DESCRI PTI ON  UPPER LAYER- FORM NG COWPCSI TI ON AND
PHOTORESI ST PATTERNI NG METHOD TECHNI CAL FI ELD The
present invention relates to an upper |ayer-form ng
conposition useful for protecting a photoresist in
liquid imersion |ithography used for mniaturization
of lithography, as well as a lens used in a
projection aligner b (;ng el usi on of

phot o- r esi st conpone%?%#ﬁgggﬁ?g a phot or esi st
patterning nethod using the upper layer film
BACKGROUND ART A stepper-type or step-and-scan-type

proj ecti gmppgirig ] Nﬁgﬁ-' PHQ) agpur e of
semn condgjg)tor ewléel?an tG{h‘gO |keSI??;@¥Mr ansfer a
reticle pat PHUT@&E@STWWNGB/HEWD shot region

on a wafer coated wth a photoresist through a
projection optical system The resolution of a
projection optical system provided in the projection
TECHENICNIEFIELIDCr eases as t he exposure wavel ength used
becones shorter and the nunerical aperture of the
pTh¢ presém inveptioe edlatsytstaamppeclayersogniagicempositiet efefuldor
the exposure wavel ength which is a wavel ength of
proteatiagd iagphomnesiss adliquid immepia) lebogrephyalsed fi@r minzggutizgion of
reduced in accordance with scaling down of integrated
lithogeaphy s teslhas arlepyuspd & 2 propagtipnali ¥ isepiiressingealusipreofof
the projection optical system has been increased.
photomessticoppoResy and & & phqtegsdisk patermrg meded ysing she upper layer
Resolution R and depth of focus S are respectively
film. ghown by the following fornulas, R=k1.1JNA (i) 1 S =
k2VNA2 (ii) wherein X is the exposure wavel ength, NA
is the nunerical aperture of the projection optica

pACKRLTIRIRE, K 2nd k2 are process coef(i i ents | wen

&%S%%pg%gt}%fz QPR 2GS - 5L PbidAth bR ivhde ifuRhOr ter
manufacture of semiconductor devices and the like to transfer a reticle pattern as a
photo mask to each shot region on a wafer coated with a photoresist through a
projection optical system.

The resolution of a projection optical system provided in the projection aligner
increases as the exposure wavelength used becomes shorter and the numerical aperture
of the projection optical system becomes greater. Therefore, the exposure wavelength
which is a wavelength of radiation used in the ﬁroj ection aligner has been reduced in
accordance with scaling down of integrated circuits year by year, and the numerical
aperture of the projection optical system has been increased.

Depth of focus is as important as resolution. Resolution R and depth of focus 8

are respectively shown by the following formulas,

R = k1-WNA )




A photoresist filmis formed on the surface of an
exposure target wafer, and the pattern is transferred
to the photoresist film Ina common projection
aligner, the space in which the wafer is placed is
filled with air or nitrogen. Wien the space between
the wafer and the lens of the projection aligner is
filled with a medigun Ay a regﬁpctive i ndex of n
the resolution R and the depth of focus S are shown by
the followng formulas. R=kl (Vn)/NA (iii) S =
k2nAJNA2 (iv) For exanple, when water is used as the
wheredR YEthBeghdsitd War@ienAth- NN B ¢eSsumdrital ageemed ofthe prdfdtidn
69.4% (R = kIl (AJ1.44)/ NA) and the depth of focus is
optical 4¢tert,Sind k1kand k24depileesl coeffitieatsC a¥henrobediniaf thdwame
phot oresi st is exposed through air or nitrogen, when
resolutioe R, eflargert depéh ofifdens &oifs obtagtet byiushgaadatien withtatshofter1 93
nmis n = 1.44. Such a projection exposure nmethod to
wavelengthsf er detail ed patterns by reducing the wavel ength
of emtted |light is called a liquid inmersion
| i phoderapsti fldmne forewed andhe surface ggmd@@oa@reémets\g@fm jaed the
techni que for mniaturizing_lithography, particularly
pattemiig s e&@ﬁ);o therphotaesst didp. ofn & e Prejpcfiansaligner, the space

i nanoneters. Ang.t rojection alig for the nethod
in whic the wafeg ﬁoqmegé%gﬁ?fﬁwh fIr @5 81iTASAE: rﬁfhev khe Racq peiuypen the
[ rsion lithographic nmeth sin ter,as a nmedi um
waer il B oy of ths ProfeeB e e i i o Wt 2 b bRV d adgactive
. and the |ens a prqaLectien akigner are .2 .
index 3P0 ndFesoBOm R, afRe SHE S RSP sl ForR b Epotionee
formut €r may perneate the photoresist filmand reduce
the photoresist resolution. In addition, the
conponents formng the photoresist may be eluted into
the water and may pollute the surface of the | ens of
the projection aRi-ggp(/nNAEt hodijpf formi ng an upper
| ayer filmon a photoresi'st filmmnay be used in order
to bl ock contact BetwmeeouNnhe photioy esi st filmand the
medi um such as water. Such an upper layer film nust
possess sufficient transparency to radiation with a
wavel ength used in liquid imersion |ithography, nust
f donmexamplgtvdehiweaterfis hsadan tize abphetmedasn at arf Afprabéssahe
causing alnost no interm xing with the photoresi st
resolution R 1346 = k1-(A/1.44)/NA) and the depth of focus is 144% (8 =

k2-1.44M/NA?) in the case in which the photoresist is exposed through air or nitrogen,
when the refractive index of light with a wavelength of 193 nm is n=1.44.

Such a projection exposure method to transfer detailed patterns by reducing the
wavelength of emitted light is called a liquid immersion lithographic method and is
regarded as an essential technique for miniaturizing lithography, particularly lithography
of the order of several tens of nanometers. And the projection aligner for the method
is also known (see patent document 1).

In the liquid immersion lithographic method using water as a medium of

immersion, a photoresist film formed on a wafer and the lens of a projection aligner are




stably mai ntai ned without being dissolved in the
medi um such as water during liquid imrersion
l'ithography, and nmust be easily dissolved in a

devel oper such as an al kaline solution. [Patent
Docunent 1] JP-A-11-176727 DI SCLOSURE OF THE

| NVENTION Problens to be Solved by the Invention The
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probl enms” and has an object of providing an upper
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photopist may baelyed iatd thg ataniahd may palele eigdunfadé of thd Se3rof the
(KrF) or 193 rim (ArF), on a photoresist filmwhile
project@ugiiggeral nost no interm xing with the photoresist
film is stably maintained without being dissolved in
a A mettipdi of umimgeen wppeelayetuiilimen 4 plptotsisnfilar siagbe used in
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solutibA | m and the upper |ayer-form ng conposition. The term
"does not cause interm xing" indicates the case in

[PaterVMDdéHmEﬁkel]rJﬁsAﬁlfl 17692t ing filmand the upper |ayer
Imfor use in imersion |ithography are judged to

cause no intermxing in the | ater-described eval uation
of interm xing. The solvent used for the upper
DISCLOBERHE OF THIYINUENISON on of the present invention

conprises a conpound shown by the follow ng fornul a
Probl¢miy to beRSol@dR% thd Inventidthe forrmula (1), R and R2

i ndividual ly represent a hydrocarbon group having

The present invention has been achieved to overcome these problems and has an

object of providing an upper layer-forming composition, which can form a coating
possessing sufficient transparency to radiation, particularly to light with a wavelength of
248 nm (KrF) or 193 nm (ArF), on a photoresist film while causing almost no
intermixing with the photoresist film, is stably maintained without being dissolved in a
medium such as water during liquid immersion lithography, can be applied
homogeneously on the surface of the photoresist with a smaller amount thereof, and is
easily dissolvable in a developer such as an alkaline solution, and a photoresist
patterning method.

Means for Solving the Problems

The present invention provides an upper layer-forming composition covering a




1 to 8 carbon atonms or a hal ogenat ed hydrocarbon
group. Other solvents contain a hydrocarbon conpound
having 7 to | 1 carbon atons. A solvent contai ning

t he compound shown by the formula (1) or the

hydr ocar bon conpound having 7 to 11 carbon atons is a
m xture with a nonohydric al cohol solvent having 1 to

photoil&lsﬁ AR st fBAINE a phRErmURRKPodRY &Y rafli@fi&‘l Rﬂu%’%ﬁﬁﬂlsteh QWesin
of the present | nvent| on Is Con‘pose a fresin

dissolkable itfa aével Pes for GREpHARSHSiEt fllGh éil’dlatsoﬁ%'nﬁ‘ﬁitﬁ@ vidcBERy fess
group con3|st|ng of recurring wunits having a group
than Shewwo > Pa-stdn e0Tdin vohich ¢hefresinid dissoB)ed. ( The sélfert4ibes Bot cause
carboxyl group, and a sulfo group, and has a wei ght
internaviag ad ¢henpiogredist ifil wveng hbe wppes Lay edfoomimgedomppsitioaat i on
chr omat ography of 2,000 to 100,000. 4 R3-C-R4 NH C=0 |
O hetgm( dorsnotREugedte(Bixingl indigateswhe icaserin vehi¢Pthe réxist
cand R4 individually represent a hydrogen atom an
coating| fllin andghe uppes éﬁyﬁhélm faraise icigrrperpioadidhagraphy age judged to
fluoroal kyl. grou aving. 1 to 4 carbon atons. In the
cause Mg ipiGIRIX|ng)in &éﬁ?@@@ﬁ‘i gvauation of BueuiKingr oup havi ng

1 éo cargﬁp t ons. he. formul a (4)
r g&i‘?é Sftdisehiogt per {j‘b’%r IREG RYPLSHEN thfﬁrpé%ﬁﬁnt The
i er |layer-f orm tpon of fthe ent
mvenﬁ%g%%?f?r S GPPRRYM g%lﬁﬁ'fll §éb koi]f)wi‘% my e(?iorrponent
selected froma group consisting of an acid conponent
and an acid-generator conponent which generates an
acid by being exposed to radiation. The photoresi st
rtPaptegni ng @et hod of the present invention conprises a
step of form ng a photoresist filmby applying a
phot oresi st conposition to a substrate, a step of
form ng an upper layer filmon the photoresist film
usi ng the upper layer-formng conposition of the
plegedornnly €N)f Rbind Khﬂldﬁri(ﬂiaﬁg réfredetif h}oarb&@S®lip having
pattern by irradi ating the photoresist filmand tﬁ
1 to Swprben atomyseor of halogenated hydrdtaboogroupi ng a liquid as a
medi um t hrough a nmask having a specific pattern, and
d©kedr spivents chetajpradiyoresitsm compound having 7 to 11 carbon atoms.

A solvent containing the compound shown by the formula (1) or the
hydrocarbon compound having 7 to 11 carbon atoms is a mixture with a monohydric
alcohol solvent having 1 to 10 carbon atoms.

The upper layer-forming composition of the present invention is composed of a
resin having at least one recurring unit selected from the group consisting of recurring
units having a group shown by the following formula (2), (3), or (4), a carboxyl group,
and a sulfo group, and has a weight average molecular weight measured by gel

permeation chromatography of 2,000 to 100,000.




pattern. Effect of the Invention Since the sol vent
used for the upper l|layer-form ng conposition of the
present invention has a viscosity of less than 5.2 x
10-3 Pas at 20C, the anpbunt of conposition to be
appl i ed honobgeneously on a silicon wafer can be
reduced. In addition, since the conposition contains
the sol vent conprising an ether of the formula (1) or
a hydrocarbon jconpound haying 7 to 11 carbon atonms,
R’ the—cRhposi ti dfHcan not ofiF0 protect the photoresi st
filmused in d liquid i mérsion |ithographic nethod
f oPH ni ni at%ﬁ?ﬁﬂg l'i t hogP&bhy, but can also form an
upper layer fidsmfor protecting a Iens 5 used in the
projection aligner by suppressing elusion of
plot or esi st c@yponents. Tae conposition thus exhibits
performance equival ent to or better than the upper
| ayer film conposition for use in inmersion
| i thedompHy (2)nRivicR’ mdividiaHy depireseat T bydrbgénsatamerh alkyl
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the upper Layer filmmde from the upper
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photoresist filmcan be used. The viscosity of
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preferably less than 5.2 x 10"3 Pas at 20C. |f the
compusise0sf thy pafserithigventiby,emnt aissepiofZovmind a JesRapawernivpr e at

20C, the amount of application nust be increased in
irradigtingethe plioteresist £lm aadotha npperiayen fibmtwith dadiatibhesipg edignid as a

i nvention, the viscosity of the solvent indicates the
mediwm groegh 3/mask h&y@gaﬁm@iﬁ%/c pattern, and developing the photoresist
pattern.
Effect of the Invention

Since the solvent used for the upper layer-forming composition of the present

invention has a viscosity of less than 5.2 x 10° Pa-s at 20°C, the amount of composition
to be applied homogeneously on a silicon wafer can be reduced. In addition, since the
composition contains the solvent comprising an ether of the formula (1) or a
hydrocarbon compound having 7 to 11 carbon atoms, the composition can not only

protect the photoresist film used in a liquid immersion lithographic method for

miniaturizing lithography, but can also form an upper layer film for protecting a lens




as a whole. In order to reduce the viscosity to |ess
than 5.2 x 10"3 Pa-s, the solvent preferably contains
a solvent containing the ether of the formula (1) or a
sol vent consisting of hydrocarbons having 7 to 11
carbon atons. In the formula (1), R and R2

i ndividually represent a hydrocarbon group having 1
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In order to reduce the viscosity to less than 5.2 x 10™ Pa-s, the solvent preferably
contains a solvent containing the ether of the formula (1) or a solvent consisting of
hydrocarbons having 7 to 11 carbon atoms.

In the formula (1), R' and R? individually represent a hydrocarbon group having
1 to 8 carbon atoms and a halogenated hydrocarbon group.

As examples of the solvent containing ethers shown by the formula (1),




et her, cycl ohexyl - 2-propyl ether, cyclopentyl butyl

et her, cyclopentyl-tert-butyl ether, cyclohexyl butyl
et her, and cycl ohexyl -tert-butyl ether. Exanples of

t he hydrocarbon solvents containing 7 to 11 carbon
atons include octane, isooctane, nonane, decane,

nmet hyl cycl ohexane, decalin, xylene, anyl benzene,

diethy® bih¥t, Qﬁﬁ‘é@g Qthefl '(ﬁEWBBﬁW% 89 lﬁ'i@ﬁ‘ﬁ 'ether butyl ethyl ether,

sec- but'yl benzenie, cynen, and penten. The above

butyl Hopr Sh@N@ibhiEethvd HREBLEP BtheL kLBl MBthyP&hssed eit her
indi vidually” 7 or in conbination with other solvents.

tert-bui§l @kyirgteeSe@butylra9l vibet gi-teacshtylictier! digentdletns,
et hers and the hydrocarbon sol vent s, nDnohydrlc
diisoaalyt ethet, diheryll eylhatddlbctylaétb@hq}cmpen@yﬁietlwl etheer s, al kyl
et hers of polyhydric al cohols, alkyl ether acetates of
cyclolpalyl/ingdiy! etheratynbduividscyl aneting tether, lrydoperdylboing ethegtoynlebexyl
esters, water, and the |ike can be given. Exanples of
ethyl etherobycliirieotyh brapiybétber aploppstyldtiapidiethestdyalobéxyl propyl
1- propanol, isopropanol, n-propano
ether, gycﬁ@]pqu] 2-|prcmy&, p‘r@ﬂ@ pyclﬁpml bl ether, [gmlgpmqtyl tert-butyl ether,
ert-butano ent anol , 2-pentanol, 3- pentano

CYCIO}FPXMb%ﬁloqthGYCSY&loé‘ﬁé%éﬁBTbUt}i ethet. foyemomethy bmethy! ether,
10don§tl{£ fnﬁ%)/]yl %thgﬂ Ia% &chlo?orﬁgbﬂw@ Lylﬁ@ﬁr,acﬁ'gq)rpmethyl ethyl ether,

2- chlcgo tl%ﬁ}th}% e@i r&nioeé-_yﬁ{ :1 ér%' gg%—gﬁgﬂofoethyl methyl ether,
2- chloio&ﬁy%l@llry'l %th@? L tﬁ’n%loethﬁl' &F%lr%ﬁlleir %ﬁ qrL gllcﬁloroethyl ethyl ether,

pent ano
I
di-2- b%oﬁo%hﬂ%hﬁ%Z,%Z%féﬂ%%ﬁ%y] &ﬂgf Eﬂé Eﬁ)}r %&@gée{h{@rggll(ﬁ‘momethyl
octyl g’(h&t By - cﬁlo Qfllgﬁ’xler eﬂhyh@i?&?&ﬁér’ b& f‘ﬁH%rl r; aryl ethyl ether,
hépt anol héxanol , 2 -3 rKexano
aryl pﬁ)‘p[??étﬁé/ﬂ arlyi beyP&Rér dlﬁr}‘mﬂﬁb’ |2'13et|fi8)¥3?}ii‘@bene ethyl- l-propenyl
I 21 “hexanol , yl cycl ohexanol

ether, tl F-méﬂibiw | ey@kmaaei 1 rbrérnEGEZ &be;&tﬁ}@@{eaﬂ%loroethyl vinyl
6- et hyl - 2- heptanol 1-octanol, 2-octanol, 3-octanol,

ether, an¢h axypy /152 Qpﬁrﬁflanniethyl 2thér éb:ntlfeanhylEmmpmStoﬁpfdferable
2, 6-di net hyl - 4- hept anol
ethersein@tldlwtﬂipﬂ)pgl ethere timpprqpahethermbytyl thethghethed, put®! etbylaatiodr,
trlnethyl-l-hexanol, 1-decanol, 2-decanol,
butyl p::o@@kﬁ;hmj dibutgl gthey; dﬁquytyl ethet texiabuityl-methyl ether, tert-butyl ethyl
3, 7-di et hyl - 3- oct anol . % t he nonohydri c al cohol s,
ether, ﬁ%hb\?iybprpeylaﬁﬂmhbﬂ@fﬁaw ﬁ@lem tnsntyl etheh gHsoagyd gthenr e
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ether, cycqoheexyPE-p'ropyl ether, cyclopentyl butyl ether, cyclopentyl-tert-butyl ether,
cyclohexyl butyl ether, and cyclohexyl-tert-butyl ether.

Examples of the hydrocarbon solvents containing 7 to 11 carbon atoms include
octane, isooctane, nonane, decane, methylcyclohexane, decalin, xylene, amylbenzene,
ethylbenzene, diethylbenzene, cumene, sec-butylbenzene, cymen, and dipenten.

The above ethers and the hydrocarbon solvents may be used either individually




Exanpl es of the pol yhydric al cohols include ethyl ene
gl ycol and propylene glycol. Exanples of the cyclic
ethers include tetrahydrofuran and di oxane. Exanpl es
of the al kyl ethers of polyhydric al cohol include

et hyl ene gl ycol nononmethyl ether, ethylene glycol
nmonoet hyl et her, ethylene glycol dinethyl ether,
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gExamples biisnonelishieic abwhdBtisclude mpiibhesicetianot, ol-p@bhindl,
ether acetate, and propyl ene glycol nononethyl ether
isopraperelan-groparelninesthydf 1-popam orvhtiacolhY-dutnal, batrbutans] ude
benzene, toluene, and xyl ene. Exanples of the ketones
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one, cycl ohexanone,
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| es of th sters ncl ude ethyl acetate, butyl
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preferabl e t he nonohydric al cohol s being re
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2,4,4-triveethylrlepersailol ))6-diméthyli s hgtaict bithel-2 Dadimbihg]-pemby],
of the other solvents be not nore than 75 wt % of the
1-nongmil,i 2-eommbly 81k S-trithethjlel -hexannt, 1edecadvd, Bbmnols aldeenios i s
not nore than 75 wt% not only the viscosity of t he
3,7-diiesbarlt 1 sastapeh andi8, 720 @etharh 3bstanoht rol led to | ess than
5.2 x 10-3 Pa-s, and preferably in a range of 0.7 x
18m®np4he menahydrig akohelspmorohydriglcahels heviag 4o Svarbon

t he upper. layer-form ng conposition to be
atomsmggeﬁ ahles | Specifically, 2-methyl-1-propanol, 1-butanol, 2-butanol,

1-pentanol, 2-pentanol, 3-pentanol, 3-methyl-2-pentanol, 4-methyl-2-pentanol,

:

2-ethyl-1-butanol, 2,4-dimethyl-3-pentanol are preferable.

Examples of the polyhydric alcohols include ethylene glycol and propylene
glycol. Examples of the cyclic ethers include tetrahydrofuran and dioxane.
Examples of the alkyl ethers of polyhydric alcohol include ethylene glycol monomethyl
ether, ethylene glycol monoethyl ether, ethylene glycol dimethyl ether, ethylene glycol

diethyl ether, diethylene glycol monomethyl ether, diethylene glycol monoethyl ether,




applied on a silicon wafer can be decreased and

el usi on of anionic conponents fromthe conposition
can be further suppressed. The solvent used in the
present invention does not cause interm xi ng between
t he photoresist filmand the upper |ayer-formng
conposition. Sone solvents, for exanple,

diethyl &e 068 Btk A rétheﬁrdi’&){tlﬁﬁ@g FEN R thTRARTES &Y 1end B ENRE Ry
acetate, nethyl ethyl ketoné, and the |ike mhlc% may
methy® efheR Geopy1dn8 Blyidol fohmaihgl etheUSR prop@EHe gq;y&g thdnoéfSfether.
al one are preferably used under the condrtions which
Exampee of thelaligi ttheSadetiligast poBithytitc slaviss indiidy éthplemdg Wt Rthyl
eval uated according to the | ater-described eval uation
ether metdgdictieseslgad] eyl sthar &etise ropylemp ghyrooliethylofth@Qcshy)
or less, and preferably 20 wt% or | ess of the total
and papplent glytolt hensudthrdetler asetale. | Examoples off thaarddfatist % t he
photoresist filmmay be corroded and nay cause
hydrocarbessnnsdideybesizene, toleeneyppbxylénsy e Examples of dwedietanes onclude
significant deterioration of resolution performance of
acetoney methyh gthyl keatprg, methyl isphwiyl kejorst, cyelehexenpnee sol vent s
used in the present invention, an _ether of the
4-hydrosprtrmsthyl-P-nentanang pngdiagetangaicohnli Ewamples ok thp eegisnt

eSS B2 RES a0, 1 Lo B Eabon o,
2B RoBeR5 T AR Shis ana <
R e
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methy? 9 A pMpicfatedur i ng  exposure to radiation and
di ssol vabl'e in the devel oper used for form ng a resist

PakRSsH, thd IRnbBfdMc dddhBlsSEyMiL Sthiery, AIkFESth&R S PEIhAFic
wat er durlng exposure to radiation" “indicates a film

alcohdlf, atkyil @thet hextdrés sflpodty dfibargRolywieondsasterd, BEd WteRare
stability evaluation nmethod in water nentioned |ater,
‘preferhlole, withthel reondhgdrniotlcomslebéingmodpreferatiie initial film
t hi ckness. The term "di ssol vabl e in the devel oper used
f 8¥hemgherabyeztheesorshe pydroearbdn sdlveitschtverg T tvel lugyplem atoms
| ayer filmcan be renoved to the extent that there is
are uspd withghelotber sobeatsy dds prglearahde thakthe ampanbef the ethep sdlyents be
pattern after devel opnent using an al kaline )
not more than 75 wt% of the entire solvent. If the amount of the other solvents is not
more than 75 wt%, not only the viscosity of the mixed solvent at 20°C can be controlled
to less than 5.2 x 10” Pa-s, and preferably in a range of 0.7 x 107 Pa-s to 4.0 x 102 Pa-s,
but also the amount of the upper layer-forming composition to be homogeneously
applied on a silicon wafer can be decreased and elusion of anionic components from the
composition can be further suppressed.
The solvent used in the present invention does not cause intermixing between

the photoresist film and the upper layer-forming composition.

Some solvents, for example, tetrahydrofuran, propylene glycol monomethyl




aqueous solution. That is to say, the resin used in
the present invention has alnost no solubility in a
medi um such as water, but is dissolved in the al kaline
aqueous solution wused for devel opi ng the phot oresi st
pattern after exposure to radiation (such a resin of
the present invention is hereinafter referred to as
ether a@tH&InhetBA B RetoRS 1aRd dhe IHQ WHlEH HRPRbrrbaAY £Fes(st kilth ARAe
fromsuch anal kal i’-soluble resin inhibits the
cause PitSinak BB 1Bk sellial dRe fak OPRefePIBIN HsddMundbr 86 Lor@NERGHhivh tHiR
the medium such as water during the liquid imrersion
solventiid fudgéduditito cilye itbimiRingWaithictglubtee aphediagesitst film
fromreducing the lithographic performance due to
later-geetréied atvhlanti@f methed methdassselventabheuspd @vanirmaight ofi80 wt% or
| ens of the projection aligner from being polluted
less, anl tpheferablydfemt®s oeless eftthé tayahantveint pfftbe solesats tisddi | i mdtee
resin contains at |east one recurring unit sel ected
than 30rvetfhs, dhegplmipresistfdlivsmanbe odrrodedrand orayi cagseuiniermixang wih she
roup shown by the followng fornula (2), a recurring
uppergzmet filmaleading to ugfipans Helgriomsyion pereselbtionperdormanagipiathe
(3), arecurring unit having a group shown by the
photofesist-owi ng formula (4), a recurring unit having a

o BB RS B e B R aHH
I E R L r R SR AR R
carbo{i: gtlox{le 5 Im )%B}eeof%ﬂ%hagﬁ’l ¢ éreazjnﬁgao@%r}o#h/?rig ?%)floele )%rg{;}iglr}gtglggci‘ratrbon

Vi ng~a group “Shown a
t : [ t '
aond 1t P BN ST G114
monoRYHn al&fh%yﬁavil?gw tcgg( B stofts cafd lSe gl\}éﬁ.r oal kyl group

having 1 to carbon atons include a difl uoronethyl

9 ITRY PesirPwRRh Chb@i@ R Yibp &119KR-fortiRg SodipbditiH Skl %ﬂesent
group, a 2,2,2-trifluoroethyl group, a perfluoroethyl

inven@éig P, resin 2aphble 6F foirkihg Affl kIO ADE A MediBHOsich adwater during
per f |l uor oet hyl net hyl group, a perfluoropropyl group, a

exposiredo 3adatibnend elsblvable dib tHeydevelo perusedifqpdoinhiti® b a&sist Phttern.
group, a 1,1-dinethyl-2,2,3,3-tetrafl uoropropyl
giTbe psrmdtidmtstebld inkemeddhmtshels es watengeringexposure to radiation”
~_ perfluoronethyl group is preferable. The recurring
indicaggsiat filmaef \ﬁlgclatl@rtgubn@h obangb whehendasuring by ¢ stybility evaluation
recurring unit having an al coholic hydroxyl grQuF
methagin gvates apantioned lgtertfhecxamnde, dhaotrinere thanside O%ﬂ@ mnitial film

thickness.

The term “dissolvable in the developer used for forming a resist pattern”
indicates the upper layer film can be removed to the extent that there is no residue
observed by the naked eye on the resist pattern after development using an alkaline
aqueous solution.  That is to say, the resin used in the present invention has almost no
solubility in a medium such as water, but is dissolved in the alkaline aqueous solution
used for developing the photoresist pattern after exposure to radiation (such a resin of

the present invention is hereinafter referred to as “alkali-soluble resin”).
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fluoroal kyl group on at |east a-position carbon atom
The hydrogen atom of the alcoholic hydroxyl group is
easily released due to electron withdrawi ng properties
of a fluoroal kyl group, particularly a
perfluoronethyl group. As a result, the resin exhibits
11 acidity in an aqueous solution. Therefore, the

;?&é P?ﬁe? 11}3? Al Pl Rle 5D PR a\’i@ﬁ&[psopﬂ')tl%ré@oﬁgbﬁs iR

recurring unit shown by t oW Nng

photof&fsﬂﬁ'llnﬁfr()gp()onﬁﬁ‘é‘ iPGirddt ¥6Ra@%ith th@ FRHRARICE 8 M@ldﬁnﬁé
the recurring unit having the group shown by t

the liu®d idthé sioa litho F%Rlp}ry thefebl pkeven h&?Qh %ﬁbresﬁamﬁ% fethicing
yar

(2a) wherein represents a ogen atom or a met hyl

the litGog@bifhic pérforanEeucatd@Rh&ration of grh&liugraad @lso Phelenting the
preferably a dival ent hydrocarbon group. Linear

lens ofithatrpogjactimmralignerufpem deohg policied evithyahngoariis elutgdolivgs tix e
preferabl e anong the dival ent hydrocarbon group.

photofesisf lmabl e exanpl es of R7 include a nethyl ene group
an ethylene group; a propylene group such as a
1The pastpsantaies ajleashonavdcusring anip sgwc fremgy grapp censisting of
saturated.  |inear hydrocarbon grou such as a )

a TeCUTENE HHEERAA Sh&rogp shgyvn by B’@rf?’é‘?f@tﬂﬁ a (o fcuging unit

T, S

| d I :
show GG BRI aHEGF Eﬂpé"‘PegH%aES@@ﬁg%ﬁ%”ce f%aﬁfi gda
th t )
recurt LRI AR N R oris Ao RERMIREEETE v ERG B 1R
resin gpcﬁg%gﬂgﬁﬁg?%cpéfdl 'b%g%ﬁ%{:%bbﬁ&&&?ﬁ%ﬁg&%ﬁ% egeL @H@

O e I S A
gnPthe ’re@rﬁng@ﬂlhﬂelwﬂg 4 oRp ¥h&REby the formula (2), examples of the

alkyl group having 1 to 4 carbon atoms include a methyl group, an ethyl group, a propyl
group, and a butyl group, and examples of the fluoroalkyl group having 1 to 4 carbon
atoms include a difluoromethyl group, a perfluoromethyl group, a 2,2-difluoroethyl
group, a 2,2 2-trifluoroethyl group, a perfluoroethyl group, a 2,2,3,3 -tetrafluoropropyl
group, a perfluoroethylmethyl group, a perfluoropropyl group, a
2,2,3,3,4,4-hexafluorobutyl group, a perfluorobutyl group, a
1,1-dimethyl-2,2 3 3-tetrafluoropropyl group, and the like.

Of these groups, a perfluoromethyl group is preferable.

The recurring unit having a group shown by the formula (2) is a recurring unit
having an alcoholic hydroxyl group which contains on the side chain at least one
fluoroalkyl group on at least a-position carbon atom. The hydrogen atom of the

alcoholic hydroxyl group is easily released due to electron withdrawing properties of a

fluoroalkyl group, particularly a perfluoromethyl group. As a result, the resin exhibits
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group, a nethylidene group, an ethylidene group, a
propyl i dene group, and a 2-propylidene group; a
nonocycl i ¢ hydrocarbon ring group, such as a
cycl oal kyl ene group having 3 to 10 carbon atons, for
exanpl e, a cycl obutyl ene group such as a 12
1, 3-cycl obutyl ene group, a cycl opentyl ene group such
aciditfn #h dquioGyOIARANT YhEReord R Rsinds irﬁxm'bmﬁ?\akee\wsteg AP
such as a 1, 4-cycl ohexyl ene group, and a cycl ooctyl ene
solublghi@uikalisuch as a 1, 5-cycl ooctyl ene group; crosslinked
cyclic hydrocarbon ring groups such as a cyclic
hide esvarm@urit shopnbd\the iR wiss forfmbAgSapdad bé givend a
carbon atons, for exanple, a norbornyl ene group such
preferable@xdmglend tizaeaytieg anig havipg dredrdypshoovnior thy feeila (2).
group, and an adamantyl ene group such as
1, 5-adanaRt yl ene group, and 2, 6-adanmantyl ene group,
and,the I{ ke. Particularly when the R7 is a dival ent
arTEFEeT '%?ﬂrocarbon group, it is preferable to
insert an™al kyl ene group having 1 to 4 carbon atons as
a spacer fween the
bi s(triflaoronet hyl)hydroxynet hyl group and the
alicyclic\hydrocarbon group. Preferable groups
represente® by R7 in the fornmula (2a) are a
hydrg&gLQgg group having a 2,5-norbornyl ene group or
a 2, 6-norbernyl ene group, and a 1, 2-propyl ene group.
In the rQHuFFﬁng unit having a group shown by the
fornula(%g), exanpl es of the fluoroal kyl group having
1to 20 rbon atoms represented by R5 include a

wheregﬂ g?%ﬁ@ée'ﬁig a h}&i;}/?éb‘ﬁ A oPE e l}ﬁ Igﬁcglrpg %{chﬁgfeﬂ‘eg%s at biafie

['uor onet group, a pé _ group,
group2ard plefebdbdy £8HvAht BYRYrbch %ro%p.z'ﬁiﬁésfrltﬁgf&%tbmi gr&%@ ldr?d
a perfluoroethyl group, a ,2,3,3,-tetraf | uor opropyl .
cyclicHy@ktRarbdn @%st WeS SreFeiat dBhbYd thedpkPont Ay RSEArbeie ERRHOPY |
group, a 2,2,3,3,4,4-hexafluorobutyl group, a
perdferuble@Rubples of RUmclide a methylene group; an ethylene group; a
1,1-dinmethyl-2,2,3,3-tetrafl uoropropyl group, a

propylené gehupesubly bs 21 3180yl Saepgrotp hndod dRFpapYled gropp; assaturated
2- (perfluoropropyl)ethyl group, a

linear hygrogardod grup, sEclvas afetramethylent groupr @ ppntamethylene group, a
perfl uoropentyl group, a

hexamethylenergrony lalzpangtiylenegroun at bdemethylepe geeupup, a
1,1-dinmethyl -2, 2,3, 3, 4,4, 4- hept af | uor obutyl group, a

nonanzet}(lﬂ@tpqt grggp,@tﬂppg,mgctbyhyq: SIPUBLA urglecamethylene group, a

dodecé@%ﬁlg’l@gis ém’ 4 5@?&%&%&%&%%&53?; t)é r!ade%;r(r)llé&'yle%e group, a

pentadecamethylene group, a hexadecamethylene group, a heptadecamethylene group,
an octadecamethylene group, a nonadecamethylene group, an icosa methylene group, a
1-methyl-1,3-propylene group, a 2-methyl-1,3-propylene group, a
2-methyl-1,2-propylene group, a 1-methyl-1,4-butylene group, a 2-methyl-1,4-butylene
group, a methylidene group, an ethylidene group, a propylidene group, and a
2-propylidene group; a mondcyclic hydrocarbon ring group, such as a cycloalkylene

group having 3 to 10 carbon atoms, for example, a cyclobutylene group such as a
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erfl uorohexyl group, a
-dinethyl -2, 2,3, 3,4,4,5,5-oct af | uoropentyl group, a
-di net hyl -2, 2, 3, 3, 4, 4,5, 5, 5-nonaf | uoropentyl group,
-(perfluoropentyl)ethyl group, 13 a
,2,3,3,4,4,5,5,6, 6,7, 7-dodecaf | uoroheptyl group, a
per f I uor ohexyl net hyl group, a perfluoroheptyl group,
- 1 f -
13- Ichulhgle i, ST G BLp R B L eyloneatylepe srovp. &
cyclolx9léRe groupanER 804 0haRtwheBlhe %rGﬁIQ Whd a%?rclooct%llene group
perfluorooctyl group, a 2-(pertluoroheptyl)ethyl
such #Braolypcyélooctylene group; crosslinked cyclic hydrocarbon ring groups such as a
2,2,3,3,4,4,5,5,6,6,7,7,8,8,9, 9- hexadecaf | uor ononyl
cyclicdryduggarben peodp havingdtoyd rimgshanld 49030Rarboa apens, forosxampley b
group, a 2-(perfluorooctyl)ethyl group, a
norbofhyln8,g8oub shich a5a 6,46natbarngle8e gra@ip ahd 2,5knorbornylene group, and
0- oct adecaf | uor odecyl group, a perfluorononyl net hyl
an adagpantyieneagroup slahasddeaddmageydens, graup, and 2,6-adamantylene group,
2,2,3,4,4, 4- hexaf | uorobutyl group, a
andtl12,1121,33,3,4,4,4-heptafluorobutyl group, a
3.3,4,4,5,5, 6, 6, 6-nonafl uorghexyl group, a .
3 Partiglatly vejieg the B rF,aSi,l‘B%l‘BrlttaPFﬁéfé‘Gé'é’g'ch BEEUP itd¥ oup,

e B e i B RO S o
i T
SRR USRSl 0 DR SEIES s kon rv

. | oM i r e
e R C e s
grOup.by the formula (3). R(CH-\ C=0 O (3a) R8 / NH

0=N=0O RS wherein R represents a hydrogen atomor a
B e lre @i QbkPuniBREingda kfoubRRoWRBP tiRSfolhla D), ekdnplBEof the

formula (3).
fluoroalkyl group having 1 to 20 carbon atoms represented by R’ include a fluoroalkyl

per
1,1
1,1
a 2
2,2

group having 1 to 20 carbon atoms such as a difluoromethyl group, a perfluoromethyl
group, a 2,2-difluoroethyl group, a 2,2,2-trifluoroethyl group, a perfluoroethyl group, a
2,2,3,3,-tetrafluoropropyl group, a perfluoroethylmethyl group, a perfluoropropyl group,
a 2,2,3,3,4,4-hexafluorobutyl group, a perfluorobuty! group, a
1,1-dimethyl-2,2 3 3-tetrafluoropropyl group, a
1,1-dimethyl-2,2,3,3,3-pentafluoropropyl group, a 2-(perfluoropropyl)ethyl group, a
2,2,3,3,4,4,5,5-octafluoropentyl group, a perfluoropentyl group, a
1,1-dimethyl-2,2,3,3,4,4-hexafluorobutyl group, a
1,1-dimethyl-2,2,3,3,4,4,4-heptafluorobutyl group, a 2-(perfluorobutyl)ethyl group, a
2,2,3,3,4,4,5,5,6,6-decafluorohexyl group, a perfluoropentylmethyl group, a
perfluorohexyl group, a 1,1-dimethyl-2,2,3,3,4,4,5,5-octafluoropentyl group, a

1,1-dimethyl-2,2,3,3,4,4,5,5,5-nonafluoropentyl group, a 2-(perfluoropentyl)ethyl group,
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R8 represents an organic group, and preferably a
di val ent hydrocarbon group. Linear hydrocarbon groups
and cyclic hydrocarbon groups are preferable anong the
di val ent hydrocarbon group. 14 Preferabl e exanpl es of
R8 i nclude a nethylene group; an ethylene group; a
propyl ene group such as a 1, 3-propyl ene group and a
a 2,2,3—,3,21;435,9}5%6,E,Umﬁéé&ﬂﬂbrcﬁ@ptypg}%ﬁﬁ,bﬂﬁérﬁﬁjorbhéi@%hethyl group, a
hydr ocar bon group such asS a tetranet hyl ene group, a
perﬂubﬁﬂfepﬂ?l?gﬂb)llr,eaﬂﬂ-(p@ﬂ%he@l)hﬂ?yﬁgﬁhﬁﬁ ene group, a
hept anet hyl ene group, an octanet hyl ene group, a
2,23, B da1BbltyT, 2 88-gtradgaflaordea g biny, lagueeflgyroheptyl methyl group, a
undecanet hyl ene group, a dodecanethyl ene group, a
perflubraodyt groephy R peflyombpptyBethgtgradg @anet hyl ene group, a
pent adecanet hyl ene group, a hexadecanet hyl ene group, a
2,2,3, hdph 2865ah e8Iy, Bihexagtecafuorormmyogronplecparfudrpbemlmagind gpoup,
a nonadecanet hyl ene group, an icosa nethylene group, a
a perfluopenonyl grszys-qo%ﬁppyﬂ@ﬂeocgylmlpyl gzoup, gret hyl - 1, 3- propyl ene

rou a _2-nethyl-1,2-propyl ene group, a
223,246t hi16.7. 73 5005 e cipleadiios ooyl i, a peluptanpmsmsthy!
i e
2,2,3,233‘?%%@'#%@% ?%éwl‘? Relvt i 308 STOPRIPBERER. Shp. for
334 5B 8RB FUSRN GRS 408 B hIRene oroup sucn

o Difncke AR ABEMN B DU BuoRenS oS TS BEPU
groupd4 BEPuoDBER] 8ouB, dndor ﬁéﬁﬂﬁ&%&&%ﬂ S18&p Qfe%/é@fﬁuga?ﬁgfe%feqn

cyclic hydrocarbon groups such as a

order RYEHVRGRY Apofaia@stidiavd Mte Kydar@géh Bdnides A nftrdgen 3dm.

carbon atons, for exanple, nor bor nyl ene group such
aTha rebudiniioshoywhneyah@fodlemisg tbrAufa-(38y Aamelgena group,
and an adamantyl ene group such as

preferable castapie i Yeakagriog pnia havidg theaganpstiopneiyethg feraula (33nd
the like. jParticularly when the A8 is a dival ent
alicycliqfhydrocarbon group, an al kyl ene group having

cfi,crbpn atoms may be inserted as a spacer

between ay -NH group and the alicyclic hydrocarbon
group. As &880a hydrocarbon group having a
2, 5-norbornyl ene group or a 1, 5-adamantyl ene group,
an et hyl eqge group,@and a 1, 3-propyl ene group are
preferabl egs

/

NH

|
0=S=0

i
wherein R represents a hydrogen atom or a methyl group, and R’ is the same as the R’
in the formula (3).
R® represents an organic group, and preferably a divalent hydrocarbon group.

Linear hydrocarbon groups and cyclic hydrocarbon groups are preferable among the

divalent hydrocarbon group.
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In the recurring unit having a group shown by the
formula (4), R6 represents an organic group having a
pol ar group, preferably a hydrocarbon group having a
15 nmonoval ent pol ar group having 1 to 20 carbon atons
or a fluorinated hydrocarbon group. The recurring
unit shown by the follow ng fornula (4a) can be given

aPréferableehmplek %f X aRlR a%ethﬂ%né %%w ddh (}geﬁé Cgrlaa}zﬂ 9

t he group shown by the fornula

propyfen@ gbouptsuchhes @BSperil@lﬁH 8%ephad éll I’zylsibpgeﬁb g’b@ﬁn a(ﬁr a

nmet hyl group, R6 represents a residue of

unsat@ated tidkariyidedrafbon o sueh heh tdandtiwidne of Hm3, E)p@ﬁtraﬁiet}@lene
acid and has a polar group. Exanples of preferable R6

groupi abéxaieetiaylénecrony, niteptaimegiybene, greupl ah ydametgtdnglgroup, a
group, a 2-hydroxyethyl group, a 1-hydroxypropyl

nonangthylpne grogp.faydhcanythylepy raypoarpyndecarethyldnogyppopy |
group, a 2-hydroxybutyl group, a 2, 3-dihydroxypropyl
dodecgmgﬂ)p(leng group, ¢ pidegginethelghg griupge tﬁrpdecamethylene group, a
-h droxycyclohexyl group, a 4-hydroxycycl ohexyl
penta@%@sthy ng SFRHMs @%%qde%%ﬁ%)dw}ﬂ gighR #heptadecamethylene group,
qg rox -I-adanﬁp roup, an am nomet hy
an ocafleﬁaﬁlet oPE Lo ARY2 e@%ra%}gyleae 2LOH P we@%wetgyls%groap,

L-meyE Rt erafiba et L IR BATBO R or oup, a
2meiyi2l, fﬂt"ﬁP'CY? SRR gre s Ly det %ff'Pﬁ@: ar 4P ege
group%g grxgghlyglflh%ér %r meI? ﬁa&l%f&l%}%ﬁeu%n ﬁ aoﬁ%{)}lﬂl%ﬁg EFO%' af £UP, 2
2-pro§ilfd@ﬁé %Iloﬂg{ g‘?f‘@r 1@}19&'0 B&Pﬂng Qroup, such as a cycloalkylene

opropyl  group,

groupﬂfé(zfn%@OtBQQtdaWoﬁPattJ}HJ, f&f &dRple?a cyclobutylene group such as a
di (pérfluoromet hyl)nethyl group; a perfl Goropropyl

1,3-cy@icbupyler® gréuplRidy¥lopentlede Srouflshd 4sUOr, SRKEIBYEntHEAdIBroup, a
1- (perfluoroethyl)ethyl group, a

cycloRexfyleme brauprsaet yd ) dtdyglohgtyden@, graup, and a cyclooctylene group
2,2,3,3,4, 4- hexaf | uor obutyl group, a

suchasa l,5- cyclooctylene group; crosslinked cyclic hydrocarbon groups such as a

cyclic hydrocarbon group having 2 to 4 rings and 4 to 30 carbon atoms, for exaﬁlple,.a

norbornylene group such as a 1,4-norbornylene group and 2,5-norbornylene group, and

an adamantylene group such as 1,5-adamantylenegroup and 2,6-adamantylene group;

and the like.

Particularly when the R® is a divalent alicyclic hydrocarbon group, an alkylene
group having 1 to 4 carbon atoms may be inserted as a spacer between an -NH- group
and the alicyclic hydrocarbon group.

AsR®, a hydrocarbon group having a 2,5-norbornylene group or a
1,5-adamantylene group, an ethylene group, and a 1,3-propylene group are preferable.

In the recurring unit having a group shown by the formula (4), R® represents an

organic group having a polar group, preferably a hydrocarbon group having a
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per fl uoropr opyl met hyl group, a perfluorobutyl group, a
perfl uoropentyl group, a perfluorohexyl group, a
per fl uoroheptyl group, a perfluorooctyl group, a
perfl uorononyl 16 group, a perfluorodecyl group, a
(2,2,2-trifluoroethyl)a-carboxyl group, a
(perfluoroet hyl net hyl ) a-carboxyl group, a
mono(lﬁerﬁ pétalr letdupURk RSNl 208 AR e ITBH D ihortafidhy drdarbon
(2,2, 2- trlfluoroethyl)a cyano group, a
goup(perfluoroethylnethyl)a cyano group, a
(2, 2,3, 3, 3-pent af | uor opropyl ) 2- et hoxy group, a
( Th@ rednding-ypétndhaivin by b fobipwing foeyialad(4a)daa bp .givda as a
exanpl es of the radical polynerizabl e nononer
prefergeln exahpla@f eherrecurring ngjit havitg thegrougshewadiytiba Yo rmgt (4.,
unsat ur at ed nonocar boxylic acids such as (nmeth)acrylic
acid, cr&onic acid, cinnanm c acid, atropic acid,
3-acetyl oky, (nmeth)acryl ate, 3-benzoil oxy
(ne%ﬁ*%E te, a-nethoxyacryl ate, 3-cycl ohexyl
(met h) acryj.atg; un dur at ed pol ycar boxyl i ¢ aci ds such
as fumari¢acrd, maleic acid, citraconic acid,
mesaconi coaci d, itaconic acid; nonoesters (e.g.,
mononet hy N\ ester, nonoethyl ester, nono-n-propyl
ester, an& nono-n- butyl ester) of the unsaturated
polycarboxyllc aC|ds

wheret KT LG AL 5Bt YA RS RUEE S ek g o
an alcghcﬁ aﬂ%lp%%ggﬁ Q%I:F&Jn\‘i'x%{ﬂ Hﬁetg)awlg 351:1'8 BERAEE BBIQP é%lub ¢
2E§arﬂglte§' BEYCRTRNO K Rfclude Ay Afs3 BRI B RIpOR RO ARSG Sty |

C acl

groupZa Q—l@&ﬁixyétﬁﬁ/g'}% | a8 éﬂ&%ﬂ‘éi‘&fpog Qﬂﬁzgﬁ{x?ﬁ%g oup, a

2- a- phenyl’acry et hyl pr opanécar oxylic

3 hydaﬁaygnopyrzgraupwnycﬁ@kyﬁuaynge@pzamex-hmbwo&p@apﬂagrww ic

aci d 2- a- met hoxyacryl am de- 2- et hyl pr opanecar boxyl i c

polypﬂiplylﬂmeglycol group, a 2-hydroxycyclohexyl group, a 4-hydroxycyclohexyl
2- a- cycl ohexyl acryl am de- 2- net hyl propanecar boxyl i c

“groupag 8-hydroy-d-adaamantd gydugr dg-dihydrbiay-ll pdemamtgtgrobpyanl i
acid, and the |i ke can be given. Anong the above
aminomlayhgraup, ¢ rentinest hyll greurn ei2eansindetbylogrowp, @ laghihograpyl

preferable. As the recurring unit having a carboxyl
groupg $WBLNQPreRyd SEUP, pStapHBeReRY|sEoyn A3 Aihydissiprobyl srhep, a

formul a can be
1,2 3-tr1hydroxypr(opyl group, a dlﬂuoromethyl group, a perfluoromethyl group, a
2,2-difluoroethyl group, a 2,2,2-trifluoroethyl group, a perfluoroethyl group, a
1-(perfluoromethyl)ethyl group, a 2-(perfluoromethyl)ethyl group, a
2,2,3,3-tetrafluoropropy! group, a perfluoroethylmethyl group, a
di(perfluoromethyl)methyl group, a perfluoropropyl group, a
1-methyl-2,2,3,3-tetrafluoropropyl group, a 1-(perfluoroethyl)ethyl group, a
2-(perfluoroethyl)ethyl group, a 2,2,3,3,4,4-hexafluorobutyl group, a
perfluoropropylmethyl group, a perfluorobutyl group, a perfluoropentyl group, a

perfluorohexyl group, a perfluoroheptyl group, a perfluorooctyl group, a perfluorononyl
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17 R CH2=C A (5) B COON wherein R represents a
hydrogen atom or a nethyl group, A represents a single
bond, a carbonyl group, a carbonyl oxy group, and an
oxycar bonyl group, and B represents a single bond and
a dival ent organic group having 1 to 20 carbon atons.
Exanpl es of the divalent organic group having I to 20
groupt @ bBPRoRIdesH gkcﬁﬁJ W2 23 -RLEAN o B iRyl &dup &t hy!l ene
group; a propyl ene group such as a 1, 3- propylene group

(perfladrdethynethyljoribSHE grddipOs! (2 2 Qﬂnﬂﬁ&@bﬂh&@&%@rﬂokﬁ%@ﬂhyl group,
hydr ocar bon group such as a tetranethylene group, a

a (2,2penifmordethyi)ensags griup, a(geefunrsdthyiinetsaroapo goup, a
hept anet hyl ene group, an octanethyl ene group, a

(2,2, 380hpembfydreprepgl) Dethox grbmp aa€t 11§ 3epergafbigpoprapyl)2-cyano
undecanet hyl ene group, a dodecanet hyl ene group, a
groupt r i decanet hyl ene group, a tetradecanethyl ene group, a

pent adecanet hyl ene group, a hexadecanet hyl ene group, a
héptezaapkref thelradieal pobimerizaple oranemee gerardtigansceriog pnit
. a nonadecanet hyl ene group, _an icosa nethyl ene group,
havmg afaqug{(ﬂ)groqp @nfpﬁlgg ép@loggrggbyhcﬁamds such as (meth)acrylic acid,
ene r ou

o R i b bt
(methgﬂ%agte %Hleﬁfw'fl? e 3, BIBbXXyi ?IBthéﬁaﬁﬁﬁltgn%nsaﬁlf E‘i) and a
polycgrbg)fpgpcyamdjs%ngh gsrﬁ%hig aFlgDrena e?/c adi€ hc}éaﬁ{)gl{é%%l gﬁlg%ﬁﬂogﬁ é'mld

such as an

1taconf(i:<:21 (?fgxﬁ@% "s‘]te}fgl ? a?@& est g)ré)%égtg‘k-p%/ e?nl%o% B opyl ester,
and nfon6! |n%ﬂ§%'s?e?foﬂﬁ@ﬂl’?saﬁﬂ§t@d ?élz@arbéxﬁlo%ﬁfs‘)bm yl ene

group, cycl opentyl ene gfoup such as a

2-(meth)BcrGMali @R eMthRPRpIEREPoxfic £¥&! ohexyl ene group such
as a 1, 4-cycl ohexyPene group, and a cycl ooctyl ene

2-a-cgberifacrydditide-2smathlpPopayiedaciuidyit aci@, group; crosslinked
cyclic hydrocarbon groups such as a cyclic

2-o-carpotynoaliiadrylg ridg2-mesthylpropaiearbokylingsidind 4 to 20
carbon atons, for exanple, a 18 norbornyl ene group

2-a-metholycesbanylachylmuideet-methytpgopamecpbanydic2ckl nor bor nyl ene
2- a—agetq?lgfy;ac?yrl]gmlde 2-methylpropanecarboxylic acid,
2-a-phenylacrylamide-2-methylpropanecarboxylic acid,
2-a-benzylacrylamide-2-methylpropanecarboxylic acid,
2-a-methoxyacrylamide-2-methylpropanecarboxylic acid,
2-a-cyclohexylacrylamide-2-methylpropanecarboxylic acid,
2-a-cyanoacrylamide-2-methylpropanecarboxylic acid, and the like can be given.

Among the above monomers, (meth)acrylic acid and crotonic acid are

preferable.

As the recurring unit having a carboxyl group, a radical polymerizable monomer

shown by the formula (5) can be given.

17




an adamantyl ene group such as 1, 5-adamantyl enegroup
and 2, 6-adamantyl ene group; and the |like. The
radi cal ly pol yneri zabl e nononmers generating the
recurring unit having a sulfo group is shown by the
followng formula (6). R CHz=C (6) As 1 SGBH 1In
the formula (6), A and B are the sane as those defined
for the formula (5). The forrmula (6) can be obtai ned
by regl aci ng the carboxyl group in the formula (5)
with sa sulfo group. Preferable exanples of the
gapes@r shown by the fornmula (6) include
vinyl 8ul fonic acid, allylsulfonic acid,
2-(neth9acryﬁ§h1de-2-nethy|-I-propanesulfonic aci d,
and 4J@inyI-I-benzenesquonic acid. O these sulfonic
acid nonmers, vinylsulfonic acid and allylsulfonic
acid @rgoparticularly preferable. The resin conponent
of the upper layer-form ng conposition of the present
i nvention contains at |east one recurring unit
selected froma group consisting of a recurring unit
wherepp B reRyesengsy aolwglrgg?@vg‘tprgyr a methy gyaips B epregentsA) single bond, a
recurring unit having a_group shown by the_above
carbopy] M%a63¥9nﬂ0¥%swpi HY ARV CHBAH §T P LB TeRTERTSHY
. . the above fornula (4), a recurrjng unit havi a
single PR 435 A BPASThOrEa ORI L ARG BRutlptt

i adi ca abl e

the di%%ﬁ %ég@?cnégg% éavglg% 6 ?@2@ ?:ﬁif%gra ato ls;i%c_ll?cﬁelez}/ lfrnlg@;yffne groufp; an
ety BRABEE breBhichSBrcBREtn o D S GATRRE L 2 oene

| j it 19
e8] SRRl 60 8500 TS OB RS 19
pentaméfhiRhe BRAGBh&anleMiiGRIBoup, a heptamethylene group, an

octamethylene group, a nonamethylene group, a decamethylene group, an
undecamethylene group, a dodecamethylene group, a tridecamethylene group, a
tetradecamethylene group, a pentadecamethylene group, a hexadecamethylene group, a
heptadecamethylene group, an octadecamethylene group, a nonadecamethylene group,
an icosa methylene group, a 1-methyl-1,3-propylene group, a 2-methyl-1,3-propylene
group, a 2-methyl-1,2-propylene group, a 1-methyl-1,4-butylene group, a
2-methyl-1,4-butylene group, a methylidene group, an ethylidene group, a propylidene
group and a 2-propylidene group; a monocyclic hydrocarbon ring group, such as an
arylene group such as a phenylene group and a tolylene group, a cycloalkylene group
having 3 to 10 carbon atoms, for example, a cyclobutylene group such as a
1,3-cyclobutylene group, a cyclopentylene group such as a 1,3-cyclopentylene group, a
cyclohexylene group such as a 1,4-cyclohexylene group, and a cyclooctylene group
such as a 1,5-cyclooctylene group; crosslinked cyclic hydrocarbon groups such as a

cyclic hydrocarbon group having 2 to 4 rings and 4 to 20 carbon atoms, for example, a
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radi cal |y pol ynerizabl e nononers other than the
above-nentioned radically polynerizable nononers. In
addi tion, an acid-di ssoci abl e group-contai ni ng nononer
may be copol yneri zed. As exanpl es of the other

radi cal | y- pol yneri zabl e nononer or aci d-di ssoci abl e

gr oup- cont ai ni ng nononer, (neth)acrylic acid al kyl

norbof§edk EréCdhcR s ér@uhﬁ/drborﬁgﬁ %ﬂﬁlb)&h@?%ﬂ&h@%kllene group, and
(et h)acrylate, n-butyl Yacryl ate, sec-b I

an addniEmtI3@Cerplibiech astlS-hdadmsny ede@Biup)ang 2yd- adaenant;a&w %r@w
(nmeth)acryl ate, n- hexyl (met h)acryl ate, cycl ohexy
and themikeh) acryl ate, 2-met hyl cycl ohexyl (neth)acryl ate,
di cycl opent anyl oxyethyl (neth)acryl ate, isobornyl
( Fb¢ tdamaily Ipalymeridaldy clompert sgepbrafing the)racuryihguigit having a
met hoxydi propyl enegl ycol (neth)acryl ate,
sulfo groupsyshdivpby e Bolleylingformplagth) acryl at e,
met hoxydi et hyl enegl ycol (neth)acryl ate,
met hoxypr opyl enegl ycol (neth)acryl ate,
2- et Ryl - 2- adamantyl (neth)acryl ate,
2 eth I-2 adamantyl (neth)acryl ate,
br -2-adamantyl (neth)acryl ate,
2- but -2-adqgﬁntyl (et h) acryl at e,
1-netp?l-l-cyclohexyl (met h)acryl at e,
l-ethgl -1-cycl ohexyl (neth)acrylate,
1- propyl -1 -cycl ohexyl (neth)acryl ate,
1-butf¥ﬁﬂ#cyclohexyl (et h) acryl at e,
1-met hyl -1 -cycl opentyl (neth)acryl ate,
1-ethyl -1-cycl opentyl (meth)acrylate,
1Irpﬂh9 f?é(rlmdla E\% AQE’@Eta)‘J: tHeERhb )agﬁfo% @éﬁaned for the formula (5).
butyl-1-cyclopentyl (meth)acrylate,
The f&nﬁ?ﬁﬂ%ﬁl 85%6 dbtaBEY: ha)(:in tHBELD k& phin
1-bicyclo[ 2.2 1]he§%§? I-ﬁéthyle?ﬁ&%(ﬁ%ﬁ gﬁ?%g?vhégéwnh
a sulf@geapboxyl i c acid disters such as maleic acid
diesters, fumaric acid diesters, and itaconic acid
dPeefdrabsls exdmplehdpbibe ydnomac stcbvar by the SoemBa &4)Ghclade
phenyl (neth)acrylate and benzyl (neth)acryl ate;
‘vinylsaiforratéid, allyisplfoestaeids 29 meth)asylatmidee2ramethyl-1-propanesulfonic
a- met hyl styl ene, m net hyl styl ene, p-nethylstylene,
acid, andﬁlyvmy]o], -bgmz@nqulfnmp laoidy s Ofltkese sulforael peid imonomers,
ynerizabl e mononers having a nitrile group such as
melsaléwyp aidtapd pllgsd fonieraid areynapiiuiarly pseferabds. c al
gL meri zabl e nononers havi ng an am de bond such as
a %Ieam waperent Al theapgt ayer nnmatqoylpaémen of theipresepier s
as vin acet at e; radl yneri zabl e .nonqners

mventfﬂi\ﬁ%"& 4t Mvasfr ?q‘?ée%{rsﬂg uplt e %f’ TR FAPR PSR AL 2
recurrg U SRR e i P b oA LB ﬁgécﬁ'gﬁﬁ'f? e o
group %ﬂt%\xell? §y T gBVe grmhﬂe@? 2tttk hé afit Xavncl:g g %roup SHIO‘XJH by the
above formula (4), a recurring unit having a carboxy! group, and a recurring unit having
a sulfo group.

In addition, other radically-polymerizable monomers may be copolymerized
with the resin component of the upper layer-forming composition of the present

invention in order to control the molecular weight, the glass transition temperature,

19




pol ynmeri zabl e nononers having a nitrile group, radica
pol yneri zabl e nononers having an am de bond, and
(meth)acrylic acid al kyl esters having a hydroxyl
group are preferable. These nononmers may be used
either individually or in conmbination of two or nore.
When copol ynerized with the other

solubﬂ@din%ldeﬁfspmme 'hké @p{h% ré@rﬂon‘ﬁfeﬁ‘ OthBemofSRR9T fnliRAteOf
t he other radically-polynerizable nononmers is

radlcdn@%grr@éﬂzwblé%dﬂan%r@éthbﬁm the@aB&veTRleRtitedlr&diadlyy 40
% or |ess of the total anount of the polyner. I|f

polynfmtzﬂalé Rdfomefl. MPh ¥ddititie ag atidbditsotiblefgrbbiecogihingintordier
al kal i ne devel oper is decreased. Since it is

may bdicopolgmletizédo renmove the upper layer film a residue
may remain on the resist pattern after devel opnent.
Adssexamplee sf tie dilee rpbiéajlygrolpatizablesndnemirsr asiddlifsociable
preparing the al kali-soluble resins, alcohols such as

groupresntrating mospman GinethlacpylspeitdlkylZsterogeh e methybut anol |
2-butanol, ethylene glycol, diethylene glycol, and

(methchaﬂstpe%vldmﬂawrw@% nwb@%(lneﬂléaogxl@qq, seg-butyl (meth)acrylate,

tetrah%grofuran and di oxane; aIk et hers of

tert-b%l Frylasg, dsomerpys (Tasthlnsrvbatey-Bewy] @py@kﬂcrﬂ#ﬁn@ﬁbﬂiﬁwl

ot 354, SRR o seel i e S TS o
o b ha?caﬂﬁ{ﬁaﬁz&a%@% i
R R I e A
e R U i SR

-metﬁ%rlyzﬁ-%an%ﬂ't‘}yll(nﬁmj% ryREED AR zgdg%ﬂ){itfpﬁetﬂ% ré%teet hyl

her acetate, propyléne gly r acet at e,

2-progd-Rlagiyityd gﬂembaceﬁbte @B@@ﬁt%hmeﬁ@ﬁ(m@ﬁﬁ&@a@e

aromati ¢ hydrocarbons’ such as tol uene and xylene;

1-methigit DBRGOIENG I nRghREG1AE & -ethift Ryyclstidryl (kahraglatget hyl
i sobutyl ketone, cycl ohexanone,

1-progiyl Hydrctohgx d-(meth)ydrylate @ uaidneyclartyldinstiohanite,
al cohol ; esters such as ethyl acetate, butyl acetate,

1-methylt lrgycl@pemipd I(mz’ghba'ooyihten biethyl-2Xyclopentyl (meth)acrylate,
et hyl - 2- hydr oxy- 2- net hyl pr opi onat e,
-promlﬂywczxmmi orgthcrdatpyl- gstm i@mdpeentyelt(n@ﬂya@yh;d

acet at e, hydrokg et hyl aceta
1-adappaptplr| _nzathx}gt,hﬁ yoeshlaeryaje, @gqi é@@)@lo[Z 2.1]heptyl-1-methylethyl

(methgﬁy%g;gig%qﬁggaéyag@o Iﬁg{;ghgh asertnerlll%llc_a?éldngtesggr)éyi?lkgglc%Ql%t ©
diesters, and itaconic acid diesters; (meth)acrylic acid aryl esters such as phenyl
(meth)acrylate and benzyl (meth)acrylate; aromatic vinyl esters such as stylene,
a-methylstylene, m-methylstylene, p-methylstylene, vinyl toluene, p-methoxystylene;
radical polymerizable monomers having a nitrile group such as acrylonitril and
methacrylonitrile; radical polymerizable monomers having an amide bond such as
acrylamide and methacrylamide; fatty acid vinyl esters such as vinyl acetate; radical

polymerizable monomers having a chlorine atom such as vinyl chloride and vinylidene
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and net hyl - 3- et hoxypropi onate can be given. O these,
cyclic ethers, alkyl ether of polyhydric al cohol,

al kyl ether acetates of polyhydric al cohol, ketones,
and esters are preferable. A comonly used radica
pol yneri zation initiator can be used as the

pol ymeri zation catalyst in the radica

chlon@l@;péfﬂd uI Z@H 'dMeﬁxﬁ%u%@éTpk%tad%@ @Wiﬂi'ls such as
-azo |S|sobutyron|tr|

1,4- d&@hyl&lt@&bﬁe dadb¥Rtiven mmﬁésﬁr@mt&ﬁé&ﬁ& acid alkyl esters, radical
2,2'-azobis- (2, 4-dinethylval eroni'trile),
polynZarizabla addosref haviighouiyril @ geiupe tadidal polgmenidblé mdhomers
or gani ¢ peroxi des such as benzoyl peroxide, |auroyl
havinpen axiidchondeand (utyapeliodyidialkal adters having a hydroxyl group are
1,1 -bis-(tert-butyl peroxy)cycl ohexane; and hydrogen
prefeqableoxi de can be gi ven. When using a peroxide as the
radi cal polynerization initiator, a reducing agent may
b hessombioroets mayfbgrusedeithed md4v19lgﬁély| ariin cembinatidimef two or
pol ystyrene-reduced wei ght aver age nmol ecul ar wei ght
more.(herei nafter referred to as "Mwv') of the
alkall-soluble resin obtai ned by the above nethod

BemiaRetymsyizgd pithshe ofag qaéﬁal«b?pelwg}eagﬁbdﬁ Fipnpaers, the
I 0, 000
propogfefprg@‘cafh Suitrsely 5P Brisr2ahls Ferons s b eregbf Somofopess,

e reS|

and riof€ pRFERS R P GE e B BRPeaR T Fyigs, o fESFe than
50 m&l@’ {o'hlbrﬁ}ltbl%f #%drlé élJl QIYValka r(e d@al%g&h %laeélreasbg 00Slnce1

Ove- nen I one 31 Ve

d1fﬁc§1't feﬁ‘do‘%@ mel \%/pé)'g gca’ fRE a r@stléh.i% Iﬁ£ Mﬁﬂa‘i Oltl Qﬁ resist attﬁrtn after

styrene nufber aver
cbvd& &ﬁ!nafter referred to as "Mn" ) of the resin
eterm ned by gel perneation chromatography (GPC)

( Wd%ﬁﬁlgl@cs of iR podRféraB6n bSvétisiaded Yof preparing!iBe 51ka1@-‘3§1uble
preferably froml to 3. It is preferable that the

resing; @&bHols euthaisifethafolildthidnek 1sptefards ﬂﬂpﬂ g1 S1-britafislt albstanol,
in an anount as snall as possible. e smaller the

: ethyleanelytol, aiethylpne gly cd saridpropyienef glydidil,edycht ethars sucl?as
I nprove applicability as an upper layer filmand the

tetrahgdrpfigan ped diokarse alkyl ¢tbers g€ pelyadric alchhos sichad ethylema glycol
al kal i ne devel oper urification nethod of the
e slywbmpmatgsdteﬂm sl ensczlsesd Hiragthyleetivicng
wat er or EUId liquid extraction and a

ethyleél@rﬂbsrq%theéwl et#lers ethyleneigdyrot aonpmethy] ethen digthviane@dycahd

monoethgrgtﬁe 1ethyPernlefghycoI éh(r)nret etqmr, diethylene glycol diethyl ether,

diethylene glycol ethyl methyl ether, propylene glycol monomethyl ether, and propylene
glycol monoethyl ether; alkyl ether acetates of polyhydric alcohol such as ethylene
glycol ethyl ether acetate, diethylene glycol ethyl ether acetate, propylene glycol ethyl
ether acetate, and propylene glycol monomethyl ether acetate; aromatic hydrocarbons
such as toluene and xylene; ketones such as acetone, methyl ethyl ketone, methyl
isobutyl ketone, cyclohexanone, 4-hydroxy-4-methyl-2-pentanone, and diacetone

alcohol; esters such as ethyl acetate, butyl acetate, methyl-2-hydroxypropionate,
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such as ultrafiltration, centrifugation, or the |ike
can be given. In the present invention, the resins
can be used either individually or in conbination of
two or nore. A surfactant can be blended with the
upper layer-form ng conposition for inmersion
l'ithography of the present invention in order to

ethyl-20H54d ?92 ﬁﬁﬂlyﬂ&@?&bhé’c&ﬁthy]@e )QﬁB%bQJrﬂlétb{ylpllo%‘i’(ﬁlHen Bthoxy ethyl

h
properties As a surfactant

acetatfel FoxectBlntéhiel MethyUD 33m@91 EeﬁiaﬁJ ly avail abl e
er the trade narths 0 "B 10005‘T§nd "BM 1100"

meth}(l-mameiﬂlaﬁyprbmdnhy, i1 GHnbihbxygaopiohite, gthyl-3-8M6ApAEpionate,
F142D', "MEGAFAC F172", "NEGAFAC F173", and "MEGAFAC

and miefy83 -t Inxypfoapadnateechnty gidenni Ofolese dycha ethe&keatk gladtiser of
Inc.), "Fluorad FC- 135", "Fluorad FC-170C', "Fl uorad
polyhFdtici@deshol,zatkiyl ‘eften acctate @ poyhy(rranicbbals ketedespand esters are
Sum tomo 3M, "Surflon S-112" "Surflon S 113",
preferalgr f | on S- 131" "Surflon 5-141", and "Surflon 5-145"
(rmnuf actured by Asahi d ass Cqg., Ltd.), "SH 28PA",
" SHeopypenly us@_{_ai]g:g} polyrgg_u@ggg qnltlgﬁﬁcang;e_tggq gs the
(manuf act yr ed w _Cor g.Toray Silicone Co.
polyn}_epaat}on VSt st Ir%caé SAP grnsg@&lon-rh s EXynpkes. #go compounds

such G OB PP FT Jagepi L I o TP BboRes.

> S In addition, a | ow nol ecul ar
2.2 a%ljﬁ?(gi4 m&lﬁ ﬁ%‘?‘é{“ﬁﬂ%}i ation-sensitive acid generator

2 2’-a%§lﬁ% dﬁ ?{k ?&xﬁe{%}{ﬁn‘ga)}ér Iéﬁ’?’le%j 3) e%a%%eg;?{}ﬁ{ﬁés% 1)1’as B&moyl

peroxicﬁ}’ﬁﬁroéfgﬁé'fbﬁge CRAMRS/I ér?ﬂrpfl\%laté mersion it hogr aphy of

ent inventio order’ to increase

1,1°-blid- (tél@-gﬁtgfﬂﬁz)‘o@%)fcm%ea&f h)&i?@géh%f&&de &9 RN, eyRdn

t he aci eneér at or 1J a sul fonim de conpound, (2) a

using dlp‘étdxfdmwthe fﬁﬁicﬁﬁ;ﬁkﬂylﬁ@ﬂmuﬁ Ghiti 413}, a3Bd g dpesBinby be
compound, (4) a sulfone conpound, (5) a sulfonate

combinedpofom,a icdyx-gypdiigidaet hane conpound, and the |ike
can be given. 23 Exanples of these acid generators are
giThe polystyoane-redubpd Swight averagtemoleogeuweight’eexafipt sfercdd
the sul foni m de conpounds, conpounds of the follow ng
to as ‘MwiLefth¢ Zlkalt-apluble rgsin ehtalr@d by the above method determined by gel

permeation chromatography is generally 2,000 to 100,000, preferably 2,500 to 50,000,
and more preferably 3,000 to 20,000. If Mw of the alkali-soluble resin is less than
2,000, water resistance and mechanical properties of the upper layer film is unduly low;
if more than 100,000, the solubility in the above-mentioned solvents is significantly low.
The ratio of Mw to the polystyrene-reduced number average molecular weight
(hereinafter referred to as “Mn”) of the resin determined by gel permeation
chromatography (GPC) (Mw/Mn) of the copolymer is usually from 1 to 5, and
preferably from 1 to 3.

It is preferable that the resin contains impurities such as halogens or metals in an

amount as small as possible. The smaller the amount of impurities is, the further it can
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/I RO NOSRIO (7) CO O wherein RI0 is a
nmonoval ent organic group and RO is a dival ent organic
group. The nonoval ent organic group includes a
substituted or unsubstituted |inear or branched al kyl
group, a substituted or unsubstituted cyclic alkyl
group, a substituted or unsubstituted aryl group, a

improR€bpplabitiay &¥dn lq;p@mye@mﬁl ddiaht plpertRBLr boRs HbMab&Rbus!
organi c group includes a substituted or unsubstltutedy

dissoléK il RNk Aine dBvelSpes UDAS b pufifehtidh nkIBatdst the Ws8fl a chemical
al kenyl ene group, a substituted or unsubstituted

purifigtionyhethel gichupwashinl titd watdrke liqhel-leyadektestioh ahd g
sul f oni m de conpound,

combiNa{ion off duob achenhivyl murlffcatiyi aveshpd uad aphysicad @urification method
N-(trifluoronethylsul fonyl oxy)bicyclo[2.2.1

such dshdpafilGataors centBfigjatiam, wwxhe ied@n be given. In the present invention,
N- (10- canphor sul f onyl oxy) succi nei m de,

the resing ge hearspth eitlar lindividhdkydron cpwbimafion of twvd or more.
hept - 5- ene- 2, 3- di car boxyi m de,
NA(%‘éﬁ#%@tr@i}leWdé‘thhﬂ%w laygi-fosming gompasition for

ene d|c rboxyi md
1mmeﬁlc{rbht}51%gragt}ye%ﬁ} ¢ BW‘F‘E *%egg%% InIdsR taéncrease applicability,

‘hﬁm?%éﬁﬁh F Q%é%kg%g é&%ﬁ»cyclo[z 2. 1] hept - 5-ene-2, 3-d

NACH et PR RO ARt BT SRR R EReSE ey e
trade ﬁ@%es ofe‘ %/I %Oé% dénc&awlxl%iony fa tured b% BM gHEM[E Co., Ltd.),

erf'uor obenzenesu sSuccl n

“mcgkﬁ&gmghw OW@@%W{?@”WMEG AYF 7%[”2?1% NReRFaT en

i car’boxyi m N-( nonaf T uor o

FlSB’ﬁx‘ﬂJnﬁfﬁé{lﬁé‘d’B}SBﬁﬁﬁﬂb%h Ik Qﬁi Chemicals, Inc ) “Fluorad FC-135”,
nonafluorobutylsulfonyloxy)blcyc o] 2.

“FluotddeH-1 20€ N EF Riofad B C-aB Q%N FFI6s5ad FC-431 (manufactured by
N—(perfluorooctanesulfonyloxy)su00|ne|n1de

SumitbmoBay, ISerfloa st brpE sghifomys-0xy) bwuileh Sf 2312, 1SuhBei SS4¢ne
-2, 3-di car boxyi m de,

“and “Sur{lbe 8ZENE fmbhdufagtined\byAsahi GlesnCdeltd.), “SH-28PA”, “SH-190”,
“SH-193”, “SZ-6032”, and “SF-8428” (manufactured by Dow Corning Toray Silicone
Co., Ltd.), and the like can be used.

The amount of surfactants to be added is preferably 5 parts by weight or less for
100 parts by weight of the alkali-soluble resin.

In addition, a low molecular compound such as a radiation-sensitive acid
generator (hereinafter referred to as “acid generator™), an acid, and the like may be
added to the upper layer-forming composition for immersion lithography of the present
invention in order to increase lithography performance of the resist.

As examples of the acid generator, (1) a sulfonimide compound, (2) a disulfonyl

~ methane compound, (3) an onium salt compound, (4) a sulfone compound, (5) a

sulfonate compound, (6) a diazomethane compound, and the like can be given.

23




N- (benzenesul f onyl oxy) bi cycl o[ 2. 2. 1] hept - 5-ene- 2, 3-di c
ar boxyi m de,

N- (benzenesul f onyl oxy) - 7- oxabi cycl o[ 2. 2. 1] hept - 5- ene- 2
, 3-di car boxyi m de, and

N-{ (5- net hyl - 5- car boxynet hanebi cycl o[ 2. 2. 1] hept-2-yl)s
ul fonyl ocxy} succi nei m de can be given. (2)

DiExbitnhRE BF TRERIE g RIS NASifen BiewP! es of the
di sul f onyl net hane conpounds, conpounds of the

(1) f suifoniiide cdmpsombia (8) can be given, OV O Il 1 11
R'-S-CS-R12 (8 | I WO Owlerein R" and R 2
i Adiexadplel by theaplfersiaide @nponady, compbumisaifeit fotiowingl ent
al i phatic hydrocarbon group, a cycloal kyl group, an
formudw (7) cgr beigivemn ar al kyl group, or another nonoval ent
organi c group having a hetero atom and V and W
individually represents an aryl group, a hydrogen
atom @ linear or branched nonoval ent aliphatic
hydrodbrbon group, or another nonoval ent organic
grou ving a lfetero atom wherein at |east one of V

andR9 [ AL gLyl _arqup, V@ﬂd Wbond to forma
nmonogyclic or pglycyclic ring having at |east one
unsgsquted bong, or V and Wbond to forma group
shown |py the following fornula (8-1), 25V -~ C -
(8-1) 01 W wherein V and W individually represent a

hydrogen atom a hal ogen atom a linear or branched
al kyl group, a cycloal kyl group, an aryl group, or an

e Bl o ey Satics Y RO OG0 R R0 oo

The monovalent organic group includes a substituted or unsubstituted linear or
branched alkyl group, a substituted or unsubstituted cyclic alkyl group, a substituted or
unsubstituted aryl group, a perfluoroalkyl group, and the like, and the divalent organic
group includes a substituted or unsubstituted alkylene group, a substituted or
unsubstituted alkenylene group, a substituted or unsubstituted phenylene group, and the
like.

As examples of the sulfonimide compound,
N-(trifluoromethylsulfonyloxy)succineimide,
N-(trifluoromethylsulfonyloxy)bicyclo[2.2.1]hept-5-ene-2,3-dicarboxyimide,
N-(10-camphorsulfonyloxy)succineimide,
N-(10-camphorsulfonyloxy)bicyclo[2.2.1]hept-5-ene-2,3-dicarboxyimide,
N-(camphorsulfonyloxy)-7-oxabicyclo[2.2.1]hept-5-ene-dicarboxyimide,
N-(p-toluenesulfonyloxy)succineimide,
N-(p-toluenesulfonyloxy)bicyclo[2.2.1]hept-5-ene-2,3-dicarboxyimide,
N-(4-trifluoromethylbenzenesulfonyloxy)succineimide,

N-(4-trifluoromethylbenzenesulfonyloxy)bicyclo[2.2.1]hept-5-ene-2,3-dicarboxyimide,
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nmonocycl i ¢ hydrocarbon structure (in the case that
there are two or nore Vs and Ws, the Vs and Ws
may be either the sane or different), and r is an
integer of 2 to 10. (3) Oniumsalt conmpound As
exanpl es of the oniumsalt, an iodoniumsalt, a

sul foniumsalt, a phosphoniumsalt, a diazoniumsalt,

N-(pemmaédégﬁlﬁﬁiyloxymemﬁelmé dinium salt can be given.
Specific exanpl'es of the on'umsalt conpound include

N-(peﬁlﬁﬁ&b&z&%&Mf(ﬁﬂW?Blbﬁ%{ﬁ|2UI]'hept -5-ene-2,3-dicarboxyimide,
nonaf | uor obut anesul f onat e
N-(noba@ctobutilsllydrgheiysuktiaeiaiiide/m

trifluorobutanesul fonate, bis(4-t-butyl phenyl)iodonium
N-(nopefiddronrtpleait@ybstyl) fioyrdd[@,2. 1 Thept-5-ene-2,3-dicarboxyimide,

bi s(4-t-butyl phenyl )i odoni um p-tol uenesul f onat e,
N-(petiluwfdodtanesitlidnyleemysuddioelonmdeym 10- canphor sul f onat e,

4-trifluoronethyl benzenesul fonat e,
N-(pepfluptacotangsitl fong leapiytigyickald2i Ihept-5-ene-2,3-dicarboxyimide,

perfl uorobenzenesul fonate, di phenyliodoni um
N-(bepesmasulivsy lopilsaeaaeimidenat e,  di phenyl i odoni um

r opret hanesul f onat e, dlphenyllodonlum

N-(betﬁéﬁ{n;al"%u%mj@ét/M§ [2 &rdbept-SchnsHetrgicr o hintids.
T L N e G ST N

N-(CHBRERY FBGR d°”' RSB 7 DR DR BAGS Sfu%nelfﬂlde

leb% &g@enylsulfonlun1nonaf|uorobutanesulfonate
'enylsulfoniun1trif|uoronethanesulfonate

(2)tﬁi H_$§#+ g@b umgr f 1 uor ooct anesul f onat e,

triphen oni um p-tol uenesul f onat e,

t fAsI%'ﬁ%Hﬁl'ﬁ Hfﬁ@%éﬁ[ﬂ@ﬁﬂﬁ%ﬂ%h‘ kb Rp&is éana;fem@y&ﬁﬁé FrwA
0- canphorsul fonate,” 26 tri phenyl sul foni um

formuda {8) ichd bwgiweRt hyl benzenesul fonate, triphenyl sul foni um

perfl uorobenzenesul f onate, 4-hydroxyphenyl

di phenyl sul fonium trifluoronethanesul f onat e,

tri (p-nmet hoxyphenyl)sul foni um

nonaf PuoVobu®anesul f onat e,

trl(plneﬂhox phenyl)sulfonlum

t BT Dor §rTudroRkét hanesdll f onat e,

tri(p negﬁ phenyl ) sul f oni um

perflﬂor octanesul f onat e,

tri(p- nethoxyphenyl)sulfoniun1p-to|uenesu|fonate,

tri(p nmet hoxyphenyl ) sul f oni um benzenesul f onat e,

e T T M
hydrocarg(grp groug,oar g&?oaﬂyyll )glro%%?erl]rll elim] 1yl group, an aralkyl group, or another
monovalent organic group having a hetero atom, and V and W individually represents
an aryl group, a hydrogen atom, a linear or branched monovalent aliphatic hydrocarbon
group, or another monovalent organic group having a hetero atom, wherein at least one
of V and W is an aryl group, V and W bond to form a monocyclic or polycyclic ring
having at least one unsaturated bond, or V and W bond to form a group shown by the

following formula (8-1),
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nonaf | uor omet hanesul f onat e, bi s(fl uorophenyl )i odoni um
canphorsul fonate, (p-fluorophenyl) (phenyl)i odoni um
tirfluoronethanesul f onat e,
tris(p-fluorophenyl)sul foni um
trifluoronethanesul f onat e,
tris(p-fluorophenyl)sul fonium p-tol uenesul fonate,
(p-fl uorophenyl)di phenyl sul f oni um
trifl woronet hanesul f onat e,
1- (4- nl- but hoxynapht hyl ) t et r ahydr opheni um
nonaKKUhro 24{®&ul anesul fonate, triphenyl sul foni um
1,1,2,I2-tetrafl uoro-2-(tetracyclo[4.4.0.1z,5
17"]d8ﬂecane 8-yl ) et hanesul f onat e, trlphenylsulfonium
1, -difluoro-2-(tetracyclo [4.4.0.1
2'5.17,10]dodecane-8-yl)ethanesulfonate,

whereln V2amil WU iraltwidagdlyt repiepent b hatnogen ploen atalogen atom, a linear or
1,1,2,2-tetrafl uoro2-(tetracyclo[4.4.0.12'5.17' 10] dode

branch@kﬁékg.qu)gmamadesl&ylf gypap, a@n agyl group, or an aralkyl group, or V’ and
1- (4- n- but oxynapht hyl ) t et r ahydr opheni um

W’ bondimgdp the rgmg cgrb(op@{:qrg@y@qff@fept garpon gtoms bond together to form a
17" 10] dodecane- 8-yl ) et hanesu] fonate. (4) Sul fone

monoem#lﬁéu @%@oeﬁ%ﬁsv@élwe £aie thatithess éreémﬂsmg V’s and Ws,
osul fone sulfon ul f.one )
the Vo g 51 A a4 NE S AR s A e B 10.

G) |ven S eC|f|c exanpl es of the sul fone conmpound,
pIPEHR b 2d) £ one, mesi tyl phenacyl sul f one,

: %(&psg%g% ) UBE R 380ndik LS RASASERAYA o, and

can be onat e conﬁbund As

phospﬁéfﬁmﬁ: {a& Qﬁla?(#ﬁuﬁlﬁllgft eanca%m&ld HSSa afhd3 l?“dnﬁff}nfsgﬂ UL @

onate,” an ary Tonat an i mno
givenSul fonate, and the |ike can be glven As specific
exanpl es of the sul fonate conpounds, benzoi ntosyl ate,

PWpednt kednplesdfithe bhivar AQRRbABBESHIntRIAs!t €) |,
pyrogal | ol tri s(nonafl uoro-2-but anesul fonate),

bis(4-ppugthhkeh@hibdbfimeiohamesohft@ail€nate, bis(4-t-butylphenyl)iodonium

ni trobenzyl -9, 10- di et hoxyant hr acene- 2- sul f onat e,
trifluaebreadephlfdaen ba(4t-bstyl phery])iadondi h pedluoestdnasul fonate,

n-oct anesul f onat e, _ _ _
bis(4-&-bniytthehy)ibderdai - tolfehesmtfongte Has(d S thutdpbeny Dicdodium

a- met hyl ol benzoi n n-decanesul fonate can be given.
10-camphorsulfonate, 4-trifluoromethylbenzenesulfonate, bis(4-t-butylphenyl)iodonium
perﬂuorobenzenesulfonafe, diphenyliodonium nonafluorobutanesulfonate,
diphenyliodonium trifluoromethanesulfonate, diphenyliodonium
perfluorooctanesulfonate, diphenyliodonium p-toluenesulfonate,
diphenyliodoniumbenzenesulfonate, diphenyliodonium 10-camphorsulfonate,
diphenyliodonium-4-trifluoromethylbenzenesulfonate, diphenyliodonium
perfluorobenzenesulfonate, triphenylsulfonium nonafluorobutanesulfonate,
triphenylsulfonium trifluoromethanesulfonate, triphenylsulfonium

perfluorooctanesulfonate, triphenylsulfonium p-toluenesulfonate,

triphenylsulfoniumbenzenesulfonate, triphenylsulfonium 10-camphorsulfonate,
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(6) D azonet hane conpounds As exanpl es of the

di azonet hane conpounds, conpounds shown by the
following formula (9) can be given; Il I1Z1l R3- S -
C-S-R14(9 Il Il OO0 wherein R13 and R14

i ndividually represent a nonoval ent group such as an
al kyl group, an aryl group, a hal oal kyl group, and a

tripheR k@& m A OMR oro et S BEREESuFdn ) qu?\e%?ﬁﬁ?&ﬁl@ﬁe
compounds,  bi s(trifluoronethanesul fonyl) di azomet hane,

perflubtsbefizenkailfoxnaiesul doryp }ﬁeﬁyl&ﬁﬁlﬁ@ﬁyﬁaﬁ‘@mmm
bi s(benzenesul f onyl ) di azonet hane

trifludvométhaticslifenses utifpomythpy pheayipsulfan@m nonafluorobutanesulfonate
met hansul f onyl - p-t ol uenesul f onyl di azonet hane,

tri(p-rogtboxgiphrayiseifbdiomytriflipfofldbromtdiydnesuifonate] f onyl di azonet h
ane, bis(1, 1-di nethyl et hanesul fonyl ) di azonet hane,

tri(p-theth¢'a;phensstfoyinmipesivtironcisyisulfmis] dodecane- 8- sul f ony
| ) di azonet hane,

tri(p-npgthpxy phery skkerinmay-tleingad fonate7 trpineshguyphenyDonke tiame
28 bis(t-butyl sul fonyl)di azonet hane, and the |i ke can

benzee%sugpwﬁ trifp-greghoxpphenzlationaun &¢-campheianags i d

S T TR G O
b d

nonaf&qcﬁﬁ%z} ut %ICHEE; E%{d@g%%nﬁsnodomum camphorsulfonate,

(p- ﬂugfoiﬁéldc}l(@}gnyhgpgﬁ%ng %ﬁl%ltrﬁ'l LE‘Planesulfona’ce

anesu

ot S A AL Oy
-tolu@hecs(ll‘foﬁa't@ %ﬁﬂu@ﬂﬁ%bﬁﬁ%ﬁhﬂl@?lfomum trifluoromethanesulfonate,

trifludromethyl benzenesul f onat
1-(4- rpbl,&ﬁ apithylheherprdghefiof ARafluoro-2-butanesulfonate,
4-trifl uoromet hyl'benzenesul f onat e,
tripheByis{lifortiuthut yl phenyl )i odoni um
2,4-di fl uorobenzenesul fonate, triphenyl sul foni um
1,1,2,2tétfafluoroepagtichagyeofit Hondt a’ 1°]dddb¢dmexsyylsahémmlﬂﬁme
per fl uoro-n- but anesul fonate, triphenyl sul foni um
triphepylswfan@masul f onate, tri phenyl sul f oni um

10- canphor sul f onat ;rlphenylsulfonlum
1,1-difluoro-2-(tetracyclo[4.4.0. 1% %]dodecane-8-yl)ethanesulfonate,

2

1-(4-n-butoxynaphthyl)tetrahydrophenium
1,1,2,2-tetrafluoro2-(tetracyclo[4.4.0.1>°.1"'°]dodecane-8-yl)ethanesulfonate, and
1-(4-n-butoxynaphthyl)tetrahydrophenium
1,1-difluoro-2-(tetracyclo[4.4.0.1%>°.17'9] dodecane-8-yl)ethanesulfonate.
(4)  Sulfone compound

As examples of the sulfone compounds, B-ketosulfone, B-sulfonylsulfone, an
a-diazo compound of these compounds, and the like can be given.

As specific examples of the sulfone compound, phenacylphenylsulfone,
mesitylphenacylsulfone, bis(phenylsulfonyl)methane, 4-trisphenacylsulfone, and the

like can be given.
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2-trifluoronethyl benzenesul fonate, triphenyl sul foni um
4-trifluoronethyl benzenesul f onat e, t or phenyl sul f oni um
2, 4-di fl uoronet hyl benzenesul f onat e,
N-(trifluoromethanesul f onyl oxy) succi nei m de,
N-(trifluoromethanesul fonyl oxy) bi cycl e[ 2. 2. 1] hept - 5-en
e- 2, 3-di car boxyi m de,

(5) Ns(kOnAaonhpdundl f onyl oxy) succi nei m de,
N- (canphor sul f onyl oxy)
biagyegh@bRs 3f dilfoapte-donoendd @@ﬁlk?%%ﬂﬂaih@k@; a haloalkyl sulfonate,
N-{ ( 5- net hyl - 5- car boxynet hanebi cycl o[ 2, 2, |
an ary] befdnatt; wh Jrainb fsolfyhane \ahd shedikiervanibe @iven.
bi s(4-t-butyl phenyl )i odoni unperfl uor ooct anesul f onat e,
diAshspenific extonplesof the ndfdnatercompoandss béfzoimdsy]ate,
di phenyl i odoni um tri fl uor onet hanesul f onat e,
pyrogdilgitrestiyifiluoorthane pafonhieh myorgal oltss(hdrafiabm-2-butanesulfonate),
di phenyl i odoni um 10- coaphor sul f onat e,
pyrogelelisisengthangselbonaten piobenzil-08.48tdigtberniandnasene-2-sulfonate,
tri nmet hoxyphenyl ) sul f oni um
a-metby]p‘lqeg%}}lgwlhtgnwlfﬁwgg@om n-octanesulfonate,
th he Ifonlu | 0-canphor sul f onat e,
0-mef Y@Ebﬁnﬁlﬁ%%ﬁﬁ’@w erie Sl §-IetBi RO dasametfouate
bb'3§$ f1 uorophenyl )i odoni um
can b4 ENEt1 uor onet hanesul f onat e,

(6) Tﬁé etk 2ph E?%(%lodoniun1canphorsu|fonate,

uorophen enyl )i odoni um

t E&'sf %MF%%%&%%&?He §0m%ounds compounds shown by the

tris uor ophen

follov&tflﬁg ForHRI 0@ %S]E@%VH onat e,

tris(p-fluor ylYsul foni um 29 p-tol uenesul f onat e,
(p-fl uorophenyl ) di phenyl sul f oni um
trifIuoronethanesulfonate

(5-oet vl -&- car boxynet hanebi cycl o[ 2, 2,1
]heﬁt i- yM)squon¥ony) succi ni m de,
0ﬂ§fTGbTD%UT§ sulfoﬂyloxy)bicyclo [2.2.1
] hept - ﬁ ene- 2l| 3- di car boxyi m de,
N-(p-t Iueneéalfonyloxy)su00|n|nide,
N- (benzenesul f onyl oxy) bi cycl o[ 2. 2. 1] hept - 5-ene- 2, 3-di c
arboxyinide bi s(cycl ohexanesul f onyl ) di azonet hane,

bi s( di,met hyl - 1, 5- di oxaspi r o[ 5. 5] dodecane- 8- sul f ony
whergjny B, aapé,?et Hliac ually represent a monovalent group such as an alkyl group,

(1, 4-di oxaspi ro[ 4. 5] decane- 7-sul fonyl ) di azonet hane,
an arvg gEqup.  halgrlkyl srev; and pdzloast BEoWS;

15\%5@@8@%%& b haes u%??,.t phenyl sul f oni um
vistrpdiFacineuiRavhSadaibee, bR FRbitpreliorghafmabie
bis(benzenesulfonyl)diazomethane, bis(p-toluenesulfonyl)diazomethane,
methansulfonyl-p-toluenesulfonyldiazomethane,
cyclohexanesulfonyl-1,1-dimethylethylsulfonyldiazomethane,
bis(1,1-dimethylethanesulfonyl)diazomethane,
bis(3,3-dimethyl-1,5-dioxaspiro[5.5]dodecane-8-sulfonyl)diazomethane,

bis(1,4-dioxaspiro[4.5]decane-7-sulfonyl)diazomethane,
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1-difluoro-2-(tetracyclo[4.4.0.12,5.17' 10] dodecan- 8-
) et hanesul f onat e,
(4- n- but hoxynapht hyl ) t et r ahydr ot hi opheni um
,1,2,2-tetrafl uoro-2-(tetracyclo[4.4.0.12'5. 17"
] dodecan- 8-yl ) et hanesul f onate, and
1-(4-n- buthoxynaphthyl)tetrahydrothiophenium
bis(t- ﬂutﬂsﬂféﬂgl&@fa@oﬁel@lﬁﬁé LAG We! IKetaft bO givER. 5

0] dodecan- 8-yl ) ét hanesul fonat 8. As exanples of the
aq?lr@férabl"é%k@l‘ﬁﬂék o tiRGbEGe aidlgsérdtoniate acfolswsan be
gi ven. Exanples of the car%oxylic acids and sulfonic
adi isl predérablaso hed dt@aast oncwoaipoued saéctéhBoeygrobd esislsting of
conmpounds such as carboxylic acids and sulfonic acids
bis(4-t-butylpdenyljioderiiemadilaorometianesulfonate, tis(dpibunylphengl)ibdonium
but anoi ¢ aci d, pentanoic acid, hexanoic acid,
perflupepn-dntinesuwdfonate, bis(ﬂdﬁnityiph@iybiodmo'xmanpit@luatdswlfordlm; anoi c
. acid, undecanoic acid, |aur acid, tridecane acid,
bis(4- h-yuﬁyhthp@ylhed@lurpelﬁt@maml n@@uh&(ﬁy@umlnhewl)mlmum
hept adecanoi c acid, stearic acid, 2-mnethylpropanoic

-tnﬂg@qogleﬂg_lb;etnﬁ%eé@fm &’IS&H BUtYh)hﬁﬁ‘th%‘ﬂIanm c acid,
3- net hyl but anoi ¢ aci 2- dlneth ut.anoi ¢ aci d,
4- mﬂP%rPEne%il né%‘@?‘ﬂlgo% 15(4 ‘P‘)‘tyll’hﬁ@f ‘HEWPanm c acid,

e L T

ano anoi ¢

triphch) S ERFHS P BAEn By onfie Fiphy IS RERAR: B B fesutonate,
tnpheﬁgnkgi%ngL%' c%@glp%ulfsm PBbRAY GuGlidm DUt Y1 el oni ¢

onic ac ccini ¢ acid,

4“ﬂﬁg%n%hgm§%ﬁgﬁﬁﬂﬁﬁh?ﬁkﬂﬁngQMﬂ* hylbutaned|0|c aci d,

2- et hyl C aci
-trlﬂam%h@'tﬁméﬂé&%lm% %rﬁh@ﬁlsﬁlfoﬁhﬁf aric acid,

2-nethylglutaric acid, 3-frethylglutaric aC|d
2,4-diBudrodicfBlibun &l edli@srate, w:(tﬂﬂuor%n&ttﬁheﬁufbwlgkyﬁ@ddl&lﬁ%d
3,3-dinethylglutaric acid, adipic acid, 3-tethyladipic
N—(tnﬂﬁdndmetlﬁné’suﬁbﬁylbﬁy)bﬁiyelktlzyi afhiepi- S-eﬁ@B@rdlbarBBkylﬁu(ﬁ?l d,
suberic acid, azelaic acid, sebacic acid, 1, 11
N—(l&@ndnéosuﬁ‘dnﬁaxybmopineumde|N-(ca.tn;ﬂmamﬁedykoxp) acid, 1,
12- dodecanedi car boxylic acid, hexadecanedi oic acid,
bicyclp[222 3]hsphanedicatmrpionigt.i ¢ aci d,
2-nmethyl -1 anetricarboxylic acid, o
N-{(51m2th$1 B@f@?&)ﬁé@tgwegtcdﬁbb%&|1ﬂl@phéwyb)sulfmyﬂwydwammld@
acid, trifluoroacetic acid, ntafluoroEéopan0|c aci d,

bis(4- héﬂﬂ@ﬁlﬁ%)l@%%ﬁ?rﬂuor@e%new QuAte, | dgniwn acj d,

nonafﬁlo}/o%%ltaln%su onate g’lpﬂgny 10()%3/1{131?1Qghggr%}n%th%%ésgﬂfonate

1,
yl
1-
1
0

diphenyliodonium perfluorooctanesuifonate, diphenyliodonium 10-coaphorsulfonate,
triphenylsulfonium perfluorooctanesulfonate, tri(p-methoxyphenyl)sulfonium
trifluoromethanesulfonate, tri(p-methoxyphenyl)sulfonium 10-camphorsulfonate,
bis(p-fluorophenyl)iodonium trifluoromethanesulfonate, bis(p-fluorophenyl)iodonium
nonafluoromethanesulfonate, bis(p-fluorophenyl)iodonium camphorsulfonate,
(p-fluorophenyl)(phenyl)iodonium trifluoromethanesulfonate,

tris(p-fluorophenyl)sulfonium trifluoromethanesulfonate, tris(p-fluorophenyl)sulfonium
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2- hydr oxy- 2- et hyl but anoi ¢ aci d,

2- et hyl - 2- hydr oxybut anoi ¢ aci d,
(t)-2-hydroxy- 3-net hyl but anoi ¢ aci d,

() - 2- hydr oxy- 4- met hyl pent anoi ¢ aci d,

() - 2- hydr oxyhexanoi ¢ acid, 10-hydroxydecanoi c aci d,
12- hydr oxydodecanoi ¢ acid, 12-hydroxystearic acid,

p-toluChd¥BIfbAULE, (%u@ro;{h&ylfd‘q)he%&tsﬁﬁ&ﬁﬁﬂnr’thﬂu&%h@thanesulfonate _
()-2-isopropyl marinic acid -hydroxy-3-met hyl glutaric

N-{(5a8étlyl- Dchdbiphbtambicclol2 2 H £-26/)s@lgdililoxgi} sudctieded,
i (1R,3R,4R,5R (-)- qJ?nlg ac?éﬁ né?ﬁox;gggﬁﬁc gcﬁd

N-(noatfhmeyaaglsulfotixy)bicreloRiNDkymr Bpieon B ali@ebakyimide,
(-)-rmenthoxyacetic acid, (E)-tetrahydro-2-fronic acid,
N-(p-(ojuehetulfahyldrp)s@edimionde; aci d, thiol acetic acid,
t hi opivalic acid, 2-nercaptopropionic acid,
N-(beszamﬂdﬁwvbwlhmwm[% 2adhept-5- emfkbﬁtcaﬂm:mnade oi ¢ acid,
(met hyl t hi o) acetatic acid, thiodiglycolic acid,
bis(cyglogexanesuifosaldiespmethins, aci d, 3- car boxypr opyl di sul furic
carboxynet hyl t hi 0) but anedi oi ¢ aci d,

bls(3>3z,d2n?t_lzyl,-gﬁ*dl?@smrfééﬁ&é?é‘@?a}lﬁﬁd%ﬂ@p@k)dlam@qthmeo) ]tetraki
bis(1, i—%%%‘séspi%a?ctecéé«%a?ul%bemms&éﬁeﬁeé‘é?3?' ¢ actd d

d,, 31 i oni id,
I I et R
nonafl§1)99§< R%OF %nﬁﬁif‘o%m th%ﬁl dyésu‘ffgm I noi ¢ acid,

obutanecar b @§c|opentanecarboxyllc

1 12,9.9&%{1118;/0-%.3%@%%&032 ald. Psaie’mﬁido&ieg’anc?/ gh&%& Xfﬁ?ﬁa‘? I oni ¢

cyc eti¢ acid I CycC exy acetic acid,
tripheRYIShIBSHGXANEPT Opi oni ¢ aci d, cycl ohexanebutanoic acid,
cycl ohexanepent anoi ¢ aci d,

1,1- d1%lu51%tilYtbtrh M4, @Waﬁéwﬁfoagé%l-ii Gl)@Rarbsulfonate,

t)-2-methyl -T'-cycl ohexanecar boxylic acid,

1-(4- r(-bﬁth&cymiepmw?tbtr@mlr&h@pmr boxylic acid,
4- et hyl - cycl ohexanecar boxyl i ¢ aci d,

1,2, 2-téteafluotiYlenyoictijexanec ar qui@dbd:ah-ﬁi—gl)dmanesulfonate and
trans- 4- pentyl cycl ohexanecar boxyli c acid,

1-(4- mbuthwwhplﬁmdbtemhg@lrxﬁhmphémumci d,
- ) - hexahy dronandgllc acid,
1,1-di gg)mfﬁ-{teﬁ@qyghyjmﬁ@rﬂahdl &l° ]ck)datmneB yDethanesulfonate.
3- nethox§cyclohexanecarboxyl|c aci d,

4Ar$@t<ﬁf6R s pEthsHearacherbix geirleandcsudfonic acids can be given

clopept?necarboxyllc aci d, _2-norbornaneacetatic
gimples of the carboxylic acids and sulfonic acids are as follows.

R oM B S TR, B 1
Sulf.Omcwdslglcl)udcanphorcarboxyl|c aci d,
formic acid, acetic acid, propionic acid, butanoic acid, pentanoic acid, hexanoic acid,
heptanoic acid, octanoic acid, nonanoic acid, decanoic acid, undecanoic acid, lauryl acid,
tridecane acid, myristic acid, pentadecanoic acid, palmitic acid, heptadecanoic acid,
stearic acid, 2-methylpropanoic acid, 2-ethylbutanoic acid, 2-methylbutanoic acid,
3-methylbutanoic acid, 2,2-dimethylbutanoic acid, tert-butylacetic acid,

(+)-2-methylpentanoic acid, 2-propylpentanoic acid, 3-methylpentanoic acid,
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ci s-bicycl o[ 3. 3. 0] oct ane- 2- car boxyl i ¢ aci d,
anti-3-oxotricyclo[2.2.1.02, 6] heptane-7-carboxylic
aci d, 3-adamant anecar boxylic acid,
1- adamant anecar boxyl i ¢ acid, 1-adamantaneacetic acid,
3-net hyl - I - adanmant aneacetic acid,
trans-DL-1, 2-cycl opent anedi carboxylic acid, 1, 1
4-meth@pEntAREOLANCHIRER ekafit 8bid, (£)-S-eilhéxahoeapmahori ¢
acid, 1,1-cycl ohexanedi acetatic acid,
2-methylhéptamsic dcid-Syettyhexmortcih bRekyddid bslc acid,
()-1, 3-cycl ohexanedi car boxylic acid,
methylmdlogigcicnl) ethghedotianbid xytylmad@iiclacid, dimethylmalonic acid,
1, 3- adamant anedi car boxyl i ¢ aci d,
succini¢ &;id-mgtbylbhereheicrctla? Bedimkethyltacinddioic acid,
SIa,Ba,Sa)-lhBJS-trinethyl-1,3,5-cyc|ohexanetricarboxy
2-ethyjli2emetdiyPutanedioic acid, 2,3-dimethylbutanedioic acid, glutaric acid,
ﬁla 3a,50)-1,3,5-trinmethyl -1, 3, 5-cycl ohexanetri car boxy
2-methylglugariccacid, 3-metbylgluiare asid 2adimatvdglatasisegidi ¢ aci d,
_cis,fis,Qishcis-1L2,3,4-cycIopentanetetracarbox lic.
2,4-digjethylglutgrio agd 43, 3-dgnethylehiancreh adiiarad drmethyladinic acid,

2,2,5,%—?%%8%%@?&#%&9 @E@S%eﬁtﬁ: ggg? ﬁ'&%}g I’aeidgéehi’ic acid, sebacic ac(ijd,

- | ohexyl gh ' id,. . di I y id,.
- fifcfeRorvelitan Bamsntetin atigr P SpPYTRGcdATbo e Beid,
GO UL lgfo bRty 90 e bt anor

e e B L P
difluofSdcllic acii, REARMbR S Q_Eiid?péi‘i@dfﬁor(ﬁ)‘r%‘ﬁx@)@ R ﬁ@[ﬁbﬁu@rﬁbﬁjﬁanoic

5- phenyl pent anoi ¢ acid, 3-nethyl-2-phenyl pentanoi c

acid, R&hfuorbglRheidukile R8sl Cacht; I20ny ot isBuRRBRAIdacet i C

aci d, %FQ-(-)-a-nethoxyphenylacetlc aci d,
2-hydfixgrmmythythiut ahoiCaditl, 23etpylennydtpx it andicCacdi d,

() - 2- phenoxypr opi oni ¢ aci d, 11- phenoxyundecanoi ¢ aci d,
()-2-BydrbeyrBxydthylbn@ncic acidd(+)-2-hydrosyrd-ehdthyl peritahoic acid,

() - a- met hoxyphenyl aceti c aci d,
(£)-2-ydrgxiyhexgnde phidnid-pydopiyoleéanoacdct], 12thydpixyidedeaenals acid,

t hi ophenoxyacetic acid, S-benzylthioglycolic acid,
12-hygrogy $igaricricis, B-matinisiaeidy (Rce)-cicramaridic asshz oyl f ormi ¢

aci d, phenyl pyruvic acid, 3-benzoyl propionic acid, )
(@)-2-popERyRArHig %ﬁch)%q»gr’amlm}glﬁﬁqr@@p@, Bxtagaric acid, L-tartaric

acid, QFiiabid | PoAR AR SO BBl TR B ey acetic acid
é Z-Pheq¥len diacetic .. fromic aci
3-metheiyRrQRI™S A EPEPBBTYASHIG 3D Sy tetahydrpe-fronic acid,

2,.3. 4-4 et r ahydr o- 2- napht hoi ¢ aci d,
GQ4@%§9§?§§#%¥¥ﬁﬂ%’o-o-tolyI)acetic aci d,

thiolacetic acid, thiopivalic acid, 2-mercaptopropionic acid, 3-mercaptopropionic acid,
mercaptobutanedioic acid, (methylthio)acetatic acid, thiodiglycolic acid,
3,3’-dithiodipropionic acid, 3-carboxypropyldisulfuric acid,
(£)-2-(carboxymethylthio)butanedioic acid,
2,2°,27,27”-[1,2-ethanediylidenetetrakis(thio) Jtetrakisacetic acid, (+)-3-methyl

2-oxopentanoic acid, 5-oxohexanoic acid, 6-oxoheptanoic acid, 4,6-dioxoheptanoic acid,
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2-fl uorophenyl acetic acid, 2-chlorophenylacetic acid,

2- br onophenyl acetic acid,

()-2-(2-chl orophenoxy) propi oni ¢ aci d,

2- met hoxyphenyl acetic acid, (t)-2-nmethoxymandelic

acid, 3-(2-nmethoxyphenyl ) propionic acid,

1, 2- phenyl eneoxydi acetic aci d, 2-hydroxyphenyl acetic
2-oxog§1htgned_?cnﬁli 4di@PhesherEREIoRi Al d 2-oxoheptanedionic acid,

- (2-ni trophenyl) - 2-oxopropanoi ¢ aci d,
2-oxodoiidnediphigheripxisaisdit aciaci d, honopht hal i ¢ aci d,

mtolylacetic acid, (a,a,a-trifluoro-mtolyl)acetic
cyclobwtabcaiBokyldy awid) phdopé¢martarboadicdicid, cyclopentylacetic acid,

3- met hoxyphenyl acetic acid, 3-nethoxymandelic acid,
3-cycBpaitylpogheny heid etyickohagyldetic peidotigh cdobdxiytacaiid akid,

(4-met hyl phenoxy) acetic acid, 3-fluorophenyl acetic
cyclobaxanepropionis @pidt §yclehenanchytappienyid, axdeliexamspentanoic acid,

4- (4-chl oro-o-tol yl oxy) but anoi ¢ aci d, o
1-methylsl-gydeReaxanccarboxili ecidditit2-methyluopopelergnessdoxpliaedid,

(a,a,a-trifluoro-p-talyl)acetic  acjd, L
(#)-3 —me(hyﬁlwy&@smw%%w&gﬁ, ¢-magthyj-cyclohexanecarboxylic acid,

- (4-fl yorobenzoyl ) propi oni ¢ acid, L.
tert oyl ORH RO - PR s pRbrnsessboy isarid

3,3,3-tris(4-chl oro n ropioni c acid,
4-met e EHEREPES g G EE BE ek gRn etic ot
- ) -Al- n rhoxwvlic.acid,

O e e T L e

= {4~ . cyal LGiaci d,
+-metfofy TEDAIAREI s 98 CREPLABREARNINC hal7
2-norforiBichoxupheny! acetic acid, 4-ethoxyphenyl acetic

acid, 3-(4-methoxyphenyl)propionic acid,

[1R-(Behdo, SRk MNSVIRIIEHNLA, DUt BRRLIS 516y Jo[2.2. 1 Theptane-2-acetic acid,
4- hydr oxyphenyl aceti c aci d, ’

(+)-catp(hbrdaytbxo Ny pdie NC)yInsHopdatuxgliaadid,
3- (4- hydr oxyphenyl ) propi oni ¢ aci d,

cis-bi€yclef3 Bet]baxyerBroakdbkdicaaid], 4- chl or ophenoxyaceti c aci d,
bi s(4- chl orophenoxy) acetic acid,

anti-34qxtrixiysiofi2. Ayt d}z’g}kly]pihee}wc)qbenylmlmid; 3aadaghantanecarboxylic acid,
4- bronmomandel i ¢ acid, 4-(dinmethylam no)phenyl acetic

1 -ada@gnt@,pemrbﬁ)p(yki@mi@ngra(é@g{nt@emtigl acid, 3-methyl-1-adamantaneacetic

- (4-ni trophenyl) pr.opi oni c aci

acid, éa Dl 133-@3(91@?9;%@9%@9@0@@13@ ?,’ 1-cyclopentanediacetic acid,
(1Sﬁ%‘&i‘é&%ﬁ%ﬁ%é%&?ﬁ@gg%}%g%a%@g& %ﬂ'\@nyl lactic acid,
(o trafsy L Ry T e S i i ) e v lphaangdiggrboxylic acid,
R i et R AT
L3, e B o O Oy acet ¢ mct d,
(10,358 I8 5LHALARMNG DY S R hdkafibhrboxylic acid,

(1o,30,5B)-1,3,5-trimethyl-1,3,5-cyclohexanetricarboxylic acid,

1,2,3,4-cyclobutanetetracarboxylic acid,
cis,cis,cis,cis-1,2,3,4-cyclopentanetetracarboxylic acid,

1,2,3,4,5,6-cyclohexanehexacarboxylic acid, benzoic acid, phenylacetic acid,
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2,4-di fl uorophenyl acetic acid,
2, 5-di fl uorophenyl aceti c aci d,
3, 4-di fl uorophenyl acetic acid,
3, 5-di fl uorophenyl aceti c acid,

4-chl oro-o-tol yl oxyacetic acid,
3,5-bis(trifluoronmethyl)phenylacetic acid,
1-phefiyd- Koyl s osyRhea ik haidedichcldhédiphenylacetic acid, diphenylacetic
3, 4- (net hyl enedi oxy) phenyl aceti ¢ "aci d,
acid, #Biphéniddcetatic Ayidr DpyehigpbRaRtdcid, 3chénylpRopidid190id - 2-benzyl
-1 ndanone-3 -acetic acid,
3,3-dide(l31 Bl atioieidid) Qyp-diphyhyl propiringndcid, 8¢3-diphenylpropionic acid,
4- (3, 4- di met hoxyphenyl ) but anoi ¢ aci d,
3,3,3-{riphbnyl propi dnicaqad @aptiengitbetanoicacidl 2-ethyl-2-phenylbutanoic acid,
(4- hydroxy- 3- met hoxyphenyl )acetic acid,
3-phe(111)>ut4n¢1y deidx§-pBenydtianojeramdicl-pleengilpientanoic acid,
é&-s-hydroxy-4;nethoxynandelic.acjd, )
3-methyl-Z3phenyipeptanoieyacith @eiberylhetagoic acid, a-fluorophenylacetic acid,
, 5-di hydr oxyphenyl acetic acid, . .
R)-(- g@ghwmhw%gﬁgplgcgtqnexwp@g acid, 3-phenoxypropionic acid,
3, 4- di hydr oxyhydr ocj nnam c, acid, . L
(i>-2-ahﬂ59&m>y991.0§1°ym6¥£ -Hféwyme@@?@%%¢ Zoehssesyiytanoicaci,
2, 5-.di hydy oxy-1,4- benzenedi acef | ci d, D
(i)—m%r,id}h% agid; + i‘%%‘f%ﬁ nyl 8%%’[(:0%5‘{? ggl,yagpicy-?» -phenylpropionic acid,

wopind 14, i phes Rl XAE SRR ERRLARME RS
2t ot POETMAASEL: 28] Bendey BRRNFRIA P acia

etic ac

) it ) o o .
e e B R e acid bl malpic
acid, Iﬁh‘ehffl@ufﬁﬁéch@?é}é'cﬁl; BB IpanAiRal O adi@neatRhddtic asidd,

9-fluoreneacetic acid, 2-methyl benzoic acid,
1,2-phenf/letiedi ade€io 26id c (29 di-bknzdyddbutdndedrbomiliayciienzoi ¢ aci d,

2- met hoxybenzoi ¢ acid, 2-ethoxybenzoic acid, salicylic
1,2,3,4&e¢tchhydo- Daaphtinyit helda@iodo-triffroroortoBazaiccacd;i d,

2- (p-toluoyl)benzoic acid, 3-nethylbenzoic acid,
2-fluogerfhenynettieaznl, 2-chicophen@lataticfacidy 2 dmembyhenghazeticacadi d,

3- met hoxybenzoi ¢ acid, 3-hydroxybenzoic acid,
(*)-2-@2-dhlpeephgnaxmimopienizacid, 2anathoxyphénylasibnadic aci d,

4- et hyl benzoi c acid, 4-ethyl benzoic acid,
®-2-megozpipppdaisrid, dd2dnethoxypbeybipyorenie a¢id, aci d,

4- butyl benzoic acid, . 4-tert-butyl henzoic acid, . .
1a2'PllPD}5]§H?%?ﬂY§’élﬁ%téﬁ qeicy 2riydroxypbsailasehs agid, Zrgitgpphenylacetic acid,

aci d,, 4-.octyl benzoi c. aci.

32y TRy AR Attt LA PORREHiH ik Jomopldtc aid
m-tolgagetic g et HaHDNT o Rar AT Shik FORGRen Gre st pcid
e L S
prtoly ol ik AT ApfrBflcyic ol B Rkl

4-isob§fnt3g-%§ﬂﬁlefh;§g}3€ﬁ% A&l Aa(ﬁiéimsfo‘lﬂoﬂ?f&%ﬂ&t%&c aGhd.

-"dodecy ybenzoil ¢ aci
1,4-phenylenediacetic acid, 4-fluorophenylacetic acid, (a,a,a-trifluoro-p-tolyl)acetic

acid, 4-(trifluoromethyl)mandelic acid, 3-(4-fluorobenzoyl)propionic acid,

4-chlorophenylacetic acid, 4-bromophenylacetic acid,
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I SO- propoxybenzoi ¢ aci d, 4-hydroxybenzoic acid,
(met hyl t hi o) benzoic acid, 4-(ethylthio)benzoic
cid, 4-dinethylam nobenzoic acid,
- (di et hyl am no) benzoi c acid, 4-nitrobenzoic acid,
4- acetyl benzoi c acid, 4-carboxybenzal dehyde, phthalic
acid, isophthalic acid, 1,2, 3-benzenetricarboxylic
3,3,3-@%(45-0hlb%§ﬂiﬁﬂilnﬁlbpi6ni@0abﬂ; 4-(BrofaomA8 TRARRhdfidabRX Y| i C
acid, 1,3,5-benzenetricarboxylic acid,
1-(4-chictophdayhaneenseatahecaei 39Ky hiéid, R¢4-ehlorobenzoyl)propionic acid,
benzenehexacar boxylic acid, 2,3-dinethyl benzoic acid,
1-(4-Betbexiipheti)dyblepematecaborlylicicid, uor o- 2- met hyl benzoi c
acid, 2,3-difluorobenzoic acid, 2,6-difluorobenzoic
1-(4-raethaxypheny)oycloh&zanecdrbaxytio aeilh-niethmyphergticetic acid,
2-fluoro-3-trifluoronethyl benzoic acid,
4-ethgxyphériydaceti¢ fdidoi-tGhrmethpkyitenyDpropmoicacid,
2, 3-di net hoxybenzoi ¢ acid, 2,6-di met hoxybenzoic acid,
4-(4-rgethepliprsd)iugappiccacyd oy desxyphenydasebpgdidal i cyl i ¢ aci d,
3-nmet hoxysalicylic acid, 3-hydroxysalicylic acid,
2-(4-hydrryphsrpxnlprenionic agidj 3 (4-hydrexyrhengpropiosisaasibi ¢ aci d,
3-net hyl - 2-ni trobenzoic acid, _ 2-nethyl-3-nitrobenzoic
(ﬂ:>-4-ga't‘1§:xygtaﬁi‘%lmaﬂa S pesaRaseeiCay ,b13§4-ﬁﬁ{qr%wpwa1>wtw
: id 2,.4-di et hyl benzoi ¢ i d, 2, 5-dinethyl benzoic
acid, S e picp B Dt b esid O bromefipmaetic B
. 3- - hyl benzagi ¢ i e
(e R RSN Bl tacstic agie
(@GRS b v it afoliCaci
2-(4 @ripl%ilﬂﬂ%lrgp% gga%gfgg (gcllll%&ﬂ%,ﬁ%b%}@foﬁg?%%enzoi c acid,
3-(4-RethbybRhRsyhptdpiddit 0@ MR h b H6y%1ctheid, D-3-phenyllacti
(b bR At dpicriy B TER b %ﬁr}%ﬁ%giy A3 T Basaiaghe
acid, #GuropBerdxyAtedic AciiEt:NOXHENSRbReRK ionic acid,
2,4-dP§etﬁzxybenzg|ggacgg, Z,E-din%?ﬁ%¥?ggﬁ?0|c aci d,
2-(4-chlctophieiBi)Rmeeiytmbpioaiadid, 93 04tiklded20ptehenERhebiAgiok
- piperonylic acid, 3-hydroxy-4-nethyl benzoic acid,
acid, 41 orelitydtsalokoyd-plenathenetaramiidiydigal i cyl i ¢ aci d,
5-fluorosalicylic acid,
(2,4-di-terepéroylphenaxmacktyd adid, @) e difinoraphenyilatetic acid,
5-net hoxysalicylic acid, 4-nmethoxysalicylic acid,
2,4-diflupspphenyyacstieraeitoX fdehondpheaylaektic acid, 3,4-difluorophenylacetic
. S-ﬁ%groxy-4-nethoxybenzoic acid, 3,4-dihydroxybenzoic
acid, }gidaflurophegylageticoreyds drehdnre-calohdoxyaceficciy dr oxybenzoi ¢
acid, 4-diethylamnosalicylic acid, .
3’5'b15&ﬂfg¥9¥9mﬁ’g‘yﬁpF%%éﬁ%‘b?%daa(é1'40‘,11111@11}?&9\‘1@1}’@6‘}%1? R&¥enzoi ¢
acjd, 3:-ne | -4-nitro oi ¢ gci.d, ..
3,4-(%@8?@&%59*]%”%%@8}@ % 0_&39-4312§1qu@{13wa@-¢=¢%§1% #dthenzoi c
5-metgc_c>:>lﬁg%ﬂriq_&fl?|9§e? -Io _%i)cge{é:ﬁl(& 3?@942-glb}cegl?o%lyghenyl)propionic acid,
. -4-Ri nzaQi J 3 .
4-(3,4%@1&%@{6%2%1}%@'&%’[?18 g ﬁég’i @,%glim ’hoxyphenyl)acetlc acid,
(4-hydroxy-3-methoxyphenyl)acetic acid, ()-4-hydroxy-3-methoxymandelic acid,

4
4
a
4

(#)-3-hydroxy-4-methoxymandelic acid, DL-3,4-dihydroxymandelic acid,
2,5-dihydroxyphenylacetic acid, 3,4-dihydroxyphenylacetic acid,
3,4-dihydroxyhydrocinnamic acid, 4-hydroxy-3-nitrophenylacetic acid, podocarpic acid

2

2,5-dihydroxy-1,4-benzenediacetic acid, 3,4,5-trimethoxyphenylacetic acid,
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2- hydr oxy-5-ni trobenzoic acid, 2,4-dinitrobenzoic
acid, 3,4-dinitrobenzoic acid, 4-nethylphthalic acid,
4- hydr oxyi sopht halic acid, 4-nitrophthalic acid,
nitroterephthalic acid, 1,4-pehnylenedi propionic
acid, 3,5-dinethyl benzoic acid,

3,5-di-tert-butyl benzoic acid, 3,5-difluorobenzoic

3-(3, @&trﬂnetﬁa@phbﬁﬂ}ﬂrbﬁlbhi@ ra@ﬂaeﬁ |3)4| 3 @-%@ﬁt@ﬂﬁor@ﬁhéi’lylacetlc acid,

3, 5- di net"hoxybenzoi ¢ aci di hydr oxybenzoi c aci d,
—blpﬁﬁ’en§}adétid ddid) heﬁh%)ﬂtl@la%éﬂudamd )8 ﬁ@hﬂ:hy{M&M& h&@pht halic
acid, 5- n|tr0|sophthallc acid,
&)- a-5r1wn2mphhx1ynébmp1bmo pbﬁn(ixy@phﬂmh}abaﬁd acid €2 Ghaphthoxy)acetic
2,3,4-trifluorobenzoic acid, 2,3,6-trifluorobenzoic
acid, @g+tdmethory-6-mhethyie2-nyplibalemwiacetacictt], 9-fluoreneacetic acid,
2,4,6-trifluorobenzoic acid, 3,4,5-trifluorobenzoic
2-methylbenzo®; acid-2-fliorebé¢rericineiiiz itofluetothethylbenzoic acid,
3,4,5-triethoxybenzoic acid, 36
2-metizomb@m§/ agid; Zethosybenzaic peidhsplipwinasid thigsalicylic acid,
r oxy- 6-i sopraopyl - 3-net hyl benzoic  acid
2—n1trgbegzgpic|a§1gpgdb—)}q)lggyls)tte9mlg agidj rmethylbenzoic acid, 3-fluorobenzoic
benZOJC

acid, éu%ﬂ%@?@@?w{;% agid mben@m& g} Fﬁwgwh%%we
3'dim£ﬁ"|¥g‘&}18‘%f“%gi§ Wi dné-tnﬁg%?g%hg gﬁ):(l gly(l:benzow acid,
4—eth3ﬂbélz?41r$ (gg)é}f'ag I t [ Oba%r}iz Qll(s:%am q'Ibenzmc acid, 4-butylbenzoic acid

enzO| C

-terti) ?ﬂ%{ 2% agid2ad %eﬁyﬁﬂ’eﬁpﬁg 38504 "ﬁ&ﬁbenzow acid, 4-heptylbenzoic

>

nitrosali‘cyl’i c acl

acid, 1:13 o@t\jfﬁfeﬁﬂc 4eilBA- AvbroBeiolid mmzﬁ’ffﬁloﬁﬁﬁéih IP?nzow

3, 4-tri net hoxybenzoi ¢ acid, ,b-trifluoro eﬁzoic

4.4- (l%%hﬂuor&sépr%p?l'ideﬂ@fbﬁ‘s@?féfﬁ@ﬁzagid‘} @@" Sixybls(benzow acid),
5-di hydr oxyt erephthalic acid

4- metBo@bénﬁn& adid aff-tttiﬂﬁ@x*@ﬁféﬂﬁixﬁ])b%ﬁt&c acid, 4-ethoxybenzoic acid,
2,3,5,6-tetrafl uorobenzoi c acid,

4-pr012073’b511261d alid, dfpenoyloxyben®rtib ydid), mhﬂiyd‘o@bbﬂhoic acid,
pentafluorobenzoic acid, tetrafluoroterephthalic
“4-heptyddxbenzaa¢ acfl] 4+roctplogbgirplvadcid; 4amingloxyed¢nzaiclasak opht hal i ¢
acid, 2-biphenyl carboxylic acid,
4- decgql'oxm;@gycm, Hiuppenyldxyberzoioydcid 4ainddg;yloxyben201c acid,
4, 4' - bi phenyl di carboxylic acid, 2- beanIben20|c aci d,
4—lso-ptqppw§:cp1§ asidok iy diexghangoic acid, 4-(methylthio)benzoic acid,
pent af | uor ophenoxyacetic acid

4- (ethzltblﬁ&?a&% afisof élra@hﬂam@%ﬁmmrﬂz@l@hyla@m)benzow acid,
o A i RS S i
isophipaligia, | %?%enzoéﬁ%eﬁ’@fﬁ Wf et o

oS IEE  Fy RFILE eeebo
1,2,4,%-joﬁy%hge%fa%~§]tgagm: Eap Aol g%%fb%xg@ %m, 2,3-dimethylbenzoic
acid, 2,6-dimethylbenzoic acid, 3-fluoro-2-methylbenzoic acid, 2,3-difluorobenzoic acid,
2,6-difluorobenzoic acid, 2-fluoro-6-trifluoromethylbenzoic acid,

2-fluoro-3-trifluoromethylbenzoic acid, 2,6-bis(trifluoromethyl)benzoic acid,

2,3-dimethoxybenzoic acid, 2,6-dimethoxybenzoic acid, 3-methylsalicylic acid,
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3- hydr oxy- 2- napht hal enecar boxyl i c aci d,
2- et hoxy- | - napht hal enecar boxyl i c acid,
1, 4- di hydr oxy- 2- napht hal enecar boxyli c aci d,
3, 5-di hydr oxy- 2- napht hal enecar boxylic acid,
1, 4- napht hal enedi car boxyl i c aci d,
2, 3- napht hal enedi car boxyl i ¢ aci d,
3-isoprofyl SHHRYIIOadi @ Pefie Gk PAKY, lic%cﬂPB% droxysalicylic acid
5 ﬁ% ca?%oxy)naphth ?ﬁeﬁide B phghylgnecarboxylic
6- hydﬁﬁdydahcghé haarr-ﬁ@qajnmwbmma@adld 3-rht I B ABOBERAIYANIE
acid, 4-fluorenecarboxylic acid,
2-met9ylhi¥dttmb}tnzt01<f hdid) rﬁmﬂﬁkﬁawirbberﬁﬁﬂcdcid, 3-nitrophthalic acid,
9- hydr oxy- 9-f | uor enecar boxyl i ¢ aci d,
2,4-digrethyllzmeore akidc 2 Sbbmgthytbeasoic acid 95-flh o BnetiRAlsarbioxayidi c
acid, 9-fluorene-4-carboxylic acid, 37
3-fluoro-imetbyldenpoic arid, | 2Abistafnetometyibenasicacid,
9- ant hr acenecar boxyl i c aci d,

2 5-b19(trlﬂucaﬁmﬁﬂlabbmwpa%|2o%d&1uamb@nzq¢gmlﬁe3mé -diflycapbrszgiciagid,
2- ﬂu‘?“’?‘l mﬂwozé?rfletbﬂbwzogﬁ FidiZstlporobenzoiapgihenedi car boxyl |

3 metEO@-“mWP@ﬁem Gy peftugre v ‘H‘éth?\i‘mewo_,“?\ﬁgfi’et raacetic

2,4- dlm_e @Xxﬁ’ﬁz@%@ﬁ&? g%f&tng%xil?ﬁntﬁtgﬂzyam §Qll-5llgiethoxybenzoic acid,

3 4-d1%th 2[}‘%%01% ﬁiug Pgroglihcp?] @T% %}cﬁg)lcyrlg ‘methylbenzoic acid,
4- methgléﬁ%& adaf 4 H&g@%cgge%m 3 AN BEsicR fggesul foni c

anesu taur

2- metﬁO)[}Ur-’(ﬂﬂenyﬁﬁlbl}Bélnzgic Ryidr 9@6@1&&3&53]@5’11@ did 21-heoRY¥aticyRE ©

paniesul foni ¢ aci d

acid, &hjdtog{3= ﬁmﬂ&@ﬁéﬁim hdian- Hﬁ&m@y-ﬂ%ﬂétﬁ&%enﬁi@%& esul fon

icacid, (IR~ - 10- canphor sul f oni ¢ “aci d

3,4- dlh)hﬁ))xﬁb'e}lzd@a&anb BQﬁﬁ)tdré)@lbbﬁzcﬁ@acdd 2,4-dihydroxybenzoic acid,
trifluoronethylsul fonic acid, perfluorobutanesulfonlc

4-diethylathingsalidyliv atid §-nsctied +D- fiiapbenzaizi adid, 4-methyl-3-nitrobenzoic
(et hyl am no) sul foni ¢ aci d, (butylanino)sulfonic aci d,

acid, 3-piketly]-A-nigvbeaizbigacal; 2-nidthylrRoymbefzbicladdd,12, 5. 17' 10] dod
ecan- 8-yl ) et hanesul foni c acid, and

2-fluoo-f-niirebenapio a0id( 4-dlupeeFwitefbenzoigadd, & meThoxg 3duittebenroR-

| ) et hanesul fonic acid. Preferabl e acids anong the

acid, ﬁmﬁ«l@xa H-pgehenzeicacids W@d’ﬂém enzgi¢ gidar e gi ven

bel ow. Agetlc acid, propionic acid, butanoic acid,

2- hyd&&wf%ﬂléﬁ CRFOICRCIh SxABILEObEBIQIC aciflch-ghiiirebengpig acid,
g T
i SRS B B 0 oo
acid, ﬁg-id?ﬂuo%c')t?etngglcggltd?ygLbls(ﬁﬁﬁu%ro%et%lsg%zg%ta%ﬁ? 'c acid,
3,5-dimethoxybenzoic acid, 3,5-dihydroxybenzoic acid, 3,5-dinitrobenzoic acid,
5-tert-butylisophthalic acid, 5-nitroisophthalic acid,
5-(4-carboxy-2-nitrophenoxy)isophthalic acid, 2,3,4-trifluorobenzoic acid,
2,3,6-trifluorobenzoic acid, 2,4,6-trimethylbenzoic acid, 2,4,6-trifluorobenzoic acid,

3,4,5-trifluorobenzoic acid, 3,4,5-trimethoxybenzoic acid, 3,4,5-triethoxybenzoic acid,
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3- et hyl but anoi ¢ aci d, 2, 2-di net hyl butanoi c aci d,
tert-butylacetic acid, (f)-2-nethylpentanoic acid,
2- propyl pent anoi ¢ aci d, 3-methyl pentanoic acid,
4- et hyl pent anoi ¢ aci d, 2-nethyl hexanoi ¢ aci d,
()-2-ethyl hexanoi c acid, 2-nmethyl heptanoic acid,
4- met hyl oct anoi ¢ acid, oxalic acid, malonic acid,
2- hydmytwisap&o@?1 G-n%t‘hﬂberﬁbmﬂcmﬂbq{ﬂrkiﬁo)@% f&opwwtmtﬁmb&lzmc
acid, dinmethylnalonic acid, succinic acid
acid, 3yeidiiydgropyseidiyié gcid 3 ﬂwdl-i’ertzblﬂylmﬁihkid/ﬂohyl[ﬁ@ﬁ%la@idc aci d,
2-et hyl - 2- net beutaned|0|c acid,
2,3,4-ﬂilfydtﬁmy’eéﬂm[dnﬁ(ﬂBetjiimlwdmwenzghmﬁcﬁﬂ,i c acid, 38
2-methylglutaric acid, 3-nethylglutaric acid,
3-hyd2y3-4J5-mehéthdbgibehznic ecid,cl-bydroRy-3;5ddimethoxlybdrnzb@racal, aci d,
3,3-dinethylglutaric acid, adipic acid, 3- nethyladlplc
4,5-digrsthdxy- @nlzose@otcacrchﬁsnﬁiaylaﬁﬁﬂhmtraberaplcmc@| ic acid,
suberic acid, azelaic acid, sebacic acid,
4- hydxloxmléndﬁé%bﬂ@aoléaﬁ@oiérdlmtraealwyh@amé,canedu oic acid, 1,
2-dodecanedi carboxylic acid,. hexadecanedi oic aC|d
'hydEOXZ"‘SI‘}?FIUbngEETPﬁ’%?IB@W‘I» 7.8, 4simpthoxybenzoic acid,
panetric rboxyll

2,4,5- Pfg}aogor%n{s?}f éﬁ‘ét ﬁf‘% W%&Cf | Z%dﬁ‘?‘V@FBFESEe@mhéhZ
acid, F 4 el B i 2ok w B ?‘q&sﬁ%ré’%’feiffi?;& Q.
2,35 %—%’tﬂa\ﬂgop O- -gnf?lyfl%n%oﬁc %’ 8er§?ﬁ%o(jrét9e)%g ag%anm ¢ acid,

tetraﬂ%‘é‘.@%@ﬁ‘%%ﬁ.*éé‘ﬁ‘afg}?“é‘i"?sé"’%@?@d Q&ﬁ%‘ﬁﬁ?ﬂ%ﬂ“ﬂtﬁaﬂk gl ©
-blpﬂ&grcgr‘bgﬁg'fcp&’fd/ ety 2&%&9'@@191%&%2%

t hanedi yl i rakls(thlo)]tetrak
4,4°- bgﬁiéﬁﬂkiféa%kﬁhc a&l& )2-BerZBibbNIci2aq, @@iﬂ%@igﬂﬁa%(ﬁ?hg acid,

xohexanoi ¢ aci'd, 6-oxoheptanoic aci

3,4 Zﬁqaeﬁmﬁnb@@ﬁamy@ceae labid, 2phure¥éizeiti Rid; 3ashefoxybenzoic
4- oxohept anediol c acid, 5- oxononanedi oi ¢ aci d,

acid, ‘Cphémﬂiﬁlﬂlﬁ:@afdbébﬁhm@lmz&c aciic3-bpridyitengesit aadaci d,
3-cycl opentyl propi oni ¢ acid, cycl ohexyl acetic acid,

4-benzipydlyenizol@xil, 24 ¢ifluoracbenzhyl)beymicdmkanepr opi oni ¢ aci d,
cycl ohexanebut anoi ¢ aci d, cycl ohexanepent anoi c aci d,

4-[4- (@tc)arb@xwmnﬁgyl)phenyl&blnmmalrlaﬁp,hghale@ecarboxyhc acid,

()-3-ne I-I-cyclohexanecarboxyl|c aci d,

2- naphﬂlﬁlétlwrh%yw wéﬂaﬂté@r@r b@a@mhaéer@éarboxy ic acid,

4-tert-hutyl cycl ohexane carbhoxylic aci

1- hydf%r?«snap I’?F%P%’Fyéﬁélﬁélné wamxgrmr&lﬂﬁ&wcarboxyhc acid,
3- hydgo = 'ﬂ | ohe C%iﬂga%}}q% ]aquhlthalenecarboxyhc acid,
Ly Pshas 8%@8‘%5%% RS B8 S BBy atialenegerprgic
acid, 1,4-naphthalenedicarboxylic acid, 2,3-naphthalenedicarboxylic acid,
2,6-naphthalenedicarboxylic acid, 1-(8-carboxy)naphthaldehyde,
2-biphenylenecarboxylic acid, 9-fluorenecarboxylic acid, 1-fluorenecarboxylic acid,
4-fluorenecarboxylic acid, 9-hydroxy-1-fluorenecarboxylic acid,

9-hydroxy-9-fluorenecarboxylic acid, 9-fluorene-1-carboxylic acid,

9-fluorene-2-carboxylic acid, 9-fluorene-4-carboxylic acid,
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[ 1R- (2- endo, 3-ex0)]-3-hydroxy-4,7,7-trimet hyl bi cycl o[ 2

. 2. 1] hept ane- 2-acetic acid, (+)-canphorcarboxylic

acid, (-)-canphorcarboxylic acid,

ci s-bicycl o[ 3. 3. 0] oct ane- 2- car boxyl i ¢ aci d,

anti-3-oxotricyclo[2.2.1. 02" 6] hept ane-7-car boxylic

aci d, 3-adamant anecarboxylic acid,
7-nitr6—9&§i®nﬂﬂh§&ﬁ€@%&;§'}ﬂ: béidaG-hfthrabefdamRBRyNidcet i ¢ aci d,

3-nmet hyl 1-adamantane acetic acid,
9,10-4ntleracenBllipdoploiy 8di® pentRACIL REORONY hdig, acid, 1, 1

-cycl opent anedi acetic acid, 39 (1S,3R)-(-)-canphoric
2,7-diateitebuty()9; 2-damshyl ;. 25-xyathatedicartedyiasdidxyl i ¢ aci d,

(t)-1, 3-cycl ohexanedi car boxylic acid,
2,2'-(&hylemadodxyhdixa heaNGIE NG OX yleirgacatic dcid,

1, 3- adamant anedi car boxyl i ¢ aci d,
N-carhotgngyloyr-Lahethnkaniniechr(d enitydhienzed)-B-alanine,

(la,3a,5a)-1,3,5-trinethyl-1, 3, 5-cycl ohexanetri car boxy
N-acetyl2-Heer@-DL-phenylalanine, N-acetyl-3-fluoro-DL-phenylalanine,

Ia,3a,5(3ﬂ-1,3,5-trinethyl-l 3,.5-cycl ohexanetri car box

N—ace&ylﬁlcﬂ%pd,) -phenylalanine, methanesulfonic acid, ethanesulfonic acid, taurine

R S R R TS G

. [ [ . | ' i d 2-ph | i oni
RSy B R R A GrBPsraiweny! el
(1R)- G Grear AR RSB SH Do REee bR ReGERET bl et o

tﬁﬂqulil,gtg}/%yl%érﬂg gﬁg%ﬁ%_ﬁgéﬁg@%bﬁuﬁghg ’aciél,, perfluorooctanesulfonic acid

b

2

tetra o1 C acCl

thy Bafin@sdifdrid 494 @y latliddhARGHE scigci d,
(me g-flﬁ??opﬁ%nylagetyg'écf%, 2;n€?ﬂoxyphenylacetic
1,1,2,26tehfludrd1 {feBRERBI4 .af.Q)'?IZ’S.q7’5)?ddiilccan-8-ylgethanesulfonic acid, and
3-(2-ni trophenyl ) -2- oxopropanoi ¢ aci
1,1-diflaofo-B(tefradyclops. -0 of Pldodeini & yh&hshesulfonic acid.
3-ni trophenyl acetic acid, 3-fluorophenyl acetic acid,
4 Prdferablepbels pinaag thecabadee darboxylic acids and sulfonic acids are given
(a,a,a-trifluoro-p-tolyl)acetic acid,
‘below4- ni t rophenyl acetic acid, 4-fluorophenoxyacetic acid,
2,6-di fl uorophenyl acetic acid,
2 Ateidg aq@qqrgph@n)ap@cbmta@oic agichentanoic acid, hexanoic acid,
2,5-di fluorophenylacetic acid, = o
heptanpig agjfls PtpnoEAsich PPaEeIG #ciddegrnoic acid, undecanoic acid, lauryicl
., 3,5-difluorophenyl acetic acid, . L .
acid, tgidseagicsadic, imYrishF 3ridt PRATAdSFANA 2 Primitie jagld, heptadecanoic

acid, %t%r{g?%{cﬁé?rﬁ%ﬁﬁé%% gecgélesz&g%, ﬁ;ag’giic%’cid, 2-methylbutanoic acid,
s G 2o RS B BBy i

- I ' ' - t t ] id, .
-2 FipRRARNS ORI, 2B po R B R R i p BB Piecidaci o

- . . it : i d
ey PLASEAOR0% Hfbendy ] AOPQTRIRRERTEIE 20
2-metByhEpthhHOL QTR MR ERERIofe R8d Dxalic acid, malonic acid,
methylmalonic acid, ethylmalonic acid, butylmalonic acid, dimethylmalonic acid,

succinic acid, methylbutanedioic acid, 2,2-dimethylbutanedioic acid,

2-ethyl-2-methylbutanedioic acid, 2,3-dimethylbutanedioic acid, glutaric acid,
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met hoxybenzoi ¢ acid, 4-fluorobenzoic acid,
rifluoromethyl benzoic acid, 4-nitrobenzoic acid,
| uor o- 2- met hyl benzoi ¢ acid, 2,3-difluorobenzoic
d, 2,6-difluorobenzoic acid,

| uoro-6-trifluoromethyl benzoic acid,
2-fluoro-3-trifluoronethyl benzoi ¢ aci d,

2-metRyB1thii{ ddid, Bl MOMOTRIANL A€ 2 Rlafin @Y 18taric acid
]nezﬂ%ethyl-63nitroggﬁ£oic aci d, 3-ng$_§ﬁ¥g?ﬁffrobenzoic
2,4-didfetttllglérafietabidl 3 3-dinbh9ReREAE fcid addfit Heid, 3-methyladipic acid,
5-fl'uoro- 2- met hyl benzodic acid,
2,2,5,3-‘tétkd;lﬁﬁ’cl@ylédigﬁtabﬂ bRl acidaGibiric acid, azelaic acid, sebacic acid,
2,4-bis(trifluoronethyl)benzoic acid,
1,11-uhdeeddedichibokylitcdcidyRihbabapdtivizc acid, ¢ dlodecanedicarboxylic acid,
2,4-difluorobenzoic acid, 3,4-difluorobenzoic acid,
hexad2ednedoicacdd, 12, 3pugracerethpbbdiczeid; aci d,
2, 5-di fl uorobenzoi c acid, 3-fluoro-4-nmethoxybenzoic
2-methgl-H2,3-propatetndartdxpli¢ aotheh2 djdebwanetktracarboxylic acid,
_ 4-nethyl -3-nitrobenzoic acid, 3-nethyl-4-nitrobenzoic
difluogiedegtic acigmettiflyprogestictacighpentafiupregrppanoic acid, heptafluorobutanoic
. 2-fluoro-5-nitrobenzaoic acid, 4-fluoro-3-nitrobenzoic
acid, bgxjafuonpglytaricgid, 30Mydrasyderaaeie agid; §2-hydroxydodecanoic acid,
- -4-ni trob i id
12«@;@%@%" @ci_, %t{lrp gﬁiggég-lpgeng@%iac'eﬁc acid, thiolacetic acid, thiopivalic

.. 2- OXY- 5-nitrgbenzoi c. aci.d, -djnitr ZQi C . .
acid, Getyisedioeld SRERERFaiCRIE R deib P BIRFDbfanedioic
. b G ~3» B-bis(trifluoronethvl. zoic .aci.d,
acid, 325220 SeBb B AR W BERAR s SR, of ¢ aci o,
Lt o)’ ' ;. 2.4, B-1 i zoi c
6 By AL AR oo it Sk Skl
2-oxo§?ﬁ§1§j%r?1¥)(%(1§:/ 3%?%2_18?%}%%(?%@2%@ lg?ig, ég-gil( ,ep‘fanedlolc acid, |
5-oxoBoRan@Hidid 4 %?él@flédt&le@&rngyl% a_@icécyd_l%ﬁénkgqa&hs Rédi C
aci d, 2,34,5-tetrafl uorobenzoic aci
3-cycbpdntylpPopi6iit atiduercriieryiatticaeidd dicyclohexylacetic acid,
cycz,psn,l g,pg?qletlr afll u%fr 0- 4- %rlet hI;I benzlc()zlygoa%)?ydafce e
cyclopexahgirbpioticlaeidz oyatoleghbbutanoic acid, cyclohexanepentanoic acid,
2,3,4,5, 6-pent af | uorophenoxyaceti c acid,
(2)-2-metiapiit-talcheraecirbzytlicacal; (H)-3-nthydl hesicblheraeaarboxylici acid,
acid, 4-fluoro-I-naphthal enecarboxylic acid,
4-methyh§5@l(ﬂwya®carbpmli¢eac§h édalrt{bwgg@yclphazga@, carboxylic acid,
2- hydr oxy- | - napht hal enecar boxylic aci d, L
trans-fé:nwtyilqy%iéhzxmﬁmmaylmwmﬁbm ylcgclabexpnacetic acid,
%,4-dih dr oxy- 2- napht hal enecar boxylic acid, . .
3-met; 9@%?@%&%@%5 REHaf-arsay Brsighexanearhgxylic acid,
, 4- napht hal enedi_car boxyl i c acid,
Cycloéépé@%%ﬂw R ?a@f%&%e?@tﬁep ;

R-Gepdf BRI SRR e e Sy Gy dora® H ReRER: S 8l acia,
el TEAY PR YL ol -2y ony-1-pre
CEJﬁg%hggﬁgﬂbggg;g%gﬁ%gﬁh)gﬂlno]-2-hydroxy-|-propanesulfon

anti-3-oxotricyclo[2.2.1.0*°Theptane-7-carboxylic acid, 3-adamantanecarboxylic acid,

3
4-t
3-f
aci
2-f

1-adamantanecarboxylic acid, 1-adamantane acetic acid, 3-methyl 1-adamantane acetic

acid, trans-DL-1,2-cyclopentanedicarboxylic acid, 1,1-cyclopentanediacetic acid,
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(1R)-(-)-10-canphorsul foni c acid,
(1S)-(+)-10-canphorsul fonic acid,
trifluoromethyl sul fonic acid, perfluorobutanesul fonic
aci d, perfluorooctanesul fonic acid,
(et hyl am no) sul foni ¢ acid, (butylam no)sulfonic acid,
1,1,2,2-tetrafl uoro-2-(tetracyclo[4.4.0.12'5. 17"0] dode
- | I . . .
(183870 SRS LA 2 78 o ey Ghponylig cid
@)-1,3 Y E8H6GABiBar¥bLAINRNE 15Uy RiNeSarRBicdrboRY1id fa8L  one
acird selected fromthese acids is preferably ‘used.
1,3-adeifpeinagicstbeRNRI RID 1S, o¢LIHdxafet BN bHE 1 2e/™, €i t her
individually 'or in conbination of two or nore. The
(10,3@8BM DB, Sofrinidfiey1 AC3, ScgelbRExah@fic&bokylR &td,d t o be added
is usually 10 parts by weight or less, preferably
(10,38 5PP 1,3 j5etrimeplay1S3, By yslehedanetainatbetyliclacidyr e preferably
0.005 to 3 parts by weight for 100 parts by wei ght of
cis,cig, dig cis€ls2, B, 4-dyclophetaseretmachrbokylidacidgci d generator or the
acid exceeds 10 parts by weight, there is a tendency
1,2,3 8 ¢t-cchahekanphexdcatboxplioicad theozria héigrphenylgcedislacid, ed by
t he conmponent eluted fromthe upper |ayer-formn ng
2-phegplpparioni¢ agid, 3-phenyinrepionic agid, aéfwrcmhrenxlémﬁ agignt rol | er
may be added to the upper layer-formng _conposition
3-phepekypropiens agid, () 2nphsnapmyoRipnic peldpiavsmethoxyihany gretic

acid, g-égggp%t%'éc? Q%%ﬁ@g{eggag%%g%g%lg gﬁ%ﬁ%%ﬁ ?)l o%—ne&p%%mic acid,
(oo R FaBaCHE AR AT RaroPOR B Ay st shbev st
i, SRR b, PR BB 0 O

(a,a,(%mffu%f)cg -P&gﬁg?ﬁﬂcﬂg 3‘-%9??@%@%2121%&3 E;ICXd,i?’(r—::hlgdﬂ) él?%llcéétf@e{&d,

aving t nor é ni at ons

- ' - . _ASolvihdek; - §. jhiey ic aci
O L BT B CIRE EOpEM

4-ﬂud%6?§n6>@fﬂé@t!i@9§d, 26\ difRloRhefy1hdedid ABIC AL BflbrBFhenylacetic
het er ocycl i ¢ conpounds can be given. RIS | RIS N

acid, 2 Bldx1{drapheryRicetidadn, 354-diflbedphempladeticatidner the same
or different, represent a hydrogen atom an
3,5-difluorophenylacetic acid, 3,5-bis(trifluoromethyl)phenylacetic acid,
3-fluoro-4-hydroxyphenylacetic acid, (2,5-dimethoxyphenyl)acetic acid,
4-hydroxy-3-nitrophenylacetic acid, 2,3,4,5,6-pentafluorophenylacetic acid,
1-naphthylacetic acid, 2-naphthylacetic acid, (1-naphthoxy)acetic acid,
(2-naphthoxy)acetic acid, 2-fluorobenzoic acid, 2-trifluoromethylbenzoic acid,
2-nitrobenzoic acid, 3-fluorobenzoic acid, 3-trifluoromethylbenzoic acid,
3-methoxybenzoic acid, 4-fluorobenzoic acid, 4-trifluoromethylbenzoic acid,
4-nitrobenzoic acid, 3-fluoro-2-methylbenzoic acid, 2,3-difluorobenzoic acid,
2,6-difluorobenzoic acid, 2-fluoro-6-trifluoromethylbenzoic acid,

2-fluoro-3-trifluoromethylbenzoic acid, 2,6-bis(trifluoromethyl)benzoic acid,

2-methyl-6-nitrobenzoic acid, 3-methyl-2-nitrobenzoic acid, 2-methyl-3-nitrobenzoic
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al kyl group, an aryl group, or an aral kyl group
(including the groups in which the hydrogen atomin
the al kyl group, the aryl group, or the aral kyl group
is replaced by a 42 functional group such as a

hydr oxyl group, for exanple). As exanples of the

ni trogen-contai ni ng conpound (1), nonoal kyl am nes such

acid, §Sluofo-DeyhAba28ic ddid) Qﬂhﬁblrélmrﬁ‘&hylﬁe&%ld/a{c@d“ ne,
n-nonyl am rie, and n-decyl ani ne; ~ di al kyl ani nes such as

2,4-bid{trifudrvingthglybérezoihcid) 2pRbik it Adbromettii ybBneexydi@&n ne,
di - n- heptyl am ne, di-n-octylam ne, di-n-nonyl am ne,

2,4-diflndroBenavi deuid [ 3advdifiorotienzaid koil aaviloem-4triftucasmethylbenzoic
triethylamne, tri-n-propylamne, tri-n-butylam ne,

acid, 2,6idifluqrebrngb@ricie 3 -fluore-A-rehytybenavds acid,
tri-n-heptylam ne, tri-n-octylam ne,

>-methyl-2-nitrebayiceriaid, 4-axthyl-B initnotbezyit acidn?-meaindriatiirobenzoic
am nes such as aniline, N-nmethylaniline,

acid, Jymethil-serirpbenapiciast, 2dflupse-Ayiitaphenzoie acid, net hyl ani | i ne,
4-methyl aniline, 4-njtroanjline, diphenylam ne,

4- ﬂuqr?ﬁptﬁ@ﬁ?ﬂﬂéﬂlic @eid, éﬁ%PﬂiQWa%ﬁttWP%ﬁl%@ld e%ﬁle@@XWHOb%@mC

I f th t rogen- contain C
acid, i’thﬁ pé%%ot?l’gﬁl?qﬁgoﬂslac{d g%ydroxy-S }utrlo gnzo?cna.{%lcij 2,4- d1n1troben201c
| enedi am

acid ﬁ“%lwfb‘?@n%@hﬁ?és?%het R Pﬁg}flﬂﬁ%fafngmy#? enzoic

it S ATABIF T R, s S nenpic e
2.4 6-§'ﬁgﬁﬁﬁmnémé aci o eh;@%ﬁﬂ%%@%n@ﬁd 4-methyl-3,5-dinitrobenzoic

I am no am ne

acid, @h?dro?& %G“dﬁi’&dﬁ@ﬁﬂﬁ@b{éla Ry QRAREosalicylic acid, 2,4,5-trifluorobenzoic
3-am hophenyl ) - 2- (4-’af noph enyf%propéne

acid, 234 A-temifRRBNRAYDIL adid( B3 BYEliciRAIB R ZDRI RRANE,
2- (4- ami nophenyl ) - 2- (4-"hydr oxyphenyl ) pr opane,

2,3,5,8-térdPusfo-4- mahﬁmﬂzanm:my smtdflumbbankeichyld benzene,

1, 3-bi s[ 1- (4- am nophenyl ) - | - net hyl et hyl ] benzene, and
2,3,4,5 J6epehtaflaomphediaygietie acid As-neplahgibesadbbxylieacid,

ni trogen-contai ning conpound (111), polyethyl enei m ne,
2-naphihhlga¢dastoxylin ecid a4-flodrprenapgdthalenecarboxylic acid,

di met hyl am noet hyl acryl am de, and the |ike can be
1-hy dgixyehnaphtlaleneaarbbedicaicid, Behydrixgel -gamhtipl awnarhoxylivpcid,

npound, formam de, N-nethylformm de

3 hydwm?dnmhﬁ}ffméfﬂhmlwewdaéé‘r%hy@exy Renephthplenecarbowylie acid,

N- di et hyl t d d benzam de,
3,5- dlglyr(‘lrpzsj;r ged@ﬁé gﬁﬁwby go;lg,ﬁl %-gg@thaaened?cg%boxyhc acid,

2,3-naphthalenedicarboxylic acid, 2,6-naphthalenedicarboxylic acid, methanesulfonic
acid, ethanesulfonic acid, taurine, |
3-[(1,1-dimethyl-2-hydroxyethyl)amino]-2-hydroxy-1-propanesulfonic acid,
3-[bis(2-hydroxyethyl)amino]-2-hydroxy-1-propanesulfonic acid,
(1R)-(-)-10-camphorsulfonic acid, (1S)-(+)-10-camphorsulfonic acidl,
trifluoromethylsulfonic acid, perfluorobutanesulfonic acid, perfluorooctanesulfonic acid,
(methylamino)sulfonic acid, (butylamino)sulfonic acid,

1,1,2,2-tetrafluoro-2- (tetracyclo[4.4.0.12’5.17’10]dodecan—8-yl)ethanesulfohic acid, and
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and the like can be given. 43 Exanples of the urea
conpound i nclude urea, nethylurea, 1, 1-dinethylurea,
1,3-dinmethylurea, 1, 1,3,3-tetranethylurea,
1, 3-di phenyl urea, tributylthiourea, and the |I|ike. As
exanpl es of the nitrogen-containing heterocyclic
conpound, i m dazol eses such as im dazol e,
1,1-diPe 67 P (1@AESICR[ 4 4 0L NHH% dde@s08-9)ethane sulfonic acid. At least
4- et hyl - 2-'phenyl i m dazol e, and
one adld Béledtyd Bonzthsdedruiliepreyitlgug@ls such as pyri di ne,
2-nmet hyl pyri di ne, 4-methyl pyridine, 2-ethylpyridine,
4 Thtdeydcply/gendiansrs ard pidhinhp e ushidrthedinpiveduallpyr idi ne,
N- et hyl - 4- phenyl pyri di ne, nicotine, nicotinic acid,
combmiatot oftawu atemorgui nol i ne, 8- oxyqui nol i ne, and
acridine; pyrazine, pyrazole, pyridazine, quinoxaline,
pdihe amountfitheididi generatpr rahe déid ¢ beraddsddad wswelly 10 parts by
. 4-net hyl norphol i ne, pi perazine, ]
weight onlegs, mfwyg i @} 1etoi riparts by avedgha 206 sl olosé preferalily €t108A ¢ 3
and the |ike can be given. Abase precursor having an
parts bip waight 05 d0P aptebyyweigpt efthe msyp Bgtlﬁmuagofdhe a@Sd
gener%l_o% {)rfl Ialgglgg;gge:ergg :l,lg, S;rlgq Q@nggﬁ‘; :gl];elrg is%xt%r%elng}? that the lens of a

. N (t-.but ox rbpn i m dazol e .
projesiop el Bt O3 YU LEBORY 1P SBRPD i lrdfrom the upper layer-forming
.t - but oxycar bonyl ) - 2- phenyl benzi m dazol e,
compﬁlin?én-‘butoxycarbonyl)dioctylam’ne,

e A L B0t e oo e

comp&é‘it(i(;n' RH L ANLEHDRAY %r)ragﬁggmﬂé( hl%%lﬁ Envedfn G dbid %Qn&@zﬁg be

given. O these nitrogen-cohtal ning organi c conpounds,
lithogkdpRy PeifbReide 60fHedbditng conpound (1) and the

ni'trogen-containing heterocyclic conpound are

p msfe@mElee of subhiadiddiffadtbmesntdliersPatdmpohrll sh¥wn by the

pref erabl e anong the nitrogen-contai ni ng conpounds
followihg formabed( 10N {letecd wdfies cated “parddestbatalniingc@hmual (B anong

the nitrogen-containing heterocyclic conmpounds. The

“diamiae cempliunts badng ten hitwigkratomsay a belersitek hereinadier referred to as

individually or in conbination of two or nore. The
“nitrogemoentaipingtcempagsdi(1)i’}, dissiion polymersohaving theeelve nanfd eifrogsn
usual ly 10 parts by weight or less, preferably 0.001
atomstip agnqiagule; (hseinadies Feferaerbitorps  aitipeet-epripiningrropmpounds @IN)”),
.. parts by weight for 100 parts Qy wei ght of the resin.
amide groupeOH{ AP COBIPOPRIS, Hiep gompounds, and other nitrogen-containing

heterocyclic compounds can be given.

R15

RIS_ N _R1s (10)

wherein R'’s, which may be either the same or different, represent a hydrogen atom, an
alkyl group, an aryl group, or an aralky! group (including the groups in which the

hydrogen atom in the alkyl group, the aryl group, or the aralkyl group is replaced by a
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44 diffusion controllers exceeds 10 parts by weight,
there is a tendency that the lens of a projection
aligner is polluted by the conponent eluted fromthe
upper layer-formng conposition. The photoresi st
patterni ng nethod of the present invention will be
described below. As the substrate on which the
functiphalig@sgsdush af b hidrogylf Q6iE dodekampR))yi ng t he
phot oresi st conposition, a silicon wafer, an
alAsraxamples ofthechitnededrconinihd Cothpdidd BY mdAoalkiglethines Buch as
order to bring out the potential of the resist filmto
n-hexyheing xieptpl@xine m-pctglaming, gaminglantine, mad gaddcglamine;
antireflection filmmay be fornmed on the substrate as
dialkylamilep sl as di-ndbRtyBaBine2dis2 peritplaminea dphdiexiilamine,
. photoresist used is not particularly limted, and may
di-n-hgptylpspinehinaecylpminge fieamenylawinss ehd¢j-n-deaylamiper pose of
.. the resist. As exanples of the resist, a
trialkylpines spehasirghylpmee, fogrrrprdamingetrion-bHBRmINGe- t one
. resi st contalni rfg an a\cij%lHi eperator can be given.
tri-n-RRABlemiNg. HpBexlamwe, Ty F%V 0% dProsiylpmane,

o ORI B0 R ot RIS TR . 1,

" - .t. -t
B0 AR G CPRHLFBA L1
e ORHTEL LSRR el 5,85 2 B} o

can bé 8]kRtion, to produce a carboxyl group, for exanple.
e acid increases the solubility of the resist in

t hg éxﬁﬁl?réis araf ﬂ&@égenidi‘)nﬁﬁhi% Kﬁhfg&ﬁldctﬁy,eétgn&{edta%ihae

extent that the irradiated part is di'ssolved and

N,N,N'eNDieed mephyshydéredldnfife devel oper to produce a
positive tone resist pattern. The photoresist filmcan

N,N,NveN btatrakis@shyhlyoxdipsssi )éthytent digmi s terafiethyl @k tiafing, he
photoresist filmin a suitable solvent at a solid
hexancayhyd eneelitmiog g€ rdiaminodiphefiyl thethahe 4240 -diaviniodiphenyl ether,
exanple, filtering the solution through a filter wth
4,4 -dsarpiopeengpplenofie, AytdiarBdodiphenylaminexanpl e, to obtain a
_ resist solution, ap I%i ng the resist solution on a
22" bisiamiennben) rappanagi bpminepbenyi Adaminsphas sopiteon
appl i catjiaon, cast coating, or roll coating, and 45
2-(4-aminophenyl)-2-(3-hydroxyphenyl)propane,
2-(4-aminophenyl)-2-(4-hydroxyphenyl)propane,
1,4-bis[1-(4-aminophenyl)-1-methylethyl]benzene,
1,3-bis[1-(4-aminophenyl)-1-methylethyl]benzene, and the like can be given.
As examples of the nitrogen-containing compound (III), polyethyleneimine,
polyallylamine, a polymer of dimethylaminoethylacrylamide, and the like can be given.
As examples of the amide group-containing compound, formamide,
N-methylformamide, N,N-dimethylformamide, acetamide, N-methylacetamide,
N,N-dimethylacetamide, propionamide, benzamide, pyrrolidone, N-methylpyrrolidone,

and the like can be given.
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prelimnarily baking (hereinafter referred to as "PB")
the coated resin conposition to vaporize the solvent.
In this case, a comrercially avail able resist solution
may be wused as is. The step of form ng an upper |ayer
filmon the photoresist filmusing the upper
| ayer-form ng conposition conprises applying the upper
I @X@ﬂhﬁfe@ bftHRGréOemRuhl et hRfe uréd) ehepy@$8A1 1 -AMERLY 18R ON
t he photoresist filmand, usually, again baking the
1,3-digféetyluiga,t101,3 ght@imethiiardapp8 dipiayiglurda tibudflthidifed) RS iat
invention. This step is carried out Iin order to
like. protect the photoresist filmand to prevent pollution
of the lens of a projection aligner due to elution of
c dspaasples of themitrdgenalootaories haterotydlim dontpound) émidagoliests
used for the immersion |ithography. In this instance,
such ashmidazolechenzinidatile rmsihylbmidanele hpwthyl-Ryrheny inidazole zand
anisoploid of a./4 in (wherein ? is the wavel ength of
2-phepylbenzimisiazeladpyridinesisheh asafyrigénd, deméthylpyridine.tfrmethylpysidine,
|ayer. film, the greater the antireflection effect on
2-ethylpgridipg, dretaylpwiding, 2aphengipyngge, 4-ghsnylpyriding,  Ther ef ore,
it is preferable.to bring. the. thickness of the upper
N'mefhé({fé‘rPhFPﬁHY“ P& decqtige Hediniegcid niqatingmude, quiaghge,
3 inveﬁtion ei t her rebakiag“after the application of
“OXYIWEODHs Y A ifinfe PYRAEF BARTHY PAFHAING AETGEHMCCBY ¥ of
: re.layer ofilmform ng- osition. solution may
pyrrol e MRRF it B il 4 ey P BT ehoeaindCs A et ep
. o f o _ : . St .
L ety B0 £ a2h BRI 2T Bohd RS B givep
| I\ YL BfeciRoPhdVRfl HMNERYUH LR g!raﬁfs cARYEOBe BsedREGh hiAd

pattern and developi ng the patt conprises a step

diffus®in ofrbNdrNg AQWpedifi Slenathpl EETRILGbBbxytdrbSBI); jrRnd,
after baking at a specified tenperaturé,” devel opi ng

N-(t-Hufsxyp@bby1)imidazoleSNR@bGioRy Carbshyd)BenisinidanslepH of wat er
filled between the photoresist filmand the upper

N-(t-tHuaygcarbohyl)-2Ahpayibérzith@atole, IN-€-Buteblcarbonglydid ctiyRaitien | S
pure water. As the radiation used for the |liquid
N-(t-butaxycarbomyl)di¢thawlaping, Ny(abutoxsartedy Bidicpelshexylanhings
visible rays; ultraviolet rays such as a g-line and
N-(t-tutaxyparborid shpheny lamine hed thediks cagbe bives. an exci mer
| aser; X rays such as a synchrotron radiation |jne;
afH thasa pHragen-santeingsoTBatAsomPRUNdaShe pitwger-EPRAINIEA NS
can be se|lectively used according to the 46
compﬁm(&@éitlﬁ NiEToRER-SoMaInig hetsrenysie FRPQmdiage preferable.

Trialkggcr)r}ir%seasrcle ?)grtitnllllarrgl %pe(}ertalf)]lg ayrfc))%g rtheI r?i rgéenf-clxlnrtre]lifli%rg' compounds (1),

and imidazoles are particularly preferable among the nitrogen-containing heterocyclic
compounds.

The acid diffusion controllers may be used either individually or in combination
of two or more.

The amount of the acid diffusion controller to be added is usually 10 parts by
weight or less, preferably 0.001 to 5 parts by weigh, and more preferably 0.005 to 3

parts by weight for 100 parts by weight of the resin.  If the amount of the acid

44




use in imersion lithography. In particular, it is
preferable to use light froman ArF excinmer |aser
(wavel ength: 193 nnm) or a KrF excinmer |aser

(wavel ength: 248 nm. It is preferable to perform post
exposure baking (hereinafter abbreviated as "PEB") in
order to provide the resist filmwth inproved

dlﬂhsfo?lsdéhtfbll&@ exde@dd BU Par i Wdisht, (AVE Iaqaﬂi%h&y in¥s thaMchstdrg
i ke. The baking tenperature is usually about 30 to

projectiof @ligRetds pllddtyaidk YoRPohdht LT fréth tiOmGRr faher-foatninsd
tenperature is appropriately adjusted according to

compddittort. esi st used and the |ike. The photoresist filmis
t hen devel oped using a devel oper and washed to forma
ddbe pbhotoressi pdttepahg erethodlof thdpresentiswentidn wal beodescribed
necessary to add a step of delam nating the upper

deWf|In1for i mrersion |ithography. The upper filmis

onpl etely renoved during devel opnent or washi ng

aﬁ‘\tSéhe substrafe pa vdpehethe phatresist Slnais forped bjanpplflegtﬂuﬁr e of
the present invention. As the devel o used when

phot0¥e@w8h?q1@pqsr¢@nr @ §iligpn wafef,eanalulﬁlnpﬁlecqﬂi%g\é#@r ohtherikiednay be

al i he aqueous sol nin i ch sodi um
used. h% Patér b m}&ﬂ% RRWW%&?E?%‘%F gesist S5t e BEHPBRAARent, an

i.um si.l i cat sodi.,u S|I%cate

organgt%ﬂcgﬁ;iuﬁ% antHe%‘,c&gylﬁi Ty be be FHOT thes ngstrate as dlsclosed in
J%%JZQ?%&@R¥%§P]ne triethylam ne, nethyldiethylam ne,
O

anmine, triethanol am ne,
n t
h%é gg@g%s?ﬂygréﬁr a H&Pﬂél}‘:%gfr%?lgqﬁmted %‘ic{ f’i\%g BY S SFIBRAE
un
selectdd %cgfcgz Eit Eh@ %esotAthQ}esmt nozgéfl%gaﬁﬁyé?s c%f the TeSJE a
cheml%lﬁy‘ﬁ%ﬁﬁﬂecp}lé’dblt%-%ﬁ@gr neBati FRAYNE E’és'is@%@ntﬁim}gnin a‘éfd generator
wat'er - sol ubl e organi ¢ sol vent such as al cohols
can bé gigbnidi ng et hanol and ethanol or a surfactant can be
added to the devel oper. Wen devel oped using these
aWtadni theugsin tyes fiBw brdduost frdmhehe eshgdsitfonl aNthesprsanal | y
washed wth water after the devel opment. EXAMPLES
“inventidreis pised @positime-¢ortei resistis partibdady peferbisld. | n the caseddttlad |
by Synthesis Exanples of 47 the copol ymer (polyner)
chemigglly-Enphifid dgossivetthee 1esise thd anjd dissasiatingpreampgrouip inthe
However, these exanpl es should not be construed as
polymer dissacigies ¢ne tp thasasion oh thereidgenerated frame theasithgansrator by
"part" refers tq "part by mass"_ unl ess ot herw se
expospiedp gadigtipn, to produce a carboxyl group, for example. The acid increases

-,

the solubility of the resist in the irradiated part in an alkaline developer to the extent that
the irradiated part is dissolved and removed by an alkaline developer to produce a
positive tone resist pattern.

The photoresist film can be obtained by dissolving the resin for forming the
photoresist film in a suitable solvent at a solid component concentration of 0.1 to 20
wt%, for example, filtering the solution through a filter with a pore size of about 30 nm,
for example, to obtain a resist solution, applying the resist solution on a substrate by an

appropriate method such as rotation application, cast coating, or roll coating, and
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Resin Synthesis Exanple Resins (A-1) to (A-10) which
can forma filmstable in water during exposure to
radi ation and is dissolved in a devel oper after resist
pattern formation were synthesized according to the
met hod descri bed below. Mwv and Mh of the resins (A-1)
to (A-10) were neasured by gel perneation
preliﬁﬁ&ﬂ%ﬁﬁQWMnﬁﬁa@feﬁéﬂ 2 IPE S el iFated (re G BQAFBSitIonto
2, "G3000 L" x 1, and "G4000HXL" x 1, manufactured
vapor(¥¥ tHedsesWent Comthis chiée, @ chingRrdgllyf Hiallable eesidsolafip@nal bs
("HLC-8120" manufactured by Tosoh Corp.) under the
used 4s@b.l owi ng conditions; Flow rate: 1.0 m /m nute,
el uate: tetrahydrofuran, colum tenperature: 40C
s Thadi@p df fehengaceppealayer Alm omtreqhiospesigdilm using the upper
pol ystyrene. The radically polynerizabl e nononers used
layer-faymingheongpasitivagiompoises dpplyiegs thasipperday g Homning gompesition of
follow ng fornul as (h&l% tgméh46), (5-1), and (S-2).
the preyept mMentOHEnahg plopgresist film oz senatinragBirchakig Beixeding to
.CHz=C c=0 COc=0 c=0c=n 1.0 - J;i ~ CHCH3 C.'H2
obtainyhe upper qu,r ﬁ@ﬂ,of the pregentyinyenton,  [hisctensisgarred gut impogder to
protecg?lrsel;gogor%gtélﬁmgﬂs)_ép_lgngFth:Ro( wpﬁ%r} w@% mCquf gqaq’gj g/cl-tizc?n a(lils\g/tlgr)

due to elution of components from the photoresist film into the liquid used for the

immersion lithography.

In this instance, the closer the thickness of the upper layer film to an anisoploid
of M4 m (wherein A is the wavelength of radiation and m is the refractive index of the
upper layer film), the greater the antireflection effect on the upper side surface of the
resist film. Therefore, it is preferable to bring the thickness of the upper layer film
close to this value. In the present invention, either prebaking after the application of
the resist solution or baking after the application of the upper layer film
forming-composition solution may be omitted for simplification of the process.

A step of forming a resist pattern by irradiating the photoresist film and the
upper layer film with light in water as a medium through a mask having a specified
pattern and developing the pattern, comprises a step of carrying out liquid immersion
lithography and, after baking at a specified temperature, developing the pattern.

It is possible to adjust the pH of water filled between the photoresist film and the
upper layer film. A particularly preferable liquid medium is pure water.

As the radiation used for the liquid immersion lithography, various radiations
such as visible rays; ultraviolet rays such as a g-line and i-line; deep ultraviolet rays
such as an excimer laser; X rays such as a synchrotron radiation line; and charged

particle beams such as an electron beams can be selectively used according to the
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110 80311 (M6) (S-1) (S-2) The nononer sol utions
wer e prepared by dissolving nononers of a weight 48
corresponding to nol % shown in Table | and

2, 2' -azobi s(net hyl - 2- net hyl propi onate) as an
initiator in 200 g of isopropanol. The total anpbunt of
the nononers used for the reaction was adjusted to

photofeddt Him MLt 'E@Hlmnaﬁf)n bhﬁle'pﬂbfo'r@k@ Kilth %.ndi Elfi':' Lﬁ)%%leﬂyé})ﬁlm for
gram (g) to 100 g of the nononers.

use intibh@esioe G#Rdra fph?s KIngsattidapg it 1Af ﬁréfeﬁtbleh@ﬁﬁ@ HglﬁtQTorﬁ Rfl ARF
dropping funnel was charged with 100 g of i sopropano
excim@ntsgrivgeelength:nl 931 dof agerKifFosxcdfkritaset (svelengthe 24 AingNt s
of the flask were heated to 80C while stirring using a
miig s ptefferalsit ite paform fgdve exposortbakmg(hdremaft@rabpravedebas
above was put into the dropping funnel and added to
“PEBY e ofdeasi prbvasisvihs eesst/ 8im withemphoved sesolftiopy patteen profile,
addi tion, the mxture was reacted for three hours,
devel@mhﬂ@y |and/éh¢ like. c b baloing Gaperatheess usualizraboyt 390 L0AIGgnd
ynmer sol ution. The resulting copol yner was
prefersblgéﬂtt? éé@ ol alihqugh dhabaking teRperagiTe svanpeoRTatchs adjustythe
opol ymer _sol uti on s condensed to 200 g and
accor&i“%ﬁé resy usest ap §B%glf%1t ing f unnel together with 200
g thano and - Th tur
Jafe PE&@WS@ bandestborn g ek Ggss g agsted to fort
separ at.ed

cesir) B84 ByFln.. Efé‘%‘bﬁ B b B R Te o ?ﬁaﬁmatmg the

B TR T e
develd or Mﬁﬁ %tﬁ@@é\/@ﬁ)‘ﬁgbm thy éE%ﬁﬂngSft rfeatu f the

onpari son a resin was obtai ne acing t
preseﬁqh%@,ﬁgnwlth 4- et hyl - 2- pent anol i nst ead of the
di butyl ether. The solid conponent concentration of

t A8 thaddveRpef usth iveentfbenis® theadlistiRtemaR tiRCREse fvention,

cal cul at ed fromthe wei ght of the residue when 0.3 g
an alkafind f@eo@sdolutalintinihich pPUAGEHyd10xide, poddseitin by dte, \Wadium
v heated on a hot plate at 140C for two hours. The
carbonaié, soliatresdlicasd, mecta vabum stidatepampoepaethyiaoing b-propylamine,

sol utions for an upper |ayer-form ng conposition and
diethydarhioe) ditri-propplamitee tydtkstlasinenmethyldiethglenirent

experinments. After the solvent replacenent wth
dlmethylstémmlaretmemethanelamm%tﬂnramﬁhvﬂmammn@mmom ght

di spersion) of the resin were neasured. The results

tetracty lamypepipm;hy droxiglee pYrrole Ripgsidipre choling, of the resin of

1,8-d1\:,a\£]ab1cyc o}:ﬁ,4,0]-7-undecene, 1,5-diazabicyclo-[4,3,0]-5-nonane, or the like is
dissolved can be used. An appropriate amount of a water-soluble organic solvent such
as alcohols including methanol and ethanol or a surfactant can be added to the developer.
When developed using these alkaline aqueous solution, the resist film is usually washed

with water after the development.

EXAMPLES

The present invention will be described in more detail by Synthesis Examples of
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sol vent was replaced wth 4-nethyl-2-pentanol were

al nost the sane. 49 [Table 1] Anpunt of nunoner used
for reaction, nml% Psnotnt of Resin initiator MNMN/I\/h
M1 M2 M3 M4 M5 M6 S-1 S-2 A-1 100 - - - - -

6.5 11800 2.3 A-2 - 100 - - - - - - 651070021
AA395 - - - - -5-6.361201.8 A490 - - - 10

the coRofgin?er anr) Zind ﬁxg?mﬁlg gf %18 épreI' la/s;'é fétflggg céﬁﬁgsﬂmy ]
Howe%@r ﬁlege é&%lés- sﬁoulﬁ ri%t ﬁé construed as hmftm% th@prgsén? ﬁ‘R/eﬁ't’lorh 3(_E)[n

the exé&pﬁ‘;@ ‘part” @ef@rs%@ eﬁarﬂ-bﬁma@’ Qﬁﬁi’s@bﬁh@ﬁm@é indicated.

radi ation-sensitive resin conpositions The
ResinrSylthatis BrampRSi tive resin conpositions for formng
photoresist filns were prepared using the follow ng
miiekiosl (A7) ep@-a0) whichican fdtined filomstskle$h tiatee dudsg expoblre to
/CH3 /CH3 /CH3 CH2=C CH2=C CHz=C C=0 GO C=0 O O
radiatldB@nDis dsfolvel)in @ Hegloper-aBpr reéisnpn’mneforma’dimn were syaihesized
prepared by dissolving 53.93 (50 nmol %9 of conpound
accor{ing 1 e TRt deeeathelo. Mmoo ndHeTesin (AmihE. 38
40 nol % of
were me:gsured by g?l permeation chromatography (GPC) using GPC columns

(“G2000Hx1.” x 2, “G3000HXx1” x 1, and “G4000Hx.” x 1, manufactured by Tosoh
Corp.) in a high performance GPC apparatus (“HLC-8120” manufactured by Tosoh

Corp.) under the following conditions; Flow rate: 1.0 ml/minute, eluate: tetrahydrofuran

2

column temperature: 40°C, standard reference material: monodispersed polystyrene.
The radically polymerizable monomers used for the synthesis of the resins are

shown in the following formulas (M-1) to (M-6), (S-1), and (S-2).

CH; CH; CH;, CH; CH;
/ / / / /
/c= /C= / Cc=0 /c..—=0 /c=0
o (i o c{ o]
CH-— CH; CH; CH,
c{1 (41 4
2 N C\Hi OH
C—CF; 7H C\Ilz CgFy7
HO' cry 0=$=0 e CT; s (M-5)
\ HO" cF. :
M-1) CF, y
M-2) (M-3)
/CHJ
CH,;=C CH,=CH CH;==CH
/C=0 SO;H /CHz
o 50;H
8- (8-2)
M-8) 8-

The monomer solutions were prepared by dissolving monomers of a weight
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compound (1-3) in 195 g of 2-butanone, and further
addi ng 2. 24 g of di nethyl

2,2' -azobi s(2-net hyl propi onate). A 1000 n

t hree- necked flask was charged with 100 50 g of

2- but anone and nitrogen gas was bubbled into the flask
for 30 mnutes. After the nitrogen purge, the flask

o AL 0 L Dy s
as an ¥®ftod iN06 gtmgo%ro RR61. AL YORY drddnk Qflth%%’&folnfé?s H‘@g for the

carried out” for SIX hours after initiation of

reacti@sifliad hdilsted to 1008y, NONRMIoURObLEhE AitiatOF kQﬁdl@ﬁ@b?gf&D ggfto
pol yneri zation, the polymer solution was coole w

100 gAYy mbsond&&: or | ower and poured into 2000 g of
met hanol. A white precipitate produced was coll ected
by fi0lotmlathie@mecKdteflaskictigippedmdih adidrineatessd ahy a dropping
filtration was washed twice with 400 g of nethanol in

funnehwsas chargedswight €00 § of tsepedamg and purged withingédogen 50D marutes.
17 hours to obtain a polynmer in the formof a white

The cpapante of {higAlagk werechadterizoB0 Civbilp stiityimg using raagn@tip stiityerer
with an Mv of 8,500 and the nol % ratio of th

The m@@mer polutiomprenared as #hove yespBLIND the d![‘)Pplflﬁ)Wp@‘%lr@@d added to

and conpound (1-3) deter.m ned 13C- NVR was
the ﬂ@b d20pvgs<aove3 dhrge nowgp- % Aﬂsar the addjEnR csty%%vmwwe%%d for

three BFoGHARIOEREP ?q%éc RoT st yBerehy Sbiefisird fithobysr solution.

B Fel Py e PR 3053&68%9'&2%“@%%@16 oot
L e QPR L S B0l EXATRAE 5o ARV AR At

exanp Part ers

ﬁmnegfdfgﬂ%r WHﬁ h6§ g Sofg ‘?r{aWbFeﬁld' P“ga&f%dheﬁﬁﬁied RO gthf’er wésB)

tri pheny onl um nonaf [Fuor o- ut anesul f onat

suﬂ‘icféna{ sﬁrré(f'arﬂi’ B IR¥IARP AR keparated.  The separated lower layer was
tetrahydrothlophenlum

mixecﬂ@ﬁ?ﬁb?‘ ?r(ﬁ’ Tr%b(tghlﬂ(b:ﬁ%}ﬁisw%%r@@hepﬁﬁeﬁnd it MBI was transferred

contro -

to a sépatating(fhdicl tdsspavayectae bt lldye? - PTHEOIVEnDRINRE Fatling lower
Solvent (D) D-1: y-butyrol actone (GBL)

layer was replaced with dibutyl ether. For comparison, a resin was obtained by

replacing the solvent with 4-methyl-2-pentanol instead of the dibutyl ether. The solid
component concentration of the sample of which the solvent was replaced was
calculated from the weight of the residue when 0.3 g of the resin solution placed on an
aluminum pan was heated on a hot plate at 140°C for two hours. The calculated value
was used for preparation of solutions for an upper layer-forming composition and
calculation of the yields in the subsequent experiments. After the solvent replacement
with dibutyl ether, the Mw and Mw/Mn (molecular weight dispersion) of the resin were
measured. The results are shown in Table 1.  The properties of the resin of which the

solvent was replaced with 4-methyl-2-pentanol were almost the same.
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D-2: propylene glycol nonoethyl ether acetate (PEGVEA)
51 [Table 2] Acid dissociable group- Acid generator
Acid diffusion Solvent (D) containing resin (A-) (B)
controller (C (part by weight) (part by weight) (part
by weight) (part by weight) Radiation-sensitive A
(100) B-1 (1.5) CG1 (0.52) D1 (26.5) resin
[Tablecarrpositi on B-2 (6) D2 (1368.5) Exanples |I to 30 and
37 to 48 and Conparative Exanples 1 to 11 Upper
s === T o it i as .
rackd t h¥tERpRG mRRer ugpdbfercBRrtisPngothe Peehnofobygi ngd
'n 4he abpverexampl em-5 4 Mge Of s-thes<ol iriitédfwponent o/fm
ach_of—theTestms—showr T Tapre 1T T 1m tornm and., 96
2%t 4%%ol vent or a mixfure of Tsolvents e??ga rg??oé 23
a-shown inodable 4 or Table-5 were m xed an®l stiioveed 2.ar
wo hours. The mixture was fidtered throygh Llter
A'évithgg"a pére size of 200 nr'ntogobt ain a s%#uti anJ.Eb Iﬁ'e
a-fable 4, -DBE st ands fer di-butgd ether, HARP sténidls $4r
- hyl - 2- pent anol, and DI AE.stands f diis I
A_(éelt Egﬁrs. In Tables 4 and 5, 't he%ol vent rg{'?o fo;ﬁ%yx%eg
a-6ol v@nt s -i s shown- by wei ght. The upper I&§er - f&BR n7
A-FOMpRsi tions obtained_ were eval uged by $he falohow Ry
nmet hods. The results are shown in Tables 4 and 5.
A-Exangdl es -31 t-0 36- Homegeneous sol USi ons &aére p¥BPar
a-bropm the reghbns A-1 obtained in thggabove oSyntj8si S1.5
Exanpl e as a resin conponent and the other conponents
A-Whown bel-ow in t @ oB% i orr shown i n 6f@bl e B0%and-6
riltere rough a nmenbrane filter wth a pore size o
500 nm to .obtain. , . -form ng conpositions
Prepafaglro nl,(l)? éad?ar%lcﬁ%ﬁré}lésr%\lt’%%sﬁi%fgﬁ{gg %@éﬁ{/ of the Exanples. In
) t e L 2 <. " . i aht & IS
ot SR it Phhin GRSk Riling Fhalblegihl Al s

FRNRAR thé RIIDwWRS Akied. were eval uated by the fol l ow ng
PP et hods. The results are shown in Table 4. Acid or

Prepafdtiofl of RdtRInOendife Bsml (A ) ri phenyl sul f oni um
nonaf | uor o- n- but anesul fonate B'-3:

perf | u%gbut anesul fonic %@Ld CH;
/ /
CH,=C CH,=—C CH,=
\ \
C=0 C=—=0 Cc=0
/ / /
0 0

0
H5C2>O
o
(0]

(1-1 (1-2) (1-3)

A monomer solution was prepared by dissolving 53.93 g (50 mol%) of
compound (1-1), 10.69 g (10 mol%) of compound (1-2), and 35.38 g (40 mol%) of
compound (1-3) in 195 g of 2-butanone, and further adding 2.24 g of dimethyl

2,2’-azobis(2-methylpropionate). A 1000 ml three-necked flask was charged with 100
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Acid diffusion controller (C 52 C1:
R-(+)-(tert-butoxycarbonyl)-2-pi peridi nenmet hanol
Solvent (D) D 3: dibutyl ether (DBE) D 4:

4- et hyl - 2-pentanol (4M2P) [Table 3] Resin (A Acid
generator Acid diffusion Solvent (D) (B') controller
(O Exanple 31 A-1 (100) B -1 (0.3) - D3 (2400)

g of 2Bbuadiehe as@nifroken ashubbled Qntd khd XAk (fdH 8O minuted- Affer the
720) Exanple 33 A1 (100) B -3 (0.5) - D 3 (2400)

nitroge puige £thd fladk Wad B0 t8'803C (Bilb ktifng ahd G dbove nidndmer
720) Exanple 35 A-1 (100) B -3 (0.5) C1 (0.054) D3
soluti¢i?4a03ddedasyplice Bngla droppiig)fuitiel 3vérGhier hGudk. ( ThO54)
D-3 (1680) D4 ( 720) Evaluation nethod (1)
polynfeviahtiran ieactionsradsedrrokd o farlsiy hduys {fBwlinibiation ¢fjthé addition of
Exanples 1 to 30, Exanples 37 to 48, and Conparative
the mencangsisekitiont oAfter compjetiasf oftpedymesiziation,dhe pplpmer solution was
| ayer-formng conposition was added to 96 g of the
cooled pitheynterdp éﬁ% prlovwghped poused mihPR0052 ofmethar. nidawhitee
.was stirred for_three hours at 100 rpm using a
Pfecm'ﬂ}Peég%lrfesfmﬁaPl.leW Ixdalties 1 to 30 and Exanpl es 37

i ST SRR A S 8 Do
oA LRI AR s .
o UFERh SELUBIL brad LrAo8 @3 Gap HRY 11

copol?%ié?\igfglitl é%l\/g}gﬁﬁ %\gg&b Hﬁ’& £ AU o?ﬁl%rreaﬂ'l-iﬂg Lihitd & RO
compound (1-1), compound (1-2), and compound (1-3) determined by *C-NMR was
52.2:8.0:39.8 (mol%).

A homogeneous solution was prepared from the copolymer (A’), as a resin
component, and the other components shown below in proportions shown in Table 2,
and filtered through a membrane filter with a pore size of 500 nm to obtain the
composition solutions of Examples and Comparative Examples. In the examples,
“part” refers to “part by weight” unless otherwise indicated.

Acid generator (B)

B-1: triphenylsulfonium nonafluoro-n-butanesulfonate
B-2: 1-(4-n-butoxynaphthalen-1-yl)tetrahydrothiophenium
nonafluoro-n-butanesulfonate

Acid diffusion controller (C)

C-1: R-(+)~(tert-butoxycarbonyl)-2-piperidinemethanol
Solvent (D)

D-1: y-butyrolactone (GBL)

D-2: propylene glycol monoethyl ether acetate (PEGMEA)
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In Exanples 31 to 36, in the case in which the upper
| ayer-formng conposition shown in Table 3 produced a
honogeneous sol ution, the conposition was eval uated as
53 having good solubility and indicated as "Good", and
in the case in which an undi ssolved matter or
turbidity was produced, the conposition was eval uated
[Tableds having poor solubility and indicated as "Bad". (2)
Eval uati on nmet hod of upper layer filmrenovability

——-+Fbﬁe#abh#hFy+—¢he-uppeh-kayeﬁ-#hkﬁh#eﬁnhng
conposi ti g s yhei gh tm Hffet si bdican o)
waf ers usi ngmm%; s oIRGB LA B3t Foksyos
———E%eeP+eﬁ——EPé—%——aHd—baked—aP—99G##e#—@@—seeends—%e————-
radifeppifensOBbi NgS W {h,,a thi ckress.of 90 am, Ihe D-1 (26.5)
resif FPERHESs was neasured by ugi?n§ " Lanbda Ace VM B13ee.s)

(manur actur ed by Dal nf ppon  Screen Mg. <o., Ltad.J.
After paddl e devel opment (devel oper: 2. 38@6aqueous
Examplgs {9 g@u anch3 7 M- Gempsmativediaanplessi iegll" CLEAN TRACK
ACTS", the wafers were dried hy. spinning to observe
tH@p%rdaxeécfegmngFowewl@mfehvswgmwm@h egmphmwms:
observed, the renovabjl

b
produ{:%is Ysing et& Bﬁleqlsg)%gnileélslp alefeaq%g € irecf" g of %@ SO 1d component
of eac {frﬂ)é%g%%)sl % é}lm[‘)?bjl%gel?‘ ﬁl:q{l%@%ﬁPQI%na )a splv %}1’( cI)ErVaa rlnyx%tlrleoo
solver{tggtl a%h(? gﬁogvfrpﬁll "f’a'by If’f b'i]e & %"P g\%nd SRS fo? I’c\&g hE)l?rg

ve ra I on- sens ) as a res

The nﬁﬁpgﬁgﬁﬁelgfgcgth?%l@h c@'ﬁ?ﬁ%qt(lﬂg%%g fsﬁé QE%O(ﬁs gl‘cﬁgﬂ iah{:é) Sblution.

In Tablglr EABE TRAGK oA Eibaty] R UMES 4okl Y 4-nf@E) D - nGiol, %ﬂd
d.) and prebaked on & hot plate at 130C for 90

DIAE%%@BH)? diiSodn®fl BiRr. CRAabRY 4l B, thelsBIvekIAES fRTmZBP NM
The above upper |ayer-forming conposition was applied
solverfistshewh 89 Welidhtg Thatppd ldy¥r-fninCovipodBioan obalneh alees
(PB) at 90C for 60 seconds to obtain a coating with a
evaludtéd iokthe $sll@bing thetinnds Ul Thareguiltsearaaievn ineFabiasjdegided
onto the coating for 60 seconds froma rinse nozzle of

'ExmnpthANMﬂRACK ACTS", followed by spin-drying at 4,000

mfor 15 m nutes and paddl e devel opment using the
L omggeneeup solutiens varEppPRAGIOMNEESEsiR 4r 1 6brained onths above
rempve the upper layer. A 2.38% TVMAH aqueous sol ution
SynthggassExprerie asa sesiiesrsmrapent and thetherespammopia shaspelow in the
t hough.the coating for use in inmersion |jthograph
propoel)é@ S %\%B%E %&,3,&9@ iltered through a membrane filter with a pgre s?zeyof
500 nm to obtain the upper layer-forming compositions for use in immersion
lithography of the Examples. In the examples, “part” refers to “part by weight” unless
otherwise indicated. The upper layer-forming compositions obtained were evaluated
by the following methods. The results are shown in Table 4.
Acid or acid generator (B’)
B’-1: triphenylsulfonium nonafluoro-n-butanesulfonate

B’-3: perfluorobutanesulfonic acid

Acid diffusion controller (C)
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devel opnent step, the resist coating filmwhich was
not exposed to radiation renmained 54 as is. The
t hi ckness was neasured using "Lanbda Ace VM 90"
(manuf actured by Daini ppon Screen Mg. Co., Ltd.)
before and after the experinment. If the change of the
resist thickness was within 0.5% the resist coating
C-1: W)—{té{ﬂ-@@l@x%'&r@fﬁi)bi—bip_@ﬁdiinBﬁl_éihthl! ng wth the upper
| ayer filmitor use in imersion |lithography and the
Solvehtn@yr m xi ng properties were indicated as "Good", and
if the change of the resist thickness was nore than
D-3: diibiiyh ethérg DBBE)er m xi ng properties were indicated as
"Bad." (4) Stability evaluation of upper l|ayer-formng
D-4: £orthys2tpeotanbb@MBFD in i nmersion |ithography in water
(Water resistance) A coating (thicknesses : 30 nm of
[Table hle upper | ayer-forning conposition was formed by
spi n-coati ng and baking (PB) at 90C for 60 seconds on
1 ht | ek o1l i A0 uuaLGr Hueina "' E_I\I\I TRA("I( A("Tg'
manuf act TBRYD IBPREA SN, AR EEvphen h; e
\(I\RQ rmncullirérras%gh?éuci nz%"(ﬂs:}n}rhdn Acgenbrpbipr (€) tFE{.‘%‘I‘?P%
Exanddbe3l Wasa-1i ni@ot ed 10 (bl® waf er for- 60 secands (2400m
the rinse nozzles of "CLEAN TRACK ACTS', fol qu\g/ez}é)éé
Ex ensdryifng aiodd, 000gryampo¥) 15 seconds. The thic
at%lfa this subzt rogte was rréasu)red agai n. Wen t Rs4aholsf
Exa@fle08CT €368 ifod)he tHicknesy was 3% ar |ess g3t pgioo)
initial thickness, the stability was judged to be
Ex ceff ablg japgogyndi cated (gssy "CGood", and if ndré (k89
% indicated as "Bad". (5) Evaluation of pat theni i1
mxenfl€ 2! YAl pRodTet NOgh of (pA! e Gy Oy Boyesi S-Uplddg,

the above upper layer film ‘is described bel ow. After

?Ez-égg 3».—“102%6(}]9 Wi gh_:sa(g.rg)cknesg_f)f °7‘§%‘gm ( af-Ber142B)

C for seconds) usi'ng an under er D-4 ( 720)
rertectron preventing rirm . ARCZOA (nanuractuared oy
Brewer Science, Inc.) on an eight-inch silicon wafer

Evalubtyorspethodoat i ng usi ng "CLEAN TRACK ACT8"
(manuf actured by Tokyo El ectron, Ltd.), patterning was
(1) cEvaluattbromethod of sjubtility (Saliibdityon- sensitive resin
conposi tion containing the above-nentioned
r &dngmmmgs & &n30, thxamples $i7 o ¢A) andLanpparativsi Bxaopigsonterto, 4 g
Afilmwith a thickness of 205 nm was gr epared by
of theggsim for ypperayarfarnmps campesitigpwasedsisd 49 90 gof thavielyepy

form t . .
shown in ﬂ]bpeg4 orhleable 5, and the mixture was stirred for three hours at 100 rpm

using a three-one motor. In Examples 1 to 30 and Examples 37 to 48, the resin
obtained by drying the resin solution at 100°C for 24 hours to a solid state was used.
In the evaluation, the resin producing a homogeneous mixture with the solvent was
evaluated to have good solubility and indicated as “Good”, and the resin producing
undissolved matter or exhibiting turbidity was evaluated to have poor solubility and
indicated as “Bad”.

In Examples 31 to 36, in the case in which the upper layer-forming composition

shown in Table 3 produced a homogeneous solution, the composition was evaluated as
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55 upper layer filmby spin coating and PB (90C, 60
seconds) to obtain a coating with a thickness of 90
nm Next, after exposure under the conditions of NA of
0.78, sigma of 0.85, and 2/3 Ann using an ArF
projection aligner "S306C" (manufactured by N kon
Corp.), ultra-pure water was injected onto the wafer

having g66d §dlﬁlﬁﬁty@ﬁ3h&§at@cﬂ as <GS antiRAGe A6 T which aﬁdelssolved
seconds, followed by spin-drying at 4,000 rpmfor 15

matteS&CthBi@lt widigrodesad| ﬂie%@n@@ﬁtlblﬂﬁfay\@ﬁahﬁh%&ﬁﬁ’s KeVEg) pode
130C for 90 seconds on a "CLEAN TRACK ACTS" hot
solubjbitpbmel indewtel ap&Bad’y paddl e devel opnment using the LD
nozzl e of the "CLEAN TRACK ACTS' for 60 seconds, and
(2) riEvsledtion tkthot tof apparieyenéite reméabllvyRietyvabdjgyn- dr yi ng
at 4,000 rpmfor 15 seconds. 90 nm i ne-and-space (I M
SjThy appelaer \ﬁémﬁfonb@e comgositidmsgrere spiaraviateg oal ewttmmh
m croscope ("S-9380"manufactured by Hitachi h- Tech
SlllCOlFPV@fQ§$ wgn C %A&TMF&/&CT&e(@era@ bé)’[pbmJE cigosdtd.)

a l.11line wwdth was 9Q nm optlrrum exposure

and b%l%?éé‘} 0 Fhior /P ﬁ?‘%%}ﬁ? 19 fieEn gARtings ath afibiaknessod P aan| vihe
kR BB e D e SRUNY (Femspared byriginippon
Soreef Mg R %def”a%%%%ﬁ%@ deEgrat (iRt g P B sht soistion
of TMAS] R i Bgceglgggsﬁég Ocﬂ?z'&k{{:ﬁg%.r KeACRY: Thd Rk SEANEE Y
splnnﬁlgqg oAy 'Jh? OAacE® nzfﬁg%&&rg{l}] t Yas tcgﬂglpielt&lewﬁlp s f#ﬂﬁgs

tern. Ine wd e mddlie of a pattern 2

belng%séi‘v&}) A r@&o@@tﬁf?@%&gu@%edst&} BEE6RbE . 1 18R desttive VAR a)%éﬂzéh

La on the upper part he coat| ng vere measure
the refifRRAbi Bt vdsl Qﬂ@d%'b@“BH@*ged as "rectangular” when 0.9
<= (La-Lb) /JLb <= 1.1 was satisfied; as "tapered" when
3) (E&alhbﬁléﬂ-ﬁet‘hoﬂ o9 1110@&11;81@& i(Btdregkingnd as
"head- projected" when (La-Lb)/Lb > 1.1 was satisfied.
| A\ tabiatiomsensaiveCedip asmp ostttorFoontgihiag 1He, abohe rqddtionrsendidve
was eval uated by spin coating the radiation-sensitive
‘resin (483 ava mvmpsiponent veasdpiRBoatled(B, andiets e sadnsiBjonafafer treated
formng afilmwth a thickness of 205 nm w t hout
with HIMDH (1§0nfousPeecandglersing 1GHE A TRAGK At T B(msinufactured by
patterni nghz The eval uation nethod of patterning of a

Tokyg Blertsen, d4d-hand prsbalisdva adinp elatq afyldp G farfl0 ssgonds to form a

coating with a thickness of 300 nm. The above upper layer-forming composition was

applied on the resulting coating by spin coating and prebaked (PB) at 90°C for 60
seconds to obtain a coating with a thickness of 90 nm. Ultra-pure water was injected
onto the coating for 60 seconds from a rinse nozzle of “CLEAN TRACK ACTS”,
followed by spin-drying at 4,000 rpm for 15 minutes and paddle development using the
LD nozzle of the “CLEAN TRACK ACT8” for 60 seconds to remove the upper layer.
A 2.38% TMAH aqueous solution was used as a developer in the development step.
Although the coating for use in immersion lithography was removed by the

development step, the resist coating film which was not exposed to radiation remained
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I's described below. After formng a coating with a

t hi ckness of 77 nm (after PB at 205C for 60 seconds)
usi ng an underl ayer reflection preventing film
"ARC29A" (manufactured by Brewer Science, Inc.) on an
ei ght-inch silicon wafer by spin coating using "CLEAN
TRACK ACTS" (manufactured by Tokyo Electron, Ltd.),

as is. Paht eHiEldRs WaSmeANFddadirg ML anibdha AGe VNI Eﬂa@ﬁ?ﬁc‘tured by
(manufactured by JSR Corp.). The "AR1682 Imwth

DainippnSoiemsVied. C20 9 talybefase fideiTrr e dXpershbmt. C0Rthe Pare Q)f the
PB (110C, 90 seconds) foll owed by form ng the upper

resist thaglaess whswityin9pi%, the adsishgoaing v j¢BRCT,to 6%hibie a6 Mttsimikidg
obtain a coating with a thickness of 90 nm Next,

with thé veper éaypoilm éorumselér inthersioarithdgraphy andftheNAteofnixing 8,
sigma of 0.85, and 2/3 Ann using an ArF projection

propegies gvees 1n'd$3®6(as “Gpodinanididithe ethngy of\ihk oesiColnigkness was more
ultra-pure water was injected onto the wafer from

than Orﬁ%stée InfermiKiag psoperi@sme TRieiedrst®adf'or 60 seconds,
fa wed by spin-drying at 4000 rpmfor 15 seconds.

(4) Tﬁ&abrhéx evaclvwnéﬁgppﬁdam@%%eorpp@a)‘ora I Y3 IpgRergon

g ds réwa RACK ACT8" hot plate, devel oped
hthogw P HYRET G‘QFEﬁﬁﬁI@H‘Ee u3| ng the LD nozzle of the

TR R e, 0B SRR BB AP oS M0 o
[L1S
forme]zi %51 sﬂﬁxb atin gr?d be%)n Qﬂg af 60‘%1%r %ﬁ A& onds on ﬂﬁl Sllggfs é éﬁlcon

ser canning el ec

wafer %{sﬁg 9%‘%%@ 'T'RA%‘{{ %aﬂifﬁaﬁ@d b?s ) 'ring J&UF h elLt% n 9 The

oratlon) to eter ne an exp OSG

thicknksshwhd Iﬂ@asWi’éllltﬂgf W% 9 Qnibah (ARR RN ex@‘ﬂ%élg The

m ni mum | i ne- and- space di nensi on resol ve

inject@PEREHB WXROFH 60 seHRTS FHRShE Ak&Ind3sleh BF“CEERNUTRR@K
The results are shown in Table 4. In addition, the

ACTE| fotiowed by ispinalryiggat 4900 afrh @6r 13f seBor@8. NMhe thickness of this
| i ne-and-space pattern was observed as shown in

substriiegutsenéasiired mp@Es.ur Whehehd ameunsiofltiécrédse imthe hid cloncdslivas 8%
the filmand the line width La on the upper part of

or less dfghé irimal th‘lhlenass; rihe¢ sjabvibty was judged todgadcepsable and indicated as
"rectangular" when 0.9 < (La-Lb)/Lb <= 1.1 was

“Goodzend ffingate theg 3%, ap@r:@tdd awfRad”(La- Lb)/Lb < 0.9 was
satisfied; and as "head-projected" when (La -Lb)/Lb >

() 1 Ialﬂﬁ@%%ﬁﬂﬁﬁml In the case of Conparative Exanple

patterﬂ ({19 was eval uated wi thout 57 form ng
5 yatjog\nactheq phpatiernang ofqy resisigusing the abqyeuppsr layer film

is descrq)eﬁli)e oW of 205 nm by spin

After forming a coating with a thickness of 77 nm (after PB at 205°C for 60
seconds) using an underlayer reflection preventing film “ARC29A” (manufactured by
Brewer Science, Inc.) on an eight-inch silicon wafer by spin coating using “CLEAN
TRACK ACTS8” (manufactured by Tokyo Electron, Ltd.), patterning was carried out
using the radiation-sensitive resin composition containing the above-mentioned
radiation-sensitive resin (A’) as the resin component. A film with a thickness of 205

nm was prepared by spin coating and PB (130°C, 90 seconds), followed by forming the
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coating the "AR1682J", followed by PB (110C, 90
seconds). (7) M ninmm anount of application In
Exanples 1 to 30 and Exanples 37 to 48, 4 g of the
solid conponent of the resin shown in Table 1 and 96
g of a solvent or a mxture of solvents at a ratio
shown in Table 4 or Table 5 were m xed and stirred

upper fléyer gpﬁ WP?ETnSCo atlifaril P8 WRCVEE se,fcbhcisz k& gbtafnly&)léﬂﬂg @ith a

ore size of 200 nm

thickre® 8900 V‘Nbﬁh aﬂ@%x%@AﬁY@Qldép tREon&itiBhS of NARIDI78. Gi8Ma of
waf er using "CL (manuf act ured by ToKyo

0.85, BlEDL MB,usintgdln)A@rﬂﬂoﬁ&Kﬁﬁhh(gR&)“8306@@@n§ﬁffa&9reﬁ©gmﬂ§n
The amount of application was changed at a 0.2
Corp.), Rilted-iare waberaeisehijattsé ohtoahsivaferinaniisetiozz1ed ofIGIERANT y
coating 95% of the surface of the eight-inch silicon
TRAGRAEITRIfo60 seeongsp &rlloayt @y -shmrdrying at d@OPapintforons sdeonds.
Exanples 31 to 36, the upper | ayer film
The rdsoltimg wgatongwwashakicd (REB hap i 0iGhfor PA bb@nﬂs we rECEEAN TRACK
an eight-inch silicon wafer using "CLEAN TRACK ACTS"
ACTE rheh glra@c teivedeped\py Poldle develepmen usingdhe LRmyzdeloé the( PB)
at 90C for 60 seconds. The anount of application was
“CLEARNRRR A Kaf CA 8D farsbOrfieconds.eanddinsed with tudirarpyre wates, fallawad by
unt for uniformy coating 95% of the surface of the
SW“*@Y@E@t?HQ%U§PﬁF€éﬁwWHF@r MAth t he upper |ayer-formng

¢ SRR i Sk ST Pien e St EPHErope Bfeantiegipctron
microp gk i S eT BB B Hi g Fedh gy 3?5@?0%00?
deten‘&?g §ﬁ %ﬁéo%[lre\’\@o% gc ebglgﬁqt inf]neawi:c{tﬁ SJaEanhP o) g%%&?%@ﬁgurg

e center Of an

dose)S L) CR) hffﬁﬁﬂﬁne\"ﬁﬂdc%aw&nf&lﬁgh %&&%d %&Z@@&% '%priM%S

(100C for 60 seconds) using

dose &%Qk@r%tﬂnﬂé fdolbdon. Tolnee&lIRGHE SHdwnlih@able 4Therngi 1 cul ar
| owed area of the center of the silicone rubber

cross@é&@hal%ﬁﬁéﬂrhﬁ&ﬂoﬁ@d #in lide&hd-@padél fp’a 8mPb Wefe YRbAkd WSinBd
a 10 ml one-mark pipette. After formng a coating wth
scannihgteiéceion sisrosdopé (“ W (eintaptfaCfared by HiGcHi BligloTectbBielding
seconds) using an underl ayer reflection preventing
Corpdratiam).” ARERRA shonarthd erobsiseetionny colfi@inetionSefithniss-adispage
on an eight-inch silicon wafer by spin coating using
pattert CLAANe width Lb in the middle of a pattern 2 on a coating formed on a

substrate 1 and a line width La on the upper part of the coating were measured. The
configurations were judged as “rectangular” when 0.9 <= (La—Lb)/Lb <= 1.1 was
satisfied; as “tapered” when (La—Lb)/Lb < 0.9 was satisfied; and as “head-projected”
when (La—Lb)/Lb > 1.1 was satisfied.

In the case of Comparative Example 11, the patterning was evaluated by spin
coating the radiation-sensitive resin composition and PB (130°C, 90 seconds) after
forming a film with a thickness of 205 nm without forming an upper layer film.

(6)  Evaluation of patterning 2

The evaluation method of patterning of a resist using the above upper layer film
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TRACK ACTS'" (manufactured by Tokyo El ectron, Ltd.),

the radi ati on-sensitive resin conposition containing
t he above-nenti oned radi ati on-sensitive resin (A) as
the resin conponent was spin-coated and baked (PB) at
115C for 60 seconds to obtain a film wth a thickness
of 205 nm After the PB, a coating with a thickness of

‘epared by spin coating the upper
1smm$ﬁmﬁm wnng conposition and baking (PB) at 90C for

OQ13PRAS, 185RL 56LL ARIGES H7 PR PROPBOSRAR 650
A PR {72

as to cau oating to cone contact wth

secondd) tu"sﬁ% RH R MRRF reflEtiich Sb@dn®in m@m%aﬁlﬁfacﬂﬁ)ed by

sécon nmeasured by a st opwatch, whereupon the

Brewdti9ciehed) THES 64 aNBighi-RiIR i@idon Hafe@ by spianidhihd Min®fCLBAN
experi nment, the ultra- pure water was col |l ected using a

TRAGK amssxmaﬁgactufsdrbytmyailéchen And|)ypattedding aaptaried bet
recovery rate of the ultra-pure water after

using CANPARI 6827 Ghatifectargddryi JISBCorpgs Thes AR1681IR filthhettpeak
intensity of the anion part of the photoacid generator

thickniess ofl295wmint was pugpared hgitspin cobtizg aneldPB (1 110AE, Hbweends),
experiment was nmeasured by |iquid chromatography nmass

follo\@éémfpmg ithe iper gyt f oy spin coating agRRBHS0 a.00" secondS) to
manuf act ur ed _b AGQ LENT, MS section: "Mariner"

obtain e ing mtnheaor ngss 06 8 oy e NEb Afist erposutenmdsr the rswgh%pns

col um PCELL MG' manuf act ured by Shi sei ,
ofNAé&J 0 7%&& O Frbap e B8 Hpreriion S S%%Oég a

(g Taf L‘Nb?ﬂ%? ol 3G ValtE e Era%ct%ﬂg@tonl'w Wﬁﬁ%gfrom rinse

nozzl%sfo%t‘ ﬁg%&%?g% I%RS??%S It@? sec Iédtahﬁ)g ﬁ v spln— 1ng a? 1500
rpm f&rrzlgi; s%{:&ﬁﬂ Sehe fetshl\tllﬁg cggdr% v?%r%%ﬁgd hi&fsﬁédat é%&’%% 95 s&%ﬁds

I'on-sensitive

ona “@;@w ngI@kcﬁe %Sﬁgltafeahé\%lb;i)e&’fog Ea@d]@ deée@%ﬂ?ﬁé}n uém the

wer e nmeasur ed uhder ove conditions

LD n&&%ﬂﬁ"tﬁe ‘CIGRANDITEA CRM CPE VR 60 B&0RlY bRY riB SRk h WRS.-pure
calculated fromthe above peak inténsity using this

waterCfBllbWERbY §fin-AryiE at 400D rHAl fBL DS setbhdOSi ty measur enent
The viscosity was neasured according to JI'S K2283

uSO ngh lnmeCaniodpatee(13K8) paiferivd waremdiedved udidgdb@nding electron
microssc%lp\é ?‘[‘St-% 80”manufactured by Hitachi High-Tech Fielding Corporation) to
determine an exposure dose at which a 1:1 line width was 90 nm (optimum exposure
dose). The minimum line-and-space dimension resolved by the optimum exposure
dose was taken as the resolution. The results are shown in Table 4. In addition, the
cross-sectional configuration of a 90 nm line-and-space pattern was observed as shown
in Figure 1 to measure the line width Lb in the middle of the film and the line width L-a
on the upper part of the film. The configuration was judged as “rectangular” when 0.9
<= (La—Lb)/Lb <= 1.1 was satisfied; as “tapered” when (La—Lb)/Lb < 0.9 was
satisfied; and as “head-projected” when (La—Lb)/Lb > 1.1 was satisfied.

In the case of Comparative Example 11, the patterning was evaluated without
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Resin Sol u- Renova- Inter- Delam - viscos- bility
bility mxing nation Type ity** 1 A-1 DBE=100 0.7
Good Good Good Good 2 A-1 4MRP/DBE = 30/70 1.5 Good
Good Good Good 3 A-1 4M2P/DBE = 70/ 30 2.2 Good Good
Good Good 4 A-2 DBE=100 0.7 Good Good Good Good 5
A-2 4MRP/DBE = 30/70 1.5 Good Good Good Good 6 A-2

formu@%? é@gﬁlayeg f’?l/n?’gﬂgr fgﬁﬁ‘ﬂ % dfﬁ%oqglé@ ggcAk_@%%gof 23))/5'%13 by spin

coatm%Qﬁg IAR1 58250 G81SRa é?’g‘él@ed% Socbndk) AM2P/ DBE = 70/ 30
od Good Good d 10 A-4 DBE=100 0.7 Good Good

(7)  OnafintaR dmoddt AFappHddilBADBE = 30/ 70 1.5 Good Good Good
Good 12 A-4 414 %/ DBE = 70/30 2.2 Good Good Good Cood

150 PxdmPBEF 1080 Shd/Emsles30% 48pag dEakndsoliti4ofpdnent of the

4MeP/ DBE = 30/70 1.5 Good Good Good Good 15 A-S
resin sHvRA/ iDEEble 174036 Pof2 Ghadt GoothixBuedf Golvents 262 ret® shown in

DBE=100 0.7 Good Good Good CGood la 17 A-6 41422/ DBE =
Table 3Qr @ble. 55w ¢Ee atx¢had Bord f@owd houss. A-The4nRRrOBES £1t7ed 30

2.2 CGood Good Good Good t 19 A-7 DBE=100 0.7 Good
througboo flt@ovith Tpow sE oh290 anpip/abgin & sdofiqn vihich wabeoasrn an

Good Good 21 A-7 4AMPP/DBE = 70/ 30 2.2 Good Good CGood
eight-@sh gilicop WAl usmE-= mﬁd\l TRASII ACTS (@Gé‘élfa%‘liﬁ‘dl byz@kxo 8

41422/ DBE, = 30 . od Good, Go CGood
Electign 4513 )opbakeAdP ) 0B aB0M t50RICodde @it Speligion was
changgg/%t;%ﬁ.%S gnlg%tgg/agﬁ)o ?%BBGlgeo %gl%urg' gmé\ﬁr?t fér unlformllz'y coating
95% of the surface of the eight-inch silicon wafer with the upper layer-forming
composition.

In Examples 31 to 36, the upper layer film forming-compositions shown in
Table 3 were coated on an eight-inch silicon wafer using “CLEAN TRACK ACT8”
(manufactured by Tokyo Electron, Ltd.) and baked (PB) at 90°C for 60 seconds. The
amount of application was changed at a 0.25 ml interval to determine the minimum
amount for uniformly coating 95% of the surface of the eight-inch silicon wafer with
the upper layer-forming composition.
(8)  Capability of suppressing elusion from resist to ultra-pure water (Elusion of
anion part)
A 30 x 30 cm square silicon rubber sheet (manufactured by Kureha Elastomer

Co., Ltd.) of which the center was hollowed in a circle with a diameter of 11.3 cm was
placed on the center of an eight-inch silicon wafer which was previously treated with
HMDS (100°C for 60 seconds) using “CLEAN TRACK ACT8” (manufactured by
Tokyo Electron, Ltd.). The circular hollowed area of the center of the silicone rubber

sheet was filled with 10 ml of ultra-pure water using a 10 ml one-mark pipette.

After forming a coating with a thickness of 77 nm (after PB at 205°C for 60
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27 A-9 41422/ DBE = 70/ 30 2.2 Good Good Good Good 28
A-10 OBE=100 0.7 Good Good Good Good 29 A-10

41422/ DBE = 30/70 1.5 Good Good Good Good 3D A-10
4MeP/ DBE 70/ 30 2.2 Good Good Good Good 31 0.7 Good
Good Good Good 32 1.5 Good Good Good Good 33
Conposition 0.7 Good Good Good Good 34 shown in Table

o A o U R
e e e e

TRACK A It nAndAeuped o0& 0@%&%@a@a§oﬁe§sﬁ1’é?esm
P=100 5.2 Good Good Good Cood 4 4142 P=100

comp&¥ifish £33@4Inizp akk £BRE-mdntibn&l rhdAdolLsddiive rédsifpAY aﬁ}ié‘}esm
Good Good 6 A-6 4142 P=100 5.2 Good Good Good Good

compdaent 44 gpikzdMed an? bAked (PBPatdl 1GAO br GO cords fo 8btéf-h412ﬁlm
P=100 5.2 Good Good Good Good 9 A-9 4142 P=100 5.2

with GhodnGsof 2GH oth. Godter tHeOPBY-Ocodfid® with b tBlRkhes? o0 dmGood
Good Good 11 * A-1/A-5 =70/30 ** Unit of viscosity

prepaseliPy3pinscogting Tehipperlayerdntming edipostby emd baking @H)ian§o°C
Patterning Coating Elusion Resin evaluation 1

for 6Qspapndstvas plazed ap tht silidong mitder stpret e aspe sause(thd Joatipg by

come in contact with the ultra-pure water. This state was maintained for 10 seconds
measured by a stopwatch, whereupon the silicon wafer was removed. After
completion of the experiment, the ultra-pure water was collected using a glass syringe
for use as the analytical sample. The recovery rate of the ultra-pure water after
completion of the experiment was 95% or more.
The peak intensity of the anion part of the photoacid generator in the ultra-pure
water obtained by the above experiment was measured by liquid chromatography mass
spectrometry (LC-MS) (LC section: “SERIES 1100” manufactured by AGILENT, MS
section: “Mariner” manufactured by Perseptive Biosystems, Inc.) using a column
(“CAPCELL PAK MG” manufactured by Shiseido Co., Ltd.) at a flow rate of 0.2
ml/min, and using a solution of 0.1 wt% formic acid in a 3:7 mixture of water and
methanol as an eluant at 35°C. In this instance, peak intensities of the aqueous
solutions of the photoacid generator used for the radiation-sensitive resin composition,
in which the radiation-sensitive resin (A’) is used as a resin component, at
concentrations of 1 ppb, 10 ppb, and 100 ppb were measured under the above
conditions to prepare a calibration curve. The eluted amount was calculated from the
above peak intensity using this calibration curve.
©® Solvent viscosity measurement

The viscosity was measured according to JIS K2283 using a Canon-Fenske
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Type lution shape lution Shape 1 A-i DBE=100 85nm Rent

80nm Rect 0.50 0.3 2 A-1 4MP/DBE = 30/ 70 as.. Rent
BOym Peat 0.75 0.8 3 A-1 4MeP/ DBE = 70/ 30 BSnm Rent
80nmRect 1.25 1.7 4 A-2 DBE=100 85nm Rect 80nm Rent
0.50 1.3 5 A-2 4MPP/DBE - 30/70 85nm Rent 80nm Rent
0.75 4. 4 6 A-2 4MeP/ DBE = 70/ 30 85nm Rent SOnm Rent

7 A-3 DBE=100 as.. Rent 80nm Beet 0.50 0.2

p 6
V‘“"‘é% 3 4M2P/ DBE = 30/ 70 85nm Rent 80nm Rect 0.75 0.6 9
[TabléuP AMeP/ DBE = 70/ 30 85nm Rect 80nm Rent 1.25 1.2 10

A-4 DRE=100 85nm Rent 80nm Rent 0.50 0.2 11 A-4

ZVPPTDBE = 30770 85N Rent 80, m Rect 0 75 0.7 12 A4
AMPPLDRE = 70/30 85n  Rent Rnnc F}gg% PBvE: 3InYG-APBlani-
DBE—lOO 85nm Reet> 80nm REhE; 507878 1ATAs 41\/’2 FDB’E

= 270/2‘»*@ 8%’%@& gQrﬁé“ﬁ Rec} 21. 25 Gi $ 162 AG DEEﬂloo sood
85nm Rent 80nmﬂelqv3o 50 00 2/ M 1% 5\46 AR DBEGcmGO/ 70;33
85nm Rent 4iBhd§BEent7o¢ 5 0;6 18J\ 5 4AMEPLDBE Zoofh/ 3CECos
85nm Rext SOnmR=Rene 1.25 194 8 E9oh-7 EBEL 100 85nm Gooa
Reént BOnNmEEIG20.5G022 M 20 A—'Z adep BBE: = 3DI%D  Sood
85pm Rect 80n/?ﬁﬁ%eﬂf’ 0.75 02§ 21 Ae7<4NRPPPBE =C70f 30 Good
85hm Rent s 8trimeRentsof 225 136 22 BB DBE2I1DO 8B Reniooa
8AM Rent , 50”&130 2 A8 ?/QP/ [BE: = gfﬂrg) 85fPA Renteooa

Bofis Rent 10s75eb. 8 10340 A B AMPP/ Dot = 76230 ascesRenteocd

B@E'S BE‘?:t 44292/?3‘1 7%, 095, A 9 BE=1GQ o 85nmEReTt BRI Rento o

- 126 /As9 AW%E)BE z: 230/ 7@-85nm Rend 80ssadRentcooca
235 :1230 e AT ARRPLDEE & 70/ 3@285nm Reni BOEJ$°:Rent§2:S
1225 2-1 128 /A280=- DBE=100 85nm RentaBons-Rent 0:&H0 0. o«

22 A-8 DBE=100 0.7 Good Good Good Good
23 A-8 4AM2P/DBE = 30/70 1.5 Good Good Good Good
24 A-8 4M2P /DBE = 70/30 2.2 Good Good Good Good
25 A-9 DBE=100 6.7 Good Good Good Good
26 A-9 A4M2P/DBE = 30/70 1.5 Good Good Good Good
27 A-9 AM2P/DBE = 70/30 2.2 Good Good Good Good
28 A-10 DBE=100 0.7 Good Good Good Good
29 A-10 4M2P/DBE = 30/70 1.5 Good Good Good Good
30 A-10 4M2p/DBE = 70/30 2.2 Good Good Good Good
31 0.7 Good Good Good Good
32 1.5 Good Good Good Good
33 Composition 0.7 Good Good Good Good
34 shown in Table 3 1.5 Good Good Good Good
35 0.7 Good Good Good Good
36 1.5 Good Good Good Good
37 A-5 4M2P/DIAE=60/40 2.2 Good Good Good Good
3B * 4M2P/DIAE=60/40 2.2 Good Good Good Good
a 1 aA-1 4M2P=100 5.2 Good Good Good Good
g 2 A-2 4M2P=100 5.2 Good Good Good Good
'g 3 A~3 4M2P=100 5.2 Good Good Good Good
H 4 A-4 4M2P=100 5.2 Good Good Good Good
[ 5 A-5 4M2pP=100 5.2 Good Good Good Good
¢<n [ A-6 4M2P=100 5.2 Good Good Good Good
o 7 A-7 4M2P=100 5.2 Good Good Good Good
% 8 A-8 AM2P=100 5.2 Good Good Good Good
,% 9 A-9 4M2P=100 5.2 Good Good Good Good
> 10 A-9 4M2P=100 5.2 Good Good | Good Good
11 - - _ . _ - -
* A-1/A-5 =70/30 x* Unit of viscosity : x10 °Pa‘s
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29 A-10 4MPP/ DBE = 30/70 as.. Rent BOOm Rent 0.75 0.8
30 A-10 4MeP/ DBE = 70/ 30 85nm Rent 80nm Rent 1.25 1.5
31 85nm Rect 80nm Rent 0.50 0.4 32 85nm Rent Bons
Rent 0.75 0.8 33 Conposition 85nm Rent eons Rent 0.50
0.5 34 shown in Table 3 85nm Rent Bons Rent 0.75 1.0
35 as.. Beet Son. Rect 0.50 0.5 36 85nm Rect 80.m
.0 37 A-5 4NMeP/ DI AE=60/ 40 85nm Rent 85nm
[Tablééggétongf%él) "2 38 * AMRP/ DI AE=60/ 40 85nm Rent 85nm
—Ren{-—4.—99—1.—3—9+A—4F4m-P;LGO—85n-m-Rem—BQnm-Re-n¢__
1.75 1.8 0svA22 4MeReIlGiReAm Rent-Bdaf REHYL. B0
7. 7%°%8" 3TA3 _ZWPP=T00 85 Renl Beomm FENT. 1.(#5 1. 4ods)

TRES  endd BER {lgtivs $n 5 A5
e Pﬁlbltoam%fﬁhizsetxﬁoomgﬂen& Ao 75s0Lnb aB:R- 6 232P=10D

85nnY-Rerft:2 BFam RABI>°1. Z?‘ml Boc7 APRANER210Q-85nm Rett
8ONMReCibiz 47025 <l 57/ 70X Sah BaddPP=1:38 8bith Recis 80NM

Rent2™f. 7521/°9° O ALY 4§@’P—1Q®°“85nmﬂﬂec§ Bonrh-Rect % 5
23 2 a3 l@2A08:4MEP~R00s 8DNMeRent 80am Reet b.75 1. 6.6
4 DB 8 n m 1. H 1.2
11 as; ReMTBDS° Reént m: [ Tl e &hnSofdgnt %S' N
Sol ua- 4Re1mv/@azl=ntse57-o De @ Redd SCOSm DRddity obp ityo.7
4 0 25 3
dﬁmhd ngfréaﬁz 173’&63 It§5nm 3§:4-1 ?@WP/ Dcang = 70/ ?603
212 ZG@oobM@epdEGoed;;@oodgnMORktZ 4%@5’/ Degane o-;s?O/ 3(2.2
M E nm Rect nm Rect .
262 moc{l e%gbi—ggé& é)oaSrlm Rect 80nm Rect 0.50 0.2
bt? A-6 4M2P/DBE = 30/70 85nm Rect 80nm Rect 0.75 0.6
g 18 A-6 4M2p/DBE = 70/30 85nm Rect 80nm Rect 1.25 1.4
'E. 19 A-7 DBE=100 85nm Rect 80nm Rect 0.50 0.2
o 20 A~7 4M2P/DBE = 30/70 85nm Rect 80nm Rect 0.75 0.8
21 A-7 4M2P/DBE = 70/30 8Snm Rect 80nm Rect 1.25 1.6
22 A-8B DBE=100 85nm Rect 80nm Rect 0.50 0.3
23 A-B 4M2P/DBE = 30/70 85nm Rect 80nm Rect 0.75 0.8
24 A-8 4M2P/DBE = 70/30 85nm Rect 80nm Rect 1.25 1.7
25 A-9 DBE=100 85nm Rect 80nm Rect 0.50 0.3
26 A-9 4M2P/DBE = 30/70 85nm Rect 80nm Ract 0.75 1.0
27 A-9 4M2P/DBE = 70/30 85nm Rect 80nm Rect 1L.25 2.1
28 a-10 DBE=100 85nm Rect 80nm Rect 0.50 0.3
29 A-10 4M2P/DBE = 30/70 85nm Rect 80nm Rect 06.75 0.8
30 A-10 4M2P/DBE = 70/30 8Snm Rect 80nm Rect 1L.25 1.5
31 85nm Rect 80nm Rect 0.50 0.4
32 85nm Rect 80nm Rect 0.75 0.8
33 Composition 85nm Rect 80nm Rect 0.50 0.5
34 shown in Table 3 85nm Rect 80nm Rect 0.75 1.0
35 85nm Rect 80nm Rect 0.50 0.5
36 85nm Rect 80nm Rect 0.75 1.0
37 A-5 4M2P/DIAE=60/40 85nm Rect 85nm Rect 1.00 1.2
38 * 4M2P/DIAE=60/40 85nm Rect 85nm Rect 1.00 1.3
Q 1 A-1 4M2P=100 85nm Ract 80nm Ract 1.75 1.8
% 2 A-2 4M2P=100 85nm Rect 80nm Rect 1.75 7.7
|4 3 A-3 4M2P=100 85nm Rect 80nm Rect 1.75 1.4
B 4 A-4 4M2P=100 8Snm Rect 80nm Rect 1.75 1.5
o 5 A-5 4M2P=100 85nm Rect 80nm Rect 1.75 1.6
§ 6 A-6 4M2P=100 85nm Rect 80nm Rect 1.75 l.6
o K A-7 4M2P=100 85nm Rect 80nm Rect 1.75 1.7
§ 8 A-8 4M2P=100 85nm Rect 80nm Rect 1.75 1.8
% S A-9 4M2P=100 85nm Rect 80nm Rect 1.75 2.2
- 10 A-9 4M2P=100 85nm Rect 80nm Rect 1.7% 1.7
® 11 - - 85nm Ract 80nm Rect - -
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70/ 30 2.2 Good Good Good Good to
70/ 30 2.2 Good Good Good Good 43
70/ 30 2.2 Good Good Good Good 44
70/ 30 2.2 Good Good Good Good m 45
70/ 30 2.2 Good Good Good Good 46
A-8 4MPP/ Decane 70/ 30 2.2 Good Good Good Good 47
[Tablds)® 4M2P/ Decane = 70/30 2.2 Good Good Good Good 48
A-10 4MPP/ Decane = 70/ 30 2.2 Good Good Good Good **
Unit of viscosityv : x10-3Pas [Table 5 (continued)]
Patterning Patterg) UQ} Coatl ng El usi on Sol vent Resin 1
evalpy % tion 2 anmount of anion n $eso- RERSE- I(dtky- (epayi-
Type lTution Shape [otion vbhapae 391iky] HARPHR/ Decdme mation
70/ 30_85nm Rec Onm Rect i#¢y'G0 1.8 40 A-2 4M2P/ Decane
=39/0A30 SWPIP&ect BONMORECE.Zl. 00Ged 4&hod: 3 Good . Good
40P PA R C amer /pechdb 30 78539 Rect 80rsadrectsodd 00 Gbod pleosd
AL AND PR Reens 70080 85AmR RectodBOnmeRett 160080 1.dbod
42 ARSL ANER/Deanc 20730/ 30285nm Rest B@asd Reddood. 00s00d
1435 rdy Maxp/AddiRpéBedef® = 7070 30 85win Reedd 80rmarRectGood
14400246 641 4Bedand INRR0Decare = B0 &bsdn Rewbd 80mvoed
Rect 297 08M2P/Becah§ A78/3VP P2 Decaneosd 70/6383 85mapRectGood
B Rec#M2P/0€:ahe = 74/B0A- 92 VP P/ Besane 6ood 0/ 33085nmooed
REct 2-80nAYRERecate 0D 70/ 4B.2A- 10c4d P/ Beeine cood 0/ 3od
88nmA-Re c iMF0henaRect 70/300 128 As Sbwwn_iGrodableesd4 agead

S« MRPELe L@éggltf [r‘glggp gn‘posnl ons which can forma
filmstable In Wwater durlng exposure to radiation in

rsion |ithography and is easily dissolved
[Tabl‘?#]&z?ﬁg%qgg}ei ne devel oper were obtained in Exanples 1

41 A-3 4MRP/ Decane
42 A-4 AMPP/ Decane
A-5 4MPP/ Decane
A- 6 4MPP/ Decane
A-7 4MPP/ Decane

oTdurexy

to 48. 1n
Solvent Patter.l:'ling Patterl:xing Coating Elusi.on
. evaluation 1 evaluation 2 amount of anion
Resin m - (ml)  (ppb)
Type llzetsioon Shape llzetsioon Shape

39 aA-1 4M2P/Decane = 70/30 85nm Rect 80nm Rect 1.00 1.8

40 A-2 4M2P/Decane = 70/30 85nm Rect 80nm Rect 1.00 6.2

41 BA-3 4M2P/Decane = 70/30 85nm Rect 80nm Rect 1.00 1.2

B 42 A-4 4M2P/Decane = 70/30 85nm Rect 80nm Rect 1.00 1.1

E 43 A-5 4M2P/Decane = 70/30 85nm Rect 80nm Rect 1.00 1.5

'E_, 44 BA-6 4M2P/Decane = 70/30 85nm Rect 80nm Rect 1.00 1.6

® 45 A-7 4M2P/Decane = 70/30 85nm Rect 80nm Rect 1.00 1.6

46 A-8 4M2P/Decane = 70/30 85nm Rect BOnm Rect 1.00 1.7

47 A-9 4M2P/Decane = 70/30 85nm Rect 80nm Rect 1.00 2.0

48 A-10 4M2P/Decane = 70/30 85nm Rect 80nm Rect 1.00 1.5

As shown in Tables 4 and 5, upper layer-forming compositions which can form a
film stable in water during exposure to radiation in liquid immersion lithography and is
easily dissolved in an alkaline developer were obtained in Examples 1to 48. In
addition, the amount of application and the amount of elusion can be reduced, while
maintaining resolution and developability equivalent to a common method, by using a
solvent containing an ether or a hydrocarbon. The upper layer-forming composition of
the present invention is thus very advantageous in the production of semiconductor

devices.
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addi tion, the anmount of application and the anount of
el usi on can be reduced, while naintaining resolution
and devel opability equivalent to a cormon net hod, by
using a solvent containing an ether or a hydrocarbon.
The upper layer-formng conposition of the present
invention is thus very advantageous in the production
of sem conductor devices. 62 | NDUSTRI AL APPLI CABI LI TY
The conposition for form ng an upper layer filmfor

INDUSTIB AR p1lictamgipphy of the present invention, which
conprises a resin capable of formng a filmstable in

WahE ompdsitidtefok foTeniRg a¥RRs Wyer filn Faxdindidra6n Bfhdgraphy of
di ssol vable in a devel oper after resist-pattern

the pré@ht@be@idn, RthaoSPriveyd resiarbpdbld sfoamingta@lin @kbla in water
hydr ocarbon, can forma resist pattern excellent in

at the tiggodfiekpesure Waudhomaind ditsplvabledntahlevélbjer, aftehidsst-pattern
protecting the I ens and the photoresist filmin

formakibnend ai sotwenscanmaihing o gthepbiya hyidrecarlorp osn farmm wmaist patiem
be used very conveniently for production of

excellgatin cenotitionpdeveloprlibity, i the like ewhilqprotasting the lensnduhe
further miniaturized in the future. BRI EF DESCRI PTI ON

photogsisTfifm pRigydignmetginndithography. ¢ lhe sompesitionean thpehe viedy
i ne-and space pattern..  EXPLANAT] ON SYMBOLS ﬁ.

very aoppeientlydor prodpefiangtisemisopdugiarslevices whichase pxpected to
| ayer-form ng canposition covering a photoresist film

beco‘?eo% S‘i‘mnﬁﬁ“’gzeddﬁlﬂfeeﬁf‘rﬁy exposure to radiation,
conprising a resin dissolvable in a devel oper for the
photoresist filmand a solvent in which the resin is

BRIEF IAAEHONGE TR DRARA T 08 Domer 1 aver -form ng

8%2@9@ h §id DBro3E GRIiGh YidvPofd @&%’#es%ﬁﬁﬁ%'t he sol vent

not cause I ntermXxing o oresist film and
t he upper layer-formng conposition.

EXPLANATION OF SYMBOLS
1. Substrate

2. Pattern
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3. The upper |ayer-formng conposition according to
claim1l, wherein the solvent conprises a conpound
shown by the following formula (1), RI-ORZ (1)
wherein R and R2 individually represent a hydrocarbon
group having 1 to 8 carbon atonms or a hal ogenated
hydr ocar bon group. 4. The upper |ayer-form ng
conposi tion according te ghggym 1, wherein the sol vent
contai ns a hydrocarbon conpound having 7 to 11 carbon
atons. 5. The upper |ayer-form ng conposition
according to claim3 or 4, wherein the solvent is a
1. Matupper WybhroAniRempdsitien ewe@iﬁgla phtor&idt AMavbPfbrrhide
10 carbon atons. = 6. The upper [ayer-form ng
patterf O RREdsutOId radie@dr cBRiptising h kst dissoMdILinh ddvelohesfol the-
has at |east one recurring unit selected fromthe
photoggsBtfilng and i séliverg iwivhichahe rdsings diskdlsed, havi ng a group
shown by the following formula (2), (3), or (4), a
c avhereiy thegolvent, haardrismosity sfiledsahar HRp, 108Rh-ha208C wei ght
aver age nol ecul ar wei ght neasured by gel perneation

chr omat ography of 2,000 to 100,000, I I I R3-CR NH
cCOol 1| GH}&OG%“QSQy(QEQ wherein, in
2.t fae pppenkayer-formingeompepitien dcaeidigdaaldin 1; sieriethe salvent

hydr ogen atom an alkyl _group having 1 to 4 carbon
does ngit Gause 1FErmIXME 36 thephejoregst iy andvihegpper {ayenfosmingn
atons, in the fornmula (3), R5 represents a
compe§iRdt oal kyl group having 1 to 20 carbon atonms, and, in
the fornmula (4), R6 represents an organi c group having
a polar group. 7. The upper layer-form ng conposition

a ' i m.6 rt her risin t |Least one
T T I L
[ W%gg, i-d- r conponent which
compg%%gfggggggﬁaghl H@Qgggﬁgg%g%ggggﬁgo ragFation. 8. A
phot oresi st patterning nethod conprising a step of

RIF00-RY a piotoresist film

wherein R' and R? individually represent a hydrocarbon group having 1 to 8 carbon

atoms or a halogenated hydrocarbon group.

4. The upper layer-forming composition according to claim 1, wherein the solvent

contains a hydrocarbon compound having 7 to 11 carbon atoms.

5. The upper layer-forming composition according to claim 3 or 4, wherein the

solvent is a mixture with a monohydric alcohol solvent having 1 to 10 carbon atoms.
6. The upper layer-forming composition according to claim 1, wherein the resin

has at least one recurring unit selected from the group consisting of recurring units

having a group shown by the following formula (2), (3), or (4), a carboxyl group, and a
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by applying a photoresist conposition to a substrate,
a step of formng an upper layer filmon the
photoresist film and a step of formng a resi st
pattern by irradiating the photoresist filmand the
upper layer filmwth radiation using a liquid as a
medi um through a nmask having a specific pattern, and

| o ravi .
sulfo glf%Yl?, A3 at\)\lﬂ';‘?%}ﬁ I&%ﬁ%@ ﬁlb%ﬁ:%ll?f‘%@&'hpmem?&gﬂ)}no%él BerrRda8Bn

ormng an Uupper Tayer I's carried oUt "using
Cmbngpg?ﬁgggﬁggk@wgnggoqlng conposition according to
R_C—r  Nm t=0
o o=s=o Oe
ke

(2) (3) @

wherein, in the formula (2), R® and R* individually represent a hydrogen atom, an alkyl
group having 1 to 4 carbon atoms, or a fluoroalkyl group having 1 to 4 carbon atoms, in
the formula (3), R’ represents a fluoroalkyl group having 1 to 20 carbon atoms, and, in

the formula (4), RS represents an organic group having a polar group.

7. The upper layer-forming composition according to claim 6, further comprising
at least one component selected from the group consisting of an acid component and an

acid-generator component which generates an acid by being exposed to radiation.

8. A photoresist patterning method comprising a step of forming a photoresist film
by applying a photoresist composition to a substrate, a step of forming an upper layer
film on the photoresist film, and a step of forming a resist pattern by irradiating the
photoresist film and the upper layer film with radiation using a liquid as a medium
through a mask having a specific pattern, and developing the photoresist pattern,
wherein the step of forming an upper layer film is carried out using the upper

layer-forming composition according to claim 7.
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