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NOVEL COPCLYMER AND PHOTORESI ST COMPOSI TI ON COVPRI SI NG
THE SAME BACKGROUND OF THE INVENTION 5 Field of the
I nvention The present invention relates to a copol yner
that intensifies contrast and resol ution power in the
patterning of a photoresist, and a photoresi st
conposition containing the copolyner. Mire

NOyArt iCEUHANMER P R ETEME Sidle SOMER SIO0 108 SO0 RIS TAG THE
novel copolynmer that can be used for preparing a
resist which is useful inS5#%€roprocessing using
various radiations, including far-ultraviolet
radi ati on such as kryptone fluoride (KrF) exciner

| aser radiatiggA argon_ _fluoride $A«F exci ner | aser
radi ation or EXEF YD | A5 et 5 YV Yl 5t $n;  X-rays

. ch_.as,synchrofron radiati on; and charged particle
Flezg 3 E0R Enve%&%?%ne ultraviolet (EUW) beam and to

eafns such-as
t ' iti t ai,ni th I .
neDLo S eSLl SRR PPN AT T SRR e
o o . . h !
LSRR 0P ST AT OUELLL BN, £8%r 128 L8 I8 fpencns

of 8 pRoALeEONEREEr s, Qr ] §§t59@§b§tpé&?ﬂ&éi@fﬂgf??ﬂ%aining

ultra-large scale integration (LSI) and t

theAespEUiRgly, @btenbhopits:fpcysetOn,+&s83F CheSention
concerning lithographic 25 processes using an

rel @XPOstd €al h@ht 1 haybOUydef athshotd €Mbe WoyEh eRgEt Noreparing
conpared with the conventionally used exposure

a resist which is useful in microprocessing using various

radiations, including far-ultraviclet radiation such as

kryptone fluoride (KrF) excimer laser radiation, argon

fluoride (ArF) excimer laser radiation or F, excimer laser

radiation; X-rays such as synchrotron radiation; and charged

particle beams such as extreme ultraviolet (EUV) beam, and

to a photoresist composition containing the copolymer.

Descripticn of the Related Art

The recent high integration of semiconductor devices
has led to a demand for ultrafine patterns with a line width
of 0.10 micrometers or less in the production of ultra-large
scale integration (LSI) and the like. Accordingly,
attention is focused on researches concerning lithographic
processes using an exposure light having a far shorter
wavelength compared with the conventionally used exposure

light having a wavelength in the region of g-rays or i-rays,
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i ght having a wavelength in the region of g-rays or
i-rays, 1 such as far-ultraviolet radiation, KrF
excinmer laser radiation, ArF exciner |aser radiation,
EUV, X-rays and electron beam In particular, a |ight
source that attracts the nost 5 attention in the
field of |ithography demandi ng the next- generation
suchatefas-W thaaldiae whdihtobn 0. HOF nécrDnet etaoer
l ess, is ArF excimer |aser radiation. A photoresist
radaphposi thoh tselnesr laker purpbsesoas EdéscEtbeds above
usual |y contains a conponent having an acid- 10
elegphi tPY& f unctional group (hereinafter, referred to

"pol yner"), ‘ nt that generates acid when
b i Her @ g S rat G 6 g Pk 4he o
tor" d I t, and dependi ng on the
=ce ETTEE et ity ot SOt e Ml TR R R Bl Sor bR
d. 15 I t hat, | ed _.as inraw
senBETefon Bt O Bt of eb S5 Totbar £ Il nilteongror or
Les{IAVE, ARPFORIALE, COIPALIDI]LEY i th devel oping
sol utions, ‘an adhesive power 0 Ssubstrates,

r esis{ANGe 410 etehi : éstq]% funct if%'}alth%g%él%z)oses as

i nparting excellen ol uti on power. Cific

des @Y esOfe SP&Ihwacéd}&naﬁinsgf&%ngi&%r&d%aﬁfiia/da{ﬁgéid—

group, a lactone group, a carboxyl ‘group and the
sendikeve asuddei dinctd.angl omps\dore.enhancd Ned he a5
"polymer"), a component that generates acid when irradiated
(hereinafter, referred to as "acid generator"), and a
solvent, and depending on the purpcose, basic additives and
the like may also be added.

A polymer that is used as a main raw material of the
photoresist composition, needs to have appropriate
compatibility with developing solutions, an adhesive power
to substrates, resistance to etching, and functional groups
imparting excellent resolution power.

Specific examples of such functional groups include a
hydrozyl group, a lactone group, a carboxyl group and the
like, as the functional groups for enhancing the
compatibility with developing solutions and the adhesive
power to substrates; a cyclic alkyl group having no oxygen
atom in the main chain, such as in a norbornene derivative
and an adamantane derivative, as the functional groups for

enhancing the resistance to etching; and the like. However,
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conpatibility with devel opi ng sol utions and the
adhesive power to substrates; a cyclic alkyl group
havi ng no oxygen 25 atomin the main chain, such as in
a norbornene derivative and an adamantane derivative,
as the functional groups for enhancing the resistance
to etching; and the |ike. However, 2 as a factor for
as énﬁaﬁébmgfpheenbsobmngonhethesbﬂuLﬂbhy ohe Atudddue ©o
a photoacid generator is nore weighted than any
acigpdepakof anehibnarigroapsritom t hemaspeetiohtpdl yhen any
structure. 5 A nunber of inventions have been
spegegél bpeathptpl greeppt Fyomsbhasaspesht PEfyosuohr
operties. Specifically, there may be nentioned, for
SLreghipPe, a copol ymer of adanmantane acryl ate ?nd s
cycl ol act one acr |late [SPIE (1997, 3049, 519 or
Pt e %t 013 %“1%3104% RapoIRFR SrVearnRd eietil
dride and_an o KP.No. 0672889), ure
cecBlgh g B0, an.oLelLy (KB N, 0C72880). 2 pULE, 1y,

R %%%“9%%2%99@%5}63?&%% 5. oF
ada@aﬁggnélgcf?ﬁgtgp % 1998g§é046¥yf% tP%@fék?1997,

However ough t or mances

30490l yEr'S @feu§eﬁﬁge§@hﬁ809@ of%”&fa 'ﬂ?rwg§6£§ﬁ£§ & €

ever increasingly denmanded, ere request
mald OF @ﬁM&dfﬁ@én§n@nﬁiQ9ﬁ@P§ht RESNEXN B34 d®) . a pure

appropriate resol ution pomer
olefin copolymer [SPIE (1997, 3049, 92)1, a hybrid copolymer
synthesized using these monomers in a mixture [SPIE {1997,
3049, 85), US Patent No. 6,677,419, and KP No. 2000-0022340],
and the like. However, although the performances of these
polymers are being enhanced, since finer patterns are ever
increasingly demanded, there is always a request for new

resins and compositions exhibiting appropriate resolution

power.

SUMMARY OF THE INVENTION
It is an object of the present invention to provide a
copolymer that is quickly dissclved in general solvents, is
easily dissolved in most of solvents, and can be produced
without a molecular weight controlling agent.
Tt is another object of the present invention to
provide a chemically amplified photoresist composition that

is sensitized by KrF excimer laser radiation, Arf excimer
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20 SUMVARY OF THE INVENTION It is an object of the
present invention to provide a copolyner that is
qui ckly dissolved in general solvents, is easily
di ssol ved in nost of solvents, and can be produced
wi t hout a nol ecul ar weight controlling agent. 25 It is
anot her object of the present invention to provide a
Lasghenddadt yoanpEiYi ed-phps or esestroonpositdoontiidatikée s
.sensitized by KrF excimer |aser radiation, ArF excimer
whign| geepophdiatilbns BN depaydeney eet riome bedmorathe has
| i ke, which conposition has |ess dependency on the
excehbRibf at 62D Paareektel I ehite t Fahsphrenciol et throion, and
fat-ultraviolet region, and, has excellent contrast,
has sefSe 1Mt yTOResdt it | oA Bhbil 5 Hev el Opabit 145 . aThe
otaresj st conposition provided by the present
dev?ﬁ%%?’rihws at '$o Ea:%%*a%’?%%%t AR o dlt 1 My Ry ided by the
decrease of.the residual filmratio occurrin en a
oo o et Ul Tl ToTYSEtP TS e | 1E0d b T it G
u . US| F, .capabl e of enhancing the
oo R LT o pover By Aok 1T E57 v P Oy b (Bbooat
mat S TL1S1.00, Qfq agd d wpof 45 18I Ok o 0le A | AFHernaa
radi ati on, and capabl e enhancing the ™ devel ophen
g o0er || esodmnd fiosted by deyel ppere solutigns.and. he
uSlﬁ%hesivéﬁﬁ%mer to substf%ggg. 15 §ﬁIEF SESC%iP C)%%&Z
facilHe: ORAW NGR1i R Gy alnd So 2 A3k, Show g Lo NUCHeA: ot ion
magneti c
of ArF laser radiation, and capable of enhancing the

development properties manifested by develcoper solutions and

the adhesive power o substrates,

BRTEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a graph showing the nuclear magnetic
resonance data of the monomer produced in Monomer Synthesis
Example 2 of the present invention;

Fig. 2 is a graph showing the nuclear magnetic
resonance data of the copolymer produced in Copolymer
Synthesis Example 1 of the present inventicn;

Fig. 3 is a graph showing the results of gel permeation
chromatography measurement for the copolymer produced in
Copolymer Synthesis Example 1 of the present invention;

Fig. 4 is a graph showing the results of nuclear
magnetic resonance data of the copolymer produced in

Copolymer Synthesis Example 2 of the present invention;
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resonance data of the nononmer produced in Mononer
Synthesis Exanple 2 of the present invention; Fig. 2
is a graph showi ng the nucl ear nagnetic 20 resonance
data of the copol yner produced in Copolymer Synthesis
Exanple 1 of the present invention; Fig. 3 is a graph
showi ng the results of gel perneation chromatography
medsiy emert 4 oyratie Lopolnygrerherodudes iaf oCopalepmeration
Synthesis Exanple 1 of the present invention; 25 Fig.
Chrgragogr gpaphnehdwr eiget hef pestle sca@po hyret ear rodagmet L
resonance data of the copol ymer produced in Copol yner
CopgyppBst ¥ ERARHE 5 02BP 1 ¢ he DF eSntPFavent | bavedt By 5
is a graph showing the results of gel perneation
cHr'idmatdgraphy? WEHEMY fidie th56 dolYindr Srsduced
i n_. Copol yner Synt hesi anpl e of the present
MagR Rt TG BT B o Mo SHOR TG (HE PSR 167 of
nucl ear. 5 magnetic resonance data of the copol yner.
Cop R ot TS ol YHBr LSy i host 4 BXARBIS” 3 10r e
pr nt, isnventjon., FiLO. .7 i show ng -t he ,
r e@fﬂe't 37 o]Tr]S Sagldrgagjrhneég%lwolnnd ghh%o ?rfraet%glg rtasp ﬁ)yV% 2’%&5 GremsHton

chrgﬁ%ﬁa@g%ﬁ@&raﬁ&%%& e %ﬁ@%ﬁéﬁ gms@fgég in

the present inventi

Copdf @bl SHENENGs 1 D16 5741 4 S3 0F ¢ NUEL 836 s IRINGLI St on ;
resonance data of the copol ynmer produced in Copol yner
Synthesd s Exangl 0 Houtihe, presertsdirertd Oiclear

magnetic resonance data of the copolymer produced in

Copolymer Synthesis Example 5 of the present invention;

Fig. @ is a graph showing the results of gel permeation
chromatography measurement for the copolymer produced in
Copolymer Synthesis Example 5 of the present invention;

Fig. 10 is a diagram showing the results of an analysis
using a thermal analyzer, performed on BOC~HAMA itself
produced in Monomer Synthesis Example 2 of the present
invention; and

Fig. 11 is a diagram showing the results of an analysis
using a thermal analyzer, performed on a mixture of 92 parts

by weight of BOC-HAMA and 8 parts by weight of

toluenesulfonic acid.

DESCRIPTICON OF THE PREFERRED EMBODIMENTS
All of the compounds or substituents mentioned herein

may be unsubstituted or substituted, unless stated otherwise,
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Fig. 9 is a graph showing the results of ge

perneation chromat ography neasurenent for the

copol ymer produced in 15 Copol ynmer Synthesis Exanple 5

of the present invention; Fig. 10 is a di agram show ng

the results of an analysis wusing a thermal analyzer,

perfornmed on BOC-HAMA itself produced in Mononer
HersynthesterExappbet 2totedhenpresent hyinveat i anomamd 20

Fig. 11 is a diagramshow ng the results of an
CompRaNgsPs SwlFhgtachhet frabulanal yzerd peihormedooh selected

m xture of 92 parts, by wei ght of BOC-HAMA and 8 parts
fromythgi ghevBf CPBFUERAEH] Ponic NgdPgen28 LPESCRI PFIC@RAEF Iroup,

THE PREFERRED EMBODI MENTS All of the conpounds or
A CIUBREY t udht'eP et Fbhet- Rt B ndly PelemeibstT U ed or

bstituted | tated oth i . 5 Here, th
CPOY R AT UMbt Ul Bl FEARR: o MU DU & bRy bro5oup, 4
d bst.i t t i tituted with
cye ORI lp St S LER S SRR Lot 2 4, SDUn L N ate
) , I jtri ,
a D&M UR ar B CRLAGY | AR R (AR I OUP:
der PeLf | $0g O@Qé%oﬁrm,c&nbmgfa%mh@f@&ﬂ, a

het er ocycl oal kyl group, an yl group, a benzyl
OIRUR s AN BN Wty & NeTBI0a] Y It F AUy -%&g\@@ﬂ VoS

t hereof and conbi nati ons thereof. Unless state
meaod et Wiisen hef edy de derdacdal ogen atoine, chlorine,
bromine, iodine and combinations thereof.

Unless stated otherwise herein, the term
"perflucrcalkyl group"” means an "alkyl group" having a part
or the entirety of its hydrogen atoms substituted with
fluorine.

Unless stated otherwise herein, the term
"heterocycloalkyl group" or "hetercaryl group" means a
"cycloalkyl group" or "aryl group" containing, within a ring,
1 to 3 heterocatoms selected from the group consisting of
nitrogen {N), oxygen (0), sulfur (S) and phosphorus (P), and
carbon atoms for the rest.

Unless stated otherwise herein, the term "alkyl group"
means a linear or branched alkyl group having 1 to 30 carbon
atoms; the term "perfluorcalkyl group" means a linear or
branched perfluoroalkyl group having 1 te 30 carbon atoms;
the term "cycloalkyl group" means a cycloalkyl group having

3 to 30 carbon atoms; the term "heterocycloalkyl group"”
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10 neans an atom of any one selected fromfluorine,

chl orine, brom ne, iodine and conbi nations thereof.

Unl ess stated otherwi se herein, the term

“perfluoroal kyl group"” neans an "al kyl group” having a

part or the entirety of its hydrogen atons

substituted with 15 fluorine. Unless stated otherw se
meaher @i hetthecyeineikhét erogychaalkyl 2gtoupd osrbon atoms;

"heteroaryl group"” neans a "cycloal kyl group” or
and"ghy| tgroupargbnabnpbhgrewns him aryingroud tav8ng 6 to 30

het eroat ons sel ected fromthe group consisting of 20
carhpRrag@Rs(N), oxygen (0), sulfur (S) and phosphorus

(P), and carbon atons for the rest. Unless stated

ot H&F Wi Herltl 9 ¥ Heed et oal 4 | s it isuprduGigangley ices

I i near or branched al kyl group having 1 to 30 carbon
has a{“a Lot B %?Fn‘%‘éF??%b?%aﬂiW?“%r%%b"uh%%%%l%e | pelprns

..or_25, branched rfluoroal kyl group having 1 to 30
Lt R o R BhaEh Bhedt LY ML CyRTo0r 6y Ohy A Hesrs
oal k u aving. 3.to, 30 carbon a - th

profdt Pt b SLORP T S ttipe: B neimarin 1) A€ ene
1:kdeterocycl oal kyl. group having 2 to 30 carbon atoms;

and the term"aryl group" neans an aryl group having 6

to;rsq.hi%armlgﬁ,orgss Hhe fasent %df@ta%qrnagfnit% of

sem conductor devices 5 has led to an ever-increasing
res&eRRNch f ofndthd rad i NS RAEA€INSed a method of using short

wavelengths for the exposure wavelength, as can be seen in
Rayleigh's equation, R = kA/NA®, and a method of increasing
the numerical aperture (NA). Therefore, attention is
focused on researches concerning lithographic processes that
use an exposure light having a far shorter wavelength, such
as far-ultraviolet radiation, KrF excimer laser radiation,
Art excimer laser radiation, EUV, X-rays and electron beam,
as compared with the conventicnally used exposure light
having a wavelength in the region of g-rays or i-rays, in
order to obtain high resolution by changing the exposure
wavelength to a shorter wavelength.

On the other hand, in the method of increasing the
numerical aperture (NA), the maximum NA value is
substantially maintained at 0.93, and therefore, in order to
obtain an effect of increasing the NA, use is made of a
liquid immersion exposure method, which utilizes a medium

having a high refractive index in between the laser



10

15

20

25

with a line wwdth of 0.10 mcroneters or less in the
production of ultra-large scale integration (LSI) and
the like. In this regard, as the nmethod of increasing
the 10 resolution, there may be nentioned a nethod of
usi ng short wavel engths for the exposure wavel ength,
as can be seen in Rayleigh's equation, R = k2c/ NA2,

radantiiannmettiod obaipdreaseng Ehecauretecalsapertanely used
(NA). Therefore, attention is focused on researches

as ggabepninagiling hagkaphi-eapr svessascehat udsduse an
exposure light having a far shorter wavel ength, such

PhojeTPalShI BPavFoF et PEGHPAEI bR CKEFIekEPTeENE aBkptoresist
radi ation, ArF exciner |aser radiation, EUV, X-rays

Lo WABest echFoRlbeahiMeastBBnparBATAFE ALt AlROULA not be
conventlonallg%used exposure Iight havin

damgaGe) BRgthei At KeNF egf oh” %fL@pr%9§toE5?d gygri?ﬁrz®nd
ob hi | ut b t
enud 568 F élmwi,%‘%%‘eﬁaﬁﬁrr%ﬁo%wa%%’{‘%? VESer n@Shm%armt
racub P hur P ny T et TRkT Rind R P B, ”gtg%%s?ﬁnwaa rF.
naf‘]{gLaéf@zde atll’p c?re’ exangot@gg{reg\g{ e51d [ lt fll raftio

obt'ai n an ef fect o I NCr ea

of @helg)gatﬁrémw Em Lr £, et hﬁgt '&Q% % A%&&gh@

medi um aving a ractive index in

groh@sS8F é@ﬂb@iypﬂcaﬁgl@ coatied MBheric P NSe MRt Ehel Sesin

currently used
used in the composition.

However, 1f a hydroxyl group or a carboxylic acid is
not used, there are problems such as that the adhesive power
to the substrate is lowered, and a monomer having a bulky
hydrocarbon structure should be used to acquire etching
resistance.

Accerdingly, in the present invention, a monomer having
a structure such as hydroxyadamantane is used to enhance
etching resistance, and at the same time, the hydroxyl group
is substituted with a tert-butoxycarbonate (t-BOC) structure
te improve the residual film ratio of the resin.

Furthermore, the t-BOC moiety is liable in the presence
of the acid generated after exposure, and the isoprene and
hydroxy structure generated as a result of decomposition of
the t£-BOC yield an effect of aiding in the flow of acid and
improving the resolution.

Monomers and copolymers




as such a nedium a top coat substance is used on a
phot oresi st so as to prevent |eaching fromthe
photoresist to water. At this tine, the photoresist
shoul d not be 5 damaged by the solvent of the top coat
used thereon, and thus the filmloss after exposure
serves as an inportant factor in the liquid inmersion

exposusernetihod of aushagorsf. haherefore, t4p0onderetw that

i mprove the residual filmratio of the photoresist,
canj pej ysdesinabhe notstotusevanhydnpxyhy 1€ geoupsentad by
carboxylic acid in the constitution of the resin wused
thej fol hewtoapbsirinda. 1 Hoevethei prashydr bxyengioupiarnat
. carboxylic acid is not used, there are problens such
intggdeRatotihe adhésPUetpoeiS-to the substrate is
| owered, and a nononer having a bul ky 15 hydrocarbon
0 st YRR Syl del used to acquire etching
resi stance. Accordingly, in the present invention, a
noneger having a structure such as hydroxyadamant ane
i s/used to enhance etching resistance, and at the
time, the hydroxyl group 20 is substituted with a
oxycar bonate (t-BOC) structure to inprove the
filmratio of the resin. Furthernore, the
OC noiety is |liable in the presence of the acid
enerated after exposure, and the isoprene and

dyoxy, strugiure generated as a result of
¢ .
d

sitionjof_ 25 the t-BOC yield an effect of
(n thegl flo f acid and
Q

O

In the general formula 1, Re represents any one selected

from the group consisting of a halogen atom, a hydroxyl

group, a carboxyl group, a nitrile group, an aldehyde group,

10 an epoxy group, an alkyl group, a cycloalkyl group, a

heterocycloalkyl group, an aryl group and a heterocaryl group.

The copolymer according to an aspect of the present
invention can be synthesized using monomers represented by
the general formula 1 shown above, and includes monomers

15 represented by the following formulas 1 to 4.

[Formula 1]

| Jl

AN

(R1}a

[Formula 2]



i mproving the resol ution. Mnoners and copol yners 8
The structure of a nononer having the t-BOC noiety
that can be used in the present invention, may be
represented by the following formula 1, but the
present invention is not intended to be limted to
this. 5 [General Formula 1] O O 0'" In the genera
formula 1, R6 represents any one selected fromthe
groug, consi sting of a hal ogen atom a hydroxyl group
boxyl group, a nitrile group, an al dehyde group,
Tepoxy group, an al kyl group, a cycloal kyl group,
et erocycl oal kyl group, an aryl group and a

| group. The copol yner according to an
aspect of the present invention can be synthesized
usiag nononers represented by the general fornula 1
sho above, and includes nonomers 15 represented by
the followng fornulas 1 to 4. [Fornmula 1] ~~Rl)a
[Formula 2] 9 4

[Formula 3]

Rg

[Formula 4]

\\\o o) Rg
X

Ry

wherein in the formulas 1 to 4,

R1 to Ry each independently represent any one selected
from the group consisting of a halogen atom, a hydroxyl
group, a carboxryl group, a nitrile group, an aldehyde group,

an epoxy group, an alkyl group, a cycloalkyl group, a

10
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Lo ORZ [Formula 3] 511 O OR3 [Formula 4] f /I
0O O OR \ ~la~OORe \(R4)b 5 wherein in the
formulas 1 to 4, Rl to R1O each independently
represent any one selected fromthe group consisting
of a hal ogen atom a hydroxyl group, a carboxyl

group, a nitrile group, an al dehyde group, 10 an epoxy
het@r@%‘lel@ﬁl avkybrgrepupanaacyt! oabkyl agdoapheterdfry’
group;

a is an integer from 0 to 10;

b is an integer from 0 to 14;

1, m, n and o are integers satisfying the relationships
such as that l+mi+nto=1, 0.01<1l/(l+m+n+o)<C.4,

O0<m/ (l+m+n+0)<0.6, Osn/(l+ntn+o)<0.6, and 0<o/(l+m+n+o)<C.4.

In regard to the monomers represented by the formulas 1
to 3, any one selected from the group consisting of R; to Ry
and combinations thereof, may be any one selected from the
group consisting of an alkyl group, a cycloalkyl group, a
heterocycloalkyl group, an aryl group and a hetercaryl group.
Any one group selected from the group ceonsisting of the
alkyl group, cycloalkyl group, heterocycloalkyl group, aryl
group and heteroaryl group mentioned above, may include any
cne selected from the group consisting of an ether group, an
ester group, a carbonyl group, an acetal group, an amine
group and combinations thereof, in the middle of the carbon
chain.

Specifically, the one selected from the group
consisting of R; to Ry and combinations thereof, may be
represented by any one formula selected from the group
consisting of the following formulas 5 to 11, but the

present invention is not intended to be limited to these.

[Formula 5]

11



het erocycl oal kyl group, an aryl group and a heteroaryl
group; ais an integer fromO to 10; b is an integer
fromO to 14; 51, m n and o are integers satisfying
the rel ationships such as that | +mtn+o=1

0. 01<1/ (1+mtn+0)<0. 4, 0<ni (]-+m+n+o) <0. 6,

Osn/ (| +mtn+0) <0. 6, and 0O<o/ (| +mtn+0)<0.4. In regard to
the nononers represented by the formulas 1 to 3, any
one gelected fromthe group consisting of RL to R3 10
nbi nati ons thereof, nmay be any one selected from
consi sting of an al kyl group, a cycl oal kyl
a; héter ocycl oal kyl group, an aryl group and a
group. Any one group selected fromthe
onsi sting of the al kyl group, cycloal kyl group,
cl oal kyl group, aryl 15 group and heteroaryl
ti oned above, may include any one sel ected
fromthe group consisting of an ether group, an ester
group, a carbonyl group, an acetal group, an am ne

gr d. conbi nations thereof, in the mddle of the
ca@%%ﬁﬂﬁb éﬁn. 20 Specifically, the one selected from
the group consisting of RL to R3 and conbi nati ons
thereof, may be represented by any one formul a

ect@dy, fromthe group consisting of the follow ng
las 5 to 11, but the present invention is not
intended to be limted to these.

{Formula 7]

4 R
Q O)
5

[Formula 8]

\\\\\(F?14)f

[Formula 9]

12



25 [Fornmula 51 11 OO [Fornula 6] /(Rlz)d [Formula
71 O~ (Ris)e 5 [Fornmula 8 (R14)f [Formula 9] 12
R16 R12 (Rl15)g [Formula 10] O OR8 R19 R20
[Formula 11] OH

2N

(R‘! 5)g

[Formula 10)

{Formula 11}

C

Q
Ray
Rz
Ra3
wherein in the formulas 5 to 11,

Ri1 to Rgz each independently represent any one selected
from the group consisting of a halegen atom, a hydroxyl

group, a carboxyl group, a nitrile group, an aldehyde group,

13



10

15

20

O Oea XR 22 Rea 5 wherein in the formulas 5 to 11,
R11 to R23 each independently represent any one
selected fromthe group consisting of a hal ogen atom
a hydroxyl group, a carboxyl group, a nitrile group,
an al dehyde group, 13 an epoxy group, an al kyl group,
a cycl oal kyl group, a heterocycloal kyl group, an aryl
an gpoyp dndugm, heherdaryl grgnoupa cytsoahkiyht ggenpfroam0
to9; 5dis an integer fromO to 4; e is an integer
heteromvoiveliylfoisupn énteget fronpOatd d4hepadoagyls
an integer from0O to 14. The aforenenti oned copol yner
9rOWRAy have an acrylate 10 derivative of nmethylacrylic
acid 3-t- butoxycarbonyl oxyadamant an-1-yl ester
( BOC-HAVR) I NGHEE T dnotthet t&erdl at e nonomer and a

nQ§bornene,derivative as r%Peating units.
18 an integer from 0 to 4;

e is an integer from 0 to 4;

f is an integer from 0 to 14; and

g is an integer from 0 to 14.

The aforementioned copolymer may have an acrylate
derivative of methylacrylic acid 3-t-
butoxycarbonyloxyadamantan~i-yl ester (BOC-HAMA), and
another acrylate monomer and a norbornene derivative as
repeating units.

The copolymer is generally insoluble or sparingly
soluble per se in alkaline aqueous solutions, but in some
occasions, the copolymer may be soluble. The copolymer
generally has an acid-labile functional group in the side
chain moiety, but in some occasions, the copolymer may not
have a functional group.

The solubility of the copolymer may be increased or

decreased, depending on the type of the monomer included in
the copelymer and the content variation of the monomer. In
general, as the proportion of hydrophobic groups increases,
the solubility in alkaline aquecus solutions decreases. As
such, when a copolymer obtained by adjusting the type and
content of monomers is used, a photoresist composition

excellent in the adhesiveness to substrates, substrate-

14
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The copol yner is generally insoluble or sparingly 15
sol ubl e per se in al kaline agueous solutions, but in
some occasions, the copolynmer may be sol uble. The
copolynmer generally has an acid-labile functiona
group in the side chain noiety, but in sone
occasi ons, the copolyner nmay not have a functiona
indgpeogened, Thensot ubityt yndf rehelcopohynen payobeained.
i ncreased or decreased, depending on the type of the
oo | FrRPUder: s oL tthee qopot mter i rareh it c driteent
variation of the nonomer. In general, as the
noryeppdrei SANGE L AYak opReBP c1yr Blupsne e Bages, dexheative
solubility in alkaline agueous sol utions decreases. As
repbeselchd Wheh @ topBRyiet BBt af nedP BYCEIF Lt iagCt ne
. type and content of nononers is used, a photoresist
inaRE TG AT 7 oo KERTT eHE R ThES atHEST vEHed SR bral
strates ubstrate- 14 independency,.sensitivity
st RS or L T SN oo beL SbL B PGRLET | g Hbl Eopa v e
pool NEo PLEPENy W eOLL Pl L N8 0PLROLDONG, [N WP le A Mg

€ nor rnene derivative r epresen

net HQF ifb]cgﬁ@lﬁm&9§yacfﬁfgﬁ%%§%9£b5aﬁngﬂngﬂn h§f

copol yner to acquire a no ital “structure,

| Ve i ' di sadyv - r
copd eby-Largel yr 'é@f;?jﬁs’i,@g &li‘fyﬁ £ Jﬁ?&??%%%;lte)%ti ng

SO ubility I n solven whi ch”1s ex _
cont® hagky | €1 £LOPod Yy R SyhFUrdher nores e thes i Sfoduce

copol yneri zation of acrylics only, it is difficult to

low molecular weight compounds. However, when a norbornene
derivative represented by the formula 1 is introduced into
the reaction, the derivative helps in controlling the degree
of polymerization of the acrylics and in producing low
molecular weight copolymers. Thus, the norbornene
derivatives represented by the formula 1 is characterized by
playing a role as a molecular weight controlling agent, and
by enhancing etching resistance.

The acrylic derivative represented by the formula 2 or
3 can have an acid-labile functional group introduced
therete, and can also have a functional group related to an
improvement of adhesive power, introduced thereto to
reinforce the adhesive power. In order to reinforce such
adhesive power, an acrylic monomer containing lactone can be
mainly used. Furthermore, while a functional group formed
from an acid-labile functional group and lactone, which is

intended for the reinforcement of adhesiveness to substrates,

15
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10 control the nolecular weight, and it is not easy to
produce | ow nol ecul ar wei ght conpounds. However, when
a norbornene derivative represented by the fornula 1
is introduced into the reaction, the derivative hel ps
in controlling the degree of polynerization of the
acrylics and in producing |ow 15 nol ecul ar wei ght
cancbpobymer s Fhuky hhdrnosbbrnenempdendivabavesncreases
represented by the formula 1 is characterized by
resppaynAg aoreFehasgacanl etapabewenghvdeontral| thyg same
. agent, and by enhancing etching resistance. The
timgerylic derivative represented by the fornula 2 or 20
3 can have an acid-labile functjonal group introduced
t H&t et At dit il so- HavVEEREF UH i Whal g arel e
rovenﬁnt of adhesive power, introduced

t ;
thetﬁ%?@?%gt 17 eF Nf OP cRIT RS athesive pder . ETRCGraer to

rei,nf or,ce guch adhesi.ve gomer an acrg%&g nmononer

PCLGAE AT i MG abY S EANABY 25 i R YR LAY L ET ¢ hef o e,
[ . | I f d i d-1 abi |
e tLE, BA L ER LD Lt PR L0 B AL AR P b

onal group and Tactone,

expégsrée&géﬁageagggf ;rgggfééaggesgttg%éUP@$§ﬁ5581i&§&

can be used, a rocar bon conpoun a
R S [ nce: 4o ' | < e .
irrkACEERSES whESI Stance; 4o gt chi N9- £, g%ﬁgg@haln%, he

i ntroduced at the sane tine.

decBPELANOL WA £1 6 EPfegent ed-Dy <5y tihe Jorimil 8y 4 d Schus
advant ageous in that, when t-BOC is

improve the resolution; and pattern profiles having good
perpendicularity can be obtained by a contrast enhancing
effect.

The copolymer of the present invention may be a block
copolymer a random copolymer or a graft copolymer.

The copolymer of the present invention can be
polymerized by any conventional method, but radical
polymerization is preferable. In the case of performing
radical polymerization, the radical polymerization initiator
is not particularly limited as long as it is a commonly used
radical polymerization initiator, such as
azobisisobutyronitrile (AIBN), benzoyl peroxide (BPQ),
lauryl peroxide, azobisisccapronitrile,
azobisisovaleronitrile, or t-butyl hydroperoxide.

The polymerization may be carried out by methods such
as bulk polymerization, solution polymerization, suspension

polymerization, bulk suspension polymerization and emulsion
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i ntroduced into hydroxyadamant ane (neth)acrylate, the
residual filmratio required in the ArF liquid
i mrersi on exposure nethod can be reinforced; at the
time of light irradiation, when the acid-Ilabile _
group, t-BCC, is 1.0 deconposed, the fluidity of acid
can be enhanced to thus inprove the resolution; and
polgaereentprofi ked havifng gbedropempendetubar sbyvean, bene
obt ai ned by a contrast enhancing effect. The
Or BPps6l Jakr bof sehecpresénr bAavenfron hayzbeca bbbduknels
copol yner a random copol yner or a graft copolyner. The
XYl%BﬁoléﬁéPg%PaFﬁ@ BrPesehe. | AveRbybneEhRr betepokyrers fedan,
conventional nethod, but radica

estﬁ%ﬁynéFP%S?roﬁa?EOB?éfeFQBP@eStna®h%e%a§%dd@16?hols

d t th ca

00 L@?Lm@%%%ﬁu%eﬁ?%?ﬁ?_ <P s%n%%?z%c&i%gwy copolymes

can g eV F SRt OneT i oF b b o st qeed derenalfs’ 68 ene type

of 5991 ééOb%Méoﬁ%ié& Paf AL DEnZOVL RELOXT 8P (B
? ? per oxi de, azo |S|socg%ron

cop@Z?x%x?'éQNaJ)@r L %ﬁfa%gf%a? {f&é’% &y 0&%8@; rg(g LR

e pol yneri zat ed out such

amo@@tb@fk @Pyﬁ@?fé5@§69n1n§919%bfnu§8éYQﬁﬁ!gﬁg'f%bctlon

suspension  pol yneri zati on, suspensi on

tim@0l YAt Zzatdpl &nto enyk siep pd6,Rot yrerizat i on, andas: oq
for the polynerization solvent, one

monomers and side products remaining in the reaction mixture
are preferably removed by a precipitation method using a
solvent.

The weight average molecular weight (hereinafter,
referred to as "Mw") of the copolymer of the present
invention as measured by gel permeation chromatography (GPC)
and calculate relative to polystyrene standards, is usually
2,000 to 1,000,000, and is preferably 3,000 to 50,000, from
the viewpoints of sensitivity as photoresist, developability,
coatability, thermal resistance and the like. The molecular
weight distribution of the copolymer is preferably 1.0 to
5.0, and particularly preferably 1.0 to 3.0.

Specifically, a copolymer including the monomers
represented by the formulas 1 to 4, can be represented by
any one formula selected from the group consisting of the
following formulas 12 to 21, but the present invention is

not intended to be limited to these.

17



or nore may be selected for use, from benzene,

tol uene, xylene, hal ogenated benzene, diethyl ether,
tetrahydrofuran, esters, ethers, |actones, ketones,
am des and al cohols. 5 The tenperature for the

pol ynmeri zation of the copolynmer can be appropriately
sel ected and used depending on the type of catalyst.
TheFeotebal B2 ] wei ght di stribution of the copolyner
can be appropriately adjusted by changi ng the anount
of pol yneri [ d the reattion 10

usually 2,000 to 1,000,
to 50,000, from the viewpoints of sensitivity as
Mygéyﬁ§ﬂ§t33pevelopabiIity, 20 coatability, therma
resi stance and the |ike. The nol ecul ar weight
distribution of the copolyner is preferably 1.0 to
570, and particul ar /

r effer abl
aai!!!Ka{VVY a cop é%ﬁw%Vﬁc

by ; any one formila selected’ fromthe gr

consi sting of the © © Q
o /“\/k
(o]
o 0

[Formula 14]

R
D jag "

[Formulia 15]
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following formulas 12 to 21, but the present invention
is not intended to be limted to these. 17 (Fornul a

12] nnn~ tlLio +1~" 11 OO0 OO0 O/IJ\ Ozt~ O
'O [Formula 13] nnn~ I,nniv.~vwv It 1 0000 OO0 O
t0i 0* 5 [Fornul a 14] T o r~E~~ ~1 mi1n~YO0OO0O

000/ \o/ \' O [Fornmula 15] 18

IS Ly
IR e y”

S U
@Qéﬁ@gux

FAVAVAVY CATAVAVS L AYAVAVL U (SavaVaVs
l m J+nl n WP‘N o
O

f L Lk
°>L

[Formula 18]
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OO0 00O0O0OO Ao~ O [Formula 16] E\ " ~.J7 0 0 00 o, ==
O 00oek [Formula 177 000 000 OHO O/\ O
OO0 O [Fornula 18] 19 00 0000 zt~ 00 ox- o0
[ Formul a 19]

EaVAVAV \JW'V (EACAVAY/ JWU\/%\/\/ (PAVAVAV S
m n 4]

j@b@)kk

e
ﬁ peR-geu e

[Formula 20]
o o)
0
g O
b J kK
o)
[Formula 211

B LI Ui A s
e O@J&k
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-~O- -'00 00Ol o000 O &KX O [Forrmula 20] 0O
O 0000 \-bOOIkO~, O[Fornmula 21] o 00 0O -~b
0 29 k xIl  0"0 O 20 wherein in the fornmulas 12, 13,
15, 17, 18 and 20, 1, m n and o are integers
satisfying the rel ati onships such as that |+mtn+o=1,
0. 01<1(1+mtn+0)<0.4, O<m (| +mtn+o0) <0. 6,
whegghh (1 anheof«bmélaant? 0<bl ( 1+nkd) <08 4and 20,
1, m, n and o are integers satisfying the relationships
such as that l+m+nto=1, 0.01<1l(l+m+n+0)<0.4,
O<m/ (L+m+n+0)<0.6, Os=n/(l+m+n+o)<0.6, and 0<o/ (l+min+o)<0.4;
and in the formulas 14, 16, 19 and 21,
l, m, n, o and p are integers satisfying the
relationships such as that l+m+n+o+p=1,
0.01<1 (l+m+n+o+p)<0.4, O0<m/ (l+m+tn+o+p)<0.6,
Osn/ (l+m+n+o+p) <0.6, 0<o/ (l+m+n+o+p)<0.4, and

O=sp/ (l+min+o+p)<0.6.

Photoresist composition

The photoresist composition according to another aspect
of the present invention contains the copolymer of the
present invention, an acid generator, additives, and a
solvent. The photoresist composition may be a positive type
chemically amplified photoresist composition.

The acid generator that caﬁ be uvsed may be an onium
salt such as an iodonium salt, a sulfonium salt, a
phosphonium salt, a diazonium salt or a pyridinium salt, or
an imide, and preferably, a compound represented by any one
formula selected from the group consisting of the following
formula 22, formula 23 and combinations thereof, can be used.

More preferably, by introducing a cyclic alkyl group to
the anion, the acid diffusion length in the resist film can
be maintained appropriately short, and higher permeability
property can be obtained, so that high resclution of the

resist can be obtained.

21
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15

5 and in the formulas 14, 16, 19 and 21, 1, m n, o
and p are integers satisfying the relationships such
as that |+mtn-i-o+p=1, 0.01<1(|+mrn+o+p) <0. 4,
O<ni (I +mrn+o0+p) <0. 6, 05n/ (| +mtn+o+p) <0. 6,
O<o/ (I +mtn+0+p) <0. 4, and 10 Osp/ (| +m-n+o+p) <0. 6.
Phot or esi st conposition The photoresi st conposition
actbrdingat 82hnot her aspect of the present invention
contains the copolyner of the present invention, an
acid generator, additives, and a 15 solvent. The
phot dkesi st conposition may be a positive type
chenikally anpl i fied photoresist conmposition. The acid
fieratdr that can be used may be an onium salt such
as an iodoniumsalt, a sulfoniumsalt, a phosphonium
di azoniumsalt or a pyridiniumsalt, or 20 an
and preferably, a conmpound represented by any
orjrul a 'sel ected fromthe group consisting of the
[lowrig fornula 22, fornmula 23 and conbi nati ons
t hgr €of, can be used. More preferably, by introducing
avgyclic alkyl group to the anion, the acid diffusion
lengt® in the resist filmcan 25 be naintained
appropriately short, and higher perneability property
carbe,opt afed, so that high resolution of the
resi st can be obtained. 21

Roq

|

Ros—S+- A

Roz

wherein in the formulas 22 and 23,

Rz4 and Rps each independently represent a substituent
selected from the group consisting of an alkyl group, an
allyl group, a perfluorcalkyl group, a benzyl group, and an
aryl group;

Rog to Rpg each independently represent a substituent
selected from the group consisting of a hydrogen atom, an
alkyl group, a halogen group, an alkoxy group, an aryl group,
a thiophenoxy group, a thicalkoxy group, and an
alkoxycarbonylmethoxy group; and

~-A 1s an anion,

22



[Formula 22] R24 R25 -S + - Al Res Rea Rz7

[Formula 23] R24 | R25-S+-A Res R28 R2 5 wherein in

the forrmulas 22 and 23, R24 and R25 each i ndependently

represent a substituent selected fromthe group

consi sting of an al kyl group, an allyl group, a

per fl uoroal kyl group, a benzyl group, and an aryl

gr Bupf e 18b R2 6e tanil8s eat ht hadependentf ytiepiesente@erator
~ substituent selected fromthe group consisting of a
inchydeogenpations aaprakkybedrbupthe haldgenngrgeperah

al koxy group, an aryl group, a thiophenoxy group, a
forphigal Rexyogerpupbuandhanrrabrokyéavbohypret hoxyt gioupnded

and 15 -A is an anion.
to be limited to these.

5 {General Formula 2a)

o

[General Formula 2b]

o

QS+

CHs

aa

[General Formula Z2c]

©_3+

10
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22 Preferabl e exanples of the cation of the acid
generator include conpounds represented by the
followi ng general fornulas 2a to 2p, but the present
invention is not intended to be limted to these. 5
[ General Formula 2a] [General Formula 2b] s+ CH3

[ General Formula 2c] s+ 10 23 [Ceneral Fornula 2d]

[ GEherata Foremhal 2eld} / \ s+ OCH3 5 [ General Formul a
2f] [Ceneral Formula 2g] 24 /-\ s+ ~ 1 \ [Cenera

For 2h]  r-~y

Vo

[General Formula 2e]

O

S+

|
-

OCH;

[General Formula 2f)

[General Formula 2g)

24



[General Formula 2i] 5 F [CGeneral Formula 2j] 25 ci

[ General Formula 2k] 3-st Br [General Fornula 21] s.
5 [General Fornmula 2n] 26 /-\ s " / | \ [Ceneral
Formula 2n] r-\ s" O [General Fornula 20] CH, 5

[ General Formula 2p] The anion -A may be any one

sel ected fromthe group consisting of -0S02CF3,

-0 F9, -0S02C9F17, -N(CF3)2, -

O
S
[General Formula 2h]

Qw
e

[General Formula 2i]

[General Formula 27]

25



27 N (C2F5) 2, -N (4F9) 2, -C (CF3) 3, -C (C2F5) 3,
-C (C4F9) 3, a conpound represented by the follow ng
formula 24, and a conpound represented by the
following formula 25. [Fornmula 24] O R1I 129 IR 31 O

- OSCCGOL(R33)ymX Il OR300 R32 5 [Fornula 25] (I
129 131 11 - OS- i -C -0il-(R33).-X 11 O R30 R32
O wheregin in the formulas 24 and 25, X represents any

one (& ted fromthe group consisting 10 of an al kyl
gr oup per fl uoroal kyl group, a cycloal kyl group, an
oup, a benzyl group, an aryl group and a
group; R33 represents any one sel ected

e group consisting of an al kyl ene group, NR34,
0 and 15 conbinations thereof; R29 to R32,

5 each independently represent any

Cl

[General Formula 2k]

Br

[General Formula 21}

0

QS+

[General Formula 2m]

26



one selected fromthe group consisting of a hydrogen
atom a halogen atom a hydroxyl group, a carboxyl
group, a nitrite group, an al dehyde group, an epoxy
group, an al kyl group, a 20 cycl oal kyl group, a
het er ocycl oal kyl group, an aryl group and a
heteroaryl group; and 28 mis an integer fromO to 2.
The zahiton - A sel ected fromthe group consisting of a
D il represented by the forrmula 24 and a conpound
represented by the fornula 25, nmay be preferably an
<ii:>gﬂ 5 represented by any one fornula sel ected from
thg gioup consisting of the following fornmulas 26 to
. bi present invention is not intended to be
hhese. [Formula 26] 0 F2 O H2 0 10
OFz -00 O"2 O[Fornula 28] 29

[General Formula 2n]

R

[General Formula 20]

CH,

HyC—§ +

[General Formula 2p]

hN

=

The anion -A may be any one selected from the group

consisting of -080,CF3, ~0802C4Fg, -0S02CsF17, ~NA{CFa})a, -

27



O ocOHO Of[Formula 29] OF2 -0\ ¢c ~-OOH2O
[Formula 30] O F2 o .,.. \oc 0 H O 5 [Formula 31]
300 F2 HZ -0Q OO0 [Formula 32]

N{CyFs)2, -N(C4Fs)2, -C(CF3)3, =C(CzFs)3, -C(C4Fs)3, a compound
represented by the following formula 24, and a compound
represented by the following formula 25.

[Formula 24]

ﬁ Rog  Rgg
-0 ﬁ C|3 T O {Rag)m—X
G  Ras Ra

[Formula 25]

O Rz Ry i)

-Qe—5——C—C O IS (Rgg)m"“x

O Ry Rgp o

wherein in the formulas 24 and 25,
X represents any one selected from the group consisting
10 of an alkyl group, a perfluorocalkyl group, a cyclocalkyl
group, an allyl group, a benzyl group, an aryl group and a
hetercaryl group;
R33 represents any one selected from the group
consisting of an alkylene group, NR3;, S(Ris)e, O and
15 combinations thereof;
Rzo Lo Riz, R3zq and Ris each independently represent any
one selected from the group consisting of a hydrogen atom, a
halogen atom, a hydroxyl group, a carboxyl group, a nitrile
group, an aldehyde group, an epoxy group, an alkyl group, a
20  cycloalkyl group, a heterocycloalkyl group, an aryl group

and a heteroaryl group; and

28



OF2 -0QH20O0O0 [Formula 33] OF2 1-CH2O0 OS5
[Formula 34] 31 0 p,---" ~"- \co OH2 0 [Fornula 35]
OF2 _p\;, OHZ OO OJ[Formula 36] O

m is an integer from 0 to 2.

The anion -A selected from the group consisting of a
compound represented by the formula 24 and a compound
represented by the formula 25, may be preferably an anion

5 represented by any one formula selected from the group
consisting of the following formulas 26 to 52, but the
present invention is not intended to be limited to these.

[Formula 26]

Q
&

10 [Formula 27]

Ho O

[Formula 28]
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AF2p" \cOHR O OS5 [Fornula 37] 32 0 F, HZ O O
CH [Formula 38 00 HZIlI oc¢c-~CsoFzZO
[Formula 39] OO Hz Il FZ 11 O

[Formula 29]

[Formula 30}

TFormula 321)
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5 [Formula 4
[ H2 1] I
I H Il F2
I OF2 11

1 O

Fz
\\,/o

\\ ;

{Formula 32]

[Formula 33]

[Formula 34]

0] O
cl'0 c~I
OO0

0

5 [F

O

/| Hz |l 8 Fz 11 O

[Formula 41] O

l~o F2 ¢l OO33 [Fornula 42] 0 0O

[Formula 43] 0 O 11
ormula 44] 0 O

31

H2 Il S ~C- ~S~



Il 1l F3C_. C_'COCGCIIOF2 F2 0 [Formula 45] 0
011 H 1l F2 117 0 [Formula 46] 0 0 Il H Il _ --vl
HZSI 0CSCs 0O OO 0 10 [Formula 47] 34 Oo 11 H2
Il ¢Sl OfC _F2 S\0 IH11 0O
N

2

C.

NN
HZ /O

[Formula 35]

Ak

N
\ i, ° o

[Formula 36}

N
\ o, ° o

[Formula 37]
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O [Formula 48] 00 H 11 0", ~0OF2 11 " 0- O\ / O
~~~[FFFFormula 49] o O Il H2 Il Br -,-,--11"0 C0~-S O
F2 11 500 [Formula 50] o 0 H2 11 F2 11 0
[Formula 51] Oo ~-~ HZ Il O0 0211' o Fz O 10
[ Formul a 52]
W\
2
/S/C
O 0
\ G o
0O He
OH

[Formula 38)

i
O/ )
S
O/ B

[Formula 39]

P
? |

O

[Formula 40]

I
H_/“\ /C“--.C/ﬁ“m.
O

[Formula 41]
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00 H211 0 ~F2 1l O The photoresist conposition of
the present invention 35 nmay contain the acid
generator in an amount of 0.5 to 15 parts by weight,
and preferably 2 parts by weight to 10 parts by
wei ght, relative to 100 parts by weight of the total
solids content of the photoresist conposition. If the
5 dontenta of2it he aci d generator exceeds 15 parts by
wei ght, the perpendicularity of the pattern may be
significantly |owered, and if the content is |ess
thanHO 5 pakts bﬂlme|ght the flexibility of the
“‘ea%fﬁrﬁonaﬁ*bep or. The acid generators
ment floned above cdan be used individually or in 10
nixtdre of two or° nore species. In order to obtain a
orm.,and flat coating film the photoresist
g#%&ﬂ%%%)4%s di ssol ved in a sol vent having an
adequate rate of_ evaporation and viscosity, before
use“ Exanpl| es the sol vent having such properties
i nckude E,J ene glycol nononethyl ether, ethylene
[y olonnnoet yI é%her et hyl ene gl ycol nnnopropyl
et her, nethylcel osol ve acetate, ethylcellosolve
acetate propyl ene glycol nononethyl ether acetate,

pPrioRyeng glajcol nonoet hyl et her

0 O

| Ho I
FI&C“-—»..C/C\O/C\C/S\\O

Fa Fa “

O

[Formula £45]
O

o
I e

FC’/C&\ /C\C”’/H

[Formula 46]

H—=0

Ha

O

[Formula 47]
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acetate, propylene glycol nonopropyl ether acetate,
nmet hyl 20 i sopropyl ketone, cycl ohexanone, nethyl
2- hydr oxypropi onate, ethyl 2-hydroxypropionate,
2- hept anone, ethyl lactate, y- butyrol actone, and the
i ke. According to circunstances, these solvents may
be used individually, or as m xed solvents of two or
nore species. 25 The anount of use of the solvent is
amj=s|-d to appropriate anounts in accordance with

e |0

. opefties of the{ solvent, nanely, volatility,
’SCO ity|and t he Iikét so that 36 the photoresist
postti {jir-oan “be-curiforgrl y forned on a wafer. The
iotor%%i t compositi k is prepared in the formof a
gl ution, and is applied and dried on a wafer
sabstrate to 5 forma resist film In this case, a
resist solution can be prepared and filtered, and then
this soluti can be applied onto the substrate by a
ne{%%ﬂm§§%ﬁﬁg§ spin coating, cast coating, or rol
coating. The resist filmapplied by such a nethod as
descri bed 10 above s partially irradiated with

radi atigh, to forn1a|fine pattern thereon. The
/ﬁiﬁhﬁy' used%igr/L 1S purpose is not particularly
4 limyed, but exaﬁ%le# t Rer eof incl ude | -rays which
‘\ggLQLg to ultraviole? radiation;, KrF exciner |aser,
F excimer |aser, F2 exciner |aser and X-rays which

bel ong
[Formula 49]

0O O

| el

Br/”‘*/sf““o/c“‘g"’f‘“‘o-
O : O

[Formula 50]

O o]

AO/U\ /gi\c/’!m

o 0-
Fa “
0

[Formula 51]
o] O
/“\ Ha “
o O_.«-'C\-_.CI—’SMO_
5 s
Q

10 [Formula 52]

O O

,—/‘“\S/\J\OM(H:LC/LI ——

Fa ”
C

(oM

The photoresist composition of the present invention
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15 to far-ultraviol et radiation; electron beans which
bel ong to charged particle radiation; and the |ike.
These can be used selectively according to the type
of the acid generator. The devel oper solution that is
used for developing the resist filmcan be sel ected
from aqueous sol utions 20 contai ni ng sodi um hydr oxi de,
maypevrassiom:hydroiildesnsodiom ioarbonatentsodi b to 15
silicate, sodiumnetasilicate, ammonia water,
pargshPranehehtn- pnépyrafeneblyr Pephykanbgeyweight to 10
t et ramet hyl ammoni um hydr oxi de, tetraethyl anmoni um
ParfjdpPExVAeINandrERE LEFTRe Ol hOBapeiEal By, weight of the
tetranet hy Iannonlunlh%drOX|de 25 anong them can be

tOLﬁﬁeﬁeﬂéﬁﬁycagéantTﬁé hot BRaspseséshpesrpPoht hay. 1L the
] clude , additives such as a_surfactant and a
Con&ﬁP goFBEI@CéPCSﬁBFratg? %EE%?QFantBaﬁEEegglV?lgﬁﬁe
I th t
PR e B T S 2L e
t h I
o B g o £ B PRy e RS P e sk P Vg By veieht,

theaglé§§bﬁgl£2 %ﬁnPHQt QE Qhe 5 b@&gﬁgggggrthefﬁln301d

and thus ca e prod usi ng™a nbl ecu

h
gen@@é?@fsCﬁ@ﬁf?&héagaﬁg§gtCag ﬁep ﬁ%§{§§$?31§§%?9§ LLon,

he present Invention iIs i ed
mixtype @hO£@ée§fs&o§@np€§&1égn that is 10 sensitized by

Kr F exci mer | aser, exci mer |aser, EUV, X

In order to obtain a uniform and flat coating film, the
photoresist composition is dissolved in a solvent having an
adequate rate of evaporation and viscosity, before use.

Examples of the solvent having such properties include
ethylene glycol monomethyl ether, ethylene glycol monoethyl
ether, ethylene glycol monopropyl ether, methylcellosolve
acetate, ethylcellosolve acetate, propylene glycol
monomethyl ether acetate, propylene glycol moncethyl ether
acetate, propylene glycol monopropyl ether acetate, methyl
isopropyl ketone, cyclohexanone, methyl 2-hydroxypropionate,
ethyl 2-hydroxypropionate, 2-heptanone, ethyl lactate, y-
butyrolactone, and the like. According to circumstances,
these solvents may be used individually, or as mixed
solvents of two or more species.

The amount of use of the solvent is adjusted to
appropriate amounts in accordance with the properties of the

sclvent, namely, volatility, viscosity and the like, so that
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20

rays, electron beamor the like, which is |ess
dependent on substrates, has excellent transparency
in the far- ultraviolet wavel ength region, and has
excel l ent contrast, sensitivity, resolution and
devel opability. 15 The photoresi st conposition can
inprove a decrease in the residual filmratio that
theopboterahéntactuposdatonsabstaaceni Soused fortbe on a
liquid inmersion exposure nethod, and can al so
wafehhance the resol ution power by faC|I|tat|ng t he
fluidity and diffusion of acid at the tinme of 20
i r?&d.%ﬁ@WW%w A eyl gradh athmbe Mk Photior ekt of
conposition al so enhances the devel opnent properties
a Sﬁﬁﬂff@%teanﬁylae@gp6b%? 3of uirofd, oand YhESadhessheate to
ower trates. 25 EXAMPLES Herei nafter, the
forﬁ %s%ﬁ Evgﬁi

Ton W Fhpe %i)%%{f?cﬁ??&“d%%%ﬂb% Wi“ﬁ hbe
d

Prer At T Rote O%{?’%—(ﬁa brth et goRk T ST e LR %"Eret% S Shpied

Ont%hghepgggg Qvggtéqg Pﬁétalns can easi| carrggo%%?t

nven |on wever (Fl]e pr esentSIiDnvenCt)l OJﬁn

nd b ed to the Synthesis Exanpl es and
coaﬁﬂﬁ& gg %&gésg?%%ed herein. Synthesis of nononers and

C@JFHE VS S (MONONBI, 19U hesi s, XMl 1y as described

above is partially irradiated with radiation, to form a fine
pattern thereon. The radiation used for this purpose is not
particularly limited, but examples thereof inciude I-rays
which belong to ultravicolet radiation; KrF excimer laser,
ArF excimer laser, [; excimer laser and X-rays which belong
to far-ultraviolet radiation; electron beams which belong to
charged particle radiation; and the like. These can be used
selectively according to the type of the acid generator.

The developer sclution that is used for developing the
resist film can be selected from agueous solutions
containing sodium hydroxide, potassium hydroxide, sodium
carbonate, sodium silicate, sodium metasilicate, ammonia
water, ethylamine, n-propylamine, triethylamine,
tetramethylammonium hydroxide, tetraethylammonium hydroxide
and the like. In particular, tetramethylammonium hydroxide
ameng them can be preferably used.

The photoresist composition may further include

additives such as a surfactant and a water-soluble alcohol,
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In a two-necked round-bottom fl ask equi pped with a
stirrer and a reflux cooling tube, 200 g of 3 10
hydr oxyadamant ane acrylate, 107 g of pyridine, 33 g of
di met hyl am nopyri dine, and 0.6 g of Irganox 10100 were
di ssolved in 800 m of ethyl acetate, and then a
solution prepared by dissolving 295 g of di-t-butyl
accdirgburigoiat @cioess808§.m of ethyl acetate was slowy
added dropwi se to the 15 flask at normal tenperature
undéf GORPLYBYENCHashst peasentAfneentonpl esi ompbddlyhe
. dropwi se addition, the solution was refluxed for 4
A1 Si5Gdr§ Jatt N7 GCCOBRE N KR VRas - ceoled st 6apdhmakoluble in most

tenperature, The solution was subjected to an acid
°f SPedfhbit and aR BPRAMEt Féat kenProdnaethéntaas washed

W t h 0 distilled ter. Subseguently, the organic
haviiagep §lfFQoP8§889 aRdYERE SoPVerf IES 1 penbledamprBL Of

oLek93 UL MR CHEERYREAL ' 48Y LHAD NSXPE 1040083 N ERue
coifaLal ERURINCaLROnN oxy afaTRnL g Ao ester

g?@%&aé%&@@f@$fs§acoﬁﬁﬁéf?fgﬁaéfFpﬁgm%f%égﬂt:%%é%néaé% is
a chemicall;_amplified type photoresist composition that is
sensitized by KrF excimer laser, ArF excimer laser, EUV, X-
rays, electron beam or the like, which is less dependent on
substrates, has excellent transparency in the far-
ultraviclet wavelength region, and has excellent contrast,
sensitivity, resolution and developability.

The photoresist composition can improve a decrease in
the residual film ratio that occurs when a top coat
substance 1s used in the liquid immersion exposure method,
and can also enhance the resolution power by facilitating
the fluidity and diffusion of acid at the time of
irradiation with ArF laser radiation. The photoresist
composition also enhances the development properties
manifested by developer solutions, and the adhesive power to

substrates.
EXAMPLES

Hereinafter, the present invention will be specifically

described with reference to Synthesis Examples and Examples,
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(Mononer Synthesis Exanple 2) In a two-necked

round- bottom fl ask equi pped with a stirrer and a

reflux cooling tube, 200 g of 3 5 hydroxyadanant ane

met hacryl ate, 100 g of pyridine, 31 g of

di met hyl am nopyri dine, and 0.57 g of Irganox 10100

were dissolved in 800 m of ethyl acetate, and then a
so $bRut Fonsephepangdobyidhsgobying 2@7thgeokrdi tb-butyh the

di carbonate in 500 m of ethyl acetate was slowy
pregggedidrephiise rerthénsOcthasksal ynosnal tenperature

under a nitrogen gas stream After conpletion of the
invErbpanse HAUEVESN, thRePsoPaRt ohniastipef Laxedt f brtdnded

hours at 70C, and then was cool ed to nornma
to P%nﬁéméra?etOrﬁeesérarh%ﬁlnagxennreéteadt%xanpherd

ge t and an alkali treatnment, and then was washed

desﬁf%ﬂe ®GFsFil 1 ed water. Subsequently, the organic

Iayer was. isplated, and the solvent was renpved. The
e@ﬂaagaﬁa%:zféeﬂygkaﬁrﬁzeQﬁE&ﬁﬁbﬂEiaae, to obtain 212
9 Y/
erx?o“‘t%e{mgt car onyI%&y adaardrl‘e?nt an-1-yl ester
( a r f Vi e fm
BGC mﬁwgéwﬁmwaﬂr m

gener al rmu e nuclear |c resonance

stif MR data ol cihe GORnOE! c 240l hesh zg_doﬁs descri bed

above are presented | ornu a 3b]
hydroxyadamantane acrylate, 107 g of pyridine, 33 g of

dimethylaminopyridine, and 0.6 g of Irganox 1010® were
dissolved in 800 ml of ethyl acetate, and then a solution
prepared by dissolving 295 g of di-t-butyl dicarbonate in
500 ml of ethyl acetate was slowly added dropwise to the
flask at normal temperature under a nitrogen gas stream.
After completion of the dropwise additicn, the soluticon was
refluxed for 4 hours at 70°C, and then was cooled to normal
temperature. The solution was subjected to an acid
treatment and an alkali treatment, and then was washed with
distilled water. Subsequently, the organic layer was
isolated, and the solvent was removed. The residue was
recrystallized from hexane, to cbtain 239 g of an acrylic
acid 3-tert-butoxycarbonyloxy-adamantan-1-yl ester (BOC-HAA)
monomer represented by the following general formula 3a.

[General Formula 3a)
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O o 0 (Copolyner Synthesis Exanple 1) 5 6.4 g of

nor bornene as a nononer for polynerization, and 7.6 ¢
of BOC- HAMA wer e added, together with 115 g of

1, 4-di oxane, to a flask and were dissolved therein.
The inside of the flask was purged with nitrogen gas,
and then the internal tenperature of the flask was
hsed to 70C. 10 When the tenperature reached 70C, 20
nmet hyl adanant ane acrylate and 12 g of

actyl nmethacrylate were dissolved in 25 g of
di . oxane, together with 3 g of di nethyl

pi si sobutyrate as a polynerization initiator, and

g alsyringe pu over 2 hours. The m xture was

to r@gact r another 5 hours at this

[t e, ~a € the sol ution obtained after
pket i on®of poPynerization was cool ed to nornal

tenperature. The reaction solution cooled to nornal

t eqper at ur subjected to precipitation using 20

an&gxcess %?%hq%} 4%0 2rsand the precipitate was

fi e rc ttevvas shed with th
sobeht o g PP " ok et REE

S M e e
nyd F ESPRAMES E MBI Al & 0f 14N, 100 g of pyridine, 31 g of
dimethylaminopyridine, and 0.57 g of Irganox 1010® were
dissolved in 800 ml of ethyl acetate, and then a solution
prepared by dissolving 277 g of di-t-butyl dicarbonate in
500 ml of ethyl acetate was slowly added dropwise to the
flask at normal temperature under a nitrogen gas stream.
After completion of the dropwise addition, the solution was
refluxed for 4 hours at 70°C, and then was cocoled to normal
temperature. The soluticon was subjected to an acid
treatment and an alkali treatment, and then was washed with
distilled water. Subsequently, the organic layer was
isclated, and the solvent was removed. The residue was
recrystallized from hexane, to obtain 212 g of a 2-methyl-
acrylic acid 3-tert-butoxycarbonyloxy-adamantan-1l-yl ester
(BOC-HAMA} monomer represented by the following general
formula 3b.

The nuclear magnetic resonance (NMR) data of the

monomer synthesized as described above are presented in Fig.
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copol ymer synt hesized as descri bed above are presented

in 5 Fig. 2, and the results of gel perneation

chr omat ogr aphy measurenent carried out under the

conditions indicated in the following Table 1 are

presented in Fig. 3. The weight average nol ecul ar

wei ght (Mw) of this copolyner converted relative to
1. pol ystyrene standards was 6180, and the ratio of 10

t he wei ght average nol ecul ar wei ght to the nunber

avéFageulpaoBedcul ar wei ght, Mv Mh, was 1.94. [Table 1]
System DW00 + External Rl Col utms (4000Hhr +
&500Hhr  Solvent THE Flow rate 1.000 ni/mn
Concéntration 0.000 ng/nL Injection Volunme 100.0 uL
mul a 53]((((( ((C ( nnnr ,.n.w..~w ,nnni.n~w

‘[ ~ol oll o 0000 1902Z0" ~o0

poPyner Synt hesi s Exanpl e 2)

(Copolymer Synthesisz Example 1)

6.4 g of norbornene as a mononmer for polymerization,
and 7.6 g of BOC~HAMA were added, together with 115 g of
1,4-dioxane, to a flask and were dissolved therein. The
inside of the flask was purged with nitrogen gas, and then
the internal temperature of the flask was raised to 70°C.
When the temperature reached 70°C, 20 g of methyladamantane
acrylate and 12 g of y-butyrolactyl methacrylate were
dissolved in 25 g of 1,4-dioxane, together with 3 g of
dimethyl azobisisobutyrate as a polymerization initiator,
and the solution was slowly added dropwise to the flask
using a syringe pump over 2 hours. The mixture was allowed
to react for another 5 hours at this temperature, and then
the solution obtained after completion of polymerization was
cooled to normal temperature. The reaction solution cooled
to normal temperature was subjected to precipitation using
an excess amount of n-~hexane, and the precipitate was

filtered. The precipitate was washed with the same solvent
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7.5 g of norbornene as a nononer for polynerization,
and 9 g of BOC- HAMA were added, together with 140 g of
1,4- dioxane, to a flask and were dissol ved therein.
The inside 42 of the flask was purged with nitrogen
gas, and then the internal tenperature of the flask
was raised to 70C. When the tenperature reached 70C
durggigg fgfl tretthyinadamehttareer  west hiicred atedandrdaugedfpressure,
y-butyrolactyl nmethacrylate were 5 dissolved in 30 g
to gfieldq-38i oxared rogefheerwirehr8ssngedf byditmemhyb 53.
azob|S|sobutyrate as a polynerization initiator, and
t heh %oﬁﬁ?%%ﬁrmﬁ@ggﬁbwfyr@a@@@ngﬁopmmgé fote het f sk
i ringe punp over 2 hours, The m xture was
COPQ dSY 5hPaAEEdl 8F SRGERAPSS RBaNS aret Rrssented in
i eraturg and then 10 the solution obtained after
lgCo | 8FFoh"6f *pEy er PZafPonPREEC2E S8 eBNEBTABPFERDP Y
ure. eact i sol ution cool ed _nornmal |
mea%@%%%ratuF%r&éggsuB?eBPgﬁr gLﬁrESPBFFéPPSnlﬁgFﬁ@teﬁnl“
e hexane nd the Lecip t at
thep tpRE S TITan Tk 8 BPE P e aRe hls hRar APt hot he! Bange one

ave§8 ¥epLieda: HrQQQgEE|QMQ§'8@3tﬁgQ éggg%mﬁér LLed ert?d

er reduced pressure a Ccopo

rel&@@%@s€8t§9%ﬁk$§9éﬂglQFQAﬁaIHS QH%y@?éOnagﬁﬁtﬁﬁe ratio of

resonance data o copol yner “synt hesi zed as
10 thedgsg hbegv@b@?g 86 e B 88 eNf;edyh tg'ghe muﬂﬂgrtg§erage
results of gel perneation chronatograp y 20
moleeasdr eRenyhear mi; gdn pufayndesst he conditions indicated

(93]

in
{Table 1]

System DM400 + External RI
Columns G4000Khr + G2500Hhr
Solvent THE
Flow rate 1.000 mL/min
Concentration 0.000 mg/mL
Injection Volume 100.0 uL

i b @ ik

15 (Copolymer Synthesis Example 2)
7.5 g of norbornene as a monomer for polymerization,
and 9 g of BOC-HAMA were added, together with 140 g of 1,4~

dioxane, to a flask and were dissolved therein. The inside
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the Table 1 above are presented in Fig. 5. The weight

average nol ecul ar weight (Mv) of this copol yner
converted relative to polystyrene standards was 6460,

and the ratio of the weight average nol ecul ar wei ght
to the nunber average 25 nol ecul ar wei ght, Mwv M, was
1.96. [Fornmula 54] 43 0 0o 0 0000 o0 zqg)-~o
of (Bepdllyrer wBpnichesicsl EXamphe t3pgénd ggsef anar hoenenacas
a nononer for polynerization, and 11 g of BOC- HANVA
intgane ladeawe redyechert wiheh f88sy ohslréd sBaditoxdnés. t ovlaen
flask and were dissolved therein. The inside of the
they It§§PQM§U§@r ged ahiech 781 € r ogens gas, meahiy  hewmaheane
ternal tenperature of the flask was raised to 70C.
me‘—\*fxﬁ@ﬁylﬁﬁ@ PBApératiuré Wela%hﬁéﬁob@@:y?zom@tl@@crylate were
ada tane acryl ate, of norbornane
dls@ﬁﬁﬁ%ﬁa&? ﬁe?ﬁa&rﬂFﬁﬂ@xaBﬁd %Gggtﬁeéfwa€§nﬁn@aﬁe0f
e re di ssol ved in i 1, 4- di oxane,
dlmrgé Tharofrgnts 5tgﬁa en€9h9|98 888%%%86&99réﬂétlé§oér
P h Lon initiat Ee sol ut i @ﬁ n% m%y
and g Fég%ﬁgewﬁo £ne ﬁVasagugl §O§w§§?|ﬁ8e § E%@ r
u51%g a syringe pump over 2 hours. The mixture was allowed
to react for ancother 5 hours at this temperature, and then
the solution obtained after completion of polymerization was
cooled te nermal temperature. The reaction solution cooled
to normal temperature was subjected to precipitation using
an excess amount of n-hexane, and the precipitate was
filtered. The precipitate was washed with the same solvent
during filtration, and then was dried under reduced pressure,
to yield 35 g of a copolymer represented by formula 54.

The nuclear magnetic resonance (NMR) data of the
copolymer synthesized as described above are presented in
Fig. 4, and the results of gel permeation chromatography
measurement carried out under the conditions indicated in
the Table 1 above are presented in Fig. 5. The weight
average molecular weight (Mw) of this copolymer converted
relative to polystyrene standards was 6460, and the ratio of
the weight average molecular weight to the number average

molecular weight, Mw/Mn, was 1.96.

[Formula 54]
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hours. The m xture was allowed to react for another 5
hours 15 at this tenperature, and then the sol ution
obtai ned after conpletion of polynerization was
cooled to normal tenperature. The reaction solution
cooled to normal tenperature was subjected to
preci pitation using an excess anount of n-hexane, and
the precipitate was filtered. The
0 2,3 A

in Fig. 6, and t
chr omat ogr aphy neas
condi ti ons indicateg
presented in Fig. 7. ei ght
wei ght (Ma) of this copol yner converted

DOISSILERE: SUAURLL, YBagBp apnd, e ratio of | the
mog efud A VR ndWE MY Ao AD LESTIIA 2811 3 0
and 11 g of BOC-HAMA were added, together with 85 g of 1,4-
dioxane, to a flask and were dissolved therein. The inside

of the flask was purged with nitrogen gas, and then the
internal temperature of the flask was raised to 70°C. When
the temperature reached 70°C, 20 g of methyladamantane
acrylate, 15 g of norbornane carbolactone methacrylate, and
> g of adamantane methacrylate were dissolved in 25 g of
i1,4-dioxane, together with 7 g of dimethyl azobisiscbutyrate
as a polymerization initiator, and the solution was slowly
added dropwise to the flask using a syringe pump over 2
hours. The mixture was allowed to react for another 5 hours
at this temperature, and then the solution obtained after
completion of polymerization was cooled to normal
temperature. The reaction solution cooled to normal
temperature was subjected to precipitation using an excess
amount of n-hexane, and the precipitate was filtered. The
precipitate was washed with the same solvent during

filtration, and then was dried under reduced pressure, to

yield 38 g of a copolymer represented by formula 55.
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O~ (Copolymer Synthesis Exanple 4) 8 g of norbornene
as a nononer for polynerization, and 9.5 g of
BOC- HAMA wer e added, together with 180 g of 1,4- 15
di oxane, to a flask and were dissolved therein. The
inside of the flask was purged with nitrogen gas, and
then the internal tenperature of the flask was raised
t oT7OCruhenr rhdendenperatunanceached 704G a 25¢ gt lof
2-met hyl cycl opentyl acrylate, and 17 g of norbornane
copearvbekaeyohbepethdceyl deec20bwdr ebdivsselvedréne30eg of
1, 4-di oxane, together with 4 g of dinethyl
Figazbbi 8ndobheyraselhs afperyneerzaetonni ahtpasbegrapng
the solution was slowy added dropwi se to the flask 45
meager RHeRt sGRrhgedpinp vBldpr2thsussndiheons xtndecabed in
allowed. to react for another 5 hours_at this
the EAB ?a%u?%ovﬁnﬂr?h@ﬁe5?ﬁ56§o¥%tFb% obt ai Fed wftent
nerization s, cooled to normnal

f
avefa%e% a%ﬁ‘ge¥%%\*&t.%ﬂ ) sof utfoh CodPeY ST t oG Rakd
bj d,t
o P 05 kel B R Pl SRl o
d hed th th
o AT T s B

molé@QPQPdwgfﬁﬁg;rﬁ%/Mﬁo M%glgTﬁ of a copol yner

represente rmul a e 10 wei ght average

qgg%ﬁ&yé\@@ ght (My) of this copolyner converted
rel ati ve to pol ystyrene standards was 4550, and

gttt
o Ak

(Copolymer Synthesis Example 4)

8 g of norbornene as a monomer for polymerization, and
9.5 g of BOC-HAMA were added, together with 180 g of 1,4-
dioxane, to a flask and were dissolved therein. The inside
of the flask was purged with nitrogen gas, and then the
internal temperature of the flask was raised to 70°C. When
the temperature reached 70°C, 25 g of Z-methylcyclopentyl
acrylate, and 17 g of norbornane carbolactone methacrylate
were dissolved in 30 g of 1,4-dioxane, together with 4 g of
dimethyl azobisiscbutyrate as a polymerization initiator,

and the solution was slowly added dropwise to the flask
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the ratio of the weight average nol ecul ar weight to
the nunber average nol ecul ar weight, Mwv WMh, was 1.98.
[Formula 56] LO+ 00 0000 OY zt~ 0i0* 15
(Copol yner Synthesis Exanple 5) 7 g of norbornene as a
nmonomer for polynerization, and 4 g of BOC- HAMA were
added, together with 120 g of 1,4- dioxane, to a flask
us iagd anerve idicss pluwed ctvirer € houFle | Mbiedei2@uek: twhe &hasked
was purged with nitrogen gas, and then the internal
to trempdr dtodr énefchiehie Sf hask swas taiisedetpe?z@Curhennct heen
tenmperature reached 70C, 15 g of isopropyl adamant ane
theggoagityoat ebtaingdopferbornanetéanbolfappdpaerization was
met hacryl ate, and 14 g of nethyl adamant ane .
coongrhér Vrafe lweFEPEIrasareed i'hebOegCtopnl salatdranepoled
together with 3.5 g of di msth\tll azobi si sobutyrate as a
to B8??ﬁérF?QP96ﬁtPﬁPtWéﬁoﬁ?béﬁa PRetO5PEEFGPiEATIAS uUsing
sl owly added, dropwi se to the flask using a syringe
an Sﬁﬁss§véP0§nﬁoagsP‘%ﬁéaﬁFxtaPQ W88 BFF6MBdtEECr Badt

filE%EeQUOtESE %rQ%E%%tQEetﬂgg &gs S&a&ggg’tggdsgggnsg gent
during filtration, and then was dried under reduced pressure,
to yield 40 g of a copolymer represented by formula 56. The
weight average molecular weight (Mw) of this copcelymer
converted relative to polystyrene standards was 4550, and

the ratioc of the weight average molecular weight to the
number average molecular weight, Mw/Mn, was 1.98.

O &k

(Copolymer Synthesis Example 5)

7 g of norbornene as a monomer for polymerization, and
4 g of BOC-HAMA were added, together with 120 g of 1,4-
dioxane, to a flask and were dissolved therein. The inside
of the flask was purged with nitrogen gas, and then the
internal temperature of the flask was raised to 70°C. When

the temperature reached 70°C, 15 g of iscpropyladamantane
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sol ution obtained after conpletion of polynerization
was cooled to normal tenperature. The reaction
solution cooled 10 to nornmal tenperature was subjected
to precipitation using an excess anount of n-hexane,
and the precipitate was filtered. The precipitate was
washed with the sane solvent during filtration, and
acryhehewa8ldpi ed undeprnedacedrprésstuoee meéohyteldadd, gand
of a copolyner represented by formula 57. 15 The
14 guefearthugndeingntesenantbaChyRptdavaref dibgolved in 60 g
copol ymer synthesi zed as descri bed above are presented
of ind-figxage, ahtdehberesiiFfs3oP gepfpaimehtion
chromat ography measurenent carried out under the
37208 bRdPPPBRE Fhfli 24t 8dPPAYIEREZ TaBPE 4N AbbYEORT e2nd Ehe

At A R R
R R o R RO LAk Sherhpec:
ror ASEHLEY AIEhODL. MM, Mes Bl gt
o i e R ea e S PRe S rf e B 48
coofb@X@lenokRa R {LASK: 200007 erll SEOLYEALA NS Rl 0001 e

I NSI
to normal temperature was subjected to precipitation using

an excess amount of n-hexane, and the precipitate was
filtered. The precipitate was washed with the same solvent
during filtration, and then was dried under reduced pressure,
to yield 42 g of & copolymer represented by formula 57.

The nuclear magnetic resonance {(NMR) data of the
copolymer synthesized as described above are presented in
Fig. 8, and the results of gel permeation chromatography
measurement carried out under the cenditions indicated in
the Table 1 above are presented in Fig. 9. The weight
average molecular weight (Mw} of this copolymer converted
relative to polystyrene standards was 6810, and the ratio of
the weight average molecular weight to the number average
molecular weight, Mw/Mn, was 2.37.

[Formula 57]
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of the flask was purged wth nitrogen gas, and then
the internal tenperature of the flask was raised to
70C. When the tenperature reached 70C, 16 g of

i sopropyl adamant ane acrylate, 21 g of norbornane
car bol act one nethacrylate, and 10 13 g of
nethyladanantane acrylate re dissolved in 60 g of

s L.1.0 th/315 of |
a gﬂlasgobutyrat s al pol ??géflo_

thé ution was stowWy a
usi Syringes punp overc2

t enper at ure,

conpl eti on of
t enperature. _
tenperature was subjected to precipitation using an

nmount _of hexane, and the precipitate was 20
exﬁ&égggymgﬁesﬁ?ﬁg?ﬁ??aF%amﬁéemﬁﬁhed with the sane

solv w during filtration, and then was dri ed under
reZuge preséu?%enet%sy?ewgnﬁ@eﬁ g?fape %%??ﬁ%?tlon' and

b 58
4 o A e R e ERbE ot oe: T8 BoRverra
dLO&%h@t'%% %Ofﬁg %XﬁeggrgtQQQQ%Q§eﬁ§%hg%g1Ht tghFLQESlde

rati o of the wei ght average nol écu

of EH@bQEa@%ehﬁgepﬂ?b§auh§5hmﬁ QQBgeHM@%@; WA 2hiR the

[Formula 58] n.v.r~/vni ~w -
internal temperature of the flask was raised to 70°C. When

the temperature reached 70°C, 16 g of isopropyladamantane
acrylate, 21 g of norbornane carbolactone methacrylate, and
13 g of methyladamantane acrylate were diésolved in 60 g of
l,4~dioxane, together with 3.5 g of dimethyl
azobisisobutyrate as a polymerization initiator, and the
solution was slowly added dropwise to the flask using a
syringe pump over 2 hours. The mixture was allowed to react
for ancther 5 hours at this temperature, and then the
solution obtained after completion of polymerization was
cooled to normal temperature. The reaction solution cooled
to normal temperature was subjected to precipitation using
an excess amount of n-hexane, and the precipitate was
filtered. The precipitate was washed with the same solvent
during filtration, and then was dried under reduced pressure,
to yield 40 g of a copolymer represented by formula 58. The

weight average molecular weight {(Mw) of this copolymer

48



10

15

20

| 00 0O0Jo O/ \o\ 5 Preparation and eval uati on of
phot oresi st conposition (Exanple 1) 4 parts by wei ght
of triphenyl sul fonium nonaflate as an acid generator,
and 0.2 parts by weight of 10 tetranethyl anmoni um
hydr oxi de as a basic additive per 100 parts by weight
of the copol yner obtained in Copolynmer Synthesis
conExanpbertigftovauta b3)yweyeedessokuadrdn 120004 7par&sd
by wei ght of propyl ene glycol nethyl ether acetate,
theandtihenft hbesekughonawasafiel meiedut browghgat 0t2- nhe
menbrane 15 filter, to prepare a photoresi st
nurkphpeserion. "Thecobtai nedgphot Yré¥nst weonpos?ti on was
applied to a substrate using a spinner, and was dried
at LHa0@ ¥dr5®0 seconds to forma filmhaving a
thickness of 0.2 pm The forned filmwas exposed

usi ng an ArF exciner |laser stepper 20 (nunerica

Orfr v R, A
tr at 110C 09 ;Z§§;ﬁs. Subs film
wa vel oped Wth a 2.38/wt % aque ' of 49

t et ramet hyl ammonikm hydr oxide
film was washed/and dri ed

or 48)5 onds,()nd t he
rm a/r t n. o /J<i
O O)LO

Preparation and evaluation of photoresist composition

(Example 1)

4 parts by welght of triphenylsulfonium nonaflate as an
acid generator, and 0.2 parts by weight of
tetramethylammonium hydroxide as a basic additive per 100
parts by weight of the copolymer obtained in Copolymer
Synthesis Example 1 (formula 53) were dissolved in 1,000
parts by weight of propylene glycol methyl ether acetate,
and then the solution was filtered through a 0.2-um membrane
filter, to prepare a photoresist composition.

The obtained photoresist composition was applied to a
substrate using a spinner, and was dried at 110°C for 90
seconds to form a film having a thickness of 0.2 um. The
formed film was exposed using an ArF excimer laser stepper
(numerical aperture of the lens: 0.78), and then was heat
treated at 110°C for 90 seconds. Subsequently, the film was

developed with a 2.38 wt% aguecus solution of
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The devel opnment properties in connection with the

aqueous sol ution of tetranethyl amoni um hydroxi de, and

the 5 adhesiveness of the forned resist pattern to

the substrate were satisfactory. The resol ution was

0.09 m and the sensitivity was 15 mlJ/cm . The

results are summarized in the follow ng Table 1.
tetHemethylemadhesinvepassxwae det-edni sedofhtiem the cesuletism

10 obtai ned by observing the state of pattern adhesion
wasf grsaed0ang- prliiedetandospaeerékiS)y pattern.f or med

after devel opnent, and the sensitivity was determ ned

f r OAT t ARVe bpPeiun kRpOSLE et eVl omhéchidrs wiefh nelde as

a dose of exposure that fornms a 0.09-mline-and-space
aquepps) spattern 25 foFredchhvérmpevébwphedtoxatiea and the

line-to-space ratio of 1:1. The mninmum pattern
adhgphEREPEA PésbMGelorrePhireSEBhsPRIVREY Cthakhdefihelirase

resolution, (Exanples 2 to 8) Each of the copolyners
wer%b?ﬁFﬁééaFﬁo§He @Ba yrerLo6eyntest sO Exdipl @8d1thg

nd. 5. (f I 53, 56 57 di ssol ved, . ,
senflE17 LLOLTY 88 2320 Ao (ledShie iR i iheiaad vie

a 4 ontents indicated in the foll ow ng
theTgB?gggfgén&%sb%o?parts by wei ght of propyl ene glyco

: T [.on. i1t d
A, S oneEl T L 18 (LS oo

obt PPRLAT BSi SbsELFPOST LihONsMas, gggﬁé{@grnS&Q%ggygﬁtkgr 2

positive photoresist pattern
0.C9-um line-and-space (L/S) pattern formed after

development, and the sensitivity was determined from the
optimum exposure level, which is defined as a dose of
exposure that forms a 0.0%-um line~and-space (L/S) pattern
formed after development, at a line-to-space ratio of 1:1.
The minimum pattern dimension resolved at this sensitivity
was defined as resolution.

(Examples 2 to 8)

Each of the copolymers obtained in the Copolymer
Synthesis Examples 1, 4 and 5 (formulas 53, 56 and 57) was
dissolved, together with an acid generator and a basic
additive at each of the contents indicated in the following
Table 2, in 1,000 parts by weight of propylene glycol methyl
ether acetate. The solution was filtered through a 0.2-um
membrane filter, and thus a photoresist composition was
prepared. Subsequently, a positive photoresist pattern was

formed in the same manner as in Example 1, and then various
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formed in the sanme manner as in Exanple 1

and t hen

various 50 evaluations were perforned. The eval uation
results are presented in the Table 2. [Table 2] Type
of Proporti *PAG *Base Sensitivi Resolu copolynme on

of (parts (parts ty tion

r copolyme by by (mJ/cm)

r (parts weight) weight) by weight) Exanple

m
eva&@ﬁﬁﬂp@51@@r¢ @expgngg. 27158 ExadpkéiBor mglballB0ate
0.2 15 80 3 56 Exanmple Fornmula 100 4 0.2 15 100 4 57
Prepeafpe tPolthl 42986 -0.2 13 90 5 53 Exanpl e Formul a

100.5 0.2 13 80 6 56 Exanple Formula 100 5 0.2 12 80
7 g”%a@(%n%i‘e Formula 100 5 0.3 16 100
Type of |Proporti |[*PAG *Base Sensitivi |Resolu
copolyme (on of (parts (parts [ty tion
r copolyme |by by (mJ/cm®)  §(um)
r (parts {weight) jweight)
by
welght)
Example |Formula {100 4 0.2 15 90
2 53
Example |Formula |[100 4 0.2 15 80
3 56
Example (Formula |[100 4 0.2 15 100
4 57
Example |Formula |100 5 0.2 13 90
5 53
Example [Formula [1C0C 5 0.2 13 80
6 56
Example |[Formula |100 5 0.2 12 80
7 57
Example |Formula [100 5 0.3 16 100
8 53
Example |Formula {100 5 0.3 16 240
9 56
Example |Formula |100 5 0.3 15 100
10 57

(*PAG: Triphenylsulfonium neonaflate,

*Base:

Tetramethylammonium hydroxide)

(Comparative Examples 1 to 3)

A COMA® resin represented by the following formula 59

{(product of Kumho Petrochemical Co., Ltd.)

was dissolved,

together with an acid generator and a basic additive at each

of the contents indicated in the following Table 3, in 1,000

parts by weight of propylene glycol methyl ether acetate.

The solution was filtered through a 0.2-um membrane filter,

and thus a photoresist composition was prepared.

Each of
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8 53 Exanple Formula 100 5 0.3 16 90 9 56 Exanple
Formula 100 5 0.3 15 100 10 57 (*PAG
Tri phenyl sul foni um nonafl ate, 5 *Base:
Tetranmet hyl anmoni um hydr oxi de) (Conparative Exanpl es
1to 3) ACOVMA@resin represented by the follow ng
formula 59 (product of Kumho Petrochem cal Co., Ltd.)
thewgsngicssslived soludgenhewawi tivedn tacifdrgenepatdart iand a
basi c additive at each 10 of the contents indicated in
phofracpspltowithgeTable 8hei aameopennpar ts by Wekbghteof ,
propyl ene gl coI met hyl ether acetate. The solution
@XCﬁB§ %Pﬁﬂeﬁéd hr 6UHGRTEL 0L 2SRT NEHBPansef RPPeratuand
hus a phot or esi st _conposition was prepared. Each of
nu@frﬂﬁé c@ﬁﬁS%Pf?oﬁfsEP9t98ﬁ§ HagSusedst gsedr nrad the
ive hot or esi st g ;tern in the sane manner as

corBRibre 1o8 Becepo Hab: TR EFEREF TR e é§5@§é€e59
I f 78) wa

ohefERLL RS, KOMTRELERN, ABLLULE L LS. ! oBie0srE) LRt

res&gggegggtg?ﬁggﬁggﬁny%at 8- OIEOW%E u??gysr val uati ons

wer e perf e eval tUa |on present ed
inthe dot]owing Table 3. [Table 3]

Type of Proportion |PAG Base Sensiti |Resoluti
copolymer |of (parts (parts vity on  (um)
copolymer |by by (mJ/cm?
(parts by lweight) |weight) )
weight)
Comparati |[Formula 100 2.5 0.02 15 120
ve 59
Example 1
Comparati {Formula 100 3.0 0.02 14 110
ve 5%
Example 2
Comparati |Formula 100 3.0 0.03 16.5 120
ve 59
Example 3

By referring to the Table 1 and Table 2, it can be seen
that in the case of the photoresist compositions of the
Examples 2 to 10, the resolution was from 80 to 100 um, that
is, less than or equal to 100 um, while in the case of the
Comparative Examples 1 to 3, the resclution was from 110 to
120 pm.

Test for generation of t-BOC from BOC-HAMA under action

of acid

The copolymer according to an embodiment of the present

invention includes a monomer in which a BOC-substituent is
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Type of Proportion PAG Base Sensiti Resol uti

copol ymer of (parts (parts vity on (um) copolyner by

by (mJ/cnm2 (parts by weight) weight) weight)

Conparati Fornmula 100 2.5 0.02 15 120 ve 59 Exanple 1

Conparati Fornmula 1.00 3.0 0.02 14 110 ve 59 Exanple

2 Conparati Fornmula 100 3.0 0.03 16.5 120 ve 59

intEegvsicst 3 1By refderpiyagiste ntthecTatlté at raid tEabl €h2reifore,

can be seen 10 that in the case of the photoresist
whegop S8IAtiogRs i6t CharoBidnpines o2 ted nidg the cesollytiean is

was from80 to 100 m that 1is, less than or equal to
eprﬁﬁanOWﬁFH§tvnt@ﬁea€é§éléplﬁﬁegr@@@p@ﬁaﬁb@ecép@ﬁwmes is

t he resolution was from 110 to 120 m 15 Test

Cleﬁ‘é’re élﬁlélreét i“6ff 8FH-oBOL oM BOCORAMACHAdEFNaERIL6A baf the

' Th I di t nmbodi ment of the
e S e s haPudES s ‘HBRoNENc, RORRRERSAL L bent is

21sB0G Substi tuent is

The isoprene and hydroxy structure that are generated
as the BOC-substituent is cleaved, allows the fluidity of
the acid to be enhanced, and therefore, the resolution is
increased.

Fig. 10 presents the results obtained by analyzing BOC-
HAMA itself produced in the Monomer Synthesis Example 2,
using a thermal analyzer (NETZSCH TG 209®) while raising the
temperature up to 250°C. Fig. 11 presents the results
obtained by analyzing a mixture of 92 parts by weight of
BOC-HAMA and 8 parts by weight of toluenesulfonic acid,
using a thermal analyzer (NETZSCH TG 209®) while raising the
temperature up to 250°C.

The purpose of this experiment is to verify whether the
BOC-substituent will be detached from BOC-HAMA when
toluenesulfonic acid, which is a weaker acid than the acid
generated from PAG, is used together with BOC-HAMA, and to
verify thereby whether the BOC-substituent will be detached
from BOC-HAMA even when BOC-HAMA is used together with PAG.

When reference is made to Fig. 10 and Fig. 11, it can
be confirmed that when used together with toluenesulfonic

acid, the BOC-substituent is detached from BOC-HAMA from a
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52 introduced into hydroxyadamant ane net hacryl ate.
Therefore, when a photoresist conposition containing
the copolyner is exposed to light, the acid-labile
group of the copolymer is cleaved under the action of
the strong acid generated by the 5 acid generator, and
at the same tine, the BOC-substituent is also
tergkgaiede The liosopredd’ andahydeloxye Strect Ur el ¢ hatdar e ood
enerated as the BOC-substituent is cleaved, allows
tha%héhﬁl@pﬁiﬁvbéﬁitpﬁéta@pélﬂobﬁedéﬁh&heédbyande acid
therefore, the resolutionis 10 increased. Fig. 10
gengrasent §vt RBGresul ts obtai ned by anal yzi ng BOC- HAMA
itfelf produced in the Mnoner Synthesis Exanple 2,
us

hgta tReYhaf “GRaf Y3 eF cFNETZ SO T8 2090 ShF¢eibed
ol Re B FPE RESTBERTNSH By TaNSES3 PRy A  RExt IPoCoPogumes
ccoPEhtEroter Fonne: BhradTcthh GPndeharhiadl ge A0S
el TR AREORL S 0T b e TR SR, PR
e R R T S

ashfafihaRehhe-pebd; 59 r LS,U
gentoge?her aﬁth B%%-hiwﬁ?ggﬁ%gg%& @glﬁﬁgi?EZ?e@§g%ﬁ%¥%%r

aftbtheeBEEsgubstituent will be detached

As such, preferred embodiments of the present invention
have been explained in detail. However, the scope of rights
to the present invention is not intended to be limited to
the embodiments, and various modifications and improvements
made by those skilled in the art by using the fundamental
concept of the present invention defined in the following
claims, also belong to the scope of rights to the present

invention.
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from BOC- HAMA even when BOC-HAMA is used together with
PAG 25 Wien reference is nade to Fig. 10 and Fig. 11
it can be confirmed that when used together with
t ol uenesul fonic acid, the BOC-substituent is detached
from BOC-HAMA froma 53 tenperature as |ow as 50C,
and therefore, it is understood that the BOC

WHASUDbSt CLAeMEDWOAEd be detached by the acid generated
by PAG It is knowmn fromthe results obtai ned as
descri bed 5 above that the photoresist conposition

usi ng the copol yner according to enbodi nents of the
pr%sed%‘ﬁﬁwgkm%h<Hm@¥ﬁﬁiﬁgfm&nomﬁrahdﬂmyﬂdnied by the
fluidity of acid and inproving the resolution because
folgpwing ¥§6%Péﬁ§ anBoh§droxy structure generated when
t-BOC i s deconposed by the acid generated 10 after
> exposurela As! such, preferred embodi nents of the
present invention have been explained in detail.
the scope of rights to the present invention
ended to be limted to the enbodi nents, and
hodi fi cati ons and i nprovenents 15 nade by
killed in the art by using the fundanental
D the present invention defined in the
fol |l ow ng 1)?:Iaims, al so belong to the scope of
to the present invention. 20
[Formula 2]

rights

Ry

m

0

\

Rz

[Formula 3]

10

[Formula 4]
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54 WHAT IS CLAIMED I S: 1. A copol yner conpri sing
nmononers represented by the followng formulas 1 to
4. 5 [Formula 1] \(Rl)a (Formula 2] 4 mO ORZ
[Formula 3] RS O OR3 10 [Formula 4] 55 R6 O O RO
Rro OORB (R7)b

\x\O Q Re
X

Ra)

wherein in the formulas 1 to 4,

Ry to Ry each independently represent any one selected
from the group consisting of a halogen atom, a hydroxyl
group, a carboxyl group, a nitrile group, an aldehyde group,
an epoxy group, an alkyl group, a cycloalkyl group, a
heterocycloalkyl group, aﬂ aryl group and a heteroaryl
group;

a is an integer from 0 to 10;

b is an integer from 0 to 14; and

L, m, n and o are integers satisfying the relationships
such as that l+mtnto=1, 0.01<1/(l+m+n+o)<0.4,

O0<m/ (14min+0}<0.6, O=n/(l+m+n+0}<0.6, and 0<o/{l+m+n+o)<0.4.

2. The copolymer according to claim 1, wherein
any one selected from the group consisting of Ry to R;
and combinations thereof is any one selected from the group

consisting of an alkyl group, a cycloalkyl group, a

heterocycloalkyl group, an aryl group and a hetercaryl group,

each of which comprises any one selected from the group
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wherein in the formulas 1 to 4, RL to R10 each
i ndependently represent any one selected fromthe
group consisting of a hal ogen atom a hydroxyl 5
group, a carboxyl group, a nitrile group, an al dehyde
group, an epoxy group, an al kyl group, a cycl oal kyl
group, a heterocycloal kyl group, an aryl group and a
corigetsérioar pif agr etperagirouan ent egerxf gomu@,t e t@rbdayh
is an integer fromO to 14; and 1, m n and o are
gfquﬁbe@@r§c§éﬁﬂsﬂyQWQ t he ﬁ@haﬁlgm@hpp@ndsuombasathahs
mtn-i-o0=l, 0.01<l/ (Il +mtn+0)<0.4, 0O<m (1+mtn+0) <0. 6,
the@@ﬁﬁ(l4ﬁwﬁ$6)@©dél@aﬁé 6&6/ CR¥hwA+6N20N4. 15 2. The
copol ymer according to claim1, wherein any one
selected fromthe group consisting of RL to R3 and
cogbin tions thereof is ani one selected fromthe
gr BNSTRY T AGCbf 2GRCERKSY P otp2 1B by clisar kit
a_ he erocgc oal kyl group, an ar and a

he?efo%fe@yﬁ% Supe %r%fac%h%fgmﬁeh%w%g%r°” apyfore o
ancSBLRELAYL LA LhE group. 6. conslsLing, of .an cLhe
e r

p, an”ester group, & tarbonyl "gn°GEetarmical

forﬁEQHQ s8f-a Qe QBBUQ 3”8 ﬁng&Qgggggiﬂgth?rgﬁ %Tlowing

he mddle o e car on~c copo
forﬁggggdgngotglglaln1l, wherei n any one selected from
the group consisting of R to R3

[Formula 5]

[Formula 6]

[Formula 7]

4‘_\/@?13)(;
L

[Formula 8]

57



and conbi nations thereof is represented by any one
chem cal fornulas selected fromthe group consisting
of the following formulas 5 to 11: 10 [Forrmula 5] (
--Z~ 00 [Fornula 6] 1--\ j (R z)a [Formula 7] 1
(R93)e OO 15 [Fornula 8] 57 (R O [Forrmula 9] R B
(R75)g [Fornmula 10] O O R13

\(RM)f

[Formula 9]

AN

(Rys)g

iFormula 10}

]
Q
Rig
Ry
R

[Formula 11]
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Rls R20 [Fornula 11] 58 OH O O 2 XR 22 Res wherein

inthe formulas 5 to 11, Rl11 to R23 each i ndependently

represent any one selected fromthe group consisting

of a hal ogen atom a hydroxyl 5 group, a carboxyl

group, a nitrile group, an al dehyde group, an epoxy

group, an al kyl group, a cycloal kyl group, a

et erocycl oal kyl group, an aryl group and a

hgt eroal kyl group; c is an integer fromO to 9; 10 d

is\an integer fromO to 4, e is an integer fromO to
- Tan integer fromO to 14; and g is an integer

wherein the copolyner conprising the nononers
presented by the

O
O
R
Ry
Raa

wherein in the formulas 5 to 11,

Ri1 to Rzz each independently represent any one selected
from the group consisting of a halogen atom, a hydroxyl
group, a carboxyl group, a nitrile group, an aldehyde group,
an epoxy group, an alkyl group, a cycloalkyl group, a
heterocycloalkyl group, an aryl group and a hetercalkyl
group;

c 1s an integer from 0 to 9;

d is an integer from 0 to 4;

e 1is an integer from 0 to 4;

£ is an integer from 0 toc 14; and

g is an integer from 0 to 14.

4. The copolymer according to claim 1, wherein the
copolymer comprising the monomers represented by the
formulas 1 to 4 is represented by any one formula selected
from the group consisting of the following formulas 12 to

21
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formulas 1 to 4 is represented by any one fornul a
sel ected fromthe group consisting of the follow ng
formulas 12 to 21: 59 [ t9 Formula 12] (((

ivvvl,nnni,~vw "W vv.n~w ,nniw (,nnni o[ ;0 = .~ o0
0000 O oo [Formula 13] nnnr .nnni .nnn. ,rtnn
.nnni I m~no 000000 5([Forrmula 14 00 0O

(@ofRroipuld) 15] 60
@ 0 : °
@]
i@ 13 °
P
[Formula 13]

o) o)
o
j@ /b °
Sk
{Formula 14}

LYYt TNV A, A
1 m n
o] O
Q o]

[Formula 1%]
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[Formula 16]

@@ ?% pe

[Formula 17]

J\I\N
]Tl

+-#1)0-+ -
O [Forrmula 17] ((((
.NW, |l niv ovw
[Formula 18] 61 O
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[Formula 18]
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Oo 00 [Fornula 19 0000 O0OO0OOOIlI O [Fornmula
200 Il m~np 000 0OOO0O0O0 O0O0~0j< 5 [Formula
21] -~L) 0 0O0OO0OO0O ', o~ Ao 4 29, O

EaVavavy J\NV (PAVAV VA \/VVVJ‘[I\/’\/ (RAVAVAVS
m i1 O

ﬁ@b@/u

ﬁ E 2@9@

[Formula 20]

R A T
o ?? Bk

IS U sy Ay

/e IRoR: @)Lk

62

Lo}




10

15

20

62 wherein in the formulas 12, 13, 15, 17, 18 and 20,

1, m n and o are integers satisfying the

rel ati onshi ps such as that | +mtn+o=l

0. 01<I/ (I +mtn+0) <0. 4, 0O<m ( 1+m+n+0) <0. 6,

Osn/ (I +mtn+0) <0. 6, and 0<o/ (| +m+n+0)<0.4; 5 and in the

formulas 14, 16, 19 and 21, 1, m n, o and p are
whejngtiggers tdat ifofryivdg st A€, &l atliSondii, pd Ssucki 29,t hat

| +m+n+o+p=l 0. 01<1/ (| +m+n+o+p) <0. 4,

0<M(rn+rrpnaadp§><gre ln©§g£€5+ﬁ&h:}@fp}ﬁg Bhie relationships

0<o/ (. 1+mn-i-o0+p)<0.4, and 10 Os /(I+n%n+o+p)<0 6. 5.

uck ﬁﬁoﬁ@@ésﬂéﬂ+@6ﬁp63|pl8ﬁ<édﬁéﬁﬁéﬁﬁ@ e 4copol yner

ording to any one of clai to 4, an aC|d

O<mgéﬁéﬁﬁﬁdp ' <Daddi CFpéd L Hamate) §8|@enﬁnd1@<e/ The+n+o)<0.4;

hot or esi npo |t| according to claim5b, wherein
andp g%cd §§W€ﬁﬁﬁ %Eepﬂgséﬁﬁeg by any one formul a

sel ect ed fron1t e group. consisting, of _t fol | owi ng

fo#hu%a Moo $% n%?%r%gl E%g%ﬁﬁb?%B%?B%%n@h%?%of 20

relE%Q gg%Qp%2£UCﬁegS @%g§ T+m+n+R%6 R28

0.01<1l/{1+m+n+o+p)}<0.4, 0<m/(l+m+n+o+p)<0.6,
Osn/ (l+mtnto+p}<0.6, 0<o/ (l+m+nto+p)<0.4, and

O=p/ {1+m+n+otp)<0.6.

5. A photoresist composition comprising the copolymer
according to any cne of claims 1 to 4, an acid generator,

additives, and a solvent.

6. The photoresist composition according to claim 5,
wherein the acid generator is represented by any one formula
selected from the group consisting of the following formula
22, formula 23 and combinations thereof:

[Formula 22]

T24
Res—S +-A
Rag
R
2 R
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Rz7 63 [Formula 23] R24 R25-S + - A R26 R28 R27
wherein in the formulas 22 and 23, R24 and R25 each
i ndependently represent any one 5 substituent sel ected
fromthe group consisting of an alkyl group, an allyl
group, a perfluoroal kyl group, a benzyl group and an
aryl group; R26 to R28 each independently represent
anyFeneulgubstituent sel ected fromthe group
consi sting of a hydrogen 10 atom an al kyl group, a
hal ogen group, an al koxy group, an aryl group, a
t hi ophenoX% group, a thioal koxy group, and an
al koxycar on¥lnethoxy group; and -Ais an anion. 15 7.
The otordsi‘st conposi tion according to claim§6,
wherein the anion -Ais any one selected fromthe
gretp ohad sting of -0S02CF3, -0S02C4F9, -0S02CQF17,

; (C2E5) 2, -N (4F9)2, -C (CF3) 3, -C
(CAF@% 3, a conpound represented by the
or rul a 24, and a conpound

Ry

wherein in the formulas 22 and 23,

R2s and Rzs each independently represent any one
substituent selected from the group consisting of an alkyl
group, an allyl group, a perflucroalkyl group, a benzyl
group and an aryl group;

R2¢ Lo Rps each independently represent any one
substituent selected from the group consisting of a hydrogen
atom, an alkyl group, a halogen group, an alkoxy group, an
aryl group, a thiophenoxy group, a thiocalkoxy group, and an
alkoxycarbonylmethoxy group; and

-A 1s an anion.

7. The photoresist composition according to claim 6,
wherein the anion -A is any one selected from the group
consisting of ~0S0,CF3, -080,CiFs, -080,CeFq4, ~N{CF3)., -
N{CeFs)2, =N{CiF9)2, -C(CFz)3, -C(C:Fs5)3, -C(CiFs)3, a compound
represented by the following formula 24, and a compound
represented by the following formula 25:

[Formula 24}
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15

20

20 represented by the following formula 25: [Formula
24] 64 1) 129 131 O _Oit i i-O(R33)mX O Rao R32
[Formula 25] 2931111 I Il OS- I -1 -0-S-(R33mX
11 11 O R30 R32 0 wherein in the formulas 24 and 25,
5 X is any one selected fromthe group consisting of
an aIkyI group, a perfluoroal kyl group, a cycl oal kyl
group, allyl group, a benzyl group, an aryl group
j%%eﬁ@aryl roup; R33 is any one selected from
Igr onsi stifng of an 10 al kyl ene group, NR34,
'O _OCaTTdO Redwrs—t hereof; R29 to R32, R34
and ea&h i ndependent |y represent any one sel ected
fr@n1tﬁe}gR@up consi sting of a hydrogen atom a
hal ogen atom a hydroxyl group, a carboxyl group, a
nitrile roug an al dehyde group, an epoxy group, an
1

al KyPrgrbiip? 5 cycl oal kyl group, a heterocycl oal kyl
group, an aryl group
O Rz Ry 0
o——mﬂmmmé C—0 Q (Rag)m—X
" TV T 33)m™
[ I
QO Ry Ri 0

wherein in the formulas 24 and 25,

X is any one selected from the group consisting of an
alkyl group, a perflucroalkyl group, a cycloalkyl group, an
allyl group, a benzyl group, an aryl group and a hetercaryl
group;

R33 1s any one selected from the group consisting of an
alkylene group, NRs3s, S{R3s)., O and combinations thereof;

Rze to Rsz, R3¢ and Rss each independently represent any
one selected from the group consisting of a hydrogen atom, a
halogen atom, a hydroxyl group, a carboxyl group, a nitrile
group, an aldehyde group, an epoxy group, an alkyl group, a
cycloalkyl group, a heterocycloalkyl group, an aryl group
and a hetercaryl group; and

m is an integer from 0 to 2.

8. The photoresist composition according to claim 7,

wherein the anion -A, which is any one selected from the

group consisting of a compound represented by the formula 24
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and a heteroaryl group; and mis an integer fromO to
2. 8. The photoresist conposition according to claim
7, 20 wherein the anion -A, which is any one sel ected
fromthe group consisting of a conpound represented
by the fornmula 24 65 and a conpound represented by the
formula 25, is represented by any one fornul a

ands@| eefre@uidomerinesgréep bonsihst ifngrofiat B, fiel kewirnrgented
formulas 26 to 52: [Formula 26] O c¢c o \0~0o 0 HzZ SO

by BPgr fitEa L27uda0sHZeg LpFofrana th8] group\ coRgietHAgOrf0the

[[Formula 29] 66 0
following formulas 26 to 52:

[Formula 26]

O
\}3/?\
TN T ? j,,o

[Formula 27]

[Formula 28]

o

L&
. —_—
[Formula 29]
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FZ -0\\ QOHZ OO O[Formula 30] OF2 . -00 0 H
0O [Formula 31] O F2 -C p11 ~C.,,..-OOH O 5
[Formula 32] 67 0F2 OHZO 0 ; Q O

[Formula 30]

[Formula 31}

[Formula 22]
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[Formula 33 O F2 -0 O0-0 O OJ[Fornmula 34] 0 F2
-0 11 \CfOH 0 OS5 [Fornula 35] 68 0 F2 -0 CQHz OO
O [Fornula 36] O F2 \ -0 SF\C,.-00

|-
° %} S:/o o

[Formula 33]

\ 5 o

[Formula 34)

[Formula 35]
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OH2 [Formula 371 O F2 ~~-0C “er ~~\C..-- OH O
SOH [Fornula 38 69 0 O H2 Il O' IIOF2 0 [Fornula
39 00 H2 Il F2 11 O [Fornula 40] 0 0 H2 I

Hy O

[Formula 3&)

o)
S
ﬁ) < 0
[Formula 37]
\ :
~2
o)
—O/Ei\fﬁd \C/O
o M ©

CH

[Formula 38]
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$ Fz 11 O 5 [Fornmula 41] ' Il H2 Il cf+S~O-C-C-S~O
F2 11 1 OO [Formula 42] o 0 11 H2 11 F2 "0'CC
IO OO0 10 [Forrmula 43] 70 0 0 Il H2 11 O O- /

[Formula 44] 00 Il H Il F3CIO'Il "O F2 F2
@] @]
\/\/“\ &2 Ii
O/C\"“C/S\O
2|
0

/5‘*--«0
> |l
O
[Formula 40]
O @]
Ha ||
o,/CNHC/fS\\O
8 "
[Formula 41]
O Q
P o |
Ci S\O/C\‘C/S\O-
” F2 H
O Q @]

[Formula 42]

o
Ha ’

—
Q-
Fa

Que—in—=0
C—»

[Formula 43)]
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O [Formula 45] 0 O I
F2 0 5 [Fornula 46] O
O [Forrmula 47] 0 O |

H2
0
OO0 I
OO0 O

I
I
H2

[Formula 45]
o
I e I

FE.C/C\O/C\"“C/T])\Q.

Fa
O

[Formula 46]

10 [Formula 48]
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10 [Fornula 48] 71 0 O H2 Il Fz OCIlI"O OO
[Formula 491 0O Il H2 Il Bra-"~""'~111"0" C. C.-S
0O- F2 11 0 0 [Formula 50] (0 O H2 11 5 0 [Formula
511 0 0 H2 Il O-II~-OF2 0

OO/LO 0]
)
)
\

[Formula 51]

o] O
/H\ Hz “

o} o~ C—c—T 0.
5 Fa ”
0

[Formula 52]

O
I

O
/“\ H2
g B

Fa |
C

10
9. The photoresist composition according to claim 5,
wherein the photoresist composition comprises the acid
generator in an amount of 0.5 to 15 parts by weight relative
to 100 parts by weight of the total solids content of the

15 photoresist composition.
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[Formula 52] 0 O H2 Il Fz 11 O 10 9. The photoresi st
conposition according to claim5, wherein the
phot or esi st conposition conprises the acid generator
in an anount of 0.5 to 15 parts by weight relative to
100 parts by weight of the total solids content of the
15 photoresi st conposition. 72 10. The phot oresi st
codposi Thenphctordsngtt coobaknt5pon whepedhntthec claim 5,
phot or esi st conposition conprises the copolynmer in an
whegrdintthef pBotte r20%sty omsicghtl triehnatiowe rtisesheheotapol ymer

. weight of the photoresist conposition. 5 73
in an amount of 3 to 20% by weight relative to the total

weight of the photoresist composition.
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