NOVEL COPCLYMER AND PHO ORESI ST COVPOSI TI ON COMPRI SI NG THE SAVE BACKGROUND
OF THE INVENTION 5 Field of the Invention The present invention
relates to a copolyner that intensifies contrast and resol ution power in
the patterning of a photoresist, and a photoresi st conposition containing
t he copolyner. Mrre particularly, the present invention 10 relates to a

novel comabymercobatviean o Usedrdrs PIeRaNING A APl Sy MDiChyd Sttt ul in

m croprocessi ng using various radiations, In ng far- ravi ol
radi ati on such as kryptone fluoride {A#) excinmer |aser radiation, argon
fluoride (ArF) exciner laser radiation or F2 excimer |laser 15 radiation;
X-rays such as synchrotron radiati on; and charged particle beans such as
extrene ultraviolet (EUV) beam and to a photoresist composition containing
t he copol yner. Descri pti BACBGROAEDReFared AnvEROTte recent high integration
of sem conductor devices has led to a denmand for ultrafine patterns with a
i ne®wi dig16f of. fhenilevenstens or less in the production of ultra-large
scale integration (LSI% and the like. Accordingly, attention is focused on
resear ches coREePRFRGTi thogRapANCcrebapeocessescusd hgnan exposure | i ght
havi ng a %ar sQorter wavel ength conpared with the conventionally used
exposur e -FRRt-"HET AGRATRaVePBAgERSPAUEhenr gien bR Hheapstoernin@ys, such
P . a~ 9 .
as far-ultravholet radi ation, KrF exciner |aser
Of a photoresist, and’ a photoresist composition containing
the copolymer. More particularly, the present invention
10 relates to a novel copolymer that can be used for preparing
a resist which is useful in microprocessing using various
radiations, including far-ultraviolet radiation such as
kryptone fluoride (KrF) excimer laser radiation, argon
fluoride (ArF) excimer laser radiation or F,; excimer laser
15 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.

Description of the Related Art

20 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

25 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,



radi ati on, ArF exciner |aser radiation, EUV, X-rays and el ectron beam In
particular, a light source that attracts the nost 5 attention in the field
of lithography demandi ng t he next-generation patterns with a |ine w dth of
0.10 mcroneter or less, is ArF exciner |aser radiation. A photoresist
conposition used for the purposes as described above usually contains a

CO”DOHG@hcﬂaﬁEHQa%ﬂuﬁQ&%vigqe%eQ%Hﬁh%gokungE%og§ki %%uEagh%reinafterh
referred to as "polynmer"), a conponenf that generates acrd when irradi at ed

(her ei nattent ibef, enred ke ia% " agisd gengN ) peod a_ e and
dependi ng on the purpose, basic adéi??éégkgﬁa’tﬁgvriEe§%g§ g go be added.
15A pol girecttrbat bkeamused as a main raw material of the photoresist
conposition, needs to have appropriate conpatibility with devel opi ng

sol utions, ahnadhesivelpoyes 1o0glstbsélatesths€shstAnees to,etediig, and
functional groups inparting excellent resolution power. 20Specific exanples
of suchattagtionalingtbapsiehdl ndelathydramyl, gemupdiagl astonexgroup, a
carboxyl group and the |ike, as the functional groups for enhancing the
conpat i BFNFEFLWPRhrAdévekopi ngtsokul inaswaddht hé adhesiver posesrt®r
substrates; a, cyclic alkyl group having no oxygen 25 atomin the main
chai n, stth-asSiATh REFbBPRenesderredifvecand an adanantane derivative, as
the functio allgrou s for enhancjing the resistance to etching; and the
like. Howevét PTAL £ 35Tt orORe S Entihdisrf ther ridsvlutimrses s fluidity of
acid dugetg a%%hotoacid %eniiator is,nore wei ghted than any speci al
funct i oAl “HrRTPs P B LR A5PeCP bt 1Dl ¥ nermeeRet Upaving an acid-

»10 sensitive functional group (hereinafter, referred to as
"polymer"), a component that generates acid when irradiated
(hereinafter, referred to as "acid generator"), and a
solvent, and depending on the purpose, basic additives and
the like may also be added.

15 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.

20 Specific examples of such functional groups include a
hydroxyl 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

25 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,



5A nunber of inventions have been devel oped until recently, so as to

sati sfy such properties. Specifically, there may be nentioned, for exanple,
a copol yner of adamantane acrylate and cycl ol actone acrylate [SPIE (1997,
3049, 519), or US Patent No. 6,013,416], a copolyner of 10 rmal ei ¢ anhydride
and an olefin (HP No. 0672889), a pure olefin copolyner [SPIE (1997, 3049,

92)], a rigd, Gopol r t hesj zed usi ng these noners in a mxture
[SPIE (f%% %049, 85)", el?%yagla‘{%ﬁt 5, r&S@%ﬂt&f@/ gﬁ’& uNg tY006- 00223407 ,
and t he jddike.qddoweyer, h rformnces of .t hes olyners are
bei ng enhanced, £$%§£E¥?%%%Qgg%F%?ﬁgﬂgfg\éggpgrﬁngﬁégggﬁél%gagnﬁﬁﬁed, t here
i's al wappea ikequesictfidhanewHesisng apd ¢ bhio hi,pLting appropriate
resol uti on power. ZOSuwwﬁﬁg CF%THE]ﬁié)gNVI%%%n%%ﬂetClL Q%lgé%gﬁg% obj ect of the
pr esent sitmuentiren to provide a copolymer that is quickly dissolved in
general solvents, is easily dissolved in nost of solvents, and can be
produced wi t hontmaemobécuhasnweoght heoat bobhi dgvansepsa 25111 s anot her

obj ect of the present invention to provide a chemically anplified

phot or e§PSENESIpOSIt BN tbhattiis fyensihi pedpbytKeE . exspaer £l asery | adi ation,
ArF excimer |aser radiation, EUV, X-rays, electron beamor the |ike, which
conposi F'BAShBY| Besmgapéndedeyfon themplibst natepohasecexcel | ent
transpargncg in the fat-ultraviolet region, and has excellent contrast,
sensi ti 9PEYANFREEI aErghahAdaBddeyelepabtpieyacThéaphof 8PEEI $198DNPOSi ti on
providegog¥ tﬁi Fresent invention is also capable of aneliorating the

decr eas 't Re?F esPlulP PRERREalPe 6clLArf hgl whencapobpoentofmterial is

e L iTEL SR gaETIEr Shon exposyLe TRLNQd uSLng,fgf capable of
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]7,
and the like. However, although the performances of these

15 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.,

20 SUMMARY OF THE INVENTION
It is an object of the present invention to provide a
copolymer that is quickly dissolved in general solvents, 1is
easily dissolved in most of solvents, and can be produced
without a molecular weight controlling agent.
25 It is another object of the present invention to
provide a chemically amplified photoresist composition that

is sensitized by KrF excimer laser radiation, ArF excimer



10 facilitating fluidity and diffusion of acid upon irradiation of ArF
| aser radiation, and capabl e of enhancing the devel opnent properties
mani fested by devel oper solutions and the adhesive power to substrates.
15BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a graph show ng the
nucl ear magneti c resonance data of the nonomer produced in Mononer

SynthesisBxannle 2 0 HeDr 998U MOALLON beon oo FLE-12LS @ oraph

showi ng t he nucl ear nmagneti ¢ Sénance r produced in

. is. 1 t invention; Fi 3 is a graph
gﬁga;%gﬁ?ﬁgnggﬁ??glgé%gEFQSe%%ESt?gﬁgéﬁggggt8§r§§ﬁysﬁgagﬁgEﬁEn?a?or t he
COpOlyﬁEkc@&Q@H@eGrbﬂs§Q9@h¥§EEnSYHEhfﬁksuﬁéggphg%étOQ?&QSnprgggnt

invention; 25 Fig. 4 1s a graph showng t resul s of “nucl ear magnetic

resonanbesdakacofichbeceapebyer sphoduced: ;N Copol yres, Sypyhesi s Exanple 2
of the present invention; Fig. 5is a graph showng the results of gel

per rreat flene thpemal ogyaphyhaepsut enesl st okokpes cOPeh PRy PHOGUSET: i d

Copol ymer Synthesis Exanple 2 of the present invention; Fig. 6 is a graph
showi ngrrheengsuhvsnofonutkeatsd nagablécor esepanseatat@ ofe t he copol yner
produced in Copol yner Synthesis Exanple 3 of the present invention; Fig. 7
Is a gréaphrendwi g the resifluslofifel rpeioeattonr iy omat0gs aphycdeasur enent
for the cqgolyner produced in Copol yner Synthesis Exanple 3 of the present
i nvent i BR-CT19! Fi§. usedsia Ghaphlghbhi igne helorsutresofe nuetleat magneti c
resonance, data of the copol¥ner produced in Copol yner Synthesis Exanple 5
of the %?b%% r?ﬂv%ﬁ??%%? of enhancing the resolution power by

10 facilitating fluidity and diffusion of acid upon irradiation
of ArF laser radiation, and capable of enhancing the
development properties manifested by developer solutions and

the adhesive power to substrates.

15 BRIEF 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

20 resonance data of the copolymer produced in Copolymer
Synthesis Example 1 of the present invention;

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;

25 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;



Fig. 9 is a graph showing the results of gel perneation chromatography
measur enment for the copol yner produced in 15 Copol yner Synthesis Exanple 5
of the present invention; Fig. 10 is a diagramshowi ng the results of
an anal ysis using a thermal analyzer, performed on BOC-HAMA itsel f produced
in Mononmer Synthesis Exanple 2 of the present invention; and 20Fig. 11 is a

diagran1shomfg@,?@eigeéué£§%8fsﬁ an 'yﬁésﬁgggygﬁ%tﬁggr éﬁéﬁ%% %g{é by

performed on a m xture o parts by weig

wei ght @Br&ﬁh@@@%%ﬂh&oﬁkgS@ggﬂeng595§cghgTEgE%EﬁmgﬁEﬁggsgggﬁEgnENBODINENTS

Al'l of the conmpounds”or substituents nention erei € unsubstituted

or substbpst ederunhassest at edappher wi se. cnEepeesthe &ﬁ&gag{%@?t | tuted”
means a hydrogen atom on a conpound or substituent is substituted with any

one sel ectedrfgonsthe groupoconsdwiidoid 2 hal ©gedr at@me A hydroxy group,
a carboxyl group, a nitrile group, an al dehyde group, an 5 epoxy group, an
al kyl gnagpetacpeefbuanoal Kytagoouphe aceyel pakkybreaeeds an het erocyci oal kyl
group, an allyi group, a benzyl group, an aryl group, a heteroaryl group,
deri vat¢eeslyheredfnahdstonbkaapiend thetkof present invéint ess; st at ed
otherwi se herein, the term"hal ogen atonf 10 neans an atom of any one
sel ected frdmdd ubrihed cra@r i Hewinronine, rdodite camcbedorpmm&tatamm t her eof .
Unl ess stated otherw se herein, the term "perfluoroal kyl group” nmeans an
"al kyl GFOUp? ERSTRAGY atpasrorer hef @t et yopdl imer hydrdgesd atrons
ituted with
subst tégpolymer Synthesis Example 3 of the present invention;
10 Fig. 8 is a graph showing the results of nuclear
magnetic resonance data of the copolymer produced in
Copolymer Synthesis Example 5 of the present invention;
Fig. 9 is a graph showing the results of gel permeation
chromatography measurement for the copolymer produced in
15 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
20 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.

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

may be unsubstituted or substituted, unless stated otherwise.



15f | uori ne. Unl ess stated otherwi se herein, the term

"het erocycl oal kyl group” or "heteroaryl group” neans a "cycl oal kyl group”

or "aryl group" containing, within aring, 1 to 3 heteroatons selected from
the group consisting of 20nitrogen (N), oxygen (0), sulfur (S) and

phosphorus (P), and carbon atons for the rest. Unl ess stated otherw se
herein, ghe temm @l kyl Grun’ s a | inear or branched al kyl group
having 1 to 30 carbon atonggﬂtug%?Er%%aﬁgrﬁlﬁﬁééﬁgf?la&?@uﬁm éeans a |inear

o1 25 bicanghebcper! Lheroalld 01aun hacing L4 6,30 cahop atogeohe term

"cycl oal kyl group" neans a cycl oal kyl group havin t ons;

the ter mcdheteroayelgal duls raupr o means, s diet erogycl palkylo.0r oyp, fiavi ng 2
y roup

to 30 carbon atons; and the term "aryl group” neans an aving 6

Lo 30 carbambakgmsgroup, aThechecent:bigh Litegeahyas ghoggm ggnductor
devices has led to an ever-increasing demand for ultrafine patterns wth a

Iinéimjdpbngg@oﬂ@,nbmran&wer@r@UpLeaspbqun@r@bQQQQtbgaugf yltra-large
scale integration (LSI) and the like. In this regard, as he net hod of

i ncreasciiglehéky0 pesobut rohgtehergciay lhelnerbupnednaameyhogrefipyusi ng
short wavel engths for the exposure wavel ength, as can be seen in Rayleigh's
equat i oft, PRAZYKKORARP, apd ariet bodupf knbeeasbrgyihernupprical aperture
(NA). Therefore, attention is focused on researches concerning |ithographic
process88 tKat1Y5Susecsroéxpbdurenbight inagi hheacpar shorter wavel engt h,
such as far-¢l#raviolet radi ation, KrF excinmer |aser radiation, ArF exciner
| aser radi at{'onSSERL ST &Y' A ©F R FOR bellhe B iRt wiateithe

CONPTLLONEL| Yy Useth SXROSMLe LI havLno 2 uevelenglh L1 {he, reaton o
Che. et BaTHE= T nar dhbPng SHeCHGNRE | LaTSaBBFEGPE (NA), the mexi mum NA val ue
i's substant i[ﬂ'lllé/ssmaé.{gt?é.d]eodch%[rwoi'sges’hearnedirg,hetrlr?e]: L &Em in order to
"perfluoroalkyl group" means an "alkyl group" having a part
or the entirety of its hydrogen atoms substituted with
15 fluorine.
Unless stated otherwise herein, the term
"heterocycloalkyl group" or "heteroaryl group" means a
"cycloalkyl group" or "aryl group" containing, within a ring,
1 to 3 heterocatoms selected from the group consisting of
20 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 "perfluoroalkyl group" means a linear or
25 branched perfluoroalkyl group having 1 to 30 carbon atoms;
the term "cycloalkyl group” means a cycloalkyl group having

3 to 30 carbon atoms; the term "heterocycloalkyl group"



25 obtain an effect of increasing the NA use is made of a liquid imersion
exposure nmethod, which utilizes a medium having a high refractive index in
between the laser radiation and a coated wafer. Since water is currently

used as such a nmedium a top coat substance is used on a photoresist so as

to prevent |eaching fromthe photoresist to water. At this tine, the
the top coat used

hot or es} 0 t 5 -damaged by .t he sol.vent _of . '
'Ito hereon,jc‘dezdtrllngS [%u%sedct%(ejocfﬁ}i)ﬁelr%allg( rsEa %Trtoeura/ &P & ]:?r \?@S C&§Z§E @ﬁﬁa‘ﬁ?ant _
factor i QUi d v rsj.on. ex re nethod of usi Ar herefore, in
or der téﬁFﬂgﬁﬁiég?ﬁﬂ re idégﬁngilﬁg%a% @”oﬁlpﬁeg§ﬁ8pogg§ﬂ§9,g|??.§8
desirablee ritoin @ J4se a hydroxyl 10 group or a carboxylic acid in the used
in the conposition. However, if a hydroxyl group or the resin a carboxylic

acid is notrHsedeckher gigne; prehkers such éém&@@%d@%@o?d@&?w&spo""er to
the substrate is | owered, and a monomer having a bul ky
5 has led to an ever-increasing 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.

In this regard, as the method of increasing the

10 resolution, there may be mentioned 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

15 use an exposure light having a far shorter wavelength, such
as far-ultraviolet radiation, KrF excimer laser radiation,
ArF excimer laser radiation, EUV, X~rays and electron beam,
as compared with the conventionally used exposure light
having a wavelength in the region of g-rays or i-rays, in

20 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

25 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



15 hydrocarbon structure shoul d be used to acquire etching resistance.
Accordingly, in the present invention, a nmononer having a structure such as
hydr oxyadamant ane i s used to enhance etching resistance, and at the same
time, the hydroxyl group 20 is substituted with a tert-butoxycarbonate
(t-BCC structure to inprove the residual filmratio of the resin.

Furt her le |abI .in the presence of the acid

t
generat e af& exposurecancey gl SOp H@eaW&tﬁﬁdﬁéx§u$fPG$9M¥ésﬁgneratﬁd
as a re%%l%u%%_%eglgﬂga{tloQ gj %%ttg%gt g%gﬁyl%gﬂga ef fect of aiding

the flow of aci nﬁrOV|n & 1 &sol r§"aftd copol yners

h b ed th
The strugiie«Qfi @ apngnen n % e@%n&hg %c%&ﬁgngo Y ¢ H2 atP8?§ﬁF§ % bu;nthee

pr esent i nventi on, nmay be represente OW ng |
present tionverti-on s @953'@E%%dthbogh%tokghﬁgg LRobALSH g%neral For mul a

11 In the general formula 1, resents any one sap d fromthe
group comskstdngyotnha bahogen %Eoﬁheatﬁﬁd58é¥|used thereon, and

thus the film loss after exposure serves as an important

factor in the liquid immersion exposure method of using ArF.

Therefore, in order to improve the residual film ratio
of the photoresist, it is desirable not to use a hydroxyl

10 group or a carboxylic acid in the constitution of the resin
used in the composition.

However, if 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

15  hydrocarbon structure should be used to acquire etching
resistance,

Accordingly, 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

20 is substituted with a tert-butoxycarbonate (t-BOC) structure
to 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

25 the t-BOC yield an effect of aiding in the flow of acid and
improving the resolution.

Monomers and copolymers




group, a carboxyl group, a nitrile group, an al dehyde group, 10 an epoxy
group, an alkyl group, a cycloalkyl group, a heterocycloal kyl group, an
aryl group and a heteroaryl group. The copol ynmer according to an aspect of
the present invention can be synthesized using nononers represented by

the general formula 1 shown above, and includes nononers 15 represented by

e o) o nankOsTU AR ube! 8%s LERLIMLAntlinbFRRT2a8E ol ERL A2, )

can be used in the present invention, may be represented by
the following formula 1, but the present invention is not
intended to be limited to this.

5 [General Formula 1]

Rg

O

JlaB Ny

In the general formula 1, R 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 heteroaryl 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]

l ! )

AN

(R1)a

[Formula 2]



5 wherein in the formulas 1 to 4, Rl to R10 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
group, an al kyl group, a cycloal kyl group, a het er ocycl oal kyl group, an
aryl group and a heteroaryl group; ais an integer fromO to 10; b is an

integer fromO0 to 14; 1, m n and o are integers satisfying the
rel ati onshi ps %uch as that |d-mtnfo=1, 0]01<1l/(1+mtn+o0) <0. 4,
o<nil (1+mi - p+g). <0.6, On/(1-4-m Fn+0)<0.6, and 0<o/ (1+mtnd- 0) <0. 4] In

regard towvwww-umoners represented by the fornulas 1 to 3, any one sel ected
fromthe group Bonsisting of Al to R3 10 and conbi nati ons thereof, may be
any one sel ectgd=fpom the group consisting of an al kyl group, a cycl oal kyl
group, a heteyocycl oal kyl group, an aryl group and a heteroaryl group. Any
one group seldected fromthe group consisting of the al kyl group, cycloal kyl
group, hetero ¥cloalkyl group, aryl 15 group and heteroaryl group nentioned
above, may inclde any one selected fromthe group consisting of an ether
group, an ester group, a carbonyl group, an acetal group, an am ne group

and conbi nations thereof, in the mddle of the carbon
[Formula 3]

0 Rg

1 el
To o) Re
Re)n

wherein in the formulas 1 to 4,

Ry to Rip 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,

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

10



chain. 20Specifically, the one selected fromthe group consisting of Rl to
R3 and conbi nati ons thereof, may be represented by any one formula sel ected
fromthe group consisting of the following formulas 5 to 11, but the
present invention is not intended to be |imted to these 25 Formnmul a 5]

[Formula 6] [Formula 7] [Formula 8] (R [Formula 9]
heterocycloalkyl group, an aryl group and a heteroaryl

group;
a is an integer from 0 to 10;
b is an integer from 0 to 14;

5 l, m, n and o are integers satisfying the relationships

such as that l4+mtn+o=1, 0.01<1/(1l+m+n+0)<0.4,

O<m/ (1+m+n+0)<0.6, O=n/ (l+m+n+0)<0.6, and 0<o/ (l+m+n+o0)<0.4,
In regard to the monomers represented by the formulas 1

to 3, any one selected from the group consisting of Ry to Ry

10 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 heteroaryl group.
Any one group selected from the group consisting of the
alkyl group, cycloalkyl group, heterocycloalkyl group, aryl

15 group and heteroaryl group mentioned above, may include any
one 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.

20 Specifically, the one selected from the group
consisting of R; to Rs; 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.

25 [Formula 5]

11



[Formula 10] 0 XRia R19 Rm[Fornula 11] OH R21 R22 R2 wherein in the

formulas 5 to 11, RI' 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, an epoxy group, an

al kyl group, a cycloal kyl group, a heterocycl oal kyl group, an aryl group
and a heteroaryl group; c is an integer fromO to 9; 5d is an integer from

Oto 4; eis an integer fromO to 4;

S

—— 7 R1)e

[Formula 6]

[!>/

[Formula 7]

l_\,«w‘ Ri3)s
e

O

Ri2)q

[Formula 8]

1

_—
\(R1 o

[Formula 9]

12



f is an integer fromO to 14; and g is an integer fromO to 14. The

af orenenti oned copol yner nay have an acrylate 10 derivative of

met hyl acrylic acid 3-t- but oxycarbonyl oxyadanmant an-1-yl ester (BOC HAMA),
and anot her acrylate nmononer and a norbornene derivative as repeating
units. The copolyner is generally insoluble or sparingly 15 sol uble per se
i n al kal i ne aqueous sol utions, but in sone occasions, the copolyner may be
sol ubl e. The copol yner generally has an acid-|abile functional group in the
si de chai n noi et ¢ in some occasions, the copolynmer may not have a
functional group. The solubility of the copolyner nmay be increased or
decreased, dependi/ng ol the type of the mononer included in the copol yner
and the cont /ari ati on of the nononer. In general, as the proportion of
hydr ophobi c oups |i ncreases, the solubility in al kaline aqueous sol utions
decr eases. 5 ch, when a copol yner obtained by adjusting the type and
content of S is used, a photoresist conposition excellent in the
adhesi veness to subgiy,ates, substrate- independency, sensitivity and
resol uti on can be obtai ned. In the copol ymer of the present

i nvention, the norbornene functional group in the norbornene derivative
represented byothel&iotéril a 1 has a characteristic of 5 inducing the
copolymer to acquire a nodified spira

i O
Q
Rig
Ryg
Rao
[Formula 11]

e (O34
=5
(@]
Ry
Ro2
Ra3

wherein in the formulas 5 to 11,

Ri1 to Rz; 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,

13



structure, thereby largely inproving the di sadvantage of poor solubility in
sol vents, which is exhibited by existing nethacrylic copol yners.
Furthernore, at the tine of copolynerization of acrylics only, it is
difficult to 10 control the nolecular weight, and it is not easy to produce
| ow nol ecul ar wei ght conpounds. However, when a norbornene derivative
represente e formul a IS introduced into_the reaction, the
derivat?%%qﬁ§¥%éQFﬁn%ﬁnf¥bﬁﬁﬁﬁg he " egfe&Y Oﬁ&&?ﬁeﬂ??&?koﬁ of the

acrylic [ r ihn 1 | ecul ar wei_ ght copol yners. Thus, the
norborn§§§%%§¥§6§f%€g§hTg%#%%%nggggﬁyﬁtﬁgopgr daalgﬁge¥ﬁ§F¥&terized by

pl ayi nggaof@l;e as a nol ecul ar wei ght controlling agent, and by enhancing
etching resistance. The acrylic derivative represented by the fornula 2 or
20 3 can have ap agi dntagilerfyncyippab . group introduced thereto, and can
al so have a functional group related to an inprovenent of adhesive power,

i ntrioduced thetetant onteysforeent her@dhesi ve power. In order to reinforce
such adhesi ve power, an acrylic nononer containing |actone can be 25 nmainly
used. Furtheenbseanwbhhtegarfonshi ongd gyoup formed froman acid-1abile
functional group and | actone, which is intended for the reinforcenent of
adhesi venessft bssabstnatesy fran betasised; andul ky hydrocarbon conpound t hat
i ncreases resistance to etching can also be introduced at the sane tine. On
the ot her handisthe iepeatinfromi® représented by 5 the fornmula 4 is

advant ageous in that, when t-BOC is introduced into hydroxyadamant ane

(met h) acryl atlee 2heremsidiated itopobyner regui nade i an tdherdtd i quid

i myer si on exposure mnethod can be reinforced; at the time of |ight

i rriddi aBFBRVARMAER Phemathdlpabylécgroup, 3ttBOC, is 10 deconposed, the
fluidity of acid can_be enhanced to thus inprove the resol ution; and
patterng%FBFYF@§bﬁ8¥?ﬂﬁyﬁﬁéﬁa%éﬁﬁéhﬁYéu@éF??y(B@ﬁ“BéMbbta@m@d by a contrast
enhancin eﬁfect. Tge copol yner of the present invention nmay be a block 15
copol ynefO R P AndohY %B%I@ﬂ% nSF AnQraf LOEpENgRRrderivative "as

repeating units.
The copolymer is generally insoluble or sparingly

15 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.

20 The solubility of the copolymer may be increased or
decreased, depending on the type of the monomer included in
the copolymer and the content variation of the monomer. In
general, as the proportion of hydrophobic groups increases,
the solubility in alkaline aqueous solutions decreases. As

25 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



The copol yner of the present invention can be polynerized by any
conventional nethod, but radical polynerization is preferable, In the case
of perform ng radical polynerization, the radical polynerization initiator
20 is not particularly limted as long as it is a commonly used radi cal
pol ynerization initiator, such as azobisisobutyronitrile (A BN, benzoyl
per oxi de_(,BPO),. |auryl peroxid azqbi si socapronitri] e, ,
azobisi%%ég gﬁgﬁpgyfl§?R8?gfyﬁg?yFnayHFBBgPBEPHe?a§5§ﬁeOBB??%%?ization may
be carried o ch-as, bul k pol yneri zati on, .solution
polynerizatig%,g%%ggéggl %g%o %né??z ?%ﬁﬂ bh??ei%gﬁéhS%Sﬁ pol ymeri zati on
and emuhstB8rnRALYRBLLZALLAN. 5RBMcasH Oho! NE-ROLYORLI dabl 04, ol vent, one or
ed for rom be to y

nore may be sel ect use, nzene, uene, Xylene, hal ogenat ed

beﬂzeneregkgégﬁkeétB?rthéekéﬁmMgéoﬁUBQQ1ae§5§£§cF§£b§£§c bactones, ketones,
am des and al cohols. 5The tenperature for the polynerization of the

copal ynefidganngecapprepoi ahelyrseheghedeandnyged: depgpdi g on the type of
catal yst. The nol ecul ar wei ght distribution of the copolynmer can be

appr oprsatetyuadj ushedeby thaggipgihpeoanByntnhef dpohyyeRiZadiopn initiator
used and the reaction 10 tinme. Arter conpletion of the polynerization, any
unr eactedonosoirebsl and shdeopredus) swhedhi Db ngxhibthed reacdt og: myture are

preferably renmoved by a precipitation nethod using a solvent. The wei ght
aver agengrphacuy arcweoght yitbes ei nBfiteneribrepf etretetoims SMV') of the
copol yner of the present invention as neasured by gel perneation
chr omategpaphyef GROy iamdotabcuyatesrehayj vet t 0s pol 8t yuenecst andards, is
usual ly 2,000 to 1,000,000, and is preferably 3,000 to 50,000, fromthe
Vi é@poi?ﬁ%twls%kﬁ%im@i/@?@ll%% photlok esind, idevel opabid sy yho 20 abatabi lity,
thermal  resistance and the |ike. The nol ecul ar
low molecular welght 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
15 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
20 3 can have an acid~labile functional group introduced
thereto, and can also have a functional group related to an
improvement of adhesive power, introduced thereto to
reinforce the adhesive power. 1In order to reinforce such
adhesive power, an acrylic monomer containing lactone can be
25 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



wei ght distribution of the copolymer is preferably 1.0 to 5.0, and
particularly preferably 1.0 to 3.0. Specifically, a copolyner including the
nononers represented by the fornulas 1 to 4, can be represented by 25 any
one formula selected fromthe group consisting of the follow ng fornulas 12
to 21, but the present invention is not intended to be [imted to these.

[ Formul &2k2]be udde@r R 113 hfﬁﬂggégﬂd% %%hpounhF%%g%l%n%%Eases

resistance to etching can also be introduced at the same
time.

On the other hand, the repeating unit represented by

5 the formula 4 is advantageous in that, when t-BOC is
introduced into hydroxyadamantane (meth)acrylate, the
residual film ratio required in the ArF liquid immersion
exposure method can be reinforced; at the time of light
irradiation, when the acid-labile group, t-BOC, 1is

10 decomposed, the fluidity of acid can be enhanced to thus
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

15 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. 1In the case of performing
radical polymerization, the radical polymerization initiator

20 is not particularly limited as long as it is a commonly used
radical polymerization initiator, such as
azobisisobutyronitrile (AIBN), benzoyl peroxide (BPO),
lauryl peroxide, azobisisocapronitrile,
azobisisovaleronitrile, or t-butyl hydroperoxide.

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

polymerization, bulk suspension polymerization and emulsion

16



[Formula 16] [Fornula 17] [Fornula 18] [ Formul a 19] [ Formul a 20]

polymerization, and as for the polymerization solvent, one
Oor more may be selected for use, from benzene, toluene,
xylene, halogenated benzene, diethyl ether, tetrahydrofuran,
esters, ethers, lactones, ketones, amides and alcohols.

5 The temperature for the polymerization of the copolymer
can be appropriately selected and used depending on the type
of catalyst. The molecular weight distribution of the
copolymer can be appropriately adjusted by changing the
amount of polymerization initiator used and the reaction

10 time. After completion of the polymerization, any unreacted
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,

15 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,

20 coatability, thermal resistance and the like. The molecular
welght 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

25 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



[ Formula 21] wherein in the formulas 12, 13, 15, 17, 18 and 20, 1, m
n and o are integers satisfying the relationships such as that 1mtn+o=1,

0. 01<1(1- Fmtn+0)<0. 4, O0<m (1m n-ko)<0.6, 0..=7..n/(1d-m-n+0)<06, and

0<o/ (1A-mFn 0)<0.4,7. and in the formulas 14, 16, 19 and 21, 1, m
n, o and p are integers satisfying the relationships such as that

| +m+n+o- Fp=1,1 FQ.-Q1<! (hgnfn+0+p)<0 4, 0<nf (1+m kn+0+p) <0. 6,

On/ (1+m#n- Fo+p)<0 6, 0<o/(1ﬁvnd nd- o+p) <0. 4, and 10Gsp/ ( LAmEn+o0+p) <0. 6.

Phot or esi st conposition The photoresj st conposition according to
anot her as of e s vention c ntgkg t he ¢opol yner of the

present inveanyion)\ @an adqid genefator| addhtives,[ an ol vent. The
phot or esi st tion may be posi tive e chem ca oanplified

photoresist c ition. 4 The acid g¢nerator thay can be used may be

Q .
an oniumsalt such as an |od0‘|un1salt a\sulfoniumsalt, a phosphpnl m
b4 de,

salt, a diazoniumsalt or a._py
or mul wcted f eiléfi
i Tt T or nujla and capbi nati ons
pre erably,‘%y in;lﬁm g ..cyc<mc a

preferably, a conpound represe
group consisting of the follow
t hereof, can be used. '

group to the anion, the acid diffusion length in the resist film can 25 be
nalntalned a Eroprlatelf short, and higher perneability property can be
e

obt ai ned, U b gh3t esol ution of the resist can be obtained. [Fornula
22]
(@]
5 [Formula 14]

[Formula 15]

18



5 wherein in the formulas 22 and 23, R24 and Rn each i ndependently
represent a substituent selected fromthe group consisting of an al kyl
group, an allyl group, a perfluoroal kyl group, a benzyl group, and an aryl
group; 10R25 to Rn each independently represent a substituent selected from
the group consisting of a hydrogen atom an al kyl group, a hal ogen group,

an al koxy gr.oup, an_ary roup, a thiophengxy group, a/,thioalkoxy group,

l. g
hnmﬂhﬂr A ~Preferable
tlon of the \aed generator!™inel ude rfpounds represent ed

by the foll ow neral fornu a to 2p t he pr invention is
not intended to— limted tosthese, 5] erpl Formul g 2a] [ CGeneral
Formula 2b] C-13 [General Fotnula 2c] 1
O .
J_k
O O O
)

[Formula 16]

e

[Formula 17]

Fa¥aa vy N SN, SN (TaVaVaVs
1 m n 0

o} 8] o}

OH e e S
- > . o

0 © ®) e/ /U\z’ J<:

O
°>L

[Formula 18]
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[ General Fornula 2d] [Ceneral Fornula 2el 5[Ceneral Formula 2f] [ General
For mul a 2g] [ General Fornmula 2h] [General Formula 2i1 [General Formula
2 ]

(S Uy e

[Formula 20]

A

[Formula 21]

B s
N0 R

20



Cl [Ceneral Formula 2k] [General Fornmula 21] [GCeneral Fornula 2nj

[ Gener al

10

15

20

25

Formula 2n] [CGeneral Formula 20] 0113 5

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

l, m, n and o are integers satisfying the relationships
such as that l+m+n+o=1, 0.01<1l (1+m+n+0)<0.4,

O<m/ (1+m+n+0)<0.6, O=n/ (1l+m+n+0)<0.6, and 0<o/ (l+m+n+o)<0.4;
and in the formulas 14, 16, 19 and 21,

1, my 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, 0<m/ (l+m+n+o+p)<0.6,

Osn/ (l+m+n+o+p)<0.6, 0<o/ (l+m+n+o+p)<0.4, and
Osp/ (1+m+n+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 used 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 resolution of the

resist can be obtained.
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General Fornula 2 The anion -A may be any one selected fromthe
Egroup consi sting OF]-OSOZCF& -0502C4F9, -0S02C8F17, -N(CF3)2, N C2F5)2,
-N(CAF9) 2, -C(CF3)3, -C(C2F5)3, -C(CAF9)3, a conpound represented by the
following formula 24, and a conpound represented by the follow ng formla
25. [Formula 24] 5 (R33)mx [Fornula 25]

[Formula 22]

Royg

[Formula 23]

R24

|

Rog~===G + . A

Roz

5 wherein in the formulas 22 and 23,

R2¢ and Rps each independently represent a substituent
selected from the group consisting of an alkyl group, an
allyl group, a perfluorocalkyl group, a benzyl group, and an
aryl group;

10 R2¢ to Rzg 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 thioalkoxy group, and an
alkoxycarbonylmethoxy group; and

15 ~-A is an anion.
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OR29R31 0 | [ ORMR32 0 wherein in the fornulas 24 and 25,
X represents any one selected fromthe group consisting 10 of an alkyl
group, a perfluoroal kyl group, a cycloal kyl group, an allyi group, a benzyl
group, an aryl group and a
Preferable examples of the cation of the acid generator
include compounds represented by the following general
formulas 2a to 2p, but the present invention is not intended

to be limited to these.

5 [General Formula 2a]

®“3+

[General Formula 2b]

:

CHs

[General Formula 2c]

®S+

10
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het er oaryl group; R33 represents any one selected fromthe group
consisting of an al kyl ene group, NR34, S(R35)4, 0 and 15 conbi nati ons

t her eof ; R29 to R32, R34 and R35 each independently represent any
one selected fromthe group consisting of a hydrogen atom a hal ogen atom
a hydroxyl group, a carboxyl group, a nitrile group, an al dehyde group, an
epoxy group,[g@ngkgyng%HHg 3420 cycloal kyl group, a heterocycl oal kyl
group, an aryl group and a hefe oaryl group; and mis an integer fromO to
2 The anian -A selected fromthe group consisting of a conpound

represented by, formula 24 and a conpound represented by the formula 25,

may be prefer @ anion 5 represented by any one fornula selected from
the group consrsgtng of the following fornulas 26 to 52, but the present

inventio, not|intended to be limted to these. [Formula 26] 0 \\F2 S C
10[ For mA S+

[General Formula 2e]

9

$

OCH;

5 [General Formula 2f]

e

SN

[General Formula 2g]
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[ Formula 28] [Fornula 29] AF2 \- [ Formula 30] 5 [ Formul a 31]

O

[General Formula 2h]

Qa

o

[General Formula 21i]

O

’ O

[General Formula 27]

25



[ Formula 32] O\1 \\O [ Formul a 33] 5 [Formula 34] O AF,.,2 - 0\\ H2

<

[General Formula 2k]

[General Formula 21]

5 I

[General Formula 2m]
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[ Formul a 35] [Forrrula 36] [Forrrula 371 \\F2 0O\\ 0 OH [Formula 38] 0Oc)
JH2I 1 ------ e | e S R O L I ,"F21 11D

s
o

[General Formula 2n]

%
8|

o

"

[General Formula 20]

C-~S +

[General Formula 2p]

\—J

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

consisting of "OSOgCF3, —OSOZC4F9, “OSOzC8F17, "'N(CF3)2, -
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O [Formula 39] [Formula 40] [Formula 41] 0 C H2Il S F211 0 G [Fornul a
42] H2 C

N(C2Fs)2, =N(C4F9)z, ~C(CF3)3, -C(CzFs)3, =C(C4F9)3, a compound
represented by the following formula 24, and a compound
represented by the following formula 25.

[Formula 24]

ﬁ Rae  Raq O
-0 ﬁ T T O ” (Raglm—X
O Rz Rz

[Formula 25]

O Ry Ry i)
- OM—:S—CI ‘—““‘(IJ WO“‘_SI“_“(RBB)mMX
O, ’lao Il32 !

wherein in the formulas 24 and 25,
X represents any one selected from the group consisting
10 of an alkyl group, a perfluoroalkyl group, a cycloalkyl
group, an allyl group, a benzyl group, an aryl group and a
heteroaryl group;
R33 represents any one selected from the group
consisting of an alkylene group, NRs3s, S(R35)4, O and
15 combinations thereof;
R29 to Rsz, R3¢ and R3s 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



|F2 [Formula 43] 00 d -0- -F, T-d 5[Formula 44] O H2 -S F.- Il 0 [Formula
45] H2 F3C

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)

10 [Formula 27]

[Formula 28]
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0

[ Formul a 46] [ Formul a 47] [Formula 48] 0 H2 _0_ -,c_

[Formula 29]

O\ .
B N

[Formula 30]

[Formula 31]

30
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[ Formul a 49] [Formul a 50]

phot oresi st conposition of the present
generator in an amount of 0.5 to 15 parts by weight,
by weight to 10 parts by weight,
solids content of the photoresist conposition.

t ot al
the aci d geperator exceeds

[Formula 32]

Vg o

[Formula 33]

[Formula 34]

F2 [Fornul a 51]
i nvention

15 parts by weight,

31

10[ Formul a 52]

0 P21 0 The
may contain the acid
and preferably 2 parts

relative to 100 parts by wei ght of the

If the 5 content of



the perpendicularity of the pattern may be significantly |lowered, and if
the content is less than 0.5 parts by weight, the flexibility of the
pattern may becone poor. The acid generators nentioned above can be used

individually or in 10 m xture of two or nore speci es. In order to
obtain a uniformand flat coating film the photoresist conposition is
di ssolved iq a sol vent having an adequate rate of evaporation and

Vi scosity, ﬁ_ig%e use. Exanples of the solvent having such properties

i ncl ude &5Me\hyréng,glycol nmononet hyl et her, ethyl ene gl ycol nonoet hyl

et her, ethyl ene gﬁycol propyl ether, nethylcellosolve acetate,

et hyl cel | osol ve acetat¢, propylene glycol nononethyl ether acetate,

propyl ene gl ycol non hyl ether acetate, propylene glycol nonopropyl ether
acetate, nmethyl 20/i sopropyl ketone, cycl ohexanone, nethyl

2- hydr oxypr opi onat et hyl 2-hydroxypropi onate, 2-heptanone, ethyl |actate,
ybut yr oi act one" an -l1liteAccording to circunstances, these solvents
may be used individually, or as m xed solvents of two or nore species.
25The anount of use/of the solvent is adjusted to appropriate amounts in
accordance with the properties of the solvent, nanely, volatility,

Vi scosity anbFeFeul§ k&3l so that the phot oresi st conposition can be

uniformy formed on a wafer. The photoresist conposition is prepared
in the for \of,@ solution, and is applied and dried on a wafer substrate to
_—C
O""’M8 e
A 0

[Formula 36]

\ =

- OMS \ w,,wﬂ"’“"o
\}) ﬁz A

[Formula 37]
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5 formaresist film In this case, a resist solution can be prepared and
filtered, and then this solution can be applied onto the substrate by a

nmet hod such as spin coating, cast coating, or roil coating. The resist film
applied by such a nmethod as described 10 above is partially irradiated with
radiation, to forma fine pattern thereon. The radiation used for this
purpose is got particularly [imted, but exanples thereof include |I-rays
whi ch bel ong\ tofultraviolet radiation; KrF excinmer |aser, ArF exciner

| aser, F _exsfﬁgk\la§pr and X-rays which belong 15 to far-ultraviol et

radi ati on; eNectrgﬁ”b ns_yhi ch bel ong to charged particle radiation; and
the |ike. Thése can be JGsed sel ectively according to the type of the acid
gener at or. The deyel oper solution that is used for devel oping the
resist filmcan be est ed from aqueous sol utions 20 contai ning sodi um
hydr oxi de, potassi ym hydfoxi de, sodium carbonate, sodiumsilicate, sodium
netasilicate, anmom.a er, ethylam ne, n-propylamne, triethylam ne,

t et ramet hyl ammoni um hydr oxi de, tetraethyl amoni um hydr oxi de
-a-nd-the-44. . ke-; |In particular, tetranethylamoni um hydroxi de 25 anong
them can be preferab used. The photoresist conposition may further

i ncl ude additives sucloras a surfactant and a water-sol ubl e al cohol,
according to necessity. The copol yner of the present invention is

rapi dly di ssbfeesils égbonnnn solvent, and is easily soluble in nost of

sol vents. The copol ymer can be produced into a resin 5 having a desired

nol ecul ar wei ght by adjusting the anmount of olefin introduced therein, and
t hus can be produced @it hout using a nol ecul ar wei ght controlling agent.
The phot oresi st conpogi tionyof theg present invention is a chenmically
amplifie l.§t—Conposittion that is 10 sensitized by KrF excimer
| aser, ArF exciner |aser, EUV,RX-“ays, el ectron beamor the like, which is
| ess dependent on substrates, has©excellent transparency in the far'

ul travi ol et wavel ength region, and has excellent contrast, sensitivity,
agigggggo?nqﬂgngﬁyﬁiqﬂ%biIity. 15The photoresi st conposition can inprove a

O
M
5

“‘\WO—
F2

O=h==0

[Formula 40]

33



the residual filmratio that occurs when a top coat substance is used in
the liquid i mrersion exposure nethod, and can al so enhance the resol ution
power by facilitating the fluidity and diffusion of acid at the time of 20
irradiation with ArF |aser radiation. The photoresi st conposition also
enhances the devel opnent properties mani fested by devel oper solutions, and

t he adhesive Fgﬁﬁﬁlgo4§ bstrates. 25 EXAMPLES Hereinafter, the present
i nvention mﬁ{ e specifically described with reference to Synthesis
Exanpl es and BExanpl es, so,that those having ordinary skill in the art to

whi ch the presqpt inﬁﬁntionﬂpertains can easily carry out the invention.
However, the preesent _d’nvention is not intended to be linmted to the
Synthesigtﬁfﬁpsfg§rgﬁdm3%5 1’68 described herein. Pr.thes is of nononers
and copol yners o (Mononer Syat hesi s Exanpl e 1) In a two-necked
round-bottom fl ask equi pped with a stirrer and a reflux cooling tube, 200 g
of 3- 10 hydioxyadesmest pne acryl ate, 107 g of pyridine, 33 g of

di met hyl am nopyridine, and 0.6 g of Irganox 10100 were di ssolved in 800 m
of et hyl acet?re, and themoa sol ution prepared by dissolving 295 g of

di -t--butyl dilicarbonate in“500 m of ethyl acetate was slowy added
dropwi se t 45t ask—ai~ngr mal tenperature under a nitrogen gas stream
After conp, etﬂon of the2driopwi se addition, the solution was refluxed for 4
hours at 70C, “and then was® cool ed to nor mal tenperature. The sol ution was
subjected to an acid treatnent and an alkali treatnent, and then was washed
witR 20 di stifqed it Subsequently, the organic |ayer was isolated, and
t he sol vent was renoved. The residue was recrystallized fromhexane, to
obtain 239 g of @n acrylic a® d 3-tert-butoxycarbonyl oxy-adamantan-|-yl

ester (BQOC: HAA) NONeH: r epr Eented by the follow ng general fornula 3a.
l:2 Fa ||
O

[Formula 45]

O O
I wo |l

Fa ”
o

[Formula 46]

C
Ho

10

[Formula 47]
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25[ General Formula 3a] (Mnoner 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 hydroxyadanmant ane net hacrylate, 100 g of pyridine, 31 g of

di met hyl am nopyri dine, and 0.57 g of irganox 10100 were di ssolved in 800 m
of ethyl acetate, and then a solution prepared by dissolving 277 g of

di -t--butyl dicarbonate in 500 m of ethyl acetate was slowy added
dropwi se to e 10 flask at normal tenperature under a nitrogen gas stream
After conpl ¢tijor) of the dropw sejaddition, the solution was refluxed for 4
hours at 70€ ) tgen maiicoolq to normal tenperature. The solution was
subj ected t® a_aci @t realgient d an alkali treatnent, and then was washed
with 15 dis\'lleazmqtep. Subgeq Fnt@y, the organic layer was isol ated, and
t he solventlmas renoved. The rest due was recrystallized from hexane, to
obtain 212 g of a 2-nethylacrylic acid
3-tert-butoxXycarbonyl oxy- adamant an-1-yl1 ester (BOC-HAMA) nononer
represented by the follow ng general 20fornula 3b. The nucl ear
magneti c resphancel{ NMR) data of the nonomer synthesized as descri bed above
are presented in Fig. 1. [Formula 313] (Copolyner Synthesis Exanple 1)

-

O O

/IJ\ Hy ”
/l//\\N o O H

O\J > o! ©-

[Formula 49]

0] 0
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B o O g H .
| 2]
5 @] O
[Formula 50]
e)
; /{L Hoy “
MM\O*""“ NN%OMCMC“MS%W%OM
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O
[Formula 51]
O O
e
0 OMC“‘CWﬁ”wo-
5 "
10 [Formula 52]
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e
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The photoresist composition of the present invention
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56.4 g of norbornene as a nononer for polynerization, and 7.6 g of BOC- HAMVA
wer e added, together with 115 g of 1,4-dioxane, to a flask and were

di ssolved therein. The inside of the flask was purged with nitrogen gas,
and then the internal tenperature of the flask was raised to 70C. 10 Wen
the tenperature reached 70C, 20 g of nethyl adamantane acrylate and 12 g of

y;butyr9b§chﬁhtgghh%g%y5@5%‘gg@grgkg§o&%egni%gﬁgne 8% ,g-ggoisne, t oget her

with 3 g of dinmethyl azobisi utyrate as a ynerization initiator, and

the sol yhi-@8 WaSyshgwky %&i‘aegr%l%l%%g?t gOPBQ%sf ng%eig%ﬁg%gglﬁosyri nge punp

over 2 hours. The mxture was allo eact r an er’'5 urs at this

tenperapures BRdwtheRtt hecsakytboncobbai pgdeaf er ,coppleton, of .
pol ymeri zati on was cooled to normal tenperature. The reaction solution

cool ed totaor sall itienpenatureorashsupheebedst 0t PEERHREL aEHAN USENG,20 an
excess anount of n-hexane, and the precipitate was filtered. The

predi pi taneenaisodashedawitihgthersaoe setveat 1duphpgsfbltyatien, and then
was dried under reduced pressure, to yield 30 g of a copol yner represented
by forniha B8rr¥héinutkeatynafnebiécpaesonancey (DRyigataieinthe copol yner
synthesi zed as descri bed above are presented in 5 Fig. 2, and the results
of gel perfeati oanehiémabegraphynireasurlesent:hear 10i.éd outt sudewetihgt
conditions indicated in the following Table | are presented in Fig. 3. The
vei ght BVerhge*Hot €EbY aPfwehghpa fMn ofay hbecempobyoer cBimverted rel ative
to polystxrene standards was 6180, and the ratio of 10 the weight average
mol ecul A" et Ght S t BT heCREThRP O |Y ef Ay P ot 2@l Brdivel el LIM@MIin was 1. 94.

[T%%le &;xéy§éeg} two or more species.

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

15 ethylene glycol monomethyl ether, ethylene glycol monoethyl
ether, ethylene glycol monopropyl ether, methylcellosolve
acetate, ethylcellosolve acetate, propylene glycol
monomethyl ether acetate, propylene glycol monoethyl ether
acetate, propylene glycol monopropyl ether acetate, methyl

20 isopropyl ketone, cyclohexanone, methyl 2~hydroxypropionate,
ethyl 2-hydroxypropionate, 2-heptanone, ethyl lactate, y-
butyrolactone,. and the Tike. According to circumstances,
these solvents may be used individually, or as mixed
solvents of two or more species.

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

solvent, namely, volatility, viscosity and the like, so that
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DVA00 + External RI Col unms (A000Hhr 02500Hhr Sol vent THF Flow rate 1.000
m./ mn Concentration 0.000 ng/nL Injection Volunme 100.0RlI, [Formula 53]
15( Copol yner Synthesis Exanple 2) 7.5 g of norbornene as a nononer for

pol yneri zati on,
the photoresist composition can be uniformly formed on a
wafer.
The photoresist composition is prepared in the form of
a solution, and is applied and dried on a wafer substrate to
5 form a resist film. In this case, a resist solution can be
prepared and filtered, and then this solution can be applied
onto the substrate by a method such as spin coating, cast
coating, or roll coating.
The resist film applied by such a method as described
10 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 include I-rays
which belong to ultraviolet radiation; KrF excimer laser,
ArF excimer laser, F, excimer laser and X-rays which belong
15 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 solution that is used for developing the
resist film can be selected from aqueous solutions
20 containing sodium hydroxide, potassium hydroxide, sodium
carbonate, sodium silicate, sodium metasilicate, ammonia
water, ethylamine, n-propylamine, triethylamine,
tetramethylammonium hydroxide, tetraethylammonium hydroxide
-and--the-like. 1In particular, tetramethylammonium hydroxide
25 among 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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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 of the flask was purged with
nitrogen gas, and then the internal tenperature of the flask was raised to
70C. Wien the tenperature reached 7000, 25 g of nethyladanant ane _
met hacryl ate and 14 g of 7-butyrolactyl nethacryl ate ﬁ@re 5bd|ssolved in 30
of 1,4-djoxane, .together with 3.5 g of dinmethyl azobisisobutyrate as a
golynerﬁﬁa.|%§$QQﬂ%q o154 Wé“the sol ution was slowy adde?ldrogmnse to Ehe
flask usin yri unp av 2 hours, The mxture was allowed to reac
f or anothe? gh%oSnggygFﬁiS%tghﬁepﬁ?ﬁ?QF andetheRM165t hePsBt4t i on obt$hned
after coppleni f. pol izati was _cool.ed to .nornal nper at ur e. e
reaction sé%ﬂf?%%ngo & 8“h%§%§%“§énﬁ@raﬁﬁr§aﬁ& yéﬁﬁﬂ&%ﬁ@dlpomOSt

recipi i ikng a nt._of \n-hexane, and the precipitate was
PiItePeEﬁifﬁgygﬁé%?pi?ggiQﬁggﬂ&g%%égaﬁﬁF%}%hgdggﬁg §8F9eﬁtgfglaurlng

filtsatieRingnd then (s rdniced under ;peduged pressyre, (1o yjeld 33-9 of a
% e ndcledr mag

copol ymer represented by fornmula 54. et1' ¢ resonance (NWR)

data of cikeieopakywen ceynthesiczed asqdesck bed %‘%%‘?:%E‘éeer gSeRLed in Fig.
4, and the results of gel perneation chronmatography nmeasurenment carried

out undesinheaconditions iedigaat ednihotihentabbenl above are presented in
Fig. 5. The weight average nol ecular weight (My) of this copolyner
converted relativeotorpslyst yoepes st andas dstmasp6466nt andvd e satio of the
wei ght average nol ecul ar weight to the nunber average 25 nol ecul ar wei ght,
Mnv/ Mh, @aghfmggalpyoampﬂéfgap type photoresist composition that is
10 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-
ultraviolet wavelength region, and has excellent contrast,
sensitivity, resolution and developability.
15 The photoresist composition can improve a decrease in
the residual film ratio that occurs when a top coat
substance is 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
20 irradiation with ArF laser radiation. The photoresist
composition also enhances the development properties

manifested by developer solutions, and the adhesive power to

substrates.

25 EXAMPLES

Hereinafter, the present invention will be specifically

described with reference to Synthesis Examples and Examples,
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(Copol yner Synt hesis Exanple 3) 6.4 g of norbornene as a nononer for
pol yneri zation, and 11 g of BOC- HAMA were added, together with 85 g of 1, 4-
5 dioxane, 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 to 70C. Wien the tenperature reached 70C, 20 g of

met hyl adgmanptan i , .f rhorna -ar bal act one, net hacryl at e,
and 10 5 g g%§é§£ﬁ§%¥§%§ﬁﬁ%%ﬁg%PyaéggEﬁéﬁg'g%si%ﬁvgé%i%02ghéchf%%e

1, 4- di oxaReerirogeter (W of. di | I.Sls t te as a
polynengétion inf??gf%¥%@§%§%fﬁg g%?ﬁ%%%ﬁl&égggﬁgmﬁggaéé%d dropwi se to the
flask usinR@na iSyr.i NgewRWEr ovel 2 heuwrs. T i Xt UK - to react
for another 5 hours 15 at this t%nperature?%gggé%héﬁ ?ﬁg gh#%ﬁ?%g obt ai ned
after compbet lomiokdpely Mk z3hicar swas rseakedst anAoEMBL Lt gAperature. The
reaction solution cooled to normal tenperalLure was subjected to

pred pi tlasiconbesli hgrainexcess anount of n-hexane, and the precipitate was
filtered. The 20 precipitate was washed with the sanme sol vent during
filtration, Sydthéenswaf donedensdendr educbgnpressure, to yield 38 g of a
copol ynmer represented by formula 55. The nucl ear magnetic resonance
(NVR) dat a ofMemeneppbyyhbessynihespiedlhs descri bed above are presented in
Fig. 6, and the results of gel perneation chronatography neasurenent
carried out thdertYheneshed t Fomsd ipelt eametll # :k Seqiveoriablel thh above are
presented.in Fig. /7. The_weight average nol ecul ar weight (Mv) of this
copolyn§F156ﬁ§egP§dar€P§%P§eC981b69y§P9?en@OQtQnﬁéras was 5880, and the

rati-o of the weight average | ecul ar_wei ght to_ the nunber average
nnﬁé%ul%¥d§8¥§ﬁ?gmﬁﬂﬁﬁﬁ? 35§Y agsg, i@fF@rﬁﬁlEYBB?l@%bp%$ygn@f Synt hesi s

Exanpl e 4 of .norbornene, as a nomer for_polynerization, and 9.5
g oPpB %%ﬁ&%¥#%?§“§835a?l?%ge?ﬁgrOmﬁtH ggo95g%?0§,h81%% Bt bkane, to a

fl ask i 850 d_ t herej The inside of .the flask was, purged with
nitroggﬁg%§§F€%%d§§h%g§tﬂ% ?%t%?%%} %%%g%#%tu?%dd¥ The® rTASK" WS raised to

70C Wienopheod eppenstubeygached J0Gr 25-0_gf: o1 ”&Eé‘%}f@ clopentyl

acrylate, and 17 g of norbornane c | act oné hacr 8
500 ml of ethyl acetate was slowly added dropwise to the

15 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 cooled to normal
temperature. The solution was subjected to an acid
treatment and an alkali treatment, and then was washed with

20 distilled water. Subsequently, the organic layer was
isolated, and the solvent was removed. The residue was
recrystallized from hexane, to obtain 239 g of an acrylic
acid 3-tert-butoxycarbonyloxy~adamantan-1-yl ester (BOC-HAA)
monomer represented by the following general formula 3a.

25 [General Formula 3a]
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20 were dissolved in 30 g of 1,4-dioxane, together with 4 g of dinethyl
azobi si sobutyrate as a polynerization initiator, and the solution was
slowly added dropwi se to the flask using a syringe punp over 2 hours. The
m xture was allowed to react for another 5 hours at this tenperature, and
then the solution obtained after conpletion of polynerization was cooled to
normal tenperature. The reaction solution cooled 5 to normal tenperature
was subjected\to precipitation using an excess anount of n-hexane, and the
precipitate wa idtered. The precipitate was washed with the same sol vent
during filtrapyion, and then was dried under reduced pressure, to yield 40 g
of a copolym& represented by formula 56. The 10 wei ght average nol ecul ar
wei ght (Mr) of\this copolyner converted relative to polystyrene standards
was 4550, apd e~rati ocof the wei ght average nol ecul ar weight to the
nunber aver age ecul a ight, Mv Wh, was 1.98. [Fornula 56] 15

\ SN.S |l e

‘0 o)

(Monomer Synthesis Example 2)
In a two-necked round-bottom flask equipped with a
stirrer and a reflux cooling tube, 200 g of 3-

5 hydroxyadamantane methacrylate, 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

10 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 cooled to normal
temperature. The solution was subjected to an acid
treatment and an alkali treatment, and then was washed with

15 distilled water. Subsequently, the organic layer was
isolated, 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-1-yl ester
(BOC~-HAMA) monomer represented by the following general

20 formula 3b.

The nuclear magnetic resonance (NMR) data of the

monomer synthesized as described above are presented in Fig.
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7 g of norbornene as a nononer for polynerization, and 4 g of BOC- HAMA were
added, together with 120 g of 1,4- dioxane, to a flask and were di ssol ved
therein. The inside 20 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, 15 g of isopropyl adanmantane acrylate, 21 g of
nor bor nane carbol actone net hacrylate, and 14 g of nethyl adamant ane

met hacryl ate were dissolved in 60 g of 1,4-dioxane, together with 3.5 g of
di met hyl azobksi-gQbyt yrate as a. polynerization initiator, and the 5
solution was slowy added dropwi se to the flask using a syringe punp over 2
hours. The m xture was allowed to react for another 5 hours at this
tenperature, apd then the solution obtained after conpletion of

pol ynmeri zati-o® was cooled to normal tenperature. The reaction solution
cooled 10 to ngrmal tenperature was subjected to precipitation using an
excess anount gFn®hexane, and the precipitate was filtered. The
precipitate RS washed with the sanme solvent during filtration, and then
was dried undér reduced pressure, to yield 42 g of a copol yner represented
by formula 57. )15The nucl ear magnetic resonance (NVR) data of the copol yner
synt hesi zed [ ri bed?above|are presented in Fig. 8, and the results of
gel perneati asurenent carried out under the conditions
' re presented in Fig. 9. The wei ght 20

aver age t ight (MY of this copolyner converted relative to

pol ystyrene standards was 6810, and the ratio of the weight average

nol ecul ar me& ht to t he_ nunber average nol ecul ar wei ght, Mv M, was 2. 37.
[ Formul a 57] opolymer Synthesis Example 1)

5 6.4 g of norbornene as a monomer 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.

10 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

15 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

20 an excess amount of n-hexane, and the precipitate was

filtered. The precipitate was washed with the same solvent
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(Copol yner Synt hesi s Exanpl e 6) 7 g of norbornene as a nononer for

pol yneri zation, and 4 g of BOC-HAMA were added, together with 120 g of 1, 4-
5 dioxane, 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 to 70C. Wien the tenperature reached 70C, 16 g of

i sopr opyWadamntiane-acryy at 0 ne . carbol act one net hacryl at e,
and 10 13 g&%? neth;%géﬁkaﬁfg%gﬁg%#yé%%éﬁggéga%ﬁg%%l3%%P??ékﬁf%f%ﬁre’

L, 4- di oxang:i dlagetchey oif b o3 19rel difelu Azobisisohyr gte as a

pol yneri zation initiator, and the solution was slowy added drfopw se to the

flask using @ahsyniungeapurBgo¥er c 2r89Yf 8ncdhenmRXt UL £, WaE @ﬁ%OMﬁd to react
15 for another 5 hours at this tenperature, and then the solution obtained

after compbétimen efynpokyrecizaki asswasneeoked o ner paksLeppgr afure. The
reaction solution cooled to normal tenperature was subjected to

pr ect pi tagi.-old, usihdg tar emeeisSaﬁﬁu@b1o§e@méamgégn@hr@ﬂgtgggagﬁﬁcipitate was
20 filtered. The precipitate was washed with the sane sol vent during
filtratiheasuasdenhenawasedr bed under tkduceddpressur endi@ayéel 0,40 g of a
copol yner represented by fornula 58. The wei ght average nol ecul ar wei ght
(My) of thRi §oébpulprrefabéenterntredrrebattee o pabysByr enee stangias ds was
6470, and the ratio of the weight average nol ecul ar wei ght to the nunber
aver age b 886l AP Rel gt , "M VR, (Mes of 19hifFoppul am&8] converted

relative to polystyrene standards was 6180, and the ratio of
10 the weight average molecular weight to the number average

molecular weight, Mw/Mn, was 1.94.

[Table 1]
System DM400 + External RI
Columns G4000Hhr + G2500Hhr
Solvent THF
Flow rate 1.000 mL/min
Concentration 0.000 mg/mL
Injection Volume 100.0 pL

00 1k

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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5 Preparation and eval uation of photoresist conposition (Exanple 1)

4 parts by weight of triphenylsulfoniumnonaflate as an acid generator, and
0.2 parts by weight of 10 tetranethylanmoni um hydroxide as a basic additive
per 100 parts by weight of the copolyner obtained in Copolyner Synthesis
Exanple 1 (forrmula 53) were dissolved in 1,000 parts by wei ght of propyl ene

| ycol By 1 | ut.i_on S %It_‘rgd t hrough a
8. )2/ pun%%rea%m%k ?\%ﬁ Z%l%%e?}gvrle%g?lel%%ﬁﬁ%t :éraesél g\t{]\%cé SSI?Thle_On. The
obt ai ned nphotere HestoGRMRAS 0N WaS 13l I8 tr%i%feﬁuQ%t 5??’?. usyng, a
spinner, and was dried at 110C for 90 seconds to forma filmhaving a

t hi cknessieoft chp miturEhe chomed fd°tm wesgexpogedn yshagan ALE excimer | aser
st epper 20(nunerical aperture of the lens: 0.78), and then was heat treated

at 110Crkoha@@ysetcendsd Subsequentbyrytbeatt|m washgevel oped,mi-th a 2. 38
wt % aqueous sol ution of tetranmethyl anmoni um hydroxi de for 40 seconds, and

the ¥i| mivas lweshed &0dgdrifed ,to dfiorama, r esigst hpat een. 3Thegdeyel opnent
properties in connection with the agueous solution of tetranethylamoni um
hydroxidémegh@lthgobisisobutyrate 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
10 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
15 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
20 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

25 molecular weight, Mw/Mn, was 1.96.

[Formula 54]
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5 adhesiveness of the forned resist pattern to the substrate were
satisfactory. The resolution was 0.09 km and the sensitivity was 15
m)/cn2. The results are summarized in the follow ng Table 1. Here, the
adhesi veness was determned fromthe results 10 obtai ned by observing the
state of pattern adhesion for a 0.09-kmline-and-space (L/S) pattern forned
after devel opnent, and the sensitivity was determ ned fromthe optinum
‘I whi gh i sf defin dose/of exposure/tihat forns a 0.09-km
‘ woat a

resolved at this
éhch of the

of 1:1. The=midi LN di mens

I|ne t o- spac- , ) j
i ned as res . nples 2 to

sensitivity

(formulas 53, 56 and 57) was
a basic additive at each of th
2, in 1,000 parts by weight of
solution was filtered through
phot or esi st conposition was prepared Subsequent |y,
pattern was formed in the sane manner as in Exanple 1, and then various
eval uati ons (ferolsmdorImuthddies cveduste @) results are presented in the

Tabl e 2. [Table 2] Type of copolyne r Proporti on of copolyne r(parts by
-4 g of norbornene as a monomer for polymerization,

and 11 g of BOC-HAMA were added, together with 85 g of 1,4~
5 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
10 5 g of adamantane methacrylate were dissolved in 25 g of
l,4~dioxane, together with 7 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
15 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
20 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.

44



wei ght) *PAG (parts by weight) *Base (parts by weight) SensiOivi ty
(mJ/cn2) Resolu tion (.1m Exanple 2 Fornula 53 100 4 0.2 15 90

10

15

20

The nuclear magnetic resonance (NMR) data of the
copolymer synthesized as described above are presented in
Fig. 6, and the results of gel permeation chromatography
measurement carried out under the conditions indicated in
the Table 1 above are presented in Fig. 7. The welght
average molecular weight (Mw) of this copolymer converted
relative to polystyrene standards was 5880, and the ratio of
the weight average molecular weight to the number average
molecular weight, Mw/Mn, was 1.95.

st st
@ @ Ik

8 g of norbornene as a monomer for polymerization, and

(Copolymer Synthesis Example 4)

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 Z2-methylcyclopentyl
acrylate, and 17 g of norbornane carbolactone methacrylate
were dissolved in 30 g of 1,4-dioxane, together with 4 g of
dimethyl azobisisobutyrate as a polymerization initiator,

and the solution was slowly added dropwise to the flask
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Exanmple 3 Fornmula 56 100 4 0.2 15 80 Exanple 4 Formula 57 100 4 0.2 15

10

15

20

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 40 g of a copolymer represented by formula 56. The
weight average molecular weight (Mw) of this copolymer
converted relative to polystyrene standards was 4550, and
the ratio of the weight average molecular welght to the
number average molecular weight, Mw/Mn, was 1.98.

w@wﬁw@ e
ol 7 Jlagy”

(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 isopropyladamantane
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acrylate, 21 g of norbornane carbolactone methacrylate, and
14 g of methyladamantane methacrylate were dissolved in 60 g
of 1,4-dioxane, together with 3.5 g of dimethyl
azobisisobutyrate as a polymerization initiator, and the
5 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

10 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 a copolymer represented by formula 57.

15 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 conditions indicated in
the Table 1 above are presented in Fig. 9. The weight

20 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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(Copolymer Synthesis Example 6)

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, 16 g of isopropyladamantane
acrylate, 21 g of norbornane carbolactone methacrylate, and
13 g of methyladamantane acrylate were diésolved in 60 g of
1,4-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 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 40 g of a copolymer represented by formula 58. The

weight average molecular weight (Mw) of this copolymer
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converted relative to polystyrene standards was 6470, and
the ratio of the weight average molecular weight to the
number average molecular weight, Mw/Mn, was 2.109.

[Formula 58]

O,

JoER = e

e}

Preparation and evaluation of photoresist composition

(Example 1)

4 parts by weight of triphenylsulfonium nonaflate as an
acid generator, and 0.2 parts by weight of

10 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

15 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

20 (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$% aqueous solution of
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Formula 57 100 5 0.3 (*PAC : Triphenyl sul fonium nonafiate, 5 *Base:

Tet ranet hyl ai moni um hydr oxi de) (Conparative Exanples 1 to 3) A COVA(r)
resin represented by the followi ng formula 59 (product of Kunmho

Petrochem cal Co., Ltd.) was dissolved, together with an acid generator and
a basic additive at each 10 of the contents indicated in the foll ow ng

Tl sl RE ISl g B e Bl et e soctate
phot or egi st | COROSIL] LM RS, %%?%%&%Qa %%%18? pattern.
The development properties in connection with the
aqueous solution of tetramethylammonium hydroxide, and the
5 adhesiveness of the formed resist pattern to the substrate
were satisfactory. The resolution was 0.09 um, and the
sensitivity was 15 mJ/cm®. The results are summarized in
the following Table 1.
Here, the adhesiveness was determined from the results
10 obtained by observing the state of pattern adhesion for a
0.09-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 0.09-um line-and-space (L/S) pattern
15 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
20  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-pm
25 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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the conposition solutions was used to forma positive photoresist pattern

i n the sane manner as in Exanple 1, except that an ArE exciner | aser
exposure apparatus (nunerical aperture of the lens 0.78) was used, and the
5 copol yner used was the copolymer represented by formula 59. Then, various

eval uations were perforned. The evaluation results are presented in the
copol yner Proportion of copol yner

i . [Tabl e 3] Type of |
Eglalr 1(:)\;“ %&a@%ﬁ@ﬁ@%&p%ﬁ% e\I?E}Zi SI:Fth)e BaSe Ueparts "By WhEBgRES Sensi 1 vity

(m/ o ), Resalout s onGRM, Qoparati ye Example 1

10

[Table 2]
Type of |Proporti [*PAG *Base Sensitivi |Resolu
copolyme Jon of (parts (parts |ty tion
r copolyme by by (mJ/cm?) (um)
r (parts |weight) |weight)
by
welight)
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 {100 5 0.2 13 80
6 56
Example |Formula [100 5 0.2 12 80
7 57
Example (Formula (100 5 0.3 le 100
8 53
Example |Formula [100 5 0.3 16 90
9 56 '
Example [Formula [100 5 0.3 15 100
10 57

(*PAG: Triphenylsulfonium nonaflate,

*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-pum membrane filter,

and thus a photoresist composition was prepared.
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Forrmula 59 100 2.5 0.02 15 120 Conparati ye Exanple 2 Fornmula 59 100 3.0
0.02 0.03 14 16.5 110

10

15

the composition solutions was used to form a positive
photoresist pattern in the same manner as in Example 1,
except that an ArF excimer laser exposure apparatus
(numerical aperture of the lens 0.78) was used, and the
copolymer used was the copolymer represented by formula 59.
Then, various evaluations were performed. The evaluation

results are presented in the following 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 |weight) |weight) |)
welght)
Comparati |[Formula 100 2.5 0.02 15 120
ve 59
Example 1
Comparati |[Formula 100 3.0 0.02 14 110
ve 59
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 uwm, that
is, less than or equal to 100 um, while in the case of the
Comparative Examples 1 to 3, the resolution was from 110 to
120 um.

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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120 Conparati ye Exanple 3 Fornula 59 100 3.0 By referring to the
Table 1 and Table 2, it can be seen 10 that in the case of the photoresist
conposi tions of the Exanples 2 to 10, the resolution was from80 to 100 Rm
that is, less than or equal to 100 Rm while in the case of the Conparative
Examples 1 to 3, the resolution was from 110 to 120 Rm 15Test for

O B R BT S0 T 2 s o
whi ch amﬁ@%‘%“?%b&%%%%&skscomposition containing the copolymer 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 time, the BOC-substituent is
also cleaved.

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

10 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

15 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

20  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.

25 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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i ntroduced into hydroxyadamant ane net hacryl ate. Therefore, when a

phot oresi st conposition containing the copolyner is exposed to light, the
acid-labile group of the copolymner is cleaved under the action of the
strong acid generated by the 5 acid generator, and at the sane tine, the
BOC- substituent is al so cl eaved. The i soprene and hydroxy structure
that are generated as the BOC-sybstituent is cleaved, allows the fluidity
of the AETHESHE SertFarcdd 2sad Fherf ofeer ¢hereesol ut b omnder10baer eased.
Fig. 10 %Fﬁs%ﬁts the results obtained by analyzing BOC- HAMA itself
produced AT tHE b0l sSyiteedi opddnpiredetagsiedgba ther palidanal yzer
(NETZSCH .TO .. ) .whi_le raising the tenperature up to 25000. Fig. 11

pr esent oﬁ%%%%%%u yst§°obtained by analyzing a m xture of 92 parts by

wei ght of BOC: BA) d 8.parts by weight of toluenesulfonic acid, using a
the?nal anaf?ge$@?kﬁgﬁgcﬁg$& gB@%ﬁeo E?% ?%}%?%Agt%% fefpet2@dre up tog
250 T T this, ri.pent s to.verify whether the 20

300- SubSE L et i b8 HEE AT Rea 1 P oM RO HAVRUGNER € OF uereSarTGhi ¢ aci d.
whi ch i r +acj ol ] ener.a from PA | s used together
Wit h Bcéféﬁﬁﬁ?Kgné@tEHSEQ?@§¥Fﬁe?gbgh§hégn%%g?hénéﬁﬁféﬁ s%??u%ﬁt mﬁ?l be

det achedrfrem BEC; HA even 5 A k d. ith PAC. 25
When reference isanagggto Fig@ggggggggﬁrg?kélgﬁﬁtlﬁggsﬁggéoﬁﬁ%rned t hat

when usedsbogeiberbuihliskobuengsul Eoplenackfa £herBOC- supstitpent is
det ached from 300- HAMA from a tenpe?ature as Ing§%§%0C, and therefore, it

i s undegsheodt thavhthet BEG:substibtuepssmoubd bﬁedséﬁghﬁgn@yaﬁ@ﬁ aci d
generated by PAC It is known fromthe results obtained as descri bed

abdve thaitetrhexphbotoeesi si conposition using The copol ymer according to
enbodi nents of the present invention has an effect of aiding the fluidity
of acid and Asrpruowi ng tdvee resodl athahinbecause’ afnd he-dsopr engraand iy dr oxy
structure generated when t-d300 is deconposed by the acid generated

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

15 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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10 after exposure. As such, preferred enbodi ments of the present

i nventi on have been explained in detail. However, the scope of rights to
the present invention is not intended to be limted to the enbodi nents, and
various nodifications and i nprovenents 15 nmade by those skilled in the art
by using the fundanental concept of the present invention defined in the
fol | ow ngizal aigre,,ralvgm bej.ong to the scope of rights to the present
invention. 20 WHAT IS CLAIMED I S: 1. A copol yner conprising nonomers
represented by the following formulas 1 to 4. 5[Fornula 1] [Formula 2] R2
[ Formul a 3]

1. A copolymer comprising monomers represented by the

following formulas 1 to 4:

5 [Formula 1]

L J |

AN

(R1)a

[Formula 2]

R4

[Formula 3]

Rs

10

[Formula 4]
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[ Formul a 4] wherein in the formulas 1 to 4, Rl to Rn each independently
represent any one selected fromthe group consisting of a halogen atom a
hydroxyl 5 group, a carboxyl group, a nitrile group, an al dehyde group, an
epoxy group, an alkyl group, a cycloal kyl group, a heterocycloalky! group,
an aryl group and a heteroaryl group; ais an integer fromO to 10; 10b is
an integer from0O to 14; and 1, m n and o are integers satisfying the
rel ationships sych as that 1-f-mi-nio-1, 0.01<1/(1-Em-n.lo0):0A ]
O<m (1+mfii+0y<0.6, On/(1A-m -n+0)<0.6, and 0<o/(1l+mtn+0)<0,4. 152. The
copol yner +ng to claim1, wherein any one selected fromthe group
consi sting of °to R3 and conbi nations thereof is any one selected from
the group .con Png of an al kyl group, a cycloal kyl group, a f
het er ocycl oal Kyl group, an aryl group and a heteroaryl group, 20 each o
whi ch conpri ses any one sel ected kyomthe group

Ry

wherein in the formulas 1 to 4,

Ry to Rip each independently represent any one selected
from the group consisting of a halogen atom, a hydroxyl

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

an epoxy group, an alkyl group, a cycloalkyl group, a
heterocycloalkyl group, aﬁ aryl group and a heteroaryl
group;

a is an integer from 0 to 10;

10 b is an integer from 0 to 14; and

1, m, n and o are integers satisfying the relationships

such as that l+m+n+o=1, 0.01<1/ (1+m+n+0)<0.4,

O<m/ (l+m+n+0)<0.6, O=n/ (l+m+n+o)<0.6, and 0<o/ (l4+m+n+o)<0.4.

15 2. The copolymer according to claim 1, wherein
any one selected from the group consisting of R; to Rj
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 heteroaryl group,

20 each of which comprises any one selected from the group
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consisting of an ether group, an ester group, a carbonyl group, an acetal
group, an amne group and conbinations thereof, in the mddle of the carbon
chain. 53. The copol yner according to claim1, wherein ~any one _
sel ected fromthe group consisting of R to R3 and conbinations thereof is
represented by any one chem cal fornulas selected fromthe group consisting

of the é@ﬁ%?@%?ﬂgfgfnyﬁa§t§e£og%%ﬁp}oégoégyég gloup,[For£lg§h§¥ [ Formul a
7] [Formu
group, an acetal group, an amine group and combinations

thereof, in the middle of the carbon chain.

5 3. The copolymer according to claim 1, wherein
any one selected from the group consisting of R; to R
and combinations thereof is represented by any one chemical

formulas selected from the group consisting of the following

formulas 5 to 11:

10 [Formula 5]
—““lrw 7 Ri1)e
0
9

[Formula 6]

L N (Ri2)q

[Formula 7]

é( —\,_.,—»” Riz)e
(@) o )

[Formula 8]
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[Formula 9] [Formula 10] [Fornula 11] wherein in the formulas 5 to 11,
RH to R23 each independently represent any one selected fromthe group
consi sting of a halogen 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 heterocycl oal kyl group, an aryl group and a heteroal kyl

group; cis an integer fromO to 9; 10d is an integer fromO to
4, e is angtrfé fromO to 4; f is an integer fromO to 14; and g is an
i nteger fr 0 to14.

W)

(Rya)

[Formula 9]

Rig

-

N

(R1 5)g

Ry7

[Formula 10]

(0]
Q
//Rm
Ryg
Ry

[Formula 11]
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154. The copol yner according to claim1, wherein the copolynmer conprising
the nononers represented by the formulas 1 to 4 is represented by any one
formul a selected fromthe group consisting of the following fornulas 12 to

21: [Formula 12] [ Formul a 131 5[ Formnul a 14] [ Formul a 15] [bio mul a
16]
OH
0
0
Ra1
Ra2
Ras

wherein in the formulas 5 to 11,
Ri1 to Rp3; each independently represent any one selected
from the group consisting of a halogen atom, a hydroxyl
5 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 heteroalkyl
group;
c 1s an integer from 0 to 9;
10 d is an integer from 0 to 4;
e 1s an integer from 0 to 4;
f is an integer from 0 to 14; and

g 1s an integer from 0 to 14.

15 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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[ Formul a 17] [ Formul a 18] [ Formul a 19] [ Formul a 20] [ Formul a 21]

Rttt gt
pay @ Ik

ACapapa
j@ by @ Ik

gttt et
g 3 Ok

[Formula 15]
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wherein in the formulas 12, 13, 15, 17, 18 and 20, 1, m n and o are
integers satisfying the relationships such as that 1li mEnd-o=1,

0. 01<1/ (1+m En+0) <0. 4, 0<nif (1+m Fn+0)<0.6, Gsn/(1-1-mtn-tp)<0.6, and
O<o/(1-tm-nd-0)<0.4; 5and in the formulas 14, 16, 19 and 21, 1, m
n, o and p are integers satisfying the relationships such as that

1- Emtni -o0-1-p= 1 0 01<1/(1d m+n+o0+p) <O0. 4, p) <0. 6,

Osn/ ( 1+mratgos @B A 1-Rf n+o+p) <0. 6,

5. A photore €ording to any one
of clainms 1 ent. 15 6.
The phot or esi st 3 ein the acid
generator is represented by a om t he group

consi sting of the foll ow ng Fm i nai ons

thereof: 20[Fornula 22] R24 //ﬂ\\//Lii
o o

[Formula 16]

[Formula 17]

[Formula 18]

61



R27 wherein in the fornulas 22 and 23, R24 and R25 each i ndependently
represent any one 5 substituent selected fromthe group consisting of an

al kyl group, an allyl group, a perfluoroal kyl group, a benzyl group and an
aryl group; A26 to R2g each independently represent any one
substituent selected fromthe group consisting of a hydrogen 10 atom an

al kyl group, a halogen group, an al koxy grepup, an aryl, group, a thiophenoxy

group, a tbi-palkox Fugg%?w Jggx RﬁM&H@ group; and -Ais an
anion 15'L Th ofesi st co giti acoor/di n toc alam 6, wherein the

anion -Ais afy Y sel ected fr
-0S02C4F9, -0SB2Caf17, -N(OF3¢2

3/-C(C4AF9) 3, a co nound pr e
conpound 20 represented by t
O

[Formula 19]

-N (C4FQ) 2 r(0F3)3r(C2F5)
the following fornula 24, and a

[Formula 20]
!\J’\J\J‘1 J-./\IV\I \.I'\.I\J\./ JU\NJ‘{I‘\N NS
m n p
W/: . .
N
08 7
o/“\o)<

[Formula 21]

QU Ly iy
7@ By @Lk
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o Rn RBL IIIl -0-SC--C 111l oRa) R32 (R33)mx fl.Toula 25]

R310

10

15

20

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

1, m, n and o are integers satisfying the relationships
such as that l+m+n+o=1, 0.01<1/ (1l+m+n+0)<0.4,
O0<m/ (1+m+n+0)<0.6, 0Osn/(l+m+n+o)<0.6, and 0<o/ (l+mt+n+o0)<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<1l/ (l+m+n+o+p)<0.4, O<m/(l+m+n+o+p)<0.6,
Osn/ (l+m+n+o+p)<0.6, 0<o/ (l+mtn+o+p)<0.4, and

Osp/ (1+m+n+o+p)<0.6.

5. A photoresist composition comprising the copolymer
according to any one 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]
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1111 -0---S---CC=---0 ---S 1I1I'll RMRWM wherein in the formul as 24 and
25, 5X is any one selected fromthe group consisting of an al kyl group, a
per fluoroal kyl group, a cycloal kyl group, an ally' group, a benzyl group,
an aryl group and a heteroaryl group; Rmis any one selected fromthe group
consisting of an 10 al kyl ene group, NR34, S(R35)4, 0 and conbi nati ons

t her eof ; Ebr%&%%.b% Rm 1134 and R35 each independendy represent any one
sel ect ed fron1the group consi sting of a hydrogen atom a hal ogen atom a
hydr oxyl group, a carboxyl group, a nitrile group, an al dehyde group, an
epoxy group, an al kyl group, a 15 cycl oal kyl group, a heterocycl oal kyl
group, an aryl group and a heteroaryl group; and mis an integer fromO to
2. 8. rRERe-phot oresi st composition according to claim7, 20 wherein
the anion -A whichlis any one selected fromthe group consisting of a

by the formula 24 and a conpound represented by the
ented by any one formula selected fromthe group
ow-AeRf or mul as 26 to 52; [Formula 261

formul a 25
consi sting

Ro7

wherein in the formulas 22 and 23,
R2¢ and Rps each independently represent any one
5> substituent selected from the group consisting of an alkyl
group, an allyl group, a perfluoroalkyl group, a benzyl
group and an aryl group;
R26 o Rzg each independently represent any one
substituent selected from the group consisting of a hydrogen
10 atom, an alkyl group, a halogen group, an alkoxy group, an
aryl group, a thiophenoxy group, a thioalkoxy group, and an
alkoxycarbonylmethoxy group; and

~A 1s an anion.

15 7. The photoresist composition according to claim 6,
wherein the anion -A is any one selected from the group
consisting of -0S0,CF3, -0S0,C4Fs, -0S50,CgF17, =-N(CF3)2, -
N(C2Fs)2, -N(C4Fo)2, —-C(CF3)3, -C(CzFs)3, —C(C4Fg)3, a compound
represented by the following formula 24, and a compound

20 represented by the following formula 25:

[Formula 24]
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10

20

[Formula 27] [Formula 28] O \\\ - OH2 10[Fornula 29] [Fornula 30]

ﬁ Rag  Rgg O
-0 ﬁ (il; TIWO‘JL‘(R%):TI“—X
O Rz Rap

[Formula 25]

LT

- Qe § e G e e O e § (R ) — X
[ I
O  Ryp Ry

wherein in the formulas 24 and 25,

X is any one selected from the group consisting of an
alkyl group, a perfluorocalkyl group, a cycloalkyl group, an
allyl group, a benzyl group, an aryl group and a heterocaryl
group:

R33 1s any one selected from the group consisting of an
alkylene group, NRss, S(Rss)4, O and combinations thereof;

Rz9 to Ri3z, Riy and Rizs 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 heteroaryl 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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\tF2 " -1 \\ OH2 [Formula 31] [Formula 32] WF2 -S\ 1-12 0 [Formnul a 33]

and a compound represented by the formula 25, is represented

by any one formula selected from the group consisting of the

following formulas 26 to 52:

[Formula 26]
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[Formula 28]
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66



[ Formul a 34] F2
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[Formula 30]

[ Formul a 35]

[Formula 31]
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[Formula 32]

[ Formul a 36]
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[ Formul a 37]
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[Formula 33]

[

C
o“““rw \bﬂwo
o} Ha ©

[Formula 34]

&
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[ Formul a 40]

[ Formul a 41]
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[Formula 36]
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[Formula 37]
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[ Formul a 42]
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[Formula 42]
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5 [Formul a 46] 10[ Fornul a 48] [ Formul a 49] F2 0 [ Fornul a 50] 50
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[ Formul a 51] 0 H2I'l 19211 O [Fornul a 52] F2 10 9. The

phot oresi st conposition according to claim5, wherein the photoresi st
conposition conprises the acid generator in an anount of 0.5 to 15 parts by
wei ght relative to 100 parts by weight of the total solids content of the

15 phot oresi st conposition.
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[Formula 49]
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[Formula 50]
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[Formula 51]

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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. L . . in the
10. The photoresist conposition according to claimb5, wherein

photores?st conposi tion conprises the copolymer in an amount of 3 to 20% by
wei ght relative to the total weight of the photoresist conposition.

10. The photoresist composition according to claim 5,
wherein the photoresist composition comprises the copolymer
in an amount of 3 to 20% by weight relative to the total

welght of the photoresist composition.
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