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COWPOSI TI ON The present invention relates to a polynmer useful as an
ingredient of a resist conposition for a surface resolution process used in
manuf act uri ng sem conductor elenents, etc. and to a resist conposition
using the polyner. In conpliance with the requirenents fdr Ngvemper 20
processi ng according to high integration of sem conductor devices, the

| i ght source of exposure used in |ithography processes has recently been
changed fromi |ine beans (36S nn) to one having shorter wavel ength such as
KrF excimer laser (248 nnm) and ArF excimer laser (193 nn) and further to F2
excimer |aser (157 nm and EBACKGROUNIPOFINVERTIORe change of the |ight
source of ex rent of the pattern formation has been
shifted to BRESR b @-ﬁhem cally anplified type resist conposition

wher ei 3 a poI ymer The présent inatntioncieleged 4 pc;lghkﬁhtefﬁmsum hgedtRer? Yof ah@sigCt dOf
an acid as t ra rom,a_phot q- sensi tive cqmpoun
evef”“‘? for #obuitdcl Re It s G InCBROA AN refoooyy

fol | owed by opI Ng an_al ®% er n
formation, Iskeamansse Ct&‘f alfddpmrcﬁgsttchmppatloeusmg\/llterpoﬂ)hmcruse of an al kal i ne

devel opi ng sol uti @R cohpiinge RAf tchch {r@xﬁ@& 9?&%&3Hﬁﬁ)l%cés?fxfgfoalég%rgfnﬁa?ﬁ&hnnan q

accordance with the endenc to sc

roundi ng of "ﬁ&&rf’@?‘ho SFnig E‘obﬁe'{‘ﬁ%ess 2&’( Hghtsourea Of sxpesyomusedaipdithegraphyof
wat er remai prdigs@ﬁfﬁﬁlgrcb&ﬂlyr&‘éh %halfg%Btfﬂidﬁ lm!"ﬁl:ﬁﬂs {33 4inh) t'orbnfc%allkx:@%hgfkfcrg' ve
the desired_sh g éhtr?ﬁ%me”%ai‘ﬁ &:4”] order to di'ssol ve

probl em t heraea]%%t B Mared 8 nmkand Ark pxgimst laser dGAmm)sandg
silylating furtheetd E-ad)dc;mt:rhang(dd7mnr)faadeEB)(cl&trbﬁbtzﬂﬁs)l n place of using an

al kal i ne devel o | o xygen, pl asna

et chi Ing tec\r/mol gb%(tﬁglrﬂénﬁgpfgir%qa%ﬁsg‘\l/%ﬁgg%g" P?g'ﬁ?’é é'ﬁyﬁﬁ'f% clpggiﬂ“utl on

process). HEWERHPN hapceen Ishifisd Hoeone using Mc¢mmmﬁylmmdMque nesitthi s
silylated suéfh ndxﬁwéx@ﬁﬂ £Polpiee ﬁsalc})&isl{:{nl Lég:gngb%em‘%pkﬂﬁgl&tﬁe bﬁ’lRéNQc:

chemcally a ed t t
poly (p-ter? 6?3933?[%@51 "Eiyﬁsé?ﬁﬁmﬁd@%éél@‘orﬁmﬂpvwéomnom ffglmlcdpol y
(p- t er t but oky developiyg by ws lkakiedévelopity boTaticd. i queimsipﬁférﬂm%aluen Hdeause

Publ 1 cat i onofg 088300 RN, I 58 e” AR A EBSaE Sofhon, There Fas'bean”)

(p-tert-but Uﬁ9glll§¢de$l-@h famourprbbhchex)n ai:cendhmscadlth mdamwneﬁeo Baliapidown as

Publ i cati on 8, e _us rO¢ess as a
pol ymer corr%dﬁ?i 8 of Pﬁ&%@s%sggégé%tf&aﬁ% ‘BPéﬁi‘Pe?n‘Mh‘& 6% EENSOPVMPERs ar e
hardly |iab Vé‘PPE?“PHé’ SateRTereainion amgagithe resist patiechsgwhishatadt inyfaitingos give t 0
cause nere thedesitddshapy ofiM@dlfif@pattern 12 Novenber 2003 change in the exposed
area and i nsuffi cié]ent Si | Iatl on reaction in the next Brocess step, which

results in failing Pelic dissolys this kind, of prajlemp thers hasr mﬂudmﬁ@wswcy
[ p-(ZLet hoxyeswiommwcesseacompﬂm syl NG9 R 4 Pl 0734 i gk -

9
NO 171262/ ble t h d
used in thlélgprocegis;IE %nn%l?e ave %éﬁgg@ggeﬁdcﬁ%dwggw@éng et gggml >
si |yl ati on Rl3smez @ighirg) teshpology) (hersinaftenfabbrewiapais asl siyhel lsyrfadee resbRitiog al
change 10 fiifotest 91 MBwbe A S bed oA milfy Sltidshd "iﬁtea?n%l‘u fid' this o ¢

formati on i sl !fi‘:‘l because of |ow heat resis

Further, ¢ is iﬁﬂ Hton: (RGeS Widh r%bmylsequyuhatsmfan k@mme qimmmﬂy

uni tsi f?r1 amlifiride tyieh ecsis neuitipo sumds deavdnvag tdr;)msmage OhthY péIYC (f ferld
poly [p- ren r,oxyst ne such_as t SISt
conposi tion E é ?‘tbggg%‘%’% ‘Bcgéﬁ clnt “Puprrsg’ca Pon4RaR&13, N§o Y27999’4‘/'1994
and No. 24 xwg@onylneyseyrcm/rﬂancthlmatmﬂdqgr distlesed hat EPO HubtiedtionS No.

occurred algpegq49 ne trast.
ST furter i‘: | PR QIS DRSS TcnB madthy) hélnyiai) dRePSf et pifiicatSn
cont ai ni ng 0284864 pely e(@dFlé-bymustaspnplfuyatommlc) disclosed in Japancsc Patent
(p-trinet hmwhbatideKataw e/ Py t yine [} and
et al., QG pSELE 920, (167 élg%/g?gf ﬁgrgﬁi}é’g&f% s ﬂ%’@ E{Bigﬁ}
that no su feoReR @8’?‘&’# akserved suehs? Proablsm that those pelymes atrhbardiy wm taghe | S
observed t ¢hémidal clmnge bynthichaidigericred uy ekpositd @ cRddel RErR- mﬁ?ﬁéxhﬁt%lﬁﬁnéﬁal in
the lithography process using ArF exciner laser (193 nm as the |1 ght
source of exposure, when the polymer constructed fromonly the styrene type
nmononmer units [e.g. p-{lethoxyethoxystyrene),

p-tert-butoxycarbonyl oxystyrene, styrene—etc.] is used, there is observed
such a problemthat the polyner have very low transm ssivity against ArF
excimer laser to limt the part liable to chem cal change to just one snall
portion of the surface of a resist and to cause nonuniform chem cal change
in the edge of pattern haV| ng | ower exposure than the center, which results

o D T -




12 Novenber 2003 fel (wherein RO is a hydrogen atom a straight chai ned,
branched or cyclic alkyl group having 1 to 6 carbon atons or a straight
chai ned, branched or cyclic al koxy group having 1 to 6 carbon atons), and
R6 and R may formtogether a group of -COOCO or -CONR -CO (wherein R
is a hydrogen atom a straight chained, byanched or cycl i 12 boveynbes 280p
having 1 to 6 carbon atons or a strai ght chai ned, branched or cyclic al koxy
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S pattern form bta using the resist conposition wherein the pol yrrer
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invention is not used. FIG 5 is a cross-sectional view of the good shape
of L & S pattern form obtained by using a resist conposition wherein the
pol ymer of the present inventiSIIMMARYeOF INVENPION a cross-sectional view
of the non-resol ved shape obtai ned by using

The present invention has been accomplished taking the above mentioned
situation into consideration, and its object is to provide a polymer capable of forming an



12 Novenber 2003 6 the resist conmposition wherein the polyner of the
present invention is not used. DESCRI PTI ON OF THE PREFERRED EVMBCDI MENTS The
pol ymer used in the present invention is one containing, as the essenti al
constitutional units, the nonomer units shown by the foll ow ng general
formula [2], and [3] and/or [4], and further if necessaryﬁN@VQ'f%?ﬂﬁﬁﬁ% uni t
shown by the general formul a [5] and nore specifically there can be

ond That of Sheife BRR Wil e R I
t he general PHCASS uping3 chemicalliy amplified dypgercsistaconpasitidnaas] au]s;nga: tagcubbrnﬁrbl on
of the nMONONMR{ostilper Hilcrtaﬂﬁ)ng?ﬁ\ﬁﬁﬂie li){t‘:’r{iﬂdatok%]: sttcBﬁltpoﬁflo{x Ugﬁgﬂ{}ﬁ éror mul a
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formula [ 2], toq%; n‘:of t he general for nullﬁf),[lﬁghgl,g t hat of ener a
fornul a . f" ASEEY B H19ns 10 Sy, that; the &Fc Pﬁé TS HSOMPOBiIHPAL| a
[2), that of cth;mggrtbc glolynoersnshawh 3By thd)generil foh:ﬁu édn givebibR dofifrasand
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same meani ngfigngbove) [5] OH (wherein R has the sane meaning as above).
Anong t hose pol yrrers t he poI yners shown by the follow ng general fornula
(11, 16y, (e, [6"1, (6" 1, [6""], [7], [7'], [17] and [17'] are

preferable and t héI’kgep&es’eﬁ{ ifventidd domptises [tﬁe fdllow(n %’fcz{n?rcl in bfdek t@QQmL\ e ]
are particul own%rﬁé %gle because a residue is ly remai ned on a

substrate after $hation in those resins. (in other words, the
resi st conposition on the substrate surface can al nost conpletely be

renoved after etchiyg lg%&‘f’lv wir e used cas l'i ght

source, in order Bo gl)p\? llﬁE:i’e:s ut| on th@fo %%@8?25?’3"{1%&] t he

constitution ratio of fhe nonomer units shown py the general fornmula [2] in
yrrerS|sl oto 70%a the constitRtion ratio of
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3 Xi raI [ 4] 70% or, | ower
k F fbﬁb )‘@;ﬁ‘% (:é o Tsed 43 the
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laser, it is prefer
shown by the general X't he above nentioned smers is 30%to

70% preferably 40%to @00—@R®Ng tIRse preferable pol yners,pghe pol yners
shown by the following gederal formula [17] are particularly preferable
because a residue is hardFy remai ned on a substrate after pattern formation
in those polynmers (in other words, the resist conposition on the substrate

sur| face can {dvlmeih RiGs®hpdrogeh D6 GBMethy ﬁé&ﬁé Ty LAY ﬁ‘Pﬁ’CRg%ﬁﬁ rs
For e "o BB bBRioh s AT iR Hbrea el Sl ey do bosmaiens
MONOMEr  uni (g(cgpwm tage wheredotieofiR® rat Rlare hiydiog txﬂatbhﬁ? .01y B8fraighOoMainky, t he
general for B‘fﬂn@ﬁed@cy@l‘?@aﬂc}i@mhﬁ hg’\%{%ﬁ % é 9%90019 rat%];nesr grl? a.yalkyqzoréu% (?roa(%hcﬁg'ls
group, and R* and R’, R? and R* or R® and R* may form together a ring, respectively, R®
is a hydrogen atom, a straight chained, branched or cyclic alkyl group having 1 to 6
carbon atoms, a straight chained, branched or cyclic alkoxy group having 1 to 6 carbon
atoms, a tert-butoxycarbonyloxy group, a tetrahydropyranyloxy group, an acetyloxy
group or a group of -OCH,COOC(CH,),, R® is a hydrogen atom or a cyano group, R is
a group of ~COOR® (in which R® is a straight chained, branched or cyclic alkyl group
having 1 to 6 carbon atoms or a bridged alicyclic hydrocarbon group having 7 to 12
carbon atoms), a cyano group or a group shown by the following general formula [8)




12 Novenber 2003 | | ~CH2-CG~-Ct~-C-CH2-C r OH [wherein R4'" is a nmethyl group
or an ethyl group, RS is a hydrogen atom a t-butoxy group, a

t - but oxycar bonyl oxy group or a tetrahydropyranyl oxy group, R' is a
hydrogen atom or a methyl group, R7' is a nethoxycarbonyl group, a

cycl ohexyl oxycarbony group or an isobornyl oxycarbonyl grdag‘lovan‘l@ekzo%, m
and n have the sane neaning as above]. Q- [f~i1 I RRRT W R W O~-04 R$
R3 [wherein m is a pgsitive integer, and R, R, R, R, R5, R6, R, k and

1 have the saneymgagnfng as above.). R R R ('"~"t~~ ~f s" J |1 R2 o-~_ oR4
R5 of f R3 (' i s [@ positive integer, and R, R2, R, R, R5, k and
n have the sameMani ng as above). -9 9 12 Novenber 2003 ~ 6"~ [wherein
R, R-, the, s nmeani ng as, above]. ~

6" ~ [vvherRl ei (Wllqlpe’@inR?g ig ahyﬁrgg@n%ggonﬁ]s@&t ishaing ehsd ¢r cyclic alkyl group

t - but oxycar larjdgokio Graidpnostomstert 4 atryigho pldinety |bruched @ ycHO dlkoxyl groapd n

have the Sarﬁ%vfﬂ%ﬁ% 8%a:Bdn %%%’s?,] and R“%m&li_| Rb n?a}?m%q Ltldgeﬁlc?argroup of ~CO-0O-CO- or
-CO-NR"-CO- (wherein R" is a hydrogen atom, a straight chained, branched or cyclic
alkyl group having 1 to 6 carbon atoms or a straight chained, branched or cyclic alkoxy
group having ! to 6 carbon atoms), k is a positive integer, 1, m and n are each
independently O or a positive integer (providing 0.1=k / (k + 1 + m + n)=0.9, 0=1 / (k
+1+m+n)=09,0=m/(k+1+m+n)=08, and 0=n/(k + ! + m + n)<0.1,
providing that a case where 1 and m are both 0 is excluded)].

(2) A polymer for a resist composition, which comprises the polymer
mentioned as the above (1).

(3) A resist composition, which comprises the polymer mentioned as the above

).

(4) A resist composition comprising a polymer shown by the following general
formula [1], a compound capable of generating an acid by irradiation with actinic
radiation and a solvent capable of dissolving them

R! R! R’ R
| | | |
O OOt OO OO — ]
RP WK
R2
|
o-C-oR' R
RO

[wherein R' is a hydrogen atom or a methyl group, R? and R® are each independently a
hydrogen atom or a straight chained or branched alkyl group having 1 to 6 carbon atoms
(excepting a case where both of R? and R® are hydrogen atoms), R* is a straight chained,
branched or cyclic alkyl group having | to 6 carbon atoms, an aralkyl group or a phenyl
group, and R” and R’, R* and R* or R® and R* may form together a ring, respectively, R®
is a hydrogen atom, a straight chained, branched or cyclic alkyl group having 1 to 6



[wherein R' is a methyl group or an ethyl group, R5' is a hydrogen atom a
t - but oxy group, a t-butoxycarbonyloxy group or a tetrahydropyranyl oxy

group, R' is a hydrogen atomor a nethyl group, R' is a nethoxycarbonyl
group, a cyclohexyl oxycarbony group or an isobornyloxycarbonyl group, and k
and m have the sane rreanl ng as above]. 12 Novenb&N e 2003 R i
0-CoR [wherein R, , , R, R5, k a%d 1' have the sarre meani ng as

b : i di Q.15 171 [wh R, R6,
above: prov: i Sodg asgmé!ﬁéﬁmﬁ%,"vay?cgsé%ly%f:a&oamoep bavie | o{ g Cabon
m ) ;Ol 9, O | atpins/ a (tm-bumyeaﬁbﬁl)yloﬂy grouff a ;élfdayd(opﬁin‘ildﬂycgrgyuﬂge?ehdfbtﬂoxvl s a
t rou a rnQgen .a a ut ox ,Qup, a
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have the sarr%gf?@amf n%qw? oo weiich R® is al&tr‘c{lghT]chagBed»Jchrmﬁhsd 02094id alkgrgroup R

t hyl
group. R S Ehyeer oo Poh il tye WAL AR Ao ool

or~ an
i sobor nyl oxyeRBAYNS)g? BYARO ZEOHP W FAUMS Wtbhéﬂlmgmﬂlrfgﬂmda E&iove]

In the general forrruha [1), [2), (3), (43, [6], [6'J, [6"J, [7] and [17J,
t he straight ch branched or cyclic alkyl group having 1 to 6 carbon
atons, which™i wnby[B} R, R, R5, RB when R is -COOR8, RO when RY
is a group sho y the general formula [8 or R when R6 and R form

t oget her a 9 clu an th oup, an
n- gr opyl group ?gaﬂr)\kl sf%grlg‘g ?éggr oh%, a&%% SEBBE) |b’8ﬂ’§ﬁﬁ O CHE tﬁ{M IB"%tPoup,
an i sobutyl havingpl toa6 §GF,bODu§t9mSg7r0%|ptr dmnddulbyatncgcdmp cyelic alkery \groygr oup,
an i sopent ylhagf; t ? 7 ChaRe Xyl
aroup, etc. ;Q'@“Qf’ﬁ@“ﬁ?ﬁ%‘%@ ahlt R gy E@&?ﬁ%ﬂ%?%ﬁ% and
[17], the st Qﬂt 2l e aﬁ&bﬂjﬁg 1%5%41 xGhaifiedupraneheid og cxclico 6
](c:ar boln a'E g]rmallqh(gmupbmvﬁ@l 169 caften dfomsé or ﬁs?dxgmn:h%ﬁx@&ﬂbﬂaﬂcﬂeh%r@ élﬁ:rﬂicox
ormul a a et her..a grou

i ncl udes a 'WRham gut§,66 %‘db%g{? g]%dg 2 psH ﬁ‘ﬁﬁ‘spf g'r Hhﬁ“ddhafesﬁiﬁhopoxy
group, a cydP@pF@%@ yogar@mosxtmmmcgnm(myldgrgcmp b/(&esbutxmxm)ﬁmmmsw‘(k

i sobut oxy grouR, mq ﬁfgggbgg}ﬁy/ grpqp,, -1y r@gbeg\t%l cagng/@( (}h |+§§ yI oxy

e y

group, a cycl ‘p on group n- hexyl roup, ’oup,
etc. In theP§RY P& a*ﬁ%wbeﬁ mmaml}othpeqexcpsleﬁ)]and [17j, the bridged

alicyclic hydrocarbon group shown by R8 when R7 is -COOR8 includes one

oroup. o tri cybREn BRSO T eV ERAT Ty Slok Prspsaivigs

i sobornyl group, a bicyclo [3,3,1) nonyl group and a blcyclo [3 2,1] octyl
group. In the gengr@llfggr‘@ﬂ, ] : [ £J g u{? t he
aral kyl group shg }/l m% %éd(maﬂ %cw of the %&A shépc%zl ke h§|pa F% mn,
phenyi pr opy P8 \S’@ USINged Wﬂsbé?f?ms“éﬂ‘bwb"ﬂ& t dhenpresant mypntxqus

et hyl benzyl usgdoup, etc. The ring formed by R2 and R3 |ncI udes a cycl oal kane
ring such as a cypj(prge;gtaaa.g? n e

formed by Rg and %O@Qfﬁ:ﬁy@k%ﬁ&gx %:ﬂ%g %%&5 Q‘tq'ﬂrat ed
het er ocycl i Btagxﬁg Py, using t e resist composition wherein” the polymer of the present
invention is not used.

FIG. 3 is a cross-sectional view of the good shape of L & S pattern form
obtained by using a resist composition wherein the polymer of the present invention is
used.

FIG. 4 is a cross-sectional view of the poor resolution shape of L & S pattern
form obtained by using the resist composition wherein the polymer of the present
invention is not used.

FIG. 5 is a cross-sectional view of the good shape of L & S pattern form
obtained by using a resist composition wherein the polymer of the present invention is
used.

FIG. 6 is a cross-sectional view of the non-resolved shape obtained by using




12 12 Novenber 2003 tetrahydrofuran ring and a tetrahydropyrane ring. The
specific exanples of the polyners of the present invention shown by the
general formula [1] are poly

(p- 1- et hoxyet hoxystyrene/ p-tert-but oxystyrene), poly

(p- lnethoxyethoxystyrene/p-tert-butoxystggene), pol y 12 November 2003
p-1 ethoxyethoxystvrene/pisopropoxystyr ne) poly

1- ethoxypropox ne/ erg - , paly . .
et hoxyet HH& ?’Bmﬁ)éfi‘i”& ¥ BBG?V’E féﬁ?'éﬁ%‘)","%éﬂ Rpt used.
ethoxyethoxystyrene/ptert butoxycarbonyloxystyrene), poly
cycl ohexyl oxyet
phenyl oxyet hoxystyr ene/ styr ene?.i‘f WﬁWBdﬁﬁENTS
et hoxyet hoxystyrene/ p-tent - butoxystyrene/nethyl met hacryl ate), poly
benzyl oxyet hoxygd )Sbl?ﬁ‘ﬁi" Bséﬁhhﬁé?ﬁs}!ﬁ@ﬂ%r{t}bﬁqg %'ﬂi: tcBh 'aﬁﬁn letﬂc essential
acr

1
1-
1-
1-
1
1
let hoxyet hox rene grene cycl ghexyl net

let hoxyet ﬁ?ﬁéi}&l paloits, themonomergints showm by HIWHPBWSECWT%@}WUM% and
iet hoxyet [B)andfoy [ﬂnﬁ&ﬁaﬁ&%a&o&ksﬁ?mﬁﬁbﬂétﬂéﬁﬂmt sABW¥ by the general formula
1
1-
1
1
1

eg thﬁ)(;%e; ﬁib%@# %\?enﬁ)/g? n@ﬁ{e;‘fsa%qé %&{ céi[% Zomtpmall);}/on of the monomer

eL hoxy ewmbal/te )glcmw‘/z ﬁosgtﬂo {2lydndahatydf aheegenepud If()rmula [3); a combmanon of the

et hoxyet st ol

ot hoxietﬁoéi‘@%’%ﬁﬁ%f. DRLARR torlih V1) o indt 3 WY Aol mte ' ) =

cycl ohexSambipatiaanfyhe peroracnhumitah gcn;carlfq)mw}a bllmdtrafxbsgweeai@unmml y

1ret hoxy- % %th‘lhtebf'ﬂféy E{aﬁil'&‘éﬁdl xhbiﬁéﬁb:ﬂ%fj El@‘)ﬁ%ﬁbfﬁm@ﬁﬁi&ﬂ diq é’
let hoxyet % re e‘ 2 hacr ;gg dr oxystyrene F

1St oy et BB F R tiee L general formulad] e iACar the geneval forsula [3]; 3

ryl at e/ p- hgaimmwmnwfemmonoa@érwnitmflm gmmlfmﬁ [2]] BRI fh € Yéilefal formula

3, 1] nonyl I h dro )

let hoxyetﬁi%és{t@aﬁg)/ﬁe é’ %?%ﬁ@%wrd@ﬂ ﬁal‘ﬂ?fﬂ?t&{'y%ftt%é‘?@)om"ﬁd’l“y of the
( p- 1- met hoxygengra Wdﬂ[ﬁ)}}ﬁbamfehegtn@cfbmqw [3), tHat of-thg|general formula [4] and
met hacryl at %Qrmﬁlg ﬁ?y&ﬁl@g}[ﬂ(pol y .

(m let hoxyet hoxyst yFene/ m roxystyrene/i sobornyl nethacrylate), poly
(p- 1|sobutoxyethoxystyrene/p acet yl oxystyrene), poly

( p- 1- cycl ohexyl oxyet hdxyst yr ene/ pt et r ahydr opyr anyl oxystyrene), poly

(p- 1-cycl ohe ﬁ%& rene/p[ﬁbrtbutoxycarbonyloxystyrene), poly
(p- 1- et hoxyet hoxyst yr gne/ p-tert-but oxystyrene), poly

(p- 1- et hoxyet hoxysty 2/ gl ei ¢ anhydride), poly

(p- 1- nmet hoxy- 1net hyl & tyrene/i sobornyl acrylate), poly

(p- 1- cycl ohexyl oxyet hoxygsicyrgge/ mal efi c anhydride), poly
(p-1-i sobut oxyet hoxyst yrene/ nor bornyl mat hacryl ate), poly
(p-1
(p-1-
(p-1
(p-1
po

(
(p-
(p-
(p-
(p-
(p-
(p-
(p-
(p-
(p-
(p-
(p-
(p-
(p-
(p-
(p-
(p-
(p-
(p-
(p-
acC
[ 3,
(p-

- ethoxypropoxystyrene/éﬁclohexyl acrylate), poly
et hoxy yre 3 2, 11 nonyl acrylate), poly
- et hoxyZWE‘S‘SF%//'E# ;ﬁ{ S2ps meapimg/as pbowsdexyl acryl ate), poly

- cycl ohexyl oxyet ho ystyrene/p acet yl oxystyrene/i sobornyl acrylate),
ly (p-1-cycl ohexyl oxyet hoxystyrene/ p-tert-butoxystyrene/isobornyl

acryl ate), oJ_yg
(p- 1-cycl ohexyl dxyet ho

acryl ate), pon (p-1-
acrvl ate), poly(p-1-

enberr,2003
;%tyrene/ -tert-butoxycarbonyl oxystvrene/i sobor nyl
yet hoxyst yrene/ p-t ent - but oxyst yrene/ i sobor nyl
ypropoxystyrene/ p-tert-butyl styrene/i sobornyl

acryl ate),

pol y( p-1- nethoxyethoxystBrene/p tert-but oxystyrene/ p- hydroxystyrene),

pol y(p- 1- et X shene/.p-i sopr oppxyst yr ene/ p- hydr oxyst yrene),
poly(p-l-et 2% J?JV&ﬁgﬁﬁ %EaB é???ene/p hydr oxyst yr ene),
poIy(p-l-ethoxyethoxpptyrene/p t et r ahydr opyr anyl oxyst yr ene/ p- hydr oxyst yr ene
),

pol y(p- 1-et Hoex ne/ p4t ent - but oxycar bonyl oxyst yrene/ p- hydr oxystyre
ne),

pol y(p- 1- cycl ohd®y| oxfRet hoxyst yr ene/ p-t ert - but oxyst yr ene/ p- hydr oxyst yr ene) ,
pol y( p- 1- phenyl oxyet hoxyst yrene/ styrene/ p- hydr oxystyrene), poly

(p- 1- et hoxyet hoxyst yrene/ p-tert-but oxystyrene/ net hyl

met hacryl at e/ p- hydr oxystyrene),

pol y(p- 1- benzyl oxyet hoxyst yrene/ p- net hoxyst yrene/ fumaroni tril e/ p- hydr oxysty
rene), poly(p-1-ethoxyethoxystyrene/styrene/cycl ohexyl

met hacryl at e/ p- hydroxystyrene), etc., but theresinis not limted to the
above exanpl es by any nmeans. The polynmer of the present invention shown by
the general formula [ 1] can eaS|Iy be prepared for exanpl e, by the

Y



(wherein R, R= and R have the sanme neaning) R Cl-4~=C[3'] R5 (wherein
R and RS have the sanme neaning as above) R Cl-~1 (4'] RR (wherein R
R6 and R have the sanme neani ng as above). The et henyl conpound or a
derivative thereof used in the above nmentioned nethods includes one shown
by the follow ng general formula [18]. ~5~- OFt Ual (wher eéi2Ngember 20Gh

al kyl i dene group, and R and R have the’sane neani ng as above). In the
general forml . 18].6 t | kyl.i dene grou own by R2'= may be straight
chai ned or gﬁﬁﬁﬁh@i‘6%é“@ﬁgqﬁVépﬁﬁﬁﬂFygﬁﬂggﬁé@? )1 to 6 carbon atons,
which is specifically exenplified by a nethylldene group, an ethylidene
group, an npropylidene group an i sopropylidene group, an n-butylidene
group, an |sobutyI|den§ group, a sec-butylidene group, a tert-butylidene
group, an n-pentylidené group; an isopentylidene group, an n-hexylidene
group, etc. Amphd-Maenethe et hédlyl conpound or a derivative thereof shown
by the 16 foll om nglgeneral fornula [18'] is preferable. C-—~=C OR4~
(18'i H (wherein R4 t he sane neani ng as above). 12 Novenber 2003 The
speci fic exanpl es of X et henyl conpound or a derivative thereof shown by
t he general fornula [18J0 e et hyl vinyl et her, cycl ohexylvinylether, etc. In
t he above nentioned nethods, the typical reaction of the conpound shown by
gener al f or n{wierdin R8hds ths sithemethiagys atlwespound or a derivative thereof and
pol y(phydroxystyrene) derived fromthe resulting pol yner obtained by the
pol ynmeri zation with the use of commercially available p-tert-butoxystyrene
or p-acet oxyst yr endmangithose polymsrse the potiymers showh by ghnfollabwidgpenatah fdritiula and
(4'"J as stargghn nkal geri 0'0) u I ed b

2 G RTMEIEY [ 0iONe) 1) 0 ) by B B

t he general §°6‘F‘Hlﬂ|[ 17 of7'h K’ 3pd Elars partien F@Y\ pr%erg@n@p@auwa Bsiive ig o
500, 000, pr elizdightiainedof atsabeflc AAG paﬂcmefoﬁhiﬁdiﬁfnaisdWREﬁ§ U(‘niif)th\fﬁwgms

b by GP

G sper ot bi | 1 TERS CERBRYP b e RblEd irRiEe 23p Bcisl POREIcioht Ot AR after
average nol e@@hlw) \Nemn)Krﬁfcxbhmrﬂadcymrusmt agﬁndiglit syurie,GR okder 3o Bive hlgh
preferably lregﬁuﬁcﬁﬁ #:i9 grcférgﬁg 4NeSlok k?(?n 1%58 eﬂmsoglgx%)'f:%ﬁg&rsggwxégy She may

capabl e of genera |ng n_aci y |rra LT on Wi
be any one vBfeR! damyjani) alﬂleﬂt&namcdmytl@wﬂopdwcw i$ ri0%litat 7Q%h avdt ither F

exci mer | asejongitotic ml'ro SEelp da%dn?&%nﬁ, si%(wﬁ oyatlk %Eh&ﬁ] mrhfﬁla?mf}éf 0% or

0 bad influence upo resi st

el ectron be
formati on, gﬂﬂﬁp ‘?‘f’é@l"eﬁq@a P‘B‘r*‘ér abl &UBRE: Wher A F mXémﬂascm@m%ns the

|[ 22; ud[e:sL 6i)nd1ghhcsmurcb,y1rt bﬁlefr Qb| vk iglo eRasmissivity Bgamsl ArF éxkither faded] it fisl3]

p%fgrablc that the constitution ratio of the monomer units shown by the general formula
[4] in the above mentioned polymers is 30% to 70%, preferably 40% to 60%.
Among those preferable polymers, the polymers shown by the following general
formula [17] are particularly preferable because a residue is hardly remained on a
substrate after pattern formation in those polymers (in other words, the resist
composition on the substrate surface can almost completely be removed after etching)
and the polymers having high transmissivity against ArF excimer laser are easily
obtained. For the purpose of the mentioned above, the constitution ratio of the
monomer units shown by the gencral formula [4] in the polymer shown by the general
formulas [6] and [17] is 30% to 70%, preferably 40% to 60%.




12 Novenber 2003 OR'-1S-CGA R 2 [9] ~~ Il O[wherein R" and R -' are each
i ndependently an al kyl group or a hal oal kyl group, and A" is a sulfonyl
group or a carbonyl group). ,4/ \ SCS-R[1 Q@ R3- 10 INz 10 [wherein
R' is a hydrogen atom a hal ogen atom an al kyl group, an al koxy group or a
hal oal kyl group, and R' is an al kyl gr ou% a hal oal kyl gri@ujovember gé&up of
the followi ng general formula [11) Rs (=~ [1 ~] {wherein RS is a hydrogen
atom a hal ogen atom an al kyl group, an al koxy group or a hal oal kyl group
and q is O or an integer of 1 to O/ \ Sy -CR~[12] ,6 - il I~11 R
ON2 O[wherein R6 i%Fa hydrogen tom a hal g‘qen atom a aI kyl group or a

2l koxy o1 oup. & PREny T dRobrCHR 213 vic-gFBup oLy 20 BeLIo 8L 0P

[wherein R18 is an a group, enyl grouég-a substi d phenyl group
or an aral kyl group, and R2 each i ndependently drogen atom an
al kyl group, a pheny roup, a s tituted phenyl group O n aral kyl group
and R2' is a fluoroal ky 4 a t A% | uor onet hyl phenyl groupH a net hyl

group, a naphthyl group o I% tolyl group). 12 Novenber 2003 18 ~3
S- CF+~-F~ (14] [wherein s an al kyl group, a fluoroalkyl group, a
phenyl group, a substituted phenyl group or an aral kyl group, Q is a

Z u|h ; 3%5 egr qwherzin R"Qahhﬁaﬂrll goop! ;Dr g%ﬁ?@owggz’%% ﬁ?c?g%éﬁhohﬂ@eﬂﬁﬂ&@nng Iy
group, a hy%‘g;}}y ak: brr?ﬁ(y §‘?’@ﬁ?’§’u§>‘°§%8m?%{?“? ﬁsfgp?"&"ﬁBﬂ ﬁﬁ’“ﬁeﬁel‘g"f hﬂj’Pg"d’l

[ ﬁSJ IO Ct- Rﬂtqmbﬂamﬂeﬂgwpm is smethozydaybongt gropp, zcylclohexylak kaatbopy @rgup a
Cul Tonyl or R At sbByloxyaton i )ﬂmﬁ% ol X iflBng & atel,

group or an ethyl group]. OS4zR- ~ pS~-R~' (16l ~8 [wherein R27 is an
al-kyl group, a fluorog{kyl group, ,a phenyl 0up, a substituted phenyl
group or an aral kyl oup, R28 ig'a hydroge%‘atom a methyl group, a

f |l uor oal kyl g.Lg.l.@ a. oup, yano group, a hydroxy
group or a gro p?ﬂo tky E:e abdvél ge %ral rrulaa[FﬁS]].

i
O—(‘)—OR‘ R®

[wherein m' is a positive integer, and R’, R?, R?, R*, R%, R%, R’, k and 1 have the same
meaning as above.].

R! R R!
l | |
— O 0 CH—C € CH—C—  [6]
i
C}-ﬁD—OR4 R® OH
R®
[wherein I' is a positive integer, and R, R? R®, R*, R®, k and n have the same meaning as

above].




In the general forrmula [9J, the al kyl group or the alkyl group in the

hal oal kyl group shown by RI1 and R12 may be strai ght chai ned, branched or
cyclic one and preferably one having | to 10 carbon atons, which is
specifically exenplified .by a methyl group, an ethyl group, an n-propyl
group, an isopropyl group, a cyclopropyl group, an n-but yl12 iovenmher 2003

i sobutyl group, a tert-butyl group, a se&butyl group,, an npentyl group,
an isopentyl group, a tert-pentyl group, an 1-nethyl pentyl group, a

cycl opentyl group, an Rthexyl grdgp, an isoheryl group, a cyclohexyl group,
a heptyl group, an octyl group, a|nony| group a decyl group, etc. The

hal ogen in t bt f bronqge, fl uorine and
iodine. In the general 10" the alk I'group or the alkyl group in
t he hal oal kyl group # B%H%B ey be strafght chained, branched or
cyclic one and preferg@fy e having 1 to 5 bon atons, which is
specifically exenplifie _e¥€ethyl group, an 12 hbvenber 2003 et hyl
group, an n-propyl group opropyl group, aﬁ*% butyl group, an isobutyl
group, a tert- butyI group,RA sec-butyl group, an n-pentyl group, an

i sopentyl group, tert-pent group, an 1- met hyl pentyl group, etc., and

t he hal ogen EYYWIBR ) By Knﬁﬂenhahd)alhhyet thgrsamp ndaoing abgbdek}. | ncl udes
chl orine, brom ne, quorrne and i odi ne. The al koxy group shown by R 3 may
be strai ght chained or branched and preferably one having 1 to 5 carbon

atonms, which is specifjically exenpl,ified by a pethoxy group, an
et hoxy. group, an n-prgpoxy group, :gn isopropox?Fgroup an n-but oxy group,

an i sobut oxy grQ ?:1 % XY rou sec %i OXy @royp, an n-pentyl oxy
group, an isopent Ej@?z'oxy moul&éh Iq%h or &ﬁ% al kyl group in

t he hal oal kyl group by R14 be strai charned branched or
cyclic one and prefe y gne ha 1to 10 on atons, which is
specifically exenplif by a net roup, amv>¢thyl group, an n-propyl
group, an isopropyl gro@;CaORfcl oprlBbyl group, @H n-butyl group, an

i sobutyl group, a tert-but group, a sec-butyl group, an n-pentyl group,
an i sopentyl group, a tert'ﬂéntyl group; an 1l-nethyl pentyl group, a

cycl opentyl group, an n-hexyl group, an |sohexyl group, a cycl ohexyl group,

a heptyl gr dwbereanR8ds wl hygiregpatos, ﬁqrbdto p, & thafokly %&; 8 nd the
n and

-hal ogen in I de brom ne,

iodine. In ?ﬂmgg#ﬁg?} QF'WTOX? ﬁg(fl@ %l’laf‘aéﬁ‘ﬂ’?(% sg%d’p“&f“gt‘ﬁégﬁ'f“iyl group in
t he hal oal kyl group shown by R15 may be strai ght chai ned or branched one
and preferably one having 1 to 6 carbon atons, which is specifically
exenplified by a nethyl group, an ethyI group,_.an n- propyl group, an

i sopropyl group, an n?butyl grou an |sobut group, a tert-butyl group,

a sec-butyl an ent sop ntyl group,.a tert-pentyl

group, an 1- E%éﬁpen yikggéﬁ T an i EBfbxyl group, etc.

The al koxy group shqw y R 5 ha to 6 carbon atonms may be straight
pref one havihg 1 to 5 carbon atons, which

chai ned or branched

is specifically exenp frqd by a thoxy group, an ethoxy group, an

n- propoxy group, an isdpr grouEF an nbutoxy group, an isobutoxy group,
a tert-butoxy group, a se égutoxy group, an npentyl oxy group, an

i sopentyl oxy group an n- yl oxy group, an isohexyl oxy group, etc. and the

hal ogen at om or Hogen i he hal oal k group_shown by R 5 includes

chl ori ne, F@rﬁfﬂ % %&'ﬁ ZoPR %‘d%egwl quneRgeﬁ@rlw mmmma, & 1dptoxyhe

al klyl g[) loupgmhp;mt-h;toﬂ&ﬁrbmyldxy gls;mrpaartgheu ; l?qgll gqq,ﬁp&kcn
preferably scarbon, at o ich i's s i ca

exenpl i fi edagﬁ dﬁ%‘?ﬁ; lgrpr(.?%%l ’% %6%0% aﬁyﬁ'ggﬁw O’Q'Féft!?ﬁny greup

i sopropyl g‘?’@rﬂpSOb&ﬁl omghong!rgmm, and kiand im!hyve (hecamne nfeahidplas Bbdwe]. group, a
sec-butyl group, an n-pentyl group, an isopentyl group, a tert-pentyl

group, an 1l-nethyl pentyl group, etc., and the hal ogen atom shown by R16

i ncl udes chl orine, bron ne, fluorine and iodine. The al kyl group shown by
R17 may be strai ght chained, branched or cyclic 20 12 Novenber 2003 one
and preferably one having 1 to 10 carbon atons, which is specifically
exenplified by a nethyl group, an ethyl group, an n-propyl group, an

i sopropyl group, a cyclopropyl group, an n-butyl group, an isobutyl group,
a tert-butyl group, a sec-butyl group, an npentyl group, an isopentyl

group, a tert-pentyl group, an 1-nethylggntyl group, a cyclopentyl group,
an n-hexyl group, an isohexyl group, a cyclohexyl group, a heptyl group, an
octyl group, a nonyl group, a decyl group, etc. The aral kyl group shown by
R 7 includes a benzyl group, a phenethyl group, a phenyl propyl group, a

met hyl benzyl group, a nethylphenethyl ‘group, an et hyl benzyl group, etc. The

- o,



23 12 Novenber 2003

Bi phenyl - p-tert-butyl phenyl sul foni un' | 0. canphor sul f onat e, Bi phenyl -p-tert-bu
t oxyphenyl sul fonium trifl uor omet hanesul f onat e, Bi phenyl - p-tert-but oxyphenyl s
ul f oni uni p-t ol uenesul f onat e, Bi phenyl - p-tert - but oxyphenyl sul f oni unif perfl uoro
octanesulfonate,Biphenyl-p-tert-butylphe?ﬁlsulfoniunilO.Cénwmamﬂu*QQWhte,Bi

phenyl - p-tert - but oxycar bonyl oxyphenyl sul foni uni 10- canphor sul f onat e, Bi phenyl
- p-tert-butoxycar bonyl oxyphenyl sul fonium trifl uoronmet hanesul f onat e, Bi phenyl
-p-tert- butoxycarbonygoxyphenyl s@'f oni unf p-t ol uenesul f onat e,
Bi phenyl - p-tert hut oxyclar bon onypﬂenylsulfonluniperfluorooctanesulfonate
Bi phenyl - pcyc 1ﬁﬁhhﬁ1ék}b i 1§} onet hanesul f onat e,
Bi phenyl - pcycl ohexyl phenyl sul f oni p-t ol uenesul f onat e,
Bi phenyl - pcycl ohexyl phep per fl uor ooct anesul f onat e,
Bi phenyl - pcycl ohexyl phs | 0. canphor sul fonate, etc.; one shown by
the general fornula (14H-viioR¢i ncl wles
2,6-di-trifluoronethanesullf onyl oxyacet ophenone,
2, 6- d|tr|fluoronethanesulﬁﬁhyloxyproplophenone
,4 tristrifluo esul fonyl oxyacet ophenone,

- et ha,[,g&gfl{n kh% ¢ { éavc the Eamc meaning as above, providing 0.1=k /

nethamesmbﬁﬂn%loxyproplophenone
-tris-nmet hanesul f onyl oxyacet ophenone,

f I uor onet hanesul f onyl oxyacet ophenone,
hanesulfonyloxyag?tophenone ZRmbutanesquonyloxyacetophenone
i-n- butanesulfonn oxyacetophen?ne

i
t

- di

A-tris-nbyg H—PAYH-ox A qm %epnne, [17]
-di - perful or opr oparecér boxya eto heRone,

4tri s-perfl uorop o:necarbd%&acdﬁbphenone
- di -
- di
if
d

(JOCDCDOO

,_,“
g -hQ.D.

p-tol uenesuf | oyt a &3t ophenone, 2, 6di - p-tol uenesul f onyl pr opi ophenone,
-trlfluoroacetylnél henone,
| uor oacet yl oxy-6 t o cet ophenone,
roxy=2per f | uor obut an@®8ul f onyl oxyacet ophenone,
|quoroacetonx¥ 6; n|troacetophenone
t ri s-t bwherein RoR e RyIRIxRA Rt bpmianx')hs/e thc same meaning as above, providing 0.2
- perfl m:;{,qmr.,p,ﬂ?gxybq;(y t/gg ?g?ﬁ one shown by the general
tri

a [16J which i1 rcludes 1T, nesulfonyloxybenzene

— -
I\JNNNI\JNNNI\)N“CD(D”E“CDCDWCDOOCD
— _

o-
2 QL

triscycl ohexyi su
- n- but anesul f onyl o ene,

trisperfluorooctanes H?nyloxybenzene,

1, 2-di - perfl uor obut anesul f onyl oxyphenol, etc. Those acid generator may be

used al one dwhr:mn:Rﬂhs maheth;tbgl@hptdﬁﬂncﬁthﬂ%éuﬁ her gof hya_rlib eﬁﬁldﬁ: Qaeflﬁﬁtéi)m of

t he present be obt ai n nmet hods C ed

Japanese PatéerﬁltYlse B %’bygmﬂﬁgr a3t 9P§My1°§tm; i@gg I'have
249682/ 1993, the same @g@ung@ move]nber 2003 A ratio of the polyner ingredient
to the acid generator in the resist conposition of the present invention is
such as generally 1 to 30 wt parts, preferably 1 to 20 w parts of the acid
generator relative to 100 wt parts of the polyner. The solvent of the
present invention nmay be any one which can dissolve the polyner of the
present invention, the acid generator and ot her ingredients used upon
necessity such as a basic conpound, a surfactant, an UV-ray absorber and a
di ssol ving accel erator, and use is generally nade of those show ng good
filmformng ability, including nethyl Cellosolve acetate, ethyl Cellosolve
acetate, propylene glycol nononethyl ether acetate, propylene glycol
nonoet hyl ether acetate, ethyl lactate, nethyl pyruvate, ethyl pyruvate,

met hyl 3-net hoxypropi onate, N nethyl-2-pyrrolidone, 2-hepatanone,

cycl ohexanone, diethyl ene glycol nonoethyl- ether, diethylene glycol

di methyl ether, etc., but not limted thereto. Aratio of the polyner
ingredient to the solvent in the resist conposition of the present
invention is such as generally 3 to 30 W parts, preferably 5 to 20 wt
parts of the solvent relative to 1 mt part of the polyner The solvent may

' N 1 I I L Y o M A o "

l—‘l—‘l—‘HHI—‘I—‘HHI—‘_“NNNCT)NNNNNNNNNNNNN

,2,3-tris-p-tol uenesul fonyl oxybenzene,
,2,3-tristrifluoronet nesulfonylg*ybenzene
,2,3-tris-perfluonbutapesul fonylo pbellzene
,2,3-tris cych{ag
, 2-di - nethanesulfoﬁ%lo 5*3 ﬁlt%bb naé¢ne, :i%gdi-nethanesulfonyloxyphenol
,2,4-tris-p-tol uenes nyl oxybe e, 1,2,4-trisnethanesul f onyoxybenzenc,
,2,4-tris-trifluoro nedul f on ybenzene,
4-
- di -
3-



The resi st conposition of the present invention is particularly suitable to
a single layer or the nost upper layer of a nultiple layers in a surface
resol ution process, nanely silylated surface resol ution process, conprising
silylating a chem cally changed resist surface and then subjecting it to
dry-devel opnent by oxygen dry plasma etchi ng. 12 Novenb& No@o®ep 8003
pattern formation by the silylated surféce resol ution process includes the
foll owi ng one. Nanely, the resist conposition of the present invention is
applied on a sem conduct or substratedg+ate, foll owed by baking to give a
resist nenbrane an acflinic radiation'is selectively irradi ated thereon

t hrough a na l,| owed\ by, if cessary, bakj ., and then silylating the
exposed area by ifig with ui'y et e silbﬁgking agent, followed by
dry-etching devel op “whereby the sired pattern can be fornmed. Mre
specifically, the fol 9 enbodi nrent can be nmentioned. Formation of a
pattern using the che |y-anplified type resist conposition of the
present invention as a ibﬁgtfx%%yer by a silylated surface resol ution

ac

process can be conducted as follows. Nanely, the resist conposition of the
present invention is spin-Coated on a sem conductor substrate plate such as
Si 2 (oxidized nmenbrane),' polysilicone; SIN, SION, TiN, etc. and heated on

a hot plate pthefiGh RS ﬁ%&nﬁh@rbgroﬂpf_mfaﬁ ethylighi S Rt B DhyRogen! A6SSr IRR{HyRNE
of 0.3 to 2 gegt}%\ﬁ tﬂ %Ptlnlc radlat)@?(gg% g rF excimer |aser
of 248.4 amF{%p Y 'B? PRCRTOONY, EEHP: nfhy © yigxy , BEQYPt O%- Ay
etc.) is selischdmybyydarboagl groep) anthkand m' bavra&ksarae\d:eaﬁmgesﬂﬁﬁ'a].y, baked on

a hot plate at 50 to 150 for 0.5 to 2 mnutes (post baking), and the
resultant is allowed to contact with a vapor of a sily Iatln? agent such as
X

HVDS (hexanet hyl dPdhe gengrl formula fﬂn@ﬂﬂ@ﬂ dﬁb.[ﬁhiébd@]m i thetstryight
si |yl di nmet hydhaifled. Hranchicd®k B%’éllc T 1055 carbon atoms, which is shown b
ﬁ ane f c?'r
&

L L s 0K Bk ik oo

a‘Yléc"s | {3 2.88p SheWR Rtiethe Bpncral

dry-etching deﬂdE(ﬁ&)h@TRm wdien Rzad al’lfedm idgathe])?h@r@u;i dﬁJﬁc@?Nm‘P-@I&nélEhéi a

reactive io ng. e to formthe attern

the fol | ow r?“g;a}‘fl %‘Jag% ese%ﬁyfakgd,é}ht ?’(‘)rll1 érgp)élng)%) nﬁj'sf’ﬂmaéfﬁf $§V%‘PPT°H§ to

Exanpl es ancgf@tﬂ?rﬁarﬂabwlegfémml isebutyl igiourh e qgc-ebsta/rhtgroupvemn butyl groopf ad hd1i t ed

th to b d
ereto by ap Mtyﬂ@ﬂﬂ@ aﬁxd&ﬁéﬁt péroﬁeea n{é@lw ¢ - t?e‘i @ezf @?c%hsefcglgte he

in the Exanpl es an arative e eS|z

net hods di s&FS¥ef9n Ja thesgenpey dormula, h1]; ([3}”[6 -l&bKal- [ﬁ\lb [71230@3607]1@9:2
(USP No. 523&3@5) chaiedabschedair &thaatab;t)cgbh]@ haliak dio N&arb%ik htontY shoWa ByUSP

No. 5350660, pcation 40 anes at e
Publ i cati on- 5b al Eﬁ%k Ng@@(zlb g)ﬁﬁi'?llafg Pléﬁsﬁﬁf RIOM'%KZ)“‘“ Rafrmese
Pat ent Publ itegethes n—ﬁoiqaof PﬁO-HRH‘.’ZHQJ ineRdes ¥ nmhiexyegroap, an ctﬂé’x ﬁﬁbﬁ{ n2003

Chem Pharm 9 Deshol s et Chem
Soc. France’ @ng gm‘é’g 1%8;0%% gg(é#’ §jc}'d°$4 OPORY EGHg: a‘tﬁZ’H{d"Y;Bé“Psé
(1973), et cbumwm aaw&w@xx Zppp.he SFR-butoxyogrpup, an n-pentyloxy group, an

T ert - but oy Loy Lonp erbup EIRANION Sp® 88 n-heahj, 4pCa Jeidheeyly) O
2- et hyl pr 05}/ R)élltg ﬁ\ g‘ﬁe&"wg@ﬁﬂﬂét‘? n a[ﬂo|[9 11z88d 6]y dhec bridgedi n

1, 4di oxane ahcyslic mwdmgbnn gmnpsnho.wﬁmi@ ldtwli’dﬂqc iEO-CCﬁ)M‘bMEI%dcsAidcq{avﬁng? o9,

o preci pi + o2 cibl 9"’5‘*@2?“*&‘)”%%@ b Bl efiper i ZAERERY Doy RetrictFiRor

reduced pr eg% to desapy group, 3 l@qu@m)l'lygf@pp,tm usdbumykygmqpr, anbicyels [3(8,1)e

GPG st oqat S P Eiaibigde 153) Sy o FER ndar “g%?@?“f‘?""i’“‘é? Eﬁaf%zl%ioo >
di ssol ved 78@ [8,'1 2‘99&?@1 ethe pralkyk groun shawyn byt Ri includes a henzybevenp; 2) and
70 m  of Copmthyhgﬂﬁpfwﬂhmlﬁr@wl ‘?@?Oﬁml@ﬁﬁ?ﬂgrbﬂ?ra%&h @Hédeﬁiéy@g,{dﬁﬁ

conducti ng C for rs W ti,on. Alfter
the reacti O?]n éo ﬁo hgo’ﬂ g,{,ésp 'pour ed | ?5‘“5686“‘?# Qb%glaﬁ %%@Fﬂ&ﬁ‘b‘eﬁ%ﬁ?@k%
preci pi t at eriBgsuch@syaseysiohspiene sogund edyd:iyhéxahé tiag) and, theVRisp estmdd ity Réedn@r  and

dri ed underR? S

(p-tert-but oxsgﬁg?gn‘?/agﬁhygﬁlg&igl?% coZn wﬁ;tsgmb%?&:lg?tfoa{?ﬁ%% such ag | o
of p-tert-butoxystyrene unit to p- hydroxystyrene unit in the obtained

pol ymer was found about 35:65 by 1HNVR neasurenment. (3) In 1SO m of

1, 4-di oxane were di ssolved 15 g of pol y—3g-

(p-tertbutoxystyrenel/ p- hydroxystyrene) obtained in the above (2) and 8 g of
ethyl vinyl ether and a catal ytic anmount of pyridinium p-tol uenesul fonate
was further added thereto, followed by conducting a reaction at room
terrperature for 24 hours W th agltatlon After the reaction, the reaction

g, o, P . U | Y




(3) In 150 m of 1, 4-dioxane were dissolved 20 g of poly
(phydroxystyrene%cl ohexyl acrylate) obtained in the above (2) and 3.5 g of
ethyl vinyl ether and a catal ytic anmount of pyridinium p-tol uenesul fonate
was further added thereto, followed by conducting a reaction at room
tenperature for 24 hours with agitation. After the reactii@Novehder 20@3 i on
sol ution was poured into 2000 m of ion-¥changed water to precipitate out.
Crystal was recovered by f||trat|og washed with water and dried under

reduced pr es€irydrofuggnyingand 2 tejrabiydigpyrane ring.
(p- hydr oxystyrene/ p- let hoxyet hoxyst yrene/ cycl ohexyl acryl at e) as white

wd tal. ti i t t, t
(it and" cyel ohexyTHapPoIfa e RaAlct o te BRLBES B e Prssryitverit Shei 3y Hhe it
38|: 22; &rSO Wgys/ gerbtaRformaka ¢ arerpoly @nﬂ-:&;mctbbkyseylvmeagalrMMtemt)&enamogmp gg at tdte
(%) 100 repkyehibitithe it PRORUGRREL . 4B, "o sl SDRuBR Ruthapear o
( p- hydr oxystmmnmmtymnbmoéx wyehmmbewmhepytn-aummm)w)otwm (ed-in
the above (nodRtholfystyrbndf-télizhflror pat.gtbx%ytgeﬁvﬁ h%g Odln ke Ruifdx iy RROYAT OUS

pot assi um carb%ate Wer e added the eto, f ucting a reaction
at room tenp igcarBenydoxystyFenchi t h RALY t at |(B‘H'CYA y pw&hquﬁvrqnp/@-tcm

reaction soluutmm:ym),pourpeg: i nt(p- 11}5}% Ioxy&thoxy3tyr sd Walt,(ﬁg to(p-1-
precipitat e h

t t h t d
dri ed under tgéi%s&)ggngﬁ{ ﬁutat‘wfi%%cﬁw frgta'F\?mcrywi °d poly g an
(p-tert-but dwzsﬂomﬂsdxwmy/penahqmeyktyreneﬁanﬁ&)dw@nber 2093ly (p-1-

th th t al ti
o p-1 or t bt BISYERERUEL R BRI T B BRI ot e uni Bl
cycl ohexyl a@éhwa@exmrrtmwtqrh@tmsmm bﬂll!?mym f ound palyout 30(;20- 50

by ' HNVR neashix§emokystyabik/Raddthaitfl- aver agg ghar vei ght,) t he _ymer
was about 21000 b Chiﬁ sare nt usi ng p(c) &? ne as aBé andar d. Exanpl e

3 Synthesis eg}oxgg Xystyrene/styreme/isoborny! acrylate poly (p-1-ethoxyethoxystyrene/2-
( p- tetrahydraummyy|amyyat)yrm¢/(p-11aﬁbkm§/ Sfxsdbéﬂ?ls &Qﬁ%)"}’bolgc(p)li-at e)

1) To 70 tert but 0X and e) of
|(sz)bor nyl gce& %X%?JO%SW szgeaé) g ateé’zﬁ%‘ﬁg F'?f% )
2- met hyl pr omlmxaclbWYSt)mtnemdnbnw condnqﬂatct’g-lwdpndyynymm);atl orpolyeact i @rl14 n

1, 4-di Af t ,
the react] o ool "'F{Eﬁ”g’:‘%p%;ﬁ 16189, 0 s R oS RRy sl SBPls o
to precipit dehexyr1-methy. tmxmm&mmﬂlemhydmymmm) and phly ed u(pdb-r
reduced pr e%&wkyeth@xﬁtyf&.eﬂé}&oﬁeﬂytof Hﬁhﬁéag&?&g @Eg&g&@x&ene@a

| at whi t A |
EE IR e e G RO
I n 1, 4- di oxatlexyethoxiisgsaieticycbd (3,891 ]noaly ﬁﬁ?hwlﬁ-h?&kbﬁwﬁcﬁé)en%b 35 o1y
a0ry1ae) b ol Bkl PR ol Wi e . g ST ©
hours with @gqth)thhWSthe&lcxnhDﬁ 23] octyb methactylave/psiotdnoxystyreve, pulyn(mdl- nt o

i orati on, aenpaaooRiRte R bRl RER R P emaiRld R 07 OELoS

filtration, h wa uce ve S2.3
g of poly (&%y@&%&w%m/ww&@wryrm,yP@lﬂeﬁwksydAhqxalqgamexxsthWR-a| A
rati o p- hydmra}tydmpmﬁywmydtyretﬁh)t sob yl ac(péh%&@toﬂ oﬂy@tﬂohgst?ﬁah%ﬁ@rﬂ

| t. 70:30,b t
D08 oxane PHSHIE PG myiicnd), poiy ?KR PO RS  ribrrbMoR Y BERGH poly
acryl at e) oﬂt-&rqtimxyctﬂloxmmele(@) andnkydyidej, et hypolyi nyl @s-atiethony-B. 2 g

ot ofuingéﬂf?‘fﬁa@%’s@?&fﬁﬁg’ﬂﬁﬂ Jefiatt), pof B Moy iondbilas e i vreneimalgic
reaction at aphydride)s npely amrﬂesqhvtoxzqthn&mgcm/nmm@yt amathacryhm)e rpadne(p-1-
reaction, tbthok ﬁd}@@tyﬁéﬂdgybl@ﬂcms abig¥Ht dvg&gd (g-qogh?%ycﬂfoxgﬁ%cﬁéﬁg%gﬁw

t t t t t
water and” dF-RAIIRIC ASYIAR)C @l s SaREY BOTysbBeEp erbupysaTghc/cyciohexyl -
(p-tetr ahydaWW@mdlp@)‘3*CYCIGBC’(Y@X@'C@RWW“/&;’@W&Q%%@B@&M’hcr?ﬁfey| ate)

o1 mot hoxyel T & Ly el hleln Bt SRR Arabor “tarueEE, Bplred

pol ymer was found about 20:S0:30 by ' HNMR neasurenent, and a wei ght-average
nol ecul ar wei ght 30 12 Novenber 2003 of the polymer was about S7000 by
GPC neasurenent using pol ystyrene as a signdard. Exanple 4 Synthesis of
poly (p-1-ethoxyethoxystyrene/isobornyl acrylate) (1) To SO g (0.284 nol e}
of p-tert-butoxystyrene and 58.9 g (0.284 nole) of isobornyl acrylate was
added 3 g of 2,2'-azobis (methyl 2-methylpropionate), followed by
conductlng a polynerlzatlon reactlon |n 1 4 dloxane under nltrogen gas

o o NN~




The above ingredients were blended wth one another and filtered through
0.2 u mpore size filter to give a resist conposition. Using this
conposition, a pattern formati on was conducted by the foll owi ng process.
The above conposition was spin-coated on a silicone wafer, followed b
baki ng at 900C for 90 seconds on a hot pjate to give a r e Nevamhan a0 of
0.5 u mthick. KrF exciner |aser of 248.2 nm (NA=0.55) was selectively

exposed t her @52'I'-c%llb%@ﬁﬁ%&%ﬂ/ﬁ%&t@%&&ﬂ%ﬁgﬁgﬁtgx\%ggﬁsoﬂr%gf Qarcrc)?zgs\%,t h

seconds on a hot”p tant was t1na to conta

HVDS ( hexaneP®ly| dp-diathoxyptpxystiysenc/p-tart-butpxystirere/isebasnyly |agndate)s e pelyp dpdd
areas, and tamax,gapdi@weasgm-b tfreRdlisebgdlyDy eh&iiang, usi nerpar alhgl

flat plate t | asma | E).. The abov rocess gave ‘a rectadngul ar and
per peﬁdi cul ag’% f‘i"'éﬁ?f‘yétﬁ'r@g °E-W%ygzys¢na§”§x¢wm@b in FPgre 1. (-1
L as. pr epar sl and B oat L eE R e e T Tl e & 52
Tabie & 10 NULRBloRRRl Bl P bR AR RS S 7 RIS © 1.
[ P-t ert - but osthexsichonystpeps/pyetehydopyianglonpstyrentiphyliroxystyeene), e polyl  (p-1-
nmet hacryl at e 150+ hSerk. a4 e
Fl uori ng- con%tg(ig%?w%g%%%gnk icégyﬁgg%g&rﬁﬂyfdgg%gp l&d@é@% %}%EI S e)(P'l'
Tet rabut vyl aWFEﬁ%PWﬂ‘M@DFfPGCWb@F%YWC/@dTYdthCIE),her palyvet a{e14. ~ g
0.3 g 0. 003pignfloRPetBoxdétytdns ARRERANhYdroxystyrene), poly (p-1-ethoxyethoxystyrene/p-
-t et rahydropyr anyl oxyst yrene/ p- (1-et hgxyet ho )7vst(§rene?py-h éroxyst rene)
P e v o
ri phenyl s o E i oxpQeyeas -
%oni ‘gni cysurétwg %Sq e t%cﬁék ﬁ %1321{ n %to 3{55 Te?r g&ﬂgfilowa%ni um
hydr oxi de0. 0= gPro 1 n’g co{ nor{o?freéﬁg’x eﬁl@%’ﬁ &P, %Qﬁ%@g ¥*5/ but the
[ p- t er t - but OR§8 SR higyited tq thetaboys examples) bystnymenss.8i sobor ny |
acryl at e/ p- hydroxystyrene] (10:50:35:5)4.5 gBis (cycl ohexyl sul fonyl)
di azonet hane0. 3 gTLi met hyl sul foni unl tri fl uor onet hanesul f onat e0. 15
gFl uori ne- cont ai ni Mﬁn? the pressat Myentionoshesync by they gensral fermeula {2) can003
gDi cycl ohexydasibyt bby| rapared). 06 ex&mple, @yetieofol SUYV Ine B0 rafRf @ tfaher abl €
56380, 11Good i IR GEES PRI SRR R R R R s i 92 Ron 349003,
(p-tert-but MgS36BYEYRrigst yrene) in place of the polymer in Exanple 1, the

follow ng resist conposition was prepared and a pattern fornmation was

conducted after the same nanner as Exanple 1.
Method A

With the use of the monomer shown by the following general formula [2°’}, 3]
and [4’] as starting material, a per se known radical polymerization using an organic
peroxide or an azo compound as a polymerization initiator, a per se known anion living
polymerization using n-butyl lithium or potassium naphathalene or a living radical
polymerization using 2-hydroxyethyl dichloroacetate, a, @ -dichloroacetophenone or
other halogen compound or an organic peroxide, an azo compound, etc. as an initiator
and ruthenium complex, iron complex, copper complex or other transition metal
complex as a catalyst are conducted, followed by after-treatment after a conventional
manner, whereby the object polymer can be obtained.

[Method B]

With the use of commercially available p-tert-butoxystyrene and the monomers
shown by the general formula [37] and [4'] as starting materials, a polymerization is
conducted by the same manner as in the above Method A, and a suitable amount of the
tert-butyl groups is removed from the resulting polymer in the presence of an acid




Poly (p-tert-butoxycarbonyl oxystyrene)4,6 gBis (cycl ohexyl sul fonyl)

di azonet hane0, 3 gBi s (p-tolucnesul fonyl) diazonethaneO. 15

gFl uori ne-cont ai ni ng noni oni ¢ surfactant (comerci al |l yavail abl e one) 0. 005
gTri-n-propyl am ne0. 05 gPropl yl ene gl ycol nononet hyl ether acetate2~ g

33 12 Novenber 2003 As a result, 0.18 u L & S was resol\2ddoventbef RO@3
pattern lower than it was not resol ved beCause of deficient contrast as
illustrated in | e.9 The fol t _conposition was
prepared. Pol@p Btgtaéﬁ abﬁ?'b?%%dﬂ%&yﬂc{/?gﬂ’e%ps‘(@b%t ﬂﬁ’)‘?g&t txaf) sthopdne/

Lfsoﬁor nlyl ac lcymabm]d 028: daﬁvﬂ?/): ther2ofgis reacted thh the phenolic hydroxy group of the
-p-t . .
Pl tor  me- contest it PAlEl AL 4 WBhARELANBibacE BhEiey Jre. Suiertprlamsh gpm deop2

g. Tri-n-but 9b@m6de 0.01 g Propyl ene glycol nononethyl ether acetate 53 g
The above ingredients were blended wth one another and filtered through
0.2 u mpore size filter to give a resist conposition. Using this

conposi tion, [MCB‘Q {drn formation was conduct ed by the followi ng process. A

resi st wherein novwxacufeassbrbf\/@ﬁ:m&adnﬁ%vaxt&wsu&etbﬁﬁtﬁeﬁ&mpﬂf‘cnin ohBRers

spi ncoat ed on one 6’ cléj O@dlﬁay har d- baki n at 200 C for 120
seconds on a° %gflbcm@ hyla ASr Sigring imaterialy, 3,polymerzatiogels
above corrposcdmduntevl/dug tbp samomurtr @g iratheiaboeo Methull £) arida §1m’ame&rﬁ®)it36f @k 0.1

Feal st “enbr oot asad ot o e EGHE BRTRCE i e BPlschis s hiticatido)
was sel ecti vafter eeqnysntipnahmagess, 2t thayla suitabls lamouat bhHave ethbyyl postpobakiong at
105 C for 90d&%ﬁ°€‘ $hePébfas RQkteR |»ﬁﬁlethcyﬁ$nélﬁs@&r§%}l gx‘gﬁ?noff 'tMc'sn?luﬂé P?Wtrt 0

contact with glhexarret hyl di si.l aza nut es

t he exposed "éa‘s"" XRionplIRanaet, whe ect\mab'rwmb@ abfaippd.et chi ng usi ng
parallel flat plate type RIE. The above process gave a rectangul ar and

per pendi cul a@M&ﬁB&?n of 010 u mL &S as illustrated in Figure 3.

Exposur e dos f.]> ml/ cnR2. Exanples 10 to 12 Resi st conpositions of Table
3 were prepared anWith tpatusepﬁctbmmnu:uallym\«wsbleqnnkndiMybt)yrddaeanﬂafrmmmr as

(E;()a{rglma - gut o?f?ls}?zrog‘%é} EO‘?QBZ'I é OXy-eEﬁ?L‘?l’% 15%;{?9“9 ﬁy;rolymenzatlon

met hacr yl at elf cop@uciest bxythe same manncr as in the above Mcthod A, and thc tert-butyl group is
gTri pheny! sulehrd m!réxﬁl {hlzuﬁﬁlﬂﬂﬁ% fb%ﬂ}%ﬁé}' P RRd g}? sl&ccggk L@r bG§- &?ﬁ%{l' Hed19a
al 3 9

noni oni ¢ surf act at commrer ci ilable o et r anet anmoni um

hydr oxi de0. 0PYER SpAangt de gﬁ’ t(Hhi’ é’txbfétb’f eQTaP FRefSOBposipg 2
(p-tent-but anynmhomli onglsityd ¢roni p-hydroxygienetn@ e/ mbashy’ &€ bABhBEY from

net hacryl at g
gbi pheny! - %‘I’I s@oignﬁg%ntiz f)l%“fnl B 0o BEnsR formBlaak4do thsn a suitable amount of an
gTri phenyl s Lnth@r}’l eempeun(d arerdsnivstivertheredf isredotdl Whh gl phenolichydrok piroup of

nonionic s Urti\@%sﬁm (ﬂm&rﬁlgﬁbgetcﬂhh@ ﬁan?l@f" Argl &19 ZelheSt h?(b_u%‘crnaci1 fo tean3

gPro lene c rmno at
[ p-tet rahydr QX YSARPPBYlatieon, Pérfé‘FﬂlY(itpfwnﬂi‘}@n,hUhWbﬂsby 1objes! ipohyimaarngan be

acryl at e/ p- hobdgined/st yr ePaly (I e§%2or2a polymcr comprising a monomer unit
thane f onat e

Tri phenyl riflugro
Sw | et hzl qurigg‘gr# %%%ﬂl mﬁ@w&ﬁmﬁé& 12 'BH‘&?’&E‘ B‘B‘ grginated feer dhe manemgr
noni oni ¢ surundicshewn (o the rgenerhl fémanli a{ldl]ecanea)coo&(aﬂ\ed also by conducting a

gDi cycl ohex 0 et her acet at.c53
GPol y [ p- (LTS hdliiafih ot df Ut s SRl SPIRHE' pitri &bt Snd if
gExanpl eTri PREFSHAIY A TERPMeR showm) biyothe r&nmﬁ&mdaoﬁé]tamtﬂﬂng materials after the

g' 13Tri et hmhmulrﬁmlcﬂai inf thE labéVeONR 0 taidhd N9
noni oni ¢ surfact ant conmmer ci agx f\?glapg’gfpielsgﬁdeig)g%[ggwgﬂﬁé Jdc{}? g?cﬂﬂ: i tﬂé

gDi cycl ohex I FEPH? M%W@&' %al"é’ﬁéc‘ﬁw%‘lm%rreth 1 ether acetate53
Tabl e 4 Exanpl eExposure

doseResol uti onShapeani&S10110. 10Go0d11130. 11Go0d12120. 12Go0d13110. 10Good
Conpar ative exanple 2 Using poly (p-1-ethoxyethoxystyrene) in place of the
polymer in Exanple 8, the follow ng resist conposition was prepared and a
pattern formati on was conduct ed’




after the sanme manner as Exanple 8. Poly (p-1-ethoxyethoyxstyrene) 2.2 g

35 12 Novenber 2003 Tri phenyl sul foniunitrifl uoronethanesul fonate 0.11 g

Fl uori ne-cont ai ni ng noni oni ¢ surfactant (commercially avail abl e one) 0.002
g Tri-n-propylam ne 0.01 g Proplylene glycol nononethyl ether acetate $3 g
As aresult, 0.15 a mL & S was resol ved %)ut fine pattern2Novwembeh2003 t was
not resol ved because of deficient contras? as illustrated in Fi gure 4.
Exanpl e 14The foll ow ng resi st conposition was prepared. Poly

(styrene/ p-(1-et hoRyet hoxy) st yrene/ p- hydr oxyst yrene] (30:6S:5)2.2

gTri phenyl sul foni ulf trifl uor omet hanesul f onat e0. 11 gFl uori ne- cont ai ni ng

noni oni ¢ sur f &tbFA (connercﬂaﬂlyavailable one) 0. 002 gTri hexyl am ne0. 01
gPropyl ene gl ycol _gononet hyl ether acetate53 g The above ingredients were
bl ended wi th one heg and filtered through 0.2 u mpore size filter to
gi ve a resist CO"~'it| n. Using this conposition, a pattern formati on was
conducted by the folgomt Pprocess. A resist wherein novolac resin was used
as the main resin conpopnent was spincoated on a silicone wafer, followed by
har d- baki ng at 200 forRFZO seconds on a hot plate to give a resist nmenbrane
of 0.5 um Then, t pbove ,conpasition was spincoated on the surface to
forma Iayer(%ger@?%quﬁ%ndfegmagggﬁsﬁvem) at 90" C for 90 seconds on a hot
plate to give a regist nenbrane of 0.6 u mthick. Then, the resultant was
sel ectively exposeg@ usi ng an EB exposure machi ne, foll owed by post-baking
at 105 C for ?ﬁfgg onds jgng hot plate. The resultant was finally all owed
to contact w HVDS (he t hyl di si |l azane) vapor for 3 mnutes to silylate
t he exposed area nd then dry devel opnment was conducted by etching using
parallel flat pl ype RIE. The above process gave a rectangul ar and

per pendi cul ar patt ﬂsof 0.05 umL & S as illustrated in Figure 5.
Exposure dose was 8 C/cn2. Exanples 15 and 16 Resi st conpositions of
Tabl e 5 were, prepared g a pattern formati on was conducted by the sane
nmanner as Ex%’%“%z?ngﬁ%avf e SRS HFPOYE| ¢ 5 Exanpl ePol y
(p-tert-butoxystygene/ p-(1-ethoxyethoxy) 15Styrene/ net hyl nethacryl ate)
(20:70:10) 2.2 gbi phenyl - p-tol yl sul foni unt perfl uorooct anesul f onat e0. 10

gFl uori ne- cor@lE=nCng nofa'bni c surfactant (conmercial |l yAvail abl e one) 0. 00?
gTri et hanol anf ne0]01 gPro I ene 1 col nonometh 1 ether acetate~3
~Exanp|ePoIyFF%tyR@ne/p-(l-ethoxyethoxy)styrene/16p-hydrdoxystyrene/nethyI

met hacryl at ee %5:.8 ;%610) 2.2 .
gTri met hyl suMISHIR Rt iapf Ko haykths saree mepring aeabove).gFl uor i ne- cont ai ni ng
noni oni ¢ surfactant (commerci al |l yAvai |l abl e one) 0. 00?

gTriisopropnaol am-fe0.01 gPro | eng |ycol. npnogeth_1 et her acetate53 Table 6
Exanpl eExposur e do@é%‘gﬂygt@%ﬂ%\cﬁgé)é cThyptive thereef asedhin thscphaye gnentiored Good

Conpar at i ve mgthagd ipclddéssineghpeh by tie folletinggentrabfoymular[@8E/ p- hydr oxyst yr ene)
in place of the polynmer in Exanple 12, the follow ng resist conposition was

prepared and OBf n forift&8li on was conducted after the sane manner as
Exanpl e 12. Pol y{ p- 1- et hoxyet hoyxst yrene/ p- hydr oxystyrene) (30:70) 2.2 g
Bi s (cycl ohexyl sul fonyl) diazomethane 0.15 g Fl uori ne-contai ni ng nonionic

Proplyl ene. PORBTH Ronis A ARIER BPUBABH and5’ hayeshg ses Beaningas el o vias
resol ved because of deficient contrast as illustrated in Figure 6. Exanple
17 and Conparati vy, §aRh&S1 fodilfa 318], the alkylidene group shown by R?= may be
straight chained or branched one and preferably one having 1 to 6 carbon atoms, which
is specifically exemplified by a methylidene group, an cthylidene group, an n-
propylidene group, an isopropylidene group, an n-butylidene group, an isobutylidene
group, -a sec-butylidene group, a tert-butylidene group, an n-pentylidene group, an
isopentylidene group, an n-hexylidene group, etc.

Among them, the ethenyl compound or a derivative thereof shown by the




Using resist conpositions in Table 7 prepared in place of the polyner in
Exanple 4, a pattern formation was conducted. The result is shown in Table
8. In Table 8, the result of Exanple 4 is al so shown. 12 Novenber 2003
Tabl e 7 Exanple 17Poly [ p-tent-butoxystyrene/ p-(1-ethoxyethox &‘
styrene/-hvdrox st ene _35:58;:7 4.5ComqarativePoly 12 Novérmber 2003

[ p-tcrt-but oxystyrene/ p- (1 et hoxystyrene)styrene/ Exam |l e 4-h drox styrene

35:53: 12 4_J arativ

[ p-tent - but %&?5&%‘7g@ﬁ@?%&%}é?ﬁ%wygtyr ene/ Exam | e 5-h droxvstvrene
35:35:30 4.5 posurn@)se r~/~nzResolution Ic mL & SResidue on
pat t er nExanpl NoneEx e 17410. 12A few resi dueConpar ati veexanpl e
4390. 13Resi dueConpar ati veexam | e 5350. 15Man residue As clear fromthe
result of Table 8, an anmpbunt of residue on a substrate after pattern

formation b gggﬁlmgtﬁé atnp,e,ngzg,; Ofpobdhe nononmer unit originated from
phydroxysty(r%gne In the po ymer cg%riesohpgher and it is understood that

the adjustnent of the ratio to 10 %or less is preferable. The present
i nvention provi deThe speh ﬂ&&fu@l& ot the eihehylComiRhd bPH d'éﬁeét}ue thékedf sowy! at ed

surface res I on ces t|n the ted surface

resol ution ﬁ?’ﬁb eﬁif Fa}{égfgg é’tyfvd@ﬂf) EF’F Vt“W °t ¢le€€nt i nventi on,
contrast of silylation becones higher and it becorres possi ble to obtain
ultra-fine patter of £XPOsL us the
present inventi onﬂ’cgl(rg\%f%é?réa&ﬁ%&edc%q{'? Nl tyP‘Salt o‘ggg‘i %‘HP %tﬁthf’?”é hi gh
i nt egrat ed by igengralsformgi [18'38s lhle ¢tbersitivompa0oid WIA‘BchSatﬁIcAhNE&‘ kS polyfp-

pol yrrer wh f-CH2
RRTR R ket g Q'Eéc?é%“ﬁfgﬁ’%"@* obRIsgY t, Ine polaiegizaien, o7,
RL is a hydW&QéPF %&caﬁcewn&rﬂﬂlwmlgb & Prcrtidutoxystyrene 9F p-asglonystyigapandithat | y a
hydrogen at mghomes showaibgithe géitrdl f8rila [3'] and [4'] as starting materials is shown in

[Equation 1] mentioned below.

CH=C-OR"

Y

H

OG-0
H

[Equation 1]

A molecular weight of the polymer shown by the general formula [1] of the
present invention is generally 3,000 to 500,000, preferably 5,000 to 200,000 in weight-
average molecular weight basis by GPC measurement using polystyrene as a standard,
and a dispersibility ( a ratio of weight-average molecular weight to number average

molecular weight) of the polymer is generally 1,00 to 3,00, preferably 1.02 to 2.00,
respectively.

The photo-senseitive compound capable of generating an acid by irradiation
with an actinic radiation may be any one which can generate an acid by exposure by
irradiation with KrF excimer laser and other deep UV rays or by irradiation with X rays,
electron beams, etc. and has no bad influence upon resist pattern formation, and
particularly preferable one in the present invention includes one shown by the following
general formula [9], [10], [12], [13], [14], [16], etc.



branched al kyl group having 1 to 6 carbon atons but not both R2 and R3 are
hydr ogen atons; R4 is a straight chai ned, branched or cyclic al kyl group
having 1 to 6 carbon atons, an aral kyl group or a phenyl group, and R2 and
R3, R and R4 or R3 and R4 may formtogether a ring, respectively, RSis a
hydrogen atom a straight chained, br anc|h7ed or cyclic al kiglNeyeoibpr 2208 ng 1
to 6 carbon atons, a straight chained, br'anched or cyclic al koxy group
having 1 to 6 carbon atons, a tert-butoxycarbonyl oxy group, a

t et rahydr opyranyphoxy group, an acetyloxy group or a group of

- OCH2COOC(CH3) 3; |IR6 is a hydrogen atomor a cyano group; R is a group of
-COOR8 i n whi Cs—anstrmirght ai ned, branched or cyclic al kyl group
having 1 to E'S:g](::; boC at ons Fgr a bﬁgdged al i cyclic hydrocarbon group 39
12 Novenber 200 hapj%ng 7 to 12 carbon atons, a cyano group or a group
shown by the followhg general fornula [8] Rs [8] wherein RO is a hydrogen
atom a str ight,c ai ned,, branched or cyclic alkyl group having 1 to 6
carbon at oms™&fTelp Bt aad niare gaghirdepepdentysa aliol grappiara haloadsy gomupuandnAvi ng
1 to 6 carbdsaasiléonyl g@of oRE cadeny® grédyy. f or m t oget her a group of -CO O CO
or -CONRI-CO, wherein R is a hydrogen atom a straight chained, branched
or cyclic alkyl groug having 1 to 6 carbon atons or a straight chained,

branched or cyglic alkoxy gffoup having 1 to 6 carbon atons, k and 1 are

positive inte N _arergéch i pendently O or a positive integer,

and where 0:1 7 (k#1l+nin) 0. 9, 0_<1 +1+mn) <- 0.9, 0<_m (k+1+m#n) <0, g,

and 0<_n/( k+B3r3r_n+n) S061. 'E%_{ g pol ymer, which is shown by the foll ow ng

general formula [1'] R ~ - ~~CH2-C~- [1'] R(. v OH CH3

' ~ [wherein R" is a hydrogen atom, a halogen atom, an alky! group, an alkoxy group or a
haloalkyl group, and R* is an alkyl group, a haloalkyl group or a group of the following
general formula [11]

R15
—<C++z>¢—©/ ]

{wherein R" is a hydrogen atom, a halogen atom, an alkyl group, an alkoxy group or a
haloalkyl group and q is O or an integer of 1 to 3}]. '

I
/®~s—— —Cc—R"  [12
T

[wherein R is a hydrogen atom, a halogen atom, an alkyl group or a triflucromethyl
group, and R" is an alkyl group, an aralkyl group, an alkoxy group, a phenyl group or a
tolyl group].
R'®
I
R Is?Rz‘sof [13
R

[wherein R™ is an alkyl group, a phenyl group, a substituted phenyl group or an aralkyl
group, R” and R® are each independently a hydrogen atom, an alkyl group, a phenyl
group, a substituted phenyl group or an aralkyl group and R* is a fluoroalkyl group, a
trifluoromethylphenyl group, a methyl group, a naphthyl group or a tolyl group].




wherein R4'" is a nethyl group or an ethyl group; RS is a hydrogen atom a
t - but oxy group, a t-butoxycarbonyloxy group or a tetrahydropyranyl oxy
group; R1' is a hydrogen atomor a nethyl group; 40 12 Novenber Q03

R ' is a nethoxycarbonyl group, a cycl ohexyl oxycarbonyl

| sobor nyl oxycar bonyl group, k is a positive integer, |, %Pdﬁge Q&Fgo%%ch

i ndependently 0 or a positive integer, b8 1 and mare not both 0, and
where 0.1 <_k/(k+1+mtn)_<0.9, 0<_1/(k+l+mtn)<_ 0.9, OSn (k+1+m¢n)5 0.8, and

0<- n/(k+1+m+np% 0.1. pglpger which is shown by the follow ng general
formula [6] -f*- C~-~-CHZ-C~.--NCH -C~j kI ~1Imi I i
Rs R~ RZ~1 O- 'vvr@ngnRﬁ 1 is 414lydrogen atomor a methyl group;

R2 and R3 ar | nd¢lpendent|ly a hydrogen atomor a straight chained or

branched al kyl group h&/l ng 1 to 6 carbon atons, but not both R2 and R3 are

hydr ogen at ogs Sn’ik? ght chai ned, branched or cyclic al kyl group
having 1 to ‘&%{F’B létaa yl gfoup, 3 flpgroalkybgreupira RhepylegToup, @rsvbgitutad phegyl and

R3, R2 and Rgmpomnammﬂgr d' 9§ MsuRaR pesu paorra&gbm{ﬁ tw@w’ RS a

hydr ogen ato branched or cyclic a group Ehaw ng

to 6 carbon %{CO‘%E ???éﬁ"gﬁt @ﬁg{’ﬁ? atBF‘aﬁcﬂé@%B‘%‘?cPﬂB“ P’k)bgspugr auptro

having 1 to goup, a cyano group, a hydroxy group or a group shown by the following general
formula [15]

—O0—Q0Q—FR® (19

(wherein R* is an alkyl group, a fluoroalkyl group, a phenyl group, a substituted phenyl
group or an aralkyl group, Q' is a sulfonyl group or a carbonyl group), and R* is a
hydrogen atom, a methyl group or an ethyl group].

OSO,R?
OSOR”  [id
R
[wherein R is an alkyl group, a fluoroalkyl group, a phenyl group, a substituted phenyl
group or an aralkyl group, R* is a hydrogen atom, a methyl group, a fluoroalkyl group,

a methoxy group, a nitro group, a cyano group, a hydroxy group or a group shown by
the above general formula [15]).

In the general formula [9), the alkyl group or the alkyl group in the haloalkyl
group shown by R" and R” may be straight chained, branched or cyclic one and
| preferably one having 1 to 10 carbon atoms, which is specifically exemplified by a
methyl group, an ethyl group, an n-propyl group, an isopropyl group, a cyclopropyl
group, an n-butyl group, an isobutyl group, a tert-butyl group, a sec-butyl group, an n-
pentyl group,an isopentyl group, a tert-pentyl group, an 1-methylpentyl group, a
cyclopentyl group, an n-hexyl group, an isohexyl group, a cyclohexyl group, a heptyl
group, an octyl group, a nonyl group, a decyl group, etc.
The halogen in the haloalkyl group includes chlorine, bromine, fluorine and
iodine.
In the general formula [10), the alkyl group or the alkyl group in the haloalkyl
group shown by R" may be straight chained, branched or cyclic one and preferably one
having 1 to 5 carbon atoms, which is specifically exemplified by a methyl group, an



carbon atons, a tert-butoxycarbonyl oxy group, a tetrahydropyranyloxy group,
an acetyl oxy group or a group of -OCH2COOC(CH3)3; R6 is a hydrogen atom or
a cyano group; 41 12 Novenber 2003 R is a group of -COOR8 in which R8 is
a straight chained, branched or cyclic alkyl group having 1 to 6 carbon
atoms or a bridged alicyclic hydrocarbon %group havi ng 7 t1@ Novegwebd03at ons,
a cyano group or a group shown by the follow ng general fornula [8] R9 [ 8]

| | kyl
or oup hav: ng 1, 38 BibiopR o, 8 5Gb P&la&fg%% AR pRUAASNE A Hop i pteige |
al koxy groupa wavhtmd EI0Upy a sec:bitplogroup, @nd-pen gm:panm:sapcmﬂ;grom,mtcmgemnbr a
group of - loﬂlcthng 7 1et¥9'h§ﬁc?il13 ﬁhc%ch %h B}’ﬂ{:@g&ﬁm%@ milgglkvl

strai ght chal ned br anc cyclic alk carbonato

|
or a stral gtﬁm%éh?%‘a beariE‘Hé@FSo‘F eERg, |b<5°lam@oﬂyog%apg Hedineg iThecalkoxyar bon
atons, Kk, uysistowna Ra fxht BRARE or tﬂﬂﬂ:hwﬁﬁ&pl@féra \Azﬁahéixaﬁﬂg)&, 0.9,

. b
b ci ki C% wswﬁ%épf%ﬁfmpgcwp ey AR sdon an Ry RpoREn
atomor a rrgmhyprogpmmgroup, an isopropoxy group, an n-butoxy group, an isobutoxy group, a

tert-butoxy group, a sec-butoxy group, an n-pentyloxy group, an isopentyloxy group, etc.
The alkyl group or the alkyl group in the haloalkyl group shown by R may be straight
chained, branched or cyclic one and preferably one having 1 to 10 carbon atoms, which
is specifically exemplified by a methyl group, an ethyl group, an n-propyl group, an
isopropyl group, a cyclopropyl group, an n-butyl group, an isobutyl group, a tert-butyl
group, a sec-butyl group, an n-pentyl group,an isopentyl group, a tert-pentyl group, an
1-methylpentyl group, a cyclopentyl group, an n-hexyl group, an isohexyl group, a
cyclohexyl group, a heptyl group, an octyl group, a nonyl group, a decyl group, etc., and
the halogen in the haloalkyl group includes chlorine, bromine, fluorine and iodine.

In the general formula [11], the alkyl group or the alkyl group in the haloalkyl
group shown by R may be straight chained or branched one and preferably one having
1'to 6 carbon atoms, which is specifically exemplified by a methyl group, an ethyl group,
an n-propyl group, an isopropyl group, an n-butyl group, an isobutyl group, a tert-butyl
group, a sec-butyl group, an n-pentyl group, an isopentyl group, a tert-pentyl group, an
1-methylpentyl group, an n-hexyl group, an isohexyl group, etc.  The alkoxy group
shown by R having 1 to 6 carbon atoms may be straight chained or branched and is
preferably one having 1 to 5 carbon atoms, which is specifically exemplified by a
methoxy group, an ethoxy group, an n-propoxy group, an isopropoxy group, an n-
butoxy group, an isobutoxy group, a tert-butoxy group, a sec-butoxy group, an n-
pentyloxy group, an isopentyloxy group, an n-hexyloxy group, an isohexyloxy group,
etc. and the halogen atom or halogen in the haloalkyl group shown by R¥ includes
chlorine, bromine, fluorine and iodine.

In the general formula [12], the alkyl group shown by R may be straight
chained or branched one and preferably one having 1 to 5 carbon atoms, which is
specifically exemplified by a methyl group, an ethyl group, an n-propyl group, an
isopropyl group, an n-butyl group, an isobutyl group, a tert-butyl group, a sec-butyl
group, an n-pentyl group, an isopentyl group, a tert-pentyl group, an 1-methyipentyl
group, ctc., and the halogen atom shown by R* includes chlorine, bromine, fluorine and

iodine.  The alkyl group shown by RY may be straight chained, branched or cyclic




42 12 Novenber 2003 R2 and R3 are each independently a hydrogen atomor a
strai ght chai ned or branched al kyl group having 1 to 6 carbon atons, but
not both R2 and R3 are hydrogen atons; R4 is a straight chained, branched
or cyclic alkyl group having 1 to 6 carbon atons, an aral kyl group or a
phenyl group, and R2 and R3, R2 and R4 054R3 and R4 may fi@rhoveoet 2@13 a
ring, respectively RS is a hydrogen ato a strai ght chained, branched or

I | kyl hav t t h d,. b hed
AIBTRIRIRY £ o VAR s Kt A S R O
g (r) catj g co%c} eta wﬁv}hbrl Epoupaay lethyy goruplipn namonﬂeswﬁmmn@?pguwcg‘m@, gl(r)?:lt:blpscfepvl
i nteger, and wﬁgr 'gﬂqty ig{(dfl ?kgﬁggﬁit%&éuf’ &%e'?u(‘%qo%)aécﬁ bgtyl gropp, an n-
hOSg/ (k+1' +tn)1zcrmyd%%grogp, N;; pg{pyml ggzgomggpcmylcgmug Zm Wmtl&ﬂpg;:)m grosp,aa ;h |

ydrogen at oggcidpénty$ groupy 9% Syl {ip, dirisbiexdl Y cwéIBE&ty dg a HR' y
to 0 P oup

group or an eth roE i3 a hydroge
but oxycar bon§f Bﬁ:’fmgﬂy EQS‘P %1"? BERPa? eyl WPO%? group. 6. A pol ymer
whi ch i's shown by Theargiépegralp Ekowiib R in iuhesa bc grofpl3a ﬁhé_ﬂcthgl'ﬁ%)ug g

Cmb5 V\/nere a neth or an et foup
2003 RS is fa H%‘%’JZ Foﬁoﬁ]rx%[hggﬂb{;b)@m@’r Gu‘ﬂe%& Pge’tﬁﬁ‘iﬂﬁ%‘&’r’ FEnsthgkenzyt oup
or a group, etc.  The alkoxy group shown by R'” may be straight chained or branched one

and is exemplified by one having 1 to 6 carbon atoms such as a methoxy group, an
cthoxy group, an n-propoxy group, an isopropoxy group, an n-butoxy group, an
isobutoxy group, a tert-butoxy group, a sec-butoxy group, an n-pentyloxy group, an
isopentyloxy group, an n-hexyloxy group and an isohexyloxy group.

The alkyl group shown by R*, R” and R in the general formula [13) may be
straight chained, branched or cyclic one and preferably one having 1 to 8 carbon atoms,
which is specifically exemplified by a methyl group, an ethyl group, an n-propyl group,
an isopropyl group, a cyclopropyl group, an n-butyl group, an isobutyl group, a tert-
butyl group, a sec-butyl group, an n-pentyl group, an isopentyl group, a tert-pentyl
group, an 1-methylpentyl group, a cyclopentyl group, an n-hexyl group, an isohexyl
group, a cyclohexyl group, a heptyl group, an octyl group, etc., and the substituted
phenyl group includes a tolyl group, an ethylphenyl group, a tert-butylphenyl group, a
chlorophenyl group, etc.  The aralkyl group includes a benzyl group, a phenethyl
group, a phenylpropyl group, a methylbenzyl group, a methylphenethyl group, an
ethylbenzyl group, etc.  The alkyl group in the fluoroalkyl group shown by R* may
be straight chained or branched one and preferably one having I to 8 carbon atoms,
which is specifically exemplified by 2 methyl group, an ethyl group, an n-propyl group,
an isopropyl group, an n-butyl group, an isobutyl group, a tert-butyl group, a sec-butyl
group, an n-pentyl group, an isopentyl group, a tert-pentyl group, an 1-methylpentyl
group, an n-hexyl group, an isohexyl group, a heptyl group, an octyl group, etc. and the
total number of the fluorine atoms substituted is preferably 1to 17.

In the general formula [14], the alkyl group shown by R* may be straight
chained, branched or cyclic one and preferably one having 1 to 6 carbon atoms, which is
specifically exemplified by a methyl group, an ethyl group, an n-propyl group, an
isopropyl group, an n-butyl group, an isobutyl group, a tert-butyl group, a sec-butyl
group, an n-pentyl group,an isopentyl group, a cyclopentyl group, an n-hexyl group, a
cyclohexyl group, etc., the substituted phenyl group includes a tolyl group, an




tetrahydropyranyl oxy group; R 1 ' is a hydrogen atomor a nmethyl group; R’
I s a met hoxycarbonyl group, a cycl ohexyl oxycarbonyl group or an

i sobonyl oxycar bonyl group, k is a positive integer, | and mare each

i ndependently O or a positive integer, but 1 and mare not both 0, and
where 0.1 <k/(k+1+m)<0,9, 0<_ 1/(k+1l+m< 9 and Gsm ( k+1H@)NdG¥ebe72003
polymer, which is shown by the follow n general formul a [7] R R~

- - ~- CH2- C-~. ~--K i ~: OR4 'S RL is at.om or
a nethyl gr oﬁ%’,yl ‘%“gna%%wgg%rﬁ?%é@m&w‘ 5."°H9’cﬁ% ﬁqg Yor a

strai ght chagroeg mcllmcam: heoizgll lgydupyr @ uphenathiyh ggrbup,0 a6 pherydpropat @idup, bait

o cyalic al Ep Rl qg%“!{‘@ﬁ%@ﬁfglEsﬁbi?%ﬁ@fbgﬂﬂiﬁ%ﬁ?% e

phenyl gr oupgroandn He fhmliom’ gmxpamdy Rdfstmgﬁ&lmmtdm brangchédboma amigmﬁﬁrbl

ring, respec | r hed or
cyclgi c al ICk)yl Mf'“r/lg‘{}'g" gélsn%rb%nw car &&E@Pﬁﬁ&ﬂﬁy QE&L‘ &ﬁ&'@r%ched
or cyclic al RthW@?IbGBHI’PJQPX%@T%’Pb an 5%@4’%&’0&1’, *blayltgmtlp,mtlmwwghmpyl oXy

, tet (01} | -p
oo o & or o ‘fpg* Sy g, & npcfic] doupb %’ﬁg.gﬁf s ﬁ%@é@?ﬁ*aﬁy
where 0.1 < ?P{’E’ 43 heptYloZTgup, an' OEty FToupy eic e |‘ﬁ¥31 18 FraPHhF YgRae atoms R1

is a hydrogesubaﬁtotcﬂlmcfmlmyhmdﬂogen atom R3 is a nethyl group R4 is a
net hyl group or a%eth@%ené}&%%nuﬁnﬁsﬁf Sall?ylhécoilrxﬁ) Shows atbonf{26 may Bg ts?ralght

group, at

chained, branched or cyclic one and preferably one having 1 to 6 carbon atoms, which is
specifically exemplified by a methyl group, an cthyl group, an n-propyl group, an
isopropyl group, an n-butyl group, an isobutyl group, a tert-butyl group, a sec-butyl
group, an n-pentyl group, an isopentyl group, a cyclopentyl group, an n-hexyl group, a
cyclohexyl group, etc., the substituted phenyl group includes a tolyl group, an
ethylphenyl group, a tert-butylphenyl group, a chlorophenyl group, etc. and the aralkyl
group includes a benzyl group, a phenethyl group, a phenylpropyl group, a
methylbenzyl group, a methylphenethyl group, an ethylbenzyl group, etc.  The alkyl
group in the fluoroalkyl group may be straight chained or branched one and preferably
one having 1 to 8 carbon atoms, which is specifically exemplified by a methyl grOup,’ an
ethyl group, an n-propyl group, an isopropyl group, an n-butyl group, an isobutyl group,
a tert-butyl group, a sec-butyl group, an n-pentyl group, an isopentyl group, an n-hexyl
group, a heptyl group, an octyl group, etc.  The total number of the fluorine atoms
substituted is preferably | to 17.

In the general formula [16), the alkyl group shown by R¥ may be straight
chained, branched or cyclic one and preferably one having 1 to 6 carbon atoms, which is
specifically exemplified by a methyl group, an ethyl group, an n-propyl group, an
isopropyl group, an n-butyl group, an isobutyl group, a tert-butyl group, a sec-butyl
group, an n-pentyl group, an isopentyl group, a cyclopentyl group, an n-hexyl group, a
cyclohexyl group, etc., the substituted phenyl group includes a tolyl group, an
cthylphenyl group, a tert-butylphenyl group, a chlorophenyl group, etc. and the aralkyl
group includes a benzyl group, a phenethyl group, a phenylpropyl group, a
methylbenzyl group, a methylphenethyl group, an ethylbenzyl group, etc.  The alkyl
group in the fluoroalkyl group shown by R?” and R* may be straight chained or
branched one and preferably one having 1 to 8 carbon atoms, which is specifically
exemplified by a methyl group, an ethyl group, an n-propyl group, an isopropyl group,



but oxycar bonyl oxy group or a tetrahydropyranyl oxy group. 9. A polyner,
which is shown by the general formula [17'] | R. -.---f-CH2-C CH2 -~}--Kk |
mi I R (O -OR4. CH3 wherein R4' is a nmethyl group or an e':]hyl grgup;I
R1' is a hydrogen atomor a nethyl group; [ 17'] R ' is a_methoxycarhony
group, a cycl ohexyl oxycar bonyl group or %1 i sobor nyl oxycé@ﬂ‘éﬁﬁmb&gw k
and mi are positive integers, and where U. 2< k/(k+m )< 0.9 and
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for resolution of si ace conprising the-resist conposition
clainmed in the claim11l. 45 12 Novenber 2003 13. A resist conposition
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conpound capabl e.of gene Ing an acid by irradiation wth actinic

radi ation; aly eﬁt‘%‘bf‘%e‘?ﬁ Sboae éﬁo‘ﬁ? §§%p\9i %c?gifﬂmb‘ﬂil Jﬁﬂw@ﬂnl@wdes 1-

conpound; - - eydiblexylsulfonyl-(1,1-dimethylethylsulfonyl) diazomethane, bis (1,1-
dimethylethylsulfonyl) diazomethane, bis (1-methylethylsulfonyl) diazomethane, bis
(cyclohexylsulfonyl)  diazomethane, 1-cyclohexylsulfonyl-1-cyclohexylcarbonyl
diazomethane,  1-diazo-1-cyclohexylsulfonyl-3,3-dimethylbutan-2-on,  1-diazo-1-
methylsulfonyl-4-phenylbutan-2-on, 1-diazo-1-(1,1-dimethylethylsulfonyl)-3,3-
dimethyl-2-butanone, 1-acetyl-1-(1-methylethylsulfonyl) diazomethane, etc.; one shown
by the general formula [10] which includes bis (p-toluenesulfonyl) diazomethane, bis
(2,4-dimethylbenzenesulfonyl) diazomethane, methylsulfonyl-p-toluenesulfonyl
diazomethane,  bis  (p-tert-butylphenylsulfonyl) = diazomethane,  bis (p-
chlorobenzenesulfonyl) diazomethane, cyclohexylsulfonyl-p-toluenesulfonyl
diazomethane, etc.; one shown by the general formula [12] which includes 1-p-
toluenesulfonyl-1-cyclohexycarbonyl diazomethane, 1-diazo-1-(p-toluenesulfonyl)-3,3-
dimethylbutan-2-on, 1-diazo-1-benzenesulfonyl-3,3-dimethylbutan-2-on, 1-diazo-1-(p-
toluenesulfonyl)-3-methylbutan-2-on, etc.; one shown by the general formula [13]

which includes triphenylsulfonium/triflucromethanesulfonate,
triphenylsulfonium/perfluorooctanesulfonate, diphenyl-p-
tolylsulfonium/perfluorooctanesulfonate, : tris ~ (p-tolyl)
sulfonium/perfluorooctanesulfonate, tris (p-chlorobenzene)

sulfonium/trifluoromethanesulfonate, tris (p-tolyl) sulfonium/triflucromethanesulfonate,
trimethylsulfonium/trifluoromethanesulfonate,

dimethylphenylsulfonium/trifluoromethanesulfonate, dimethyl-p-
tolylsulfonium/trifluoromethanesulfonate, dimethyl-p-tolylsulfonium/perfluorooctane
sulfonate, triphenylsulfonium/p-toluenesulfonate, triphenylsulfonium/methanesulfonate,

triphenylsulfonium/10-camphorsulfonate, diphenyl-p-
tolylsulfonium/trifluoromethanesulfonate, diphenyl-p-tolylsulfonium/methanesulfonate,
diphenyl-p-tolylsulfonium/p-toluenesulfonate, diphenyl-p-tolylsulfonium/p-
trifluoromethylphenylsulfonate, diphenyl-p-tolylsulfonium/2-naphthalenesulfonate,
diphenyl-p-tolylsulfonium/10-camphorsulfonate, diphenyl-p-tert-
butylphenylsulfonium/trifluoromethanesulfonate, diphenyl-p-tert-butylsulfonium/p-
toluenesulfonate, diphenyl-p-tert-butylphenylsulfonium/perfulorooctanesulfonate,




R RR R -G~--- ~CHz-C~CH -C~--~-CHz-C~ [1] k| ~~mnz |l R~1 R6 R-
~ 1 -pRA 5 OH ~3 Rwherein Rl is a hydrogen atomor a methyl group; R2 and
R3 are each independently a hydrogen atom or a strai ght chained or branched
al kyl group having 1 to 6 carbon atons, but not both R2 a1réd R3 %re hydr ogen
atoms; R4 is a straight chained, brancheg or cyclic alkyl JYYEHPRERS 1to
6 carbon atons, an aral kyl group or a phenyl group, and R2 and R3, R2 and
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whi ch R8 i s sutsphehyBlffosilimoedmphésaesiask, or cyclic al kyl gr%ghg}@/.gn%.l to
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butoxycarbonyloxyphenylsulfonium/perfluorooctanesulfonate, diphenyl-p-
cyclohexylphenylsulfonium/trifluoromethanesulfonate, diphenyl-p-
cyclohexylphenylsulfonium/p-toluenesulfonate, ’ diphenyl-p-
cyclohexylphenylsulfonium/perfluorooctanesulfonate, diphenyl-p-

cyclohexylphenylsulfonium/l10-camphorsulfonate, etc.; one shown by the general
formula [14] which includes 2,6-di-trifluoromethanesulfonyloxyacetophenone, 2,6-di-
trifluoromethanesulfonyloxypropiophenone, 2,3,4-tris-
trifluoromethanesulfonyloxyacetophenone, 2,6-di-methanesuflonyloxyacetophenone,
2,6-di-methanesulfonyloxypropiophenone, 2,3,4-tris-methanesulfonyloxyacetophenone,
2-trifluoromethanesulfonyloxyacetophenone, 2-methanesulfonyloxyacetophenone, 2-n-
butanesuflonyloxyacetophenone, 2,6-di-n-butanesulfonyloxyacetophenone, 2,3,4-tris-n-
butanesulfonyloxyacetophenone, 2,6-di-perfuloropropanecarboxyacetophenone, 2;3,4-
tris-perfluoropropanecarboxyacetophenone, 2,6-di-p-toluenesufionylacetophenone, 2,6-
di-p-toluenesulfonylpropiophenone, 2,6-di-trifluoroacetyloxyacetophenone, 2-
trifluoroacetyloxy-6-methoxyacetophenone, 6-hydroxy-2-
perfluorobutanesulfonyloxyacetophenone, 2-trifluoroacetyloxy-6-nitroacetophenone,
2,3,4-tris-trifluoroacetyloxyacetophenone, 2,6-di-perfluoropropanoyloxyacetophenone,
etc; one shown by the general formula [16] which includes 1,2,3-tris-
methanesulfonyloxybenzene, 1,2,3-tris-p-toluenesulfonyloxybenzene, 1,2,3-tris-
trifluoromethanesulfonyloxybenzene, 1,2,3-tris-perfluorobutanesulfonyloxyberizene,
1,2,3-tris-cyclohexylsulfonyloxybenzene, 1,2-di-methanesulfonyloxy-3-nitrobenzene,
2,3-di-methanesulfonyloxyphenol, 1,2,4-tris-p-toluenesulfonyloxybenzene, 1,2,4-tris-
methanesulfonyoxybenzene, 1,2,4-tris-trifluoromethanesulfonyloxybenzene, 1,2,4-tris-
cyclohexyisulfonyloxybenzene, 1,2-di-n-butanesulfonyloxy-3-nitrobenzene, 1,2,3-tris-
perfluorooctanesulfonyloxybenzene, 1,2-di-perfluorobutanesulfonyloxyphenol, etc.

Those acid generator may be used alone or in combinations of two or more thereof.

The acid gencrator of the present invention can easily be obtained by methods disclosed
in Japanese Patent Publication-Kokai-Nos. 210960/1992, 211258/1992, 249682/1993,




group having 1 to 6 carbon atoms, and R6 and R may formtogether a group
of -COOCO or -CONR-CO, wherein R is a hydrogen atom a straight
chai ned, branched or cyclic al koxy grorE having 1 Lo 6 ca;b?n gtggbeL a
strai ght chained, branched or cyclic al koxy group having o]

atoms,g k and 1 are a positive integer, ral@nd n are each iRdoempentPq3 0 or
a positive integer, and where 0.1_<k/(k+1+mtn)<0,9, 0_<1/(k+1l+mtn)<_0.9,
osnd ( k+1+m+rpt<0, g~ and O0<n/(k+l+mtn)<-0.1. 14. A resist conposition

conpri si ng; ac'pol ymer shown by the follow ng general fornula [6] bel.(.)w, a
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compound: A rnRRint Benféibf 3t & et RRY 11 38 oA s el P18 26 s
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accelerator, and use is generally made of those showing good film-forming ability,
including methyl Cellosolve acetate, ethyl Cellosolve acetate, propylene glycol
monomethyl ether acetate, propylene glycol monoethyl ether acetate, ethyl lactate,
methyl pyruvate, ethyl pyruvate, methyl 3-methoxypropionate, N-methyl-2-pyrrolidone,
2-hepatanone, cyclohexanone, diethylene glycol monoethyl ether, diethylene glycol
dimethyl ether, etc., but not limited thereto.

A ratio of the polymer ingredient to the solvent in the resist composition of the
present invention is such as generally 3 to 30 wt parts, preferably 5 to 20 wt parts of the
solvent relative to 1 wt part of the polymer. The solvent may be used alone or in
combinations of two or more thereof.

A sensitivity adjustor used upon necessity in the resist composition of the
present invention includes polyvinyipyridine, poly (vinylpyridine/methyl methacrylite),
pyridine, N-methyl-2-pyrrolidone, monoalkylamines [the alkyl group includes straight
chained, branched or cyclic one having 1 to 12 carbon atoms, such as 2-
methylcyclohexyl and 4-t-butylcyclohexyl], dialkylamines [the alkyl group includes
straight chained, branched or cyclic one having 1 to 12 carbon atoms, such as
dicyclohexylamine and di-N-octylamine as preferable specific examples],
trialkylamines [the alkyl group includes straight chained, branched or cyclic one having
1 to 12 carbon atoms, such as tri-n-propylamine, tri-n-butylamine, trihexylamine,
dicyclohexylmethylamine, dioctylmethylamine and dimethyloctylamine as preferable
specific examples], mono-, di- or trialkanolamines [specifically triisopropanolamine as
preferable specific example], tetraalkylammonium hydroxide [the alkyl group includes
straight chained, branched or cyclic one having | to 12 carbon atoms, such as
tetramethylammonium hydroxide and tetra-n-butylammonium hydroxide as preferable
specific examples], etc., but not limited thereto.

An amount of the sensitivity adjustor to be used is preferably 0.001 to 10 wt
parts, more preferably 0.01 to 5 wt parts, relative to 100 wt parts of the polymer. The




having 1 to 6 carbon atons, a straight chained, branched or cyclic al koxy
group having 1 to 6 carbon atons, a tert-butoxycarbonyl oxy group, a
t et rahydr opyr anyl oxy group, an acetyloxy group or a group of

- OCH2COO0C( CH3) 3; R6 is a hydrogen atomor a cyano group;
-COOR8 in which R8 is a straight chainegg branched or cyéﬁlhtovﬁmgﬁ'géogﬂoup
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wherein R is a_hydrogen om or
[6] erel trade name of Asahi Glass Co., 1td.), Umdync ( a tra c namc of Daikin Industries, Ltd.),

Megafac (a trade name of Dainippon Ink & Chemicals, Incorp.) and Eftop (a trade name
of Tohkem Products Corp.), but not limited thereto.

An amount of the surfactant to be used is 0.001 to 10 wt parts, preferably 0.005
to 5 wt parts, relative to 100 wt parts of the polymer.

An UV-ray absorber used upon necessity in the resist composition of the
present invention includes 9-diazofluorenone, 9-(2-meethoxyethoxymethyl) anthracene,
9-(2-ethoxyethoxymethyl)  anthracene, 9-fluorenone, 2-hydroxycarbazole, o-
naththoquinone diazide derivative, 4-diazo-1,7-diphenylpentan-3,5-dione, etc. They
may be used alone or in combination of two or more thereof.

An amount of the UV-ray absorber to be used in the present invention may be
selected from a range which has been generally used in this kind of technical field.

A dissolving accelerator used upon necessity in the resist composition of the
present invention includes N,N-dimethylformamide, N,N-dimethylacetamide, 7 -
butylolactone, etc.  They may be used alone or in combination of two or more
thereof.

An amount of the dissolving accelerator to be used in the present invention

may be selected from a range which has been used generally in this kind of technical
field.

The resist composition of the present invention is particularly suitable to a
single layer or the most upper layer of a multiple layers in a surface resolution process,
namely silylated surface resolution process, comprising silylating a chemically changed
resist surface and then subjecting it to dry-development by oxygen dry plasma etching.




49 12 Novenber QU03 R2 and R3 are each independently a hydrogen atomor a
strai ght chained or branched al kyl group having 1 to 6 carbon atoms, but
not both R2 and R3 are hydrogen atons; R4 is a strai ght chai ned, branched
or cyclic alkyl group having 1 to 6 carbon atons, an aral kyl group or a
phenyl group, and R2 and R3, R2 and R4 %RB and R4 may fi@Noveother BE03 a
ring, respectively; RS is a hydrogen at a straight chained, branched ﬁrd
cyclic al kyl group haV| ng a strai.ght chained, nche
or cyclic al koxy grdip fﬂ"ﬁ@"% PIS ﬂ)‘l a U3 ,’csﬁla 180 tPrefstd léf’r':BcSﬁi/l oxy
group, a t etfolbwilipaguer anyl oxy group, an acetyl oxy group or a group of

- OCH2COOC( CH3) 3; posr ti
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di ssol vi ng Sakingp3ng g silidating; the c%ﬁﬁ‘ifénﬁea by qontgeting RithRe suigble Sﬂ\ll@lﬂ% C ~
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atom or méft group; and R3 are each |ndependent y a hydrogen atom or
a straight ﬂ5¥?‘f’ed or branched al kyl group having 1 to 6 carbon atons, but
not both R2 and R3 are hydrogen atons;

More specifically, the following embodiment can be mentioned.

Formation of a pattern using the chemically-amplified type resist composition
of the present invention as a single layer by a silylated surface resolution process can be
conducted as follows.

Namely, the resist composition of the present invention is spin-coated on a
semiconductor substrate plate such as SiO, (oxidized membrane), polysilicone, SiN,
SiON, TiN, etc. and heated on a hot plate at 50 to 120TC for 0.5 to 2 minutes to give a
resist membrane of 0.3 to 2 «m thick. Then an actinic radiation (c.g. KrF excimer
laser of 248.4 nm, deep UV-ray of less than 300 nm, clectron beams, soft X-ray, etc.) is
selectively irradiated through a mask, and if necessary, baked on a hot plate at 50 to
150 for 0.5 to 2 minutes (post baking), and the resultant is allowed to contact with a
vapor of a silylating agent such as HMDS (hexamethyl disilazane),
tetramethyldisilazane, DMSDMA  (dimethyl silyldimethylamine),  dimethyl
silyldiethylamine, N,N-diethylaminotrimethylsilane and N,N- -
dimethylaminotrimethylsilane for I to 10 minutes, whereby the exposed areas are
silylated, followed by dry-etching development using paraliel flat plate type O, plasma
(RIE; reactive ion etching), ECR etching, etc. to form the desired pattern.

In the following, the present invention is explained in details referring to
Examples and Comparative examples, and the present invention is not limited thereto
by any means.

A part of the polymers and the acid generators used in the Examples and
Comparative examples were synthesized according to the methods disclosed in
Japanese Patent Publication-Kokai- No. 210960/1992 (USP No. 5216135); Japanese
Patent Publication-Kokai-No. 211258/1992 (USP No. 5350660, EPC Publication
No.0440374); Japanese Patent Publication-Kokai-No. 249682/1993( EPC Publication
No. 0520642); Japanese Patent Publication-Kokai-No. 251259/1992; Y. Endo et al.




R4 is a straight chained, branched or cyclic alkyl group having | to 6
carbon atons, an aral kyl group or a phenyl group, and R2 and R3, R2 and R4
or R3 and R4 may formtogether a ring, respectively; RS is a hydrogen atom
a straight chained, branched or cyclic al kyl group having 1 to 6 carbon
atons, a straight chained, branched or | i c al koxy grodp Neaeinher 20080 6
carbon atons, a tert but oxycar bonyl oxy oup, a tetrahydropyranyl oxy group,

an acetyl oxy k and |' _are a p05|t|ve
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conprising; a9pnlips®6r ChDVBeddy ef 415 1 f gantrﬂgagezfmc’(wmraula [17] below;, a
conpound capabl e of generating an acid by irradiation with actinic

radi ati on; and a sol vent capabl e of dlssoIV|ng said polymer and said
conpound; - [17] R R H2-C CH k ~ mEXAMPEBSO ~ -OR4 R3' 51 12 Novenber
2003 wherein R is a hydrogen atomor a methyl group; R2 and R3 are each
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and R4 MY dioxane under nitrogen gas streams at 80C for 6 hours.  After cooling, the reaction
solution was poured into 5000 ml of aqueous methanol solution to precipitate outs.
Crystal was recovered by filtration and dried under reduced pressure to give 95.5 g of
poly (p-tert-butoxystyrene) as white powdery crystal. A weight-average molecular
weight was found about 20000 by GPC measurement using polystyrene as a standard.

(2) In 1,4-dioxane was dissolved 70 g of poly (p-tert-butoxystyrene) obtained
in the above (1) and 70 ml of concentrated hydrochloric acid was added thereto,
followed by conducting a reaction at 70C for 2 hours with agitation.  After cooling,
the reaction solution was poured into 3000 ml of ion-exchanged water to precipitate out.
Crystal was recovered by filtration, washed with water and dried under reduced pressure
to give 48.7 g of poly (p-tert-butoxystyrene/p-hydroxystyrene) as white powdery crystal.
A ratio of p-tert-butoxystyrene unit to p-hydroxystyrene unit in the obtained polymer
was found about 35:65 by 'HNMR measurement.

(3) In 150 ml of l4-dioxane were dissolved 15 g of poly (p-tert-
butoxystyrene/p-hydroxystyrene) obtained in the above (2) and 8 g of ethyl vmyl ether
and a catalytic amount of pyridinium p-toluenesulfonate was further added thereto,
followed by conducting a reaction at room temperature for 24 hours with agitation.
After the reaction, the reaction solution was poured into 2000 ml of ion-cxchahged
water to precipitate out.  Crystal was recovered by filtration, washed with water and
dried under reduced pressure to give 14.7 g of poly (p-tert-butoxystyrene/p-1-
ethoxyethoxystyrene) as white powdery crystal. A ratio of p-tert-butoxystyrene unit
to p-1-cthoxyethoxystyrene unit of the obtained polymer was found about 35:65 by
'HNMR measurement, and a weight-average molecular weight of the polymer was
about 20000 by GPC measurement using polystyrene as a standard.

Example 2 Synthesis of poly (p-tert-butoxycarbonyloxystyrene/p-1-
ethoxyethoxystyrene/cyclohexyl acrylate)
(1) To 50 g (0.284 mole) of p-tert-butoxystyrene and 43.8 g (0.284 mole) of



formtogether a ring, respectively; R6 is a hydrogen atomor a cyano group;

R is a group of -COOR8 in which R8 is a straight chai ned, branched or

cyclic alkyl group having 1 to 6 carbon atons or a bridged clicyclic
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After cooling, the reaction solution was poured into 3000 m! of ion exchanged water to
precipitate out.  Crystal was recovered by filtration, washed with water and ‘dried
under reduced pressure to give 65.4 g of poly (p-hydroxystyrene/cyclohexyl acrylate) as
white powdery crystal. A ratio of p-hydroxystyrene unit to cyclohexyl acrylate
unit of the obtained polymer was found about 50:50 by 'HNMR measurement.

(3) In 150 ml of l4-dioxane were dissolved 20 g of poly (p-
hydroxystyrene/cyclohexyl acrylate) obtained in the above (2) and 3.5 g of ethyl vinyl
ether and a catalytic amount of pyridinium p-toluenesulfonate was further added thereto,
followed by conducting a reaction at room temperature for 24 hours with agitation.
After the reaction, the reaction solution was poured into 2000 ml of ion-exchanged
water to precipitate out.  Crystal was recovered by filtration, washed with water and
dried under reduced pressure to give 22.7 g of poly (p-hydroxystyrene/p-1-
ethoxyethoxystyrene/cyclohexyl acrylate) as white powdery crystal. A ratio of p-1-
ethoxyethoxystyrene unit, p-hydroxystyrene unit and cyclohexyl acrylate unit of the
obtained polymer was found about 30:20:50 by 'HNMR measurement, and a weight
average-molecular weight of the polymer was about 20000 by GPC measurement using
polystyrene as a standard.

(4) In 100 ml of ethyl acetate was dissolved 20 g of poly (p-hydroxystyrene/p-
1-ethoxyethoxystyrene/cyclohexyl acrylate) obtained in the above (3), and 6.5 g of di-
tert-butyl dicarbonate and 4.8 g of anhydrous potassium carbonate were added thereto,
followed by conducting a reaction at room temperature for 6 hours with agitation.
After reaction, the reaction solution was poured into 1000 ml of jon exchanged water to
precipitate out.  Crystal was recovered by filtration, washed with water and dried
under reduced pressure to give 19.2 g of poly (p-tert-butoxycarbonyloxystyrene/p-1-
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I'N'N butoxystyrene/isobornyl acrylate) as white powdery crystal. A weight-average
molecular weight was found about 56000 by GPC measurement using polystyrene as a
standard.

(2) In 1,4-dioxane was dissolved 80 g of poly (p-tert-butoxystyrene/isobornyl
acrylate) obtained in the above (1) and 80 ml of concentrated hydrochloric acid was
added thereto, followed by conducting a reaction at 70C for 3 hours with agitation.
After cooling, the reaction solution was poured into 3000 ml of ion-exchanged water to
precipitate out.  Crystal was recovered by filtration, washed with water and dried
under reduced pressure to give 52.3 g of poly (p-hydroxystyrene/isobornyl acrylate) as
white powdery crystal. A ratio p-hydroxystyrene unit to isobornyl acrylate unit in the
obtained polymer was found about 70:30 by 'HNMR measurement.

(3) In 150 ml of l4-dioxane were dissolved 15 g of poly (p-
hydroxystyrene/isobornyl acrylate) obtained in the above (2) and 6 g of ethyl vinyl ether
and 3.2 g of 3,4-dihydro-2H-pyrane and a catalytic amount of pyridinium p-
toluenesulfonate was further added thereto, followed by conducting a reaction at room
temperature for 24 hours with agitation.  After the reaction, the reaction solution was
poured into 2000 ml of jon-exchanged water to precipitate out. Crystal was
recovered by filtration, washed with water and dried under reduced pressure to give
14.7 g of poly (p-tetrahydropyranyloxystyrene/p-1-mcthoxyethoxystyrenc/isobomyl
acrylate) as white powdery crystal. A ratio of p-tetrahydropyranyloxystyrene unit, p-
1-methoxyethoxystyrene unit and isobornyl acrylate unit of the obtained polymer was
found about 20:50:30 by 'HNMR measurement, and a weight-average molecular weight
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Example | Poly [p-tert-butoxycarbonyloxystyrene/p-(1-cthoxyethoxy)

6 styrene/methyl methacrylate] (40:50:10) 45¢
Bis (cyclohexylsulfonyl) diazomethane 03g
Fluorine-containing nonionic surfactant (commercially
available one) 0.003 g
Tetrabutyl ammonium hydroxide 003g
Propylene glycol monomethyl ether acetate 27g

Example | Poly [p-tetrahydropyranyloxystyrene/p-(1-ethoxyethoxy)

7 styrene/p-hydroxystyrene] (35:60:5) 45g
Bis (cyclohexylsulfonyl) diazomethane 03g
Triphenylsulfonium/perfluorooctanesulfonate 015¢g
Fluorine-containing nonionic surfactant (commercially
available one) 0.003 g
Tetramethyl ammonium hydroxide 005g
Propylene glycol monomethyl ether acetate 27¢g

Example | Poly [p-tert-butoxystyrene/p-(1-ethoxyethoxy) styrene/

8 isobornyl acrylate/p-hydroxystyrene] (10:50:35:5) 45¢g
Bis (cyclohexylsulfonyl) diazomethane 03g
Trimethylsulfonium/trifluoromethanesulfonate 015¢g
Fluorine-containing nonionic surfactant (commercially
available one) 0.003 g
Dicyclohexylmethylamine 0.06¢g
Propylene glycol monomethyl ether acetate 27g

Table 2

Example Exposure dose | Resolution Shape

m)/cm? umL&S
6 38 0.11 Good
7 44 0.12 Good
8 42 0.12 Good

Cmparative example |
Using poly (p-tert-butoxycarbonyloxystyrene) in place of the polymer in
Example 1, the following resist composition was preparerd and a pattern formation was
conducted after the same manner as Example 1.
Poly (p-tert-butoxycarbonyloxystyrene)
Bis (cyclohexylsulfonyl) diazomethane
Bis (p-tolucnesulfonyl) diazomethane
Fluorine-containing nonionic surfactant (commercially

available one)

Tri-n-propylamine
Proplylene glycol monomethyl ether acetate

45¢g
03g
015g

0.005¢g
005¢g
27g
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As aresult, 0.18 ££m L & S was resolved but fine pattern lower than it was
not resolved because of deficient contrast as illustrated in Figure 2.

Example 9
The following resist composition was prepared.
Poly [p-tert-butoxycarbonyloxystyrene/p-(1-ethoxyethoxy)styrene/

Isobomyl acrylate] (20:30:50) 22¢g
Diphenyl-p-trylsulfonium/perfluorooctanesulfonate O011g
Fluorine-containing nonionic surfactant (commercially

available one) 0002g
Tri-n-butylamine 001g
Propylene glycol monomethyl ether acetate S3g

The above ingredients were blended with one another and filtered through 0.2
L m pore size filter to give a resist composition. ~ Using this composition, a pattern
formation was conducted by the following process.

A resist wherein novolac resin was used as the main resin component was spin-
coated on a silicone wafer, followed by hard-baking at 200°C for 120 seconds on a hot
plate to give a resist membrane of 0.54m.  Then, the above composition was spin-
coated on a silicone wafer to form a layer of 0.1 & m, followed by baking at 90°C for 90
seconds on a hot plate to give a resist membrane of 0.6 £ m thick.  ArF excimer laser
of 193.0 nm (NA=0.60) was sclectively exposed thereon through a mask, followed by
post-baking at 105C for 90 seconds on a hot plate.  The resultant was finally
allowed to contact with HMDS (hexamethyldisilazane) vapor for 3 minutes to silylate
the exposed areas, and then dry development was conducted by etching using parallel
flat plate type RIE.  The above process gave a rectangular and perpendicular pattern
of 0.104m L & S as illustrated in Figure 3.  Exposure dose was 13 mJ/cm>

Examples 10 to 12

Resist compositions of Table 3 were prepared and a pattern formation was
conducted by the same manner as Example 9.
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Example | Poly [p-ten-butoxycarbonyloxystyrcnc/p-(1-cthoxycthoxy)

11 styrene/methyl methacrylate] (35:35:30) 22g
Diphenyl-p-trisulfonium/perfluorooctanesulfonate 005¢g
Triphenylsulfonium/perfluoromethanesulfonate 006 g
Fluorine-containing nonionic surfactant (commercially
Available one) 0.002 g
Triethylamine 003g
Propylene glycol monomethyl ether acetate 53g

Example | Poly [p-tetrahydropyranyloxystyrene/p-(1-ethoxyethoxy)
12 styrene/isobornyl acrylate/p-hydroxystyrene) (10:45:40:5) 22g

Triphenylsulfonium/trifluoromethanesulfonate 007g
Trimethylsulfonium/trifluoromethanesulfonate 005g
Fluorine-containing nonionic surfactant (commercially
Available one) 0.002 g
Dicyclohexylmethylamine 0.06 g
Propylene glycol monomethyl ether acetate © S3g
Poly [p-(1-ethoxyethoxy) styrene/isobornyl acrylate] (50:50) 22g
Example | Triphenylsulfonium/trifluoromethanesulfonate 007g
13 Trimethylsulfonium/trifluoromethanesulfonate 005¢g
Fluorine-containing nonionic surfactant (commercially
Available one) 0.002 g
Dicyclohexylmethylamine 0.06 g
Propylene glycol monomethyl ether acetate S3g
Table 4
Example Exposure dose | Resolution Shape
ml/cm’ umL&S
10 11 0.10 Good
11 13 0.11 Good
12 12 0.12 Good
13 11 0.10 Good

Comparative example 2
Using poly (p-1-cthoxyethoxystyrenc) in place of the polymer in Example 8,
the following resist composition was prepared and a pattern formation was conducted
after the same manner as Example 8.
Poly (p-1-cthoxyethoyxstyrene) 22g
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available one) 0.002 g
Trihexylamine 001g
Propylene glycol monomethyl ether acetate S3¢g

The above ingredients were blended with one another and filtered through 0.2
K m pore size filter to give a resist composition. Using this composition, a pattern
formation was conducted by the following process.

A resist wherein novolac resin was used as the main resin component was spin-
coated on a silicone wafer, followed by hard-baking at 200°C for 120 seconds on a-hot
plate to give a resist membrane of 0.5 & m. Then, the above composition was Spin-
coated on the surface to form a layer of 0.1 £ m, followed by baking at 90°C for 90
seconds on a hot plate to give a resist membrane of 0.6 ftm thick.  Then, the resultant
was selectively exposed using an EB exposure machine, followed by post-baking at
105°C for 90 seconds on a hot plate.  The resultant was finally allowed to contact
with HMDS (hexamethyldisilazane) vapor for 3 minutes to silylate the exposed areas,
and then dry development was conducted by etching using parallel flat plate type RIE.
The above process gave a rectangular and perpendicular pattern of 0.054m L & S as
illustrated in Figure S.  Exposure dose was 8 1 C/cm?,

Examples 15 and 16

Resist compositions of Table 5 were prepared and a pattern formation was
conducted by the same manner as Example 12.
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Comparative example 3

Using poly (p-l-cthoxycthoxystyrcnc/p-hydroxystyrcne) in place of the
polymer in Example 12, the following resist composition was prepared and a pattern
formation was conducted after the same manner as Example 12.

Poly (p-l-cthoxycthoyxstyrenc/p-hydroxystyrenc) (30:70) 22g
Bis (cyclohexylsulfonyl) diazomethane 015¢g
Fluorine-containing nonionic surfactant (commercially

available one) 007¢g
Tri-n-propylamine 0.02g
Proplylene glycol monomethyl ether acetate 53g

As a result, no pattern was resolved because of deficient contrast as illustrated
in Figure 6.

Example 17 and Comparative examples 4 and 5

Using resist compositions in Table 7 prepared in place of the polymer in
Example 4, a pattern formation was conducted.  The result is shownin Table 8. In -
Table 8, the result of Example 4 is also shown.
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wherein R' is a hydrogen atom or a methyl group;

R? and R? are each independently a hydrogen atom or a straight chained or
branched alkyl group having 1 to 6 carbon atoms but not both R? and R? are hydrogen
atoms;

R'is a straight chained, branched or cyclic alkyl group having 1 to 6 carbon
atoms, an aralkyl group or a phenyl group, and R? and R?, R? and R* or R® and R? may
form together a ring, respectively;

R’isa hydrogen atom, a straight chained, branched or cyclic alkyl group having
1 to 6 carbon atoms, a straight chained, branched or cyclic alkoxy group having 1 to 6
carbon atoms, a tert-butoxycarbonyloxy group, a tetrahydropyranyloxy group, an
acetyloxy group or a group of ~OCH,COOC(CH3)s;

Réisa hydrogen atom or a cyano group;

R'isa group of -COOR® in which R® is a straight chained, branched or cyclic

alkyl group having 1 to 6 carbon atoms or a bridged alicyclic hydrocarbon group
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wherein R® is a hydrogen atom, a straight chained, branched or cyclic alkyl
group having 1 to 6 carbon atoms or a straight chained, branched or cyclic alkoxy
group having 1 to 6 carbon atoms; and R® and R’ may form together a group of
-CO-0-CO- or —CO-NR"’—CO-, wherein R! is a hydrogen atom, a straight chained,
branched or cyclic alkyl group having 1 to 6 carbon atoms or a straight chained,
branched or cyclic alkoxy group having 1 to 6 carbon atoms, k and 1 are positive
integers, m and n are each independently 0 or a positive integer, and where
0.1<k/(k-+1+m+n)<0.9, 0<1/(k+I+m+n)<0.9, 0<m/(k-+l+m+n)<0.8, and
0<n/(k+l+m+n)<0.1.

2. A polymer, which is shown by the following general formula [1’]

H H RY

| |
— ")l_("CHz—(;\");‘_(—CHz—C')n— (1]

R Q |

OH

O—T—OR“'

CH;

wherein R is a methyl group or an ethyl group;

R> is a hydrogen atom, a t-butoxy group, a t-butoxycarbonyloxy group or a

tetrahydropyranyloxy group;

RY isa hydrogen atom or a methyl group;
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R” is a methoxycarbonyl group, a cyclohexyloxycarbonyl group or an
isobornyloxycarbonyl group, k is a positive integer, 1, m and n are each independently 0
or a positive integer, but 1 and m are not both 0, and where 0.1<k/(k+l+m+n)<0.9,
0<1/(k+l+m+n)< 0.9, 0<m/(k+l+m+n)< 0.8, and 0<n/(k+l+m+n)< 0.1.

3. A polymer, which is shown by the following general formula [6]

R! R! R
—(—CHz—*CI)—)E——(—CHz——Cl—)i——(—CH —el)a—— (6] '
ko
RZ
o—%—OR4 °
R3

wherein R' is a hydrogen atom or a methyl group;

R? and R® are each independently a hydrogen atom or a straight chained or
branched alkyl group having 1 to 6 carbon atoms, but not both R? and R> are hydrogen
atoms;

R* is a straight chained, branched or cyclic alkyl group having 1 to 6 carbon
atoms, an aralkyl group or a phenyl group, and R? and R>, R? and R* or R® and R* may
form together a ring, respectively;

R’isa hydrogen atom, a straight chained, branched or cyclic alkyl group having
1 to 6 carbon atoms, a straight chains, branched or cyclic alkoxy group having 1 to 6
carbon atoms, a tert-butoxycarbonyloxy group, a tetrahydropyranyloxy group, an
acetyloxy group or a group of ~-OCH,COOC(CH3)s;

Rlisa hydrogen atom or a cyano group;
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R'isa group of -COOR® in which R® is a straight chained, branched or cyclic
alkyl group having 1 to 6 carbon atoms or a bridged alicyclic hydrocarbon group

having 7 to 12 carbon atoms, a Cyano group or a group shown by the following general

formula [8]

9
@R 5]

wherein R® is a hydrogen atom, a straight chained, branched or cyclic alkyl
group having 1 to 6 carbon atoms or a straight chained, branched or cyclic alkoxy
group having 1 to 6 carbon atoms; and R® and R’ may form together a group of
—~C0O-0-CO- or -CO-NR'"-CO-, wherein R'® is a hydrogen atom, a straight chained,
branched or cyclic alkyl group having 1 to 6 carbon atoms or a Astr_aight chained,
branched or cyclic alkoxy group having 1 to 6 carbon atoms, k, I’ and m’ are a positive
integer, and where 0.1<k/(k+’+m’)<0.9, 0<’/(k+I’+m’)< 0.9, 0<m’/(k+1’+m’)<0.8.

4. A polymer, which is shown by the followihg general formula [6°]

R1 1 1
| | | ,
—-CH— ‘)E—(‘CHz""C')l._(‘CHz_ —)B—— [6°]
RZ
o—%—OR4 ° OH
R3

wherein R! is a hydrogen atom or a methyl group;
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R? and R? are each independently a hydrogen atom or a straight chained or
braﬁched alkyl group having 1 to 6 carbon atoms, but not both R? and R® are hydrogen
atoms;

R'isa straight chained, branched or cyclic alkyl group having 1 to 6 carbon
atoms, an aralkyl group or a phenyl group, and R? and R®, R? and R* or R® and R* may
form together a ring, respectively;

R’ is a hydrogen atom, a straight chained, branched or cyclic alkyl group having
1 to 6 carbon atoms, a straight chained, branched or cyclic alkoxy group having 1 to 6
carbon atoms, a tert-butoxycarbonyloxy group, a tetrahydropyranyloxy group, an
acetyloxy group or a group of -OCH,COOC(CHj);; k and I’ is a positive integer, n is 0
or a positive integer, and where 0.1<k/(k+’+n)<0.9, 0<1’/(k+I’+n)<0.9, and
0<n/(k+1’+n)<0.1.

5. A polymer according to claim 4, wherein;

R'isa hydrogen atom; R? is a hydrogen atom; R® is a methyl group; R* is a
methyl group or an ethyl group; and R’ is a hydrogen atom, a t-butoxy group, a t-
butoxycarbonyloxy group or a tetrahydropyranyloxy group.

6. A polymer, which is shown by the general formula [6” ']

| | T
—(_CHZ——C—)k——(—CHz—C—)l———(—CHz——(I}-)m— -
R”

H
.
O——T—OR

CH;

whereinR* isa methyl group or an ethyl group;
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tetrahydropyranyloxy group;

R' isa hydrogen atom or a methyl group;

R” is a methoxycarbonyl group, a cyclohexyloxycarbonyl group or an
isobomyloxycarbonyl group, K is a positive integer, | and m are each independently O or
a positive integer, but 1 and m are not both 0, and where 0.1<k/(k+1+m)<0.9,

0<1/(k+1+m)<0.9, and 0<m/(k+1+m)<0.8.

7. A polymer, which is shown by the following general formula (7]
R! R
| | [7]
—(—CHZ-—C—)k——(—CHz-—C—)I,—
RZ
5
O——(f-—OR4
R3

wherein R! is a hydrogen atom or a methyl group;

R? and R® are each independently a hydrogen atoms or a straight chained or
branched alkyl group having 1 to 6 carbon atoms, but not both R% and R> are hydrogen
atoms;

R'isa straight chained, branched or cyclic alkyl group having 1 to 6 carbon
atoms, an aralkyl group or a phenyl group, and R? and R?, R? and R* or R® and R* may
form together a ring, respectively;

R’isa hydrogen atom, a straight chained, branched or cyclic alkyl group having
1 to 6 carbon atoms, a straight chained, branched or cyclic alkoxy group having 1 to 6

carbon atoms, a tert-butoxycarbonyloxy group, a tetrahydropyranyloxy group, an
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%8{%%3&3&) () - g\BcF l)éenzatom R¥isa hydrogen atom; R? is a methyl group; }{4 isa
methyl group or an ethyl group; and R® is a hydrogen atom, a t-butoxy group, a t-
butoxycarbonyloxy group or a tetrahydropyranyloxy group.

9. A polymer, which is shown by the general formula [17°]

R"
— - CH—0 -CH, ——i-)m—— [17°]
-

H

O—T—OR"

—2I

CH;

wherein R* is a methyl group or an ethyl group;
R' isa hydrogen atom or a methyl group;

R” is a methoxycarbonyl group, a cyclohexyloxycarbonyl group or an
isobornyloxycarbonyl grbup, k and m’ are positive integers, and where
0.2<k/(k+m’)<0.9 and 0.1<m’/(k+m’)<0.8.

10. A polymer for a resist composition, wherein the polymer claimed in any
of the claims 1 to 4, 5 to 7, 9 and 8 is contained therein.

11. A resist composition comprising the polymer claimed in any of the
claims1to4,5t0 7,9 and 8.

12. A resist composition for a process for resolution of silylated surface

comprising the resist composition claimed in the claim 11.
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1 A resist composition comprising;

a polymer shown by the following general formula [1] below;

a compound capable of generating an acid by irradiation with actinic radiation;

and
a solvent capable of dissolving said polymer and said compound,;
R1 R1 1 1
——(—CHZ——C—)I(——(—CHZ-——C—)l—(—CH —C)r——CCH,—C)—  [1]
bW
RZ
o—%—OR4 ? OH
R3

wherein R' is a hydrogen atom or a methyl group;

R? and R® are each independently a hydrogen atom or a straight chained or
branched alkyl group having 1 to 6 carbon atoms, but not both R? and R? are hydrogen
atoms;

R'isa straight chained, branched or cyclic alkyl group having 1 to 6 carb<;n
atoms, an aralkyl group or a phenyl group, and R? and R?, R? and R* or R? and R* may
form together a ring, respectively;

R’isa hydrogen atom, a straight chained, branched or cyclic alkyl group having
1 to 6 carbon atoms, a straight chained, branched or cyclic alkoxy group having 1 to 6
carbon atoms, a tert-butoxycarbonyloxy group, a tetrahydropyranyloxy group, an
acetyloxy group or a group of -OCH,COOC(CH3)s;

Réisa hydrogen atom or a cyano group;
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R'isa group of -COOR?® in which R® is a straight chained, branched or cyclic
alkyl group having 1 to 6 carbon atoms or a bridged alicyclic hydrocarbon group
having 7 to 12 carbon atoms, a cyano group or a group shown by the following general

formula [8]

-

wherein R’ is a hydrogen atom, a straight chained, branched or cyclic alkyl
group having 1 to 6 carbon atoms or a straight chained, branched or cyclic alkoxy
.group having 1 to 6 carbon atoms, and R® and R’ may form together a group of
—-CO-0-CO-or —CO—NR'O-CO—, wherein R' is a hydrogen atom, a straight chained,
branched or cyclic -alkoxy group having 1 to 6 carbon atoms or a straight chained,
branched or cyclic alkoxy group having 1 to 6 carbon atoms, k and 1 are a positive
integer, m and n are each independently 0 or a positive integer, and where
0.1<k/(k+l+m+n)<0.9, 0<1/(k+1+m+n)<0.9, 0<m/(k+1+m+n)<0.8, and
0<n/(k++m+n)<0.1.

14. A resist composition comprising;

a polymer shown by the following general formula [6] below;

a compound capable of generating an acid by irradiation with actinic radiation;
and

a solvent capable of dissolving said polymer and said compound;
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whereinR! is a hydrogen atom or a methyl group;

R? and R are each independently a hydrogen atom or a straight chained or
branched alkyl group having 1 to 6 carbon atoms, but not both R? and R? are hydrogen
atoms;

R* is a straight chéined, branched or cyclic.a]kyl group having 1 to 6 carbon
atoms, an aralkyl group or a phenyl group, and R? and R?, R? and R* or R? and R* may
form together a ring, respectively;

R’is a hydrogen atom, a straight chained, or branched or cyclic alkyl group
having 1 to 6 carbon atoms, a straight chained, branched or cyclic alkoxy group having
1 to 6 carbon atoms, a tert-butoxycarbonyloxy group, a tetrahydropyranyloxy group, an
acetyloxy group or a group of —OCH,COOC(CH3)3;

Rlisa hydrogen atom or a cyano group;

R'isa group of —COOR?® in which R® is a straight chained, branched or cyclic
alkyl group having 1 to 6 carbon atoms or a bridged alicyclic hydrocarbon group

having 7 to 12 carbon atoms, a cyano group or a group shown by the following general

formula [8]
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R9
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wherein R® is a hydrogen atom, a straight chained, branched or cyclic alkyl
group having 1 to 6 carbon atoms or a straight chained, branched or cyclic alkoxy
group having 1 to 6 carbon atoms; and R® and R’ may form together a group of
~C0O-0-CO- or ~CO-NR'-CO, wherein R' is a hydrogen atom, a straight chained,
branched or cyclic alkyl group having 1 to 6 carbon atoms or a straight chained,
branched or cyclic alkoxy group having 1 to 6 carbon atoms, k, I’ and m’ are a positive
integer, and where 0.1<k/(k+’+m”)<0.9, 0<1’/(k+]’+m”)<0.9, and
0<m’/(k+1’+m’)<0.8.

15.  Aresist composition comprising;

a polymer shown by the following general formula [6’] below;

a compound capable of generating an acid by irradiation with actinic radiation;
and

a solvent capable of dissolving said polymer and said compound;

R1 1 1
—(—CHZ-——CI—)k—(—CHz——C—)r——(—CHz—Cﬁ—— 1
R2
0 |——0R4 R® OH
L

wherein R! is a hydrogen atom or a methyl group;
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R? and R® are each independently a hydrogen atom or a straight chained or
branched alkyl group having 1 to 6 carbon atoms, but not both R* and R? are hydrogen
atoms;

R* is a straight chained, branched or cyclic alkyl group having 1 to 6 carbon
atoms, an aralkyl group or a phenyl group, and R? and R, R® and R* or R® and R* may
form together a ring, respectively;

R’isa hydrogen atom, a straight chained, branched or cyclic alkyl group having
1 to 6 carbon atoms, a straight chained, branched or cyclic alkoxy group having 1 to 6
carbon atoms, a tert-butoxycarbonyloxy group, a tetrahydropyranyloxy group, an
acetyloxy group or a group of ~OCH,COOC(CH3)3; k and 1’ is a positive integer, n is 0
or a positive integer, and where 0.1<k/(k+I’+n)<0.9, 0<I’/(k+1’+n)<0.9, and
0<n/(k+1’+n)<0.1.

16. A resist composition comprising ;

a polymer shown by the following general formula [7] below;

a compound capable of generating an acid by irradiation with actinic radiation;

and

a solvent capable of dissolving said polymer and said compound;

R1 R1
—(—CHz—(lz—)k—(—CHZ—clz—)l—,— [7]
R2
O—-—%———OR“ )
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atoms;

R* is a straight chained, branched or cyclic alkyl group having 1 to 6 carbon
atoms, an aralkyl group or a phenyl group, and R* and R?, R? and R* or R® and R* may
form together a ring, respectively;

R’isa hydrogen atom, a straight chained, branched or cyclic alkyl group having
1 to 6 carbon atoms, a straight chained, branched or cyclic alkoxy group having 1 to 6
carbon atoms, a tert-butoxycarbonyloxy group, a tetrahydropyranyloxy group, an
acetyloxy group or a group of ~-OCH,COOC(CH3);; k and I’ are a positive integer, and
where 0.1<k/(k+1")<0.9.

17. A resist composition comprising;

a polymer shown by the following general formula [17] below;

| a compound capable of generating an acid by irradiation with actinic radiation;
and

a solvent capable of dissolving said polymer and said compound,;
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atoms;

R'is a straight chained, branched or cyclic alkyl group having 1 to 6 carbon
atoms, an aralkyl group or a phenyl group, and R? and R, R? and R* or R? and R* may
form together a ring, respectively;

Risa hydrogen atom or a cyano group;

R'isa group of -COOR® in which R® is a straight chained, branched or cyclic
alkyl group having 1 to 6 carbon atoms or a bridged clicyclic hydrocarbon group

having 7 to 12 carbon atoms, a cyano group or a group shown by the following general

formula [8]

@Rg (8]

wherein R’ is a hydrogen atom, a straight chained, branched or cyclic alkyl
group having 1 to 6 carbon atoms or a straight chained, branched or cyclic alkoxy
group having 1 to 6 carbon atoms; and R® and R’ may form together a group of
—CO-0-CO- or -CO-NR'""-CO-, wherein R" is a hydrogen atom, a straight chained,
branched or cyclic alkyl group having 1 to 6 carbon atoms or a straight chained,
branched or cyclic alkoxy group having 1 to 6 carbon atoms, k and m are a positive
integer, and where 0.2<k/(k+m’)<0.9, and 0. 1<m’/(k+m’)<0.8.

18. A resist composition for a process for resolution of silylated surface
comprising the resist composition claimed in any of the claims 13 to 17.

19. A polymer, which is shown by the following general formula [1]
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wherein R! is a hydrogen atom or a methyl group;

R? and R® are each independently a hydrogen atom or a straight chained or
branched alkyl group having 1 to 6 carbon atoms, but not both R? and R® are hydrogen
atoms;

R* is a straight chained, branched or cyclic alkyl group having 1 to 6 carbon
atoms, an aralkyl group or a phenyl group, and R? and R®, R? and R* or R® and R* may
form together a ring, respectively;

R’isa hydrogen atom, a straight chained, branched or cyclic alkyl group having
1 to 6 carbon atoms, a straight chained, branched or cyclic alkoxy group having 1 to 6
carbon atoms, a tert-butoxycarbonyloxy group, a tetrahydropyranyloxy group, an
acetyloxy group or a group of —0OCH,COOC(CH3);3;

Rlisa hydrogen atom or a cyano group;

R’ isa group of —COOR® in which R® is a straight chained, branched or cyclic
alkyl group having 1 to 6 carbon atoms or a bridged alicyclic hydrocarbon grdup

having 7 to 12 carbon atoms, a cyano group or a group shown by the following general

formula [8]
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20. A polymer for a resist composition, wherein the polymer claimed in the
claim 19 is contained therein.
21.  Aresist composition comprising the polymer claimed in the claim 19.
22. A resist composition for a process for a resolution of silylated surface
comprising the resist composition claimed in the claim 21.
23. A resist composition comprising the polymer of claim 1 or 19, and
further comprising:
a compound capable of generating an acid by irradiation with actinic irradiation;

and a solvent capable of dissolving said polymer and said compound.




