; ede< i ~ 111 RESI ST PATTERN FORMATI ON METHOD i (300002 1 9 MAR 20p
Det ai @m@ﬂwg'ﬁmmm on of the Invention The present invention related 9 MAR 2002
resis ormati on nethod. More specifically, it relates to a

met hod of "9 ng a resist pattern free ftom a devel opnent defect by

mai nt 1%@@@@ @@Dunt of reduction in filmthickness after wet devel opnent
at ar rge val ye. Fh ggﬁ hem ly anplified
resi st . I nsitivi %?%Igfn%%@%@ﬁgﬂg h%rggﬁaﬁg?ﬁgbf unction of a
radi ati on *9®31 ti ve acid generating agent which generates an acid when
exposed to radiation (to be referred to as "exposure" hereinafter) as a
resi st suitaBeeailefdyPeSHRUPTIQN Q% rERe oLlBYCRBHPBL i on from a KrF exci nmer

| aser or the 15 |i ( rged . ; cLro TR A -ray

radi ati on such as g@ﬁcﬁ%%??%% rlglgi aE |1ﬁ?m§%€%§oﬁ§eﬁ1 gggg?& Btgz‘):%gfa S

chem cal Isy agprmbtednresthbdd.i tMbas dyseadi DAl EY, df rehattest oresietthod
pattern is changed in line width or T-shaped according to a post-exposure

20 del ay (to°belPEMénmed FEsast: pEbLteRy Ersgf f&PT RhAENSloPRentEetash
exposure to 1 : ; \Y/ ﬂﬁ&ﬂ?

vari ous chemaiéa yngén%ﬁlgfggglerée@?gﬁg%% a{égﬁ"gﬁg%?iﬁeﬁ’. nt % %?%%Sgti on
of devi ces, watl| ddwvedopmehdmiatald yrebhptivety Ladget vedusensitive resin 25
conposi tion which ri ses_a pol r gonsj stj of a hydroxystyrene-based
ecorring unit. o BBGeyES REPRTSEIVA SHPT LAY AR ot d St Hh0eR,

uni t fOrl(fedHéhBQt&'&@.tﬁﬁ'i@'ﬂnﬁ?ﬁﬂow}éﬁatB‘yaﬂﬂéoéétah.f?@hbn@uﬁ%\t@o%p@f%f t he
pol ymer after exposure (JP-A 7-209868) (the term "JP-A" 30 as used herein
means an "untRdiatd@np genssitad e aarhdsgeparahingppoenst wbich, gangrgtEs h a
reduction in_th Si ryl.e of vice. I | . qof -half .mcron or

| ess, attent F%ngﬁg@ l‘ﬂvgle@"rl{1 :)éa’t:?pao%eo@a&ﬁeﬁvg(g%%g%g% grg P%ergﬁgrﬂ@%gl |t33 é?rrspl ified
resi st 1 ~"bRRBoBlZe? tHeate ideamtap)rens defesistsyahtablanfoidesel opat
portion of a fine_pattern, a fallen pattern and changes inline wdth (to

be referred £8TadltdardiVsiediadied ettd  tHeReR nbFt eP¥CAMETpAEGEE @ by e
"differengesy ik, sohabPibatobdnl dudf\El BPEERBRMNKE ML URASEI- HPILiaR% 1 08 NCE
devel opnent defects greatly reduce device yield, needs for a chemcally
anpl i fied posiuchyveasr sdirathmtsensradvatiesin conposition free from such

devel opment defectg _have been arising..|lt is an objec th esent
i nvention to provi %3 Y f&oﬁ)é's%“%tsl)pea(ff%]r nt?of% i%ﬁélr%r%{;ﬁggy F?‘P,RS%%E-,‘%[ her
obj ect of theeprigIgntit RaSNbie@h PO ipIt@d @t thRithad Ofrelsalst Patadresiisd
pattern which is not changed in Iine width or T-shaped by PED, is free from
devel opnent gbPeges Bnd idcc¥iabh amparhapgdiaciRFd i FraREPPEESEKROSHFS 15
DOF) froja ghamlcaldy vrumlddd S poshtiye-padhahlon: §8RSLL)VEHESH s a
conposition. It I's still another object of the present invention to

time from exposure to a heat treatment. In recent years,

there have been proposed various chemically amplified
resists which can be applied in the production of devices,
including a chemically amplified radiation sensitive resin
25 composition which comprises a polymer consisting of a
hydroxystyrene-based recurring unit, a t-butyl
(meth)acrylate recurring unit and a recurring unit for
reducing the solubility in an aqueous-alkaline developer of
the polymer after exposure (JP-A 7-209868) (the term "JP-A"
30 as used herein means an "unexamined published Japanese patent
application™).
Along with a reduction in the design rule of a device
to a level of sub-half micron or less, attention has been

paid to a new problem for the chemically amplified resist



provide a nmethod of formng a resist pattern froma chemcally anmplified =~
positive radiation sensitive resin conposition 20 which has high 19 MAR 002
sensitivity to various types of radiation including far ultraviol et

radi ation froma KrF exciner |aser or the2like, charged beans such as

el ectron beans and Xray radiation such as synchrotron radiation (smnall

anount of exppsure ener 2 her obj ects and advant.ages. of the present
i'nvention wi Eﬁageggxgigg&pgnge%e%st ﬁéJc(ferblaisoﬁnnbmg’@é’(ﬁJiog}eldor?orA%%&o? gto
the present hnyenbi pattbirhst by FalilRnapave <3 eels M Rdvant adgee fidie
present invention are attained by a nethod of formng a resist pattern from
a cheni cal | y(80 keaferxpdds asvedevelophontsigkectve haxginabhposiaien,
wherein the filmthickness. an_unexposed rti.on of a yresist filmformed
From the cheRFeaRTCIr 1 Eteflator ) oy SRl e fb 8 P4 Rpar dRos
conposi tiopn akpesed®borEY6hoPMEBinSe HYJ1GpHih AdeFBLker gtdanlyalaed ore

wet devel opnent. ~~i~W;~ ~ ~ 3 Secondly, the above objects and
advant ages ofleVRAeepvdedist. infAdR i KO a2 echenitaddybpmplidiliedd Refs flokwe ng a
resist patte T :Gad | i fi Ltive radi at] ensitive
resin conpos%?\flér?fgm\ﬁ%er%%ﬁlnrglg@irveés’i%T@HlIé‘nglgggrgr%g&g}gf rfg%gt %tgogﬁesr%n“%%tl |y
anplified posetelepiditatiefectnshaveehbéeni Argarpgsi tion i s wet devel oped
at both a tenperature and a tinme enough to ensure that the thickness of an
unexposed portion &t LRe2PelPiectiPhn e STeRRN bR IpEN §2 PRVIde 00 A

smal | er fdan Lhats hefie Mets Sayel PPRERt end@, Thirdly, the above objects and

advant ages of the present 1nvention are attained by use of a resist film
which is forned fradr bs ehertiheal dpjeaplaf the pussanvdnveaditdonono gemsiide/e

Govel opmont - PsMEg5 Y, ofod o Ui T i fah PREFShBr Shehor SBhd shAnteds a
resist filmfigr 1fioemividth beSTSERYdELY PHIE Aleserle ERORNERR Wdnede

described in detail hereinunder. 20 The chemcally anplified positive
radi ati on sef¢€ifeiats vash doesnpedi tnpalgsbasils prefprasase (Fesolivnian,

prefera a it LS4 i i C i_.ns; acid
di ssoci gllb e ng)g‘[}Bq%lr# %o%%@#%%ﬁi %@%%Egﬁaagﬁggbggﬁkgﬁdﬁg eo\E)}gI oper
i ncreases al esegsdittilve hee glis soampd s Dhioh.25 the acid di ssoci able group with

an acid, and (B) a_radiatjon sensitive acid g}enerati n‘g?g]gent whi ch reacts

to various types ofttr&8iSt+oh AR P IeGt it FAGIRY LA PR AR a

KrF exciner bheRfidd aiftid&es £HahHRd £La58 st Usdt Bsrielreoh’ # e HRedEa 1 Bpd
X-ray radiation such as synchrotron radi ati on and 30 generates an aci d upon

exposure. (Apmpddifiietheosktive Aradhathenpsessitiviey @esiion agrdsition
I nsol ubl.g, or Rt gl 8P e J8h &P AIYEQUELALKRLLAS 49¥RORY radiation
including far ultraviolet radiation from a KrF excimer laser
or the like, charged beams such as electron beams and X-
' ray radiation such as synchrotron radiation (small amount
of exposure energy).
25 Other objects and advantages of the present invention
will become apparent from the following description.
According to the present invention, £irstly, the above
objects and advantages of the present invention are attained
by a method of forming a resist pattern from a chemically
30 amplified positive radiation sensitive resin composition,
wherein the £film thickness of an unexposed portion of a resist
£ilm formed £rom the chemically amplified positive radiation
sensitive resin composition after wet development is 100 to

400 A smaller than that before wet development.



~19 MAR 2002 4 is a resin which contains one or nore acid dissociablge = ..
groups and whose solubility in an aqueous-al kal i ne devel oper i ncreas g MAR L2
along with the dissociation of the acid dissociable group with an acid (to

be referred to as "acid dissociable 5 grodip-containing resin (A"
hereinafter). The acid dissociable group-containing resin (A) is a resin

whi ch s i nsol ubl ecgp o hgndl v ol ullegd A Awegus- ablal L oo deyel oper

itself and has suc% are a he -hydr'ogen at om o acidic

functional gpoepeht ivdidtdohenusadtkahedcoeVviné oREE EOFUbhenyesiresiaw ng
at | east one acidic functional group such as a phenolic hydroxyl group or
carboxyl groRdttesh Exsmplee chamigpileblsampkifiad pesétdper radighion esin
having at le ecur.rin | 1. .56l ect t he I st f
recurring unpehetEvEnFaei EoSa N FE) et et e P A gt P AN iR
substi tutzed byomt theashemfeadtiydaglpis@tedbpesdtive wadechtian bendiitsed at ed
in the presence of an acid, R' ~CH2~ C 20 '(1) ((RL ) n OOH In the formul a
( 1) , RL iseaiRycrBeefiiicom bF Rt RAvedrRas atoBoRD § Seqpeaiaigere & or

orvalent OfgBteE SROSIILY Mighl RLE RN RSt e e LR o
or nethyl grpoption~0¥ WAR Ze@8is% film after wet development is 100 to
400 A smaller than that before wet development.
10 Thirdly, the above objects and advantages of the
present invention are attained by use of a resist f£film which
i is formed from a chemically amplified positive radiation
sensitive resin composition and whose thickness of an
unexposed portion after wet development is 100 to 400 A
15 smaller than that before wet development as a resist film

for forming a resist pattern.

The present invention will be described in detail

hereinunder.

20 The chemically amplified positive radiation sensitive
resin composition used in the present invention is preferably
a composition comprising (A) a resin which contains an acid

| dissoclable group and whose solubility in an aqueous-

alkaline developer increases along with the dissociation of

25 the acid dissociable group with an acid, and (B) a radiation
sensitive acid generating agent which reacts to various types
of radiation including far ultraviolet radiation from a KrF
excimer laser or the like, charged beams such as electron
beams, and X-ray radiation such as synchrotron radiation and

30 generates an acid upon exposure.

(A)_Resin
The resin (A) in the present invention which is

insoluble or hardly soluble in an agueous-alkaline developer



OOHCH~CH~ ...(3) 500H1I0OHR4 ... RS ~~R6 In the formula ( 4 ) &

to Re are each independently a hydrogen atomor |inear or branched 3I y@ 2002
group having 1 to 4 carbon atons. 15 The acid dissociable group in the acid
di ssoci abl e group-containing resin (A) ista substituted nethyl group,
1-substituted ethyl group, 1-substituted propyl group, 1-branched al kyl
group, silyl;gr SR, ke 6ar |, O e | e
cyclic acid h?;ﬁ%%?;%gﬁﬂ¥%h8§oup l@éanp §§'§?9¥ﬁgg§ﬁggff?3¥égﬂ- yEOﬁB%roup
i ncl ude net haxgnehbygk godupilityhyin oeidsdugralipal ehbéodgwelbykergr oup,

Senyl h oreror gPaBa ThNIR (58 AN BhE ot ey GEpbeadb e
met hoxyphenagﬂ)ugrweh BRt Byh ahi eehsaafakesfeaptoaaget‘Q&i&h&ﬂegxhl%w

cycl opropyl net hyl group, benzyl group, diphenyl nmethyl group, triphenyl nethyl
gr oup, br dnobgneyp - gootipimniingo keszy @ﬁkﬁuhermimmﬁyeehzyl group,

nmet hyl t hi obenzyl ou et hoxybenz 30 rou t hyl t.hi obenz oy
pipe?onyl groug, ﬁg§9%é %b%??ﬁ%gh} SHch Pﬁ EﬁfPﬁbﬁ%VIJgﬁéhp,
n- propoxycar pegyhmphhxh grsomsdnm&wm@pywa&byg 9hOHA,

n- butoxycarbonylnethyl group, tbutoxycarbonyl nethyl group and the |iKke. y
; CA-Z aqueeusxaﬂ:iﬂaésn@r dtew@lppsammaemfe@nei ngls guohpai ﬁclruaéure
1-nethoxyeth neth t hi oet hyl o959y 1 1d|netho yet hyl roup,

et hoxyst hy Fhafol s nealRuRtnroefor grons Bt ccs s RIRd g

1, 1-di etllmoxy&qhasbugr aupcalinlaraéeamwetcrwlgwuQ;es];rrphawhfghaealéwét @rn@Jp,

1, 1d|phenoxyeth% group, 1-benzyl oxyethyl group, 1lbenzylthi oethyl group,

1- cycl opr opyReLfyr §P6G510Pﬁﬁe@HQ9ﬂnﬂuiﬂ(ﬂﬁ)alPHﬁ@?bﬁ@n?Y@Fﬁ?V g OEPHP
lnEthOXycaerPyEQEP$§K§{ %@ y'&ﬁhx Epﬁlﬂgllne

1- n- propoxycar bonyl e gro 1 i sopr opoxycar bony yl group,

1-n- butoxycadbvaybgehybogmmap résubuhexyaagbmngbasmybngrnapuamdn@hudﬂﬁ«a

Exanpl es of the 1-branched kyl group include i-pro roup, Sec: but yl
oroup, & but SPIGFERE LEOT ditetgR dpto S5 e L TERUERY PO G oup

1, 1-di metayl PH%Y‘ESQE’&%@ A drhe #d KeowEX@nPbARuDhst €) 1tsulpal)i tiwt ed propyl
group i nclude nmet hoxypropyl group, 1-ethoxypropyl group and the I|ike.
Exanpl es of sﬁbSiF,FLrtyutegir byt ddaste ome; ﬂrﬁﬂ-ﬁyqls'ﬁsyclgblgrwp which can

thyl di meth I t hyl silyl ,
B opy ai mobhy ARl YA o) @iPgotd S 0v! =111 oree

tri-i-propylsilyl group, t- utyldl hyl silyl group, nmethyl-di-t-butylsilyl
group, tri-t-butylsing\gL? P, gggrlnethylsilyl group, 25
met hyl di phenyl si | yl oup~tr pheny |yl group and the |ike. Exanples of
the germyg group include trijmethyl gernyl group, ethyl di methyl ger nyl

gr oup, net hyl di et hyl ger nyl gex triethyl gernyl group,

i - propyl di met hyl germyl gr p 0 nmet hyl - di -i,- pqqulgernyl group,
tri-i-propyl gernyl group, yIdlnethngernyI

group, net hyl -di -t - buty#% oup, tri-t-butylgernyl group,

phenyl di net hyl ger nyl | di phenyl gernyl group, triphenyl gernyl

roup and the |ike, 2002 anpl es of the al koxycarbonyl grou
|gncl Ede In the %ormula (1), %1( i a hydrogen atom ormet ylygro% P

25 R?’ is a halogen atom or monovalent organic group having 1 to

6 carbon atoms, and n is an integer of 0 to 3.
R3
CH
Né/ 29\

0" “ou

(2)
30

In the formula (2), R’ is a hydrogen atom or methyl

group.



met hoxycar bonyl group, ethoxycarbonyl group, i propoxycarbonyl group

t - but oxycar bonyl group and the |ike. Exanples of the acyl group inclﬂd%MARz082

acetyl group, 5 propionyl group, butyryl group, heptanoyl group, hexanoyl
group, valeryl group, pivaloyl group, iso¥valeryl group, |auryloyl group,
nyristoyl group, palmtoyl group, stearoyl group, oxalyl group, malonyl
group, succinyl group, glutarylogr , adi poyl group, piperoyl group,
suberoyl group, 10 azel aoyl grou sebacoyl group, acryl oyl group,
propi ol oyl group, nethacryl oyl grou crot onoyl group, ol eoyl group,

mal eoyl group, fumar group, ~Eﬁgoyl group, canphoroyl group, benzoyl
group, phthal oyl group, | al oyl_gr oup, terephthal oyl group, naphthoyl
group, toluoyl group, 15 hyjroatropoyl group, - atzppoyl group, cinnanoyl
group, furoyl group, thenoyl jgroup, nicotinoyl group, isonicotinoyl group,
p-t ol uenesul f onyl group, sypydroup and the like. Exanples of the cyclic
aci d di ssoci abl e group include cycl opropyl group, cyclopentyl group,

cycl ohexyl group, 20 cycl ohexenyl group, 4-nethoxycycl ohexyl group,

t etrahydropyranyl group, tetpghydrofuranyl group, tetrahydrothiopyranyl
group, tetrahydrothiofuranyl |group, 3-bronotetrahydropyranyl

group, 4- met hoxyt et r ahydr &g 2 qu , 4- et hoxyt et r ahydr ot hi opyr anyl
group, 3 25 tetrahydr * -1, -dijoxi de group and the |ike. Qut of

t hese aci d di ssoci abt™@ —RuTyTTgroup, Ifﬁéthoxynethyl group,

1- met hoxyget hyl group, - et pxyet hyR°gFoup, 1-cycl ohexyl oxyet hyl group,

1- et hoxypropyl group, 1-PBropoxy&®°’hyl group, trimethylsilyl group, t 30

but oxycar bonyl group, t-butoxycarbonyl nethyl group, tetrahydropyranyl group

and tetrahydrofuranyl _gro re _pref erged . sThe acid. dissoci abl e

gr oup- cont ai ni ng rgéiﬁgFA¥gﬁ§Vi 0 §3rnkafg?é%sﬁrﬁh$aﬁ8n& Hﬁﬂﬁqﬁ§%¥ﬁﬁﬁred
to as "ot her hydtogeMA\Rt2403r81mBaresr beaftnalit £1ky Dt dedud Nedyv 1§ oI &
havi ng an acidic functional group and nononers having an acid dissoci abl e
group. The ofhERTRAMoRE°MS a nonof unctional nonomer havi ng one
pol ynerigzabl e unsatyrated O9reWxddy gﬁﬁ &6y! £,0 a | wk I19RA!
nnnoner:ﬁgving at least two po ynef%za ﬁ%éun a?ﬁrg?gd Sgguggggﬁhﬁhe ©

nmol ecul e. || burstipatdond: asixaingy eseoin t &) nbsodusaubsbhdh tednmethylagnopmwne
pol yneri zabl e unsaturated. grqup. in the | ecul 0.be referred to as
"monof uncti o éls%ﬁmte%%t&lﬁafqre?‘)‘p 1g?|' ﬁBFﬁgé(té‘%:?FeF?E?p?ac P88 Bt yrene,
a-methyl stynemgaptthedd NELREXYSENIENEs 1 ¥Psagrbabed geamRaX yriotipaci ds and

alkoxycarbonyl group, acyl group and cyclic acid dissociable

20 group.

Examples of the substituted methyl group include
methoxymethyl group, methylthiomethyl group, ethoxymethyl
group, ethylthiomethyl group, methoxyethoxymethyl group,
benzyloxymethyl group, benzylthiomethyl group, phenacyl

25 group, bromophenacyl group, methoxyphenacyl group,
methylthiophenacyl group, oa-methylphenacyl group,
cyclopropylmethyl group, benzyl group, diphenylmethyl group,
triphenylmethyl group, bromobenzyl group, nitrobenzyl group,
methoxybenzyl group, methylthiobenzyl group, ethoxybenzyl

30 group, ethylthiobenzyl group, piperonyl group,
methoxycarbonylmethyl group, ethoxycarbonylmethyl group,
n-propoxycarbonylmethyl group, isopropoxycarbonylmethyl
group, n-butoxycarbonylmethyl group, t-
butoxycarbonylmethyl group and the like.



carboxylic anhydrides such as (neth)acrylic acid, naleic acid, fumaric
acid, crotonic acid, nesaconic acid, citraconic acid, itaconic acid,V rat¥ c-™
anhydride and nethyl 15 mal efic anhydride; esters such as nethyl esters,

ethyl esters, n-propyl esters, i-propyl eéters, n-butyl esters, i-butyl
esters, sec-butyl esters, t-butyl esters, n-anyl esters, 2-hydroxyethyl

esters. 2, 2- di ety dnby dLoKEPRARY ) Ssielionc DEREVL LR eBRoubodhontMe

esters, adamantyl este tricycl odecanyl esters and tetracyc
esters of the-mbbexyasaylr gredpcarlboneythyl tioidethyisatrouat,ed Hitriles such
as (neth)acralonitrile maleinnitrile, fumaronitrile, nesaconnitrile

ci traconni t r #HBEEROXYERBFAFTOP e 1 LAV S RYL SR dgekbydthioethyl
th | agj ] i . de, 4f i i de,
(meth) acry as'??réﬁp,_clr-%m%g%rlgﬁy%h%@%&'ﬁ, 13%%%3@?%%%3 .

citraconam de and itaconam unsSat ufated 1'm de

phenyl malsei ni dphenoggetihgtle gralupohdl splserchl Bisi¢ethipllalgirplupal doHol ;

vinyl anilineg, vinylpyridines, N-vinyl-Ecaprolacta N-vi nyl_pyrrol i done,
NV gl i dadbPReRRERE iy iR ol PR LIBY PEREL FRELE Mdof unct | onal
nononer s UHYbQﬁzyiﬁﬁiBEQﬁ?lorgﬂdh;ﬁ,dni)@}ﬁéﬁoﬁfroby\@!e@hy@b‘i‘ou%t 1of the above
nonof uncti onal nonomers, Styrene, p-nmethoxystyrene, isobornyl

(et h) acr yl aphenydeirhuily lgnove h)lackydipkenylethylodaoamyl 1(-net h) acryl ate

and 19 ~~=~ ~ ~~2 th)hacrylonitri]e e _preferred. .The content of
the recurri NS ERPEYSATBROTHS R TR | herbhErPEERPbEde i B o
I ess, mre plLehepabbyxieaibldiyiietiess deceg, oD-1i86ptopakyehrdbhyikahyl

recurring units 5 in the acid dissociable group-containing resin (A). The
pol yf unct i ondFoHBrofkeR ~RAHOHY AT arste tpl p8F9Heri 2abi-e unsat urated groups

in the nDIecthogkgagg&q?¥%¥ cﬁéﬁﬁﬁﬁéﬁﬁﬁyéﬂgcikﬁgql nmonomner” hereinafter)

out of the other nomer an ester of a conmpound 10 having
at | east two hydr okyxampilespst ithet hebnahebalealduchgasua jood g hi-pralpydhol

(et ) acry| | BR80Pd: SREAGAETST SF Bl ot | FEORP.| LAt LS SOIcHRF Hiehups
in the ny eCP!rSub){pifﬁléﬂhgib_@ﬁiy&pgiﬁbfub?si M 288mé ERYIbaCYY! §Eo8B £hd Ahel S
condensate of a conpound having at |east two am no groups

like.

Examples of the l-substituted propyl group include
l1-methoxypropyl group, l-ethoxypropyl group and the like.

Examples of the silyl group include trimethylsilyl

20 group, ethyldimethylsilyl group, methyldiethylsilyl group,
triethylsilyl group, i-propyldimethylsilyl dgroup,
methyl-di-i-propylsilyl group, tri-i-propylsilyl group,

i t-butyldimethylsilyl group, methyl-di-t-butylsilyl group,
tri-t-butylsilyl group, phenyldimethylsilyl group,

25 methyldiphenylsilyl group, triphenylsilyl group and the
like.

Examples of the germyl group include trimethylgermyl
group, ethyldimethylgermyl group, methyldiethylgermyl group,
triethylgermyl group, i-propyldimethylgermyl group,

30 methyl-di-i-propylgermyl group, tri-i-propylgermyl group,
t-butyldimethylgermyl group, methyl-di-t-butylgermyl group,
tri-t-butylgermyl group, phenyldimethylgermyl group,
methyldiphenylgermyl dgroup, triphenylgermyl dgroup and the
like.



in the nolecule and (nmeth)acrylic acid. Illustrative exanples of the‘ AR 2002
pol yfuncti onal nononer include ethylene glycol di(neth)acrylate, dietﬁbpene

gl ycol di(neth)acrylate, triethylene glycol di(neth)acrylate, propyl ene

gl ycol 20 di(neth)acrylate, dipropylene glycol di(nmeth)acrylate,

tripropylene glycol di(nmeth)acrylate, 1,4-butanediol di(neth)acrylate,

tri met hyl ol propan ' ) agr t e trinet L pr ne tri th)acryl ate,
pent aerythritol t??%ﬁégﬁkgc§§|ﬁb%,%&éﬁﬁﬁgaf 4? %Igfégﬁaf%%§ﬁ§gcrylate, 25
tri cycl odecanethoriyybandongil( atdumC reftadeycZrborly ey hylig, 5ihexanedi ol

di (meth)acrylate, N, N nethylenebis(neth)acryl am de, di(nmeth)acryl ates of
al kyl ene gl yRBPPPHEFRAFROMYEsYTOURPh BsPAhorKcaglaay lograus dihea Lijken

ethylene glycol andeDhaplgngle 2rdduch Wildisth REAML eOge Bhy CBlon

di epoxy(neth)acrylates such as an a spheno g yC|ByI et her

with a cdaupl propibnglhpaoup,i busird;l axbige hékean®yl gfotpeSRexanoyl
pol yfunctional nononers , ethylene glycol di(nmeth)acryl ate,
tricycl odecaBEgRet KRAGEYL SIOUINR BVIBL 9Bl (IFHRP h) hEPYRAGEYL group,

2,5 di et byl 3 2uBsheyanschal, dyy LB BY 20 8 © A A AOGUBLOT o8 Bisphono

A diglycidyl ethéer wt acrylic acid are partic d.

When a pol yf gnotiponaka hph@mrup smadedydsgtbep otduercinyb mooroerp Whilak agiynes

ot her recurringPunit an _appropriate, cross inking structure is introduced
r (

into the aci 8X8rBsoflARRY oo iR G G r FEPWP ( AFUPBTPEGUEE O Re

novabi | ity ohza1RekiNgEolpl, esebatoghayroubheheby 1awiki ggohb,pﬁﬁp%qo&q
suppress thernmal deformation to inprove heat 10 reSistance and the like.
When the cro95PRRki Mg tHacrtha igrauRiucErbyneik @obypuneleonil grouener

v DA L abiLity, : : | | i gh b
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group, thenoyl group, nicotinoyl group, isonicotinoyl group,
p-toluenesulfonyl group, mesyl group and the like.

Examples of the cyclic acid dissociable group include
cyclopropyl group, cyclopentyl group, cyclohexyl group,

20 cyclohexenyl group., 4-methoxycyclohexyl group,
tetrahydropyranyl group, tetrahydrofuranyl group,
tetrahydrothiopyranyl group, tetrahydrothiofuranyl group,

I 3-bromotetrahydropyranyl group, 4-methoxytetrahydropyranyl
group, 4-methoxytetrahydrothiopyranyl group, 3-

25 tetrahydrothiophene-1,1-dioxide group and the like.

Oout of these acid dissociable groups, t-butyl group,
l-methoxymethyl group, l-methoxyethyl group, l-ethoxyethyl
group, l-cyclohexyloxyethyl group, l-ethoxypropyl group,
l-propoxyethyl group, trimethylsilyl group, t-

30 butoxycarbonyl group, t-butoxycarbonylmethyl group,
tetrahydropyranyl group and tetrahydrofuranyl group are
preferred.

The acid dissociable group-containing resin (A) may

contain at least one monomer (to be referred to as "other
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4- acet oxyst ypehgdakye tI08BEehay i NP allimet Byl -3-hydroxypropyl esters,
benzyl esters, isobornyl esters, adamantyl esters,

20 tricyclodecanyl esters and tetracyclodecanyl esters of the
above unsaturated carboxylic acids; unsaturated nitriles
such as (meth)acrylonitrile, maleinnitrile, fumaronitrile,
mesaconnitrile, citraconnitrile and itaconnitrile;
unsaturated amides such as (meth)acrylamide, crotonamide,

25 maleinamide, fumaramide, mesaconamide, citraconamide and
itaconamide; unsaturated imides such as maleimide and N-
phenylmaleimide; unsaturated alcohols such as (meth)allyl
alcohol; wvinylanilines, vinylpyridines, N-vinyl-g-
caprolactam, N-vinylpyrrolidone, N-vinylimidazole, N-

30 vinylcarbazole and the like. These monofunctional monomers
may be used alone or in admixture of two or more.

Out of the above monofunctional monomers, styrene,
p-methoxystyrene, isobornyl (meth)acrylate, adamantyl

(meth)acrylate, tricyclodecanyl (meth)acrylate and
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000 to 100 ( noré pre nore pre eraefy 3,
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to |ower andSHETAVMASES e Thahl (BT BORCTEOALSI | PEPPYHeRISISIer tends
to | oweryo Theidld i@ )GMUMB e OF Myt %g.@%gug@hzgoava&m%tmla%@mté/vel ght in
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« 0, nore trimethylolpropane tri(meth)acrylate, pentaerythritol
tri(meth)acrylate, pentaerythritol tetra(meth)acrylate,
25 tricyclodecanedimethanol di(meth)acrylate, 2,5-dimethyl-
2,5-hexanediol di(meth)acrylate, N,N'-
methylenebis(meth)acrylamide, di(meth)acrylates of
alkylene glycol (derivatives) such as an an adduct of
bisphenol A with ethylene glycol and bisphenol A adduct with
30 propylene glycol, diepoxy(meth)acrylates such as an adduct
of a bisphenol A diglycidyl ether with a couple of
(meth)acrylic acid, and the like.
Out of these polyfunctional monomers, ethylene glycol

di(meth)acrylate, tricyclodecanedimethanol
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sal t COTIIIDOUnﬁle55ﬂﬁi:Hdeeba&(ﬂ‘thé)umldd).hembhl atNidiiBsslinking structure
introduced by the polyfunctional monomer has acid
dissociability, a reduction in molecular weight caused by
exposure becomes larger than in the case of a straight-chain
resin or when the crosslinking structure has no acid

15 dissociability, whereby a difference in the speed of
dissolution in a developer between an exposed portion and
an unexposed portion increases, thereby making it possible
to further improve resolution.

The content of the polymerization unit of the

20 polyfunctional monomer is preferably 10 mol% or less, more
preferably 5 mol% or less based on the total of all the
recurring units contained in the acid dissociable group-
containing resin (A).

The protecting ratio of the acid dissociable group

25 (ratio of the number of moles of the acid dissociable group
to the total number of moles of the acidic functional group
and the acid dissociable group in the acid dissociable
group-containing resin (A)) cannot be generally specified
according to the type of acid dissociable group and the type

30 of agqueous-alkalie soluble resin into which the acid
dissociable group is introduced but preferably 10 to 100 mol%,
more preferably 15 to 90 mol%. When the protecting ratio of
the acid dissoclable group into the acid dissociable

group-containing resin (A) is lower than 15 mol%, the
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cul fonat & CoRYRT St A TR SBF r DLAP ST RAPRRIRy PESHFonat o aryl
sul fonate or (igyi noawl 4oRMetoxystyrene and a monomer having an acid
dissociable group are polymerized together with a monomer
30 corresponding to the other recurring unit as the case may
be in the presence of a suitably selected radical
polymerization initiator by an appropriate method such as
bulk polymerization, solution polymerization, precipitation

polymerization, emulsion polymerization, suspension



Il'lustrative exanples of the sul fonate conpound include benzoin tosylate,
pyrogallol tristrifluoronmethane 5 sulfonate, pyrogall ol 1 9 AR 2002
tri snonaf | uor obut ane sul fonate, pyrogallol nethane trisulfonate,

ni trobenzyl -9, 10 di et hoxyant hr acene- 2- sulZonat e, a-net hyl ol benzoi n

tosyl ate, a-nethyl ol benzoi n octanesul fonate, anethyl ol benzoin

i fl : h i . | f d.th
ke, (1) subebimnet bedBahE ol PR s Bl R TR Er 8% o
/ 015 R9" ~dkPupScoRftained i The GurERid d¥bobymedi val g8l egtOYR1IFUCh as

an al kyl ene group, arylene group or al koxylene group, and RL is a
monoval ent 2BY@FOLBZ8tcAnEY Odn SA ALl Ypslpln aFie RFeEPRCRaPBganbaghst i t ut ed

al kyl group - ' I - ratl X f the
sul Foni'mi do SaEBLvag s AT AR ATE Y Eondtd Rt BrPahy Mg F APREBReE
(trifluomsomeabhyhsift theyhoxyiphtiwttivnel dYyddlp is substituted by an acid
(trifluoronethyl sul fonyl oxy)di phenyl nmaleimde, N (trif

| uor omet hyl s@L¥BAGEBRYPOBEPMPo[S3CH AR -GBSt BLyredr dbRyi nggaup or
N-(trifluoro l;OX M)

oxabicyclo[2fg‘gi.d.”aék'?-Stlf)l%:?)%?1 %éé%%giﬁicarboxyinide,
N(trifluoromé@hyl sl hongmexy hlavdiyg @n2.a2.il] b soe BBl S80group such as
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N- (p-toluenegyh {RBYL 9%¥)i0h or bulk-suspension polymerization, or living
anion polymerized, and a t-butyl group contained in the
obtained copolymer is selectively hydrolyzed and/or
solvolyzed in the presence of an acidic catalyst.

(e) An 4-acetoxystyrene is polymerized together with a

20 monomer corresponding to the other recurring unit as the case
may be in the presence of a suitably selected radical
polymerilzation initiator by an appropriate method such as
bulk polymerization, solution polymerization, precipitation
polymerization, emulsion polymerization, suspension

25 polymerization or bulk-suspension polymerization, and an
acetyl group contained in the obtained copolymer is
selectively hydrolyzed and/or solvolyzed in the presence of
a basic catalyst.

The weight average molecular weight in terms of

30 polystyrene (to be referred to as "Mw"” hereinafter) measured
by gel permeation chromatography (GPC) of the acid
dissociable group-containing resin (A) is as follows. Mw of
the acid dissociable group-containing resin (A) having no

crosslinking structure introduced by a polyfunctional
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di azonet hane, w of the acid dissociable group-containing resin (A)

1-cycl ohgxyl Filékrfi?%;ﬁ;b(&}vs]s'lq! qy! st byLeytionytiduazepebane, bis(1,1 15

di net hyl et hyl sul azonet hane,
bi s( 3, 3- di meplyyEunatiimisslp moajomes] dedprafiexr8biyl 3 p09D) th &nEIdtnamore

bi s(1, 4-di oxaspi.r o[ 4,5] decane-7-sul f | ) di azonet hane d e like. (6
d: :l(,ﬂ fony: %P%%#@I%ﬁﬁ)ogn&%&eﬁ"egéﬁt&? 00%/ "'It“ﬁ’ ﬂ’(ﬁ’rl‘eoﬂr(f\%n%ﬁtbfqtyr r?LIlBE)O( %‘2 O X
O R13- I S-C Soo,Hdod. #h¥nOvwheketAeRA3iandi RidciBy1BegkbapSad@t@ining

different and each a 25 nonoval ent linear or branched aliphatic hydrocarbon
group, cycl o&elgin dPdup.s akgas glerip, 3 aP 8P kythgr apsaitivatay ancghtegther

organi ¢ ggoup naving & Rt &r g.akam a%@da + PG 1o0BY B8a Liee FMF 1Y more
di fferent and each an aryl group, hydrogen atom nonoval ent |inear or
branched al i phain 500y d0OG at ive 3 Igymakpi D t yrofoa atesit s btilseap briganiowegr,oup

having a hetero atom wth the 1E)rovi SO ‘téggt at | east on X.and Y is an

] of
aryl group afgemeRy REANP YA e %nﬁ’l’é‘é? fgnegghaofiﬁgf—‘ﬁpgmp&tm fect.
nmonocyclic or polyewgiMiC o3t kuet abgahaws@ac@chbllgagko%edém&%tiufiaige&et;.qrm or
to forma group represented by the 1 9 MAR 2U0
(A) having a crosslinking structure introduced by a
25 polyfunctional monomer is generally 1.5 to 20.0, preferably

1.5 to 15.0.

B s e . or

The radiation sensitive acid generating agent (B) (to

30 Dbe referred to as "acid generating agent” hereinafter) used

in the present invention is a compound which generates an
acid when exposed to radiation.

The acid generating agent is an (1) onium salt, (2)

sulfone compound, (3) sulfonate compound, (4) sulfoneimide



19 followwng formula (8): X ~C~. . . (8 ~Y~ 5 wherein X and Y may be
the same or different, X' 's may be the same or different, Y " s mayq gemAtau2
sane or different, and X" s and Y " s are each a hydrogen atom hal ogen
atom al kyl group , cycloal kyl group , anywl group or aral kyl group , or X
and Y' bonded to the sanme carbon atomor different carbon 10 atons are
connected to each other to forma carbon nonocyclic structure with the
carbon at omsFOPREENEME\S hd 2BOTEENARS CARBONNALCHA 6)ntbgetfonydmeshene The
above acid gepgpahhRY agents may be used alone or in adm xture of two or
nmore. 15 In the present invention, the anbunt of the acid generation agent
Is preferably 0.1 Tdl@8tpattivebgxamepibs,offfthe acifleyeaidyaOing tayerh: paet s by
wei ght based o¢n 108 Rarts by wei ght of the acid dissociable

gr oup- cont ai ArKG™r 88r-AY(A) . 20 Acid Diffusion control Aaent Preferably,

the radiafiopigensphiv £83tNsGOAPQSI AhOoDohBniiR REESCNEuL RYRRLIOR LAY t her
contains an acid diffusion control agent having the function of controlling

such a phenopknephbhaumalsaddi,d derraratiwd $abin aammen flugeseiat omg 25 agent
by exposure is gisﬁgrsedﬁé% aresist filmand the function of suppressing
an unf avor abPETEAERER SAddction in an unexposed area. By using this acid

di ffusion control agefbtrath@eSteXanicd ¥ ey Oidn COAPOSELRPBuARD the
resolution of a resist 30 can be inproved and changes in the ITne w dth of

a resi st patiaechudgudds (By toydiviatienisl ) Fo@Emiean be suppressed, thereby
Ki It LRl ' |1 ility. Th id
maki ng I4t, poﬁ?hQFﬁu%%o%%&%h%s &%ng ye,'§fé(gf€%$§€¥3éggh¥gsXodonﬁu%?'

di ffusion control "agent i's prefera a
trifluoromethanesulfonate, bis(4-t-butylphenyl)iodonium

/ pyrenesulfonate, bis(4-t-butylphenyl)iodonium
dodecylbenzenesulfonate, bis(4-t-butylphenyl)iodonium p-
toluenesulfonate, bis(4-t-butylphenyl)iodonium

15 benzenesulfonate, bis(4-t-butylphenyl)iodonium 10-
camphorsulfonate, bis(4-t-butylphenyl)iodonium
octanesulfonate, bis(4-t-butylphenyl)iodonium 2-
trifluoromethylbenzenesulfonate, diphenyl iodonium
nonafluorobutanesulfonate, diphenyl iodonium

20 trifluoromethanesulfonate, diphenyl iodonium
pyrenesulfonate, diphenyl iodonium dodecylbezenesulfonate,
diphenyl iodonium p-toluenesulfonate, diphenyl jiodonium
benzenesulfonate, diphenyl iodonium 10-camphorsulfonate,
diphenyl iodonium octanesulfonate, diphenyl iodonium 2-

25 trifluoromethylbenzenesulfonate, triphenylsulfonium
nonafluorobutanesulfonate, triphenylsulfonium
trifluoromethanesulfonate, triphenylsulfonium
pyrenesulfonate, triphenylsulfonium
dodecylbenzenesulfonate, triphenylsulfonium p-

30 toluenesulfonate, triphenylsulfonium benzenesulfonate,
triphenylsulfonium l10-camphorsulfonate, triphenylsulfonium
octanesulfonate, triphenylsulfonium 2-
trifluoromethylbenzenesulfonate, triphenylsulfonium

hexafluoroantimonate, triphenylsulfonium



ni t rogen-cont ai ni ng organi ¢ conpound whose basicity is not changed by
exposure or a heat treatnent in the formati on process of a resist pgt QA% 202
The nitrogen-contai ning organi c conpound is a conpound 5 represente y the
following formula (9): Ris RI5-N -Rl~ . 13, ( 9 ) wherein R's, Rs and Rl'
may be the sanme or different and each a hydrogen atom al kyl group, aryl
group or ar hy,dr. t . ' a
functi onal 3#%%%tgégﬁﬂgég%@ﬁ€§§%yytbggupg'%%éﬁ%é§¥é§2?§§§§%gﬁg%%ﬂiﬁm

"ni trogen- convaafingrobmaned ullfohdter eicraft er), di am no conpound havi ng
two nitrogen atons in ihe,nnlecule (to be referred to as

"ni t r ogen- coREEY HPRENE SnpdRhe nEitSul LoR N kg beeyomeghaneagliorgier

havi ng three4QE7HBE?lBhEh9§e§%?HEH§ﬁé&ié&hf&ﬁfﬁgf%héQ 2Bonate, 4-t-

"ni trogen-contai ning conpdun ['1T)" hereinafter), anlée gr oup- cont ai ni ng
conpound,5 ureatgdpheond  diphienrydgen-foniium dode delizenzgoeésolfonpaend.

monoal kol am Ach BRERLaBeRve ShekiatRaE Sl O o Fe1 SRRBeR] Fahake. "4
n-nonyl am net aﬂdtﬁ}iﬁﬁﬁhkimd&?ihéﬂﬁjskﬂﬁﬂﬂﬁﬁ seeheRssdi£8nhYkY ! @amicne,

di - n-pentyl am ne, di-n-hexyl am ne, di-n-heptylam ne, di-n-octylam ne,
di n- nonyl am het#hghanyd- déepleayilsarl forijaikyl Grearpheyshlonase, 4-t-

triethylamn tri-n-propylamne, tri-n-butylam ne rin:pentyl am ne,
trion hexyl aprhetbpARY A ResR R s ol e STAR WA E O AR BR HE Gl ani ne and
tri-n-daayl apu8glpaecafatl-idd phdni@sSlEdhiagm and | i ne, N-net hyl ani | i ne,

N, Ndi met hyl aniline, 2-nmethylaniline, 3-nethyl,aniline, 4 30 nethylaniline,
4-ni troani | i AELEdPpRERGILAYI RN za0 g HEH AR $1e 4nb- 1- napht hyl anmi ne; and the

bike. Il1ust ' l.es Efq,f:l ' rpﬂﬁﬂ'{joﬂt i O

i ncl ude ethyPg%gﬁggﬁéﬁg? N, N, '%ﬁ¥%{¥$%net yl et €*£%e ?gﬁgﬁggHQfghgke,

N, N, N , N -t etrakbat2xyphedhyWAR iZOGEh s ulfvmikym opyl ) et hyl enedi am ne,

t et ramet hyl enedi agi ne, . hexanet hyl enedi anj ne, 4, 4' - di am nodi phenyl net hane,
44 G o hodPBRR A OE PR SHF o LA Sonkn bphenone.

4, 4' di animnodppherybaenia. - d phedy It A58 N@RheWb1 REARNEE0Ra%e, 4-t-

(3-am nophenyl ) - 2- (4- am_nophenyl ) pr opane,
2-(4aninophegyﬁpxyppgnw9dA;Qhﬁnyﬂgg @phi#e benzenesulfonate, 4-t-

2- (4am nophe = 2-¢4- hydr : - —t-
b L LRI e

, 3- bi s[ 1- o - 131 evetands ohhke., t-
Il'lustrative exanpl es of the nitrogen-containing compound (I11) include
pol yners sucRU&8¥ préﬁﬁwQ%ﬂggqﬁ¥é§lfﬁﬂ§¥WI%Tanine and di met hyl am noet hyl
acrylamge. ki ¥subdlone® ¥ fsndulfien P& deg gr oup- cont ai ni ng conpound

i nclude formam de, N-nethylformam de, N, N 15 di net hyl f or mam de, acetam de,
N- met hyl acet &¥dgexyRheaivitetdinharst ket Heon pum pirdddmoromeidiangs Wefonate ,

pyrrolidone, ,N rrQld. i [I'lustrative exanples of the
urea conpouné P§§#§§ ufgﬁb'2gqﬁvgﬁ£%%?fi%é¥§$nethylurea, 1, 3-di met hyl ur ea,
1,1, 3, 320 t ehovasEludnobes;anleS1 Xk qaiety| udea, tri butyl t hi ourea andthe |ike
Il'lustrative_exanples of the nitrogen-containing ' heterocyclic conpound

i ncl ude i ni dB¥OFOXYRRERYAS GiRRpmb} 20 L HRmb i HégSFE?nﬁ-SH%FH\FPitﬁi'déz'ol e,

2- p_he_ny|i’§”zh%%%&'p%e%ﬁla’&.ﬁiéﬁ]m&%ﬂf@rﬂ%éﬂ‘z@ﬂéghﬁfpﬁ}ﬁﬂe@' nes such as
pyridine, 2-nmethylpyridine, 4-nmethyl pyridine, 2-ethylpyridine,

4et hyl pyri di hydraxqyipdenydyrdidheny Uspheoyipyr i 8- aepphorsulfonate, 4-

Net hyl - 4- phenyl pyridine,. nicatine nigcotinic acid nicotinic agcid amde,
QU ol i me. " SRR RAe: TR L pb Lty p8E aResByERRadRe, A1 dari ne,
qui noxal i ne, hRATHRSPHBAHY IO d Hhéhy DéREF AL AR, 2001 phol i ne,

4met hyl nor phol'i ne, pi perazi ne, 1, 4-di nethyl pi perazi ne,

1, 4- di azabi cyeiglnoromesdivenarne $iel forateandothendikBove

ni trogen- contai.nin r.gani c_c~~npoynds 19 2002 _22

ni t rogen ont(éi)ni ngugg &Jﬁ@é“%?nd;rﬁf?#t?’%g%nﬁ %@%%ﬁﬁfﬂa"‘ﬁet BF ocyclic

conpounds ar g rRfRIITRAF AL &F dheinkbr eempoaant heiregrconpounds (1),

trial kylamnes are particularly preferred and, out of the )

ni t rogen- cont ai ni ngllustrative examples of the sulfone compound include
phenacylphenylsulfone, mesitylphenacylsulfone,

bis(phenylsulfonyl)methane and 4-trisphenacylsulfone.



5 heterocyclic conpounds, pyridines are particularly preferred. The above
acid diffusion control agents nmay be used alone or in adm xture of #HwpMpR 202
nore. The anount of the acid diffusion control agent is 10 preferably 15
parts or less by weight , nore preferabl 60 . 001 to 10 parts by weight,

the nost preferably 0.005 to 5 parts by weight based on 100 parts by wei ght
of the acid dissoc up- i Ni | e unt of the
aci d diffusig%§con%€g#gggg%teﬁggpgﬁgeFﬂgﬁg%&a%ué§%¥§y%ygﬂéfgﬂggg15 t he

phot ospeed ohasonekiyit stdfosfitld, tarylecyustovats dheidenekap@bnhkitky of an
exposed portion can_terribly be spoilt . Wien the anount is smaller than

0.001 part by wei ght1UEhEapaleefasPdSS ffd e FeEirRAte FeBPUNdan be
det eri or at ed; S ractdl c i 14 ; ptives
Theradi at i oiosager YRR ccR3 eI SRl Dot £ 1 IBE oSk e
conpri se 5a ssuflfiohank , wpiyelo gads dlhet fimodnaflwbrobpt anenguliienasatabi l ity
and striation of a_25_conposition and the develoggbility of a resist.

|11 ustrati vePEX9APLLS LoMmethane TG HEOR M udRi HEPYBRFELNY L dAe | auryl

et her, polyo ryl_ _ethe yet I .her,
poIyoxyethylé%gkg§%§ﬁgﬁéﬁgééﬁ %Tg%k#§%§§%tH%Fé%gﬂﬁéﬁ;ﬁ%hgﬁg et her

pol yet hyl enet38ygkyeql odinestinydticel, beand ytxt hyd eamee ghyEohadest @arat e and t he

| i ke. Commercial products of the surfactant include F Top EF301, EF303 and
EF352 ( TokenPFBddGOL-Oeazo1in |trgf Juorqpetnane FAYhEaRate17% - ( Dai ni ppon I nk
and Cheniccal fiethg ollbehlzoiddAJoeA3 ANbetded 4gnthenpigM. Limted) , Asahi
GQuard AGr10 and 1 i ~~pi ~ ~J~2. 23 Surflon S 382, SC101, SC102, SC103,
SC104, SC105(4nd sewdéopABide compeupsl repnepented KpB4the Splhowisg

Chem cal Co. ¢, E&Qa ) 5y .Pol yflow No. 75 and No. 95 (Kyoei sha Kagaku Co.,
Ltd.) and the ke é fﬁe anount of the surfactant is generally 2 parts or
| ess by wei ght based on }00 parts by weight of the acid dissociable
group-containing resin (A). The radiation sensitive resin conposition of
the present invention Pﬁ@\ﬁgrther conprise a sensitizes that 10 absorbs
radi ati gns energy and ghf ans ﬁs_éhﬁékngﬁgy to thecgeid generating agent,
which would finally resQIt fn an ig@rease in the anmount of inducing acid
fromacid generating age and lead a shift of the photospeed to the faster
side. Preferred exanpl esCof the sensitizes include 15 benzophenones, Rose
Bengal es, anthracenes and the |like. The anmount of the sensitizes is
general |y 50whattinoR’l essabgivainght: ased euctDApadd salyyvenghyrofipt he
aci d dissociabl e group-containing resn (A). The latent inmage of an_exposed
portion can BEYYHEEGaGTLS® 2F METHE IR | FeR: Anthak at L8n2alopA¥adent of

exposur & ¢an qhe 3l L eyh sl i) endbng , 8. Aye 2o Bl 9GEAL sapd cadigsion to

a substrate Can be further inproved by blending an adheSive aid. A halation
preventi ng agéhlylsgaiousds of hadragen 43\ @3s bt hyed cary togepuphape i nprovi ng

agent, storage stabilizer, .anti-foam.ng agent. as of her,h additives may al so
be bl ended. The raE;LLaLPiS%ﬁ:agé‘lYﬁ tel’i?é"prjeegﬁ noqlgo %s?‘f#%?\nb‘f‘l ReC3BPBFESent
invention isipcapdect- (i doarsnefnyl selsbhpPhoky) Hactohiiy adi, sxel vi ng the
conposition in a solvent to ensure that the total solids content should

becone 1 to 3GTMEduoFosTehablSHI5F QY Lkoxvd BhWpehinides Nsed and filtering
the res in leyt j i | e dhanptar of;,. 1 9 MAR
Q02 24%% ou?tg%fﬂﬁgyﬁngﬂg#%g%%éﬁi&%ﬁ%?ggpg?R?%emg%?gg%?edsgd to prepare
t he above corfaesiftliuonr osre tuty I 1 fur yidexe) bydépoko fRy20l 1 hepaalbkghneet her

acetates such 35 SLILene AVES! RPOIPENG - SngtRslo308b 8L Soughy.one
oxabicyclo[2.2.1]hept-5-ene-2,3-dicarboxyimide, N-
(trifluoromethylsulfonyloxy)bicyclo[2.2.1]heptan-5,6-
30 0xy-2,3-dicarboxyimide, N-
(trifluoromethylsulfonyloxy)naphthylimide, N-(10-
camphorsulfonyloxy)succinimide, N-(10-

camphorsulfonyloxy)phthalimide, N-(10-
camphorsulfonyloxy)diphenyl maleimide, N-(10-



et hyl ene gl ycol nono-n-propyl ether acetate and ethyl ene gl ycol

nono- n- butyl ether acetate; propylene glycol nonoal kyl ethers such 359 MAR .
propyl ene gl ycol nononethyl ether, propylene glycol nonoethyl ether,

propyl ene glycol nono 10 n-propyl ene et her and propyl ene gl ycol

nono- n-butyl ether; propyl glycol dialkyl ethers such as propyl ene glycol r

di net hyl et her ro ne_ql ycql .dieth et h opyl ene_gl.ycol

di -n-propyl SFAR °5E§&SPBB3P§W§Hﬁ%X§ﬁ3iﬁ=%=§L¢?§£éghﬁP?'ar pyl ene gl ycol
nonoal kyl et@féa@ﬁ@k?&ﬂ&déqch—qqdU%éﬁﬁﬁb%éﬁEE&%yQQkyWDWOWEthyl et her
acetate, propylene glycol nonoethyl ether acetate, propylene glycol

mono- n- pr opypxabhevcaeélale ldiepir-dmenere2 gb ydbtanbasy ambdey| Net(ér-
acetate; |lactates such_as t hyl .l act.at thyl lactate, n-prqgpyl l|actate
and - pr opyl RbBTeE ST £PR TR eAs A R Tl Ve RN B CE R 8RR s e
i-anyl for mgecaebbxlyingaeat &-T-10-Gukplases@l fohy P6RPYhapaehgtiamidait vl

acetate, i-butyl acetate, n-anyl acetate, i-anyl acetate, i-propyl
propi onat e, N=bgtyplﬁﬁaﬁﬁﬁdéﬁ@x%ﬁ¥yl&ﬂﬁ§4nkmg%@on@téP'other esters such as

et hyl hydrox¥g§ﬁ§ﬁ%gul%%?ﬁhoéﬁﬂﬁﬁﬁﬁé¥jﬁn§§eneﬁbgﬁpropionate, met hyl

2- hydr oxy- 3- ne utyra oxyacet at et hyl et hoxyacetate,

met hyl 3met hesypeapisal&oay 1o dibeEi PDXxypl ©pmdaat eN- ipt-hyl

3et hoxypropi onate, ethyl 3-ethoxypropionate, 3-nethoxybutyl acetate,
3-nethy|-3-nﬁ?HH%?S&P}ﬁQ&&%ﬁﬂﬁib¥¥Yﬁ%%9¥=%-%bhﬁBFh5X989réh3propionate,

3- et hyly-o3- gt st yrat e, _ .nethyl acetoacetate,
nmet hyl B§EUU§%EQ§%§§§¥E§I%Byfﬁdg%ggggg%#%?ggfﬁgggggg?bgns such as tol uene
and xyl ene; kebbieyclodl .@s lididpt - Btdryd - XeB odbcaneoRyimpdepy N-Ket-one,

met hyl butyl

4- hept anone EE hggéﬁgﬁ'E%%ﬁ%%%%%ﬁ%ﬁéf@t@ﬂggilRﬁg%ﬁgrg@?ﬁéggéggé-

N, N- di met hyl §e caRBosts.i mitaest (%Qeﬁ@mgﬁesMﬁbﬂ?Mﬁk?YﬁéﬁﬁEﬁ@lﬁﬂli@&
N-met hyl pyrrolidone; |actones such as ~r-butyrolactone; and the like. 5
These sol venls (Raf & lyoa@msa thiel RN 7 on@ewe o1y £0¥Y ) ewecodnimdde. Mo form a

U ot ; el e ) i foth
b esent Lot cE T EHRE A h FEIS00 Kong ol T bR AATRRTIEL PR VaS TE o
coated on a swhftlustremattly ez aiescDfonpl exy pdiphanfiar madetiod ds,t N-

al um num by suitabl e coatinq¥neans such as rotati?n coatiEg, cast coati ng,
[ n

rol 1 coati ng {&r HEHE TGOREMEF o R 22 S REF UL EPRY HPHKY BHCY S LPRén 2 - L 1hept-
5-ene-2,3-dicarboxyimide, N-(2-

trifluoromethylbenzenesulfonyloxy)-7-

20 oxabicyclo[2.2.1l]hept-5-ene-2,3-dicarboxyimide, N-(2-
trifluoromethylbenzenesulfonyloxy)bicyclo[2.2.1l]heptan-
5,6-0xy-2,3-dicarboxyimide, N-(2-
trifluoromethylbenzenesulfonyloxy)naphthylimide, N-
(nonafluorobutylsulfonyloxy)succinimide, N-

25 (nonafluorobutylsulfonyloxy)phthalimide, N-
(nonafluorobutylsulfonyloxy)diphenyl maleimide, N-
(nonafluorobutylsulfonyloxy)bicyclo[2.2.1]hept-5-ene-
2,3-dicarboxyimide, N-(nonafluorobutylsulfonyloxy)-7-
oxabicyclo{2.2.1]hept-5-ene-2,3-dicarboxyimide, N-

30 (nonafluorobutylsulfonyloxy)bicyclo[2.2.1]lheptan-5,6-
0Xy-2,3-dicarboxyimide and N-
(nonafluorobutylsulfonyloxy)naphthylimide.

(5) diazomethane compound represented by the following

formula (6):



15 prebaked at a tenperature of 70 to 160 C as the case may be and exposed
t hrough a predeterm ned mask pattern. The radi ation used herein is sul ﬂd{!ﬂ%/m"’
selected fromfar ultraviolet radiation froman ArF excinmer |aser

(wavel ength of 193 nm or KrF excinmer |ager (wavelength of 248 nm , X-ray
20 radi ation such as synchrotron radi ati on and charged beans such as

el ectron beans according tp tRe type of acid generating agent . Exposure
condi tions such as the angunt |bf exposure are suitably selected according
to the conposition ofRthe S-adCatiSon—BEnsitive,r §i n conposition and the
types 25 of additives. Tolfforma lhighly accuragg fine pattern stably in the
present invention, postba@ ng is(breferably carried out at a tenperature of
70 to 160C faqor 30.secands .or,.ytore after. exposure,. t he, temgerat ure of
post baki ng aft®F€&Rp suF@dBéi:Qq%) $ tha %TFcfrd¥$§€?5ﬁBEsa §8ﬁ§iﬁivity
accordi ng tqnéxh@vayeﬁtograu@stsﬁ@he d@hér&ﬁﬁﬂl_af@ﬁdpaf eyl heupxposed
resist filmis devel oped with an aqueous-al kal i ne devel oper at a sufficient
t enper at ur e hatogeusfipgitdfuteidnel ky drgeqepyzhaloges -50b€ tidutd@ ayy200
1~ ~pR ,~3~2rg§ seconds, preferably at 15 to 30C for 30 to 100 seconds,
particularlygpre?érably at 20 to 25C for 30 to 90 seconds to forma
predeterm ned resiBllpatitaeivel bRamplleedeiferiid el sramethahe r €drpbuiff I n
filmthickness gto be defined 5 hereinafter). The_above aqueous-al kal i ne
devel oper i singbpdexhis&ridduanemethy LhiierenepRapared by

di ssol vijpg aﬂi§¥§9%?8§e§9EB% %%d?fﬁhfﬁ%éﬁhfﬁ#ﬁ%i met al hydroxi de ( ammoni a

wat er, nono-, d ri=al kyl am™ne, nono-, or tri 10 al kanol am ne,
het er ocycl i chbasi ppenyésnadiohyl )ararumaterds oxbte(pehol i ne,
1, 5-di azabj c 4,3.0]-5-nonene to a

concent rat ohosReRepy L Eo AL St apeBihiaie. TS GREL S LEChELTbr bular Ty
preferably 1¢$9udn¥kulfonyl diazomethane, l-cyclohexylsulfonyl-1-
(1,1l-dimethylethylsulfonyl)diazomethane, bis(1,1-

15 dimethylethylsulfonyl)diazomethane, bis(3,3-dimethyl-
1,5-dioxaspiro[5,5]dodecane-8-sulfonyl)diazomethane,
bis(1l,4-dioxaspiro[4,5]decane-7-sulfonyl)diazomethane and
the like.

(6) disulfonylmethane compound represented by the

20 following formula (7):

(0] X O
R”—ls'—<|: —g —R*™

| R
' O Y O

*(7)
wherein R' and R'* may be the same or different and each a

25 monovalent linear or branched aliphatic hydrocarbon group,
cycloalkyl group, aryl group, aralkyl group or monovalent
other organic group having a hetero atom, and X and Y may
be the same or different and each an aryl group, hydrogen
atom, monovalent linear or branched aliphatic hydrocarbon

30 group or monovalent other organic group having a hetero atom,
with the proviso that at least one of X and Y is an aryl group
and that X and Y are connected to each other to form a

monocyclic or polycyclic structure having at least one

unsaturated bond or to form a group represented by the



15 The devel oper which is an al kal i ne agueous solution nmay contain a

wat er - sol ubl e organi ¢ sol vent such as methanol or ethanol, and a suBfMiR aWe
in a suitable amount. Wen an al kal i ne aqueous solution is used as the
devel oper, the filmis generally rinsed WPth water after 20 devel opnent. A
technique for making large a difference in solubility in a devel oper

bet ween an q@fffoggﬁgp%rtio aqﬁgqn exposed portion of a resist has been

general ly enp oy% |ﬁﬁpgvg t ‘resolution of a resist. Therefore, the

filmthickness 25 of ap.unexposed portion is generally reduced by |ess than
100 ~ (corresponding to di fference between the filmthickness of an
unexposed portion beforedevel opnment and the*fi{8M thi ckness of the
unexposed portion afteg?devel opment, to be referred to as "anount of
reduction in filmthickness" ) 30 with the devel oper. Unlike the nethod of
the prios arwheraihhk’' neh@ogl’ afiay ee es evdmd e diifderenty,eX'Sls palyt 8en i s
formed such that the filmthickness of an unexposed portion after

devel opnent FRer &@BEe@TbifFeTea 40 'A S ;RIY habtle 29eme coBodiLfereRitnner

~OMAR- 27 angy SRl | 61 ha” 9Mche Lo Lam dihi £1oees, oL e NeiROSEHPEE bron

bef ore devel opnent. Surprisingly, as been ear that~a resi st
pattern havi agkyérgrbdew, deyel ophkepl gedept safXybrgmxgmplrearaQ®yadr gress,

devel opnment defects, preferably 5 10 or | ess devel opnent, defects per wafer
(ar ea of - abobit Xr5ouEnb) BoRied FakuisysRup et b4 AAFOR OF AW ALGRESH PBEPPHg ¢ ne
amount Qfp  egdeshkOiré BdriddBidd EbNEaEnIPLR & tRDPY LM ARAS LRV hBRoBHENGE Of
the present invention, it is inportant to control the conposition of the 10

chem cal | y agprutitugepwdithi ther adirhonontomisilt ithatr ébey are bonded to,

! and n is an integer of 2 to 10.

The above acid generating agents may be used alone or
in admixture of two or more.
15 In the present invention, the amount of the acid
generation agent is preferably 0.1 to 20 parts by weight,
more preferably 0.5 to 15 parts by weight based on 100 parts

by weight of the acid dissociable group-containing resin (A).

20 Acid Diffusjon control Agent
Preferably, the radiation sensitive resin composition
in the present invention further contains an acid diffusion
control agent having the function of controlling such a
phenomenon that an acid generated from an acid generating
25 agent by exposure is dispersed in a resist £ilm and the
function of suppressing an unfavorable chemical reaction in
an unexposed area.
By using this acid diffusion control agent, the storage
stability of a composition and the resolution of a resist
30 can be improved and changes in the line width of a resist
pattern caused by fluctuations in PED can be suppressed,
thereby making it possible to obtain very excellent process
stability.

The acid diffusion control agent is preferably a



conposition used. ' The anount of reduction in filmthickness changes
according to the devel opment tenperature, devel opnent time, bakingt 9 MaR 2002
tenperature after coating and the like. It has been 15 found that as the
devel opnent tenperature becones higher, the devel opnent tine becones | onger
and the baking tenperature after coating becones |ower, the anmount of
reduction in fjl mthickness i.ncreases., Therefore he net hod of the present
[ nvent i on sHBHFEOBEAGAABT S0 %S T8 S3d-rs PRI ST BTG e 18 not
conposition @hah§ear 8¢ a8kpBRuTRNYL I/ hdLSI Ar&EQPRMORLL EANLhR ¢RRSAer&f i on
of these factors which influence the amount of reduction in filmthickness.
For exanpl e,puweasshefdevakeshsgntpateigpmarat ure and t he devel opnent tine are
conditions for redycing.the 25 amount of reductjon in filmthickness,
Composi +1on whi ch 8 dRdeGar- CIRE Shobhe SHOTLLECerGe nd Fh I EOREONMS s
becomes el akéypb¥ehdbae bghemled oA Usethd Orsdhala @ofkxed anount of _
reduction in filmthickness. Wen the baking tenperature after coating is

| ow to increase the amount®®'df reduction in 30 filmthickness , conposition
that ensures that th aanQpL_Rﬁ reduction in.filgm thi ckness becomnes
relatively small should be used to attain a fixed anount of reduction in

filmthicknegerdhf REGtRIsanhi RY gagabé yehefdaencn: die rrant £d eakl® MAC
2U02 28 reduction in filmthickness in the radiation sensitive resin
conposi ti on #nRYdgegepoptemamléyl HEEPHdt REY hgIFauP 00bf aaalkdild group

di ssoci e [ r.asi ) §Q% ViP&; &y ; radigf i on
sensiti \6/153lbl ac?{éﬂggﬁe%%é] g%gg%np?gén%e t sfatlfg’ﬁe. Ib?n%gs% Cgc];lré]{r%{'/ al éﬁ’tthat
t he anount o$uckdast rohydroxyl mrcumknelss bendsféorbédcoorassnual | er as the

protecting ratio of the acid di ssociable group,rises.,and that the
Pel'ati onshi p’ BELRRERNCRANGELAING FOBRVIRC: | by r AFFELARGtERAngSL ATH-The

anount of regdgmpbAd Rakiin® thiCkRNasoden ahhdRs 1R theembiebh1Bag +2) H been
found that an oniumsalt exerts a greater influence upon the anount of

reducti on i nreferredt kiocsesfitiragen teontatning oronpaundi v&Iaci d

generat i a at . r ron jn fi i ckness can be
reduced]gg iﬁ%?égE?%ge%né g%%ﬁﬁﬁgggggxgégiﬁggghgrgk#%%(%%H%%%hﬁ&tigéﬁ¥3ing
to the preseatomsvénbi e, referamiinio s ratiictogent dohtaimihgckpapsunst
controlled to_a_range of 100 to 400 ~, preferably 200 to 400 ~ by changi ng

A A . P ANy,
the conposit{&h1df BRECIBALALTIn 88AEF PYEUPSSOR \edMIdS CPEROUR Do urea
consi derati opo@ ohhgs%rf%ﬁ&@@?éﬂ”é&hﬁéﬁﬂﬂﬁﬁcﬁengoé 8Y ¢caBBHBbua

reduction in filfmthickness. According to the present invention, there can
be provided a resi$tlhatiragiver yxioap lces ed Hphieentn defeges-eprhadning
20 compound (I) include monoalkylamines such as n-hexylamine,
n-heptylamine, n-octylamine, n-nonylamine and n-decylamine;
dialkylamines such as di-n-butylamine, di-n-pentylamine,
di-n-hexylamine, di-n-heptylamine, di-n-octylamine, di-
n-nonylamine and di-n-decylamine; trialkylamines such as
25 triethylamine, tri-n-propylamine, tri-n-butylamine, tri-
n-pentylamine, tri-n-hexylamine, tri-n-heptylamine, tri-
n-octylamine, tri-n-nonylamine and tri-n-decylamine;
aromatic amines such as aniline, N-methylaniline, N,N-
dimethylaniline, 2-methylaniline, 3-methylaniline, 4-
30 methylaniline, 4-nitroaniline, diphenylamine,
triphenylamine and l-naphthylamine; and the like.
Illustrative examples of the nitrogen-containing
compound (II) include ethylenediamine, N,N,N’,N’-

tetramethylethylenediamine, N,N,N’' ,N'-tetrakis(2-



i mpai ring resolution even when the anmount of reduction in 25 filmthickness
is 100 ~ or nore . When the anpbunt of reduction in filmthickness is‘gnm 2002
smaller than 100 ~, there is a tendency that the effect of suppressing

devel opment defects cannot be seen and wpan the amount of reduction in film
thickness is nore than 400 A, the effect of suppressing devel opnent 30
defects is seen but the resaolution of a resist deterigrates . To prevent

the infl uencBYSFBITOPY IR IeReAhgming - | FRETEBRLRYIEReAT agHine .,

envi ronnent ah I 240 f or yat j : i e , .
protective fi F%ta;%%nggeﬁlor med %Ihn@f hg' ?gs%igtamfgihlc’%lbﬁ%?%l NARagf%é&Z §'94 The

foll owi ng exdipmégogiiphmmyd dethénr 4 hé ' pdipmseocbenfzophiesrond | ust4'ati ng t he
present invention but. are in npo way_ to,be.taken as Iimting. 5 Exanples 1
P11 and ConpardnaEiamatind arg. 8’ BB ACADInORBRR Y DRARARA: (har
are baseds on (#eiagiinoptRirey 1) %@ﬂ(&%&ﬁﬂﬁ@ﬁhéﬁy@.ﬁﬁﬁ%b&n@,Uri'-f(Q!-m sol ution

which was 10 then filtered with a Teflon nenbrane filter having a pore
di aneter of em2nepheny lpr-ebal®-laydomspshenyh)pobpanen. 2FHe -conmposition

sol ution was _raqtation at.ed a.silicon er _and prebaked at. a
tenperat ure FOFPLPHSHY hi '(¥%‘ﬂﬁ?§ygg?8ﬁépﬁ°8ap&i g‘t'%‘f'i lr‘ﬁa[H'a'v(i%'g a

t hi ckness of afuifobhetipl )i Snd €5y Béthiyl MbuAsea%¥N03ead 1A Jfrf (@xci mer | aser
beanms (wavel ength of 248 nm through a nask pattern using the KrF exciner

| aser of N k@iRoRhemlakiel Teeehy NesFhp2dBerRBAP Bypdc&egiligke-he anount of
exposurel%l n sone gf 15@%%"\% fes $P.etf185hﬂrfaplaﬁ1—}%ﬁt%)i%%gqg to
g e ele m

el ectron beans 20 through a nask patiern using a sinp ctron

direct il umcoaipound $AIKGVihcilndpl pokynérKrsuek cistpo lyathl lanechatigieng t he
anount of exgjoilurei£J1 Af t@mosure, the resist fil mwas postbaked at a

t enper at ure POLYRLLYHE ¢, §hpeehylampppeihydr aciydamddest fil m was
devel oped using a ahiaRIAve S RPN &M FY EhEXEASaRAHEBUS -/t 19 VI Ng
a concentration shown in Table 2 at a tenperature for a tine shown 1 n-Table
2 , rinsed wicompgatngt ifrgrligie steonasidad Nrinedhyd foamand degsiNstN-patt er n.

15 dimethylformamide, acetamide, N-methylacetamide, N,N-
dimethylacetamide, propionamide, benzamide, pyrrolidone,
N-methylpyrrolidone and the like.

Illustrative examples of the urea compound include urea,
methylurea, 1,l-dimethylurea, 1,3-dimethylurea, 1,1,3,3-

20 tetramethylurea, 1,3-diphenylurea, tributylthiourea and the
like.

Illustrative examples of the nitrogen-containing
heterocyclic compound include imidazoles such as imidazole,
benzimidazole, 4-methylimidazole, 2-phenylbenzimidazole

25 and 4-methyl-2-phenylimidazole; pyridines such as pyridine,
2-methylpyridine, 4-methylpyridine, 2-ethylpyridine, 4-
ethylpyridine, 2-phenylpyridine, 4-phenylpyridine, N-
methyl-4-phenylpyridine, nicotine, nicotinic acid,
nicotinic acid amide, quinoline, 8-oxyquinoline and

30 acridine; pyrazine, pyrazole, pyridazine, quinoxaline,
purine, pyrrolidine, piperidine, morpholine, 4-
methylmorpholine, piperazine, 1,4-dimethylpiperazine,
1,4-diazabicyclo[2.2.2]octane and the like.

Out of the above nitrogen-containing organic compounds,



The eval uation results of Exanples and Conparative 30 Exanples are shown in
Table 3. The nmeasurenents of Mwv and Mv Mh and the eval uation of eg% MRS 12802
were carried out as follows . 1 9 MAR 2002 30 GPC columms (2 x 00HXL +
1 x G3000HXL + 1 x (A000HX~) manufacturedoby Toso Co., Ltd. are used to
measure Mwv and Mh by GPC using nonodi sperse pol ystyrene as the standard
under the follow ng analytical conditions. 5 flowrate: 1.0 m/mnute

el uti ng sol vehtrogenrappdpdndngn cosnpundenpelr And eaigoeyen-gantasodng of

f ] Line- - t 1L1S ' desi i
wain of o2 BeebBPete, BReRRlet aid B fhndd) Dol R IRac T he opt i mum

amount of expDBUbgeARBoAGASNiNG IQbnifowMnd ugt pd bASEUKPNakihssOpiHienum
amount of exposure. 15 The mninum size (um of a resist pattern ( 1L1S)
whi ch is expe3EblieylaréyoprefaRrafoant -oPuti ghtthadtsegerdcansaiaing

| i ne-and«sp : :hf Vi ; Lgn Lin | f 0.26 umis
f ormed ig tgﬁgﬁggéEgégéﬁugkkﬁ. @%%ﬂﬁk{}éﬁiégb%%%e§%¥%ﬁén%%?l t hi ckness of
an unexposedppeférpadafter coating and prebaking and the film 25 thickness

of the unexposed portion after devel opnment in a tetraal kﬁl anmoni um
hydr oxi de aqueous SofufPBKeadciddeidirRFdOhHEATHE AL kS rBeY oResHERA i n

Table 2 is takgReasrt B gmq&ttugfe;cgg@d;geki,ﬁb%é[ m t hi ckness. 30

Devel opnent Defects Devel opnent eval uated by a nethod for
observing the exisTeacemofintievoé| dpee ricidefdicifudivnuginanobpageak is

(r)nf CkEZC% ﬁcggge h%a{)glyljf gvl pn trrs‘atorzlrogeg?sl 839 vsgfgh@ﬁmdoegee%trelfrési%%ﬁ.t}} 8” 0((j)elvI ce
to 10 parts by weight, the most preferably 0.005 to 5 parts
( by weight based on 100 parts by weight of the acid dissociable

group-containing resin (A). When the amount of the acid
diffusion control agent is larger than 15 parts by weight,

15 the photospeed of a resist can shift to recy slow or the
developability of an exposed portion can terribly be spoilt.
When the amount is smaller than 0.001 part by weight, the
pattern shape and accuracy of a resist can be deteriorated
under some practical process conditions.

20
Other Additives

The radiation sensitive resin composition of the

present invention may comprise a surfactant which has the
function of improving the coatability and striation of a

25 composition and the developabilility of a resist.

Illustrative examples of the surfactant include

polyoxyethylene lauryl ether, polyoxyethylene stearyl ether,
polyoxyethylene oleyl ether, polyoxyethylene octylphenol
ether, polyoxyethylene nonylphenol ether, polyethylene

30 glycol dilaurate, polyethylene glycol distearate and the
like. Commercial products of the surfactant include F Top
EF301, EF303 and EF352 (Tokem Products Co., Ltd.), Megafax
F171 and F173 (Dainippon Ink and Chemicals, Inc.), Florade
FC430 and FC431 (Sumitomo 3M Limited), Asahi Guard AG710 and



~ g MAR 2002 31 Method using KLA defect inspection device: The total nunber
of clustered and unclustered defects extracted fromdifferences pr0g§0ﬁgqg¥p
superi nmposi ng a conpari son i mage on pixel units by observing in an ray '
node . 5 The detection of the total nunber of defects is carried out by
setting the sensitivity of this device to such a level that 0.15 pmor

| arger defects can be detected. For evaluation, the total nunber of defects
per wafer (aPeBfdPnabodB2156CEAE) BE103unbBEAOBn Bk Odet BEd 09sing S 0K

opt i mum ampub SR EG Ghen Tid1 G kbetaeai-bf Ghee B bened Bl

devel oped i spdbyplaweNoi.n78 ghanker bp YRiy6Bikha Kagekat cat.iontef. ammi a
in the atnmosphere is controlled to 5 ppb for 2 hours, postbaked and
devel oped t ot®®r #ikeli ne- and- space pattern ( 1L1S ) having a design line

width of 0 . 26 p h | -d ( .he f ern.is
neasuredsby a scagﬁyggggkggﬁrgﬁ Egen$§%§§8%8§Qa%§ 8%%%5%%&§h%a§§%&€hoghe
followi ng criegesi by @edght Baled dii A Parbs Xb. keighti 6Fagher wdi.d6 x
0.85 ~ Ltop: _thin 0.26 x 1.1 S Ltop:. thick Conponents used in Exanpl es and
Conpar ati ve Bk8fpréabls Froups FMYpEInA-4€91in, &) n prepared by
substituting 30 nob o] n i Qﬂg&ggi gLeu

contained in po|y(EH%o£ﬁ9§§§§%§t§$%%E Ja%%alne Bgoﬂ%gég?¥é?nggtﬁget-butyl
groups of popyédenibinoentsiony eney sfurttiesr zeombyisadacaknpakymenr zatdaton by

2ué-s'?it Pﬁ.ﬁyﬁégﬁlﬁo%ggg% JIE%V'§§?%8€8$FOIQQY Iét”r\llldl\@rén%fn?.)csp{&e_ %:1'1erreg§7| Qopgr?eg)%rc%_% by
generating agent, which would finally result in an increase
in the amount of inducing acid from acid generating agent
and lead a shift of the photospeed to the faster side.
Preferred examples of the sensitizer include
15 benzophenones, Rose Bengales, anthracenes and the like.
The amount of the sensitizer is generally 50 parts or
less by welght based on 100 parts by weight of the acid
dissociable group-containing resn (A).
The latent image of an exposed portion can be visualized
20 and the influence of halation at the time of exposure can
be alleviated by blending a dye and/or pigment and adhesion
to a substrate can be further improved by blending an adhesive
aid.
A halation preventing agent such as 4-hydroxy-4'-

25 methyl chalcone, shape improving agent, storage stabilizer,

anti-foaming agent as other additives may also be blended.

Solvent
The radiation sensitive resin composition of the
30 present invention is prepared in the form of a solution by
uniformly dissolving the composition in a solvent to ensure
that the total solids content should become 1 to 50 wt%,
preferably 5 to 40 wt% when it is used and filtering the

resulting solution with a filter having a pore diameter of



1 9 MAR 2002 32 atons in phenolic hydroxyl groups contained in poly(4

hydr oxyst yrene) obtai ned by hydrol yzing the t-butyl groups of 19 MAR 2002
pol y(4-t-but oxy)styrene synthesized by radical polynerization by a

1- et hoxyethyl group (Mv =18 ( 000 , MM 5 - 1.5) A-1-3: resin prepared

by substituting 30 nold of hydrogen atons in phenolic hydroxyl groups
contained in poly(4 hydroxystyrene) obtained by party hydrolyzing the

t-butyl group °%¥ BoPyPA-t - but oxy) st yrene synt hesi zed by anion 10

pol ymeri zation by ﬁlj}askbgﬂ%h&aﬁhg(ﬂé@ ()MNltgleé?O%y%qu ushfly M3 brﬁpéiﬁgnm -

A-1-4: resin prepared by substituting 20 no rogen atons i1 n
hydr oxyl grotips gbateai gedpios igdlon doldrtokyst imehefie obthyhedebylyardll y

hydrol yzing the t-putyl 15 groups of poly(4-t-butoxy)styrene synthesized b
aion bol yeRPsas LYy S AEHERYRE A5 A P Aovaod: moRenRy B dgen
atonms by sa tepybyl agéefamﬁ(,Ma,lrﬁyll%r@)%])y&sﬁ-ﬁénésﬁhglpéﬁﬁékeﬁc@tate,

substituting 25 nold o ydrogen atons I n phenolic hydroxyl groups
cont ai ned i neplayyene2glygdrdomonormerproribt a¢ tleelr bgchydiel rridng thiyd eneut vyl

groups of poly(4-t-butox t yrene nt hesi zed by radical polynerization by
a t-bgtoxyca?%%ﬁ?# 8?885*%%“%9%Bﬁﬁﬁ%rﬁﬁﬁ%ﬁ?ge1.%fogy epe g &Fﬁlprepared by
substituti D%@Qoﬁmkgloétﬁéﬂéoﬁﬁ@h?a% FrAFy 1 dh P RARId © M @tHy 19 e Ws-,
cont ai ned in pol y(4hydroxystyrene) obtained by party hydrolyzing the

t - butyl groupEoBYlpoky@dvicodumenoestiiileretent hesPp¥deby gaveel mono-

pol yneri.,zati on - hu r = , h = 1..:05.) A3-2:
resin pﬁéﬁargdpgépgaég?i%ﬁ F%Qggg é%ggyéégﬁygg%gg% %%gg?gnE%Fﬁlpﬁgﬁoﬁ'c
hydr oxyl groppspgdntaiyeed. idlaqidyl Hdumbsoxystiyheas) pebpgilead by yral |y
hydrolyzing the t-butyl groups of pol (4-t-butox%£stxrene synt hesi zed by
radi cal pol yfPPLA¥LOR P a PAARKACRE A ¢y L1450y L08R e MPRRPY LEDE 5 )
A-3-3: radi cghye8ROkY TRl plo iR Sd Y epBbp L ¥hE8N§14col di-n-butyl

ether; propylene glycol monoalkyl ether acetates such as

15 propylene glycol monomethyl ether acetate, propylene glycol
monoethyl ether acetate, propylene glycol mono-n-propyl
ether acetate and propylene glycol mono-n-butyl ether
acetate; lactates such as methyl lactate, ethyl lactate,
n-propyl lactate and i-propyl lactate; aliphatic

20 carboxylates such as n-amyl formate, i-amyl formate, ethyl
acetate, n~propyl acetate, i-propyl acetate, n-butyl acetate,
i-butyl acetate, n-amyl acetate, i-amyl acetate, i-propyl
propionate, n-butyl propionate and i-butyl propionate; other
esters such as ethyl hydroxyacetate, ethyl 2-hydroxy-2-

25 methylpropionate, methyl 2-hydroxy-3-methylbutyrate, ethyl
methoxyacetate, ethyl ethoxyacetate, methyl 3-
methoxypropionate, ethyl 3-methoxypropionate, methyl 3-
ethoxypropionate, ethyl 3-ethoxypropionate, 3-methoxybutyl
acetate, 3-methyl-3-methoxybutyl acetate, 3-methyl-3-

30 methoxybutyl propionate, 3-methyl-3-methoxybutyl butyrate,
methyl acetoacetate, ethyl acetoacetate, methyl pyruvate and
ethyl pyruvate; aromatic hydrocarbons such as toluene and
¥xylene; ketones such as methyl ethyl ketone, methyl propyl
ketone, methyl butyl ketone, 2-heptanone, 3-heptanone,



~ g MAR 2~1 33 p-t-butoxystyrene (nolar ratio = 70/10/20, Mwv = 12,ﬁ8(3)MAR 2002
A-4-1: copol ymer of 4-hydroxystyrene/ styrene / t-butyl acrylate (

ratio = 70/20/10, Mv = 12,000) A-4-2: copol yner of 4-hydroxystyrene/

styrene / t-butyl 5 acrylate (nolar rati@5= 60/20/20, Mv = 12, 000) A-4-3:
copol ymer of 4-hydroxystyrene/ 4-t-butoxystyrene / t-butyl acrylate (nolar
ratio = 75/ 20/ -4: resin prepared b part y hydrol yzi ng

t - butyl groug g?ﬁtg 8860F§%eC%ﬁqu%XQRﬁ%&ys?W£§ﬁ§ Fu¥ b8fyF "acryl at e
(molar 10 r ahé@hrl@@ring}nﬂ(i‘é CﬂnNEﬂﬁ.mthXl(ffoﬁrﬁﬂlltd'ebUNWneﬁh?EHée*t’&h@.de
phenol i c hydroxyl groups (Mwv = 12, 000 copol yner

4- hydroxystyNeNeﬂimeﬁwaaQQﬂquﬁQadn@ B—@¢thhpYr205lﬁen§ned@mtqm&&wyIate

(molar ratio = 75/ 20/ 5 40,000) 15 ol ynmer of

4- hydr oxyst yPBf /a§t3frBHgWrPlBEtt3?ln cra;ﬂd:tfg‘% ]?ﬁﬁé)dl met hyl - 2, 5- hexanedi ol
diacryl atee (nolar fAbse §oiPéAs HMP bMisEd381 O )orA18- JAmELLALY®F o
4- hydr oxystyrene/ styrene/ t-butyl acrylate / 2,5-dinethyl-2,5-hexanedi ol
di acryl ate (A8l BPT20 ratio = 65/10/20/5, Mwv = 30,000) acid grenerating
agrent ~( B 1 B-1: 1, 1-bis(cycl ohexyl sul fonyl)di azonmet hane B-2:

bi s(3, 3-di met hyl - 1, 5- di oxaspi ro[ 5, 5] dodecane-8 25 sul fonyl ) di azonet hane
B-3: bis(1l, 4rdrmaads / Relsdierta rfen w..ufonyl)dlazomathane B- 4:
tr|phenylsulfonlun1tr|fluoronethane sul fonate B-5

tri (4- met hoxyphenyPPsEPFB? Jrf S+ ¥ IR iotven R ﬂ%ﬁﬁ\d&ﬁé’tié’nBSGnSltlve

bi s(4-t -ty y 1

o S Y FRE b hpeeB IO o A NI e composicion

bi s(4-t - but ysphermlon pdepauvedrom dielsaaridead bbbarels cg:al‘mla atia 3ubsdidadrat e
acid diffusion contral

t ~~CL C1: . .
NN NN -t eEPEB) 8E2onFALIOR: BRTET el PeBEaTafA oS Wish ALGEAAT, Rihe
C3: triethagalia@ibne &odt irg plerind HeBRidE dazateoadotitnd OcRst: ct%.'bﬂlg,

| actate D-2: propylene glycol nononethyl ether acetate i D-3. 2-heptanone
roll coating or the like to form a resist f£ilm which is then

15 prebaked at a temperature of 70 to 160°C as the case may be
and exposed through a predetermined mask pattern. The
radiation used herein is suitably selected from far
ultraviolet radiation from an ArF excimer laser (wavelength
of 193 nm) or KrF excimer laser (wavelength of 248 nm), X-ray

20 radiation such as synchrotron radiation and charged beams
such as electron beams according to the type of acid
generating agent. Exposure conditions such as the amount of
exposure are suitably selected according to the composition
of the radiation sensitive resin composition and the types

25 of additives.

To form a highly accurate fine pattern stably in the
present invention, postbaking 1s preferably carried out at
a temperature of 70 to 160°C for 30 seconds or more after
exposure. When the temperature of postbaking after exposure

30 is lower than 70°C, differences in sensitivity according to
the type of substrate may spread.

Thereafter, the exposed resist film is developed with
an aqueous-alkaline developer at a sufficient temperature

for a sufficient time, for example, 10 to 50°C for 30 to 200



D-4: ethyl - 3-ethoxypropi onate . Q aTdui Ex3 anz~~. zEdnob~ . - x3 - ~ aTdurr&wm
. - X3 19 MAR
(OST;(Z QOCSE)T-Q(Z 0)Z-~(2)i ~-$(0O0TN) T-Z- ~dZ' x~' ~(OSE) Z- ) SO0' O) E- ~(t) S- $( 2)
Z-- d(OST) I - QT 0)Z-~(S)Z-8(08) Z-T- ~T' x~25(0OST) Z-Q (S T)8-8(SZ) E-S-f 1( OS) T-
QT O T-~()9-$(SG Z-S-~."TT' x3(0OST) Z-Q (S T)8-$(CSE) T-Q t ' 0)T-~()9 $(00T) Z-
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t hi cknesiss The developer which is an alkaline aqueous solution may
contain a water-soluble organic solvent such as methanol or
ethanol, and a surfactant in a suitable amount.

When an alkaline aqueous solution is used as the
developer, the film is generally rinsed with water after
20 development.
A technique for making large a difference in solubility
in a developer between an unexposed portion and an exposed

' portion of a resist has been generally employed to improve
the resolution of a resist. Therefore, the film thickness

25 of an unexposed portion is generally reduced by less than
100 A (corresponding to a difference between the film
thickness of an unexposed portion before development and the
£film thickness of the unexposed portion after development,
to be referred to as “amount of reduction in film thickness")

30 with the developer.

Unlike the method of the prior art, in the method of
the present invention, a resist pattern is formed such that
the £ilm thickness of an unexposed portion after development

is reduced by 100 to 400 A, preferably 200 to 400 A (thinner
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be obt ai ned bBefesestiepatliopmenthi cBurprictineilangeit imas i e miide 0&1d&aghaped
by PED, is free from devel opnent defects, provides a hi gh yield in the
producti on ofP@kvfcEssigtd DR afinghay idh Ty £57 1 pVOAPPBER L (pESCHE
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MAR 2002 539 Watrikess aereelopmedt defettocdhaf wafer nNhrea e abowat 1L&0N
froma chem cal I]ynfrrpl ifi eg pgsi tive radiation sensitive resin conposition,
wherein 5 t hE9f} ] it $ hFRRREBY 5PTBRdunexposed portion of a resist film
formed fromthe chgitgrahlvyiéwptd fdatt RS idy S HA UM DN oFeRelahicHa JreSinn
conposition after wet developnment is 100 to 400 .~ smaller than that before
wet devel opnEaim thoickne Tae arshhctbove glagige by, theavedined bE Wiepiresent

anplified positive.radiation .sensitive.resin,co ition conprises. (A a
oot n whi ch SBHPRERERITEPR SRR e Fp B SN RO e TR 15 e an
aqueous-1@) kabhBfieeyeloRaip 1l ghss A DAg Mhdathendeearnesiel s the
acid dissociable group with 15 an acid, and (B) a radiation sensitive acid
generati ng agemposdtiomh@sptt-hod of claim2 , wherein the protecting ratio
of the acid dissociahl P {16 &4, ( | O u f. mol es
of the acid di ssoc?g1 I g“‘%ﬁ@‘f}p Otfg&%he tojiogf %n%%%hzﬁﬁé?kﬁgfgsggghggsaci dic
functional gaocopraddg he tite dediesisymieait & egpeAtiurd helevesiopmed)t) timel5 to
90 nmold. 4 . The nmethod of claim.1l , wherein the nunber of devel opnent
defects i s 1B0NGRS: bECDRER iR AELer BASEENGLONE 180 LhES) IhEad been

15 found that as the development temperature becomes higher,

the development time becomes longer and the baking
temperature after coating becomes lower, the amount of
reduction in f£ilm thickness increases. Therefore, the
method of the present invention should be understood as a

20 method of controlling the composition of the radiation
sensitive resin composition in consideration of these
factors which influence the amount of reduction in film
thickness. For example, when the development temperature
and the development time are conditions for reducing the

25 amount of reduction in film thickness, composition which
ensures that the amount of reduction in £ilm thickness becomes
relatively large should be used to attain a fixed amount of
reduction in f£ilm thickness. When the baking temperature
after coating is low to increase the amount of reduction in

30 film thickness, composition that ensures that the amount of
reduction in f£film thickness becomes relatively small should
be used to attain a fixed amount of reduction in £ilm
thickness.

The factors which greatly influence the amount of



5 . The nethod of claim1 , wherein the resist filmbefore wet devel opnent
i s baked after exposure. ~6. The nethod of claim1, wherein the film18 MAR 2002
t hi ckness of 30 an unexposed portion of a resist filmafter wet devel opnment

is 200 to 400 ~ smaller than that before2flet devel opment. 7. A nmethod of
formng a resist pattern froma chemcally anplified positive radiation

sensitive refé&u@?%ﬁsiﬁ!ﬂrﬂzm thI kMR 2002h 80 ML &h 3 defesil Slvd IdB4fPr med

fromthe chemcally anplified positive radiation sensitive resin
conposi ti on cempetitével dpedusdte bdidr tampke at the pndtactimg eaduigh afb

ensure 5 that the_ filmthi ckpess of an. d ti f.th ist fil
Srar Cuet | oo BErinaTkE0cosBIs° gonuD hE BhY ferdmh it pertdie byge ana |
devel opnent . a@8ounthes i ed a9k talod BehAsitWRRr gERatden &PeP £§!dge@fPlddd ed

10 positive radiation sensitive resin conposition conprises(A) a resin
whi ch cordt ai hBeahikei d It $secbabnergrveapednthahotize sutarrit iofy reduation

aqueous- al kal i ng, devel oper ingcrease ong with t deconposi tion qf,
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ratio of an acid dissociable group into the resin (ratio of the nunber of
mol es of theradépdignsdd@ dsiteeproghangenelnothe RuABectdhgnmyladd cofangh

s 15 10 o0 ShPRosToR pRlinbafs % PegRatunaoih Bhah SROURLR . 1T SR (4)
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11. The nmethod of claim7, wherein the wet devel gpnent tenperature is 10 to
50C and t he @EEai&FeHSFRYRNGS WP Hee 1 3opdtseEorgductdonTdd Fétlibd of

claim?7, mhercg&ekh@%sf i |HHr1t mﬁﬁ?%ﬁaﬁﬁoﬁnsgﬂsieg%dlae%t lgen etfa tiltfy

resist filmafter wet devel opnent 1s 200 to 400 ~ smaller than that before
wet devel opnegents and that the amount of reduction in film thickness

can be reduced by increasing the amount of an acid generating
15 agent.
According to the present invention, the amount of
reduction in film thickness is controlled to a range of 100
to 400 A, preferably 200 to 400 A by changing the composition
of the radiation sensitive resin composition in
20 consideration of these factors which influence the above
amount of reduction in film thickness.
According to the present invention, there can be
! provided a resist having very few development defects without
impairing resolution even when the amount of reduction in
25 film thickness is 100 A or more. When the amount of reduction
in film thickness is smaller than 100 A, there is a tendency
that the effect of suppressing development defects cannot
be seen and when the amount of reduction in film thickness
is more than 400 A, the effect of suppressing development
30 defects is seen but the resolution of a resist deteriorates.
To prevent the influence of basic impurities and the
like contained in an environmental atmosphere upon the
formation of a resist pattern, a protective filmmay be formed

on the resist £ilm.



13. Use of a resist filmwhich is fornmed froma chemcally amplified 4 g wAR 2002
positive radiation sensitive resin conposition and t s MAR zuu2 41
experiences a 100 to 400 ~. reduction in the filmthickness of an unexposed
portion by wet devel opnent as a resist fe¢dmfor formng a resist pattern. 5
14. Use of claim 13, wherein the chemcally anplified positive radiation
sensitive resin conposition conprises (A a resin which contains an acid

di ssoci abl e group and whose solubility in an aqueous-al kal i ne devel oper

i ncreases al ong wite tHha IGREHP @Xdnipak Phranp 26 dadassee it pudpee Wiet h an
10 acid and éB) a radiation sensitive acid generating agent. 15 . Use of
claimi13 , eher tiHel py oreting chabire semtadnyend i9nsbuEi abe eklyneupant o
the resin (ratiQ.o . Qf; | es of the acid dissociable group to

t he total ndﬁ%é&eo%angﬁeggggiéﬁ%éﬁggcidic functional group and the acid

di ssoci algl e group in the resin (A)) is 15 to 90 nold. 16. Use of claim 13,
wherei n the nunber of devel opnent defects is 100 or |ess per wafer (area of
about 150 criZampdes7. Use of claim 13, wherein the resist filmexperience

a 200 to 400,z cti [ 4.1 m.1-hi.c upe sed portion by

wet devel op?rEe}ﬁ{lmﬁfg%j[ g EPA&EZEE@ fgﬁéﬂﬁ%%ﬁﬁﬁ%r?ﬁ%ggagresi st

pattern from a chetompbhygnasmhdwednpDableve (paditat 408 wesd onvee L gRitN

conposition, conprjsing: coatinq?a sohition of the resin conposition onto a
S

substrate, tHEFRHY¥eF MioRPEIPESTSPHINIRS Sa G 1EOS h SeIMbISmt FBA KBS si ng
a resin gonsiglihngiesaehhl dhilth A-TeRERN WinrIRPIESEM £ BY1 QT Ubard and

at | east one nononer selected fromthe group consisting of
diameter of 0.2 pm to prepare a composition solution.

The composition solution was rotation coated on a
silicon water and prebaked at a temperature for a time shown
in Table 2 to form a resist f£ilm having a thickness of 0.7
15 pm. This resist £film was exposed to KrF excimer laser beams
(wavelength of 248 nm) through a mask pattern using the KrF
excimer laser of Nikon K.K. (trade name: NSR-2205 EX8A) by
changing the amount of exposure. In some of the above
Examples, the resist £ilm was exposed to electron beams
20 through a mask pattern using a simple electron beam direct
illuminator (50 KeV) in place of KrF excimer laser by changing
the amount of exposure. After exposure, the resist f£ilm was
| postbaked at a temperature for a time shown in Table 2.
Thereafter, the resist filmwas developed using a tetramethyl
25 ammonium hydroxide aqueous solution having a concentration
shown in Table 2 at a temperature for a time shown in Table
2, rinsed with water £or 30 seconds and dried to form a resist
pattern.
The evaluation results of Examples and Comparative
30 Examples are shown in Table 3. The measurements of Mw and
Mw/Mn and the evaluation of each resist were carried out as

follows.

Mw _and Mw/Mn
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5 The detection of the total number of defects is carried out
by setting the sensitivity of this device to such a level
that 0.15 puym or larger defects can be detected.
For evaluation, the total number of defects per wafer

(area of about 150 cm’) is counted in the method using the

10 above KLA defect inspection device.

[ PED Stabilit

A sample which is exposed to the optimum amount of l1ight
when it is postbaked right after exposure and developed is
15 placed in a chamber in which the concentration of ammonia
in the atmosphere is controlled to 5 ppb for 2 hours, postbaked
and developed to form a line-and-space pattern (1L1S) having
a design line width of 0.26 pm. The line width (Ltop) on the

top of the pattern is measured by a scanning electron

20 microscope and evaluated based on the following criteria.

0.26 x 0.85 < Ltop < 0.26 x 1.1: satisfactory
0.26 x 0.85 = Ltop: thin
0.26 x 1.1 = Ltop: thick

Components used in Examples and Comparative Examples

25 are as follows.

{d di Labl _ taini in (A)
A-1-1: resin prepared by substituting 30 mol% of hydrogen
atoms in phenolic hydroxyl groups contained in poly(4-

30 hydroxystyrene) obtained by hydrolyzing the t-butyl groups
of poly(4-t-butoxy)styrene synthesized by radical
polymerization by a l1-ethoxyethyl group (Mw = 18,000, Mw/Mn
= 1.5)

A-1-2: resin prepared by substituting 40 mol% of hydrogen
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A-1-4: resin prepared by substituting 20 mol% of hydrogen
atoms in phenolic hydroxyl groups contained in poly(4-
hydroxystyrene) obtained by partly hydrolyzing the t-butyl

15 groups of poly(4-t-butoxy)styrene synthesized by anion
polymerization by a l-ethoxyethyl group and 10 mol% of the
hydrogen atoms by a t-butyl group (Mw = 15,000,)

A-2-1: resin prepared by substituting 25 mol?% of hydrogen
atoms in phenolic hydroxyl groups contained in poly(4-

20 hydroxystyrene) obtained by hydrolyzing the t-butyl groups
of poly(4-t-butoxy)styrene synthesized by radical
polymerization by a t-butoxycarbonyl group (Mw = 8,000, Mw/Mn
= 1.5)

A-3-1: resin prepared by substituting 30 mol® of hydrogen

25 atoms in phenolic hydroxyl groups contained in poly(4-
hydroxystyrene) obtained by partly hydrolyzing the t-butyl
groups of poly(4-t-butoxy)styrene synthesized by anion
polymerization by a t-butyl group (Mw = 15,000, Mw/Mn = 1.05)
A-3-2: resin prepared by substituting 30 mol%* of hydrogen

30 atoms in phenolic hydroxyl groups contained in poly(4-
hydroxystyrene) obtained by partly hydrolyzing the t-butyl
groups of poly(4-t-butoxy)styrene synthesized by radical
polymerization by a t-butyl group (Mw = 12,000, Mw/Mn = 1.5)
A-3-3: radical copolymer of 4-hydroxystyrene/ styrene /
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A-4-3: copolymer of 4-hydroxystyrene/ 4-t-butoxystyrene /
t-butyl acrylate (molar ratio = 75/20/5, Mw = 12,000)
A-4-4: resin prepared by partly hydrolyzing t-butyl groups
in a copolymer of 4-t-butoxystyrene / t-butyl acrylate (molar
10 ratio = 90:10) to convert 80 % of the t-butyl groups into
phenolic hydroxyl groups (Mw = 12,000)
t A-5-1: copolymer of 4-hydroxystyrene/ t-butyl acrylate /
2,5-dimethyl-2, 5~-hexanediol diacrylate (molar ratio =
75/20/5, Mw = 40,000)
15 A-5-2: copolymer of 4-hydroxystyrene/ styrene/ t-butyl
acrylate / 2,5-dimethyl-2,5-hexanediol diacrylate (molar
ratio = 75/10/10/5, Mw = 30,000)
A-5-3: copolymer of 4-hydroxystyrene/ styrene/ t-butyl
acrylate / 2,5-dimethyl-2,5-hexanediol diacrylate (molar
20 ratio = 65/10/20/5, Mw = 30,000)

acid generating agent (B)

B-1: 1,1-bis(cyclohexylsulfonyl)diazomethane

B-2: bis(3,3-dimethyl-1,5~-dioxaspiro[5,5]dodecane-8-
25 sulfonyl)diazomethane

B-3: bis(l,4-dioxaspiro[4,5]decane-7-

sulfonyl)diazomethane

B-4: triphenylsulfonium trifluoromethane sulfonate

B-5: tri(4-methoxyphenyl)sulfonium trifluoromethane
30 sulfonate

B-6: bis(4-t-butylphenyl)iodonium 10-camphor sulfonate

B-7: bis(4-t-butylphenyl)iodonium trifluoromethane

sulfonate

B-8: bis(4-t-butylphenyl)iodonium nonafluoro-n-butane
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acid diffusion control agent (C)

C-1: N,N,N’,N’'-tetrakis(2-hydroxypropyl)ethylene diamine
5 C-2: trioctylamine

C-3: triethanolamine

C-4: 2-phenylbenzimidazole

solvent
10 D-1: ethyl lactate
D-2: propylene glycol monomethyl ether acetate
D-3: 2-heptanone
D-4: ethyl-3-ethoxypropionate
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According to the present invention, there can be
obtained a resist pattern which is not changed in line width
or T-shaped by PED, is free from development defects, provides
a high yield in the production of devices, and has high

5 sensitivity for various types of radiation such as far
ultraviolet radiation, charged beams and X-ray radiation

({small amount of exposure energy) and excellent resolution.
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400 A smaller than that before wet development.

10 2. The method of claim 1, wherein the chemically amplified
positive radiation sensitive resin composition comprises (A)

{ a resin which contains an acid dissociable group and whose
solubility in an aqueous-alkaline developer increases along

with the decomposition of the acid dissociable group with

15 an acid, and (B) a radiation sensitive acid generating agent.

3. The method of claim 2, wherein the protecting ratio of

the acid dissociable group into the resin (ratio of the number

of moles of the acid dissociable group to the total number
20 of moles of an acidic functional group and the acid

dissociable group in the resin (A)) is 15 to 90 mol¥%.

| 4. The method of claim 1, wherein the number of development
defects 1s 100 or less per wafer (area of about 150 cm?) .

25
5. The method of claim 1, wherein the resist film before

wet development is baked after exposure.

6. The method of claim 1, wherein the film thickness of
30 an unexposed portion of a resist film after wet development

is 200 to 400 A smaller than that before wet development.

7. A method of forming a resist pattern from a chemically

amplified positive radiation sensitive resin composition,
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30 to 200 seconds.

12. The method of claim 7, wherein the film thickness of
30 an unexposed portion of the resist film after wet development

is 200 to 400 A smaller than that before wet development.

13. Use of a resist £ilm which is formed from a chemically

amplified positive radiation sensitive resin composition and
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exposing the resist film through a predetermined mask pattern, thereby forming an
exposed portion dnd an unexposed portion of the resist film; and

developing the exposed resist film with an aqueous-alkaline developer to form a
predetermined resist pattern,

wherein the thickness of the unexposed portion of the resist film after said developing
is 100 to 400A less than the thickness of the unexposed portion of the resist film before said
developing, the developed resist film has a resolution of no more than 0.22 pm, R'is a
hydrogen atom or methyl group, R? is a halogen atom or monovalent organic group having 1
to 6 carbon atoms, n is an integer of 0 to 3, and at least one of the hydrogen atoms of the
hydroxyl group of the repeat unit of formula 1 are substituted by an acid dissociable graup
gelected from the group consisting of t-butyl, 1-methoxymethyl, 1-methoxyethyl, 1-
ethoxyethyl, 1-cyclohexyloxyethyl, 1-ethoxypropyl, 1-propoxyethyl, trimethylsilyl,
t-butoxycarbonyl, t-butoxycarbonylmethyl, tetrahydropyranyl, tetrahydrofuranyl, and

combinations thereof.



