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Description of the Invention The présent inventi a radi t|on
sensitive 5 resin conposition. Mre specificall yﬂmmmmmmmﬂlﬁ to a ra J&N LW
sensitive resin conposition which is useful as a chepj y anplifying
positive resist suitable for |ithography using varlous ypes of radiation
such as ultraviol et |l aser. or the |i ke, far 10
ultravi ol et rays, F§§§A23§H]%§§5&3&§§%gﬁé e%oﬂ%ﬂﬁﬁ N the field of

| i t hogr aphy typically used for the production of integrated circuit

el ement s, whi |l et he reduction of the design rule of lithography is in rapid
progress f@@tahéeﬂuDQSQQiptiobt@ﬁnﬁh@ mmvﬁﬂﬁﬂﬂny'integrated circuits, 15

t he devel opnent a |lithography nroces apabl e of _st for a hlghly
accurate'ﬂruepa??%ﬂ¥9ﬁﬁﬁﬁén ﬁﬁh?%ﬁaiﬁ%SE%ﬁ’ ﬂ@i?g ﬁ qﬂé&%ctlvely
under way.r&YRVEbmpbkitdofi.f fieebt sb@cﬁ.@ﬂ@hiq?h atf 'r'éQ.aR%tst &) avery

accurately with a prior art method using visible radiation 20 (wavel ength
of 700 to H@OlnﬁioarSﬂéait&Vﬁrﬁ?ﬁépeﬁomﬁéﬁatién vhach| éagepednllge ao 300

nm . There o] L achi eve w der
f ocusi ng dé%%ﬁigﬁgig QR?HBX;H_gﬁﬁhggﬁﬁgka S mavgﬁing?ﬁé%rSOO nm or | ess
) effectiveithogedphiyngsting @amnynswﬁypeé&bfﬂnhdﬂnn&bﬂ|§¢@mra@hy processes
usi ng radlatlon havi ng such a short mavelengéh are processes which use far

ul travi ol et F‘a”?é’lf’ll&ﬁ] RARSFEERE RekTT a8RF1PGEVERERG AT oFNS4Bike) BRTArF
exci myly | aget rha%ele@NHaly Of xL9%yHMandt- ét?éisgé&'%féuéé’ﬁ‘ﬁ‘f opgpa, radiation

or charged corpuscul ar rays such as 30 el ectron rays . a high-resol ution
reS|st for use mﬂnhthhefabddeOﬁamLMHerdnhMlﬂyRiQﬁﬁix uMﬁdﬂﬁm@thnea

h [ 1 | i, fied d Machi
oo™ ht brotRs afied £t 8bzek SaR RIS imd e AR 1A, FEANAESSS (NN 0
Chem cal | yogmehef a@digﬁsr&ue of 11¥hd4iNapRP3i8 Ihlﬁaphcnpmgi-ysanpbrfl ed

resist causes a radiation sensitive acid-generating agentcontai nedt herei nto
generat e aﬁhacpﬁrPWﬁéugﬁ ohfeling FangyiIly A1l Ferted Fieauibsas

“exposjy e tFl‘ér 8k9Rhb En)entao%hﬁnlii‘hogﬁﬁﬁh&oﬁréfzeéseééﬁﬁbﬁe éfCE@EBEYOf

polarity, eavage o a chem cal bon crosslinking reaction or the like )
i s caused fnrmimesﬁshibhuumbycum@t@afanytpgttgﬁothgﬁing ghlisnacvddthnd a

pattern is for he solubility in a
devel oper of Sn e%‘ %ﬁi céglon o anges %gyg&n%%asén ional chemcally
anplified reS|stﬂowe&h&neiareskuawm1bh&tfmblﬁmrmgsnehlat51mbiphteghhbit
relatively good resist perfornmanc n in

al kal i af f VAR SR LAVLTRGPF oﬁﬁ % rg)é 689 %PngSQ%§88ted by
a t-bulyl qefalie 1UMIth ¥ FobULEXY¥66 HONYr %Qupuiérawotde% 2466Qx(bhe term

"JP-B" as used hereln neans an "exam ned Japanese patent publication"), one
conpri si ng (wavediendgth il cH Grital k&P i nm} f | rﬁl't%FQj-’rQﬁﬁ)v cohEReIRPRY an al kal |

soluble T o5 e AUPLEEISh Bady WRith SLOURNLLIR (1 de 140000 Jnd abBenteTm

"JP-A" as Terel n unexanlne anese patent
applicati OIand) useonedmalmonslnmgiag raesitnmntnwaﬂwed:langrhha( kab innafom desyg )gr oup

contained in an alkall soI ble re grotec ed by an acetal group such
o e ot NSRS b TG nEhe (PSP S5 T8 Ban JP- A2 161436and

JP- AS-249682) , a%@&ﬁoﬁ@%ﬁrﬁdd@a ¥ pHbicRlcie@uHing rABidt idh Wakvehgan

al kali 25 affinity group contained in an alkali soluble resin is
such a short wavelength are processeswhichuse farultraviolet
rays from a KrF excimer laser (wavelength of 248 nm) or ArF
excimer laser (wavelength of 193 nm), X-rays such as
synchrotron radiation or charged corpuscular rays such as

30 electron rays. As a high-resolution resist for use with the

above radiation having a short wavelength, a "chemically
amplified resist” 1s proposed by International Business

Machine Co., Ltd., andefforts arenowbeingmade energetically

AR

*G00002*

to improve this chemically amplified resist.



protected by a t-butoxycarbonyl group and a resin in which an al kali
affinity group contained in an alkali soluble resinis protected by - 3n 003
acetal group (JP-A 8-15864 and JP-A 10-31309). 30 However, i s sai {%a?t
the practical use of these chemcally gmlified resists in a | i t hogr aphy
process with a design rule of 0.26 umor less in particular is attended
with difficulties because the chemically anplified resists have their own
probl ens. - 7 Ipls20bgm3cEblyerappié ied resiistt ccmusreisimg:aﬁjraeﬁjdn in

whi ch an aIkaI| ffrnrt oup_ cont ai ne |n an alkali soluble resinis
protected By"§* F B&t3A d\ésgf]eé} %t pgsn qﬁ’r %é‘ﬁ??%%ltto 9§ReR3t§ 5 not
heated at anteeperatrw @feﬁﬁ&&@rtd@a@ﬁﬁﬁn 3 t@XBaSHELertbai So dd ficult

to secure sufficient stabl l ity agai nst changes in post exposure tine del ay
(to be abbrex¥passgeashPERLhatseH frt arghembanrdxposat don o fotheatanpleat ment ,

uel b 51 "BHEREL A bt RN L PORONS, O LN RUPELRINS Oy v "

pr ot ect ed byaattiohudmxye arhenyis ganppdiih areatissfACIObY the ded By tfc
resolution _and a resist conprising a resin in which an alkali affinity

group cont APREAIPR &R ERk&IGCDH @Bldearﬁéﬁﬂe?% I dioasmesybBymak ERg sy oup

I i f 15
Subst T at o, Nesuy PaoAp R fho SRI b Yol B et oL BR Slpddl T °
whi ch an apkalioaf fchanige sgr oup contained i n an al kali soluble resinis

pr ot et ed by an hoxyet ou or t ropyranyl group_has high

pot en i%al becaus§%tcl? Vsea'pré' tgégaﬁj qdrfgteéf %Shgtﬁ)l gﬁ‘ere ard

resi n- naphkhegui r&@réectioea_lod;e_n@a&%ﬂs—t@wumi xhiBIch @51 edtd NP degwerat ure
and devel opi ng conditions, can be used. However, the top surface and side

surface of r&sﬂ-értnﬁﬂrﬁ‘aﬂ‘%ﬁear@%FQWPFF(?&FHQIfyrt?rfﬁé«i’ehnmqmédeuﬁﬂelf| ne
control of fat Sq r emto be
sol ved. Thgkggé%%(# gr}e% ‘ﬂe%}o:hg;q at e I nfﬁflﬁEegnhbﬁ o#ﬂ?ois% %%?:P‘gdp%ptl cal

pr oxi m ty pirbéei tiesd bgrage b\mttgrlebyterzgarmin;ﬁ er eAbesorycahbongilingirowp or

reces n ern edge jions r ccurs due to the
nonun orml?gg %n?y%&f“é’)r‘ LI, 'ﬁ)oé ﬁﬁ??%%ﬁ% AR Y t he
nonuni f or m"eeraﬁritméd)faa@aeﬁééerph@rﬁc | it cahedh 'an, | s10d ad b Ped{g Nal S
exposed to the O:E)trrrum quantity of light for a |ine-and-space pattern, the

i sol at ed paesdnnieafdeh anvdkall aé5igA Ly groUngosRlard aasa¥krlbne- chip
| ogi ¢ Circyit C i 7 2 u e
recent popE:oaLﬁb"za%?fr%r%ggf £ Pgwn%g?g b ur'?%tal %éuphl??g ‘gr-gbflleén@?és?t hat a
sufficient (fc@wserrat"rJtPudé @anm@td her obe giesed aud unexandaedghuel bslyed

[esol uid on SR hAe. LAY sV g BN ATRECLCLENIG eSSt 11 m

5 thi ckness per sirze 0S€ needs ‘are gro e recent use of

a derrascenenpamk:ess aﬁfimﬁ;egﬁ:'@wﬁdonthﬂﬂédwmaﬁlml/]ﬁam solnbllencesin there
has been grow ng denmand for a resist which is excellent in the resol ution

of a l|ine-&FdPEPLLELHS PR 3SRt Bdr ATONRPEUGR £ R PERBKYUEEBY 1197 d%Pan

i sol at ed p@ﬂ@éf‘r&\h&ar@p?f@h#l%dtﬁﬁ (aPLRY M £ bRGLIp-RE5- Py G882 1 Ci ent
focus latitude when a contact hol e having a high aspect ratiois to be

f or med and anskoBeetdmpriiarth @ssomp haatign ofsmeszsunhadeiqloa@h@blselbf t he
top s gacef%rid stde surface of. a pa tern. #L isglla.lr)r bkeci of _the

.containe
presen |nvent| On}tog ide a radida |0n SenSI lve resin Cor’rpOSI%l on which

i s sensitiypadieatasd m;s al ypes tokyicathibainydn gefohec aindeby ressnexaevhesh i n
terms of resol¥ka9l 208 PR Sroud dbnlansdRln an alkatt K29510420088"
is protected by an acetal group (JP-A 8-15864 and JP-A
10-31309).
30 However, it is said that the practlcal use of these
chemically amplified resists in a lithography process with
a design rule of 0.26 pm oxr less in particular is attended
with difficulties because the chemically amplified resists

have their own problems.



and a small optical proximty effect, and is useful as a 20 chemcally
anplifying positive resist capable of formng a fine pattern, such gf N 2003
| i ne-and-space pattern, isolated pattern or contact hole pattern, w H
stability and high accuracy. O her obhfcts and advant ages of the present

i nvention 25 will becone apparent fromthe follow ng description. According
to the present invention, the above ob, ~ects and advantages of the present

invention are adRidedhplen datbstdorcepnsiding & esd i Compoaiidon
conprising: (A) a copolymer containing a recurring unit represented 30 by
the fol | cwWp@li rfddinlty 19youp 7conpa el Hn Rin ;alkali 19oldbheresiim R1 is a

Fol | owi ntt asdies s b ER ¢2rERLRUERYS ofth & i ok RO <o as

defined abpvies iR nick acaddeenalbenpefnetura OBt Dy QrOmorOhiikd s a
met hyl group or an et hyl ggoup; EL B ) a copolyner containing a recurring
unit Pepreskeeserepbylthesafdféirydiuts ceruaed saffdadanithEtakiliepr esent ed

gY_ t _h(e3; 0%\%:9%5‘9 Jh%{Hvé'sa%ﬁ:pdst e"‘ggﬁ‘éﬁ&'n%@pﬁgélg‘9 (lt;r]b dg% 8)%%9&1 ;4 G GH3

ereiln RL I's the 'sane a ove; a a radiation
sensi ti veasdRD pererdarifigmgémrom ekpgosirest@ ashehtormadavment ofwhai atesi st

pattern for .expl aini a.filmsurface roughness eval uatjon nethod. The

bresent | B9 &AL S Y3t BRQRRERESPHS det AR E SRR 15 509 Bt rer (A)
The copol yAghichartgeral D s narss@Rdup BYRREH AR ACIHAREIRA3 1T LSUBINT uNi t
represented by the above formula (1) (to be referred to as "recurring unit

(1)" l9er er@ainei$ REdtacitedubyi mg tubut oxyeeadonwld dnoumhelsibove fornmul a (2)

copol yrer PRy EL5FHE Bpotn CETHEAE B tinb et pPS A BRLBE e a5 ) i

preferably F8@sinl ¥mowhiBhe ahaadkadl bEEinAAl gowl kditeaieedirin ngh units .

The content_of .the recurring unit ’%(0(13% IS referablg nore than 40 nol % and
| ess t han@dt2id| 3958 ha koS bR th@Todedrest by12 shLYHeSEPPP P I YSS and t he

content Ofybhea IPEITdM oM t1d 12 Hiies ikiaferabbkeMDERet haRi StPESM aNd | ess
than 40 nol % based on the total of all the recurring units . The total

cont &% of sHbsEsadtiering units ( 1) and ( 2 ) is nore preferably 75 nol %
or nore based %e&ﬂ@hﬁ.?ggl iQf cgljllbe said that a resist comprising a

resin in which an alkali affinity group contained in an alkali
soluble resin is protected by an ethoxyethyl group or
tetrahydropyranyl group has high potentlal because the same
20 process conditions as a novolak
resin-naphthoquinonediazide-based i-ray resist, such as
heating temperature and developing conditions, can be used.
However, the top surface and side surface of a formed pattern
are significantly uneven and impede the fine control of the
25 line width of a £ine pattern as the first problem to be solved.
The second problem is that the influence of aso-called optical
proximity effect is large, whereby size differences or the
rounding or recessing phenomenon of pattern edge portions
readily occurs due to the nonuniform density of a pattern.
30 If size differences caused by the nonuniform density of a
pattern are large, when an isolated pattern is exposed to
the optimum quantity of light for a line-and-space pattern,
the isolated pattern cannot have its design size and satisfy

needs for one-chip logiccircuits and one-chip memory circuits



- 7 JAN 2003 7 the recurring units . The content of the recurring unit ( 1
) is nore preferably nore than 50 nol % and | ess than 80 nol%based_ﬁ?n'& 3
total of all the recurring units and the content of the recurring u it, '\Pﬁlg
) is nore preferably nore than 5 nol %5 and | ess than 30 nol % based on the
total of all the recurring units. Wenghe total content of the recurring
units ( 1) and ( 2 ) is less than 70 nol % based on the total of all the
recurring units, the resolution of a |line-and-space pattern and the 10
focus | ati@e@et®fthe coptart PePelabhgatsononérmulheémediba corfturithenf, t he

recurrin Lt () A 1% e he total,pof .all the
recurri ng %%ﬁéﬁ%@%%%{ﬂr?ég gbg%cée%(#%t%%ge%‘gﬁ tgloﬁél& i%t’rg‘tld?scqr}%q eto
| oner. On bEeobtheheladde Wiemndut iGFactiry SeHb I L0 wHEH & e

solubility in an 15 al kali devel oper of the obtained copolyner is apt to
become t 0oCPREACHENHOLRe hAYdHIAE dH Ib¥ aSDeGle tidlas pPaas ddlt tk¥mi s apt to

over, U0 URE e 5 1S BFe FEMAE O W CeZalel Bl

| ess based on recurring uni ocus de of a
cont act hoteceérndaskoolfowe demdodnd @rwhasd hies ctontlentfammedD. mol % or nore,
the optical proximty effect is |liable to becone |large and the fil msurface

roughness of a patf&FntRe 2RV |F AW Sond eLegBas ReeR (95 1hd t s

represent edefdnlihEotoh | 0k N i 181 8% e4belld h® 1h2EnBEr LSO TRESEL D 2S
exanples of the recurring 25 unit (2) in the copolynmer (A - 7 JAN 2003

s 50 ...(aHine-gpd-epagel patterns) pattpraaskape 2640t e ) reamAaCon - CH3
-7 ?0 i i b L i ted
vy D224 2008 b oAt PRLE LRI L00 ML o IS B IR RE e L ooe o

mechani sm hhat aceafexpliant Woyusheaskehatonhenpaesentdt yoldenahove
formula (2) exhibits 5 nore excell ent perfornmance than_other acetal
skel et ons PRIk ASRECT Fatdoadsuir b fiatmed s &&S SRRl HTOTIRIRTS i s

XN bi ted \Aakps{ QoM WD Sokbhridel 3 £hd)ecbhir®®d bl ol

resol uti on can be ained for the formation o fine contact hole due to

a | arge di fhizferee of0 a pafitl uti on speed bet ween an exposed portion and

an 15 It is an object of the present invention to provide a

radlation sensitive resin composition which 1s sensitive to
various types of radiation effectively, is excellent in terms
of resolutionandpatter form, has small £filmsurface roughness
and a small optical proximity effect, and 1s useful as a
20 chemically amplifying positive resist capable of forming a
fine pattern, such as a line-and-space pattern, isolated
pattern or contact hole pattern, with stability and high
accuracy.
Other objects and advantages of the present invention
25 will become apparent from the following description.
According to the present invention, the above objects
and advantages of the present invention are attained by a
radlation sensitive resin composition comprising:
(A) a copolymer containing a recurring unit represented

30 by the following formula (1):



unexposed portion(dissolution contrast)after a deprotection reaction
because the above skel eton has a | arger dissolution suppression effeofJAmﬂm3
an acetal protecting group having 7 or |ess carbon atons, such as a

1- et hoxyet hyl group or 15 1-ethoxypropyl group, due to its |arger nunber of
carbon atons than the acetal protectsng group. ( 2 ) An al cohol by-produced
at the tinme of renoving an acetal protecting group has a higher boiling
point than that of the acetal protecting group having |less than 7 carbon
atons , such 20 as an 1-ethoxyethyl group or 1-ethoxypropyl group, and
partially remains in the filmat the time of PEB to pronote the diffusion
of an acid. As a resulRt, an abnornmal |ocal deprotection reaction does not
proceed and a deprot€gtl orn~reaction proceeds uniformy in an exposed
portion, thereby 25 prleventing the filmsurface from being roughened. (3)
When an acet al havino! 0O or nore carbon atons, specifically an acetal

havimg a | ong-chain group or |laong-chain ether skeleton, such as a
dodecyl skel eton or hyl ene gFjddﬂ; is used, a dissolution suppression
effect 30 becones hi i ile heat resistance greatly deteriorates due to
the | arge novenent of |a side-chain segnent. Meanwhile, the acetal
protecting group havif®y 7 to 9 carbon atons and a cycl ohexane skeleton in
the present invention is nore rigid than a straight-chain skeleton due to
its alicyclic skel et,on - 7 JAN 2003 10 and can retain heat resistance

required fdMeraddsifi 1sTife RISHAIARAYY Vark JBRERYH G¥FORBast one recurring
unifg( to f i ot { LtE j naf t her than
t hei %bove %glgjrgrlfeéh%%?‘?gq%jig)ﬁ?ﬁgrs%%g%d gg ?ﬁ% fcoalts"]g&?ﬂrgfto%re“?u noner s

whi ch give (tMe ot her recurring unit include styrenes such as styrene,

a- met hyl styrene, 4-nethyl styrene, 4-nethoxystyrene, 4-t-butoxystyrene,

4- (1- et hoxyet hoxyst r%@e) 4- (1- et hoxypr opoxystyrene), 10

4-{1-t-but oxyet hoxys : , 4-(1-n-but oxyet hoxystyrene),

4-t et rahydr opyr anyl oxyst yf ene, 4-acet oxystyrene,

4-t - but oxycar bonyl nmet Hoxyst yene, 2-hydroxystyrene, 3-hydroxystyrene

andgg met hyl - 4- hydr oxy8tyl ene; unsat urat ed carboxylic acids and acid

anhydri des thereof § RS 15 (nmeth) acrylic acid, nalefic acid, fumaric
acid, crotonic acid,

aconic acid, citraconic acid, itaconic acid,

mal efi ¢ anhydri de and Jnet hyl mal efi ¢ anhydri de; esters such as net hyl
esters, ethyl esters, An-propyl esters, j-propyl esters, n-butyl esters,

i -butyl esters, sec-butyl esters, t-t)%yl 20 esters, n-anyl esters,

2- hydr oxyet hyl estgts.c-2r2- di net hyl - 3- hydr oxypr opyl esters, benzyl esters,
i sobornyl esters, adantantyl esters, tricycl odecanyl esters and

tetpacycl odecanyl esté&s of the above unsaturated carboxylic acids;
unsaturated nitriles ch as 25 (neth)acrylonitrile, maleinnitrile,
fumaronitrile, mssarile, citraconnitrile and itaconnitrile;

unsat urated am des $ as (nmeth)acryl am de, crotonam de, mal ei nam de)
fumar am de, nesaconam.ge, citraconam de and itaconam de; unsat urat ed
i m dessuch asrnal ei m de and N-phenyl 30 nal ei m de; unsat urated al cohol ssuch

as(nmeth)allyl alcohals; vinylanilines;vinylpyrid nes;and Qther vinyl
corrpoundssd%khe’é%”fxl- i ?I§| %%ﬁﬁ’?‘%l %%t‘iﬁ#“?él‘%/i%ﬂvﬁﬂr %ol f’ﬁo%g’,ydemgen

N-vp Byl i M dazeh @ ra8 i Nrodipadfi R° THeSRe FRPANBFSupBY B 4apeh al one or
in adm xture of two orlﬁérg! p? 7 JAN TO03 11 gfq%ie gﬁbve nmononer s whi ch
gi ve the ot¥epuPecurring unit, styrene, 4-methylstyrene, 4-nethoxystyrene,

4-t - but oxyst yr gé(;g ?Sc?%%%é’f?%3{9%‘1%%%?é@u%‘l@qu%ﬁli%%ﬁ%@’s%ﬁ‘@é‘é’ styrene),

4- (1- et hoxypro tetra ropyranyloxystyr

4- acet oxyst yhienabodet £bumaincdihoapinat rexystrymenainix hermegsitygdne,

3- hydr oxystyrene, _3-nethyl -4-h drox%styrene, t-butyl (neth)acryl ate,
isobornywy(%%?h§aéi9WéP§,f&& &t ¥ ¢met h) acryl ate, tricycl odecanyl
(nmeth)acrylate and 10 (neth)acrylonitrile are preferable. The content of
the other recurring unit derived fromany one of the above nononers is
preferably 30 nold or less ,



nore preferably 25 nold or |ess, based on the total of all the recurring
units contained in the copolymer (A). 15 The copol yner (A) can be p+rpdageol]
by the followi ng nmethods (a) to (c), for exanple. nmethod (a): Sone of the
phenol i ¢ hydroxyl groups of a hydroxystyrene pol yner produced by radi cal
pol yneri zation, anionic polynmerizati&n or cationic polynerization, such as
20 a sodi um phenoxi de derivative exenplified by poly(4-hydroxystyrene) or
pol y(4- hydr oxystyrene-co-styrene), are converted into acetal groups by
reacting the polynmer with a conpound represented by the follow ng formula
(7): 25 R C1-CO " ' " (7 ) R3 30 wherein R2 and R3 are the sanme as
defined in the abovef fRrmy a (2), such as 1-cycl ohexyl oxy-1-chl or oet hane.
met hod (b): Sonme of Phke~phenolic hydroxyl groups of a hydroxystyrene

pol ymer produced by ragi cal polynerization, - 7 JAN 2003 12 anionic

pol yneri zation or catjonjc pol ynerization, such as pol y(4-hydroxystyrene),

pol y34- hydr oxyst yr erfe- coqst yrene),

pol y(4- hydr oxystyre 4-t - but oxystyrene),

pol y(4- hydr oxyst yr ene-¢0- 4- acet oxystyrene), 5
poIy(4-hydroxystyrene-.o-z-hydroxystyggze),

pol y(4- hydr oxyst yrene-fo- 3- hydr oxyst yr ene)

pol y(4- hydr oxyst yr ene-¢e=3- net hyl - 4- hydr oxystyrene), pol y(t-butyl

4- hydr oxyst yr ene- co- (et h) acryl ate), pol y(i sobornyl

4- hydr oxyst yrene-co-(ngth)acrylate), 10 pol y(adamantyl
4-h¥ﬂroxystyrene-ﬁ9: 1h ﬂgrylate), pol y(tricycl odecanyl

4- hydr oxyst yrene-co- (net h)acryl ate) or

pol y(4- hydroxystyrene-€ds (nmeth)acrylonitrile) are converted into acetal
groupsby addition-reacting the polyner with an unsaturated ether conpound
represented by the apove 15 formula (2) such as cycl ohexyl vinyl ether,
cycl ohexyl Whepehy Retherthe samecashdrfinggd pbepeneaafdd, as required,

ot her unsatur t u s ethyl_ vinyl, et

et hyl - 1- pr opeﬁ@?pei‘:hﬁ?&%%eg{gg- ggﬁ%?gﬁ’%r éa%tlilan gteglg@érté? n(;gegeo t'a weak acidic
cat &byst. 20 netdodl (&% ad4shyptidonpdt yriewe odn@ & empdrsdimgra tdmaresizondi ng to

the recurr.i unit (2 re ¢ | yverized, together with a nomer
corr espoenx g%i?gn?hé %)Etiﬁre"r SP%(%%r I ﬁé’u@%r{esass%rve%uqa?%%o,n ir?le*frgﬁ%‘?pr esence of a

sui tably sel ectied padseat pakvgrRionawiQl bei tdeaicarived tihe ddtkeerby bl ock
pol yneri zation, solution 25 polynerization, precipitation polynerization,
enulsicnP?E@VHQ?antion, suspensi on pol ynmeri zation or bl ock-suspension

pol yneri zati on. The wei ght average nol ecul ar weight ( to be abbreviated as
"MV' hereinafter) in ternms of polystyrene neasured by gel 30 perneation
chr éfat geepphymero (Be abbrevi ated as "GPC' hereinafter) of the copol yner

breferany o TOGRE 9Bt 680 uSthn RhE A s EnveBEfshlrdites s | e

than 1, (00rethersansiuhivti tryeparecdneatid nesittearsteovd fdwmudd af hed( tesi st tend
- 7 JAN 2003 13 to.lower, while when the is, nore th 100 , 000, the
sol ubi | i ¥§ Fﬁ%ﬁra‘&\‘?m 8p&F of GWF T amt%”rfdg | GaTRktar teR) radrf(?oa(MN/ Vh)
of the Metarthfgnufber rapeesaatdl 8¢Ukae ¥BbgBt rérhR1Re(abb(eyiwd ed as
"Mn" hereinafter ) in 5 terns of polystyrene neasured by GPC of the
cop8Pyne¥efayred gendsal mecRIring Mk (et dremginattexb. 5.1 ghe t he
present | | on, e V. 0 of.{n
D it ur%&'ﬁgﬂ%ﬁ\kg% I(hﬁ;m@?é? €0 LLPUNEL Pt (Y IR rBEuL2SH g2hRPESO 1]

and (2) is preferably 70 mol% or more based on the total of

all the recurring units. The content of the recurring unit
(1) is preferably more than 40 mol% and less than 90 mol%
30 based on the total of all the recurring units and the content
of the recurring unit (2) is preferably more than 3 mol% and
less than 40 mol% based on the total of all the recurring
units. The total content of the recurring units (1) and (2)

is more preferably 75 mol% or more based on the total of all



10 Copol yner (B) The copol yner (B) used in the present invention contains

t he above recurring unit ( 1) and a recurring unit represented by tIfeJAN 2003
above formula (3) (to be referred to as "recurring unit (3)" hereinafter)

In the copolyner (B), the total 15 cantent of the recurring units ( 1) and
( 3) is preferably 70 nold or nore based on the total of all the recurring
units . The content of the recurring unit ( 1) is preferably nore than 40
nol d and thessethari9gy walidshasede aronitent cbfltid rlduriied eeur i(Ag units
and the content of the recurring unit (3) 20 is preferably nore than 3 nold
and | essiBhBRT£0 DFRSIIE IR "OF & & aPo 5 Mol 3 andt Ressechieni 8§ malfs . The

total copkedly oh thE AN bENGL KRS rbobrk i#iiubiBo)ad JHY BoREELE a0l Y 75
nold or nore based on the total of all the récurring The“Cont ent of
t he recuprfi hlgeumd:urn;ngymdr ézprmmrcatépnafreeramaytmame%amlajmamd | ess
than 80 nol.d base e tal of all recurring units and the content
of the ré‘@@rf"?ﬁﬁ :%61 0;8‘ saﬁﬁfieorbrté?ee Glaﬁ‘ Prﬁr"blg]t e SeRYFFLRAd | ess

t han 30 gwpli¢based on the total of all the recurring units. \Wen the total
content of the recurring units ( 1) and 30 ( 3 ) is less than 70 nold
based on the t #hsn ¢hea];mttahecoetant|¢ng umtrsecumemgasmmm drl Jond

l'i ne- and ace .patt foc I tact hole tend to

| ower . %ﬁ&ecsosnfe'éﬁpaﬂfm?gg raescﬁﬂ‘%’ ﬁ fe' ?f}faf’lgg HBEEFUSFPEss based
on the tdmltsqf tHd tdeol €ELs i b anNlise)ahbespaat pasikskrane@d the/ JAN
2003 14 of the obtained resist is liable to | ower. Wen the content is 80

nol dL®r FHEs hptheude hef marmtifk Retabteprdy tPnlaweal-kalhedetBpoper of
the obt a'amequo%f/r@re'x%a&tn@ %ﬂoam( :Lt)O(lsh'ﬂ)hm%ﬁ% \t,c\%ele%%()lbléts'eﬁn of a
l'i ne-and-space pattern is 5 apt | ower °. Further en the content of
t he recumom tiheuhotal 8f)all thenpedusrihgsenbhsedtion heat retsa.lst@hcall t he

recurrin jts the focus l.ati of .a ontact ds | ower

whi | e wndif The ebralRed Resis thr e TR B ?‘ﬁ%roptcrfbgﬁe RTRREr fect i s
l'i abl e t qyHear aifee | G6 e @0 dis heo fd Iy Soff meeer, ougBNESsIubA 1aftya iPAtern is
also liable to becone |arge. Although the detail ed nechani smthat expl ains

why the Sddicehorlavrerenodd thy f’HEaéBS@eC‘PBPFrMI“Qr(l% 3plexift hiece®Meor e

excel | enty peRfiQy éﬂ@%e@dl‘%fti%‘iﬁfo%‘ aSkanelang - Isiaa%?, Qiterd 4isS assuned
t hat the skel eton of the formula ( 3 ) exhibits 15 éxcel 'ent performance
for the smtetpcaswes. afli(rme)r.twhen:;:r)e ghuéentrf the memwver ingmmis (2). The
copol ymer, { )Ls”EVmSE?? @:h'le%ts log?i& i Oy “ " “Qiib P DL GG ed to as
ot her rec rr|ng uni ereinarter) other t ove recurnn& units (
1) and (urdlf9s AstHéef cxase 124 irtmydebe £ Nb@oneaetvmnow Ends the leiwear,
recurring unit and tF)ref erabl e nmononers out of these are the sane as those

liste@ f oMt HRYBEPIRMEPRERPT 1Fht0 E'BFrf%e‘?ﬁ MBFer H P ME CREEHAY Whi t

derived fdfB 2P 13NYi HFEe @b ﬁé&rﬁ@maf?ésaﬂétﬁé@fﬂm;yfé@e PRIgrRfedsss, more
preferably 25 nold or | ess based on the total of all the recurring units

cont ai nedPf ra thettepal kAerles) lighéecspobemome Bpngey be produced by the
follow ng neth f 1l hydr oxyl
groups of a hyé}?%xél]g%y?gﬂlel{ig%ﬁ r%%ﬁ:@%tregﬂ:% g&bglﬁga 1Qch po(‘f ?rzr%?lﬁiza 1 on,

ani oni c podynesi ga)i oanobecahimaratpdl pseexaatpiles, ofudheaxrecurring

pol y(4- hydr oxyst yrene poI 4 hydr styrene-co-styrene),

polyéﬁ hYHFB&yé%iréﬁe%ES BHF §y29§rene), - 7 JAN 2003 15

pol y(4- hydr oxyst yrene- co- 4- acet oxystyrene),

pol y(4- hydr oxyst yrene- co- 2- hydr oxyst yrene),

pol y(4- hydr oxyst yrene- co- 3- hydr oxyst yrene),

pol y(4- hydr oxystyrene-co- 3-net hyl - 4- hydr oxystyrene), 5 poly(t-butyl

4- hydr oxyst yrene-co- (neth)acryl ate), poly(isobornyl

4- hydr oxyst yrene-co- (neth)acryl ate), pol y(adamantyl

4- hydr oxyst yrene-co- (neth)acryl ate), poly(tricycl odecanyl

4- hydr oxystyrene-co-(neth)acryl ate) or

pol y(4- hydroxystyrene-co-(nmeth)acrylonitrile), are 10 converted into

t - but oxycar bonate groups by reacting the polynmer with di-t-butyl carbonate
in the presence of a basic catalyst such as triethylamne. nethod (e):

4- hydr oxystyrene and a nononer corresponding to the recurring unit (3) are
copol yneri zed, together with a 15 nononer corresponding to the other
recurring unit as required, in the presence of a suitably sel ected radical
pol ynmeri zation initiator or the |like by block polynerization, solution

pol ynmeri zation, precipitation polynerization, enulsion polynerization,
suspensi on pol yrmeri zation or 20 bl ock-suspensi on pol yneri zati on.



The Mv in terns of polystyrene neasured by GPC of the copolynmer ( B) is
generally 1 , 000 to 100 , 000 ( preferably 3 , 000 to 40 , 000 , norfe)AN 2003
preferably 3 , 000 to 30 , 000 . Wien the Mv of the copolyner (B) is |ess
than 1,000, the sensitivity and 25 heat, resi stance of the obtained resist
tend to |lower, while when the Mvis nore than 100 ( 000 , the solubility in
a devel oper of the resist tends to lower. The ratio (Mv Mh) of the Mvto
the Mh in terns of polrystyrgne nmeasured by GPC of the copolynmer ( B) is
generally 30 1.0 to 1&.0, pyeferably 1.0 to 5.0. In the present invention,

t he copol yner (A) and the copolyner (B) nmay be optionally blended with a
resin and a | ow nol ecul ar wei ght conpound which do not inpair the

uniformty of a coati pg m when the resulting solution is - 7 JAN 2003
16 applied to a subst and whi ch have excellent conpatibility with the
copolypger ( A) and theccepolyner ( B) . In this case , the total anount

of the“resin and | ow nollecul ar wei ght conpound to be blended is preferably
100 parts or |ess by weipgght based 5.0n(19p parts by weight of the total of
t he copol yner (A) and tHe copol yner (B). 'Radiation sensitive

aci d-generati ng agend—Cr—0Omg radi ati on sensitive acid-generating agent (O
(to 10 be referred to ad "acid generating agent" hereinafter) used in the
present invention is a &npound which generates an acid through exposure.
The aci d-generating ag is an (1) opiumsalt, (2) sulfone conpound, (3)
sul fonat e conpound, (4 foni mde 15 conmpound, (5) diazonethane conpound
or(6)19isulfonylnetha pound. |l lustrative exanples of the

aci d-generati ng agent ™8 gi ven below. (1) opiumsalt such as an iodonium
salt, sulfoniumsalt, 20 phosphonium salt, diazoniumsalt, anmoniumsalt or
pyridiniumsalt. Illustrative exanples of the opiumsalt conpound i ncl ude
bi s(4-t-butyl phenyl)i gdoni um nonaf | uor obut anesul f onat e,

bi s(4-t-butyl phenyl )i adopniosat ri fl uor onet hanesul fonate, 25

bi s(4-t-butyl phenyl )i odgni um pyrenesul fonate, bis(4-t-butyl phenyl)iodoni um
dodecylbenzenesulfonate bi s(4-t-butyl phenyl)iodoni um p-tol uenesul f onat e,

bi s(41®- butyl phenyl )i ¢ um benzenesul fonate, bis(4-t-butyl phenyl)iodoni um
10- canphor sul fonate, 3 L(4-t-buty|phenyl)iodoniun1octanesu|fonate,

bi s(4-t-butyl phenyl )i oaprum 2-trifl uoronet hyl benzenesul fonat e, di phenyl

i odoni um nonaf | uor obut anesul f onate, di phenyl iodonium
trifluoronethanesul fonat®e) di phenyl 1ododm)um - 7 JAN 2Q03 1~

pyrenesul f onat e, di phenyl i odoni um dodecyl benzenesul fonat e, di phenyl i odoni um
p-tol uenesul fonate, &PpremAHsodoni um benzenesul fonate, di phenyl iodoni um
10- canphor sul f onat e, di| enyl iodoni um oct anesul fonate, di phenyl iodonium5
2-trif uor onet hyl benzenegsul fonate, triphenyl sul foni um

nonaf | uor obut anesul f onate,_tri phenyl sul foni um trifl uoronet hanesul f onat e,
tri phenyl sul f oni um py @

| fonate, triphenyl sul fonium
dodecyl benzenesul f onat i phenyl sul f oni um 10 p-tol uenesul f onat e,

tri phenyl sul f oni um benzeriesul fonate, triphenyl sul foni um
10- canphor sul fonate, triphenyl sul foni um octanesul fonate, triphenyl sul fonium
2-trifluoronet hyl benzgnesul fjonate, triphenyl sul foni um

25

30 H,C—C—CH,



hexaf | uor oanti nonate, triphenyl sul fonium 15 napht hal enesul f onat e,

4-t - butyl phenyl ~di phenyl sul f oni um nonaf | uor obut anesul f onat e, =7 JAN 2003
4-t - butyl phenyl ~di phenyl sul foni um trifl uoronet hanesul f onat e, 1

4-t - butyl phenyl ~di phenyl sul f oni um pyr enesul fonate, 20
4-t-buty|phenyl~diphenylsulfoniun1dodeé§lbenzenesulfonate,

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

4-t-butyl phenyl ~depbgay hsbkboricbirlamee i@ sl 0rdMe . recurring unit
4-t - butyl phenyl ~di phenyl sul f oni um 10- canphor sul f onat e,
4-t-butyl pnenylesem;tﬁ@n§wsuheOﬁDnmb@t bhbsis franeticulsrly preferable.

4-t - butyl phenyl ~gi f opi Strifl t hyl f onate,
41 bt oxpphony SUPBRIELE e OBR kL ekl L eh P E I PR S e b AP Y
4- hydr oxyphaaykkkestyh~Fepbgksultbanbym B0 abbokueseauhbopal eexk2die4l f one

conmpound such as ap&g— ket osul fone, (3-sulfonylsulfone or a-diazo conpound
t her eofS | MPESt £ECEYE edtapsrdLIHanGR i sHd e mrribal | peeletons is

phenacyl ph QJH one, i %hf Q{Jg: - g %9 .

bi s( phenyl §§¥éé§y 'rrgfth&%g%éstﬁéj - B’l%(s%*?rﬂa%y suefjflo%neg @gf @%?%%né%e
conpound seghiad ted dlokyihesddldratimg hedioadsky(lsutdéopase, aryl sulfonate or
i m nosul fonate. Illustrative exanples of the sul fonate conmpound include 5

benzoi n t o$yPat eSUSFAGGEREINY BAOS: FPEPEBILSRBL FReBEI PBRELBEApTPEgERE O

trisnonaf| ggrahyhiane ogubf eRakecoR¥hegahbol ABENEHCat {LFYLl @At rence
ni t robenzyl -9, 10- di et hoxyant hr acene- 2-sul f onat e, a-nethyl ol benzoin

t osyl dt@®, anmétlisgodiutdiproispeldl dmtaresn|Fomxrosed npehylohbandoén
trifluoronethane sul fonate - al 0i n ecyl sul f opat 4)
sul f ont m dEneanpser Pep e CREsFoTb e dba t Tt T AR B desFPetELef Y v

-~ -R4 . . reatct@on BAculiseetie AiRreasHelakonthgs Glipasyelr assapratkyhene
group, arylene group or al koxyl ene group, and R4 is a nonoval ent group such

as an al kyFugPEessiany (efdesitp thll Gt iRIARCEIRG 9FPeRphaying
hal ogen- suhSki! Uil Rlandil AibnLS dddiiSdd o |16 CXSEPL ey 9T gk SYLT oNi M de

compound include N-(trifluoronethyl sul ftonyl oxy)succinimde,
N- (t ri¥3 uodeeshiopynrdnlygosypphiueat ptitdel arger number of carbon atoms

N-(trifl t hyl sul I ' I i m de,

Nt 1] uor SRR RS ey BRI o8] Kept - 5. ene- 2 30

, 3-di car boxpi)ym dan &t ¢dtie I byepavaunddsat frtveyt g of/remabiagdmaleRal] kept -5
- -2, 3-di b i m de, ,

N??t(:ari fl uok’%amr % jlélnﬁ fggﬁyipo]}?fb‘?‘ e beidingppahntstaaR thats ofi thehoxyi ni
de, - 7 JAN+Z2003rd8ebtihbidteigp aERUMY 86§ AREDYYILRHEH It onE d8uch

N- (10- canphor sul f onyl oxy) succi ni m de, (10- canphor sul f onyl oxy) pht hal i m de,
N- ( 10-2@&nplesr a0 florgthmayetiiihe rgrovml @F i tRthexypropyl group, and

N-(10- Canp%%&sclijglqrylr%)ﬁ@i%isciﬁl ehe- #11hhePlams ¥ o PEB to promote
the diffusion of an acid. As a result, an abnormal local
deprotection reaction does not proceed and a deprotection
reaction proceeds uniformly in an exposed portion, thereby

25 preventing the film surface from being roughened.

(3) When an acetal having 10 or more carbon atoms,
specifically an acetal having a long-chain alkyl group or
long-chain ether skeleton, such as a dodecyl skeleton or
triethylene glycol, is used, adissolution suppressioneffect

30 becomes high while heat resistance greatly deteriorates due
to the large movement of a side-chain segment. Meanwhile,
the acetal protecting group having 7 to 9 carbon atoms and

a cyclohexane skeleton in the present invention is more rigid

than a straight-chain skeleton due to its alicyclic skeleton



di car boxyi m de,

N- ( 10- canphor sul f onyl oxy) - 7- oxabi cycl o[ 2. 2. 1] hept - 5- ene2, 3-di car box_yi7 rﬁ\ﬁi%[ﬁ
N- (10- canphor sul f onyl oxy) bi cycl o[ 2. 2. 1] hept ane- 5, 6- oxy-2 10

, 3-di car boxyi m de, N-(10-canphorsul fonyl oxy) napht hyli m de,

N- (p-tol uenesul f onyl oxy) succi ni m de, N@p-tol uenesul f onyl oxy) pht hal i m de,
N- (p-t ol uenesul f onyl oxy) di phenyl nal ei m de,
N (p-tol ue u n bi I s2..1] hept-5-ene-2, 315 di car poxyi m de,
N-(p-tol uegnkgéu{:%gm%leg%' - %lf%%a%i[e%ﬁéltonf % e%-é‘?fe-? TesHftar boxyi ni de,
N- (p-tol uenesul fony| esydbimyel 02 2ad] beRtang- 5t 61 0%yt 2ond-FhG@FPoxyi ni de,
N- (p-tol uenesul f onyl gé){/{:) napht hyl i m de, 20

N(2-trif IWB#&%%F A Py [ 8k E ReGWiFAR Unit " hereinafter)

N-(2-trifu t eENS il i de
N- E 2-trifl ﬁ%ﬁ%ﬁeﬁéﬁ?benzenesu‘% ?%%&%ﬁ%%%gﬁgﬁypi 2&?%? n(izd)e,asl\liﬂ(‘lﬁ-cf‘?sl
| uor ot hymdsgnzenesul f onyl oxy) bi cycl o[ 2. 2. 1] hept - 5- ene- 2, 3-di car boxyi m de,

25 N-(2-trif luaoronethyl benzepesul f on ong&-?-oxabic clo[2,2 .
.1]hept-5-ene-2,%QH?ES¥SOY8iﬁBd8}Ve the other recurring unit include

N-(2-trifl Y yl O j L1
ISORIARS %?%ggﬁ%g 3%13@(@??%%;%%9%@%Pﬁfzgk%éné, d-methylstyrene,
N-(2-trifl donehbohysliyreamees i -ftorpdtoxy)ataptary) | m de, 30

N- (nonaf | ugr pbut yl sul f l.oxy).succini m de,

N- ( nonaf | ugf ggﬁ?%‘?ﬁfpﬁe FHAPERRAA %'d@'%r(wol’oxyswrene) g

| uor oljut yl sl L ony b@tyhaietihiis idetid) d&t - (1-n-butoxyethoxystyrene),

N- (nonaf | uor obut yl sul f onyl oxy) bi cycl o[ 2. 2. 1] hept - 5-ene-2 , 3- dilrcar boxyi m de,
- 7 JAN 2f ff T8t Ph NIRRT AANGI BRI ZENS o1 3585 XY SXEBPRG ¢l o[ 2. 2. 1] hept -5
-ene- 2, 3-djcqt [Was] pYoTpr:Nj -

| uor obut yl Léul fgﬂépg{?ﬁbﬁﬁo[ 2. Zéxﬁshte%%%?\b-%,rg%ﬁ?/}f ?%Yf:l?%gf boxyi mi de and
5 N- ( nonaf Bubydbokylssyirfeare/dnd 3 mephyiy 4i-myde.oxySs)t yieamomen $ater abapound
represented_by the . follaqw ng formul A0 RS-~-Cl2 ~-R6 .. O wherein RS
hnd Re. may SBEbpH Las e G R i At PeR R SR RBeh 2Rt group Such
as an 13 kylmetaypcrgivlc §&0ap maiadlieges: & | Fsinidrutesdc 88 K \Wr ok 8614,

hal ogen-substituted aryl group. Illustrative exanples of the di azonet hane

conmpound iﬁ@?é&@néics(atcriiq_'l G&WW%@‘*%yI%W%&%t%ﬁh@; ppleic

bi s(cycl Ohsasn&a@fifd%nxhhqh@@wfmra% BhagRRe Rl sukfepy! dliiraQnRL bRpE.
bi s(p-tol uenesul fonyl ) di azonet hane, nethyl sul fonyl - p-tol uenesul f onyl
di azonmet hagpetetrscydtdtwix\dstigfonyl-orqayll -¢s bersy| et hyeBulf eayeyrs2s

di azomet hape bi_s( - dim t fonyl ).di . (6

di sul f onyl %Pﬁgg’el ggsrrt;éo%sn'd lr”g[%or ]Zn({ye%é%%/' t%%éf%?%:\?m”%%@gghufa%?i%} 0OYO
3 0 R2m®l Pksters,Rh-amyl dstidrd, wheipinokyethyl RBstrayshe the sane or
different and are each a nonoval entlinear or branched_aliphatic hydrocarbon
gr oup, - 27 27 e dy b3 WG TRIIBA R bupsterSr BeBaBt SFEFE?I’ group or

ot her mMONOYaLeRrriYf 10N e ¥ OUR MR sheker0tat ege18RdcingndedtBRY be the
sane or different "and are each an aryl group, hydrogen atom nonoval ent

| i near or lndndiedganypiedecanyhyeisbens bofh gheupbeveounsptrbasdesd ent

Organi © O QURABIG, S IELE] GALARI ALY Rhe-PIEX! sAchNAL al east one of Y

and Z is an ary or Y an are connec each other to forma
nonocyzb i ¢ (metholaayclowisttle uneldbvnhgralel efismapnaitmideyr at ed bond or

to forma group represented 10 by the follow ng,fornmul ) Y ...(11) 15
wherein Y “@ﬁ@cfn%vjo]eeth%lgﬁ?%o fEIFﬂ‘%r éﬂa, lgagoﬁﬁ;tgﬁii?ﬁe same as or
different fQEQG AWidR{ided élé‘iQYabe(hﬁ\QQh§§8Ey§§mQBeql Eteeenbmiigam one
another, and Y's and Z' s are each a hydrogen atom hal ogen atom al kyl

group, 20 oydledaiamddeyr ofpmaramyfe groepacpnamifry| cgtvagonapide aadd 7'
bonded to the same rbon _atom or .dif.ferent carbo t ol re..conn ed to
oach. ot hor taqainEdes Phsh thersegam das T nel Apa Lyt ShancBARRSL o %
to 10.3dhe pph4enaed dudeaeuakitra AFTH S sBMche UGREt 1) DBy DE12Dhion s ;

adm xture of two or nore.
vinylanilines; vinylpyridines; and other vinyl compounds such

as N-vinyl-e-caprolactam, N-vinylpyrrolidone,
N-vinylimidazole and N-vinylcarbazole. These monomers may

be used alone or in admixture of two Oor more.



In the present invention, the amount of the acid-generating agent is
preferably 0. 1 to 20 parts by weight, nore preferably 0.5 to 15 pa[tZSJAlﬂy[)[]}
wei ght based on 100 parts by weight of the total of the copolyner (A) anoz
the copolyner 30 (s). Acid diffusion control agent In the present invention
, an acid diffusion control agent haldng the function of controlling such a
phenonenon t hat - 7 .1"~N 2003 22 an acid generated froman acid
generating ag (=3 i i i i l.m and the function
of suppressi ngfgnaﬁ%%t\%fgb %ﬁozrﬁéejfn?(@gfﬁ?tga :{\{%‘n{rl?e; ozgnh%fn&gpco%re%”b? eais

pr ef er abhyit ur sherebeendedie thyByg tysieng ,t Ri-seatiakyl ffegieon control agent,
the storage stability of a conposition and the resolution of a resist can
be imro@‘ﬁ'%ﬁﬁoﬁﬁﬁﬁéﬁ§nﬁn rd P OX AP Y Lo X et t er n caused by
fluctuatjops.| SAHaRegssad, ( 1t m,}j% | {ble to obtain
very excaél an%eﬁggggggefg‘%& abi Ieiqt'yfi 'I(r}erég{:i d |ffud§%oéné%ﬁcﬁ?€jo1 agent is

pr ef @r abt ytatnahydgenyrenydioxyisdyoegeni ¢ ~aorepmunys yoessee basicity i s not

h d t . treatnment in.t ti f
ool ot Rt PR OSYkCaRboR R H SR E g AN SRR | 5 & compound
repr eseng ey @¥okhetiebhew ngrfedhiul-a -hydroddsr e Rl buty1 ( 12 ) 20

wherein R9, Rl and_R11 nmay be the sanme or different and are each a hydrogen
atom al ket agpylagey| igohepnol dmgthacxviaty. tadamantsterred to as

"ni trogep- el 0 I " Jierel te ...l am pho conpound

navi ng ¢ WAC Rt BobRRLEEs TRt dackanyl” (Al iavzatd HH4T 205

"ni tiwogefmedh) achyhgndaimdencrd Ipreflearadileaf t er), di am no pol yner having
three or nore njitrogen atons ](_to be referred to as "nitrogen-containing

compound {111)ThRePRRhEREeP the REMHURCTehtREetREl -1 1RA toF¢Bui ng
formul a gnddone (off @Hee a%@vreefn@hbﬁér’s%@%f'éﬂéfé&%?'@ﬁ\bil%nbﬂglé‘é’éfpou”d
(I'V)" herernafter): 12 14 R "NX 1-N R. . . (1 RlL \R's - 7 JAN 2003
23 wher earxiprefarpblyn@bhifodieothdens habaagd2onote neehathaf mthr bon

at ons, i d \ i , anched or cyclic
al kyl grth:)ﬁ% Eé\%flﬁg&%g?o%qlf?gzar ngtr#iglt%?rr?}l, qg*éar%/?p%jf%ﬁ% hg\g{ hg 6 to 12
carhen at ons oThar abppllygeau Aaviang bé tparobRiazat on @teomnllswitl® and R13
or R14 and E&Ié are bgonded together to forma 5- to 8-nmenbered heterocyclic
st ruct ur BeEBGEERLA Initth (e it SF&T S m in the formula ( 13 ) and the

rest of Rdznba RE) :aniddgpaiietendl1d NepdrodPl byahepedopracyclic al kyl

group having 1 to 12 carbon atons, aryl group_having 6 to 12 carbon atons
or ar al kY¥agesys tHAGNSy PP Lyder, PERABERaPHEadhpdl ROl Eea¥ismeion  t he

pol ynmet h haj I : r , an terocyclic
B ot ur SPRaR ey B R o BB, B a e e B e &8 o i ¢
t he 28r ovaseotiiam phe nwetideetdes brat ictaiexenkiifgedupy aryl group, ar al kyl

group and heterocyclic structure can have an oxygen atom sulfur atom or
car bony! P§ é’dg'glé’ﬁﬁ@éﬁ’sts%r%%% of atoms of any carbon-to-carbon bond and

that a hydneqan ngidev:Randareld - 28- siyraie) of atbecervdptedt ofitomay be
substituted with at | east one substituent_ other than a hydroxgl group such
y

as an al RERFR1yGFMNE BherRAGTRDUe PTHIPRTNGL Fop? cS¥RPEEPBY t he
fol | ow ”Qf@)‘ﬂg@énaceﬁi i )tﬂet%%ﬁﬂég%ﬁpaagﬁ Eli azo)gen- cont ai ni ng

conmpound 25 hereinafter): 6
25
R2
|
c1—C—0 e (7)
1
30 wherein R? and R® are the same as defined in the above formula

(2),
such as l-cyclohexyloxy-1l-chloroethane.
method (b): Some of the phenolic hydroxyl groups of a

hydroxystyrene polymer produced by radical polymerization,



wherein R16 and R1l' are independently a |linear, branched 30 or cyclic alkyl
group having 1 to 12 carbon atons, aryl group having 6 to 12 car bon AY&B003
or aral kyl group having 7 to 12 carbon atons, and at | east one of the al kyl
group( aryl group, aral kyl group and a_piperazine ring in the fornula (14)
has at | east one hydroxyl group bonded 1fo - 7 JAN 2003 24 a carbon atom
with the proviso that the al kyl group, aryl group and aral kyl group can

have an oxygeBnaicopblywlefrizaation o eatlentl poaymeaweanf he car han atons
of any carbon-to-carbon bond and that a hydrogen atom bonded to 5 any one

of the carBBAYAdoRY SROrISE e )  naky (4 thy droxeatyrene-sabstireent) ot her

than a hyd l, ,4 _al kpxyl ou r _phenoxy group, a conpound
representeéBEé(#hégﬁ%qﬁgﬂﬁ%¥§é§néﬁag?yﬁﬁﬁofg?gyﬁgn?gferred to as
"ni t rogen- polyaidnrhygirecypainte(éd 96 - dadet GkpetyeeheR, 18- N-XZ N-R 19

( 15 ) 15 wherein XZ is a polynethylene chain having 2 to 8 main chain
car bon Sat oRBLYRES hyRF O tree e ehrdr9X %S FYFeRe) - br anched or cyclic

al kyl grou isn iégﬁggg n.at-or having 6 to 12 carbon
atons or a 8?g¥ﬁ g?%%ﬁ?k avﬁﬁgq?gt%qq%gﬁgé%%ﬁggggggf and at | east one of
t he pol ynepbilyd e hytdaiox yed thyat e rge -owps 2y tigy bup; layarkyxlb sgyeepeand one or two
pi peridine _rin iLn the fqornul a 15 has at |east one hydroxyl group
bonded to BOEX&%GbQﬁy 4{bi3?? PFeseote eFﬂiaﬁﬁV}ﬁﬁﬁﬁylene chai n,

al kyl grouge1%% 1@ablor&vOUN BRI P62 Ky r i OB CBle PRYEcBY1%XKIEN at om

sul fur atom or carbonyl group between the carbon atons 0Of any

car bork-& o- padlid@dgaan tand 4l droXyeit voene atoni behtddcrylatg)one of the
b t j i ti t th
carbon S OB NeEIBIAL IR, 1ol 808U 180, 0LA L1

hydr oxyl grou enoxy group,

repr esent edrbyollyg 4-alydwastes fyr et acé- ibeth j atbyhendieraneddare as

"ni trogen-contai ni ng, conpound (VIIL" hereinafter) - 7 JAN 2003 25 Rzo Rzz
Rz3 ' N X3- RoR¥egted’into@cesal groups byagddl p198-wraerditnadh e ralxmes;

i ndependeniiy naapohyERHA¥LEBE EPALE BénhHEnd fé?}@eé@ﬁf‘e&*@ RHRLBEF At O,
Rz, Rzl ~ Rzz ~ R23 and Rz4 are a linear, branched or cyclic al kyl group

havi ngt8 t Sormudar Hoh aush asrgychebexyhavingleetber2 caciohexydns or

aral kyl gr j.n 0.12,¢c - d I Rz4 are
bonded togg#ﬁggﬁﬁg'ggiﬁ%éoé %0@%?§§%§%?Q§XK§§E§%%§§|?éggfﬁﬁgf ?%Qggdether

W th one niotthege anabamnatdd e themebapbub@ juahdas hethestviofylRetherlRz4 are
i ndependent | |.inear, branched or lic.alkyl group haying 1 to 12
carbon at ofERYAr i BT HLA TED T 212 SHHET SR o #08 RFEGPES,
having 7 t@fl3 GRtdod®&E, candipst! east one of the pol ynet hyl ene chain,

al kyl group, aryl group,aralkyl group and heterocyclicstructure has at | east

one  hy4f? ox e tfHaskp ClondeBYAEOXYEINBESRe BB 2 FPRANET (ARFTHTRARB KA t he
pol ymet Y e Hilkr AGMin 0Py 2L cOhOYPmeE BblY! BRURAY1th a
an hav geh atom to onyl

het er ocycl i ¢ structure an oxy sul f'ur m or car
group bet weemdneer carpbespandimgofo dhy cddvebone cvrcangom iboad requ irvest, a

hydr ogen aLon&Eonded t o _any. one .qof .the cTrbﬁn ato § 5 he suq§ajtuted
Wi th at | eddt CRRPIRRARATE Fert Xl thaR aohoaTRa o Begymst 2t ian
al koxyl grauf tofa e nexytgé olpke ByCBIBEKNBoloReeIRAAGNY dd1atfidd ow ng
formula ( 17 ) ( to be referred to as nltrogen-contalnlng compound (MI11)"
her ei nd$t ePolymerization, precipitation polymerization, emulsion
polymerization, suspenslion polymerization or
block-suspension polymerization.
The weight average molecular welght (to be abbreviated
as "Mw" herelnafter) in terms of polystyrene measured by gel
30 permeation chromatography (to be abbreviated as "GPC”
hereinafter) of the copolymer (A) is generally1,000t0 100,000,
preferably 3,000 to 40,000, more preferably 3,000 to 30,000.
When the Mw of the copolymer (A) is less than 1,000, the

sensitivity and heat resistance of the obtained resist tend



- 7 JAN 2003 2s Rz\ OH "R29 \NCHz CHz-1~//1 2 \RBo Ri Hz 5 N...(17) R~
R28 wherein Rzs , Rzs , Rz' , Rz8 , R29 and R3 are independently a J'pﬁﬁrﬂm
branched or cyclic al kyl group having 1 to 12 carbon 10 atons, aryl E 0 3
having 6 to 12 carbon atonms or aral kyl.group having 7 to 12 carbon atons ,
or R25 and R26 , Rz' and Rze, or Rz9 a%g R3 are bonded together to forma
5- to 8-nenbered heterocyclic structure together with one nitrogen atomin
the fornul to o2y, whdlewhenettte Miv iRzmote thanR @/ @06 NdaRenad M@ | | near,
branched or cyclic al kyl group having 1 to 12 carbon atons, aryl group
havi ng 6 t%nlg -t ﬁR&Fo%§ GBeaFEﬁ%ﬁt HeRdfy tP tlewer carbon atonms with the

proviso that at hgast-;@88 @fdw]}’ﬂﬁ)ab%wtlh%rW’toartﬁ{?d?@%#r aral kyl, group and

het erocyclic structure can 20 have at [east one group hded to a
carbon at onvaadubavrewaemngbkygen et ambbresifatedtent ¥n " desbonyhf gepypibet ween

t he carbon_at ons %f a[lg{ car bon-to- carbon bond and that a hydrogen atom
bonded *t o BRY™MEn8T 0P OLHE t¥EPHEN MERSHE S P RIS TR SPRAYIMSE (Ahast one

substi t uenisogBgaerad 1han oa thy oy, Herura416h 29 &b & kpxyl group or
phenoxy group, a conpound represented by the following fornula ( 18 ) ( to

be referred to asn"ihe mggsendohndpRitAgneobhe dibvd XppoAgmeinsafl A¢may 30 R3i

N R35 R32 =~ - . in R32 , R33 , R34 and R35 are
i ndependen??ﬁéeﬁygrlgéfeenjo% HWR%%}%% f?ii.‘[woomo%mr&yl group, linear,

branched or cyclic al kyl group having 1 to 12 carbon atons, aryl group
havi n% 6 to 12 carbon atons or aral kyl group having 7 to 12 carbon atons |,
or R310ndCeR2lymeT? (Bd R33 , R33 and R34 , or R34 and 5 R35 are bonded

OB Lo PR ROTBAR ) o B AU AL

carbon atons in the formila est are

i ndependenthe abéwe megmrrdtnamnhy driok phdga eegurinimspun i brsemteseotetycl i ¢
al kyl group_haying.,l to_ 12 carb atqQns,. aryl.gro having, 6 10 to 12
carbon at o§¥ g?ﬁea g’lol%?l t—éﬁr)“ S‘ahg\?ﬁ)né%? g fc‘%r%%ﬁ tq o, HHPH1%ast one
of R31 to &RDti 39 "hdr@iylafdeain, Oh ahel eapblemerof(Bhhe talekWotgioup, aryl

group, aral kyl group and aromatic ring structure has at |east one hydroxyl
gr oup IondeaREENE S4&r BBR ZRIMTIRE HRHes rlviadd (Rt lanereisrably elét one

of R31 to R3%si §rambydr Px¥da BiPthe o228 Q0¢ Phe NG @EEYhg AL PHPs . ArY!

group, aral kyl group and aromatic ring structure represented by 1to R35
can have aThkeasttent ¢ dhexyecyrolpg unidt (fLhelaipkelf egraddyy, margl tlgaoup

aral kyl group_a ar tiCc [ ructure c ha 2 n.,oxyge t.om
sul fur at O%Horrnocﬂzgr 0 y ea?o%%g € Wemeo(r?' k?ealscear t%ln\églfaogg%gﬂ' 3%yaflathe

car bon-t o- cathat imendiraitd tamal thehydrogant aiHmbwnoetidi reyurotie of) t he
carbon atons nmay be bsti t ut wi th at | east_one substituent_ other_ than a
hydroﬁﬂ gF‘EuBr\éS{?ﬁ_ Yaﬁloﬁlekggfjﬂf1 ér’aﬂéx,% ﬁﬁén%ﬁ?ngB% 'ﬁé %?{T)yp?%‘?fll gr oup,
anm de groupnCeAktatBitAd 60MMOUNthe WHelrGAMP WA tQr, NirhE 088 a t 0Pt &A1Y

het erocyclic conmpound. Illustrative exanples of the nitrogen-containing
conpound (P thelxerupphodulitsni hésarddP Jad simerx preferablan 75 mols

n-heptyl am,pey Re0pL Y A%n &MY AR 18 P "dE6¥ L3R "Ghits. The

content of the recurring unit (1) is more preferably more

25 than 50 mol% and less than 80 mol% based on the total of all

the recurring units and the content of the recurring unit

(3) is more preferably more than 5 mol% and less than 30 mol%
based on the total of all the recurring units.

When the total content of the recurring units (1) and

30 (3) is less than 70 mol% based on the total of all the recurring

units, the resolution of a line-and-space pattern and the

focus latitude of a contact hole tend to lower. When the

content of the recurring unit (1) is 40 mol% or less based

on the total of all the recurring units, the heat resistance



di al kyl am nes such as di-n-butyl am ne, di-n-pentylam ne, di-n-hexylam ne,

di -n-heptyl am ne, di-n-octylamne, di-n-nonylamne and di-n-decyl amngaN 2003
trial kyl am nes such as triethylamne, tri-n-propylamne, tri-n-butylam ne,

- 7 JAN 2003 28 tri-n-pentylamne, tri-n-hexylam ne, tri-n-heptyl am ne,
tri-n-octylamne, tri-n-nonylam ne andléri-n-decyl anine; aronmatic anines
such as aniline, N-methylaniline, N Ndinethylaniline, 2-methylaniline,

3- et hyl angki fige o%i."aﬂ?é@%@é‘iéﬂ LY lﬂaB'lTerQQrii‘bé'ﬁ? %%*he% AL AEan ¢
triphenyl amne and 1-naphthylam ne; and the i 11 'ustrative exanpl es of
t he nitrogéa-g8omalhiog rmmgomm tHd Jotheat e det tpleesedudtili@y in an

N,NN,N-tejranethyl eth Ien diamne, 10 tetramethyl enedi am ne
hexamathyl%ﬁ%ﬁ‘ié{n&ﬁée?L ? h? céh %Tﬁﬂ?ﬂﬁﬁmgel¥F-@ﬂtaﬁpnbﬂpﬁﬁényl
ether, 4, 4ipdi ﬁ%ﬂoﬁﬁazeﬁaeﬁe%luﬂnén dicag MHéDQﬁ y%ggb@e attern

2,2 bIS(4 am nophenyl ) propane, 2-(3-am nophenyl) ophenylfSropane,
15 2- (4 anap@mmmywpzz (Buhyzheaxwm;th)em@rpaamt of the recurring unit

i- Ef;o?g][ Qog’g‘j«‘ }rfﬁ 06}1 % &O)éré %z% )c{ﬁ %E%Eggﬁgl of all the recurring

1, 3-bi s[ 1- (A4 &ei, nenbeﬂabhsliaeibuhetbflelbﬁﬂﬁ@t Al d henldkeo 2Bwer,
IIIustratlve exanpl es_of the nitrogen-containing conpound (I11) i ncl ude

pol ymers sWBAL&S IR FBEISATEIRAT #f ), mpbE P MFanthe cafd ep-hBERFLAM Hoet hyl
acryl ani deefkbbgsi%amqe%@%e ﬁleq?f%@aﬂ'dt RO AU L PoagRRAUET (1Y)

i ncl ude conpounds havi ng one hydrox roup suc
N, NIVlernfthypamtaﬁhrnﬁﬂam@nﬂlmdbbﬁhv¢ehedome1marge.

NN N -t oty ANEBOE3R, BRELGBF BbyF ROIRGhab AP e explains why the
, NN -t §kgﬁ.|e“t|3n (r:% @re‘?fﬁéﬂf QE ythetdybeaedl amine (30 exhibits more
, N -triphenyl -N hydroxyet yl ) et hyl enedi am ne,

N -tri Eé‘ﬁ’?ﬂlent p@rﬁsmmé;ayéﬂmﬂr) @Fh?ﬂ‘m%ﬁhéletons is unknown,

N -tri ll%n ¥| E:sﬁ%%ah EQX).[R % ﬁ%lc?f' ea'?orl‘:r'nula (3) exhibits

N -trimethyl-N-(4-h roxyp eny yl enedi am ne,

, NESri mmulemt périfpdmaxyieeficy [thet sghenstisamaes (1) td (ANg20@d 29
N -trlgg - (2- h&%;ox thé#%trinethylenedianine,

N -tri meth QVa %g t et ranet hyl enedi ani ne,

N -trimethyl oNe ea;m g8y Inayd cReraane ity 1easd afeN@ecurring
,N -trimethyl-N -(2- roxyethyL{hexanEthylenedlanlne

N -tri mEdy( tNhe(Qeﬁwrss?yfeq A§I o thax aREUKYLBAaH i hereinafter)
, N -t r| fhhré\kl 'tNan( %h yg’BQﬁéef%%ll}Pfﬁgr@%Wé E('].%d'aﬁ'a' f‘?b &Q the c se

- bi s(di met hyl am no) - 2- pr opano di et'hyl am no) - 2- propa
|nE2%yIawnmdM2 (3' - hydroxypyrrolidino)ethane,

G et hyl am no- SoppmeBE WAYAR AN EVINS LEndR) SRR ng ppak, ana
- di net Hedreb Lo (mdnomedy0%)i0i ¢ rihdi s ek hitie ;s atena s Ultkss d avistg d& Wo

n
ydr oxyl groups such as
,N'-dinet@ﬂr|¢9@ “FRRYBYMGHr bRV et hyl ) et hyl enedi ani ne,

N
N, N -di et hyl - N, Nel ogrtonl @/ &y lorgldty bl @nit derived from
N, N - di net hyl - N N - bi s(2- hydroxypropyl)ethylenedlanlne 20

N, N - d2 &t h;ﬁnyNoNte— l@nfs@ehgndmwgmpyl peeﬁ?rehém Afimel¥ or less, more
N, N -
N, N -
1

D-Q-Q-Q-Q-OOZZZZ_Z_ZZ_Z_Z_ZZ

N
N
N
N
N
N,
N
N
N
N
N
N

1
1-
1-
1
a
h

di met h is{4-h 0X p e m
ai ot AN NEEY St 8 T AP oRbbanast PEERY: SodPamiqgal of all the
, 2-bi s(3 -ﬂ%mmrxﬁ@itﬁl aeheamﬁaa, in the copolymer (B).
1, 2-bi s(3' - hydroxynet hyl pyrrolidino)ethane, 25 1, 2-bis "
-hydroxyethyl)pyrhﬂ|Qﬂ ¥ﬁ%5né5)1m2YbP§(QrQHFEP§xP§|géﬁl icddratingne,
1, 2- b|s(4 <9§¥ ﬁé di no) et hane, 1, 2-bis{4'- "
-hydroxyeth plper %e and
1- nnrpbOHIMEﬁhddH6d2 Syﬂeomyethglph&hn&ﬁethqﬁabxaa.@pnnnundﬁfhﬁving three
hydr oxyl groups such a

N et hyl - NN wxxmwnﬁym%wpéfrm%%?@e%da%%l polymerization,
N-n- dodecyl ;N M, 1 &N 54 14é 21 DY €1 8% YEE hyd 4 B4 WL 80RdR ffation, such

N- et hyl - PQ?H N -tr?s %ﬁhyﬁroxyphenyl)ethylenedlanlne atlon. such as
N—nethylIﬂﬁ%ly(4thyétdxyydymnybénzpblgﬂHyheﬂewmmﬂhyrene~cd%sw¥¢@m@B,30
1- (3' - hydr ox rrolidino)-2-{bis(2 eth am et hane, and
1-(4'-hydrd%%ﬁ%b%??8&58¥§§I¥EF§FZCPh %Vét 5@¥ qﬁ% 'et hane; and
conpounds having four or nore hydroxyl groups 5 such as

N, N, N, N -tetraki s(2-hydroxyet hyl ) et hyl enedi am ne,

N, N, N , N -tetraki s(2-hydroxypropyl) et hyl enedi anm ne,

N, N, N, N -tetrakis(4-hydroxyphenyl)ethyl enedi am ne,



N, N -di nethyl -N, N -bis(2,3-di hydroxypropyl) ethyl enedi am ne,

N, N -diethyl -N, N -bis(2,3-di hydroxypropyl) 20 ethyl enedi am ne, -7 JAN 2003
N-nethyl-N, N , N -tris(2, 3-di hydroxypropyl) ethyl enedi am ne and

N, N, N, N -tetrak| s(2, 3-di hydroxypropgz/s)et hyl enedi am ne. Illustrative
exanpl es of the nitrogen-containing 5 corrpound ( V) include conpounds
havi ng one hydroxyl group such as N-nethyl-N -(2-hydroxyethyl) pi perazi ne,
N-et hyl 1%1&@4 hMﬁ'&Qé*?EE}f&Epr%Bai' Q%etoxystyrene)

N- n- propyl - hydr oxyet hyl ) pi per azi ne,

N- n- but ypo Ny ¢ ¢ Qth?dﬂﬂY?EYh?thCpeﬂahyd@ox&@tyrene)

N- n- hexyl dr ox r.a

N - oot B L E RGBS ERR e PG RS pa by styrene)

N-n- decy;bob_lgcuh &Qbﬁweybzéhbpb@e@a&br&ﬁyl 4-hydroxystyrene),
N- n- dodecyl - N - gdr oxyet hyl ) pi per azi ne,

Mrreﬁhylpwly (- hyﬁy x?phwéyprmsﬁermpen@o (meth)BaNY2603 )31

ﬁ gﬁtem;: E%Y%g- E%gr ;g{ ﬁg% &%rg%ﬁhgg co-(meth)acrylate),

Nbenzylpley(adamdneyyeuhny)iab&%@mae co- (meth)acrylate)

N- et hyl - 4- hydr oxypheny razi ne and

N- net hyl P‘legﬁrh%?aﬁéﬁéﬁﬁw-) B E‘@Fé??‘ﬁétYEGP&GW§“W§\h)WItWW)dr oxy!
groups s h

N, N - bi sd(’lghgégryﬁ%rggéft% )p"g%g‘%%tg X%Eh@%&?&%ﬁri&r c;'xlyep}henﬁe) pi per azi ne,
10 RON @os(rarhydrbnjzbethb):pm@aabpnete groups by reacting the

N ot hy! -RP YIS 5 Ty Sy ARIRY PR BRPATnLS CUBRAREEamOFr BAFKS hydr oxyl

groups sggbadgst- éachyaeouablt&&hmamin(ez 3-di hydroxypropyl ) pi perazi ne, 15
N- ( 2- hydr oxypropyl )-N - (2, 3-di hydr oxypr opyl ) pi per azi ne,

N (4- hydﬂ%ﬁ%ﬁﬁegﬁlla th@@‘ﬁWWW%EW?%?EEF@W@BWdlDQ to

N-(4- hydﬁﬁéybsegmng uh?£3¢LHY d-ax ¥R B i %{1@2'%%%%1- with a
conmpoundshavi ngrour Or nore hydroxyl oaps suc

N, N15bi sfign8mdirlpodrmeegmmaiixi g poptéreaqthrm; recurringunit as required,

N, N -bi s di hydr oxyphenyl ) pi per.azi ne,

N N - i St RS PREPRGF O BB { S5 P araskiea radical polymerization

N, N - bi S{_Bi'ﬂidltb)tdbQX):h%nl‘ih{)epleefbaZidke pdl§merization, solution

N, N -bi s(3,4,5-tri hydroxybenzyl)piperazine. 25 Illustrative exanples of the
ni t rogenPE?)WﬁFFrFﬁﬁleaanﬁﬁd’iPJ‘lt)atliﬁé‘i é%@r‘l"d&ﬂﬁ@%a\ﬁ“ﬁbl% hydr oxyl
group sughi e%‘i{zét'i()h" rf%h@ ewsri%' gidwm)e}n%a[ o N 2" - hydroxyet hyl )

pi peridinyl}]ethane, decyl piperidinyl)}-2-[4"-{N-(2 "
hydr2(§’xyebh9p)<pispépﬁﬂsﬁyln} P@tlmizlit{!wn- -(N-benzyl pi peridinyl)}-2-[4"-{N-(2"

- hydr oxyet hyl ) r yI t ,
1, 3-bis{4' - (I\I-'Frlg{a%fpl pencrl ﬁﬁ???’}?p? réar%al measur? RKI %%6 %2the
1-{4' - (Neopbhlyhmpirpes ) dlsng/ér)ér&l# 1- {oNo(ﬂo 10fmydIOCD<,y§féféj:ably 3 000
pi peridi nyl }]propane, 1- (N-neth eridi nyl "
- hydroxyEPh%)oB |oe‘P‘P’Eﬁ5 ?ﬁ‘h’é?(l%% %'rfgocgt 30, 00?0} he MW of
1-{4" - (NefiBt BybBhRaedi(®yl by Selsh thitn( 2", otudr Oaﬂ@téa-sﬂs)itivity and
pi peri di nyl'}Joctane; conpounds havi ng two hydroxyl groups such as
1, 245 s| hea{cr\realstahym@ﬁy@wmgtmip@d éﬁer$§,1-ls}t] gendnéo lowebhi s{htlg N- (2 "
-hydroxy Y, Y e 10 - bi LN (2.
“hyar oxy BRAGT Si Ma R oK i 2805 0ok hdsBripiaLEN {m.aeveloper
- hydr oxypEopie) mepasitditeylds] odawer .conpounds havi ng thr ee hydr oxyl groups
such as 1-[4 " - hydrox ethyl)%l per|d| nyl}]-2-[4"-{N -(2 , 3"
- di hydroxyprop%h?pFBéFPdl WI/}"%‘/’ét R&ndhey Biwy t 4th{q\l-"{“2 in terms of
- hydr oxypg, r -
- di hydr og ? ep%pﬂégég?{%l%/%i tfy gn({e#t?g[Z%Op?m%r (B) 1s generally
- hyd!r(bxyet. IOyrt)op|1@er0| dlprIprje]r-a’a}][}A L{Ntq 5. 0 3
- di hydr oxypropyl ) pi peri di nyl }] propane and
- hydr oxypr opy! g BFi BFW%‘]‘-} Znvgntaon., fhe f@p%lymer (A) and the
- di hydr O%SXSBBQQWQJ:D'(@W fnﬁ'ynﬁle} bB"tQBﬁBQlyaﬂﬂeﬁegﬁowﬂgﬁ havégonfong r nore
hydr oxyl groups such
1, 2- bi s{ Nommoaecmmmmtop;qmmm arlimhl }&a heete, impair the

1, 2-bi s{ N\ di hydr ox era2|n | } et hane, . .

T 5 bl of RForpiey B RRHPEERY AR RSIREL Bh B RREERageoosut ion 15

1,2-bi s{N- (3", 4" -di hydroxybenzyl) pi perazi nyl } et hane and

1,2-bis{N- (3 ,4",5 -trihydroxybenzyl) pi perazi nyl }ethane. Illustrative
exanpl es of the nitrogen-containing compound (VII) include conmpounds having
one hydroxyl group such as bis(2-dinethyl am noet hyl) 2-hydroxyet hyl am ne, 30



bi s(2-pyrrolidinoethyl)2-hydroxyet hyl am ne,

bi s(2-pyrrolidinoethyl)2-hydroxypropyl am ne, - 7 JAN 2003 33 -7 JAN 2003
met hyl 2- pyrrol i di noet hyl 2- (3" - hydroxypyrrolidino) ethylarnine,
N,N,N'-trinethyI-N'-{2-(4'-hydroxypipe£idino)ethyl} et hyl enedi ami ne and 5
N,N—dinethyI-N'-(Z-piperidinoethyl)-N‘-%Z-hydroxyethyl) et hyl enedi am ne;
conpounds having two hydroxyl groups such as NNN ,N" -trimethyl-N, N"

- bi s(2- hydappyeelytd ads @byt £oetani@phneh P BiceilNent compatibility
-tetranet hyl -N - (2, 3-di hydroxypropyl) 10 diethyl enetri am ne,

N- met hyl - NWi2hpylhe tepp higee hy(A)- gnd RherepehymevxiR) hy Tpethykecese ani ne,

met hyl bi s{2:z (3" -hyd r.r=al, di t m ne
bis(2-pyrrgPFEQ§%;%§§¥§¥gﬁg&hggg%%ﬁﬁﬁ%%%?%ﬂ@%%?cﬁéarWeightcompound

N- et hyl - Neb6 2 @iiarididaet piye Fedab 1 100 ety deoxyes W yeebhyl wasdsam ne,
met hyl bi s{2- (4' - hydr oxypi per.i di no) et hyl } am ne and

bi s( 2- ror pRBI L ABRIGS PR ¥WELIGr 8%y PRBpYP B IRE toenperrdymeaviAg dhdee
hydroxyl gggups $ 2@\ N, N " -dinmethyl -N,N,N" -tris(2-hydroxyethyl)
di et hyl enetri amog’gfit}h'%\l 1 i methyl -N. NN " -tris(2-hydroxypropyl)

di et hyl enetriam ne, N (2-pyrrolidinoethyl)-N, N ,N -tris(2-hydroxyethyl) 25
et hyl enedi gm.ne, .N-(2-piper,idinoethyl)-N, N, N -tris(2-hydroxyethyl)
ephylenedigﬁgﬂ@Flﬂfsf2Wﬁﬁ%%%ﬁHQE%é%ﬁ%Qﬁﬁii%ﬂgsﬁ?ﬁ?é2(£¥droxyethyIanine and
bi s{2- (4" - hydr oxyRePeadda POdRtdwn § Pt IVEl et Jud e s %%e%“cd (egnpeynds
havi ng dour or nore hydroxyl groups such as -nethyl-%L ,N" N

-t et r ald s( Rehyafexyethy?)asi'a@did geaeradding agrntét hereAnnfker) wsed

N Sn bty 1R, N PEEgeR S £ T dhonnd ot feidefen ;e

N

N - n- hexyl aNilM, Nh'roqudh' expeisnakd S(2- hydr oxyet hyl) di et hyl enetriam ne, 5
N -n-octyl-N, NN " | N" -tetrakis(2-hydroxyethyl),6 diethyl enetriam ne,
N - decyl N, N, NTBe! ROl a-GBeTa g MARRER i ) il COmPEIALE ant A
N
N
N

' - n- dodecklrfoieN comddund | &3 phdwl Loreed %@&uﬁa, 1@4fil sthybgngiakan ne,

' -phenyl -N, NN " (N " -tetrakis(2-hydroxyethyl) diethylenetriam ne,

- benZy/| - RoRPRUNA N( 5 ) -Giazame Biane gerpeyadnr X 6di @t syl Eorytnafhase 15
N,NN,N", ?lzngﬂpntakis(2-hydroxyethy|) di ethylenetriamine, NNN ,N" | N
" -pentakisP }hy roxypropyl) diethylenetriamne, N,NN,N" ,N"

- pent aki s( 4- hydr @yjssmat)i vOedamphgkane thieaae hid; géhérat iNg'agent are
-pentakis(433ydr xybenzyl) diethylenetriamne, NNNN,N" | N"
- pent aki s( 2t BB et hoxypropyl ) diethylenetriamine, 25 NNNN,N" N "

- pent aki s( 21hydr @pdr @bnex BRickP¥ls) afli ebAyhenat Ehaki, NeulKohl ¥m, Bait,N "
- pent aki s( 2- hydr oxy- 3- n-propoxypropyl) diethylenetriamne, NNNN 6 N" ,N"
- pent &9 s( ZDIWW@ ﬁﬁgﬁ@% L}m salt, ammonium salt or pyridinium

salt.

Illustrative examples of theoniumsalt compound include
bis(4-t-butylphenyl)iodonium nonafluorobutanesulfonate,
bis(4-t-butylphenyl)iodonium trifluoromethanesulfonate,

25 bis(4-t-butylphenyl)iodonium pyrenesulfonate,
bis(4-t-butylphenyl)iodonium dodecylbenzenesulfonate,
bis(4-t-butylphenyl)iodonium p-toluenesulfonate,
bis(4-t-butylphenyl)iodonium benzenesulfonate,
bis(4-t-butylphenyl)iodonium l10-camphorsulfonate,

30 bis(4-t-butylphenyl)iodonium octanesulfonate,
bis(4-t-butylphenyl)iodonium
2-trifluoromethylbenzenesulfonate, diphenyl iodonium
nonafluorobutanesulfonate, diphenyl iodonium

trifluoromethanesulfonate, diphenyl iodonium



30 diethylenetriamne) N, N" -dinethyI-N,N N " -tris(2,3-dihydroxypropyl)
diethylenetriamne, N -nethyl-NNNN" ,N" -tetrakls(z 3 di hydr oxypragpyAN 2003
di et hyl enetri am ne and - 7 JaN 2Q03 35 NNNNN,N" (N"

- pent aki s( 2, 3-di hydr oxypr opyl ) dlethylenetrlanlne [I'lustrative exanpl es of
t he nitrogen-containing conpound (VI11}7include conpounds havi ng one
hydroxyl group 5 such as 2,4, 6-tris(dinmethylam nomethyl)phenol,
2’4’6‘tr!5%9&65@¥h§%bﬂ%@gfﬁﬂ ﬁ@ﬁ?@kodonlumdodecylbenzenesulfonate
2,4,6-tris(di phenyl am nonet hyl ) phenol ,
2,4,6-tris@upbenzylam@mmnumnnﬁqﬂﬂyuﬂqsuaﬁbmhteJsixghemylchmmmmiMVI)phenol
10 2,4,6-tris er.i |no hen

4- or phol | ﬂégﬂg 'miﬁﬁﬁ%ﬂiin%ﬂﬂﬂﬁIﬂW)%ﬁmﬁﬁWPQHEFUlfonate
2,4,6-tri sqQupRBAYL ﬂ%'a%tnh)dn) Rl s X &g%i%wx@i&%y' groups
such as 2, GHgls glnethylanlnonethyl) 4- [{nethyl(z
hydroxﬁbth?kﬁamﬁhupm@m@w enesulfonate, triphenylsulfonium

2. o bi o(BPREE R PEREHSARARN SERAE i RN TN TR hy! ) phenol aind. 20
2, 6- bi s(di getFylharonetreiahd Juidedrk t drdprdiesi shnesetdiy | ) phenol ; conpounds
haV|ng t hree hydroxyl groups such as

2, 6- bi s(di REFRPPEMAIERGR ey I Yrirhemi s L9 xyet hyl ) ani no} net hyl ] phenol ,
25 2,6-b I I

anino}nelﬁéﬁ?p gﬁ%ﬁﬂgfﬁﬁ?ﬁéﬁq9ﬁéhiiﬁﬁéﬁﬁ%qgw%ggé%ﬁg?gy )

hydr oxypyr peltbdueaestiyfiornEtenol triphenylsulfonium benzenesulfonate,

4- (di net hyl hyl 4 h d t h

2. 6 bi o pyFFOPPAPRORAEATI LN |5 apBRORS L ERpBE Ry |5 AP S PR TP  Binol and
2, 6- bi s(pi petiadieRATHING e 4- {ﬂﬂrﬁxﬁrré}mﬂf&%ﬂ&ﬁhyl )am no} nethyl]phenol; and
conpounds havi ng four or nore hydroxyl groups such as - 7 JAN 2003 36

4- di met hyl dnitFdrduyone hipiksyigngsulignrbxy ctripheny heul fertyn] phenol ,
4- di met hyl I bi Pyih) anlno}nethyl]phenol 5
2,4, 6- trus??§39?§94% $¥£%éﬂ%¥%)eﬁ%#%&%§¥i§§¥ﬂieno
g j giﬁsisb@ph&@?ldnﬂhum@?namgd)41ﬁrﬁgtﬁ%pwfgphe@bphenylsulfonium
, 4, ris r 0x rroli onet hyl ) pheno
2,46tr|s%’§a%)y} d%?éﬁé %‘,iI ‘horrethyl)phenol, 2,4,6-tris[{3 -(2
- hydr oxyet hylt)-wtryqpmrrw} r@iﬂﬂyédyilﬁlpmm
2,4,6-tris(4' - hydroxyplperldlnonethyl)phenol

2. 4. 6-tri stFLfAp@ToBathan HFbER At fonet hyl ) phenol , 2,4, 6-tris[{4 -(2 "

- hydr oxyet Qyl 2" ,3"
-dyhydrgxy%%&%y%ﬁ?IPﬂégﬁﬁigﬂ%g|é§%¥?%%ﬁ£ﬁ%2p§r??%§??géﬁegéexanples of the
ni t r og&n- cdﬁﬁﬁhﬂtﬂ}ﬂhﬂquiHQHQEGQYlﬁ@lﬂ@@i@mn®@®ﬂ@$lhenzﬁge@nbfhydtéxyl
group such ,a i X ridj ridine,

3 hydr oxy- 4 kERATTE, oRSenvl ol EEGRYBITL EPopeftaptsEonLey!

2- hydr oxy- 3~—stdut ek ye; dﬂpmgﬂyDsulﬁeﬁfﬁhybayzedeaalfonate,

3- hydr oxy- 2- et hyl pyr.i di ne, _3- r oxy- 4- met hyl pyri di ne,
3yl oy AR HAAER TG, ABPRYEY DAY RoRCERy | By prBPRg sl fonate,

4- hydr oxy- Zr el Pl Sh fes afpﬂaﬁlypéuﬁoﬁﬁﬁmybeyahégagfonate,
2- hydr oxy- 4- et hyl pyri di ne, 25 ydr oxy- 4-n- propyl pyridi ne,

2- hydraXy- 4ﬂt1hunmdmh@mﬁln@ipnehyhﬁbkﬁoniﬁmbutyIpyrldlne
2- hydr oxy- 4- n-do - - henyl pyri di ne,
2- hydr oxy- -qﬂﬁ?gﬁﬁ§?$%ﬁ ngﬂéaﬁégéﬁé¥ﬁ§ngrldlne
3- hydr Oxymiwimwdﬂyﬂeenfli hggppayyRsaytpxLudi ne, 30

2-(2' - hydr oxyet )pyridine, 3-(2'-hydroxyethyl)pyridine,
4-(2'-hydrd¥§%§ﬁ§h9ﬁﬂb?ﬁﬁﬂ%suéf?EatﬁyapgxypropyI)pyrld|ne

3-(2' -hydrag 2 di
4 §4 hydr {g%%%g%%#ﬂ&ns}néyi ma EXGE QXY PEARYE) Pyr i di ne,

30 p-toluenesulfonate.
(2) sulfone compound such as a P-ketosulfone,

f-sulfonylsulfone or o-diazo compound thereof.

Illustrative examples of the sulfone compound include

phenacylphenylsulfone, mesitylphenacylsulfone,



- 7 JAN 2003 37 4-(4'-hydroxybenzyl)pyridine, 2-quinolinol, 3-quinolinol,
4-qui nolinol, 1-isoquinolinol, 3-isoquinolinol, 4- |squ|noI|noI and‘7JAN2M3
a- pyridoi n; conpoundshavi ng two hydroxyl groups such

as2, 3-di hydroxypyri di ne, 2, 4-di hydr oxypyridi ne, 5 2,5-di hydroxypyridine,

2, 6-di hydr oxypyri di ne, 3, 4-di hydr oxypyiBdi ne, 3,5-dihydroxypyridine,

2- hydr oxy- 3- hydroxynethylpyridine 2 hydroxy 4- hydroxynethylpyridine,

2-hydroxy- %%éqggﬂy h g X t hyl pyri di ne,
3- hydr oxy- %53%0x et j#gi |ne %%r%xy ég% %P% gﬁﬁﬂ? éridine

2- hydr oxy- 33()2 h)ﬂdlf@)ﬂ}&ﬂ:tel’tydrhwmmdiBGEhas analkyl sulfonate, haloalkyl

2- hydr oxy-4-(2' - hydrox thyI ridine, 15

2- hydr oxy- §u "ﬁi}/ifr I?%ﬁq']epr iminosulfonate.

2- hydroxy-6- (2" - %@‘c&%tﬂax;'e)@yérh 188 of

3- hydr oxy- 4- ( 2' - hydr oxyet hy] )pyrllgl neo the sulfonate compound include

3- hydr oxy- bepZoihytosyyethylpyadal Ivel tzlstmif(ljmyxmmegmmmb)lmybndltae, 20
2, 4- bi s( hydr ox t.hyl) r|d|ne 2, 5- blé% dro neth ) pyri di ne,

2 6- bus(hyé’%?é%g't%) Rt Lupneby Ih%//d?‘é %Fﬁék)%rpaﬁﬁéol
d|(hydhggﬂgﬁénﬂﬁﬂgulfgﬁgte25 2, 3-bi s(2'-hydroxyet hyl ) pyridi ne,

5-
4-bi s(2 -hydroxyethyl)pyrldlne 2,5-bi s(2'-hydroxyet hyl) pyri di ne,

, 6- bls(2-N%PﬂQbQRﬂﬁﬁd%{301¢ﬁ¢ﬁhoﬁyamthséqenhyarsnyéph?tppyr|d|ne 30
5-b

(

|s(2 hydr ridine -p r.opal ~edi ol ,

3 -pyridy ﬁ% ?ﬁéﬁ&ﬁ F°S%9?%. ﬁ§ ¥ﬁ§g¥£§l%eBF8ﬁ3nedlo
(2" -pyri @ﬂﬂmﬂes’iﬂiﬂm@dl@methylc?lb]e&hﬂoiﬁoﬁrﬁﬁluoromethane
(3'-pyridyl)-1,3-propanediol, 2-(4'-pyrid pr opanedi ol ,
(2'-pyri &ﬂl)i@a@%m%émr@ﬁth@lq@ewiﬂyaydicxlsuiéﬁw‘c@l 5
(4'-pyrigyly - 1%1@31@.’?@.@1@'0011%5((@1(! Wééf’é’één@e@ Q&'tﬁﬂgdfehlow1ng
(3" -pyridyl) -2, 3-but anedi ol pyridyl) -2, 3- but anedi ol

, 3-di (2' - Boxmiydlg -8 U= but anedi ol , 10 2, 3-di (3' -pyridyl)-1, 4° but anedi ol
, 3- b|s(4'-pyridyl)-1,4-butanediol, 2,3-bis(2'-pyridyl)-2,3-butanedio|,
, 3-bi s(3" -pyridyl)-2,3-butanedi ol and 2, 3-bis(4'-pyridyl)-2,3-butanediol;
onpounss having thre§ 15 hydroxyl groups such as

6-d

5-d

6-d

, i hydr oxy- 4- hyd met hyl pygi di ne,

i hydr oxy- 4- hde9x§hethylpy%idiqe,

i hydr oxy- 4- ( 2% hydr 8%yet Ry pyr i di ne,

5-di hydr oxy-4- (2 \h f oxyet hy?) pyri di ne, 20
hydr oxy- 2, 6- bi s( hydgoxymnet hyl ) pyri di ne,

hydr oxy- 3, 5- bi s( hydr oxynet hyl ) pyri di ne,

- hydr oxy- 2, 6- bi s(2' - hydroxyet hyl ) pyri di ne,

- hydr28y- 3, 5S-Whes(e2ln B dsomydiglepyr gdonpe, such as an alkylene group,
,4,6-tris(hydroxynet hyl ridi 25 3,4 5-tris(hydroxynet hyl ri di ne,
4. 6-tris(2 - %Mgﬁﬁ Fgﬁ%ygﬁaé group, éngq{r SO mo¥10)vpa¥l.en(%
,4,5-tris(2' cjw&li;pxy@éﬂilyéé paﬁialimfrl gﬁduﬁoﬁa@ymdgrbapi ng four or nore
ydr oxyl groups such as 2, 6-bis(2' dr oxyet hyl) &2 , 3' - di hydr oxypr opyl)
0 pyridine, :PQ#QE%R2su@§tHF%98¢o§§% bpgryayrpa| ogen-substituted

, 6-bis(2",3 %#ﬁ?gé XYHr opyl ) - 4-(2' - hydroxyet hyl) pyrldlne,

, 6-bis(2',3" - oxy%ropyl)-4-(2'-hydroxypropyl) pyri di ne,

4, 6-26is(2', 3 Iﬂlqmnrayrwepqxamgledinﬁ &hd sulfoniaNldz0@®md@und

D o R YRR LB 92 L SRS el o0 of the
N, N-di met hyy £ pfﬂﬁﬂdsroaéehgmbdgfohlgmekwmtmraamnci@e 5

N, N- di net hyl acet am de, pr opi onam de, benzam de pyrrolldone
N- et hy| pyr¥of FabhtuangmekbyLEka £oRYLPEyY CAPhea vdx Madieddnigte « he urea

118 5ot et ahbt gt ipnameh gt s Bnd ok o Ry B n e A R

| i ke. Blgl ustsagiv¥arpsagpmedeqf the nitrogen-containing heterocyclic
conmpound i ncl ude i m dazol es such as im dazole, benzim dazol e

4- et hyl i ni Mag bF&E ARETAREDEEL3 EFRYAPPIVII-daANa® 1 SR hed %l&%?%s
pyridine, 15 g ngtgyhgxg QBQ m{{dgethylpyrldlne 2- et hyl pyri di ne,

4- ethylpyrldlne pheny pyr |ne "4- phenyl pyri di ne,

N-net hyl - 4-pheayl pyubdionethyilcatfoay lokygtidye lacl 2, 2 i Hodp tawe a8 6-

am de, qui nol i ne, 8- oxyqui nol i ne and acridi ne; pyrazine, pyrazole,
pyri dazi ne, OHUr RoR &R RETPReYiLEde

3
2,
2
3
3-
2-
2-
2-
2-
2-
2
2
2
C
2
> -(8)
3,
4-
4-
4
4
2
2
3
h
3
2
2
2,
3
a



20 pyrrolidine, piperidine, norpholine, 4-nethylnorpholine, piperazine,

1, 4-di met hyl pi perazine, 1,4-diazabicyclo[2.2.2]octane and the |ike._ €Xafhgg3
above nitrogen-contai ni ng organi ¢ conpounds, the nitrogen-containing
conpounds (1) and the 25 nitrogen-cont?ining het er ocycl i ¢ conpounds are
preferable. O the nitrogen-containing 3onpounds (1), trialkylamnes are
particularly preferable and, of the nitrogen-containing heterocyclic

conpounds, NpY firdifN&f rivnfe traf 1 \CU Y Yoy P &8s ebh¢1 imPgd he above acid
di ffusion control agents may be used alone or in adm xture of two or nore.

The arnount Nof( 10heaappmiyigiwkoxolstetimteidei s preferably |5 parts or

| ess by wei,ght,, nore.preferably. 0.001 t.o 10 rts by weight, nuch nore
preferablyNOR885%%gggﬁiﬁéig%niﬁqx%&é?%&ﬁé?%%%%y wei ght, based on 100 parts
by wei ght @f (tLoe cla@ipdlorafu It €oRe) VaEshdn¥l ) maneihhge copol ymer ( B ) .
When the anopunt of the acid diffusion control agent is larger than 15 parts

by wei ght, Nrié Oseasimiarsul iinplexs) icymto t he2 delkeppabi ehey20B-an exposed

5 portion hq@%ﬂﬂg%yyﬁgdeV%en the amount is smaller than 0.001 part by
wei ght, the paitern shape and di mensional accuracy of a resist may |ower

accor di ng Ne (fuoceesmprarsli 1 f arnsl o X} heT - exlab L ¢yeSo 1D, Thelregt abi-enesensi ti ve
resin conpgsition of the present invention may conprise a surfactant which
has the fufetiGFCGENGRIR49Ry the coating properties and striation of a

conposi ti 0@-@&@_-@%&%@%§iéﬁ¥ﬁéi®éﬁtﬁz 11hestaRtlyegexgyphes of
t he surfactant include 15 pol yoxyet hyl ene | auryl

et her , B! yoxyatilpamhmstiosids . éf-hel - poiploxyse hornkoxy Byéphthglimide,

pol yoxyet hyl ene I er xyet byl ene nonyl phenol et her,
polyethyleﬁt%&jﬁﬁﬁa%ﬁggﬁﬁﬁﬁé?%kﬁ%k@%%%g%%ﬁb$%CoI di stearate and the |iKke.
Commer ci al Npr(gdueilsieafedulef sy Idey potithaTimiée F Top EF301, 20 EF303 and

EF352 (Tokem Products Co. Ltd. ) Nh%§§ac F171 and F173 (Dai ni ppon | nk
and Cheni ci~d Pt ugnesdipnko s Ogbphery Fanalemide t ono 3M Limited) |

Asahi Gu A { 5 1 183 04, SC105 and
SC106 (Acai G ase e Y S A R e Ve e ) o

Pol yf 19w Nd.caxdamwinNgde 95 (Kyoei sha Kagaku Co., Ltd.) and the like. The
t of ' I igh d
100 parts By VRIS E R} (& RBE LTl 2 vy e B end Rl

(B). 30 The -allicirmoxywinmsdé j ve resin conposition of the present invention

may further conprise a sensitizer i ch exhibit he functign of increasing
The amount Tt BTGk SR B 57 MBAGYBEAL2  peL BREPLGRET or BAPSET dn and

transm tting dicddBeimcdd, agnepatbDEeRE8AL £8R918R) hAgnehieshiak,
I nprovi ng - 7 ~aN Z003 41 the apparent sensitivity of a resist.

Pr ef era®l e Nex@mist b1oxoree tlavikbenzenesuifoaE1 pEK2 pAeABABIdeRose Bengal es

h . L il CIv 50
par s or 5T ok By el e HACL A RE a0 E R BT B ERRUARBRETI DL oF (e
copol ymer (¥ ( Znice tfhucopod ynpibéBienesulfonyloxy)diphenyl maleimide,

N-(2-trifluoromethylbenzenesulfonyloxy)bicyclo[2.2.1]
hept-5-ene-2,3-dicarboxyimide,

25 N-(2-trifluoromethylbenzenesulfonyloxy)-7-oxabicyclo[2.2
.l1}lhept-5-ene-2,3-dicarboxyimide,
N-(2-trifluoromethylbenzenesulfonyloxy)bicyclo[2.2.1]
heptane-5,6-0xy~-2,3-dicarboxyimide,
N-(2-trifluoromethylbenzenesulfonyloxy)naphthylimide,

30 N-(nonafluorcbutylsulfonyloxy)succinimide,
N-(nonafluorobutylsulfonyloxy)phthalimide,

N- (nonafluorobutylsulfonyloxy)diphenyl maleimide,
N-(nonafluorobutylsulfonyloxy)bicyclo[2.2.1]lhept-5~-ene-2

,3-dicarboxyimide,



The | atent inmage of an exposed portion is visualized and the influence of
hal ation at the tinme of exposure can be alleviated by bl ending a dye7aA¥ 2003
pi gnent, and adhesion 10 to a substrate can be further inproved by bl endi ng
an adhesive aid. A hal ation-preventing_agent such as

4- hydr oxy-4' - net hyl chal cone, shape-i npr 9ing agent, storage stabilizer,
anti-foam ng agent and the like may al so be bl ended 15 as other addi ti ves.
Sol vent A ﬁ0|(ﬂbh%&1®°oﬂ6&ﬁﬁ@tﬂ!ﬁ&{y§ﬁﬂm113’@}{5@%9098 0§' ooefcthe
present invention is prepared by uniformy dissolving e co 05|t|on in
a sol vent ténéndue dlltarhare insids . SO|Id content should becone 1to 50 w~,

B i Ttor b hGrataStor AR o bty hESr ol LT o L ETbap ode0akp 08 of

t he sol venbxysed 3t-GiR=aey idbiddearabove conposition sol ution include
et hyl ene gl ycol nonoal kyl ether acetates such as ethyl ene gl ycol nononethyl

et her é%etHrén°@@ﬁﬂ4ﬂﬁ9§ﬂ%ﬁ%ﬁu#ﬁﬂﬂﬁ%QﬁN mpeihpttnide; et hyl ene gl yco
nono- n- pro et Rer ang el y her acet at e;
propyl ene gﬁyc Bﬁgﬁoggkﬁ%%fb éﬁ%ﬁﬁu é%ﬁ%b§%£ﬂ° e % fi%%h%%ethyl

et her, promptﬁmaaguwmolnDnoethyI et her, propyl ene egcoI nono- n- pr opyl

et her and propyl ene gl ycol nDno-n-butyI et her; propyl ene glycol dialkyl

et hers such as propyl ene glycol dinethyl ether, propylene glycol diethyl

et her, propyl ene glycol di-n-propyl - 7 VAV 20D3 42 ether and propyl ene
gl ycol di-n-butyl ether; propylene glycol nonoal kyl ether acetates such as
propyllhe gl ycol nonone@hylN:eter acetate, propylene glycol nonoethyl ether
acetate, propylene glycgl nonagin-peopyl ether aqu%ﬁe and propyl ene 5

gl ycol nono-n-butyl "eth@r acetfate; |actates such as ‘net hyl

| act at e, ethyl | actate, n-Propyl ®actate ands-propyl lactate; aliphatic

car boxyl at essuch asn-anyl formate,i-anylformate, ethyl acetate, n-propyl
acetate, i-propyl acetate, n-butyl acetate, i-butyl acetate, n-anyl
acetate, i-amh ACAtARE.ankDRF WYBY! tRE W%&eﬁiffé%){'t ﬂ@@:%ﬂ@hePand

i -butyl propionate; other esters such as ethyl hydroxyacetate,

2- hydribxy- 2- m@t mangrvgdieortatasoumet $13dh 2ahyam oxik Bl nerbyp buayy at groephyl

nmet hoxyacet at t Vs t p ate thQyl 15
5 ot hosypr opt SHSER R VAR G EDSPE oy SF HRIYBERELRBRL SRS .
3- nethoxybutybnymﬂgﬁduPB met hyl - 3- nethoxybutyl acet at e,

3- net hyl - 3- net hox ut ropi onate, thox but but rate

met hyl acet oacet Q%% J) %ﬁﬂgﬁ%ﬁe ﬁé? ??%%gP%n n8°@9ﬁ9p 20
pyruvate; ammide Méiwﬁffmoxw@lhy%ui@bwn?aﬁaﬁofﬁgkﬁaﬁe ket ones such as

met hyl ethyl ketone, nethy rop ﬁ ketorle, nethyl butyl ketone,
2- hept%Qon@isiQKﬁﬁQﬁﬁﬁﬁisuﬂékﬁﬂ h@%@zgmﬁtb9%¢0hexanone ami des such as

N—nethylfo ne N NEt DYl acet ani de, 25

N N—dlnethy éﬂgnfiﬁ dﬁﬁig%%%& pyrro bne; and | act ones such as

'y- butyrolamﬂsﬂp»tdimnnesmﬂﬁmmws)@hgzbnehhedealone or in adm xture of two
or nore. res To f rma resist pattern fromthe

radlatlonfﬂﬁégéggéi)%QY% Boh%%gggé%ﬁig?nYﬁe ﬁ?éggﬁgﬁPﬁﬁentlon t he

conposi ti on, se)dtdexPl epesreflydsi descli Befleahpyethyigoatredyan a substrate
such as a silicon wafer or _a wafer coated with al um num by - 7 'AN 2003

43 sui 28bl diareneha@@amtduch as rotation coating, cast coating,
bis(1l,1-dimethylethylsulfonyl)diazomethane.

(6) disulfonylmethane compound represented by the
following formula (10):

30
*(10)

_U]:O

AL
&

O=U]=O

wherein R’ and R® may be the same or different and are each

amonovalent linear or branchedaliphatichydrocarbon group,



roll coating or the like to forma resist film which is prebaked at a
tenperature of 70 to 160C as the case nmay be before exposed through_quszz
predet erm ned nmask pattern. The radiation 5 used herein is suitably
selected fromultraviolet rays such as i-rays (wavel ength of 365 nm ( far
ultraviolet rays froman ArF exciner | ager (wavelength of 193 nm or KrF
exci mer | aser (wavel ength of 248 nrn), X-rays such as synchrotron radiation

and charged corpuscuyl ar. rays such as electron rays 10 according to the type
of aci d- gener S¥Fh§ 3t .9 ST £ TR P ondT 31Kl 28T PHR aRvDARhenf
exposure are sidnbaRlnerieoeghad Aeeaugl Adyhifs! 8NLOIPES{LAN fla YEnq

radi ati on sensitive resin conposition and tﬁe types of additives. 15 forma
hi ghl y accur ateméyriee pditet eamesonbldf fereme aisl preseatchiary entyilogroppst baki ng
is preferably.carried oyt at a tenmperature of 70 to 160C for 30 seconds or
nore after enggﬁﬂgeqr? QWSI%ﬁgggEHH§5 iﬁ%e?ﬁnﬁErBFﬁPEhSﬁ BoLPBakiRg after
exposurs is | awdirdda@ibotlgLouflidd 6ERBE &fori VSRSt biryhhY cagEaighag1hg the
type of substrate may spread. 20 Thereafter, the exposed resi'st filmis
devel oped wit R Ret@idolataeyelidgerthe noovbessothadragolesstoonsectnds to
forma predet 1 ped_resi attern. The,al kalj devel gper_.i n al kal i ne
aqueous sol ut ?énrg gr gﬁaggdg%§gd{’%§%§30i%ﬁe%na% KalFHite cc?w&]:r‘% ?lﬁcﬁag an

al kali 25 met althegdtoxfélem ambnedyelatesr pofcycic stirddturd kykiagi ne,
nmono-, di- or tri-al kanol am ne, heterocyclic am ne, tetraal kyl amoni um
hydr oxi de, chéiti Heast ogedingabrEGEEE PO OF Lo {oie QoW represented

1, 5-dipgabicy [ . = c pntration of 1 to 30 10 w ~,
prefergﬁly 1 ?@Ogﬁﬁfjgk%ﬁ%'geVe 6%@$ﬂ%h?£ﬁ?fs t he above al kal i ne aqueous
solution may contain a water-sol uble organic solvent such as nethanol or
ethanol, and a surfactant in a suitable ampbunt. When an al kal i ne agueous
solution is used as ¢he - 7 JAN 2003 44 devel oper, the filmis generally
rinsed with water afffter devel oped. To prevent the influence of basic
impurities contai fip an envi ronnent &' "4&Adsphere upon the formation of a
resist 5 pattern, a.krotective filmmay be fornmed on the resist film
Exanpl £ The fol Il owi ng exanples are provided for the purpose of further
illustrating the present invention but are in no way 10 to be taken as
limting. The wheasjrerngntars 2Vivmayd bigh téred stame evaldddtfieqrendf, dashmadsi st

15" GPe col umPd oS 1oo68 dhbtotit e ProR BT 4% e Bel v e
by Toso Co., link sHme us€dot odiERsHert Miramdohk hyoERErysiang nOmodngper se

pol ystyrene as the standard under the follow ng anal ytical .conditions. flow
Dot 2 1 O [ e S8R RETEOPB R Lo e Nl e b R & SEEHFer at ur o

40C Reggl uti o dideRkyD :.Qﬂ?l.ma 1 @HReYULe heh1k9LNgPEup, | der argaspace
25 pattern ( 18&8) hadgngga esigﬁfsize of 0.26 un?a?ba I?ne/space wi dt h
ratio of 1:1 i% baréedako ithe spne Aanhamatomsir differea taparPeR aHomSTUM

size (um of g ldnesand:SPAGE, RAULE - 169 AUUFT 1B RO kad Whi & hi s
opti mum anount "of exposure is
structure, and n is an integer of 2 to 10.
The above acid-generating agents may be used alone or
25 1in admixture of two or more.

In the present invention, the amount of the
acid-generating 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 total of the copolymer (A) and the copolymer

30 (B).

Acid diffusion control agent

Inthepresent invention, anaciddiffusioncontrolagent

having the function of controlling such a phenomenon that



taken as resolution (1L1S). 30 Resolution (1L3S) The resolution at which
the line width of a sem -isolated pattern (1L3S) with a design size PfAN02085
pmresol ved with the above opti mum anount of exposure is in the range of
(design - 7 JAN 20a3 45 sizet 10 ~) is taken as the resolution (1L3S) of
the sem -isolated pattern (1L3S). Focug2Latitude (1H1S) 5 The focusing
depth is changed at an anount of exposure with which the aperture of a

resol ved cont act, _.hol e patterp havin esign size of 0.22 um and a cont act
nolo (Trnonh ABua"geReRahel ot ah e et T X5 Geeg by arpaRE e 5 v
of the focys adin whi i f 1 ks in the
range of (ggi?gﬁgg?ﬁg ?i10~)é?é%?g%%ﬁﬁSEWEE%QS?hgﬁﬁgﬁg%gag?g?%ggiéh%CF

i ncr eases, anhandeossad Imrgjienberbriesad bl ger imnant hreppodeadt rorayiiel d of
actual devi cez %%&%&e;f hi.gher . e5 éi{m surface rouct hness The secti onal
size of a PffeSAf p(ﬂféﬁﬁﬁeﬁ ? ) 1S) having a design size of 0.26 ~mis
measuresi with a sgaasing teliechenn di HMASEaHPecanrddihegéht My E@@QaE@UtheSS

is evaluated based on the following criteria fromthe value of 20 Ld which
i s obt ai ned IBP iRy & imFWRPIHHIMMARS| Yoe Feopdvblen(afixprnussiste). The
surface un NRESS: ] 's}§§g%%§r e Ld. ] t han_O . good
Ld is O. 01% glm%(;%r 3 rre(%i}%otérbdooc ynﬁeg?eé g%h;é:o%gﬁ?/%e?%( 2\) rg%ﬁ#?esi S
Exanpl e 1 Tt tammreangsd yoerf radtwart Dénd 76n gPED dah- bt sxppireserd ,was
carried out in 500 m of tetrahydrofuran _in the presence_ 30 of sec-butyl

i thi um at t-hﬁafebYAma&i%éthP#éPfﬁaw SPHR VST, SERE 16IE REQOPESI n

sol utipp wag s3plidified in methanol to obtain 150 g of white

pol y(4-t-but oxystyrene). This solid was dissolved in 600 g of dioxane,

di | ut ed hydrochl dtiec adidd Al et centret yagert hyerproEesahily7e C - 7

'aN 2003 46 f h t [ t ljidifJi.ed in a

| arge amount: Grodd S Se e el e SRS YilodE RN 45 00k
di ssol ved ighaanpd dbe exipd shalel ¢t & hed ti 1rea treege 1ambhant ofia twbd e pbroepeat edl y
to formwhite powder which was 5 then filtered and dried overnight at 50C
under redu %i?ﬁﬁ&ﬁ?quﬁE@B%tained pol y(4- hydroxystyrene) had an Mwv of

11, 400, gnd an Mv¥he gf tE0@én - EBakaahliely o 2daliOfcdppo il Y6 a compound
4- hydr oxystyrene) was dissolved in 100 g of butyl acetate and bubbling was

carried outrepnesentedger gae follovlngnfesmulal¢lB8ibsequently, 8 g of

cycl ohexyl vinyl ether was added to this solution, and 1 g of pyridinium
p-tol uenesul fonate was gdeled as a catalyst to carry out a reaction at room
temperature for 12 hqurd, Thereafter, thq_[ﬁ ¢tion solution was added
dropwise to a 1 mﬁ@é&ﬁﬁﬁhrélaqueous solutio d precipitate 15 a pol yner
whi ch was then filtered and dried overnight in a vacuumdrier at 50 C .

Thi s pgbymer Ratk@ei MROf RIS and®0f 'amdyabeMyhbh safnel 0@ZdiWEeretalapaed by
13C-NWR, it had such a structure that 23 % of the hydrogen atons of the
phenol i ¢ hydr B&8 eg§EBIFHBYBBATENAEPM N2+ REL SRR ATYL GEPIRPERER IKSHe 20

substituted by, = | 4 9QUR |.S i IcHat ed as
copol yner (A- ﬁlaogs-@g%ﬁ%leglggf@gxé;ﬁngp%Q% %(%0 G grss-lagor? dﬂqﬁioiiggﬁene and 2.0

g of 25 azobi siEbbuiereimafide) wetiamlins clommbund 3GV igoftwh eddmegeand this

solution was heated in nitr n, at ppsphere _at 60 .C.for. 16 hours to
pol yneri ze the® 9T§b%?o€9%t??g%§91$hg98bpgiﬁ%gefgggtFSnagolution was added

dropwi g8 to a 1@ g€ogetBbn D4 inEh§asompbandol Tdi)fy hele ihafmred )nol y(
4-t-butoxystyrene) 30 resin. This solidified resin was re-dissolved in
di oxane, di | ut@HaBLNe (PPLYBRY PHELNAIHEELE PT MAF S AYRTHAILD AfPmshd to

be referred to as "nitrogen-containing compound (III)”
hereinafter),
a compound represented by the following formula (13) (to be
30 referred to as "nitrogen-containing compound (IV)"

herelnafter):
R“\

Rl RlS

R14
/

N—X!—N +++(13)



solution was heated at 60 C for 12 hours to carry out hydrolysis . This
resin solution was transferred to a separation funnel, a |arge amuwy NZU{]}
et hyl acetate and a | arge anount - 7 JAN 2003 47 of water were adde(‘J to
this resin solution, the resulting solution was m xed by shaking and | eft
to stand so as to separate an ethyl acetate |ayer ( upper layer ) and a
wat er | ayer ( lower |ayer)which wasdi scarded. Thi soperation wasrepeated
until 5 the discarded water |ayer becane conpletely neutral, the resin
solution was dried under reduced pressure, and the obtained resin was
re-di ssol ved | B, o Thi i | WUt Lon. ise to.a large
anount of wat g?e?o%qglgjlai éﬁ%b’?r}ﬁggﬁy}%n%ngﬂgﬁﬁﬁ%ﬁﬁrﬁqvﬁ ?%%’mﬁé?ﬁnr esin
was filtered aadbbh deanedRITeRrAT gkt aitd BY drendee peedisnad yoi esaeee ,t 0 be

dried. The obtai ned resin s, pol - hydroxystyrene) having an Mv of 11, 000
and an M M BE SBRShoF diy ot € 2L LSRR L] oty AT RS -
di ssol ved in 10919 Bl indyvaiftal® 120uRRboRY MRmL Y hed 199t Wirblip

nitrogen 15 gas for 30 mnutes . Thereafter, 6 of cycl ohexyl vinyl “et her,
4 g of ethyl Wawingethdo dRdcauposf appmsdi m.-um%am RhesulFdnané &Y a

tal yst d t.hi |ution t t i t
Comperature  oF S15ona8A BT AR bt n CURY A et eE bR R aREa i se
to a 1 w~ amgaithv Agte ddyeididit ivdth ondln Pte6gRht &t SmalpAndTELrliIGh was

then filtered and dried overnight inh a vacuumdrier at 50 C . This polyner
had an Mv of 133) 5bd BRE Z@sMIHVR oft01R "earendereRdsn ey By 1i8€amvR it

had s a st RyCHy t ~., Qf e @%QQ I.C
hydro;f/({SI groups corﬁeac% Egdcﬁl% gal p%?%% y r@?rs??/?gnée%%m@?g%ghﬁétitut ed
by a 1-cycl oheytloxgretdry hagrioup @it A 2~ cafrbiome atryarso gen aatadisy lwgreup
substituted by a 1-ethoxyefhyl oup., This polyner i s designated.as

copol yner (A éa'ngbg S@n%%et?scﬁgé%l %t%’“?osg&dagg &Faﬁ-%wo | B e%gle and 10 g
of styrene werR sl ywEBshé BhainQQ0 w1 §Fo@s pheRilidrtdep Paraiked givup

distillation, a in%gt amount of nethanol was added to the solution, the
resul ting sol BIGRCHATOCTSIAF SBTUTHUES MR HLLI T CRCHTHHEOXYL IFOURN 2003
48 batps and 3,000 8 €9 -4 8RLHdA QEofN #EERORKES g%giglou':t'h%@ ¢heBF30 (1 CZHS
) 2 as a cationic polynerization initiator was adde ropw se under
agitation. Aftrerlyimdichy lefie ghintiat,iaoikyt deowbt aryddspruglustaikyladde t o a

| ar ge anount of ter _and the precipitated white solid s drl
over ni ght at éﬁf‘%ﬁﬁﬁﬁglpcp’éj geﬁtg}lgsgg?ec.a P P YA a\gﬁo S(‘)Jﬁ%ﬁ 800
and an MV Mh aftdm or Vetbbdhglobtraupedetesen tas aBaibohed tymslidENdRyand

13C-NWR, it was a copol yner of 4- ha/dr oxystyrene and styrene .in dal rati o of
9:1 . After 2£3FFRANTHPSCRERBRY VERA dhedo pyBEIEBIRR 32BN PRI

acet at 89, bubbijpng,N@soeathbedalbnWatBm8i ME9IBR FadbStAt3RdTWAH LSt
Thereafter, 7 g of cyclohexylvinyl ether was added to this solution and 1 g
of pyridini umieast vemessubehituenss oftigrdthana ac yAnexylt @reay yustht a
reaction at roomte e 12 _hours. The reaction 15 sol ution was

t hen added dro?ﬁ/\,i %rén%)gf;g}#ivﬂ%gg%réﬁi §H§§8§3u§r§§g’mi on to precipitate a
pol ymer whi & lcomsolin®rdptd ssete @ty dhecdolewinght ormudavataynide ites at 50
C. This polynmer had an Mv Qf 12, 700 and .an M~ Mh of 1.3, en anal yzed by
13C- NMVR, i tTHEeFE8Ente 8Fr uBLGre9eRarorsalngng I’i’é’%’cﬁge(\r%zo atons of the
phenol bg hykpEyhagteeps contained in the 4-hydroxystyrene-styrene

copol ymer were substituted by a 1-cycl ohexyl oxyet hoxy group. This pol yner

i s designated as copol yner 3). 25 Synthesis Exanple 4 180 G ans of
4-acetoxystyrene, 10, of/t-butyl _acrylate, 6. % of azobi si sobutyronitrile
and 1.5 g of t-dodec@l merg¢apt Wre dissol ved ‘it )200 g of propylene glycol
nononet hyl ether and poly ized in a nitrogen atnosphere 30 for 16 hours

with the reaction terrpe%ature nmintained at 70 C. Afterpol ynerization, the
reaction sol utvearasnaBdedddd B sare cinderanfenibum bingrkatranehedi dify

and pugify and,th $1 BrolPehagihg 1 28919 SL-PELPYLERS, UNFP!

m)nomatak?yl et h%% %éﬂégggéfcﬁo ?ﬁ(e) ur??§e§ res(lgn agalélfl, and ' ¥
group having 6 to 12 carbon atoms or aralkyl group having
7 to 12 carbon atoms, and at least one of the alkyl group,
aryl group, aralkyl group and a piperazine ring in the

formula (14) has at least one hydroxyl group bonded to



- 7 JAN 2003 49 additionally, 300 g of nethanol, 100 g of triethylam ne and
20 g of water were added to carry out hydrolysis under reflux at a b UM&@M
point for 8 hours . After the reaction, the solvent and triethylamn
distilled off under reduced pressure, 5 the obtained resin was dissolved in
acetone and added dropwi se to a | argesaanmount of water to be solidified, and
the formed white powder was filtered and dried overnight at 50 C under
reduced pressure. This rmp ha}g an My of 12, Q00 and an MW vnh of 1 . 7 .
When 10 andd Py 2188 NIR D {h BT 0N 188 b g ireth & 2 LKy aFBuPs tafEhe and
t-butyl acr ! r &t b9, 0, 2 2 f S .. was

di ssol ved i#%g %H%?a]gia%ﬁ’lll%%bgﬁté?ga%gg%té? Q%}?%@% a(‘:%/&(}l]bhéelgy l5\;E|nyl et her
was added, dtgmodrpgartdonydmopoup beremsen dit eamsoaddeshasof axag al yst to
carry out a_ 15 reaction_at roomtenperature far 12 hours. The reaction

sol ution \A/a%a¥lP1‘éﬂ'§8688rgPBp9\?§g ?%Ratriawa%hg qes ﬁgﬁg‘oﬁgng%@u’?‘? on to
preckpi t at eagy peh¥nBE YheChawaont Redmd Iy e aubAiwtayapMiwhicin a
vacuumdrier at 50 C. This polynmer had an Mv of 13,200 and an Mv Mh of 1.7.
Wien anal yzEeR®Yy one18ubRVREueh thedher Hhansta hdraxyhadrdep %wih t he

hydr ogen at f e ' I contained in the

pol y( 4- hydr%é;;% y?ﬁégggggbggb}@a%?gﬁ%o(%%kr’ were substituted by a

1- cycl ohexydmpxxyehd axepoesempted by i VAoarl dwsinde Sogmatled (as )copel waer (A-4).
25 Synthesis Exanple 5 20 Grans of di-t-butyl carbonate was added under

agi t at | oRefB8rRedoftGt ASn & tFE IFToFCAHAEIFBIRD IR YEY Y ene) produced in
Syn&@esiﬁegégﬂgkge})qnd having an Mv of 11,400 30 and an MV M1 of 1.01 and
15 g of triethylamne dissolved in 500 g of di oxane, the resulting mxture
was further stirred at roomtenperature for 6 hours, and oxalic acid was
added to neutralize the triethylamne. Thereafter, the reaction solution
was added dropwi se to a | arge anmobunt of water to 7 . SAN 2003 50 solidify
a polymer which was en washed th pure water several tinmes, filtered and
dri ed over ni ghtri®a-R vac Her at N5ORE The obt-ai qesl) pol yner had an Mv
of 13, 000 and an vh Of 1.03\ Wheh anal yzed by 13C-NMR, it has such a
strygture 5 that 24 ~ of the hydrogen atons of the phenolic hydroxyl groups
contained in the poly(4-hydroxystyrene) were substituted by a

t - but oxycarwbayeigr¥ups arhbsymeshylesedey ynierd ngs2 dopd madkay ciidin) . 10
Synt hesi s Exannpl Z70 CGa#s rot - but [ , f ylonitrile
and 7 g of 53%@?% ggﬁ&syrgni tarrl? el%wera%léd?')ég%l vg?é?lr%:l}g(?ggﬂb ea%lr'oxane, and

t hi s sol ut i pRranehcleat efdlicaabkylegerumhawipher ¢oat 2 FarGdmatdfs hours to

carry out polynperization. 15 The obtained reaction sol ution_was added

dr opwi se toa£¥ﬂa9§8u8rr§ﬁﬁtin8f Gngf’hi ofat OEO#HWF‘yOF h@rPEg%dQESBBI yner
resign of poh¥vdnly Putex st WAt cifd y | £nd t4t | Beadbi 6neobEdihéed resin
was re-dissolved indioxane, diluted sulfuric acid was added to this

sol ution, anélm@tﬁé@ﬂfﬁ Cﬁga-’s%_l glLkya w%saméh%eua. ard ¥k 91QUROUr s to
carry out MHROLYS! 8y HHbSpipsiiaigkublialsnan thansbenked (259 ggparation
funnel, a large anount 0 yl acetate and a | arge anount of "water were
added, the mesukébhgorselhitdmxryhgmauethobleshbki amgaaritbn efttont,owsthnd to

separate an _ethyl acetate |layer (upper 25 |ayer), and a_ywater |ayer (I ower
aver)  whibf WEoldRsahan i RO Bie G LS dn LR e ar RY T prPYB N

di scay ded Walgh §AYEH aRACArEL EPIRIreLD Yam@riedn okigehastidm sgLuuEuen was
dri ed under reduced pressure, and the obtained resin was re-dissolved in

acet one. Thiagofeim cagthanth JRRURRREVeEeR PR eCBPAN| AF§BS30faABlNt of
water to sol i dif e i ' vey, j S
filtered anga%}gzﬁ%ﬁéé%(fv({aaﬁ%}]tb%g}% égﬁcfcﬁ%ggg 1)ﬁgid"ltﬁ:‘%‘:'g'g)pr esr%/lﬁogﬁteora \gg dried.

The obt ai nednyesine hefl tare Maxbo8 4tQ0O aay be Stbdhivhtéd8wivhentanal yzed

by 1H NVR and 13C-NMR, the hydrol ysis of - 7 AN 2003 51 nitrite hardly
proceeded aR@aSte AsiFHRREL BeBboPeF bran- RyRYEXGEYyr REURNFUCh

acryjonitrile iy anad,l C%rcgﬁp' 5 T%ﬁéﬁgg‘{ egrong, 9 of di-t-butyl carbonate

was :Jad(;ded under agaltat}f%ln 0 a solution o? gG ggof this resin and 15 g of
a compound represented by the following formula (16) (to be
referred to as “"nitrogen-containing compound (VII)”

hereinafter):



5 triethylamne dissolved in 500 g of dioxane, the resulting m xture was
further stirred at roomtenperature for 6 hours , and oxalic acid wap jagdag
to neutralize the triethylam ne. Thereafter, the reaction solution was
added dropwi se to a | arge anount of water to solidify a polyner which was
then 10 washed with pure water several 26ines, filtered and dried overni ght
in a vacuumdrier at 50C. The obtai ned polyner had an Mv of 9,300 and an
Mv Mh of 1.8. When anal yzed by 1H NVR and 13C-NMR, it had such a structure
that 21 ~ of the hydrogen atons of the phenolic 15 hydroxyl groups
contained in the pdty(4-hydr oxyEztzyr ene-acrR*Onitrile)copol yner were
substituted by a t-butoxyc 3bonI{4I roup. /This resin is designated as

copol yner (B-2). ZOH;?J%ET— ive' Syl h_eéqu\Exanpl e 1 Aftell®y g of

pol y(4- hydr oxystyre havi ng an Mv of 12} RQDO was di ssolved in 100 g of

di oxane, bubbling was carried out with nitrogen gas for 30 m nutes.
Thereafger, 5 g of ethylvinyl ether and 1 g of pyridiniurn

p-t ol uenesul fonate 25 as a cat al yst were added to this solution to carry
out a reactiowhareisok e &r ang dndeperdidmiiy a pdhgmeshylear sbhihi on was
t hen added dr s o] ~.a nia_aguequs ,sol utigg to,pregipitate a
pol ynmer whi chﬁﬂggﬂ%ﬁghtgntg I%t \é&a&g gﬁ%l e %(?Jlerahﬁoérfﬁ' ith a Vacu driter at
50C. 30 This pabyr¥rated anndarofbrahdda ardcasl My Mol gkotp NBeNngnal yzed
by 13CG-NMR it had_such a structure that 34 ~ of the hydrogen atons of the
phenol i ¢ hydr dx¥P ¢roFFE R B ARt i#ﬁlheﬂwwph%‘{/%l@@xgst‘?r tAeranbpn

¥

subst iqtquted b - thwl . i yoera4s L gna scqpol ymer
S IAY 205 s5tPEE P BRI, P pa AR Ry POETIA "0 Fn ] °BE,
Honmogeneous sBf Utaneh&*hverme RSP egrat &3 byreribomied heo de trhoswp dree flcrns ROBA | N
Table 1 (parts _are_based o i ght nd filtered wwih a nmenbrane filter
havi ng a pore%ai gﬁﬂ?&&’e&e‘g.h\%ﬁ%%gg%rje%a??%%%‘%i{:?%ﬁtgﬁFu’t"?ﬁﬁs.one
Thereafter, eaghroigenhateanpasitheoposmlilbi QNS )WaEASPhE- £€3tedrOoR%atsi | i con
waf er and prebagked under the conditions shown in Table 2 to 10 forma

resist film h8vi #Fe iependantoy @ tipgarrhdreacb@d opheyrddicsalkyilm was
exposeds usi ng gt-BeNERZAQREX1 3B, stLrper ' , an ( Tn8- 655 ) iIn
Exanples 1 toglo?lplZ%g%d 13 and Corrparbac'?rlK v%“éxﬁﬂnpc‘?re%llggn pZN(Sé?lF e6present
i nventi on andteh&2déaxkeon dreonsprheatllkyd- bremplBaeipgslne tl@berbbnH t achi
Kei sokuki Co.,_.Ltd. (agce]eration _vol e of 50 in aml e nd

post baked undgrtof"ﬁé égﬁa‘? ?LoenasStsﬁgﬁno%?\&l%lﬂ%@e%eleﬂb%%gﬂ'@d Pijé%l(?gt film
was then develgepes ,diyl graup , draMikdplagieap ansdidtd il iekseanethyk

ammoni um hydr oxi de bx a puddling_ nethod at 23 C for 1 mnute, 20 washed
with pure wat 82%afd 4PRES PBEfRYIT XY LIERURRIRI thé& f&POR A6RMresul ts
of theggbtai n@:‘i_tﬁ'ﬁ@hégrt)!v'ﬁ% en Lt eHeWb 1 yind@¥ Eerde chalabl £11y1 g2blp(A) resin
(B) aci d-generati ngaci d diffusioncontrol additive (E)sol vent

(F) (parts)( pamx‘y)laggppp(,(;;tgpékyg)m and heterocyclic structure can

D arts a r LA- 150B- - 1 Q. - 05F- Ex. 2A-2
530)3S I340 C )2(2?} %é@fgggl%%&é(ﬁ?- %%%%%%ﬁo%g%&%ﬁg@% %q%ifgé-%%g‘ooo 46D
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20 have at least one hydroxyl group bonded to a carbon atom
and have an oxygen atom, sulfur atom or carbonyl group
between the carbon atoms of any carbon-to-carbon bond and
that a hydrogen atom bonded to any one of the carbon atoms
may be substituted with at least one substituent other
25 than a hydroxyl group such as an alkoxyl group or phenoxy
group,
a compound represented by the following formula (18) (to be
referred to as "nitrogen-containing compound (IX)”

hereinafter):

Razp/\[Ru e (18)

wherein R*', R*?, R*?, R* and R* are independently a hydrogen

30



E-4: 2-heptanone - 7 .JAN 2003 57 The radiation sensitive resin

conposi tion of the present invention is excellent in terms of resol uyi QR 2003
and pattern shape , has small f ilrn surface roughnes s and optical
proximty effect, can forma fine |line-and-space pattern and fine 5

I sol ated pattern with high accuracy and st abi | i ty and has a w de focus

| atitude for the processing of a fine contact hole pattern with a high

aspect ratio. ghrpdd¢dUkyt Ners@gli ai 1 QEgeNSHELNERERSHR E:g@i?%i tagf?cgrlpf the
presentinvention is effectively sensitive to various types of radiation
such 10 as ul gravirltetviraysl \td at2 ubarbenoktbmsaysrylXgrayp aadialgedt r on

rays. Therefore, .the radiatjon sensitive resin c Qsitipon of the_present
i nvention can ®e 12x??5ﬁ8f‘yaé\%5n?%§ercﬂ}éﬁ%/l L?g'-é’dlpaggglﬂ,aﬁe i LAI4% SR vi ng
positive resi sitdny ! her RPédugli RFP ,0R33 e §ORBUCRET Layikes whog?! dex gn

rule is expected to 15 be further reduced in the future. - 7 JAI~ 2003 58
Wiat i s5cl ai nid’° iare bondedatipgetbarstmdianme ¢ arembevadcaonatie e si ng:

( A) a copol i, [ r.epr.esent.ed the fqgl ~. ow ng
formula ( 1 )%&8{%%‘:1 %ﬁv#]g\rp%‘ir% %:ﬂ;ééé:%ny rtooggnia &%OF%%}%

group, and a r@®l andgthdirestepresEnt @R *byurtchendebbadengliyod Myldxdgdn 15 Ri
20 O...(2) Rz-CRs O 25 wherein RL is the sane as defined above, Rz is a

hydr ogen at omoTve AT FFHupIT MR- RELPEAE  mBERPFNGAOGE & ity 2 ldwaup; ( B
(1) and o rectrri OnEd cbr 0ot oa 38 By “FRESr ol du my T raratEyt
JAN 20D8 59 R 12 carpgh &t ¢B8@rallil @ udhalvdngl @ R 1% ddmbagane as
deffined abovey and (Qa 3+ 3dL3Y SReSEPSKH Y8 28! 59Ny AILNA s,
or at least one of the alkyl group, aryl group, aralkyl
group and aromatic ring structure has at least one hydroxyl
group bonded to a carbon atom, with the proviso that when
15 at least one of R’ to R* is a hydroxyl group, at least
one of the alkyl group, aryl group, aralkyl group and
aromatic ring structure represented by R*! to R*® can have
at least one hydroxyl group, that the alkyl group, aryl
group aralkyl group and aromatic ring structure can have

20 an oxygden atom, sulfur atom or carbonyl group between the

carbon atoms of any carbon-to-carbon bond and that a

hydrogen atom bonded to any one of the carbon atoms may
be substituted with at least one substituent other than
a hydroxyl group such as an alkoxyl group, phenoxy group

25 or pyridyl group,
amide group-containing compound, urea compound or
nitrogen-containing heterocyclic compound.

Illustrative examples of the nitrogen-containing
compound (I) include monoalkylamines such as n-hexylamine,

30 n-heptylamine, n-octylamine, n-nonylamine and n-decylamine;
dialkylamines such as di-n-butylamine, di-n-pentylamine,
di-n-hexylamine, di-n-heptylamine, di-n-octylamine,
di-n-nonylamine and di-n-decylamine; trialkylamines such as

triethylamine, tri-n-propylamine, tri-n-butylamine,



2. The radiation sensitive resin conposition of claim1, 15 wherein the
total content of the recurring units ( 1) and ( 2 ) in the COpOlyn??#ﬁ?N%
is 70 nol % or nore based on the total of all the recurring units. 3.

radi ati on sensitive resin conpositiongof claim1, 20 wherein the content of
the recurring unit ( 1) in the copolynmer (A) is nore than 40 nol % and | ess
than 90 nol % based on the total of all the recurring units and the content
of the reEdrrrpgntFiland2e . i faira -dexyhandng A)t s ntrep thhamBnapl % and | ess

t han 40 L % b e t.al_ of all the recurring upits.. 25 4. The
nat at ohTAohePEErAdREly el MordTantt e A £ fih R G LimtRetur 1 1 ng
unit (2)atomabeccamongreisuod) dsS anguriessntrednddhith{oidowi ng fornula (4):
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recursing_uni . _and ,( i_n .t coppl I.(B.,is 70 nol % or nore
baseg ongtﬂgt%ggépl}én%f élPﬁf%géhigﬁﬁﬁWu?%ﬁﬁ%ﬁgl?ﬁiﬁ%é radi ati on

sensi ti veripRenytanpas an@n 16haphtihplbmiwher edny tdee coikent of the
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than 90 nol % bhstBsSbRathBe26%eEPAPSorfaltihe M traGfiGRP WAt R BN Gnd t he

cont ent egmﬁggnaqu&ri&@dqyd% edhy 1 éﬁ&ggyner (B) is nore than 3 nol %

and |l ess than 40 nol % based on thé tota all the recurring units . 7.
The radi Ht NoN ' s¥nsiteitwvemeddivil eddhypegiadimnigfe cl ai m 1, 25 wherein the

copql yme A) _cont ai ns recurring uni erived fromat |east one nononer
sel éged%FﬁﬁﬁpF%gy O] @ﬂiﬁ%ﬂiqé}%ﬂeéﬂ %ﬂﬁgaQE{ﬁﬁhylstyrene,

4- met hoxy sy r @hamifodiPphedrimsiataig , 4 4 budtaycas YV SéYhene,

4- (1-et hoxyet hoxystyrene), 4-(1-ethox propoxystyrene , 30

4- t et r ahfdRopftaminelpazppdyeaong o detbxyblian iphenylamine,

4-t - but oxygar et t - roxystyrene, 3-hydroxystyrene,
3-nethy|?A?hygggx?styr%ﬁéi%ﬂgyxaﬁé%%ﬁgkoacrylate) i sobor ny

(et h) aceyl atemiadpimemyyl) -(2ret4r)cacimdrdten vt ypoymdroslecanyl (et h) acryl at e

and - Ahf 2003.61 t crylonitrile a recurring unit other than
thle%cu%FgﬁQa@ﬁPP? %E%#%égfﬁgé%oxﬁﬁPﬁgﬁﬁihﬁ?ﬁF%%hsitive resin

conposi t ken4etmihadiphchyl )5 nMEr-eiydddyey slofol Y erfofake) contains a recurring
unit derived fraomat |east one nmononer selected fromthe group consisting
of styrehel-RifdinisAratPRere oBRERF Ly hlhengtRR&y st yr ene,

4-1 - but oxyeapRanyl-Qa smirRithe iyl 81 JNY BN SE e and the
4- (1- et hoxypropoxystyrene), 10 "4-tetrahydropyranyl oxystyrene,

4- acet oxy}dkgrene, 4-t-but oxycarbonyl net hoxystyrene, 2-hydroxystyrene,

3y oxystyT engy  JLUBL IV 4l o rate it LR ERy T o e,

i sobornyl (neth)yacrylatée, "adamant a tT1CcycC anyl
(et h) aceyphpbandndIi’) (nedinae mdlomdrs lseichass psBeattiy Degndniminther than

the recurring_units (1) and (3)...9.. The radi ation sensitive resin
conposi t PORY %ﬁ%ﬁmﬁﬁg aht &ﬁﬁh%ﬁqﬁﬁ%ﬁeWQ¥&ta?ﬁ¥} @r selected from
the group Illustrative examples of the nitrogen-containing

compound (IV) include compounds having one hydroxyl group

25 such as
N,N,N'~-trimethyl-N'-{2-hydroxyethyl)ethylenediamine,
N,N,N'-triethyl-N'-(2-hydroxyethyl)ethylenediamine,
N,N,N'-trimethyl-N'-(2-hydroxypropyl)ethylenediamine,
N,N,N'-triethyl-N'-(2-hydroxypropyl)ethylenediamine,

30 N,N,N'-triphenyl-N'-(2-hydroxyethyl)ethylenediamine,
N,N,N’'-tribenzyl-N’'-(2-hydroxyethyl)ethylenediamine,
N,N,N'-tribenzyl-N'-(2-hydroxypropyl)ethylenediamine,
N,N,N'-trimethyl-N'-(4-hydroxyphenyl)ethylenediamine,
N,N,N’'-trimethyl-N'-(4-hydroxybenzyl)ethylenediamine,
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radi ati on sensitive resin conposition of claim1l1, which further contalnsa
ni t rogen- cont ai ni ng organi ¢ conpound ad%an acid diffusion control agent.
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10% h&' (; 9N ! 0% & rEk-1(f( 4L0Ppdr% fypHdn 0Pk 1y {en&dsidnlbe ,
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1996,0 VI OB Dt ) comanmc 1
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&f()_Zcig?N,N’,N’-tetrakis(2-hydroxy-3-ethoxypropyl)

ethylenediamine,

N,N,N’ ,N'-tetrakis(2-hydroxy-3-n-propoxypropyl)

ethylenediamine,

15 N,N,N’',N'-tetrakis(2-hydroxy-3-phenoxypropyl)
ethylenediamine,
N,N’'-dimethyl-N,N'-bis(2,3-dihydroxypropyl)
ethylenediamine,
N,N'-diethyl-N,N’'-bis(2,3-dihydroxypropyl)

20 ethylenediamine,

N-methyl-N,N’' ,N'-tris(2,3-dihydroxypropyl)

ethylenediamine and

N,N,N' ,N’'-tetrakis(2,3-dihydroxypropyl)ethylenediamine.
Illustrative examples of the nitrogen-containing

25 compound (V) include compounds having one hydroxyl group such
as N-methyl-N'-(2-hydroxyethyl)piperazine,
N-ethyl-N'-(2-hydroxyethyl)piperazine,
N-n-propyl-N'-(2-hydroxyethyl)piperazine,
N-n-butyl-N'-(2-hydroxyethyl)piperazine,

30 N-n-hexyl-N'-(2-hydroxyethyl)piperazine,
N-n-octyl-N'-(2-hydroxyethyl)piperazine,
N-n-decyl-N'-(2-hydroxyethyl)piperazine,
N-n-dodecyl-N'-(2-hydroxyethyl)piperazine,
N-methyl-N’-(2-hydroxypropyl)piperazine,
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10 N,N'-bis(4-hydroxybenzyl)piperazine,
N-methyl-N'-(2,3~-dihydroxypropyl)piperazine and

N-ethyl-N'-(2,3-dihydroxypropyl)piperazine; compounds

having three hydroxyl groups such as

N-(2-hydroxyethyl)-N'-(2,3-dihydroxypropyl)piperazine,

15 N-(2-hydroxypropyl)-N'-(2,3-dihydroxypropyl)piperazine,
N-(4-hydroxyphenyl)-N'-(2,3~-dihydroxypropyl)piperazine

and N-(4-hydroxybenzyl)-N'-(2,3-

dihydroxypropyl)piperazine; and compounds having four or more

hydroxyl groups such as

20 N,N'-bis(2,3-dihydroxypropyl)piperazine,
N,N'-bis(3,4-dihydroxyphenyl)piperazine,
N,N'-bis(3,4,5~-trihydroxyphenyl)piperazine,
N,N'-bis(3,4-dihydroxybenzyl)piperazine and
N,N'-bis(3,4,5~trihydroxybenzyl)piperazine.

25 Illustrative examples of the nitrogen-containing

compound (VI) include compounds having one hydroxyl group

such as

1-{4'-(N-methylpiperidinyl)}-2-[4'-{N-(2''-hydroxyethyl)

piperidinyl}Jethane,
30 1-{4'-(N-n-dodecylpiperidinyl)}-2-[4'-{N-(2'"'~
hydroxyethyl)piperidinyl}]ethane,

1-{4'-(N-benzylpiperidinyl)}-2-[4'-{N-(2''-hydroxyethyl)

piperidinyl}]ethane,
1,3-bis{4'-(N-methylpiperidinyl)}-2-propanol,
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10 1,2-bis[4'-{N-(2'’'-hydroxyethyl)piperidinyl}lpropane and
1,2-bis[4’'~{N-(2''-hydroxypropyl)piperidinyl}]propane;
compounds having three hydroxyl groups such as
1-[4'-{N-(2''-hydroxyethyl)piperidinyl}]-2-[4'-{N'-(2"",

3''-dihydroxypropyl)piperidinyl}lethane,

15 1-[4'-{N-(2''~hydroxypropyl)piperidinyl}]-2-[4'-{N"'-(2""
'-dihydroxypropyl)piperidinyl}lethane,
1-[4'-{N-(2''-hydroxyethyl)piperidinyl}]-2-[{4'-{N'-(2"",

3' " -dihydroxypropyl)piperidinyl}]propane and

1-[4'-{N-(2''-hydroxypropyl)piperidinyl}]-2-[4'~-{N'"-(2""

20 ,3"'-dihydroxypropyl)piperidinyl}]lpropane; and compounds
having four or more hydroxyl groups such as
1,2-bis{N-(2',3"'-dihydroxypropyl)piperazinyl}ethane,
1,2-bis{N-(3',4'-dihydroxyphenyl)piperazinyl}ethane,
1,2-bis{N-(3',4',5' -trihydroxyphenyl)piperazinyll}ethane,

25 1,2-bis{N-(3',4 ' -dihydroxybenzyl)piperazinyll}ethane and
1,2-bis{N-(3',4',5"-trihydroxybenzyl)piperazinyl}ethane.

Illustrative examples of the nitrogen-containing

compound (VII) include compounds having one hydroxyl group
such as bis(2-dimethylaminoethyl) - 2-hydroxyethylamine,

30 bis(2-dimethylaminoethyl)'2-hydroxypropylamine,

N,N,N'-trimethyl-N'-{2-(3'-hydroxypyrrolidino)ethyl})

ethylenediamine,

bis(2-pyrrolidinoethyl)2-hydroxyethylamine,
bis(2~-pyrrolidinoethyl) - 2-hydroxypropylamine,
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diethylenetriamine,
N,N,N"'",N'"'-tetramethyl-N'-(2,3-dihydroxypropyl)

10 diethylenetriamine,
N-methyl-N-(2-pyrrolidinocethyl)-N',N'-bis(2-
hydroxyethyl)ethylenediamine,
methyl-bis{2-(3'-hydroxypyrrolidino)ethyll}amine,
bis(2-pyrrolidinocethyl) 2, 3-dihydroxypropylamine,

15 N-methyl-N-{(2-piperidinocethyl)-N',N'-bis(2-hydroxyethyl)
ethylenediamine,
methyl- bis{2-(4'-hydroxypiperidino)ethyl}amine and
bis(2-morpholinoethyl) 2, 3-dihydroxypropylamine;
compounds having three hydroxyl groups such as

20 N,N’'’'-dimethyl-N,N’,N’‘-tris(2-hydroxyethyl)
diethylenetriamine,

N,N'’'-dimethyl-N,N’' ,N''-tris(2-hydroxypropyl)
diethylenetriamine,
N-(2-pyrrolidinoethyl)-N,N’' ,N’'-tris(2-hydroxyethyl)

25 ethylenediamine,
N-(2-piperidinoethyl)-N,N’',N’'-tris(2-hydroxyethyl)
ethylenediamine, bis{2-(3'-hydroxypyrrolidino)ethyl}-2-
hydroxyethylamine and
bis{2-(4'-hydroxypiperidino)ethyl}-2-hydroxyethylamine;

30 and compounds having four or more hydroxyl groups such as
N'-methyl-N,N,N'’' ,N''-tetrakis(2-hydroxyethyl)
diethylenetriamine,

N'-ethyl-N,N,N'' ,N''-tetrakis(2-hydroxyethyl)
diethylenetriamine,
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diethylenetriamine,
N'-n-hexyl-N,N,N’’' ,N''-tetrakis(2-hydroxyethyl)
diethylenetriamine,

5 N’'-n-octyl-N,N,N'' ,N''"-tetrakis(2-hydroxyethyl)
diethylenetriamine,
N’'-n-decyl-N,N,N’' " ,N''-tetrakis(2-hydroxyethyl)
diethylenetrlamine,

N'-n-dodecyl-N,N,N’'’ ,N''-tetrakis(2-hydroxyethyl)

10 diethylenetriamine,

N'-phenyl-N,N,N'’ ,N’'’'-~-tetrakis(2-hydroxyethyl)
diethylenetriamine,
N'-benzyl-N,N,N'’ ,N’''-tetrakis(2-hydroxyethyl)
diethylenetriamine,

15 N,N,N'",N'',N''-pentakis(2-hydroxyethyl)
diethylenetriamine,
N,N,N',N"",N"'-pentakis(2-hydroxypropyl)
diethylenetriamine,
N,N,N’,N'’',N"'-pentakis(4-hydroxyphenyl)

20 diethylenetriamine,
N,N,N',N'"',N'"'-pentakis(4-hydroxybenzyl)
diethylenetriamine,

N,N,N'",N"' ,N'"'-pentakis(2-hydroxy-3-methoxypropyl)
diethylenetriamine,

25 N,N,N',N''",N’''"-pentakis(2-hydroxy-3-ethoxypropyl)
diethylenetriamine,
N,N,N’,N'"',N’''-pentakis(2-hydroxy-3-n-propoxypropyl)
diethylenetriamine,

N,N,N' ,N"",N'"-pentakis(2-hydroxy-3-phenoxypropyl)

30 diethylenetriamine,

N, N'’'-dimethyl-N,N’' ,N'’'-tris(2,3-dihydroxypropyl)
diethylenetriamine,
N'-methyl-N,N,N’'’ ,N''-tetrakis(2,3-dihydroxypropyl)

diethylenetriamine and
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Illustrative examples of the nitrogen-containing
compound (VIII) include compounds having one hydroxyl group
5 such as 2,4,6-tris(dimethylaminomethyl)phenol,
2,4,6-tris(diethylaminomethyl)phenol,
2,4,6-tris(diphenylaminomethyl)phenol,
2,4,6-tris(dibenzylaminomethyl)phenol,
2,4,6-tris(pyrrolidinomethyl)phenol,

10 2,4,6-tris(piperidinomethyl)phenol,
4-morpholinomethyl-2,6-bis{dimethylaminomethyl)phenol and
2,4,6-tris(morpholinomethyl)phenol; compounds having two
hydroxyl groups such as
2,6-bis(dimethylaminomethyl)-4-[{methyl*(2'~

15 hydroxyethyl)amino}methyl]lphenol,
2,6-bis(dimethylaminomethyl)-4-[{methyl*(2"'-
hydroxypropyl)amino}methyl]phenol,
2,6-bis(dimethylaminomethyl)-4-(3'-
hydroxypyrrolidinomethyl)phenol and

20 2,6-bis(dimethylaminomethyl)-4-(4’-
hydroxypiperidinomethyl)phenol; compounds having three
hydroxyl groups such as
2,6-bis(dimethylaminomethyl)-4-[{bis(2'-hydroxyethyl)
amino)}methyl]phenol,

25 2,6-bis(dimethylaminomethyl)-4-[{bis(2’'-hydroxypropyl)
amino}methyl]lphencl, 4-(dimethylaminomethyl)-2,6-bis(3'-
hydroxypyrrolidinomethyl)phenol,
4-(dimethylaminomethyl)-2,6-bis(4'-
hydroxypiperidinomethyl)phenol,

30 2,6-bis(pyrrolidinomethyl)-4-[{bis(2'-hydroxyethyl)amino
}Jmethyl]lphenol and
2,6-bis(piperidinomethyl)-4-[{bis(2’'-hydroxyethyl)amino}
methyl]lphenol; and compounds having four or more hydroxyl

groups such as
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-tris( hydroxymethy eridinomethyl)phenol,
2,4,6-tris[{4'-(2'’'~hydroxyethyl)piperidino}methyl]
phenol and
2,4,6-tris[{4'~-(2'"',3"' ' -dilhydroxypropyl)piperidino}
methyl]lphenol.

Illustrative examples of the nitrogen-containing
compound (IX) include compounds havling one hydroxyl group
such as 2-hydroxypyridine, 3-hydroxypyridine,
4-hydroxypyridine, 2-hydroxy-3-methylpyridine,
2-hydroxy-4-methylpyridine, 2-hydroxy-5-methylpyridine,
2-hydroxy-6-methylpyridine, 3-hydroxy-2-methylpyridine,
3-hydroxy-4-methylpyridine, 3-hydroxy-5-methylpyridine,
3-hydroxy-6-methylpyridine, 4-hydroxy-2-methylpyridine,
4-hydroxy-3-methylpyridine, 2-hydroxy-4-ethylpyridine,
2-hydroxy-4-n-propylpyridine,
2-hydroxy-4-i-propylpyridine, 2-hydroxy-4-n-butylpyridine,
2-hydroxy-4-n-dodecylpyridine, 2-hydroxy-4-phenylpyridine,
2-hydroxy-4-benzylpyridine, 2-hydroxymethylpyridine,
3-hydroxymethylpyridine, 4-hydroxymethylpyridine,
2-(2'-hydroxyethyl)pyridine, 3-(2'-hydroxyethyl)pyridine,
4-(2'-hydroxyethyl)pyridine, 2-(2'-hydroxypropyl)pyridine,
3-(2'-hydroxypropyl)pyridine,
4~ (2'-hydroxypropyl)pyridine,
4-(4'-hydroxyphenyl)pyridine,
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groups such as 2,3-dihydroxypyridine, 2,4-dihydroxypyridine,

5 2,5-dihydroxypyridine, 2,6-dihydroxypyridine,
3,4-dihydroxypyridine, 3,5-dihydroxypyridine,
2~-hydroxy-3-hydroxymethylpyridine,
2-hydroxy-4-hydroxymethylpyridine,
2~-hydroxy-5-hydroxymethylpyridine,

10 2-hydroxy-6-hydroxymethylpyridine,
3~-hydroxy-4-hydroxymethylpyridine,
3-hydroxy-5-hydroxymethylpyridine,
2-hydroxy-3-(2'-hydroxyethyl)pyridine,
2-hydroxy-4-(2’'-hydroxyethyl)pyridine,

15 2-hydroxy-5-(2' ~hydroxyethyl)pyridine,
2-hydroxy-6-(2'-~hydroxyethyl)pyridine,
3-hydroxy-4-(2'-hydroxyethyl)pyridine,
3-hydroxy-5-(2’'-hydroxyethyl)pyridine,
2,3-bis(hydroxymethyl)pyridine,

20 2,4-bis(hydroxymethyl)pyridine,
2,5-bis(hydroxymethyl)pyridine,
2,6-bis(hydroxymethyl)pyridine,
3,4-bis(hydroxymethyl)pyridine,
3,5-di(hydroxymethyl)pyridine,

25 2,3-bis(2’'-hydroxyethyl)pyridine,
2,4-bis(2'-hydroxyethyl)pyridine,
2,5-bis(2'-hydroxyethyl)pyridine,
2,6-bis(2'-hydroxyethyl)pyridine,
3,4-bis(2'-hydroxyethyl)pyridine,

30 3,5-bis(2'-hydroxyethyl)pyridine,
3-(2'-pyridyl)-1,2-propanhediol,
3-(3'-pyridyl)-1,2-propanediol,
3-(4'-pyridyl)-1,2-propanediol,
2-(2'-pyridyl)-1,3-propanediol,
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2-(3'-pyridyl)-2,3-butanediol,
2-(4'-pyridyl)-2,3-butanediol,
2,3-4i(2'-pyridyl)-1,4-butanediol,

10 2,3-4di(3'-pyridyl)-1,4-butanediol,
2,3-bis(4’'-pyridyl)-1,4-butanediol,
2,3-bis(2'-pyridyl)-2,3-butanediol,
2,3-bis(3'-pyridyl)-2,3-butanediol and
2,3-bis(4'~-pyridyl)-2,3-butanediol; compounds having three

15 hydroxyl groups such as
2,6-dihydroxy-4-hydroxymethylpyridine,
3,5~-dihydroxy-4-hydroxymethylpyridine,
2,6-dihydroxy-4-(2'-hydroxyethyl)pyridine,
3,5-dihydroxy-4-(2’'-hydroxyethyl)pyridine,

20 4-hydroxy-2,6-bis(hydroxymethyl)pyridine,
4-hydroxy-3,5-bis(hydroxymethyl)pyridine,
4-hydroxy-2,6-bis(2'-hydroxyethyl)pyridine,
4-hydroxy-3,5-bis(2'-hydroxyethyl)pyridine,
2,4,6-tris(hydroxymethyl)pyridine,

25 3,4,5-tris(hydroxymethyl)pyridine,
2,4,6-tris(2'-hydroxyethyl)pyridine and
3,4,5-tris(2'-hydroxyethyl)pyridine; and compounds having
four or more hydroxyl groups such as
2,6-bis(2'-hydroxyethyl)-4-(2',3"'-dihydroxypropyl)

30 pyridine, 2,6-bis(2',3'-dihydroxypropyl)pyridine,

2,6-bis(2',3'-dihydroxypropyl)-4-(2'-hydroxyethyl)
pyridine,
2,6-bis(2',3'-dihydroxypropyl)-4-(2'-hydroxypropyl)
pyridine, 2,4,6-tris(2',3'-dihydroxypropyl)pyridine and
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Illustrative examples of the urea compound include urea,
methylurea, 1,1-dimethylurea, 1,3-dimethylurea,
1,1,3,3-tetramethylurea, 1,3-diphenylurea,

10 tributylthiourea and the like.

Illustrative examples of the nitrogen-containing
heterocyclic compound include imidazoles such as imidazole,
benzimidazole, 4-methylimidazole and
4-methyl-2-phenylimidazole; pyridines such as pyridine,

15 2-methylpyridine, 4-methylpyridine, 2-ethylpyridine,
4-ethylpyridine, 2-phenylpyridine, 4-phenylpyridine,
N-methyl-4-phenylpyridine, nicotine, nicotinic acid,
nicotinicacidamide, quinoline, 8-oxyquinoline and acridine;
pyrazine, pyrazole, pyridazine, quinoxaline, purine,

20 pyrrolidine, piperidine, morpholine, 4-methylmorpholine,
piperazine, 1,4-dimethylpiperazine,
1l,4-dlazabicyclo[2.2.2]}octane and the like.

Of the above nitrogen-containing organic compounds, the
nitrogen-containing compounds (I) and the

25 nitrogen-containing heterocyclic compounds are preferable.
Of the nitrogen-containing compounds (I), trialkylamines are
particularly preferable and, of the nitrogen-containing
heterocyclic compounds, pyridines are particularly
preferable.

30 The above acid diffusion control agents may be used alone
or in admixture of two or more.

The amount of the aclid diffusion control agent is
preferably 15 parts or less by weight, more preferably 0.001
to 10 parts by weight, much more preferably 0.005 to 5 parts
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part by weight, the pattern shape and dimensional accuracy

of a resist may lower according to process conditions.

Other additives

Theradiationsensitiveresincompositionof thepresent
invention may comprise a surfactant which has the function
of improving the coating properties and striation of a
composition and the developabllity 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
glycoldilaurate, polyethyleneglycoldistearate and the like.
Commercial products of the surfactant include F Top EF301,
EF303 and EF352 (Tokem Products Co., Ltd.), Megafac F171 and
F173 (Dainippon Ink and Chemicals, Inc.), Florade FC430 and
FC431 (Sumitomo 3M Limited), Asahili Guard AG710 and Surflon

§-382, SC101, sCl02, SC103, SCl104, SC105 and SC1l06 (Asahi

Glass Co., Ltd.), KP341] (Shin-Etsu Chemical Co., Ltd.),
Polyflow No. 75 and No. 95 (Kyoceisha Kagaku Co., Ltd.) and
the 1like.

The amount of the surfactant is generally 2 parts or
less by weight based on 100 parts by weight of the total of
the copolymer (A) and the copolymer (B).

The radiationsensitiveresincompositionof thepresent
invention may further comprise a sensitizer which exhibits
the function of increasing the amount of a generated acild
by absorbing the energy of radiation and transmitting it to

the acid generating agent and has the effect of improving
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the copolymer (A) and the copolymer (B).

The latent image of an exposed portion is visualized
and the influence of halation at the time of exposure can
be alleviated by blending a dye and/or pigment, and adhesion

io0 to a substrate can be further improved by blending an adhesive
aid.

A halation-preventing agent such as
4-hydroxy-4'-methylchalcone, shape-improvingagent, storage
stabilizer, anti-foamingagent and the likemayalsobe blended

15 as other additives.

Solvent
A solution of the radiation sensitive resin composition
of the present invention is prepared by uniformly dissolving
20 the composition in a solvent to ensure that the total solid
content should become 1 to 50 wt%, preferably 5 to 40 wt%
when used, and filtering the resulting solution with a filter
having a pore diameter of about 0.2 pm.
Illustrative examples of the solvent used to prepare
25 the above composition solution include ethylene glycol
monoalkyl ether acetates such as ethylene glycol monomethyl
ether acetate, ethylene glycol monoethyl ether acetate,
ethylene glycol mono-n-propyl ether acetate and ethylene
glycolmono-n-butyl etheracetate; propylene glycolmonoalkyl
30 ethers such as propylene glycol monomethyl ether, propylene
glycol monoethyl ether, propylene glycol mono-n-propyl ether
and propylene glycol mono-n-butyl ether; propylene glycol
dialkyl ethers such as propylene glycol dimethyl ether,
propylene glycol diethyl ether, propylene glycol di-n-propyl
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lactate, ethyl lactate, n-propyl lactateandi-propyl lactate;
aliphaticcarboxylates suchasn-amyl formate, i-amyl formate,
ethyl acetate, n-propyl acetate, i-propyl acetate, n-butyl
acetate, 1-butyl acetate, n-amyl acetate, i-amyl acetate,
10 i-propyl propionate, n-butyl propionate and i-butyl
proplonate; other esters such as ethyl hydroxyacetate, ethyl
2-hydroxy-2-methylpropionate, methyl
2-hydroxy-3-methylbutyrate, ethyl methoxyacetate, ethyl
ethoxyacetate, methyl 3-methoxypropionate, ethyl
15 3-methoxypropionate, methyl 3-ethoxypropionate, ethyl
3-ethoxypropionate, 3-methoxybutyl acetate,
3-methyl-3-methoxybutyl acetate, 3-methyl-3-methoxybutyl
proplionate, 3-methyl-3-methoxybutyl butyrate, methyl
acetoacetate, ethyl acetoacetate, methyl pyruvate and ethyl
20 pyruvate; aromatlic hydrocarbons such as toluene and xylene;
ketones such as methyl ethyl ketone, methyl propyl ketone,
methyl butyl ketone, 2-heptanone, 3-heptanone, 4-heptanone
and cyclohexanone; amides such as N-methylformamide,
N,N-dimethylformamide, N-methylacetamide,
25 N,N-dimethylacetamide and N-methylpyrrolidone; and lactones
such as y-butyrolactone.
These solvents may be used alone or in admixture of two

or more.

30 Formation of resist pattern

To form a resist pattern from the radiation sensitive
resin composition of the present invention, the composition
solution prepared as described above 1s coated on a substrate

such as a silicon wafer or a wafer coated with aluminum by
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as i-rays (wavelength of 365 nm), far ultraviolet rays from

an ArF excimer laser (wavelength of 193 nm) or KrF excimer

laser (wavelength of 248 nm), X-rays such as synchrotron

radiation and charged corpuscular rays such as electron rays

10 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 of additives.

To form a highly accurate fine pattern stably in the

15 present inventilon, postbaking is preferably carried out at
a temperature of 70 to 160°C for 30 seconds or more after
exposure. In this case, when the temperature of postbaking
after exposure is lower than 70°C, differences in sensitivity
according to the type of substrate may spread.

20 Thereafter, the exposed resist £ilm is developed with
an alkali developer at 10 to 50°C for 30 to 200 seconds to
form a predetermined resist pattern.

The alkali developer is an alkaline agqueous solution
prepared by dissolving an alkaline compound such as an alkali

25 metalhydroxide, ammoniawater, mono-, di- or tri-alkyl amine,
mono-, di- or tri-alkanol amine, heterocyclic amine,
tetraalkyl ammonium hydroxide, choline,
1,8-dlazabicyclo[5.4.0]-7-undecene or
1,5-diazabicyclo[4.3.0]-5-nonene to a concentration of 1 to

30 10 wt%, preferably 1 to 5 wt%.

The developer which is the above 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 agueous solution is used as the
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pattern, a protective £ilm may be formed on the resist fllm

Examples

The following examples are provided for the purpose of

further 1llustrating the present invention but are in no way

10 to be taken as limiting. The measurement of Mw and Mn and
the evaluation of each resist were carried out in accordance

with the following methods.

Mw and Mn
15 GPC columns (G2000Hy x 2 + G3000Hyx, x 1 + G4000Hy, x 1)
manufactured by Toso Co., Ltd. are used to measure Mw and

Mn by GPC using monodisperse polystyrene as the standard under

the following analytical conditions.
flow rate: 1.0 ml/minute
20 eluting solvent: tetrahydrofuran

column temperature: 40°C

Resolution (1L18)

The amount of exposure for forming a line-and-space
25 pattern (1L1S) having a design size of 0.26 pm at a line/space
width ratio of 1:1 is taken as the optimum amount of exposure
and the minimum size (pm) of a line-and-space pattern (1L1S)
which is resolved with this optimum amount of exposure is
taken as resolution (1L1S).
30
Resolution (1L3S)

The resolutionat which the linewidth of a semi-isolated
pattern (1L3S) with a design size of 0.26 pm resolved with

the above optimum amount of exposure is in the range of (design
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pitch of 0.44 pm becomes a design size of 0.22 um and the
size of the focusing depth at which the aperture of the hole
patter is in the range of (design size = 10%) is. taken as
DOF of a 1H1S pattern. As DOF increases, the process margin

becomes larger and the production yield of actual devices

becomes higher.

film surface roughness

The sectional size of a line-and-space pattern (1L1S)
having a design size of 0.26 pm is measured with a scanning
electron microscope and the f£film surface roughness is
evaluated based on the following criteria from the value of
ILd which is obtained by subtracting Lin {(minimum size) from
Lout (maximum size). The surface unevenness of Fig. 1 is
exaggerated.

Ld i1s less than 0.01 pm: good
Ld is 0.01 pum or more: not good

Synthesis of copolymer (A)

Synthesis Example 1

The anionicpolymerizationof 176 gof 4-t-butoxystyrene
was carriled out in 500 ml of tetrahydrofuran in the presence
of sec-butyl lithium at -78°C. After the polymerization
reaction, the obtained resin solution was solidified in
methanol to obtain 150 g of white poly(4-t-butoxystyrene).
This solid was dissolved in 600 g of dioxane, diluted

hydrochloric acid was added to carry out hydrolysis at 70°C

Ve &hahé%&‘ &Q UeCEmolint! ¥E dxgOg&EE () - gF@
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11,400 and an Mw/Mn of 1.01. Thereafter, 24 g of the
poly(4-hydroxystyrene) was dissolvedin 100 g of butyl acetate
and bubbling was carried out with nitrogen gas for 30 minutes.
10 Subsequently, 8 g of cyclohexylvinyl ether was added to this
solution, and 1 g of pyridinium p-toluenesulfonate was added
as a catalyst to carry out a reaction at room temperature
for 12 hours. Thereafter, the reaction solution was added
dropwise to a 1 wt% ammonia agqueous solution to precipitate
15 a polymer which was then filtered and dried overnight in a
vacuum drier at 50°C. This polymer had an Mw of 13,000 and
an Mw/Mn of 1.01. When analyzed by !®C-NMR, it had such a
structure that 23 % of the hydrogen atoms of the phenolic
hydroxyl groups contained in the poly(4-hydroxystyrene) were
20 substituted by a l-cyclohexyloxyethyl group. This polymer

is designated as copolymer (A-1).

Synthesis Example 2
300 Grams of 4-t-butoxystyrene and 2.0 g of
25 azobisisobutyronitrile were dissolved in 300 g of dioxane,
and thils solution was heated in a nitrogen atmosphere at 60°C
for 16 hours to polymerize the 4-t-butoxystyrene. The
obtainedreaction solutionwas added dropwise toalarge amount
of methanol to solidify the formed poly(4-t-butoxystyrene)
30 resin. This solidified resin was re-dissolved in dioxane,
diluted sulfuric acld was added to this solution, and the
solutionwasheatedat 60° Cforl2hours tocarryouthydrolysis.
This resin solution was transferred to a separation

funnel, a large amount of ethyl acetate and a large amount
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layer) whichwas discarded. Thisoperationwasrepeateduntil
5 the discarded water layer became completelyneutral, the resin
solution was dried under reduced pressure, and the obtained
resin was re-dissolved in acetone. This resin solution was
added dropwise to a large amount of water to solidify the
resin, and the formed white powdery resin was filtered and
10 heated overnight at 50° C under reduced pressure to be dried.
The obtained resin was poly(4-hydroxystyrene) having
an Mw of 11,000 and an Mw/Mn of 1.6.
After 24 gof this poly(4-hydroxystyrene) was dissolved
inl00gofbutylacetate, bubblingwascarriedoutwithnitrogen
15 gas for 30 minutes. Thereafter, 6 gof cyclohexylvinyl ether,
4gofethylvinyletherandlgofpyridiniump-toluenesulfonate
asacatalystwere added tothis solution tocarryoutareaction
at room temperature for 12 hours. This reaction solution was
then added dropwise to a 1 wt% ammonia agqueous solution to
20 precipitate a polymer which was then filtered and dried
overnight in a vacuum drier at 50°C. This polymer had an Mw
of 13,500 and an Mw/Mn of 1.6. When analyzed by '°C-NMR, it
had such a structure that 15 % of the hydrogen atoms of the
phenolic hydroxyl groups contained in the
25 poly(4-hydroxystyrene) were substituted by a
l-cyclohexyloxyethyl group and 7 % of the hydrogen atoms were
substituted by a l-ethoxyethyl group. This polymer is
designated as copolymer (A-2).

30 Synthesis Example 3
108 Grams of 4-vinylphenol and 10 g of styrene were
dissolvedin 1,000 ml of acetonitrile purifiedbydistillation
a slight amount of methanol was added to the solution, the

resulting solution was cooled to -10°C in a dry ice-acetone
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dropwise under agitation. After 1 hour of agitation, the
obtained product was added to a large amount of water and

5 the precipitated white solid was dried overnight at 40° C under
reduced pressure. This resin had anMwof 11,800 and an Mw/Mn
of 1.3. When the obtained resin was analyzed by 'H-NMR and
13C-NMR, it was a copolymer of 4-hydroxystyrene and styrene
in a ratio of 9:1. After 24 g of this copolymer was dissolved

10 inl00gofbutylacetate, bubblingwascarriedoutwithnitrogen
gas for 30 minutes. Thereafter, 7 g of cyclohexylvinyl ether
was added to this solution and 1 g of pyridinium
p-toluenesulfonate was added as a catalyst to carry out a
reaction at room temperature for 12 hours. The reaction

15 solution was then added dropwise to a 1 wt% ammonia aqueous
solution to preclpltate a polymer which was then filtered
and dried overnlight in a vacuum drier at 50°C. This polymer
had an Mw of 12,700 and an Mw/Mn of 1.3. When analyzed by
13c-NMR, it had such a structure that 15 % of the hydrogen

20 atoms of the phenolic hydroxyl groups contained in the
4-hydroxystyrene-styrene copolymer were substituted by a
l1-cyclohexyloxyethoxy group. This polymer is designated as
copolymer (A-3).

25 Synthesis Example 4
180 Grams of 4-acetoxystyrene, 10 gof t-butyl acrylate,

6.0 g of azobilsisobutyronitrile and 1.5 g of
t-dodecylmercaptan were dissolved in 200 g of propylene glycol
monomethyl ether and polymerized in a nitrogen atmosphere

30 for 16 hourswith the reaction temperature maintained at 70°C.
Afterpolymerization, thereactionsolutionwas addeddropwise
to a large amount of hexane to solidify and purify and the
formed resin. Thereafter, 500 g of propylene glycol

monomethyl ether was added to the purified resin again, and
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Ws109&' () 29Vl oA §y weke added to carry out hydrolysis under reflux
ataboilingpoint for8hours. Afterthereaction, the solvent
and triethylamine were distilled off under reduced pressure,
5 the obtainedresinwas dissolved in acetone and added dropwise
to a large amount of water to be solidified, and the formed
white powder was filtered and dried overnight at 50° C under
reduced pressure.
This resin had an Mw of 12,000 and an Mw/Mn of 1.7. When
10 analyzed by '’C-NMR, it was a copolymer of 4-hydroxystyrene
and t-butyl acrylate in a molar ratio of 92:8. 24 Grams of
this resin was dissolved in 200 g of distilled butyl acetate,
6 g of cyclohexylvinyl ether was added, 1 g of pyridinium
p-toluenesulfonate was added as a catalyst to carry out a
15 reaction at room temperature for 12 hours. The reaction
solution was then added dropwise to a 1 wt% ammonla agueous
solution to precipitate a polymer which was then filtered
and dried overnight in a vacuum drier at 50°C. This polymer
had an Mw of 13,200 and an Mw/Mn of 1.7. When analyzed by
20 1C-NMR, i1t had such a structure that 16 % of the hydrogen
atoms of the phenolic hydroxyl groups contained in the
poly(4-hydroxystyrene-t-butyl acrylate)copolymer were
substituted by a 1-cyclohexyloxyethoxy group. Thils polymer
is designated as copolymer (A-4).
25
Synthesis Example 5
20 Grams of di-t-butyl carbonate was added under
agitationtoasolutionof 36 gof the poly(p-t-hydroxystyrene)
produced in Synthesis Example 1 and having an Mw of 11,400
30 and an Mw/Mn of 1.01 and 15 g of triethylamine dissolved in
500 g of dioxane, the resulting mixture was further stirred
at room temperature for 6 hours, and oxalic acid was added
to neutralize the triethylamine. Thereafter, the reaction

solution was added dropwise to a large amount of water to
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The obtained polymer had an Mw of 13,000 and an Mw/Mn
of 1.03. When analyzed by ')C-NMR, it has such a structure
5 that 24 % of the hydrogen atoms of the phenolic hydroxyl groups
contained in the poly(4-hydroxystyrene) were substituted by
a t-butoxycarbonyl group. This resin is designated as

copolymer (B-1).

10 Synthesis Example 6
170 Grams of 4-t-butoxystyrene, 15 g of acrylonitrile
and 7 g of azobisisobutyronitrile were dissolved in 400 g
of dloxane, and this solution was heated in a nitrogen
atmosphere at 75° C for 16 hours to carry out polymerization.
15 The obtained reaction solution was added dropwise to a large
amount of methanol to solidify the formed copolymer resin
of poly-4-t-butoxystyrene and acrylonitrile. This
solidifledresinwasre-dissolvedindioxane, dilutedsulfuric
acid was added to this solution, and the resulting solution
20 was heated at 40°C for 12 hours to carry out hydrolysis.
This resin solutilon was transferred to a separation
funnel, a large amount of ethyl acetate and a large amount
of waterwereadded, theresultingsolutionwasmixedbyshaking
and left to stand to separate an ethyl acetate layer (upper
25 layer) and a water layer (lower layer), which was discarded.
This operation was repeated until the discarded water layer
became completely neutral, the resin solution was dried under
reduced pressure, and the obtained resin was re-dissolved
in acetone. This resin solution was added dropwise to a large
30 amount of water to solidify the resin, and the formed white
powdery resin was filtered and heated overnight at 50° C under
reduced pressure to be dried.
The obtained resin had an Mw of 8,900 and an Mw/Mn of
1.8. When analyzed by ‘H-NMR and '°C-NMR, the hydrolysis of
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agitation to a solution of 36 g of this resin and 15 g of
5 triethylamine dissolved in 500 g of dioxane, the resulting
mixture was further stirred at room temperature for 6 hours,
and oxalic acild was added to neutralize the triethylamine.
Thereafter, the reaction solution was added dropwise to a
large amount of water to sollidlfy a polymer which was then
10 washed with pure water several times, filtered and dried
overnight in a vacuum drier at 50°C
The obtained polymer had an Mw of 9,300 and an Mw/Mn
of 1.8. When analyzed by H-NMR and '*C-NMR, it had such a
structure that 21 % of the hydrogen atoms of the phenolic
15 hydroxyl groups contained in the
poly(4-hydroxystyrene-acrylonitrile)copolymer were
substituted by a t-butoxycarbonyl group. This resin is
designated as copolymer (B-2).

20 Comparative Synthesis Example 1
After 24 g of poly(4-hydroxystyrene) having an Mw of
12,000 was dissolved in 100 g of dioxane, bubbling was carried
out with nitrogen gas for 30 minutes. Thereafter, 5 g of
ethylvinyl ether and 1 g of pyridinium p-toluenesulfonate

25 asacatalystwereaddedtothissolutiontocarryoutareaction
at room temperature for 12 hours. The reaction solution was
then added dropwise to a 1 wt% ammonia aqueous solution to
precipitate a polymer which was then filtered and dried
overnight in a wvacuum drier at 50°C.

30 This polymer had an Mw of 13,000 and an Mw/Mn of 1.7.
When analyzed by !°C-NMR, it had such a structure that 34 $
of the hydrogen atoms of the phenolichydroxyl groups contained
in the poly(p-hydroxystyrene) were substituted by a
l-ethoxyethyl group. Thispolymer is designatedascopolymer
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Examples 1 to 13 and Comparative Examples 1 to 3
Homogeneous solutlions were prepared by mixing the
5 components shown in Table 1 (parts are based on weight) and
filtered with a membrane filter having a pore diameter of
0.2 pm to prepare composition solutions. Thereafter, each
of the composition solutions was spin-coated on a silicon
wafer and prebaked under the conditions shown in Table 2 to
10 form a resist f£ilm having a thickness of 0.7 pnm.
Thereafter, the resist film was exposed using the
NSR2205EX12B stepper of Nikon Co., Ltd. (NA=0.55) in Examples
1 to 10, 12 and 13 and Comparative Examples 1 and 2 of the
present invention and the direct drawing electron-beam
15 exposure tools of Hitachi Keisokukil Co., Ltd. (acceleration
voltage of 50 KeV) in Example 11 and postbaked under the
conditions shown in Table 2. The postbaked resist f£film was
then developedwitha 2.38 wt% agueous soclution of tetramethyl
ammonium hydroxide by a puddling method at 23° C for 1 minute,
20 washed with pure water and dried to form a resist pattern.
The evaluation results of the obtained resist £ilms are

shown in Table 3.
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The larger the value of the DOF the better.

Ex.1
Ex.2
Ex.3
Ex.4
Ex.5
Ex.6
Ex.7
Ex.8
Ex.9
Ex.10
Ex.11
Ex.12
Ex.13
C.Ex.1
C.Ex.2
Note:
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Comparative Examples are as follows.

acid-generating agents

C~1l: triphenylsulfonium nonafluorobutanesulfonate

C-2: Dbis(4-t-butylphenyl)iodonium p-toluenesulfonate

C-3: 4-t-butoxyphenyl-*diphenylsulfonium
10-camphorsulfonate

C-4: bis(cyclohexylsulfonyl)diazomethane

C-5: N-(l0-camphorsulfonyloxy)bicyclo[2.2.1]heptane-5,6
~0xy=-2,3-dicarboxyimide

C-6: 1,l-bis(phenylsulfonyl)cyclohexane

C-7: bis(l,4-dioxaspiro[4,5]decane-7~-sulfonyl)

diazomethane

acid diffusion control agents

D-1: nicotinic acid amide
D-2: tri-n-octylamine

D-3: triethanolamine

D-4: 2-phenylbenzimidazole

additives

E-1: p-hydroxystyrene-styrene copolymer (molar ratio = 9:1,
Mw = 3,000)

E-2: 2,2-bis(4-t-butoxyphenyl)propane

E-3: diphenolic acid

solvent

F-1: ethyl lactate

F-2: ethyl 3-ethoxypropionate

F-3: propylene glycol monomethyl ether acetate
E-4: 2-heptanone
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effect, can form a fine llne-and-space pattern and fine

isolated pattern with high accuracy and stability and has
a wide focus latitude for the processing of a fine contact
hole pattern with a high aspect ratio. In addition, the

radiationsensitiveresincompositionof thepresentinvention
is effectively sensitive to various types of radiation such
asultraviolet rays, farultraviolet rays, X-rays andelectron
rays. Therefore, the radiation sensitive resin composition
of the present invention can be extremely advantageously used
as a chemically amplifying positive resist in the production
of semiconductor devices whose design rule is expected to

be further reduced in the future.
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(A) acopolymer containing a recurring unit represented
by the following formula (1):

5
R
(1)
10
OH
wherein R! is a hydrogen atom or methyl group,
and a recurring unit represented by the following formula
(2):
1
15 R
20 Ol “ o (2)
Rz_?_Ra
0
25

wherein R! i1s the same as defined above, R? is a hydrogen
atom or methyl group, and R*isa methyl group or ethyl group;
(B) a copolymer containing a recurring unit represented

by the above formula (1) and a recurring unit represented

30 by the following formula (3):
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wherein R is the same as defined above: and

(C) a radiation sensitive acid-generating agent.

2. The radlation sensitive resin composition of claim 1,
whereln the total content of the recurring units (1) and (2)
in the copolymer (A) is 70 mol% or more based on the total

of all the recurring units.

3. The radiation sensitive resin composition of claim 1,
wherein the content of the recurring unit (1) in the copolymer
(A) is more than 40 mol% and less than 90 mol% based on the
totalofall therecurringunitsandthecontent of the recurring
unit (2) in the copolymer (A) is more than 3 mol% and less

than 40 mol% based on the total of all the recurring units.

4. The radiation sensitive resin composition of claim 1,
wherein the recurring unit (2) in the copolymer (A) is
represented by the following formula (4):
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8. The radiation sensitive resin composition of claim 1,
5 wherein the copolymer (B) contains a recurring unit derived
from at least one monomer selected from the group consisting
of styrene, 4-methylstyrene, 4-methoxystyrene,
4-t-butoxystyrene, 4-t-butoxycarbonyloxystyrene,
4-(l-ethoxyethoxystyrene), 4-(l-ethoxypropoxystyrene),

10 4-tetrahydropyranyloxystyrene, 4-acetoxystyrene,
4-t~-butoxycarbonylmethoxystyrene, 2-hydroxystyrene,
3-hydroxystyrene, 3-methyl-4-hydroxystyrene, t-butyl
(meth)acrylate, isobornyl (meth)acrylate, adamantyl
(meth)acrylate, tricyclodecanyl (meth)acrylate and

15 (meth)acrylonitrile, as a recurring unit other than the

recurring units (1) and (3).

9. The radiation sensitive resin composition of claim 1,
which contains at least one member selected from the group
20 conslsting of an onium salt, sulfone compound, sulfonate
compound, sulfonimide compound, dlazomethane compound and
disulfonylmethane compound, as the radlation sensitive

acid-generating agent (C).

25 10. The radiation sensitive resin composition of claim 1,
which further containsanitrogen-containingorganiccompound

as an acld diffusion control agent.



