ndex anpl & s3kénd (5.15) B- 7
ol o 1534 0 (o, o] ESIBE blo L Po gof Ao dibagtel (29,00 © LT

Example 24 A-8 (5) 88(92) | D300} | F2(8 B-5(700)

Example 25 | A-8 (5) B-8 (92) D-3(0.10) |F-2(8) G-3(700)

Example 26 | A-2 () B-8 (92) D-3 (0.30) -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 28 | 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)

S 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(282) |D5(043) |F-2(6) G-3(470)

B-15(65.8) G-4(200)

- G-5(30)
Example 3¢ |A1(55) |B-7(282) |D-5(043) |F-2(6) G-3(470)
B-15(65.8) G-4(200)
G-5(30)

Comparative | a-4 (5) 1 B-8(92) D-3(0.30) | F-2(8) | G-3(700)

example 2 '

- lée



B-7 (28.2) G 3(470) Exanple 34A-1 (5.5)B-15(65.8)D-5 (0.43)F-2 (6) G 4(200)
G 5(30) Conparative a-4 (5)B-8.(92)D-3 (0.30)F-2 (8)G 3(700) exanple 2 166
24 April 2006 Tabl e 8 Resi st Substrat ePBPEB coating Tenperature Tinme '
Tenperature Tinme thickness (C)(sec)(C) (sec) (m Exanple

240. 34ARC251309013090 Exanpl e 250. 34ARC251309013090 Exanpl e 24 April 2006
260. 34ARC251309013090 Exanpl e 270. 34ARC251309013090 Exanpl e

280. 34ARG28'2$00013090
Resist Substrate PB PEB
coating , ) -
, Temperature | Time § Temperature | Time
thickness o _ o
°C) 1 {sec) ") (sec)
(um)
Example 24 0.34 ARC25 130 - | 90 130 90
Example 25 0.34 ARC25 130 a0 130 80
Example 26 0.34 ARC25 130 90 130 90
Example 27 0.34 ARC25 130 a0 130 90
Example 28 0.34 ARC25 130 90 130 80
Example 29 0.34 ARC25 130 80 130 90
Example 30 | 0.34 ARC25 130 90 130 90
Exampie 31 0.34 ARC25 130 90 130 90
Example 32 | 0.34 ARC25 130 80 130 90
Exampie 33 0.34 ARC25 130 90 130 g0
Example 34 0.34 ARC25 - 130 90 130 80
Comparative 0.34 ARC25 130 90 130 90
example 2 '
Table 9
Radiation | Sensi- | Reso- | Pattern Developing defects
trans- tivity lution |shape :Amount | Exposure | 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 89 232 013 | Good 12 52038 KLA2115
Example 27 70 229 0.13 Good 0 S203B KLA2115
Exampie 28 70 229 0.13 Good 0 3306C KLAZ2351
Example 29 72 249 0.13 Good 4 S203B8 KLA2115
Example 30 70 283 0.13 | Good 1 S203B KLA2115
Example 31 71 252 0.13 Good 0 52038 KLA2115
Example 32 71. 252 0.13 Good 0 5306C KLAZ2351
Example 33 70 254 0.13 Good 0 82038 KLA2115
Example 34 70 254 0.13 Good 0 S306C KLA2351
Comparative 70 224 0.13 Good 526 52038 KLAZ2115
example 2
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Exanpl e 290. 34ARC251309013090 Exanpl e 300. 34ARC251309013090 Exanpl e -

310. 34ARC251309013090 Exanpl e 320. 34ARC251309013090 Exanpl e

330. 34ARC251309013090 Exanpl e 340. 34ARC251309013090 Conparati ve

0. 34ARC251309013090 exanple 2 Tabl e 9 Radi ati onSensi - Reso- Patt er nDevel opi ng
defects trans- tivity lution Exposure Defect mittance 24 April 2008

(J/ n2) (M shapeAnount machi nei nspecti on (% appar at us Exanpl e

24712380. 13Go0d0S203BKLA2115 Exanpl e 25712380. 13Good0S306CKLA2351 Exanpl e
26692320. 13Go0d12S203BKLA2115 Exanpl e 27702290. 13Good0S203BKLA2115 Exanpl e
28702290. 13@0@&83@@%@%2}%&ht0: (I) of the present invention exhibits

comparatively high combustibility and no bioaccumulation, and
produces an acid exhibiting high acidity and a high boiling
point. The acid generator exhibits high transparency to deep
1l..1]'.trawriolet rays suchas a KrE‘ excimer laser,rArF excimer laser,

 F; excimer laser, or EUV, and electrdn beams, and produces the

' sulfonic acid (I-a) either as a photoacid generator in response
to the above radiations or as a héat—sensitive acid generator
in response to heat. Particularly, the acid generator can be
suitablv used as a photoacid gensrator ina radiation—-sensitive

.resin composition that is useful for .chemically émplified
resists. .

The sﬁlfon_ic acid (I-a) of the present invention is useful
as a componenﬁ for forming an anti—-reflection filmon the upper
or lower layer prov_ided during the formation of a resist pattern.

" The sulfonate (1C) and sulfonyl halide compound (4A) cof 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
-_éompound {4A) é.re useful as raw .mate}:ials fof the s_ynthesis
of the sulfonic acid derivatives.

The radiation-sensitive resin composition of the present
invention contéininq the acid generator (I) is responsive to
deep ultraviolet rlays sﬁ_ch as a KrF excimer laser, ArF excimer R
laser, F» 'excime.r laser, or EUV, and electron beams, is highly

sensitive to radiation, has amoderately short diffusion length




Exanple 29722490. 13Go0d4S203BKLA2115 Exanpl e 30702830. 13Good1S203BKLA2115
~ Exanpl e 31712520. 13Good0S203BKLA2115 Exanpl e 32712520. 13Good0S306CKLA2351
Exanpl e 33702540. 13Good0S203BKLA2115 Exanpl e 34702540. 13Good0S306CKLA2351
Conpar ati ve 702240. 13Go0d526S203BKLA2115 exanple 2 167 24 April 2006 The
acid generator (1) of the present invention exhibits conparativ 'gﬁ

N combustibility and no bioaccunul ation, and produces an acid exhibiting

hi gh aci djf ytr?éﬁdfeas,lfytgfao%%ﬂddﬁg diRY1ys E&%eqq&tg%%@he&oﬁxhuw s high
transparency to deep ultraviolet rays such as a KrF excinmer |aser, ArF

exci mer ndechéz @XChABk ﬂ:@@@érnoc&emlay,aradmel:aﬁtﬁ@ns@ieamlymcpr oduces
t he sulfonlc acid (l-a) either as a photoacid generator in response to

‘the aboveid adiatins ofmesSrHf ieaicHensi reyeeashdegenetat Product 2sponse to
heat. Particularly, the acid generator can be suitably used as a photoacid

gener at orof Nrad@ditald edrsansist i ¥kichess rexpopesi toohetbiaeé msrasafdl for
chemcally anplified resists. The sulfonic acid (l-a) of the present
i nvent i omaise usafutle ..
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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as a c
| ayer
(10 a
‘as ar
NOR
" hal i de

onponent for formng an anti-reflection filmon the upper or |ower
provided during the formation of a resist pattern. The sulfonate

nd sul fonyl halide compound (4A) of the present invention are useful
eaction internediate material for synthesizing the acid generator
Moreover, the sul fonic aghgf W%gg;l fonate (1C), and suP¥amiyPo06

compound (4A) are useful as rials for the synthesis of the

sul fonic acikd derivatives. di ation;sensitive r iti nof t he
present i n\i/entl on cont ai ni ng‘“taﬁ gghsrafo %“th“l"’) %?’?r}f’@%%ﬁz? deep

ul travi
exci ne
radi at
resi st
patter
fabric
expect
and va
t eachi
append

.ol et rays such as a KrF exciner |aser, ArF exciner |aser,

1aser, or EW, and electron beanms, is highly sensitive to
ion, has a noderately short diffusion length 16 8 24 Apri 12006 in the
coating, displays excellenj resolution, low dependency to nask
n density, and can be suitdply used in the field of mcro
ation represented by the p%ductl on igmtegrated circuits, which is
ed to becone nore and R "nﬂﬁﬁlzr'\wa o@sl Yy, numerous modi fi cat i ons

riations of the present inyvention are possible in |ight of the above
ngs. It is therefore to bél,understood that, within the scope of the
ed clains, the invention be practiced otherw se than

whetein V independently represents an oxygen atom, a halogen, or e monovaienf organic group,
end R is 2 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 lincar
or branched perﬂuoroalkyl group having 1.10 carbon atoms; |
wherein the mongpvalent orgamc group with a fluorine content of 50 wt% or less is

selected from the group consisting of: -RY, -CO-RY, -COO-R!'; CONR'M(R?), -S-RY, -SO—R"

and «80,-R" and R* individually represent a substituted or unsubstituted linear, branched or

cyclic monovalent hydrocarbon group with 1-30 catbon atoms, & substituted or unsubstituted aryl

group with 6-30 carbon atoms, or 4 substituted or unsubstituted monovalent heterocyelic organic

group with 4-30 carbon atoms.
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as, specif-ically described herein. 169 IN THE CLAIMS 24 April 2006 1. 1 An
aci d generator having a structure of the following fornula PC SO%4A 12&% m
wherein V independently represents an oxygen atom a hal ogen, or

nonoval ent-organic group, and R is a nonoval ent organic group vvlth a

fluorine corgent of 50 wt % OMnlseRIGenddatDs Rdviigd sBHBureof thy/RNOwRE Rithaaie’ 2

hydr ogen atom and Z' and Z2 individually represent a fluorine“atomor a

| i near gz ?B‘C{i'%g per fl uor oal kyI group having 1-10 carbon atomns; wherein
the_m)ngv’l otgadnic group with a fluorine content of 50 wt%or less is
sel ected fromthe group consisting of. -R', -COR', -COO-'R I;

CON(R') (R12), -S-R', -SOR', and -S2-R' and R12 individually represent a
substituted or unsubstituted |inear, branched or cyclic nonoval ent
“hydrocarbon group with 1.30 carr-bon atons, a substituted or unsubstituted
aryl. group with 6-30 carbon at or a substituted or unsubstitated

nonoval ent heterocyclic or&g \CF aLAuUp._ . 4-30 carbon atons. 170 2.
(1-2), or An acid generator™ha ngég2 \WJL ure of the following formuT& F
Rsoz V (1-1) I

|
R— C—80,—y &2
CF,

CF;
| (+3)
R— ¢—S0;—V

CF3
wherein V-independently represents an oxygen atom, a halogen, or a monovalent organic group,
and R individually represents monovalent organic group with a fluorine content of 50 wi% or
less, & nitro groﬁp, Or 8 cyano group, whe'rein the monovalent organic group with a ﬂuorine |
content of 50 wt% or less i selected from the group consisting of: -RY, -CO-RY, COO-RY,

- -CONR'™RY), -S-R", [[AND]] -80-R", and -SO,R" whetein R!' and R individualty
represent a substituted or wnsubstituted linear, branched or cyclic monovalent hydrocarbon group
with 1-30 carbon atoms, a substituted or unsubstitnted aryl group with 6-30 carbon atoms, or &

substituted or unsubstituted monovalent heterooyclic organic group with 4-30 carbon atoms.
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F-F1-2)°f r 1 CFR3 1-3) CF3 MW-002 -V CF3 wherein 'V independently
represents an oxygen atom a hal ogen, or a npnoval ent organic gré)u;p 12 d R
i ndividually represents a nonoval ent organic group with a fluorine At ent
of 50 w%or less, a nitro group, pr a cyan group; wherein the nonoval ent

.organic grouqh with a fluori neAngﬁa s?_{ql&ﬁrelog vﬁﬁé from
t he group- conS|st|ng of. -Rf, - CON(R") ( 5% FC@:lm'[(AND]]

-SO R". g.q; &Si,_ wherein W and R12 i nd| Vi dual ly represent a substituted
unsubst’itdted |inear, branched or cyclic nonoval ent hydrocarbon group
W|th_ 1-30 carbon atons, a substituted or unsubstituted aryl group with 6-30
car bon-at ons, or a substitut ed or unsubstituted nonoval ent heterocyclic

organi ¢ group 4-30 carbon atons. 171 3. (I-A) or (I-B), ZI Yt-

c-so2-v (I-A)
(H@‘Y"‘* c—soa—v (I-A)

(R)\k '
@@Y‘\ 0—502—-—\/ (I-B)

- wherein V independently represents an oxygen atom, a halogen, or a monovalent organic group,
Z! and Z* 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 ﬁxteger of 0 or more, and n is an integet from 0-5.

4, . ' An acid generator which is an onivwm sulfonate compound

shown by the following formula (1),
i
R——C—80;" M* (1)
z
wherein R is a monovalent organic group with a fluorine content of 50 wt% or less, a nitro group,

or & cyano group, Z' and Z? individually represent a fluotine atom or a linear or branched

perﬂﬁoroaﬂcy_l group having 1-10 carbon atoms, and M* is a monovalent onium oation.
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121 Yl - CSX2--V (1-B) 12 wherein V independently represents an oxygen
atom a hal ogen, or a nonoval ent organic group, Z' and Za indi viﬁg%b(yos
represent a fluorine atomor a |linear or branched perfl uoroal kyl group
having 1-10 carbon atons, Y' represents a single-bond or divalent group, R
represents &. nonoval Anncidlgemﬁramivﬂﬁéhisuﬂﬁﬁihﬁllsﬁﬂmatd‘cdn@oﬁméhBivﬁ%?‘fﬁéOf 0 or
more, and n is an integer fromO-5. 4. An acid generator which I's an onium
sul f onafofiowRiEHe it (1S the followng fornmula (1), C-S3" Zr M (1)
wherein Ris a mnogla‘{qje)%glo ganic group with a fluorine content. of 50 wt %
or less, a nitro group, Q a cyano group, Z and Z individually represent
a fluorine atom or a Rknear or branched perfluoroal kyl group having 1-10
carbon atons, and M i} pRQ@val ent opi um cation. An aci d generator having
a structure of the fol rrrula 2 5 An acid generator which is an
oni um sul f onat e conpo OV -by-L96.cLght qui ngipprmula (1-A) or (1-B),
(1-A) wherein Z' and Z2 T ndiVviddually fepresent a fluorine atomor a linear
or branched perfluoroal kyl group havhg 1-10 carbon atonms, Y' represents a
si ngl e-bond or dival e®& group,. R represents a nonoval ent or dival ent
substituent, k is an i O or mpre, n is an integer fromO-5, and W

Y‘—-a!:—so,' M (1-B)
Zz

wherein Z' and Z* individually represent a fluorine atom or a linear or branched petfluoroalkyl
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*
isa monovalent onium cation, |
6. The acid generator aceording to Claim 5, whereiri M* is a
sulfonium cation shown by the following formula (i),
whetein RY, R?, and R? individually represents = substituted or unsubstituted, linear or branched
alkyl group having 1-10 carbon atoms, a substituted or unsubstituted aryl group lizivifxg 6-18
carbon atoms, or two or mors of the gro{lps R, R?, and R® form a ring together with the sulfur

atom in the formuls.

r1
I

Re—st—~grs ()
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~is a nonoval ent onium cation. 6. .The acid generator according to Caimb5,
wherein MMis a sulfoniumcation shown by the follow ng fornmul a2t“\3ri12006
wherein R, R2, and R individually represents a substituted or ,
unsubstituted, linear or branched alkyl group having 1-10 carbon atons, a
substituted of unsubstituted &hyhecidgenemtdravsordingto HaimesrWikteia MFREROr t WO
or nore of the groups R, R2, and R2 forma ring together with the sul fur
at om i n ipéenidro catiohaf thefollowing HrmB@(i1) 173 24 April 2006 7. The acid
generator according.to Claimb5, wherein mr f -ztd'iodoniumcation of the
following formula (ii), R4- 1+~ Rs wherein R and R individually represent
a substituted or unsubtituted, linear or-branched al kyl group having i-10
carbon atons, a substituted &f—omsub¥titut etﬁs aryl group having 6-18 carbon
atons, or R4 and'R forma ring together with the iodine atomin the
formula._8. , acj.g.generator which is an N-sul f onyl oxyi m de conmpound of
the fol Wﬁlﬁg‘} Ftd'rg"dg‘ﬁ"’?ﬁly reprgseniianbstifntd oramepbtitutedy eanor byamghed alkylr oup
with a fluorine content of 50 weight' % or lass, a nitro group, a cyano
group, doup heying djdrvabon atomg; a shstitda] omnibukistiumt iyl pops heng 6-48 g | ne at om
or a linear or branched perfluoroal kyl group having 1-10 carbon atons, R6

and Ry iotutusorRitistiR* orpr xignbgotholydth 0SAIOKiaS M08 B 8 sl | ¢ Ut ed or

unsubstitated nonoval ent” organi c group, 'or R6 an
8 An acid generator which is an N-sulfonyloxyimide compound of the

following formula (2),
: | \/'“ﬂ' . . @
Vi .

wherein R is a monovalent organic group with a fluorine contont of 50 weight% or less, a nitro
group, a cyano group, or a hiydrogen atom, 2! and Z? individually represent a fluorine atom or 2
* dinear or branched perfluoroalkyl group having 1-10 carbon atoms, RS and R individually
| ~ represent a hydrogen atom or a substituted or unsubstituted monovalent orga‘nic group, or RS and

R” form & ring 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.
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R forma ring together with the carbon atons, each bonding to either the
group R6 or R, and Y2 is a single bond, a double bond, or a dl#aé\?e%oos
organic group. 174 24 April 2006 9. An acid generator which is a

sul f bnyl oxyi-m de conpound of the following formula (2-A) or (2-B), (2-A)

wherein Z' afd r indiMdddlgemwpwmagmmqq_gmwomwoﬂéf@ar or

-branched perfluoroalkyl group having 1-10 carboOn atons, represents a
si ngl e- g foghmg?:ﬂ?] represents a nonoval ent or divalent .
subst:i t uent, s a % ' of 0 or nore, nis an integer fromO0-5, Rs and

R i ndividual | y represent a hydrogen atomor a substituted or unsubstituted
monoval ent. organic group, or R6 and R forma ring together with the
carbon atons,*“gach fbonging to either the group R6 or R, and Y' is a
single bond, a MoWleZgond, or a_divalent ogganic group. 10. A sulfonic
acid of the fol ) rrrula‘l%a) VAR CA803H 122 wherein Ris a
nonoval ent or gaR] 4 V Ya-t‘-ha@f' nte § of SQZ,M%or |l ess, a nitro
group, a cyano graoup, and Z2i4 ndi vi dual epresent a fluorine atom or
a linear or branched perfluoroalkyl .grou rﬂg 1- 10 carbon atons;

wher ei n .t he oval ent organic group is sél ected fromthe group consisting
of -R', -CO ' CO\I(\M)(Rlz) -SO-F\", -SOR', and -S2-R",

wherein R'. andfRL %1 )\Yﬁs
. ; Y!'—C—~50, —0 —N

n l ) (Z'B)
: i /7

wherein Z! and 72 individually represent a fluorins atom or a linear or branched pertiuoroalkyl

group having 1-10 carbon atoms, Y' represents a siﬁgle-bond or divalent group, R' represents a

| IﬁOnOV&lent_or divalent substituent, k is an integer of 0 ot more, n is an integer from 0-5, R¢ and
R individually represent a hydrogen atom or a substituted or unsubstituted monovﬁlent organic
group, or RS and R7 form a ring together with the carbon atoms, each bonding to either the group

RPorR’, and Y?is 2 single bond, a double bond, or a divalent otganic group.

10, ' A sulfonic acid of the following formula (I-a),
71 ' -
: \
R—C—S80zH (l-a)
Ja

wherein R is a monovalent organic group with a fluorine content of 50 wt% or less, a nitro gtoup,
a cyano group, Z' and 22 individually represent a fluotine atom or a linear or branched
perfluoroalkyl group having 1-10 carbon atomns;
wherein the monovalent organic group is selected from the group consisting of: R,

-CO-R", -COO-R", -CONR)R™), -S-R", -SO-RY, and -80,-R"! wherein R!" and R"
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- with 4-38

.Q 24 April 2006 individually represent a substituted or unsubstituted

| i near, branched or cyclic nonoval ent hydrocarbon group with 1- 39 F DsY
atons, a substituted or unsubstituted aryl group with 6-30 carbon ‘atons,
or a_subséiit ted or unsubstituted nonoval ent heterocyclic organic group

| Vﬁiﬂ@mprammsubmmteglos ungubstituted tinear,fwanichdd arojeliy thonovales: (1 C)
wherein R is a nonoval ent organic group with a fluorine content of 50 wt %

or | ess, hydrosatbon gpnpwith 1-30 cagtonatadisn b pubstitutsd dBMﬁBixBWB@lTFmEﬁ with§-36 are
individually a fluorine atomor a linear or branched perfluoroal kyl group
havi ng Iaffdn@esmnfoor FRute AHriMibsSi lnli ' : val ent
organic group is se?gggt ed from t%%“%‘?uo‘l‘&%mé’gﬁ’éﬁ@gﬁd&”%‘w%‘% &OPE%M%
-CO-R 1, ', -CON(R'-S-R'1, -SOR', and -SO -R' wherein R* and R 2

I ndi vi ducaafl y.represent a substituted or unsubstituted |inear, branched or
cycli crronova_lgent hydrocarbon group with 1-30.carbon atons, a substituted
or unsubstituted aryl group wi ¥hsubtongte obthe fllewdagfernulaf1G), substituted or
unsubsti tuted nonoval ent heterocyclic organic group with 4-30 carbon atons
176 12. 24 Apdl 2006 A sulfonyl halide conpound of the foll ow ng.
formula(4A) Z1 R C S02A (4A) pal Z2

R—C —303M (1C)

Z2

wherein R is 2 monovalent organic group with a fluorine content of 50 wi% or less, a nitro group,
| a Cyatio group, orAa hydrogen atom, Z' and 7? are individually a fluorine atom or a linear or
. branched perfluoroalkyl group having 1-10 carbpn atoms, and M is an Na, K, or Lj;
| wherein the monovalent organic group is selected from the group consisﬁng of: -R,
© - -CO-RY, -COO-RY, -CONRMR®), -8R, -$O-R", and -S0,-R" wherein R' and R
individually represent a substituted or unsubstituted linear, branched or eyclic monovalent

hydrocarbon group with 1-30 carbon atoms, a substituted or unsubstituted aryl grmip with 6-30

carbon atoms, or a substituted or unsubstituted monovalent beterocyclic organic group with 4-30

carbon efoms
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-wherein R represents a nonoval ent organic group with a fluorine content of
S0 w% less, a nitro group, a cyano group, ZI and Z' are indi VéﬁH&libdoea
fluorine atomor a linear or branched porfluoroakl group having 1-° 10 -
carbon atonms,_and A is a hal ogen atonl wherein the nonoval ent organi c group
i s selected f#om the group condisifonyg hatide comipound cthePollowingBEmls (443,
-CON(R') (le2), -S-R', -SOR', and -S2-R' wherein R' and V individually
represent a substituted or unsubstitated |inear, branched or cyclic

nmonoval ent hydrocarbon group with, 1-30 carbon atons, a substituted or
unsubstitated aryl group w t.h 6- 304" carbon atonms, or a substituted or
unsubsti t ut ed nonoval ent heteroch:I ic organic group with 4-30 carbon
atons. 13. A positive-tone radRatCom8rAsittvéalesin conposition
conprising. (A) the acid generat {Jr of Caiml and (B) an al kali soluble or
al kali | ow soluble rosin conprisi®# an acid- cleavable group that becones
soluble in al kali when the acid-cleavable group dissocaltes. M A
positive-topne radlation-sonsitive resin donposition conprising: (A the

aci d geMBFEId} represents o monovaleny oxgania gtoapiwithed fiiokine cartant of S07eft% O) lespaal kal i
solubility control agent, 15. A negative-tone radiation-sensitive resin
conposi titgrgrenpsp cyab gAY’ ande? andndivideslbr ofwiinasesr dialieirr Sakkegl. (O an
al kali ‘'soluble resin, and (E) a conpound Miuch can orosslink an alkali '

sol ubl e peréladroalkil gr mﬁﬁqnmag;oanbn@chﬁ?}gwn%&aci d generator having

a structure of the oIIowingforrrula(l_—Z erern *i ndividually ;
S N R R M G B
gci d geﬁ:eé'gimgFé@a'@’éﬁmﬁmhi' B§e' An- 'Bg\’b gﬁsﬁpﬂgﬁéﬂwreﬁa ‘anfd Rw sol ubl e
resthn | individually represent a substi_tutcd or unsubstitated linear, branched or cy;slic monovalent
hydrocarbon group with 1-30 carbon atoms, a substifuted or unsubstituted aryl group with 6-30
: | carbon atoms, or a substifuted or unsubstituted monovalén,‘c heterocyclic organic grbup with 4-30

carbon atoms.

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 compfising an acid-
cleavable group that becomes solubls in alkali when the acid-cleavable group dissocaites. °

14, A positive-tone radiation—sensitive resin cqmpositior; comprising: (A) the
acid generator of Claim 1, (C) an alkali soluble resin, and (D) an alicali solubility control agent,

IS. A negative-toz;.e radiation-sensitive resin composition comprising (A) the
acid generator according to Claim 1, (C) an alkali soluble resin, and (E) 2 compound which can

erosslink an alkali soluble resin in the presence of an acid,
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conprising an-acid-cl eavabl e group that beconmes soluble in al kali when the
aci d-c| eavabl e group dissociates, 18: A positive-tone radiationzéﬁﬂﬁ'%*ye
resin composition conprising: (A) the acid generator of Claim6 a % an
~alkali soluble or alkali |ow soluble resin conprising an acid-cleavabl e
- group that bedépnmes sol ubl e in ghkalipeadiesy Ha ﬁW%@%%&ﬁﬁ%Mﬂﬁ

di ssoci ates. 19. A positive-tone radiation-sensitive resin conposition
conpri si , (A the acid generator of Gaim?7 and (B) an alkali soluble or
al kali |ow soluble resin conprising an acid-cleavable group that becones
soluble in alkali when the acid-cl eavable group dissociates. 20. A
posi tive-tone radiation-sensitive regin conposition conprising: (A) the
acid generator of Gaim9 and (B) anjalkali sol gighe or alkali |ow soluble
.resin conprising an acid-cl eavabl e droup that becomes sol uble in al kal
when the aci d-cl eavabl e group Rrssoyiaredz 178 24 April 2006. 21. A
positive-tone radiation-sensitive regin conposition conprising: (A an acid
generator as set forth in aim3 an@F§B) an al kali soluble resin

conpri sing an acid-cl eavabl e group that becomes soluble in al kali when the
"aci d-cl eavabl e group di ssociates. 179 24 April 2006 TITLE OF THE | NVENTI,ON

RADI ATI OF SRR PR SR A VR oril Bl il et Cortent of 50 it

or less, a nitro group, a cyano group, or a hydrogent hydrogen atom,

17. A positive-tone radiation-sensitive resin compositio'n
comprising: (A) t}ae acid generator of Claim 5 and (B) an alkali soluble or alkali low soluble resin
comprising an acid-cléavable group that becomes soluble in alkali when the acid-cleavable group
dissociates,

18 A positive-tone radiation-sensitive resin compésition
comprising: (A) the acid generator of Claim 6 and (B) an alkali soluble or alksli Iow soluble resin
comprising an acid-cleavable group that becomes soluble in alkali when the acid-cleaveble group
dissociates. | |

19, _ A positive-tone radiation-sensitive resin compc;sition
comprising: (A) the acid generator of Claim 7 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.

20, - A positive-tone radiation-sensitive resin composition
comprising: (A) the acid generator of Claim 9 and'(B) an alkaii soluble or alkali low soluble resin
compﬁsing an acid-cleavable group that becomes soluble in alkali when the acid-cleavable group
diésociates. | | |
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ABSTRACT OF THE DI SCLOSURE A novel photoacid generator containg a structure
of the following formula (1), Z~ 1 RCGSX2- (I) 22 wherein RﬁéAﬂ-iizooﬁ

~ nonoval ent organic group with a fluorine content of 50 wt% or |ess, a
nitro group, zi cyano group, or a hydrogen atom and Z1 and Z2 are

i irdi vi dual | y €A f1 uor mmwmmachatimmmiﬁvmsmmhmmﬁﬁmg:Qamy|. gr oup
having 1-10 carbon atons, is provi ded. Wen used in a chenmically anplified
radi at i owidgsnerator asset forilvin Ol Gintl (BYan dlbai RRMI6h Bom adlsefd-GeavhRe S

hi gh ‘transparency, conparatively high conbustibility, and no

bi oaccu thatbec ekl ine a1 @6 abig ] . i,dity, high

boi | i.ng%ﬁt, rmodﬂéurézgtggg§qghort%ﬂgg“él??nmaﬂébtrl%@ﬁué%g{&ﬁg Pesi st coati ng,
and | ow dependency to nask pattern density. 180
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TITLE OF THE INVENTION

ACID GENERATOR, SULFONIC ACID, SULFONIC ACID DERIVATTVES AND

RADIATION-SENSITIVE RESIN CCMPOSITION

ABSTRACT OF THE DISCLOSURE

A novel photoacid generator containg a structure of the

r

: following formu_la (I)
_ 21
i .
R—C—S80,— (1)
gr

whereinR is a .monovalent organi‘c group with a fluorine content
of 50 wt% or iess, a nitro group, a cyano group, or a hydrogen
atom, and Z' and 22 are individually a fluorine atom or a linear
or branched perflucroalkyl group having 1-10 carbon atoms, is
provided. When used in a chemically amplified
radiation—sénsitive resin composition, the photoacid
- generator exhibits high transparency, comparatively high

t:ombustibility, and no biocaccumulation, and produces an ac_id
exhibitiﬁg‘high acidity, high boiling point, moderately short
diffusion length in the resist coating, and low dependenc'y to

mask pattern density.
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