-1 - ONNUM SALT COVPOUND, POLYMER COVPOUND COVPRI SI NG THE SALT COVIPOUND,
CHEM CALLY AMPLI FI ED RESI ST COVPCOSI TI ON COVPRI SI NG THE POLYMER COVPOUND
AND METHOD FOR PATTERNI NG USI NG THE COWVPOSI TI ON 5 BACKGROUND OF THE

I NVENTION 1. Field of the Invention The present invention relates to
a pol ymer conpound having inproved |ine edge roughness, resolution, 10
adhesi veness to a substrate, thermal stability and the like as a result of
i nducing uniformdistribution of acid, and a chemcally anplified resi st
conposi tion conprising the polyner conpound. Mre particularly, the
invention relates to a novel polynmer conpound which can be used in the 15

productioncpiva sest stousehih, f B lSE ORsPSEHSH %Mﬁéf@xﬂ@ﬁh&’é’%}{ﬁd' ations

far-ultraviol et radiation such as KrF exciner |aser exci ner | aser,

X-radi at icom puniD, as HEETChAT Ot o praditat eRsTeh ebapeed TRafkt t@h%%g%@“ on
such as el ectron beam and a resist conposition conprisingt pol ymer

conpound. ‘RHEDRSEYHpk i coMBOUNDE Reb atethdw tror paResently, upsid e
sem conductor industry is undergoing a transition to technol ogi es involving

line widths of 50 nanoneters or |@a$rOogEMBIN and nore advanced |ithographic
25 tﬁfhnologies are anticipated to energe. Al though the
BACKGROUND CF THE INVENTION
1. Field of the Invention
The present invention relatés to a polymer compound
having improved 1ine edge roughness, resclution,

10 adhesiveness to a substrate, thermal stability and the like
as a result of inducing uniform distribution of acid, and a
chemically amplified resist composition comprising the
polymer compound. More particularly, the invention relates
to a novel polymer compound which can be used in the

15  production of a resist useful for microprocessing using
various radiations far-ultraviolet radiation such as KrF
excimer laser or ArF excimer laser, X-radiation such as
synchrotron radiation, or charged particle radiation such as
electron beam, and a resist composition comprising the

20  polymer compound.

2. Description of the Related Art

Recently, as the semiconductor industry is undergeing a
transition to technologies involving line widths of 50
nanometers or less, newer and more advanced lithographic

25 technologies are anticipated to emerge. Although the



- 2 - technology of extrene ultraviolet (EW) |ithography may serve as one
of those inportant technol ogies capable of patterning in such extrene
ranges of line width, the technology of realizing a pattern with a line

wi dth of 32 5 nanometers or |ess nust be a very el aborating operation. The
193-nm |i t hogr aphi ¢ technol ogy can be said to be an inportant means for
realizing the technologies involving line widths around 32 nmin the
future, and such technol ogi es can be made possible if the nunerical
aperture 10(NA) is increased. According to Rayleigh's Equation, when the
refractive index of an imersion fluid or imersion resist is increased,

the numeekeahoapgyt Yke-Ganche LNCEERsEH-aS (ShoyN ipy L faiﬁ\?f}%?” bel ow, and

at the sane tinme, the resolution can al so be | ncreased. ease in the

15 refraetirve hpdexemay 8hsebihpgraboul @i hHCsease &5%%*%% . R ~
(K1.2)/(NA), NA = nsin O wherein R = resolution, X = wavel ength, NA = _
nuneri cabaaperhing, in sucefsacténe radexs andiOhs dhngidentnangle. There is
an on-goi ng denmand for new resist materials 20 for the purpose of _

i nproveneatsnphoyheofir opelt i Sy stChaasereselth i o isensiddyidy zsefractive
i ndex and |ine edge roughness. The refractive index of the currently used

resi st s nanpmegenerat absstmils65e butvéhe ¢pisact t Mey i Astexthas, been
increased to 1.75 or higher by introducing elenments 25 such as sulfur to

pol yner sThant? et stitkeepnoployt esechnology can be said to be an

important means for realizing the technologies involving
line widths arcund 32 nm in the future, and such
technologies can be made possible if the numerical aperture
10 (NA} is increased. According to Rayleigh's Eguation, when
the refractive index of an immersion fluid or immersion
resist is increased, the numerical aperture can be increased
as shown in the equation below, and at the same time, the
resolution can also be increased. An increase in the
15 refractive index may also bring about an increase in the DOF.
R = (KLl-A}/(NA), NA = nsin 0
wherein R = resolution, A = wavelength, NA = numerical
aperture, n = refractive index, and 6 = incident angle.
There is an on-going demand for new resist materials
20 for the purpose of improvements in the properties such as
resclution, sensitivity, refractive index and line edge
roughness. The refractive index of the currently used
resists is in general about 1.65, but the refractive index
has been increased to 1.75 or higher by introducing elements

25 such as sulfur to polymers, and resist technologies



- 3 - exhibiting faster sensitivity have been reported. However, these
results are sonmewhat not very satisfactory in the realization of

sem conductor integrated circuits requiring further mcronization, and in
sone cases, there also occurs 5 a problem of the photospeed being sl ow

In the case of a polynmer used as the main raw material of resist, the

pol ymer shoul d have |ight absorption at the mninmum/|evel at the exposure
wavel ength. In addition to the resist for EUV, the chemcally anplified
resi sts which 10 have been conventianal ly used for ArF exciner laser are in
nost cases formed fromacrylic polyners as the main material, but the

acrylic @QBYBEE§n@af§S@eQi§@Q¥?@$@ﬂ@yt@§$et%@%ﬁe§%§5 $, 1 5“&%%4asna etch
sen

is low due to large quantities of oxygen atons pr in the pol'yner. It
is 15 di sadyantageous Pesauseiiat heo@t@@rr%éﬁ@fb?&ééy'i%t@e t hi ckness
of the resist pattern should be increased %o conpl ement” for the | ow
resi st ancezl angt asnthe sdhcknesscodr the- d€EA dSrdoreased, i
probability for the pattern to stand safely on the substrate w t hout
col | apsi figr bleeonmesc 20h owerion, and niorseie te Qver come:sugh Jisadyant ages,
resins containing many alicyclic olefin groups have been devel oped as the
pol yiver & cbbebleedof ntltdheohesi stsed dreibad €xoier | aser. For exanple, a
(meth)acryl ate polynmer containing an 25 i sobornyl group or an adamant anyl
group, an ol & rihsolaaser of 24 polpueel ysednpesedeofradanneahonaene ideri vati ve,
a mal ei ¢ anhydride-cycl ool efin polynmer, and the |ike may be nentioned.
The (net®) act$A e Por virrerymry e s id i lsidity ate ol iymeratcamteai ni ng an
alicyclic, functional_ group, which was 5 published in SPIE 2724: 334 (1996),
whi | e t HE- it clea‘fﬁ?ycﬁﬁ deie yeirsoiuefa waptst harert hray Toe seldgriplarf ited by t he
pol ymer published in SPIE 2724:355 (1996). The case of the (neth)acrylate
1%5 TES§ iélj?ﬁ Etbsorits giemdie Nas sardiifdddaneage tef Wiidwibng poor

pol ymer
etchresista %ggcoqu;%l.to %%_aronﬁikg compounds. The maleic
anhy8ri &' =S4t & entionally use or ArYF excimer laser are in

most cases formed from acrylic polymers as the main material,
but the acrylic polymers have a disadvantage that the
resistance to dry plasma etch is low due to large quantities
of oxygen atoms present in the polymer. It is

15 disadvantageous because if the etch resistance is low, the
thickness of the resist pattern should be increased to
complement for the low resistance, and as the thickness of
the pattern is increased, the probability for the pattern to
stand safely on the substrate without collapsing becomes

20  lower.

In order to overcome such disadvantages, resins
containing many alicyclic olefin groups have been developed
as the polymer to be used in the resists for ArF excimer
laser. For example, a (meth)acrylate polymer containing an

25 isobornyl group or an adamantanyl group, an olefin polymer



pol ymer has excellent etch resistance conpared to (neth)acrylate polyners,
but has a di sadvantage that the polynmer absorbs too nuch light in the ArF
excimer | aser region so that the perpendicularity of the pattern is 15
deteriorated. Furthernore, naleic anhydride nononers have a di sadvant age
that the nononers undergo hydrolysis reaction due to the noisture in the
at nosphere, and thus have poor storage stability when prepared into a
resi st and put under storage. On the other hand, polynerization of pure

ol efin 20 derivatives have di sadvantages_that netallic catalysts should be
used, and that the polynerized resins are so hard that the resins do not

show excgl,l-ent, prAPSSLiLesras ﬁgfiéfngﬁégéégig%tive,t% maleld order to

suppl ement these di sadvant ages descri ove, e recent trend is

focused eanyheiusecpb18BI&rin Boryadyansed tAENE gL (rn%‘;t hL.aglyl:qt e . q

copolynmers in the resist conpositions. In these polyners, alicyclic ol efins

having nore ceidomations:aF exdNtdaduced rif)f o.d he. min chai n,,5qas to

further enhance the etch resistance conpared to the 5 polyners using

(et h) acpylimedecbnahinesg ofnt el €RE1 Yo t £0ss 1 @Rl agi sk abi £-xmoj et i es do
not all vaporize during soft baking, but remain in an oily state 1n the
resi st fphiniasdetend spIfazititzaze thesd) owief 14 henacish generated by a
phot oaci d generator during exposure, to thereby inprove the 10 patterning
proper t | @shy@&xanptescbbo sathn copoyyaersay ned useethbse: slesey ithed in Kor ean
Unexam ned Patent Application Nos. 10-2006-7002354 and 10-2004- 0080060,
JapanesePUhERaii pielel Palvent ippt ik ad Toh: Fubl i t3@6on Nohe 2002 293840; and t he
i ke. 15SUMVARY OF THE | NVENTI ON It is an object of the present

i nvent i offf¢ BN o0y Het @ rhbrieal tas abpts f1eeht eshstrronposititomashicch i s
responsiye to KrF exciner |laser, ArF exciner laser, X-ray or the like. In
provi di Ny SUCHRRF3E%it RUMIUEiRIDN, et Heree s s taprobt@mat:d Hat  vari ous

rquired Pro erties nmust be satisfied in
0 TTaromatic compounds. The maleic anhydride-cyclcolefin

polymer has excellent etch resistance compared to
(meth)acrylate polymers, but has a disadvantage that the
polymer absorbs too much light in the ArF excimer laser
region so that the perpendicularity of the pattern is

15 deteriorated. Furthermore, maleic anhydride monomers have a
disadvantage that the monomers undergo hydrolysis reaction
due to the moisture in the atmosphere, and thus have poor
storage stability when prepared into a resist and put under
storage. On the other hand, polymerizaticn of pure olefin

20  derivatives have disadvantages that metallic catalysts
should be used, and that the polymerized resins are so hard
that the resins do not show excellent properties as resist
materials.

In order to supplement these disadvantages described

25 above, the recent trend is focused on the use of more



accordance with the functions of sem conductor integrated circuits which
increasingly require finer line widths, and as one of the nobst essenti al
characteristics required by fine patterns including the EUV |ithographic
patterns, there 25 may be nentioned |line edge roughness. Furthernore, among
- 6 - the various factors affecting the line edge roughness, uniform

di spersion of a photoacid generator or various additives in the resist film
may al so be mentioned as the nost essential characteristic. 5In an attenpt
to solve the problens as described aboye, it is an aspect of the present
invention to provide a chemcally anplified resist conposition having

decr easeddlbneadasrgughness ANd-tedyeed.auput ol gas geneLayion, and

havi ng characteristics such as high”sensiti

stabi | ityompbsisianet hernaspest ghitherknventhon 1o provide g, ngyel
or, I C

pol ymer conpound contai ni ng a photoacid genera ) IS used Tn the
resi st coppestckicbbn atoms ardCECArdbAg-tQ an-snbpdi BNt Qﬁaiﬂgs€g ent

invention, 15 there is provided a conmpound represented by t oW ng
formul a ¢&) fufEbemubahdhcR th® &E26h 0&S50tance compared to the
5 polymers using (meth)acrylic derivatives of the early times,
and acid~labile moieties do not all vaporize during soft
baking, but remain in an oily state in the resist film and
tend to facilitate the flow of the acid generated by a
photoacid generator during exposure, to thereby improve the
10 patterning properties. Examples of such copolymers include
those described in Korean Unexamined Patent Application Nos.

10-2006~7002354 and 10-2004-0080060, Japanese Unexamined

Patent Application Publication No. 2002-293840, and the like.

15 SUMMARY OF THE INVENTION
It is an object of the present invention to provide a

chemically amplified resist composition which is responsive
to KrF excimer laser, ArF excimer laser, X-ray or the like.
In providing such a resist composition, there is a problem

20 that various required properties must be satisfied in
accordance with the functions of semiconductor integrated
circuits which increasingly require finer line widths, and
as one of the most essential characteristics required by
fine patterns including the EUV lithographic patterns, there

25 may be menticned line edge roughness. Furthermore, among



A + - wherein Rl represents a hydrogen atom a trifluoronmethyl 20 group, an
al kyl group having 1 to 5 carbon atons, or an al koxy group having 1 to 5
carbon atons; and A represents a - 7 - group represented by the follow ng
formula (2) or formula (3): [Fornula 2] R3- R4 5[Fornula 3] R5- |- R6
wherein R2, R3, R4, R5 and R6 each independently represent a substituted or
unsubstituted al kyl group having 1 to 20 carbon atons, a substituted or
unsubstituted allyl group 10 having 3 to 10 carbon atonms, a substituted or
unsubstituted perfluoroal kyl group havging 1 to 10 carbon atons, a
substituted or unsubstituted benzyl group, or a substituted or

UnSUbSti&%%e@a%ﬁﬁhsgEQ%EOQ@Vg@Qe@tEQgEEhgaEQH%SQ?QQBfoﬁgﬂFégg or nore of

R2, R3 and R4 may be linked to each er to rma saturated or

unsat ur ated rearben speRgieh arsat yhated.9q Qeﬁékaﬁékegxh€595ﬁ8¥c'ic ring.
Accordi ng to anot her enbodi ment of the preSent invention, there is provided

a pol ynerdeonpewrd iGORBEi skBdsa FepRakhbpdatbbt vEepEeasenhed by the fol | owing
formula (5), a
most essential characteristic.
5 In an attempt to sclve the problems as described above,
it is an aspect of the present invention to provide a
chemically amplified resist composition having decreased
line edge roughness and reduced amount of gas generation,
and having characteristics such as high sensitivity and high
10 thermal stability.

It is another aspect of the invention to provide a
novel polymer compound containing a photoacid generator,
which is used in the resist composition.

According to an embodiment of the present invention,

15 there is provided a compound represented by the following

formula (1):

[Formula 1]

Ry

<,

Q

)

Fg%
035:0
A+-0

wnerein R represents a hydrogen atom, a triflucromethyl
20  group, an alkyl group having 1 to 5 carbon atoms, or an

alkory group having 1 to 5 carbon atoms; and A represents a



20 repeating unit represented by the followng fornula (6), and a repeating
unit represented by the followng fornmula (7): [Formula 5] - 8 -- R1 CH2
Cl 0 F20 0= S=0 A+ -O wherein Rl represents a hydrogen atom a
trifluoronethyl group, an al kyl group haying 1 to 5 carbon atons, or an

al koxy group haying 1 to 5 carbon atons; and A represents a 5 group
represented by the followwng formula (2) or formula (3): [Formula 2] R3 -S
R4 [Formul a 3]

_";i'._
group represented by the following formula (2) or formula
{(3):

[Formula 2]
Ro
R3S
R4
5 [Formula 3]

Rs—I—Rg
wherein Rz, Rz, R4, Rs and Rg each independently represent a
substituted or unsubstituted alkyl group having 1 to 20
carbon atoms, a substituted or unsubstituted allyl group

10 having 3 to 10 carbon atoms, a substituted or unsubstituted
perfluorcalkyl group having 1 to 10 carbon atoms, a
substituted or unsubstituted benzyl group, or a substituted
or unsubstituted aryl group having 6 to 30 carbon atoms; and
two or meore of Ry, Rz and Ry may be linked to each other to

15 form a saturated or unsaturated carbon ring or a saturated
or unsaturated heterocyclic ring.

According to another embodiment of the present
invention, there is provided a polymer compound comprising a
repeating unit represented by the following formula (5), a

20 repeating unit represented by the following formula (6), and
a repeating unit represented by the following formula (7):

[Formula &]



10R5-1-R6 wherein R2, R3, R4, R5 and R6 each independently represent a
substituted or unsubstituted al kyl group having 1 to 20 carbon atons, a
substituted or unsubstituted allyl group haying 3 to 10 carbon atons, a
substituted or unsubstituted 15 perfluoroal kyl group having 1 to 10 carbon
atons, a substituted or unsubstituted benzyl group, or a substituted or
unsubstituted aryl group haying 6 to 30 carbon atons; and two or nore of
R2, R3 and R4 may be linked to each other to - 9 - forma saturated or
unsaturated carbon ring or a saturatedyor unsaturated heterocyclic ring;
[Formula 6] 1R8 CH2 C)- 5 wherein R7 represents a hydrogen atom an al kyl
group having 1 to 30 caﬁgon atons, or an al kyl group having 1 to 30 carbon
atons which is su tig*ged witth a group selected froman ether group, an
ester group, a tarbonyM group, an acetal group, an epoxy group, a nitrile
group and an al dehyde 10=gfoup; and R8 represents a hydrogen atom a nethyl
group, or a trifluoro hyl group; [Formula 7] X wherein X represents
one selected fromolef, vinyl, 15 styrene, and derivatives thereof. The
pol ynmer conpound accord§ng to an enbodi nent of the

F2C
0=6=0
A+-0

wherein R, represents a hydrogen atom, a trifluocromethyl
group, an alkyl group having 1 to 5 carbon atoms, or an
alkoxy group having 1 to 5 carbon atoms; and A represents a

5 group represented by the following formula (2) or formula
{3):

[Formula 2}
Ro
Rs—S
[
R4
[Formula 3]
10 Rs—1—Rg
wherein Rz, Rz, Ry, Rs and Rg each independently represent a
substituted or unsubstituted alkyl group having 1 to 20
carbon atoms, a substituted or unsubstituted allyl group
having 3 to 10 carbon atoms, a substituted or unsubstituted
15  perfluoroalkyl group having 1 to 10 carbon atoms, a
substituted or unsubstituted benzyl group, or a substituted

or unsubstituted aryl group having 6 te 30 carbon atoms; and

two or more of R, Ry and Rs; may be linked to each other to



present invention preferably conprises three different species of the
repeating unit represented by formula (6). According to another enbodi nent
of the present 20 invention, there is provided a chemcally anplified
resi st conposition conprising the pol yner conmpound according to the - 10 -
i nvention, an acid generator, additives, and a sol vent. According to
anot her enbodi nent of the present invention, there is provided a nethod for
formng a pattern, the nethod conprising: (a) applying the chemcally
anplified 5 resist conposition accordigg_to the invention on a substrate;
(b) heat treating the substrate coated with the chemcally anplified resist

conposi t ir@Ry, anga%n@at@ép8§'Bgs%eﬁraﬁgatagkso§g§9ngiQP gner gy radiation;

and (c) devel oping the outconme fromt a devel oper
soIut|onOrlgxggtg@g@@gngeggpgg§gmggdr@x formula (1) according to t he
present invention is a novel conpound, ?ron1mh|ch pol ymer conpounds usef ul
for chem cal | yregpmhidied resi st conpositions that are responsive to
far-ultraviolet radiation, which is represented by KrF exciner |aser or ArF
15 exciner |aserf, can b@ﬁgro uced. The chem cally anplified resist
conposition is Ie de on the substrate, and has excel |l ent
adhesi veness, 2nt, trangparency in the subject wavel ength region, and
excel | ent dry e ch resi ﬁb , and a resist pattern excellent in
sensitivity, resolut|06 and devel opability can be formed fromthe resist
conposi tion.

Ry

5 wherein Ry represents a hydrogen atom, an alkyl group having

1 to 30 carbon atoms, or an alkyl group having 1 to 30
carbon atoms which is substituted with a group selected from
an ether group, an ester group, a carbonyl group, an acetal
group, an epoxXy group, a nitrile group and an aldehyde

10 group; and Ry represents a hydrogen atom, a methyl group, or
a trifluoromethyl group;

[Formula 7]

-

wherein X represents one selected from olefin, vinyl,
15 styrene, and derivatives thereof.

The polymer compound according to an embodiment of the
present invention preferably comprises three different
species of the repeating unit represented by formula (6).

According to another embodiment of the present

20  invention, there is provided a chemically amplified resist

composition comprising the polymer compound according to the



BRI EF DESCRI PTI ON OF THE DRAW NGS FIG 1 shows the 111-NWMR spectrum
of a conpound according to an enbodi nent of the present invention; 25FIG 2
shows the ' H NVR spectrum of a compound according - 11 - to another

enbodi nent of the present invention; FIG 3 shows the 114-NWR spectrum of a
conpound according to still another enbodi ment of the present invention;
FIG 4 shows the 1H NWVR spectrum of a conpound according 5 to anot her

enbodi ment of the present invention; FIG 5 shows the 114-NWR
spectrum of a conpound according to _angfher enbodi nent of the present

i nvention; FIG 6 shows the 1H NMR spectrum of a conpound according

to anot her, erhadrent, AbibhgepResent | QuaLhons 10RLG, Zoshoyp the 1HRMR

spectrum of a compound according to anot rbodr e e present

i nvention; Accorfl & @oSQQM§héPeeﬂ$tﬁ%ﬁg§@e§frﬁﬂgcgré%§ﬁwpound accor di ng

to another enbodi ment “of the present 1nvention; FIG 9 shows
the 1H NVRvspeebryM 0k ra Q@”E?Bﬂ@d@@cﬁrﬁbﬂgoé5f89 apehhek §”BQQ£@Pﬁt of the

present invention; 10 shows the anal ytical data of gel
per meat i QheChreﬁmathgbaphy spagtonaedabp)l feAgUE Bet BBaREEC UL aEmpel ght g Of
5 resist composition according to the invention on a
substrate; (b) heat treating the substrate coated with the
chemically amplified resist composition, and then exposing
the substrate with high energy radiation; and (c) developing
the outcome from the step (b) using a developer solution.
10 The compound represented by formula (1) according to
the present invention is a novel compound, from which
polymer compounds useful for chemically amplified resist
compositions that are responsive to far-ultravioclet
radiation, which is represented by KrF excimer laser or ArF
15  excimer laser, can be produced. The chemically amplified
resist composition is less dependent on the substrate, and
has excellent adhesiveness, excellent transparency in the
subject wavelength region, and excellent dry etch resistance,

and a resist pattern excellent in sensitivity, resolution

20  and developability can be formed from the resist composition.

BRIEEF DESCRIPTION OF THE DRAWINGS
FIG. 1 shows the 'H-NMR spectrum of a compound according
to an embodiment of the present invention;

25 FIG. 2 shows the 'H-NMR spectrum of a compound according



a conmpound according to anot her enbodi ment of the present invention; 20F G
11 shows the analytical data of gel perneation chronatography perforned to
measure the nol ecul ar wei ght of a conpound accordi ng to anot her enbodi nent
of the present invention; FIG 12 shows the analytical data of gel
perneation 25 chromat ography performed to neasure the nol ecul ar wei ght of

- 12 - a conpound according to anot her enbodi nent of the present invention;
FIG 13 shows the anal ytical data of gel perneation chromatography
performed to neasure the nol ecul ar wei;ght. of 5 a conpound according to
anot her enbodi ment of the present invention; FIG 14 shows the

anal yt | oab dbanel. dgboRehumalbon.Gbr ouBLogr aphy.perfermed to measure the

nol ecul ar weil ght of a conpound accord 0 ano énbodi ment of the

present 10 i nyedli ONshoys tﬁ%(%+iﬁﬂ§ﬁﬁﬁ%tkgﬁ.%%a%ykb buQQtéceEzaﬁ 9%f 4

pernmeati on chromat ography perfornmed to nmeasure the nolfecul ar wei ght

conpoundt+aceeh di nanbenhanokehqeNbAdI BeNtLOf L1 Bg-RE e58PLHE ¥eNtion; and
15FI G 16 shows the analytical data of gel perneation chromatography

performed to peasw esidies Mok e Ccul-ampnei-ght rof @fcgm@bhgd)uﬁ@c@&@b@alh
another enbodi mrent of the present invention. 20DESCRI PTI ON OF THE PREFERRED
EMBODI MENGSznother embodiment of the present invention;
FIG. 5 shows the 'H-NMR spectrum of a compound according
to another embodiment of the present invention;
FIG. 6 shows the 'H-NMR spectrum of a compcund according
to ancther embodiment of the present invention;
10 FIG. 7 shows the 'H-NMR spectrum of a compound according
to another embodiment of the present invention;
FIG. 8 shows the 'H-NMR spectrum of a compound according
to another embodiment of the present invention;
FIG. S shows the 'H-NMR spectrum of a compound according
15  to another embodiment of the present invention;
FIG. 10 shows the analytical data of gel permeation
chromatography performed to measure the molecular weight of
a compound according to another embodiment of the present
invention;
20 | FIG. 11 shows the analytical data of gel permeation
chromatography performed to measure the molecular weight of
a compound according to another embodiment of the present
invention;
FIG. 12 shows the analytical data of gel permeation

25 chromatography performed to measure the molecular weight of



Hereinafter, the present invention will be described in nore detail.
According to an enbodi ment of the present invention, a conpound represented
by the following fornula (1) is 25 provided: - 13 - [Fornula 1] R { CH2
Cll 0 F2R 0=8=0 0/ wherein Rl represents a hydrogen atom a trifluoronethyl
group, an alkyl group having 1 to 5 carbon atons, or an 5 al koxy group
having 1 to 5 carbon atons; and A represents a group represented by the
following formula (2) or fornmula (3): [Forrmula 2] R3- s Rzt 10[ Fornmul a 3]

__12_
a compound accerding to another embodiment of the present
invention;
FIG. 13 shows the analytical data of gel permeation
chromatography performed to measure the molecular weight of
5> a compound accerding to another embodiment of the present
invention;
FIG. 14 shows the analytical data of gel permeation
chromatography performed to measure the molecular weight of
a ceompound according to another embodiment of the present
10 invention;
FIG. 15 shows the analytical data of gel permeation
chromatography performed to measure the molecular weight of
a compound according to another embodiment of the present
invention; and
15 FIG. 16 shows the analytical data of gel permeation
chromatography performed to measure the mclecular weight of
a compound according to another embodiment of the present

invention.

20 DESCRIPTION OF THE PREFERRED EMBODIMENTS
Hereinafter, the present invention will be described in
more detail.
According to an embodiment of the present invention, a
compound represented by the following formula (1) is

25 provided:



R5- i-R6 wherein R2, R3, R4, R5 and R6 each independently represent a
substituted or unsubstituted al kyl group having 1 to 20 carbon atons, a
substituted or unsubstituted allyl group 15 having 3 to 10 carbon atons, a
substituted or unsubstituted perfluoroal kyl group having 1 to 10 carbon
atons, a substituted or unsubstituted benzyl group, or a substituted or
unsubstituted aryl group having 6 to 30 carbon atons; and - 14 - two or
nore of R2, R3 and R4 nay be linked to each other to forma saturated or
unsaturated carbon ring or a saturated-or. unsaturated heterocyclic ring. In
the fornmulas given in the present specification, the 5 term "substituted"
means t hat at[ffgﬁ&lgnf]hydrogen atom may be substituted with a hal ogen
atom a hydroxyl group, a nitro group, a cyano group, an am no group, an
am di no grqup, a hwaqazine group, a hydrazone group, a carboxyl group or a
sal t there%f, % sykfonic|acid group or a salt thereof, a 10 phosphoric acid
group or a séP 2t féreof, |a G -Cl o al kyl group, a 01-010 al kenyl group, a
d-do al kynyl group=CGa 06-020 aryl group, a 07-020 arylal kyl group, a

04- 020 heteroaryl group, or a Cs-Cm heteroaryl al kyl group. The conpound
represented by forhula (1) according to 15 the present invention is a novel
conpound characterized by having a S03-(A ) group at an end of the

nol ecul e. This Jr ound of formula (1) can be used in the synthesis of a
pol ynmer conpoun ich can be used in the chemcally anplified resist
conposition thatcﬁi$F(be described | ater.

A+-0

wherein R; represents a hydrogen atom, a triflucromethyl

group, an alkyl group having 1 to 5 carbon atoms, or an

5 alkoxy group having 1 to 5 carbon atoms; and A represents a
group represented by the following formula (2) or formula
(3):

[Formula 2]

Ro

Rs—S
R4
10 [Formula 3]
Rs—I—Rg
wherein Rz, Rz, Ry, Rs and Rs each independently represent a
substituted or unsubstituted alkyl group having 1 to 20
carbon atoms, a substituted or unsubstituted allyl group
15 having 3 to 10 carbon atoms, a substituted or unsubstituted
perfluoroalkyl group having 1 to 10 carbon atoms, a
substituted or unsubstituted benzyl group, or a substituted

or unsubstituted aryl group having 6 to 30 carbon atoms; and



20The moiety Ain the fornmula (1) may be any one of the follow ng formlas
given as fornula (4): [Fornula 4] - 15 - aBr [Formula 4-i][Fornula
41][Formula 4-k][Formula 4-1] - 16 -

_14_
two or more of Ry, Rz and Ry may be linked to each other to
form a saturated or unsaturated carbon ring or a saturated
or unsaturated heterocyclic ring.
In the formulas given in the present specification, the
5 term "substituted" means that at least one hydrogen atom may
be substituted with a halogen atom, a hydroxyl group, a
nitro group, a cyano group, an amino group, an amidino group,
a hydrazine group, a hydrazone group, a carboxyl group or a
salt thereof, a sulfonic acid group or a salt thereof, a
160 phosphoric acid group or a salt thereof, a C;-Ci alkyl group,
a C-Cyp alkenyl group, a Ci1~Cie alkynyl group, a C¢—Csg aryl
group, a Cy-Cz arylalkyl group, a C¢-Cz heteroaryl group, or
a Cs—Cpp heterocarylalkyl group.
The compound represented by formula (1) according to
15 the present invention is a novel compound characterized by
having a S03 (A"} group at an end of the molecule. This
compound of formula (1) can be used in the synthesis of a
polymer compound which can be used in the chemically
amplified resist composition that will be described later.
20 The moiety A in the formula (1) may be any one of the
following formulas given as formula (4):

[Formula 4]



C H3 [Fornmula 4-q][Formula 4-r][Formul a 4-s] CH3 [Formula 4-c'][Formul a

4-d' ][ Formul a 4- ai According to anot her enbodi ment of the present
invention, there is provided a polynmer conmpound conprising a repeating unit
represented by the following formula (5), a - 17 - repeating unit

represented by the following formula (6), and a repeating unit represented
by the following formula (7). In the polynmer conpound according to the
current enbodi nent of the invention, the repeating unit of formula 5(5),
the repeating unit of formula (6) andqthe repeating unit of fornula (7) may
be randomy bound to forma bl ock copolyner, a random copol yner, a graft

copol yner or e |ike.
o : o3 :

CHs E

[Formula 4-a] [Formula 4-b] IFormula 4-¢] [Formula 4-d]

O
-
s

L

aeey
Y

OCH, o

[Formulz 4-6] [Formula 4-f} fFormuia 4-g] [Formula 4-h]

Sords
2o
Yo

Y0

cl Br

[Formula 4-1] [Formula 4-}] [Formula 4-k] [Formula 4-{]

N

i
S+ HiC—S +

0
Aok

[Formula 4-m} [Formula 4-n] [Formula 4-0] [Formula 4-p)

o2



[Formula 5] RCH2 C )---0 0 F2R 0= S= 0 + (5 10 wherein Rl represents a
hydrogen atom a trifluoronmethyl group, an al kyl group having 1 to 5 carbon
atons, or an al koxy group having 1 to 5 carbon atons; and A represents a
group represented by the following fornmula (2) or formula (3): 15[ Fornul a
2] F1,2 R3-s R4 [Formula 3] R5-1-R6

OO O @r@f@

[Formula 4-q] [Formuia 4-t] [Formula 4-s]
[Formula 4-t] [Formula 4-u] [Formuia 4- v]
+
O~ O OO
[Formula 4-w] [Formula 4-x] [Formula 4-y]
CHa
S H30—©—s +
[Formuia 4-z] [Formula 4-a'] [Formula 4-b")

5 AV
ey oo O

% s\

[Formula 4-¢’] [Formula 4-d'] [Formuia 4-¢’]
According to another embodiment of the present
invention, there is provided a polymer compound comprising a

repeating unit represented by the following formula (5), a



- 18 - wherein R2, R3, R4, R5 and R6 each independently represent a
substituted or unsubstituted al kyl group having 1 to 20 carbon atons, a
substituted or unsubstituted allyl group having 3 to 10 carbon atons, a
substituted or unsubstituted 5 perfluoroal kyl group having 1 to 10 carbon
atons, a substituted or unsubstituted benzyl group, or a substituted or
unsubstituted aryl group having 6 to 30 carbon atons; and two or nore of
R2, R3 and R4 may be linked to each other to forma saturated or
unsaturated carbon ring or a saturated-10 or unsaturated heterocyclic ring;
[Formula 6] ,R8 CH2 C R7 wherein R7 represents a hydrogen atom an al kyl

group haybﬁga%ﬁ@hé’egiﬁ%gg c8LONBq theﬁe%ﬂo@m p@%}{;ﬂ@ o0 30515

carbon ato IS Su group sel rom an et ner

group, ap 9@5@51:95@%1@ E@ﬁ?@é‘é!ﬁt@&%‘? r A0 AGEL Al OPQI%@%O y group, a

nitrile group and an al dehyde group; and RB8 represen en atom a

met hyl group,1Qrerge tgdf d\"ﬂ't@f %Mnc@r%r@lq{d:q{m% 7c]urren]t9 wherein X
represents one selected fromolefin, vinyl, styrene, and derivatives

t her eof . embodimd6€0sdi PPet Qnaeﬂt%@r rede enbodi veRg , wihe Pol yomEr, conmpound
according to an enbodi nent of the present |nvent|on 5 conprises 100 parts
by wei ght5pf the repeating unit 6f formula (6) and the repeating

unit of formula (7) may be randomly bound to form a block

copolymer, a random copolymer, a grafi copolymer or the like.

[Formula 5]

R
+CH2—C’
=0
o

F2C
0=8=0
A+-0

10  wherein Ry represents a hydrogen atom, a triflucromethyl
group, an alkyl group having 1 to 5 carbon atoms, or an
alkoxy group having 1 to 5 carbon atoms; and A represents a
group fepresented by the following formula (2) or formula
{3):

15 [Formula 2]

R2

Rs—S
R4

[Formula 3]

Rs—1~Rs



formula (5), 100 to 700 parts by weight of the repeating unit of formula
(6), and 100 to 300 parts by weight of the repeating unit of fornula (7).
The pol yner conmpound according to the enbodi ments of 10 the present
invention is useful as an ingredient for chemcally anplified resist
conpositions. The reason why properties such as resolution, sensitivity,
refractive index and |ine edge roughness are unsatisfactory in the existing
resi st conpositions, may be that the polymer matrix and the 15 photoacid
generator (PAG are not appropriately gonpatible to each other, and are not
uniformy mscible. Therefore, in the present invention, it was attenpted
to direc -tagh the RAG t0 ol r. n [
polyneri%g¥F%%% ? '&gﬂeféfokié%gi % g%gﬁoﬁgg%ﬁgﬁggg%%g g%&é%ﬁggglﬁy, in the
present | : | i g t d r{cC nd whi ch

al | ows iﬁggggEE??g% %?mgﬁﬁg%%gggggggi%§p%? gfgﬁgt%§%¥%§g%h%$g?gr, and has

faster sepshbbhVht¥mshi ghennstabilblyoraufedyced: appynt ) 0§ gas,generation,
and |l ow | i ne edge ?8ughness, by atta%ﬁi%g the 25 p otoa%¥dggéﬁg$ator in an

ani on fonayt agt Berpok ymek rBagkResss, - a 20ups@ngh: £ 8d PEPOYES 18 £518d4 _
conposition conprising the polymer conpound. The pol ymer conpound accordi ng

to the epbedivenbsirlltfecppeseningnyventi on &srvoROkysRE, coMpound in which
a 5 conponent having an acid-sensitive functional group and an acid

gener at i Aghebirponedt car ensno st pouatednéogel hgroum, one Podywer i nptecul e,
which is, in other words, in the formof attaching a photoacid generator to
t he pol yaoerunFhespotyted soppounduackarviigqgotioothe prasentatsawventarah 10 has
a pol ystyrene-reduced wei ght average nol ecul ar wei ght (hereinafter,
referredtvo as Mwne)ohelsuried aby §el mperipeat i wked hr oned ographyr (1GPO)  of
about 1,000 to about 100,000, and the wei ght average nol ecul ar weight is

pr ef er abf §rabausatioabed ooabousaloroved ¢2opee hiel vl ewpoi ntst WS tofd r educt i on

as a(Photoresist, devel opability, coatability, thermal resistance and the
li ke- or unsaturated heterocyzlic ring;

[Formula €]

Rs

CH,—C
=0
o

\

Ry

wherein R; represents a hydrogen atom, an alkyl group having
1 to 30 carbon atoms, or an alkyl group having 1 to 30

15  carbon atoms which is substituted with a group selected from
an ether group, an ester group, a carbonyl group, an acetal
group, an epoxy group, a niltrile group and an aldehyde
group; and Rg represents a hydrogen atom, a methyl group, or
a trifluoromethyl group;

20 [Formula 7]

-



The nol ecul ar wei ght distribution of the polymer is preferably 1.0 to 5.0,
and nore preferably 1.0 to 3.0. Anong the nost inportant characteristics
for the 20 sem conduct or devi ce processing which increasingly requires
finer line widths, there may be nentioned |ine edge roughness. According to
the present invention, in order to solve the problemof mscibility between
t he photoacid generator, additives and polyners in the existing resist 25
conpositions, a polymer is produced by attaching a S03--(A+) - 21 - group
which is capable of acting as a photoagi d generator, to an end of an acryl
nmononer, and radical polynerizing the acryl nononmer. Since such a pol yner
conpound rdi Rg e t .l 1,0 S ta unt of
photoacigﬁgggéﬁe?af%?rggggg%e%ﬁgos%E%QE%Pyﬁggﬁcﬁg?ﬁ?ﬁtﬁgp%fggibiIity

probl em kayt-Baer eghat 480k vgRt vEaN-Rersgkved even without adding any
phot oaci d generator separately at the tine of preparing a resist, and a

pattern havi ngebbadi hd N efge-d pughnessuaie Jd,ah r:asoliiign can be

realized. Furthernore, 10 the polymer conpound according to the present

i nvent i onospouadexcebkenhgt tanspPac@pey i hent herr e abi o8- uriHge.exposure,
i ncl udi ng i nmersi on exposure, and has excellent basic properties required

froméa resiptissachoaspsensi birvirkyght esol théonepag: paytesn: feFmability. In
particular, the 15 polynmer conpound can be used in a chemcally anplified
resi st cboaposiiti ¢h) hatDdgthi ghoresotuatbpnyedghr oad deptiewéadiocws (DOE ),
and excellent |ine edge roughness. According to a preferred
enbodi nennltt hé AoiretyaAlbs, sehécted foobd§ heafob | owi v dlor nut asheof fornul a
(4): 20[ Formul a 4]
repeating unit of formula (7}.
The polymer compound according to the embodiments of
10 the present invention is useful as an ingredient for
chemically amplified resist compositions. The reason why
properties such as resolution, sensitivity, refractive index
and line edge roughness are unsatisfactory in the existing
resist compositions, may be that the polymer matrix and the
15 photoacid generator (PAG) are not appropriately compatible
to each other, and are not uniformly miscible. Therefore,
in the present invention, it was attempted to directly
attach the PAG to the polymer backbone and carry out
polymerization, in order to solve the problem. More
20  specifically, in the present invention, it was attempted to
produce a polymer compound which alleows introduction of a
large guantity of a photoacid generator, and has faster
sensitivity, higher stability, a reduced amount of gas

generation, and low line edge roughness, by attaching the

25 photoacid generator in an anion form to the polymer backbone,



- 23 - CH3 [Formula 4-qg][Formula 4-r][Formul a 4-s] The pol yner
conpound according to an enbodi nent' of the present invention has a

nmet hacryl ate nononmer containing a sulfoniumsalt, an acryl ate nononer, and
an olefin nononer, - 24 - as the repeating units. Optionally, the polyner
may be synthesized in the presence of vinyl ether. The pol ymer conpound
according to enbodi nents of the present invention is generally insoluble or
sparing sol uble per se in aqueous 5 alkali solutions, but in sone cases,
the polymer may al so be soluble in aqueopus al kali solutions. Furthernore,

t he pol yner conprises the conpound of fornula (5) having an acid-labile

function gLoup, . e .Sl .chai ., . hut .on y i.se a
compound 6 or B (6) “of "3 Conpouna" 1601 FOTNGr & (%) - “wiFenVRrb
repeati ngoWpit:sgnot having the aforementioned functional group. The

solubility may increase or decrease, depending on the type and content of
the nononers Tﬁetgh@lﬂ@élyn@émp&ﬂmge@@&@fdir?% {66 alg, dpiee Ay drogphobi c

groups, the solubility in aqueous alkali sol utions 1 s decreased.
the present invention is a polymer compound in which a
> component having an acid-sensitive functional group and an
acid generating component are incorporated together in one
polymer molecule, which is, in other words, in the form of
attaching a phetoacid generator to the polymer.
The polymer compound according te the present invention
10 has a polystyrene-reduced welght average molecular weight
thereinafter, referred to as "Mw") measured by gel
permeation chromatography (GPC) of about 1,000 to about
100,000, and the weight average molecular weight is
preferably about 1,000 to about 10,000, from the viewpoints
15 of reduction as a photoresist, developability, coatability,
thermal resistance and the like.
The molecular weight distribution of the polymer is
preferably 1.0 to 5.0, and more preferably 1.0 to 3.0.
Among the most important characteristics for the
20 semiconductor device processing which increasingly reguires
finer line widths, there may be mentioned line edge
reughness. According to the present invention, in order to
solve the problem of miscibility between the photoacid
generator, additives and polymers in the existing resist

25 compositions, a polymer is produced by attaching a SO (A")



According to another preferred enbodi nent, the polynmer conpound conpri sing
the repeating unit of formula (5), the repeating unit of forrmula (6) and
the repeating unit of formula (7) according to the present invention,
conprises 20 three different species of the repeating unit of formula (6).
Such a pol ymer conpound is represented in the present specification by the
followng formula (8): [Formula 8] - 25 - R7aR7t)R7c) F2R 0=S=0 A + - 0/
wherein Rl represents a hydrogen atom a trifluoronmethyl group, an al kyl
group having 1 to 5 carbon atons, or @g al koxy group having 1 to 5 carbon
atons; R7a, R7b and R7c each 5 independently represent a hydrogen atom a

i near Ob:BuanchiednabiyLogcoun DRYLEG, L0, 30 CRPON. 7 OB O, & | f near of

branched al kyl group havi to 30 carbon a uted with

an et her +gr g4pend@no@shar .9k 9pmoﬁoﬁgﬁgogﬂ& gégypﬁéa oEéﬁ%?%%%ﬁﬁggb%an epoxy

group, a nitrile 10 group of an al de group; ach

i ndependgntly rnepresent aihydrogen at Qs yAe MetBYboGhQUR-Obr&ing to
trifluoronmethyl group; and A has the sane neaning as defined previously.

More speehti pakkyntt havpatyBRr hgompoyad: & eRr £5604 €doPYpdS: dhei dornul a (8)
according to the present invention nmay be represented %y any one of the
fol | dwi ngecorpoundstobcfiotnubach®) pol e AUtBaBh, the miscibility
problem in the resist solvent can be solved even without
adding any photcoacid generator separately at the time of
preparing a resist, and a pattern having high line edge
roughness and high resclution can be realized. Furthermore,
10 the polymer compound according to the present invention
shows excellent transparency to the radiation during
expesure, including immersion exposure, and has excellent
basic properties required from a resist, such as sensitivity,
resolution and pattern formability. In particular, the
15 polymer compound can be used in a chemically amplified
resist composition having high resolution, a brocad depth of
focus (DOF), and excellent line edge roughness.
According to a preferred embodiment, the moiety A is
selected from the following formulas of formula (4):

20 [Formula 4]



- 28 -

Hereinafter, the method for producing the conpound represented

by formula (1) according to the present invention will be described. The

conmpound of forrmula (1)

is produced by a reaction 5 between conpounds of

the following fornmula (10) and fornmula (11): [Formula 10] R O C [Formul a
11] or 112 A + - 01-C CH2OH

ofo

[Formula 4-a]

2

ast

OCH3

-

[Formuia 4-el

0

{ Vs

-

[Formuia 4-i]

2o

[Formula 4-m]

- 22 -

O

as

Rasde

CH3

[Formula 4-h] [Formula 4-c] {Formula 4-d}

Yo
¥
2o

LA

[Formula 4-f] [Formula 4-gl [Formula 4-h]

Ci Br [
[Formuia 4-j] [Formula 4-k] [Formula 4-1]
0 M
<:>—s+ HaC-S + S+

e

o)

b
S

o” O

[Formula 4-n] [Formula 4-0] {Formula 4-p]



100 wherein R and A have the sanme neanings as defined for the fornmula (1).
Specifically, in the nmethod of such reaction, generally an al cohol of
formula (11) and acryloyl chloride of fornula 15(10) are dissolved in a
reacti on sol vent such as dichl oromet hane, chlorof orm dichl oroethane,
acetonitrile, toluene, benzene or 1, 4-dioxane at a tenperature of 0 to
100C, and then the solution can be nade to react using a basic catalyst
such as triethylam ne, diethylamne, pyridine, 20 diethylisopropyl an ne,
aniline or diisopropylethylamne in_an-anount of 1 nole to 2 nol es based on
t he reactant, the al cohol of formula ? - 29 - In regard to the
nmet hod for producing the al cohol of fornula (11), an ester conpoun such as
one represented by the following fornmula (12) is dissol ved u5|ng

tetrahydrofu Icoh h t ha n

propanol , Ed'bath ‘n'_??%*? @EB s‘?ow{ added
dropmﬁse. V%en the dr opw se addltlon is conplete he mXxture is stirred
in an oil bath at 6000 for about 4 hours, and then the reaction nixture

liquidis quemehmMQmeldistilledgmmMgmqqo renove the {@Qrsghvent. The
reaction nixture liquid fromwhich the solvent has been renoved is

di ssol ved aga |n dlstllled water, and then the solution is acidified
usi ng co Qric a| .' | ue of o+6
obtalned Th. 5y xtur qU|d IS concen dteo gai sub At T

met hanol is added to nake the m xture liquid into a slurry, and slurry
is filtered. The filtrate is washed usi ng hexane, and then conce at ed
agai n. The con€emiuzt-€ i s subj ect edrbghuerystal lization usipgdisgthyl ether,
and then filtered and dried, and thus an al cohol such as the one of

OO Qo Ori-Opeon

[Formula 4-w] [Formula 4-x] [Formula 4-y]

CHa

N ORI S+
o G

[Formula 4-z] [Formula 4-a2’] fFormula 4-b']

5 Seniiiets
+ S+

O |

[Formula 4-¢"] [Formula 4-d'] [Formula 4-¢’]
The polymer compound according to an embodiment of the
present invention has a methacrylate monomer containing a

sulfonium salt, an acrylate monomer, and an olefin monomer,



20fornmula (11) can be produced. [Fornula 12] O F 0 H2 H MOC'" RI' 0O wherein
R1' is selected fromthe group consisting of hydrogen, nethyl,
trifluoronmethyl, trichloronethyl, - 30 - tribrononethyl and triiodonethyl;
and Mrepresents lithium(Li), sodium (Na) or potassium (K). Hereinafter,
the nethod for producing the polynmer conpound conprising the repeating unit
of fornmula (5), the 5 repeating unit of fornmula (6) and the repeating unit
of formula (7) according to the present invention will be descri bed.

The nmet hod of pol ymerizing the pol yner,conpound according to the present
invention may be achieved by a 10 conventional nethod, but according to an
enbodi nent,, di i zati op,.l rr i.cal | ymeri zation
initiato?giEﬁ%oggggﬁggéérgﬁ?égfin??%gogéfighggg% §$f¥é@gﬁﬁﬁﬁﬂg?ator used as

a generakfadbgalcQok ¥MeREZALL 0PN LRI LEALE 1 S s 5 yronitrile
(Al BN), bgnzoyl pgroxide 15 BPC»? | auryl p%%o%?gzﬁ a?@%?s %%géﬁﬁonitrile,

azobi si seyabennni Lekbbeqohgt e6t b N mbYEE Oper Ok dsre Jhier POLYaRY i Zat i on
reaction can be carried out by nethods such as bul k pol yneri zati on,

sol uti onipobiyerkzali 0soSUBPENSt 0N PO YHEEH Z@b1 &Npe PUL K- SHISHENSH 0N
pol ynmeri zati on and enul sion
5 alkali scolutions, but in some cases, the polymer may also be
soluble in agueous alkali solutions. Furthermore, the
polymer comprises the ccmpound of formula (5) having an
acid-labile functional group in the side chain part, but may
opticnally comprise a compound of formula (6) or a compound
10 of formula (7), which are repeating units not having the
aforementioned functional group. The solubility may
increase or decrease, depending on the type and content of
the moncomers in the polymer. In general, as there are more
hydrophebic groups, the solubility in aqueous alkali
15 sclutions is decreased.

According to another preferred embodiment, the polymer
conpound comprising the repeating unit of formula (5), the
repeating unit of formula (6) and the repeating unit of
formula (7) according to the present invention, comprises

20  three different species of the repeating unit of formula (6).
Such a polymer compound is represented in the present

specification by the following formula (8):

[Formula 8]



20 polynerization, and as for the polynerization solvent, one or nore can
be selected from benzene, tol uene, xylene, hal ogenated benzene, diethyl

et her, tetrahydrofuran, 1,2- dichloroethane, esters, ethers, |actones,

ket ones and ami des, and used. The pol ynerization tenperature for the

pol ymer 25 conpound according to the present invention is appropriately -
31 - selected and used according to the type of the catal yst. The nol ecul ar
wei ght distribution of the polyner can be appropriately controlled by
changi ng the anmount of use of the pal yerization initiator and the reaction
time. After 5 the polynerization cones to conpletion, it is preferable to
renove any unreacted nononers_and side products remaining in the reaction
m xture by a precipitdtdgaon neReed usifigs a soRyent. The pol yner conpound
accordin X i fer conprise a repeating unit

havi ng an aci d-1"abi | e \g£gup, ar afing t containing a hydroxyl
group, a lactone ring/group, ./0r ohg%a Aydr oxyl “group and a | actone ring
group. According to ot her @nbodi At of t present 15 invention, there

is provided a cheni calRa anpl Rijped rdjsst copposition conprising the
pol ymer conpound according to the presentgigvention, additives and a

sol vent. The chemcally anplified resist _Qu 0shtion according to the
present invention nmay further conprise an agi'd generator such as 20
tri phenyl sul f oni um nonaf | at e. | nfoifdeY to i nprove the properties of

the chemcally anplified resist conposition, conventionally used additives
may be uwadre$pedi fiepexanples: theteofen nolade aitssioliutdramdtthilbi t or, basic
addi tives, defoanin? agent, surfactant, 25 acid diffusion controlling
agent, a@dResPen2hi d}k@hdorper|hkeing 1 to 5 carbon atoms, or an

alkoxy group having 1 to 5 carbon atoms; Rsa, Ry and Rs. each
5 independently represent a hydrogen atom, & linear or
branched alkyl group having 1 to 30 carben atoms, or a
linear or branched alkyl group having 1 te 30 carbon atoms
which is substituted with an ether group, an ester group, a
carbonyl group, an acetal group, an epoxy group, a nitrile
10 group or an aldehyde group; Rga, Rg, and Rge each
independently represent a hydrogen atom, a methyl group or a
trifluoromethyl group; and A has the same meaning as defined
previously.
More specifically, the polymer compound represented by
15  the formula (8) according to the present invention may be
represented by any one of the following compounds of formula
{(9):

[Formula 9]



- 32 - As the dissolution inhibitor, norbornane-based cyclic-structured
subst ances can be used, and such | ow nol ecul ar wei ght conpound additives
can not only enhance the dry etch resistance by introducing a cyclic
structure into the 5 nol ecul e, but al so can enhance filmremaining
characteristics at non-exposed parts. At the exposed parts, the additives
can accel erate dissolution in alkali devel oper solutions under the action
of acid, and further enhance the contrast at the tinme of devel opnent, to
thereby nore 10 effectively inprove.the perpendicularity of resist pattern
side walls. Exanples of the conpound mhrch i s degraded by acid and

accelera $&h9 | oper sol ution, include
alicyclic g;;?ttrv nct gﬁ p which can be easi |y changed
to a deprot ng grqip by 1 acrd o he Io | ecul ar wei ght conpound
additives provided b ntro are nor bor nane- based conpounds
represented by the for I NF |ch t he doubl e bond in the

nor bor nene- based non h H%en emmb$ =@ hydrogenati on reaction.

Exanpl es @hintulkes-aior bor nane- based 20 | owtpl®cul ar wei ght conpounds i ncl ude
conpounds havi ng the follomrng structures These | ow nol ecul ar wei ght

conpounds an b d |n vrdu oy ,as m xtures of two or nore
speci es. 1su t ecé” r wei ght conpound at the tine
of resi st pYTTctron par |ght and preferably 5 to 40

parts by wei ght, base 1 0 parts>by wei ght of the polyner. If
t he anount of addrtron lular wei ght conpound is |less than 3
ct@ e&pe

parts by weight, the € dwnaﬁha additive are not manifested,
while if thagnamognt of addition is greahewcﬁ than 50 parts by weight, the
adhesi veness to the substrate and coatability tend to greatly decrease. -

h ’@rﬁzrﬁrrwﬁx

[Formula 9-c] +A-0
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[Formula 9-f1



7-0\ o /[-R oo -727y 0 According to to a preferred enbodi nent, the
total content - 35 - parts by weight of the polynmer conmpound according to
the present invention. In regard to the solvent, those conventionally
contained in chemcally anplified resist conpositions can be 5 used, and
specific exanples of the solvent include propylene glycol nononethyl ether
acetate, ethyl lactate, cycl ohexanone, butyl |actate, propylene glycol
nononet hyl ether, and the |like. According to another preferred enbodi nent,
t he content - 27 -

@wﬁw @w@w{wﬁw
DL B

[Formuia 8-g] +A-O

@w@%ﬁwﬁwﬁw
O B

OHOSO

[Formula 8-h] +A-d
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10 of the noiety -(S03)--(A)+ in the polynmer conpound is 0.5 parts by

wei ght to 15 parts by wei ght based on 100 parts by wei ght of the total
solid content of the chemically anplified resist conmposition. If the
content of the noiety -(S03)-(A)+ is less than 0.5 parts by wei ght based on
100 15 parts by weight of the total solid content of the chemcally
anplified resist conposition, there may be a problemthat the anount of
acid generated after exposure is so small that the protective group of the
polymer is not detached, and a patterpgof. desired form cannot be obtai ned.
If the content 20 exceeds 15 parts by melght excessi ve generation of acid

may cause | 0Sgese i her UPPRL ﬁ@%ﬁ§a<%o£*5%&H&gl¢§%tﬁgu£éﬁﬁ§ﬂﬂﬁy cause a

problemin the ratio of remainin ccordi ng to anot her

preferrege?ﬁ@@@hﬁ@ﬂtbyt?8rﬁ9@ée”§ Of-Lbeq oL YRG! ¢ conppunda according to the
present invention 25 in the chenlca ly anplified resist conposition of the

- 36 - inveBhteBni §13% by wekghipes. nore, preferably 5% by weight or nore,
and nore preferably 5% by weight to 10% by wei ght, based on the chemically
anplified resiis¢ canposidion. fdfmihe contientyfaddel po) Wrere Lonpeund
according to the present 5 invention is |ess than 3% by wei ght of the
chemal bytaaphi Ebedotesistf conposblioning heseniby beop prebfemdhat a film

havi ng a desired thickness cannot be obtai ned. Accordi ng to anot her
enbodi netl 10f the present invention, there is provided a nethod for formng
a pattern, 10 the nethod conpri sing: (a) applying the chemcally
anplified resiStrroorpositi on according to the present invention on a
substrat e; (b) heat treating the substrate coated with the 15
chem cally anpliRied resist conposition, and then exposing the substrate

wi th high en radi ati on; and (c) devel oping the outconme fromthe

el oper sol ution. The exposure of the step (b)
can be carried.put using 20 ultraviolet irradiation, X-ray irradiation, or
an el ectron bedm irradiation. According to a preferred enbodi nent, the
wavel engt h of the QEggﬂﬁnergy radiation is in the range of 180 nmto 250
nm 25The dev's 3t tion used in the devel opnent of the

I F2
A+ - O—$—C~CH,0H
10 O

wherein R; and A have the same meanings as defined for the
formula (1),
Specifically, in the method of such reaction, generally
an alcohel of formula (11) and acryloyl chloride of formula
15 {10) are dissolved in a reaction solvent such as
dichloromethane, chloroform, dichlorcethane, acetonitrile,
toluene, benzene or 1,4-dioxane at a temperature of 0 to
100°C, and then the solution can be made to react using a
basic catalyst such as triethylamine, diethylamine, pyridine,
20 diethylisopropylamine, aniline or diisopropylethylamine in
an amount of 1 mole to 2 moles based on the reactant, the

alcohol of formula (11).



- 37 - step (c) can be selected from aqueous sol utions containing sodi um
hydr oxi de, potassi um hydroxi de, sodi um carbonate, sodiumsilicate, sodium
netasilicate, ammonia water, ethylam ne, n-propylamne, triethylamne, 5

t et ramet hyl anmoni um hydr oxi de, tetraethyl ammoni um hydroxi de or the |ike.
Particularly, anong them tetranethylammoni um hydroxide is preferred. If
necessary, additives such as surfactants and water-sol ubl e al cohols may

al so be used. The present invention will be specifically described by 10
way of the follow ng Synthesis Exanpl e ? and Exanpl es. However, the present
invention is not intended to be limted to these Synthesis Exanples and

Exanpl es. Synilkpe%&agéag@l&el Mﬂgfcggfc%lcgpdp ]égg’i# alddC{rLLior%sul foacetic

acid ethyl ester sodiums anol” and 1.2 L

of THF, apgnfd4a9 (of) soghuasl@@wem@bgﬁd(é@@mas 5o SEOW ¥ added dﬁwopw se.

After conpletlng the dropw se addition, the ice bath s renoved,” and the

t enper at une was$12Qighevatadito (69¢, :L@td%s&*ﬂvé@n@@m%ure the mxture was
stirred for about 4 hours. After the reaction he reaction m xture

l'iquid wastgurpaheduwhhhadisthl hedomat et , sandehhen thes sahyemnyms renoved.
The crude reaction m xture was dissolved again in 25 distilled wat er, and
the sol uttbanvasoacpdbbbadlW thd in38n-ice bath, sodium borohydride
(NaBH4) is slowly added dropwise. When the dropwise
addition is completed, the mixture is stirred in an oil bath
at 60°C for about 4 hours, and then the reaction mixture
liguid is quenched with distilled water to remove the
16  solvent. The reaction mixture liguid from which the solvent
has been removed is dissclved again in distilled water, and
then the sclution is acidified using concentrated
hydrochloric acid until a pH value of 5 to 6 is obtained.
The mixture liguid is concentrated again, subsequently
15 methanecl is added to make the mixture liquid inte a slurry,
and the slurry is filtered. The filtrate is washed using
hexane, and then concentrated again. The concentrate is
subjected to crystallization using diethyl ether, and then
filtered and dried, and thus an alcohol such as the one of
20  formula (11) can be produced.
[Formula 12]
M -owﬁm?—“—om'
0]

wherein Ri' is selected from the group consisting of

hydrogen, methyl, trifluoromethyl, trichloromethyl,



concentrated hydrochloric acid to obtain a pH value of 5. The system was
concentrated, and then nethanol was added to forma slurry. This slurry was
filtered to renove inorganic salts, and the filtrate was washed two tines
wi th hexane. 5 The nethanol |ayer was concentrated again, and then was
subjected to crystallization fromdiethyl ether. Wite solids were obtained
by filtration, which were dried in a vacuum and the structure of the
solids was confirmed by 1H NWVR After drying and filtration, 68.5 g (yield
9599 of 10 difl uorohydroxyet hanesul fonjf acid sodiumsalt was obtained.

1H- NMR (chl oroform d3, internal standard: tetranethylsilane): (ppm

4255, 83, A L BoAct o SebemEniLy, 15,0001 DesLs Erompl£.2,50 0 of the

di f | uor ohydr oxyet oni c acl um sa oduced In ynt hesi s

Exanpl e 1:and 34468 (@ )methaceykayl,chkoride were mxed with 500 m of 20
di chl oronet hane, and the m xture was stirred. Subsequently, 3.2 g of

N, Wdi net hyl antpopysEdipe and RO:-RB40f oAl BN 42 21 @7ObLS] tyronitrile;
Wako Pure Chem cal Industries, Ltd.) were added t%ereto at” anbi ent
t enper at ubepolBd Wor@hisind9the repeating unit of formula (5), the
5 repeating unit of formula (6) and the repeating unit of
formula {7) according to the present inventicn will be
described.
The method of polymerizing the polymer compound
according to the present invention may be achieved by a
10 conventional method, but according to an embodiment, radical
polymerization is preferred. The radical pelymerization
initiator is not particularly limited as long as it is an
initiator used as a general radical polymerization initiator,
such as azobisisobutyronitrile (AIBN), benzoyl peroxide
15 (BPO), lauryl peroxide, azobisisocapronitrile,
azobisisovaleronitrile or tert-butyl hydroperoxide. The
polymerization reaction can be carried out by methods such
as bulk polymerization, solution polymerization, suspension
pelymerization, bulk-suspension polymerization and emulsion
20  polymerization, and as for the polymerization solvent, one
or more can be selected from benzene, toluene, xylene,
halogenated benzene, diethyl ether, tetrahydrofuran, 1,2-
dichloroethane, esters, ethers, lactones, ketones and amides,
and used. The polymerization temperature for the polymer

25 compound accerding to the present invention is appropriately



triethylam ne was slowy added dropw se using a dropping funnel at ambient
tenperature. The resulting mxture was stirred for 3 hours at ambient
tenperature, subsequently the progress of the reaction was judged by NVR,
and the reaction 5 was term nated. After conpletion of the reaction, the
reacti on sol vent dichl oronethane was renoved by distillation under reduced
pressure, 300 m of water was added, and then potassi um carbonate was added
to the reaction liquid to obtain a saturated solution. The sol ution was
stirred for 2 10 hours, and then genergted solids were filtered, to thus
obtain 81 g (yield: 86% of 2-nethylacrylic acid-2,2- difluoro-2-sulfoethyl

ester sodigym-sakl shaving 8 desined SEB“%EEr 3 g@o%ﬂe 210t [Iomﬁng
Gct d

reacti on schene 2. The structure o the p was confirne 1H- NVR

(see FI GTh@%le%H‘lHWw@%@ dll@tte Bak %haB‘Ea'&He gfe&%a@?t lg&&hs éane) (ppm)
1.91 (s, 3H), 4.57-4.67 (t, 2H), % eaction

Scheme 209 N@Qigt@E%CH%QHr%QQe&lbyEkﬁgnéln@N%Heggmgunt 3 YEEQ £
NaO- S- CF201- 120M (

the polymerization initiator and the reaction time. After

5 the polymerization comes to completion, it is preferable to
remove any unreacted monomers and side products remaining in
the reaction mixture by a precipitation method using a
solvent.

The polymer compound according to the present invention

10 may further comprise a repeating unit having an acid-labile
group, and a repeating unit containing a hydroxyl group, a
lactone ring group, or both a hydroxyl group and a lactone
ring group.

According to another embodiment of the present

15 invention, there is provided a chemically amplified resist
composition comprising the polymer compound according to the
present invention, additives and a solvent. The chemically
amplified resist composition according to the present
invention may further comprise an acid generator such as

2C  triphenylsulfonium nonaflate.

In order to impreve the properties of the chemically
amplified resist composition, conventionally used additives
may be used. Specific examples thereof include dissolution
inhibitor, basic additives, defoaming agent, surfactant,

25 acid diffusion controlling agent, adhesion aid, and the like.



0O CInc8 Synthesis Exanple 3 31 g of the 2-nethylacrylic _
acid-2, 2-di fluoro-2- sulfoethyl ester sodiumsalt produced in the Synthesis
- 40 - Exanple 2 and 35 g of di phenyl nmet hyl phenyl sul f oni um 2-net hyl acrylic
acid 2,2-difluoro-2-sulfonic acid salt were dissolved in 300 m of

di chl oronet hane and 300 m of water, and a two-|ayer reaction was perforned
while stirring 5 vigorously for 3 hours. After conpleting the .
stirring, the organic |ayer was renoved, and the progress of the reaction
was checked by 19FNMR. Wen the reactiygn _was conpleted, the organic |ayer
was col |l ected, and the sol vent was reaned The organic |layer 10 was washed

di ghl C od a X ich is a poor
Ust 09 i | OFBIEL 080T, -0l o0 2 HROU-SOLNERL 200, DEXE0Ey Ml oh s

reduced @l&@ﬁ@%@eaosggg%ﬂcég g ﬁybffﬁseggy%n@f cﬁﬁfemy'ﬂ&%éu cid-2,2-

di fl uoro-2-sul foet hyl ester d|p eny uor op eny foni um , and the

structur ee@fght;h@oﬂp@qﬁ@t a¥was: conti raRd, by éﬁﬂ¥ fe:;ﬂfé Gy é tch
111-NWR (chlorof orm d3, internal standard: ranet h ane ppn) 1.95

(s, 3H), r2s48thfce3bly, i483d(tindHh, cPebOc(Strd&hurb. ggt&sthéFD 7.43-7.80
(m 14H) 20[ Reaction Schenme 3] - 41 - Synthesis Exanple

> molecule, but also can enhance film remaining

characteristics at non-exposed parts. At the exposed parts,
the additives can accelerate dissolution in alkali developer
solutions under the action of acid, and further enhance the
contrast at the time of development, to thereby more

10 effectively improve the perpendicularity of resist pattern
side walls. Examples of the compound which is degraded by
acid and accelerates the rate of dissolution in a developer
solution, include alicyclic derivatives having a functional
group which can be easily changed to a deprotecting group by

15 acid. The low molecular weight compound additives provided
by the present invention are norbornane-based compounds
represented by the formula (2) or {3), in which the double
bond in the norbornene-based monomer has been reduced by a
hydrogenation reaction. Examples of the norbornane-based

20 low molecular weight compounds include compounds having the
following structures. These low molecular weight compounds
can be used individually alone, or as mixtures of two or
more species. The amount of use of the low molecular weight
compound at the time of resist producticn is 3 to 50 parts

25 by weight, and preferably 5 to 40 parts by weight, based on



30 g of the difluorohydroxyethanesul fonic acid sodiumsalt produced in the
Synthesis Exanple 1 and 20 ml of acryloyl chloride were m xed with 300 m
of dichloromethane, 5 and the m xture was stirred. Subsequently, 1.4 g of
N, N - di et hyl am nopyridine and 38 g of a polynerization inhibitor were
added to the m xture at anbient tenperature. 45 m of triethylam ne was
slowy added dropwi se using a dropping funnel at anbient tenperature. The
resulting mxture was 10 stirred for 3 hours at anbi ent tenperature,
subsequently the progress of the reactikon was judged by NVR, and the
reaction was termnated. After conpletion of the reaction, the reaction

sol vent @b@hFQEQQEEPaﬁgl&ﬁ§a%g”PﬁgdpQYyﬂé§t'|f§¢ﬁﬁ@ trgfjuced pressure,

300 M of water was™ added en 15" pot assi um carbonate was added to the

reacti onahiigyi @nt 05 ophai No@ Iﬁ@w&@igﬁl @@i +0 of ut tirred
for 2 hoﬁrs ang t hen gen%rated sol i ds me#% fi ?%é%&? %% %ﬁ%@wggﬁgf% 35 g

(yield: ﬁ@%soa‘aﬂw@g@ut; ctiREi df o2t 8i L MOK Qs 2- fﬁ&hfa?é hydaesi@l sadium salt

having a desired structure as 20 shown in the follow ng reaction schene.
The strusbureanirébecproducte was ceafimord: bys %M&n[&%éﬁbﬁcheﬁe 4]
0l) Et3N, 2) DVAP I 1 00 NaOl- CF2CH20H03) HQ
NaO- $- CFRIEH2050ChA: s - b 2we i @y} helst Sadix@aptends 20: @ Ofe thesZemereylic
aci d-2, 2-di fl uoro- 2- sul f oet hyl

and coatability tend to greatly decrease.



ester sodiumsalt produced in the Synthesis Exanple 4 and 35 5 g of

di phenyl net hyl phenyl sul fonium trifl uoronet hanesul fonate salt were dissol ved
in 200 m of dichloronmethane and 200 ml of water, and a two-|ayer reaction
was performed while stirring vigorously for 3 hours. After conpleting the
stirring, the organic |layer was 10 renoved, and the progress of the
reacti on was checked by 19FNVR. Wen the reaction was conpl eted, the
organi c |l ayer was coll ected, and the solvent was renoved. The organic |ayer
was washed using dlchloronethane whigh is a good solvent, and hexane,

which is a poor solvent, and the solvents were 15 renoved. The residues
were drie nder reduced pre re to obtain 36 g (yield: 89% of 2-acrylic

acid-2, 2 uer o-,2- sul f oe ast er—dj phenyl Iu r@phe sul fonium salt,
and the s ct@ﬁe/ fi the pro co flrned 31 - . 1H- NVR
(chloroform i nt’er nal stand ranethyI5+#@ e) ~—{ppHrl¥= 1. 95 (s,

3H), 2.43 (s, 3H), 4.82 (t, 2 5 78 (d, 1H, 6.00 (dd, 1H), 6.28 (d, 1H
7.43- 7.80 ﬁﬁ0141 1) [Reactlo heme 5] - 43 - /0 Synthesis Exanple 6 As
t he nnnoneﬁ%éior polynerlzatldﬁ¢;13 g of 2- nethyF) - 5 adamantyl acryl ate,
8.4 g of y-Butyrolactyl nethacv¥ylate, 11.6 g of 3shydroxy-1-adamantyl

nmet hacryl ate, and 10 g of 2- nethylacrylic acid-2,2-difluoro-2-sulfoethyl
ester diphenyl fluorophenyl sul foniumsalt were first di ssal ved in 58 g of

1, 2- di chl pr.get hane. Next, 3. ng of nor bor nene, fz?}:b

T Do, @ Lk»f’

=0

/ /

According to a preferred embodiment, the total content

of the additives is 0.1 to 10 parts by weight based on 100



10 g of AIBN as a polynerization initiator, and 117 g of 1, 2-

di chl oroet hane as a polynerization solvent were placed in a 250-m fl ask,
and then the m xture was stirred for 1 hour at anbient tenperature under a
nitrogen gas stream Wile nmaintaining the tenperature of the reaction tank
at 65C, 15 the dissolved nononers for polynerization were slowy added
dropwi se to the flask over 1 hour, and then the reaction was allowed to
proceed for 16 hours. The solution obtained after the polynerization
reaction was conpleted, was cool ed to -gphient tenperature. The reaction
solution cooled to 20 anbient tenperature was precipitated in hexane, and

then t he cesidugs wabe . Lt epedoobban . LLLEDLAG. LLhe. Legkdugs pere vashed
e bt hngotRend: Ped o a4 ¢

sever al Fﬁnes W't h sane sol ér reduced

pressurepr%%eggtqh@e%zlgn(yleId 79@6 of the polyner represented by formul a
(13). The pol ystyrene-reduced wei ght average nol ecul ar wei ght (Mw) of

this pol ymer was:d5d99 +anghsheo mbecul afouel abiy & disiaipyt ion (ratio of
t he wei ght average nol ecul ar wei ght to the nunber average nhol ecul ar wei ght,

Mn/ Vh) W@%ntaﬁﬁethﬁ-c&e&h@@Qlyhém%llilgeréﬁﬁﬁtréBh@leBh@nEOEXHEBe
[ Formul a 13] 10 Synt hesi s Exanple
5 used, and specific examples of the solvent include propylene
glycol monomethyl ether acetate, ethyl lactate,
cyclohexanone, butyl lactate, propylene glycol monomethyl
ether, and the like.
According to another preferred embodiment, the content
10 of the moiety -(S03) (A}" in the polymer compound is 0.5
parts by weight to 15 parts by weight based on 100 parts by
welght of the total solid content of the chemically
amplified resist compositicn. If the content of the moiety
-(S03)7{A)" is less than 0.5 parts by weight based on 100
15 parts by weight of the tctal solid content of the chemically
amplified resist composition, there may be a problem that
the amount of acid generated after exposure is so small that
the protective group of the polymer is not detached, and a
pattern of desired form cannot be obtained. If the content
20 exceeds 15 parts by weight, excessive generation of acid may
cause losses in the upper parts of the profile, and thus may
cause a problem in the ratio of remaining film.
According to another preferred embodiment, the content
of the polymer compound according toe the present invention

25 in the chemically amplified resist composition of the



As the nononers for polynerization, 15.2 g of 2- nethyl pentyl acrylate, 10
g of y-butyrolactyl nethacrylate, 10 g of 3-hydroxy-1l-adamantyl

nmet hacrylate, and 4 g of 2- 15 nethylacrylic acid-2,2-difluoro-2-sulfoethyl
ester diphenyl fluorophenyl sul foniumsalt were first dissolved in 49 g of

1, 2-di chl oroet hane. Next, 3.7 g of norbornene, 5 g of AIBN as a

polyneri zation initiator, and 98 g of 1,2- dichloroethane as a

pol ymeri zati on solvent were placed in a 20 250-m flask, and then the
mxture was stirred for 1 hour at - 4% - anbient tenperature under a
nitrogen gas stream Wile nmaintaining the tenperature of the reaction tank

G opwi Seto T he I Aok Qvar ToRGLr CBndtRent Lho-reacli on W & 2 o

dropwi se to the flask ove owed to

proceed £ormd6ehours. nIhe g@é@&kgmgbggi ped.af LRE Lhepol yperl zati on
reaction was conpl eted, was cooled to anbient tenperature.” The Teaction

sol uti onpeeelednt ehanbhent chenmpesap us e; ¥as P& 6L PLEALES: { lohexane, and then
the residues were filtered. Upon filtering, the residues were 10 washed

several theesowtthttbe snEEpSDIMEnt compduthesncdsiednynder:xeduced.pr essure,
to obtain 31 g (yield: 81% of the polyner represented by fornula (14). The

pol ysi yr éneenedonetlsweeght taxer ageopolecghar o et got ckdicof 1§ hi s pol ynmer
was 1,230, and the nol ecular weight 15 distribution (ratio of the weight
aver age aopéthiad wesght tompheinuobertlaves agey nod e ubash heh ghtta+ MV M) was
1.54. FIG 4 shows the 1H NWR spectrumof this polynmer. [Fornula 14] _51F
C film having a desired thickness cannot be obtained.
According to another embodiment of the present
invention, there is provided a method for forming a pattern,
10  the method comprising:
(a) applying the chemically amplified resist
composition according to the present invention on a
substrate;
{(b) heat treating the substrate coated with the
15 chemically amplified resist composition, and then exposing
the substrate with high energy radiation; and
(c) developing the outcome from the step (b) using a
developer solution.
The exposure of the step (k) can be carried out using
20 ultraviolet irradiaticn, X-ray irradiation, or an electron
beam irradiation.
According to a preferred embodiment, the wavelength of
the high energy radiation i1s in the range of 180 nm to 250

nm.

25 The developer solutiocn used in the development of the



0 02 0+S=0 -0/ - 46 - Synthesis Exanple 8 As the nononers for

pol ymeri zation, 10.9 g of 2-nethyl 2-adamantyl acrylate, 7.7 g of

y-butyrol actyl nethacrylate, 5 and 10 g of 2-methylacrylic _

aci d-2, 2-di fluoro-2-sul foethyl ester diphenylfluorophenyl sul fonium salt
were first dissolved in 65 g of 1,2-dichloroethane. Next, 23 g of

bi cycl o[ 2. 2. 1] hept - 5- ene- 2- propanoi ¢ acid P-hydroxy-1, 1- di nmet hyl et hyl

ester (hereinafter, referred to as BHP), 5 g 10 of AIBN as a polynerization
initiator, and 131 g of 1,2- dichloroethane as a pol ynerization sol vent
were placed in a 250-m flask, and then the m xture was stirred for 1 hour

at ambi eathenper BLHI SoUnder Al LENCH 085,81 Loam s L | S MRL L AL N the

tenperature of the reaction tan 5C, t he ved nononers for

ol yneri zatiam Wekeoskawl y di ghoRy$68xt Qet Neo il AskoQVBL, 1 bour,  and
Ehe% t he reagtigﬁ mgs alfoagggsolprocggd ?oreiGQ%ours.cT e %%?%tlon

obt ai nedsatiten theipakyesbaatihonet8acti 0n-was.eAR! st edyowas cooled to
anbi ent tenperature. The reaction solution cooled to 20 anbient tenperature

was preckphtatednkn hexaspyliandnéhenribenyeshdues were filtered. Upon
filtering, the residues were washed several tinmes with the sanme sol vent,

and thentdtiredethgeammedicadhpiessuce, totohtahnl 3dngn{yihehdir&600e of the
pol ymer represented by formula (15). 25The pol ystyrene-reduced wei ght
aver age ool ébel dikeei ghtrticularly, among them, tetramethylammonium
hydroxide is preferred. If necessary, additives such as
surfactants and water-soluble alcohols may also be used.
The present invention will be specifically described by
10 way of the following Synthesis Examples and Examples.

However, the present invention is not intended to be limited

to these Synthesis Examples and Examples.

Synthesis Example 1
15 In an ice bath, 83 g of difluorcsulfoacetic acid ethyl
ester sodium salt was dissolved in 160 ml of methanol and
1.2 L of THF, and 44 g of sodium borohydride (NaBH,) was
slowly added dropwise. After completing the dropwise
addition, the ice bath was removed, and the temperature was
20 elevated to 60°C, at which temperature the mixture was
stirred for about 4 hours.
After the reaction, the reaction mixture liguid was
quenched with distilled water, and then the solvent was
removed. The crude reaction mixture was dissolved again in

25 distilled water, and the solution was acidified with



- 47 - (My) of this polynmer was 1,210, and the nol ecul ar wei ght
distribution (ratio of the wei ght average nol ecul ar wei ght to the nunber
average nol ecul ar weight, MV M) was 1.3. FIG 5 shows the 'H NVR spectrum
of this polynmer. 5[Formula 15] Synthesis Exanple 9 As the nonomers for
pol ymeri zation, 18.1 g of 2- 10 isopropyladamantyl nethacrylate, 10.0 g of
y-butyrol actyl nmethacrylate, 15 g of 3-hydroxy-1-adamantyl nethacryl ate,
and 10 g of 2-nethylacrylic acid-2,2-difluoro-2-sulfoethyl ester
di phenyl f | uor ophenyl sul foni um salt werg first dissolved in 74 g of
1, 2-di chl oroet hane. Next, 5.6 g of 15 norbornene, 6.4 g of AIBN as a
polynerl a 14 2-.di o) S

Z8hLanc EALLY EQ&IO@I@%? 148 Sc2h 1, 2ol ol of 988 hane, 25, 2

pol ynmeri zati on sol vent” were aced in a and t hen ?he m xture

was stiregd EQkcdmhout at.apbie e &%%E% 0g& stream
VWi | e nalntalglngmt he ten%eratu?%e%fq%ﬁ%a%%%§t|on IE@lm%gtarfﬂecgfts%c t he

di ssol vedorRN@NBLS-£ 9! PohyHeEiZAL| Ofa Mer £ 8k vk Ve addagh, €k opwh 581 t he
flask over 1 hour, and then the reaction was allowed to proceed for 16

hours. Thelss) ush@n:bt ai Neda ek texs thies ol Yiwes | Zakd ON, 18actd 25, Mas
conpleted, 5 was cooled to anbient tenperature. The reaction solution

cool &d t phanbéehindenpeyat uhes WasnPEect Piéat £ebhim, hex@nghemng:4 hen t he

residues were filtered. Upon filtering, the residues were washed several

ti mes w ghbfhetsdnec sotyvend] 1 and: t dvenf dem edh amdeY «¢tgduced pressure, to

obtain 52 g 10(yield: 88% of the polyner represented by fornula (16).
solids were obtained by filtration, which were dried in a
vacuum, and the structure of the seclids was confirmed by *H-
NMR. After drying and filtration, 68.5 ¢ (yield 95%) of

10 difluorohydroxyethanesulfonic acid sodium salt was obtained.
H-NMR {(chioroform-d;, internal standard:

tetramethylsilane): (ppm) 4.58-4.68 (t, 2H)

[Reaction Scheme 1]

QO 0
g /ﬂ\ NaBHy 9
NaO”11"C” “OMe > B aN
O F, THF, MeOH NaO o f% OH + MeOH

15

Synthesis Example 2
68 g of the difluorohydroxyethanesulfonic acid sodium

salt produced in the Synthesis Example 1 and 54.6 ml of
methacryloyl chloride were mixed with 500 ml of

20 dichloromethane, and the mixture was stirred. Subsequently,
3.2 g of N,N'-dimethylaminopyridine and 50 mg of AIBN {2,2'-
azobisisobutyronitrile; Wako Pure Chemical Industries, Ltd.)

were added thereto at ambient temperature. 104 ml of



The pol ystyrene-reduced wei ght average mol ecul ar weight (Mw) of this
polymer was 1,160, and the nolecul ar weight distribution (ratio of the
wei ght average nol ecul ar weight to the nunber average nol ecul ar weight,
MV Mn) was 1.57. 15 FIG 6 shows the 'H NVR spectrum of this pol yner.

[ Formul a 16] 0 Synt hesi s Exanpl e 10 20As the nononers for

pol ymeri zation, 22 g of 2-methyl-2- adamantyl acrylate, 16.8 g of
7-butyrol actyl methacrylate, - 49 - and 10 g of 2-nethylacrylic
acid-2, 2-di fluoro-2-sul foethyl ester_ digphenyl fluorophenyl sul foni um salt
were first

triethylamine was slowly added dropwise using a dropping
funnel at ambient temperature. The resulting mixture was
stirred for 3 hours at amblent temperature, subsequently the
progress of the reaction was judged by NMR, and the reaction
5 was terminated. After completion of the reaction, the
reaction solvent dichloromethane was removed by distillation
under reduced pressure, 300 ml of water was added, and then
potassium carbonate was added to the reaction liquid to
obtain a saturated sclution. The sclution was stirred for 2
10 hours, and then generated solids were filtered, to thus
obtain 81 g {yield: 86%) of 2-methylacrylic acid-2,2-
difluoro-2-sulfoethyl ester scdium salt having a desired
structure as shown in the following reaction scheme 2. The
structure of the product was confirmed by 'H-NMR (see FIG.
15 1.
'H~-NMR (DMSO, internal standard: tetramethylsilane):

(ppm) 1.91 (s, 3H), 4.57-4.67 {(t, 2H), 5.77 (s, 1H), 6.11 (s,

1H)
[Reaction Scheme 2]
1) E3N, 2) DMAP
9 3) MEHQ Q 9
NaO=$~CF,CHoOH + 0 ~ NaO-$-CF,CH0
20 0 Cl MC o)

Synthesis Example 3
31 g of the Z-methylacrylic acid-2,2-difluocro-2-

sulfoethyl ester sodium salt produced in the Synthesis



di ssolved in 68 g of 1,2-dichloroethane. Next, 5.6 g of norbornene, 6.4 g
of AIBN as a polynerization initiator, and 5 136 g of 1, 2-dichl oroethane as
a polynerization solvent were placed in a 250-m flask, and then the

m xture was stirred for 1 hour at anbient tenperature under a nitrogen gas
stream Wile maintaining the tenperature of the reaction tank at 65C, the
di ssol ved nononers for polynerization were 10 slowy added dropw se to the
flask over 1 hour, and then the reaction was allowed to proceed for 16
hours. The solutlon obtai ned after thegpal ynerization reaction was

conpl eted, was cooled to anbient tenperature. The reaction solution cool ed

to a”b'e@&ahﬁﬁge@a%HBe3@a§|E?GSthEﬁ&ﬁﬂe RyDgKERGs cdDeaNd, SN, LDE, { ST dues

were filtered. Upon filte s duds" wer Sevéra mes with

the same;se YQBtac@BdZtbealﬁib@gouﬂdgﬁlE8H9869c9?6§%9{ewe&ﬁ obtain 54 g
(yield: 90% of the pofyner represented by fornu

pol ystyr anesbeduaednwsghin) ayer agenmk-eaul AknWehght 329 (M) o f ;1 his, pol yner
was 1,280, and the nolecul ar weight distribution (ratio of the wei ght

aver age mmbeaukabt-neight ~tacthennuabepeayerage Wi esubal-weight, Mv M) was
1.58. FIG 7 shows the 111-NWR spectrumof this polymer. [Formula 17] - 50

- Synt hespsrExanpl €0t13Asotihe. nrononers for polynerization, 13.7 g of
2-methyl - 5 2-cycl opentyl methacrylate, 10.1 g of y-butyrol actyl
met hacryl at e,Allle 6 gomablS:=hyglroxy -4« adamant yWhearethgariyd dteegeantsl0 g of
2-methyl acrylic acid-2,2-difluoro-2-sul foethyl ester
di phenyl £Euervegheaytisthéonroarsagt ofietkef resttion was checked by rF-
NMR. When the reaction was completed, the organic layer was
collected, and the solvent was removed. The crganic layer
10 was washed using dichloromethane, which is a good solvent,
and hexane, which is a poor sclvent, and the solvents were
removed. The residues were dried under reduced pressure to
cbtain 40 g (yield: 96%) of 2-methylacrylic acid-2,2-
diflucro-Z2-sulfoethyl ester diphenylfluorophenylsulfonium
15 salt, and the structure of the product was confirmed by H-
NMR (see FIG. 2).
'H~-NMR (chloroform-ds;, internal standard:

tetramethylsilane): (ppm) 1.95 (s, 3H), 2.43 (s, 3H), 4.82

{t, 2H), 5.60 (s, 1H), 6.22 (s, 1H), 7.43-7.80 {(m, 14H)

o (0 O,
NaO’E\C/\O)k”/ + @—S + _ OS0,CF5 QS + o’ﬁ‘c/\o
O Fy : MC/H,0 =7 0 F,

CHs CHs

20 [Reaction Scheme 3]




di ssolved in 64 g of 1,2-dichloroethane. Next, 5.6 g of 10 norbornene, 6.4
g of AIBN as a polynerization initiator, and 128 g of 1, 2-dichl oroethane as
a polynerization solvent were placed in a 250-m flask, and then the

m xture was stirred for 1 hour at anbient tenperature under a nitrogen gas
stream Wile maintaining the tenperature of the reaction 15 tank at 65C,

t he di ssol ved nononers for pol ynerization were slowy added dropw se to the
flask over 1 hour, and then the reaction was allowed to proceed for 16
hours. The solution obtained after the;pal ynerization reaction was

conpl eted, was cooled to anbient tenperature. The reaction solution 20

cool ed teyaphgRt EgERELAtYre was precipitated in hexane, - 51 - and then
the residues were filtered. Upon filtering, the residues were washed
several tinmesaw & hsthe,saner 50V (ggqetgggb i L 4 edug pressure,
to obtain 53 g (%ield: 929 of tfi?%%lyng? reﬁggggﬁ%ggq§§£%ornuq%l(18).

5The pol ystyr preaneduced wekgbynaneragepnphgcyl armei ghtn{ My of this
pol ymer was 1, 380, and the nol ecul ar wei ght distribution (ratio of the

wei ght awerageyhobetukasewebgbt miQeting: AUNbes ayesage: Al sesharn el ght,
MV Mn) was 1.57. FIG 8 shows the 'H NVR spectrum of this polyner.
10[ Fdr nubad18he @orparativee Synthedis Exasphesdtly, 18 &hefnononers for
pol ynmeri zation, 10.0 g of 2-methyl 2-adamantyl nethacrylate, 7.3 g of
rbut yr ol déengthibamehbpgrytiate, aadd340g 1o af p3i hiydr bxyt leadamaiit ytor
were added to the mixture at ambient temperature. 45 ml of
triethylamine was slowly added dropwise using a dropping
funnel at ambient temperature. The resulfting mixture was
10 stirred for 3 hours at ambient temperature, subsequently the
progress of the reaction was judged by NMR, and the reaction
was terminated. After completion of the reaction, the
reaction solvent dichloromethane was removed by distillation
under reduced pressure, 300 ml of water was added, and then
15 potassium carbonate was added to the reaction liguid to
obtain a saturated sclution. The solution was stirred for 2

hours, and then generated solids were filtered, to thus

obtain 35 g (yield: 90%) of 2-acrylic acid-2,2-difluocro-2-

¥

sulfoethyl ester sodium salt having a desired structure as
20  shown in the following reaction scheme. The structure of
the product was confirmed by *H-NMR.

[Reaction Scheme 4]
o 1) E13N, 2) DMAP o 0

I — 3) MEHQ I
NaO-§-CF)CH,OH  + 0 ~ NaO~$~CF;CH;0
0 i MC 3 |




met hacryl ate were m xed and di ssolved in 82 g of 1,2-dioxane, and then the
tenperature of the reaction bath was slowy elevated to 65C. Wile

mai ntai ning the tenperature of the reaction at 65C, the m xture was all owed
to react for 16 - 52 - hours. The solution obtained after the

pol ymeri zation reaction was conpl eted, was cool ed to ambient tenperature.
The reaction solution cooled to anbient tenperature was precipitated in
hexane, and then the residues were filtered. 5 Upon filtering, the residues
were washed several tines with the sang solvent, and then dried under
reduced pressure, to obtain 25 g (yield: 91% of the polymer represented by
formula (19). The polystyrene-reduced wei ght average nol ecul ar wei ght
10(Mnv) of this polymer was 1,780, and the nol ecul ar wei ght distribution

(ratio okyhheewekghkarperage nol ecul ar weight to the nunber average
nol ecul ar wei ght, Mwv M) was 1.68. FIG 9 shows the 111-NVR spectrum of

tpi s Iool ymer. 2 Foraml ehd R-acrf & 40i4.02 B G A, show the analiti cal data
o9 ester sodium salt produced in the Synthesis Example 4 and 35
5 g of diphenylmethylphenylsulfonium triflucromethanesulfonate
salt were dissolved in 200 ml of dichloromethane and 200 ml
of water, and a two-layer reaction was performed while
stirring vigorously for 3 hours.
After completing the stirring, the organic layer was
10 removed, and the progress of the reaction was checked by °r-
NMR. When the reaction was completed, the organic layer was
collected, and the solvent was removed. The organic layer
was washed using dichloromethane, which is a good solvent,
and hexane, which is a poor solvent, and the solvents were
15  removed. The residues were dried under reduced pressure o
obtain 36 g {(yield: 89%) of 2-acrylic acid-2,2-diflucro-2-
sulfoethyl ester diphenylfluorophenylsulfonium salt, and the
structure of the product was confirmed by *H-NMR.
"H-NMR {chloroform-ds;, internal standard:
20 tetramethylsilane): (ppm) 1.95 (s, 3H), 2.43 (s, 3H), 4.82
(t, 2H), 5.78 (d, 1#}, 6.00 (dd, 1H), 6.28 {(d, 1H), 7.43-
7.80 {m, 14H)

[Reaction Scheme 5]



per nmeati on chromat ography perfornmed to nmeasure the nol ecul ar wei ghts of the
conpounds of formula (13) to fornula (19). 20 <Preparation and eval uation
of resist conposition> Example 1 - B3 - 100 parts by wei ght of the
pol ymer obtained in the Synthesis Exanple 6 (conpound represented by
formula (15)), 2.5 parts by weight of triphenylsul fonium nonaflate as an
acid generator, and 0.75 parts by weight of 5 tetranethyl anmoni um hydr oxi de
as a basic additive were dissolved in 1,000 parts by wei ght of propylene
glycol methyl ether acetate, and then ghe solution was filtered through a
menbrane filter having a pore size of 0.2 wn to thus prepare a resist

conposition. 10The obtained re | iquid was applied on~a substrate using
a spinner, and driged at 110C f@o seconds, to forma _m havi ng_a
f|

t hi ckness ofs 0,2 The for n1mas exposed usi NTAr Frexci nBr | aser
st epper Uﬁﬁ@ﬁ&lc% perfur & o 75) , M@mﬁgfhegﬁjﬁeséxpgkﬁa‘ hm was
heat 15 treated at 120C for 90 onds Subsequently t fiTd?was
devel oped with a 2.38 w % aque sol ution of tetranet nmoni um hydr oxi de
for 40 seconds, washed and dried,to forma resist patterp. The
devel opability with the aqueous sSIutlon of 20 tetramethyl*amoni um
hydr oxi de, and t he adhesi veness of the forned resist pattern to the
substrate were good, and the resolution was 0.08 jm while the sensitivity
was 13 nSyotBesTheEkampled§e roughness of the produced resist was neasured
by Critical D nension-Scanning Electron Mcroscopy 25(CD-SEM, and the
results were {yF adet] Nonondrgragesyobyedrasation, 13 g of 2-methyl-2-
5 adamantyl acrylate, 8.4 ¢ of y-butyrolactyl methacrylate,

11.6 g of 3-hydroxy-l-adamantyl methacrylate, and 10 g of 2-

methylacrylic acid-2,2-difluoro~-2-sulfoethyl estexr

diphenylfluorophenylsulfonium salt were first dissolved in

58 g of 1,2-dichlorcethane. Next, 3.7 g of norbornens, 2.5

10 g of AIBN as a polymerization initiator, and 117 g of 1,2-
dichlorcethane as a polymerization solvent were placed in a
250-ml f£lask, and then the mixture was stirred for 1 hour at
ambient temperature under a nitrogen gas stream. While
maintaining the temperature of the reaction tank at 65°C,

15  the dissolved monomers for polymerization were slowly added
dropwlse to the flask over 1 hour, and then the reaction was
allowed to proceed for 16 hours. The sclution obitained
after the polymerization reaction was completed, was cooled
to ambient temperature. The reaction solution cooled to

20 ambient temperature was precipitated in hexane, and then the

residues were filtered. Upon filtering, the residues were

washed several times with the same solvent, and then dried



- 54 - | (very poor), 2 (poor), 3 (nediocre), 4 (good), and 5 (very good).
Furthernore, in the case of sensitivity, the anount of exposure which forms
a 0.10-pm line-and-space (L/S) pattern 5 fornmed after devel opnent at a line
width of 1.1, was designated as the optinmum anmount of exposure, and this
opti mum anmount of exposure was taken as the sensitivity. The m nimum
pattern dimension resolved at this time was designated as the resolution.
10 Exanples 2 to 10 The resist conpositions indicated in the follow ng
Table 1 were prepared in the sane manngr .as in Exanple 1, except that the
pol ymers obtained in the Synthesis Exanples 7, 8 and 9 (conpounds of

formul as y6L8), rbhnlcand (18))were 18, Usgdshnst ead ok . t hg, po ¢ 0Dt ai ned
g é ?eg y [a {g?§,

in the Synthesis Exanple 6 (cofpound represen brnu ~and then
posi ti ve phesist- @@b&@@@gt@@rgyfgggﬁqlghqﬁggtonl Eval uati ons of various

properties were perfornmed, and the results are presented in Table
20[ Tabl e1] 1.7heContgstyPOh¥yMBEduced weight average molecular weight
(Mw) of this polymer was 1,190, and the molecular weight
5 distribution (ratioc of the weight average molecular weight
to the number average molecular weight, Mw/Mn) was 1.57.

FIG. 3 shows the *H-NMR spectrum of this polymer.

’:IK;; Og[l} Lgﬁg;\odggizo

10
Synthesis Example 7
As the monomers for polymerization, 15.2 g of 2-
methylpentyl acrylate, 10 g of y-butyrolactyl methacrylate,
10 g of 3-hydroxy-l-adamantyl methacrylate, and 4 g of 2-
15 methylacrylic acid-2,2~difluoro-2-sulfoethyl ester
diphenylfluorophenylsulfonium salt were first dissolved in
4% g of 1,2-dichlerocethane., Next, 3.7 g of norbornene, 5 g
of AIBN as a pelymerization initiator, and 98 ¢ of 1,2~
dichlorcethane as a polymerization sclvent were placed in a

20 250-ml flask, and then the mixture was stirred for 1 hour at
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Sensi ti VThesol uti LER (parts by weight) additive (2) ity
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10

15

_45_

ampient temperature under a nitrogen gas stream. While
maintaining the temperature of the reaction tank at 65°C,
the dissolved monomers for polymerization were slowly added
dropwise to the flask over 1 hour, and then the reaction was
allowed to proceed for 16 hours. The solution obtained
after the polymerization reaction was completed, was cooled
to ambient temperature. The reaction solutiocn cooled to
ampient temperature was precipitated in hexane, and then the
residues were filtered. Upon filtering, the residues were
washed several times with the same solvent, and then dried
under reduced pressure, to obtain 31 ¢ (yield: 81%) of the
polymer represented by formula (14).

The polystyrene-reduced weight average molecular weight
(Mw) of this polymer was 1,230, and the molecular weight
distribution (ratio of the weight average molecular weight
to the number average molecular weight, Mw/Mn) was 1.54.
FIG. 4 shows the H-NMR spectrum of this polymer.

[Formula 14)
)O I\ ;

C
O= 8 O
0

OO



Formula 15 0.75 15 90 (100)

10

15

20

25

-~ 46 -

Synthesis Example 8

As the monomers for polymerization, 10.9 g of 2-methyl-
Z2~adamantyl acrylate, 7.7 g of y-butyrolactyl methacrylate,
and 10 g of Z-methylacrylic acid-2,2-difluoro-2-sulfoethyl
ester diphenylflucrophenyisulfonium salt were first
dissclved in 65 g of 1,2-dichloroethane. Next, 23 g of
bicyclo[2.2.1}hept~5—éne—2—propanoic acid B-hydroxy-1,1-
dimethylethyl ester (hereinafter, referred to as BHP), 5 g
of AIBN as & polymerization initiater, and 131 g of 1,2-
dichlorcethane as a polymerization solvent were placed in a
250-ml flask, and then the mixture was stirred for 1 hour at
ambient temperature under a nitrogen gas stream. While
maintaining the temperature of the reaction tank at 65°C,
the dissclved monomers for polymerization were slowly added
dropwise to the flask over 1 hour, and then the reaction was
allowed to proceed for 16 hours. The solution obtained
after the polymerization reaction was completed, was cooled
to ambient temperature. The reaction sclution cooled to
ambient temperature was precipitated in hexane, and then the
residues were filtered. Upon filtering, the residues were
washed several times with the same solvent, and then dried
under reduced pressure, to obtain 34 g (yield: 66%) of the
polymer represented by formula (15).

The polystyrene-reduced weight average molecular weight



Exanple 3 Formula 17 0.75 13 100 (100)

10

15

- 47 -
{(Mw)} of this polymer was 1,210, and the molecular weight

distribution (ratio of the weight average molecular weight
to the number average molecular weight, Mw/Mn) was 1.3. FIG.
5 shows the 'H-NMR spectrum ¢f this polymer.

[Formula 15]
e wﬂwﬁw J@v
iy EP vy
% ©é°~©

Synthesis Example 9

As the monomers for polymerization, 18.1 g of 2-
isopropyladamantyl methacrylate, 10.0 g of y-butyrolactyl
methacrylate, 15 g of 3-hydroxy-l-adamantyl methacrylate,
and 10 g of 2-methylacrylic acid-2,2-difluocro-2-sulfcethyl
ester diphenylfluorophenylsulfonium salt were first
dissclved in 74 g of 1,2-dichloroethane. Next, 5.6 g of
norbornene, 6.4 g of AIBN as a polymerization initiator, and
148 g of 1,2-dichloroethane as a polymerization sclvent were
placed in a 250-ml flask, and then the mixture was stirred
for 1 hour at ambient temperature under a nitrogen gas

stream. While maintaining the temperature of the reaction



Exanple 4 Fornula 18 0.75 13.5 905 - 55 - (100) 0.75

...48._
tank at 65°C, the dissolved monomers for polymerization were
slowly added dropwise to the flask over 1 hour, and then the
reaction was allowed to proceed for 16 hours. The solution
obtained after the polymerization reaction was completed,

5 was cooled to ambient temperature. The reaction solution
cooled to ambient temperature was precipitated in hexane,
and then the residues were filtered. Upon filtering, the
residues were washed several times with the same sclvent,
and then dried under reduced pressure, to obtain 52 g

10 (yield: 88%) of the polymer represented by formula (16).
The polystyrene-reduced weight average molecular weight
(Mw) of this polymer was 1,160, and the molecular weight
distribution (ratio of the weight average molecular weight
to the number average molecular weight, Mw/Mn) was 1.57.
15 FIG. 6 shows the *H-NMR spectrum of this polymer.

0 B @o:gcso
O é@

Synthesis Example 10
20 As the monomers for polymerization, 22 g of 2-methyl-2-

adamantyl acrylate, 16.8 g of y-butyrolactyl methacrylate,



90 Exanple 5 Formula (100) 15 13 Exanple 6 Formula 17

10
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20
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and 10 g of Z-methylacrylic acid~2,2-difluoro-2-sulfoethyl
ester diphenylfluorophenylsulfonium salt were first
dissolved in 68 g of 1,2~dichlorcethane. Next, 5.6 g of
norpornene, 6.4 g of AIBN as a polymerization initiator, and
136 g of 1,2-dichlcoroethane as a polymerization solvent were
placed in a 25C-ml flask, and then the mixture was stirred
for 1 hour at ambient temperature under a nitrogen gas
stream. While maintaining the temperature of the reaction
tank at 65°C, the dissolved monomers for polymerization were
slowly added dropwise to the flask over 1 hour, and then the
reaction was allowed to proceed for 16 hours. The solution
obtained after the polymerization reaction was completed,
was cooled to ambient temperature. The reaction solution
cocled to ambient temperature was precipitated in hexane,
and then the residues were filtered. Upon filtering, the
residues were washed several times with the same solvent,
and then dried under reduced pressure, to obtain 54 g
(yield: 90%) of the polymer represented by formula (17).

The polystyrene-reduced weight average molecular weight
(Mw) of this polymer was 1,280, and the molecular welght
distribution (ratio of the weight average molecular weight
to the number average molecular weight, Mw/Mn) was 1.58.
FIG. 7 shows the *H~NMR spectrum of this polymer.

[Formula 17]
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Synthesis Example 11

As the monomers for pelymerization, 13.7 g of Z2-methyl-
2-cyclopentyl methacrylate, 10.1 g of y-butyrolactyl
methacrylate, 11.6 g of 3-hydroxy-l-adamantyl methacrylate,
and 10 g of 2-methylacrylic acid-2,2-difluoro-2-sulfoethyl
ester diphenylfluorcophenylsulfonium salt were first
dissolved in €4 g of 1,2-dichlorocethane. Next, 5.6 g of
norbornene, 6.4 g of AIBN as a polymerization initiator, and
128 g of 1,2-dichlorcethane as a polymerization solvent were
placed in & 250-ml flask, and then the mixture was stirred
for 1 hour at ambient temperature under a nitrogen gas
stream. While maintaining the temperature of the reaction
tank at 65°C, the dissolved monomers for polymerization were
slowly added dropwise to the flask over 1 hour, and then the
reaction was allowed to proceed for 16 hours. The solution
obtained after the polymerization reaction was completed,
was cooled to ambient temperature. The reaction sclution

cocled to ambient temperature was precipitated in hexane,



18 0.75 11 90 5  (100) Exanpl e 8
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and then the residues were filtered. Upon filtering, the
residues were washed several times with the same solvent,
and then dried under reduced pressure, to obtain 53 g
{yield: 92%) of the polymer represented by formula {18).

The pelystyrene-reduced weight average molecular weight
(Mw) of this polymer was 1,380, and the molecular weight
distribution {(ratio of the weight average molecular weight
to the number average molecular weight, Mw/Mn) was 1.57.
FIG. 8 shows the 'H-NMR spectrum of this polymer.

[Formula 18)
m@w{wﬁwﬁﬁw{» ﬁwﬂm
b p @\ FaC

QHO= S 0

OO

Comparative Synthesis Example 1

As the monomers for polymerization, 10.0 g of 2-methyl-
Z-adamantyl methacrylate, 7.3 g of y-butyrolactyl
methacrylate, and 10.1 g of 3-hydroxy-l-adamantyl
methacrylate were mixed and dissclved in 82 g of 1,2-dioxane,
and then the temperature of the reaction bath was slowly |
elevated to 65°C. While maintaining the temperature of the

reaction at 65°C, the mixture was allowed to react for 16



Formula 15 1 15.5 90 (100) Exanpl e
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hours. The solution obtained after the polymerization
reaction was completed, was cooled to ambient temperature.
The reaction solution cooled to ambient temperature was
precipitated in hexane, and then the residues were filtered.
Upon filtering, the residues were washed several times with
the same solvent, and then dried under reduced pressure, to
obtain 25 g (yileld: 91%) of the polymer represented by
formula {19).

The polystyrene-reduced weight average molecular weight
(Mw} of this polymer was 1,780, and the molecular weight
distribution {(ratio of the weight average molecular weight
to the number average molecular weight, Mw/Mn) was 1.68.
FIG. 9 shows the 'H-NMR spectrum of this polymer.

o e
DL 1.

FiG. 10 to FIG. 16 show the analytical data of gel
permeation chromatography performed to measure the molecular

weights of the compounds of formula (13) to formula (19).

<Preparation and evaluation of resist composition>

ExamEle 1
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100 parts by weight of the polymer obtained in the
Synthesis Example 6 (compound represented by formula {15)),
2.5 parts by weight of triphenylsulfonium nonaflate as an
acid generator, and 0.75 parts by weight of
tetramethylammonium hydroxide as a basic additive were
dissolved in 1,000 parts by weight of propylene glycol
methyl ether acetate, and then the solution was filtered
through a membrane filter having a pore size of 0.2 um, to
thus prepare a resist composition.

The obtained resist liquid was applied on a substrate
using a spinner, and dried at 110°C for 90 seconds, to form
a film having a thickness of 0.2 pm. The formed film was
exposed using an ArF excimer laser stepper (numerical
aperture of lens: 0.75), and then the exposed film was heat
treated at 120°C for 90 seconds. Subsequently, the film was
developed with a 2.38 wt% agueous solution of
tetramethylammonium hydroxide for 40 seconds, washed and
dried to form a resist pattern.

The developabkility with the agueous solution of
tetramethylammonium hydroxide, and the adhesiveness of the
formed resist pattern to the substrate were good, and the
resoluticn was 0.08 um, while the sensitivity was 13 mJ/cm?.

The line edge roughness of the produced resist was
measured by Critical Dimension-Scanning Electron Microscopy

{(CD-SEM), and the results were graded intc 5 grades, such as
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1 {(very poor), 2 (poor), 3 (mediocre), 4 (good), and 5 (very
good) .

Furthermore, in the case of sensitivity, the amount of
exposure which forms a 0.10-um line-and-space (L/S) pattern
formed after development at a line width of 1:1, was
designated as the optimum amount of exposure, and this
optimum amount of exposure was taken as the sensitivity.

The minimum pattern dimension resclved at this time was
designated as the resolution.

Examples 2 to 10

The resist compositions indicated in the following
Table 1 were prepared in the same manner as in Example 1,
except that the polymers cobtained in the Synthesis Examples
7, 8 and 9 (compounds of formulas (16), (17) and (18)) were
used instead of the polymer obtained in the Synthesis
Example 6 (compound represented by formula (15)), and then
positive resist patterns were formed therefrom. FEvaluaticns

of varicus properties were performed, and the results are

presented in Table 1.

[Table 1]

Content Polymer Basic Sensitiv [Resoluti LER

{(parts by additive (2) lity on (nm)

weight) (mJ/cm?)

Example 2 |[Formula 15 0.75 15 90 4
(100) ‘ )

Example 3 Formula 17 1[0.75 13 100 3
(100)

Example 4 |Formula 18 0,75 13.5 90 5




Remarks: (1) Acid generator: Triphenyl sul fonium nonaflate (FAQG (2)
Basi c additive: Tetranethyl amoni um hydroxi de As can be seen fromthe
results of the Table 1, the 5 line edge roughness and devel opability of the
respective resist patterns obtained in the Exanpl es were excellent. _
Conpar ative Exanples 1 to 3 Resi st conpositions were prepared using
the conpositions indicated in the followng Table 2 in the sane

— 55 -

{1C0)

Example 5 |[Formula 15 0.75 13 80 4
(100) B

Example 6 Formula 17 .75 1l 80 4
{100) 7_

Example 7 |[Formula 18 (0.75 11 20 5
(100)

Example 8 |Formula 15 (1 15.5 90 3
(100)

Example 2 Formula 17 |1 15 100 5
(100)

Example 10 Formula 18 |1 14 g0 4

i (100)

Remarks: (1) Acid generator: Triphenylsulfonium nonaflate
{PAG)
(2) Basic additive: Tetramethylammonium hydroxide
As can be seen from the results of the Table 1, the
5 1line edge roughness and developability of the respective
resist patterns obtained in the Examples were excellent.

Comparative Examples 1 to 3

Resist compositions were prepared using the
compositions indicated in the following Table 2 in the same
10 manner as in Example 1, except that a pure methacrylate
polymer which is the compound represented by formula (19),
synthesized in the Comparative Synthesis Example, was used
as the polymer.
The respectively obtained composition solutions were
15 used to form positive resist patterns in the same manner as
in Example 1, using an ArF excimer laser exposure apparatus

(numerical aperture of lens: 0.75), and then evaluations of



10 manner as in Exanmple 1,
t he conpound represented by formula (19),

Synt hesi s Exanpl e, was used as the polyner.

except that a pure nethacrylate polynmer which is
synt hesi zed in the Conparative
The respectively obtained
conposition solutions were 15 used to formpositive resist patterns in the
| aser exposure appar at us

same manner as in Exanple 1,
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aperture of
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properties were perfornmed. The results are presented [Tabl e Content (parts
cid genejator 2. Basic additiv

presented in the following Table 2.

The results are

56 -

ER

[Table 2]
Content Polymer neid Basic Sensit Resclut [LER
(parts by generator jadditiv ivity |ion
weight) (1) e (2}  |(md/cm®|(pum)

)

Comparati [Formula 19 2.5 0.75 16 90 2
ve (100}
Example 1
Comparati Formula 19 3.0 0.75 15 80 1
ve {100)
Example 2 -
Comparati Formula 19 3.0 1 16 80 2
Ve (100)
Example 3
Remarks: (1) Acid generator: Triphenylsulfonium nonaflate
{PAG)

{2)

Basic additive:

Tetramethylammonium hydroxide

As can be seen from the results of the Table 2, when

the Comparative Examples were evaluated and compared with

the results of Table 1, the resclution was markedly lowered,

and the line edge roughness viewed from the L/S patterns was

significantly insufficient.

vari ous




Pol ymer Sensit ivity Resolut ion weight) (1) e(2) (ml/cn2(w)
onparati ve Fornula 19 (100) 2.5 0.75
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WHAT IS CLAIMED IS:
1. A polymer compound comprising a repeating unit
represented by the following formula (5), a repeating unit

represented by the following formula (6), and a repeating
unit represented by the following formula (7):

[Formula 5]

/R1
+CH2—C
=0
o

FoC
0=5=0
A+-O

wherein Ry represents a hydrogen atom, a trifluoromethyl
group, an alkyl group having 1 to 5 carbon atoms, or an
alkoxy group having 1 to 5 carbon atoms; and A represents a
group represented by the following formula (2) or formula
(3):

[Formula 2]

Ry

S
R4

[Formula 3]

Rs—I—Rg
wherein Ry, Rz, Ry, Rs and Rg each independently represent a
substituted or unsubstituted alkyl group having 1 to 20
carbon atoms, a substituted or unsubstituted allyl group
having 3 to 10 carbon atoms, a substituted or unsubstituted

perfluoroalkyl group having 1 to 10 carbon atoms, a
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- 58 -
substituted or unsubstituted benzyl group, or a substituted
or unsubstituted aryl group having 6 to 30 carbon atoms; and
two or more of Ry, R; and Ry may be linked Lo each other to
form a saturated or unsaturated carbon ring or a saturated
or unsaturated heterocyclic ring;

[Formula 6]

/RS
CH,~C
=0
o

\

Ry
wherein R; represents a hydrogen atom, an alkyl group having
1 to 30 carbon atoms, or an alkyl group having 1 to 30
carbon atoms which i1s substituted with a group selected from
an ether group, an ester group, a carbonyl group, an acetal
group, an epoxy group, a nitrile group and an aldehyde
group; and Rg represents a hydrogen atom, a methyl group, or
a trifluoromethyl group;

[Formula 7]

-

wherein X represents one selected from olefin, vinyl,

styrene, and derivatives thereof.

2 . The polymer compound according to claim 1, wherein

the polymer compound comprises three different species of



Exanpl e

10

15

3.01 90 2 onparati ye Formula 19 (100) 16 Exanpl e 3
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the repeating unit represented by formula (6).

3:.  The polymer compound according to claim 2, wherein
when the polymer compound comprising three different species
of the repeating unit represented by formula (6) is
represented by the following formula (8), the polymer
compound is represented by any one of the formulas of
formula (9):

[Formula 8]

Rea Rap, 86 Ry
i
\ \ Rie )

R
R7a R7p R7e
FaC
Oﬁﬁzo
A+-0

wherein R; represents a hydrogen atom, a trifluoromethyl
group, an alkyl group having 1 to 5 carbon atoms, or an
alkoxy group having 1 to 5 carbon atoms; Rsa, Ryp and Ry. each
independently represent a hydrogen atom, a linear or
branched alkyl group having 1 to 30 carbon atoms, or a
linear or branched alkyl group having 1 to 30 carbon atoms
which is substituted with an ether group, an ester group, a
carbonyl group, an acetal group, an epOxXYy group, a nitrile
group or an aldehyde group; Rga, Rgr and Rg. each

independently represent a hydrogen atom, a methyl group or a



Remarks: (1) Acid generator: Triphenyl sul foniumnonaflate 5(PAG (2) Basic
addi tive: Tetranethyl anmoni um hydr oxi de As can be seen fromthe
results of the Table 2, when the Conparative Exanpl es were eval uated and
conpared with the results of Table 1, the resolution was nmarkedly | owered,
10 and the |ine edge roughness viewed fromthe L/S patterns was
significantly insufficient.

- 60 -
trifluoromethyl group; and A represents a group represented
by the following formula (2) or formula (3):

[Formula 2]

R2
R3S
R4
5 [Formula 3)
Rs—I—Rg

wherein Ry, R3, R4, Rs and Rg each independently represent a
substituted or unsubstituted alkyl group having 1 to 20
carbon atoms, a substituted or unsubstituted allyl group

10 having 3 to 10 carbon atoms, a substituted or unsubstituted
perfluoroalkyl group having 1 to 10 carbon atoms, a
substituted or unsubstituted benzyl group, or a substituted
or unsubstituted aryl group having 6 to 30 carbon atoms; and
two or more of Ry, Rz and R; may be linked to each other to

15 form a saturated or unsaturated carbon ring or a saturated
or unsaturated heterocyclic ring;

[Formula 9]



- 37 - WHAT IS CLAIMED I'S: 1. A pol ynmer conpound conprising a repeating unit
represented by the following formula (5), a repeating unit represented by
the following fornula (6), and a repeating unit represented by the
following formula (7): [Formula 5] ,R1 CH2 C 0 F2R 028=0 + - CC wherein R
represents a hydrogen atom a trifluoronethyl group, an al kyl group having
1 to 5 carbon atons, or an al koxy group having 1 to 5 carbon atons; and A
represents a group represented by the follomnng formula (2) or for mul a (3):
[ Formul a 2]

@ww-@% %;w%/gw@w
0.5 .

[Formula 8-a] +A- O
s ww—/gw%;wﬁw
ijgz;; éZf} ‘égﬁ:)\ ;gcs o}

[Formula 9-b] +A-O
@wm@ww—@wgw%;w
Alzi; 4Zf> Lﬁli;LOH%CS 0

@w@%xw@wﬁw
jﬁj&i;; ;zi> 4£Zi;Loggcs o]

[Formula 9-d] +A-0
@w@wxwﬁww@
ﬁ b

@w@+ g{ gw 5:
ol f@ »

OHO0=8=0
+A-O

[Formula 9-f]



[ Formula 3] wherein R26 R3, R4, R6 and R6 each independently represent a
substituted or unsubstituted al kyl group having 1 to 20 carbon atons, a
substituted or unsubstituted ally! group having 3 to 10 carbon atons, a
substituted or unsubstituted perfluoroal kyl group having 1 to 10 carbon
atons, a - 58 - substituted or unsubstituted benzyl group, or a
substituted or unsubstituted aryl group having 6 to 30 carbon atons; and
two or nore of R2, R3 and R4 may be linked to each other to forma
saturated or unsaturated carbon ringéﬁr-a saturated or unsaturated
heterocyclic ring; [Fornmula 6] CH2 wherein R7 represents a hydrogen
atom an aIkyI group avi ng to 30 carbon atons, or an al kyl group having
1 to 30 %0 3 QB &WH%QQD with a group selected from an
et her grou X fl car bo , an acetal group, an epoxy
group, a nifrile g p and n al defyde gr?yp, and Rs represents a hydrogen
atom a nethyl grou i Iu group; 15[ Fornmula 7] wherein X
represents one sel ect é g ? styrene, and derivatives

ac n

t her eof . F202 The polyner conpoun to claim1, wherein the
pol ymer Eonpoudﬁ conprises three dlfferent speci es of

\@ ] IO> @ FQQ

OHOSO
+A-O

b j@ b 4@92%28 ;
)Lwﬁg;w ::ww >: wﬁw

)Lm [Formula 9] +A-d
o w&wxwm@w@
V0 LD I

+AO

[Formula 9-k]
ww—@%ﬁwﬁw @w
OH \M2;> ¢Zi> Zézi;L >

OHOSO

\4 [Formula 9-1] +A-G



-59 - the repeating unit represented by fornula (6). 30. The pol yner
conpound according to claim2., wherein when the pol yner conpound
conprising three different species 5 of the repeating unit represented by
formula (6) is represented by the followng formula (8), the pol yner
conpound is represented by any one of the fornulas of formula (9): [Fornula
8] 110 R7aR7bR70) F22, C)=S-70 10A -C? wherein Rl represents a hydrogen
atom a trifluoronmethyl group, an alkyl group having 1 to 5 carbon atons,
or an al koxy group haying 1 to 5 carlgn atons; R7" Rvb and R70 each

i ndependently represent a hydrogen atom a linear or 15 branched al kyl
group haying 1 to 30 carbon atons, or a |inear or branched al kyl group
having 1 to 30 carbon atoms which is substituted with an ether group, an
ester group, 4a cahbkopyl ygeeuponpBuaeehatogrOHy, t3Nc EROXY1 INPUPs B, Nitrile
group or an al dehyde group; R8a, Rgb and Rae each 20 independently
represert is hygrogemtadmy ety thgr qup 1ekidg fobRuiabl bEl HOFQIEL hy!
group; and A represents a group represented by the following fornmula (2) or
fornul a (43)=

5 [Formula 4]



[Formula 2] R3-, R4 5[Formula 3] R5- 1-R6 wherein R2r R3, R4, R5 and R6
each independently represent a substituted or unsubstituted al kyl group
having 1 to 20 carbon atonms, a substituted or unsubstituted allyl group 10
having 3 to 10 carbon atons, a substituted or unsubstituted perfluoroal kyl
group having 1 to 10 carbon atonms, a substituted or unsubstituted benzyl
group, or a substituted or unsubstituted aryl group having 6 to 30 carbon
atons; and two or nore of R2, R3 and P.4 may be linked to each other to IO
forma saturated or unsaturated carbog, ring or a saturated or unsaturated
het erocyclic ring; [Formula 9] - 63 - 4. The pol ynmer conpound

according to slaiml, wherein Ais represented by one of the follow ng
formul as of mJIa(4): © ©
Ok 0L O O

“d |
AN
CH3

[Formula 4-a] [Formula 4-b] [Formula 4-c} [Formula 4-d}

Y 9 LY

N o)

’
;
;

[Formula 4-e] [Formula 4-f] [Formula 4-g] [Formula 4-h]
3 oY oF of
F Cl Br !

[Formula 4-} [Formula 4-] [Formula 4-k] [Formula 4]

GHy \
@5 OF Wl
O

.e
ot

[Formula 4-m] [Formula 4-n} [Formula 4-0] [Formula 4-p)

O

e
ah.



5[ Fornmul a 4] -66 - a repeating unit having a hydroxyl group, a |lactone
ring group, or both a hydroxyl group and a | actone ring group. 6. A
chemcally anplified resist conposition 5 conprising the polymer conpound
according to any one of clainms 1 to 5, an acid generator, additives, and a
sol vent . 7. The chemcally anplified resist conmposition according to
claim®6, wherein the content of the noiety - 10(S03)-(A) in the polyner
conmpound is 0.5 parts by weight to 15 parts by wei ght based on 100 parts by
wei ght of the total solid fraction ofg3he chemcally anplified resist
conposition. 158. The chemically anplified resist conposition according to
claim6, wherein the content of the polymer conpound is 3% by wej or

nore based op jcally _applifigd resist co -03|t|on 209 Q%f
cherrically’—( |st @-, rd| I relnthe
content of the pon conpa -a i's Dy MEIght D3 e chenlcally

anplified resist conp05|t|on

[Formula 4-q] [Formula 4-r] [Formula 4-s ]
OO OO O ‘
[Formula 4-t] [Formula 4-u] [Formula 4-v]
O O Oa O)on
[Formula 4-w] [Formula 4-x] [Formula 4-y]
CHs

g O}
b Selts
[Formula 4-2] [Formula 4-a'] [Formula 4-b']
O

vy T, SORENGS:
"]

@ )

8\

[Formula 4-¢'] [Formula 4-d’] [Formula 4-"]

5. The polymer compound according to claim 1, further

comprising a repeating unit having an acid-labile group, and



- 67 - conpri sing: (a) applying the chemcally anplified resist

conposition according to claim6 on a substrate; (b) heat treating
the substrate coated with the 5 chemcally anplified resist conposition,
and then exposing the substrate with high energy radiation.; and (c)

devel oping the outconme fromthe step (b) using a devel oper solution. 1011.
The nmet hod according to claim0O:, wherein the exposing the substrate with
hi gh energy radiation enploys ultraviolet irradiation, X-ray irradiation,
or an el ectron beamirradiation. 1518; The met hod according to claim 10,
wherein the wavel ength of the high energy radiation is in the range of 180
rimto 25@epient i ngb8ni tABSTRAGT a O\ iivb SAL Ty CEMPOUND) 5 PO YVER LOVPOUND
COWPRI SI NG THE SALT COVPOUND, CHEM CALLY AMPLI FI ED RESI ST COVPCOSI Tl ON
COVPRI SENGUPHEoRPCL¥VER2CEOYROUND] ANDUVES DD FOR- PATd ERM NGy £SEING THE
COVPCSI Tl ON A compound represented by the followng fornula (1) is
provi ded:

6. A chemically amplified resist composition
5> comprising the polymer compound according to any one of

claims 1 to 5, an acid generator, additives, and a solvent.

7. The chemically amplified resist composition
according to claim 6, wherein the content of the moiety -
10 (SO3) (A}" in the polymer compound is 0.5 parts by weight to
15 parts by weight based on 100 parts by weight of the total
solid fraction of the chemically amplified resist

composition.

15 8 - The chemically amplified resist composition
according to claim 6, wherein the content of the polymer
compound is 3% by weight or more based on the chemically

amplified resist composition.

20 9. The chemically amplified resist composition
according to claim ¢, wherein the content of the polymer
compound 1s 5% by weight based on the chemically amplified

resist composition.

25 10 . A method for forming a pattern, the method



[Pormula 1] R 0O wherein R and A are defined in the Specification.
The chemcally anplified resist conposition conprising a polynmer conpound
whi ch is produced fromthe conmpound of formula 1 according to the present
invention provides a chemcally anplified resist sensitive to
far-ultraviolet radiation. The resist conposition is | ess dependent on the
substrate, and has excell ent adhesi veness, excellent transparency in the
subj ect wavel ength regi on, and excellent dry etch resistance, and a resi st
pattern excellent in sensitivity, re$dl ution and devel opability can be
formed fromthe resist conmposition. Figure 1
comprising:
(a) applying the chemically amplified resist
composition according to claim 6 on a substrate;
(b) heat treating the substrate coated with the
5 chemically amplified resist composition, and then exposing
the substrate with high energy radiation; and
(c) developing the outcome from the step (b) using a

developer solution.

10 11. The method according to claim 10!, wherein the
exposing the substrate with high energy radiation employs
ultraviolet irradiation, X-ray irradiation, or an electron

beam irradiation.

15 12- The method according to claim 10, wherein the
wavelength of the high energy radiation is in the range of

180 nm to 250 nm.
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ABSTRACT

ONTUM SALT COMPOUND, POLYMER COMPOUND COMPRISING THE SALT
COMPOUND, CHEMICALLY AMPLIFIED RESIST COMPOSITION COMPRISING
THE POLYMER COMPOUND, AND METHOD FOR PATTERNING USING THE
COMPOSITION

A compound represented by the following formula (1) is
provided:

[Formula 1]

wherein Rl and A are defined in the Specification.

The chemically amplified resist composition comprising a
polymer compound which 1s produced from the compound of
formula 1 according to the present invention provides a
chemically amplified resist sensitive to far-ultraviolet
radiation. The resist composition is less dependent on the
substrate, and has excellent adhesiveness, excellent
transparency in the subject wavelength region, and excellent
dry etch resistance, and a resist pattern excellent in
sensitivity, resolution and developability can be formed from

the resist composition.

Figure 1.





