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2-Cyano Acrylic Mononmer 5 Technical Field This invention relates to the
fabri cat i wo ofoormoer oscopi ¢ structures such 'as m croel ectPrOaViSDE/47816
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invention is directed to resist conpositions which 10 are capabl e of high
resolution |ithographic perfornmance using 193 nm i nmaging radiation. Cross
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Hydr ophobi ¢ Non-Steroidal Alicyclic Additives"; US Patent Application
Serial No. 09/266, 341, filed March 11, 1999, now US Patent 6,124, 074,
titleds " Pholechadcal Fi@ldpositions with Cyclic Aefin Polyners and

Hydr ophobi ¢ Non-Steroidal Multi-Alicyclic Additives"; and US Patent 25
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"Phot oresi st Conpositions with Cyclic_d.efin Pol ¥ma.r% 1 WO 03/ 001294
PCT/ US01/ 4Moke particularly, this invention is directed to resist compositions which

10 are capable of high resolution lithographic performance using 193 nm

imaging radiation.

Cross Reference to Related Applications

15
Related applications are: US Patent Application Serial No.
09/266,342, filed March 11, 1999, now , titled "Photoresist
Compositions with Cyclic Olefin Polymers and Additive”; US Patent
Application Serial No. 09/266,343, filed March 11, 1999, now ;
20 titled "Photoresist Compositions with Cyclic Olefin Polymers and
Hydrophobic Non-Steroidal Alicyclic Additives”; US Patent Application
Serial No. 09/266,341, filed March 11, 1999, now US Patent 6,124,074,
titled "Photoresist Compositions with Cyclic Olefin Polymers and
Hydrophobic Non-Steroidal Multi-Alicyclic Additives"; and US Patent
25 Application Serial No. 09/266,344, filed March 11, 1999, now
titled "Photoresist Compositions with Cyclic Olefin Polymers
and Saturated Steroid Additives". Additional related applications are: US
Patent Application Serial No. 09/566,395, filed May 5, 2000, now
, titled "Photoresist éompositions with Cyclic Olefin Polymers



Havi ng Lactone Moiety"; US Patent Application Serial No. 09/566,397, filed
May 5, 2000, now, titled "Copolyner Photoresist with |Inproved Etch
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2000, now , titled "Resist 5 Conpositions Containing Bulky Anhydride

Addi tives"; and US Patent Application Serial No. 09/639, 784, filed August
16, 2000, now titled "Resist Conpositions Containing Lactone Additives."
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linmted in thaed "ResieCompisitions Cunthidhg Laetows Aelditieds At The) used to 25
create the lithographic pattern. Thus, there has been a continhual trend

toward use disclossiresrofi therabave appligatiens are incoiporaied bepeicBY ses.
Recently, t??ﬁ?trend has been to nove fromso-called I-line radiation (350
nn) to 248 MPYi€tion with 193 nmradiation Iithography on the immediate
hori zop.

Background Art

In the microelectronics industry as well as in other industries
15 involving construction of microscopic structures (e.g. micromachines, |
magnetoresistive heads, etc.), there is a continued desire to reduce the
size of structural features. In the microelectronics industry, the desire is
to reduce the size of microelectronic devices and/or to provide greater
amount of circuitry for a given chip size.
20
The ability to produce smaller devices is limited by the ability of
lithographic techniques to reliably resolve smaller features and spacings.
The nature of optics is such that the ability to obtain finer resolution is
limited in part by the wavelength of light (or other radiation) used to
25 create the lithographic pattern. Thus, there has been a continual trend
toward use of shorter light wavelengths for lithographic processes.
Recently, the trend has been to move from so-called I-line radiation (350
nm) to 248 nm radiation with 193 nm radiation lithography on the

immediate horizon.



2 WD 03/001294 PCT/ USOL/ 47816 While a resist conposition nmust possess
desirable optical characteristics to enable inmage resolution at a desired
radi at i orwowawei2engt h, the resi st conposition nust al so p®€IAS91/$181¢ abl e
chem cal 5 and nechani cal properties to enable transfer to the inmage from
the patterned resist to an underlying substrate |layer(s). For exanple, the
ability of the resist to wet and adhere to the underlying substrate nust be
adequat e especially where relatively thin resist |ayers are enployed to

St abl o i tn goodVBHE reFRE Sehmas fioh PhEt pRYSes S yRRIABIE PptaaYC .Y, 0% age
the resist ehdris G8s t6 Thable PrRdecieabl wtion At andésiped eddiatiorst structure

(after developnment) nust be sufficCiently resistant to enable transfer of
the patter nwhvelengthnties resist compasjtion shustrglsiocpessesspsiteble chamical | s
performed by sonme form of wet .. chem cal, efchi or..i on L NG Lhe ability
of the5 pat t@%é&em@IS@PPWWQSJ%F;E'&{{G"?% tﬂatthteelmgéﬁgz*fgﬁeﬂhget ch
process (i. : WSt fd&s ' ' lé,nih@ t ant
characteri sﬁtge{)ﬁ ﬁéeﬁ?teg??k's%orrpo!@g %élmﬁ%&sv&a?ﬂésggrq:e&r%g@ conposi tions

have been dsisitityof theresist toi wot andadivereddithei underlyingesuhsipate mustsheave
often failed to deliver the true resolutiaqn bepefit of shortﬁwm%\@lnengt h
i magi ng ducadesuate:espesiallywheraxalatively BHe resistjayers are employe ti oned

areas. 25 Disclosure gf.dnv ' l-Hvent . V| |
conposi tion %’%ﬁ‘@“&'&ﬂaﬁ%b%axﬁﬁgr?']}eeg%*gﬁ'ﬁjnﬁﬁ'gﬁ?gér g%lh?ié’eyar f ormance
with (&) ingagreWwith good shelf life such that the required radiation dose to image

the resist composition remains predictable.

The patterned resist structure (after development) must be
sufficiently resistant to enable transfer of the pattern to the underlying
15 layer(s). Typically, pattern transfer is performed by some form of wet
chemical etching or ion etching. The ability of the patterned resist layer
to withstand the pattern transfer etch process (i.e., the etch resistance of
the resist layer) is an important characteristic of the resist composition.

20 While some resist compositions have been designed for use with
193 nm radiation, these compositions have often failed to deliver the true
resolution benefit of shorter wavelength imaging due to a lack of
performance in one or more of the above mentioned areas.

25

Disclosure of Invention

The invention provides resist compositions which are capable of

high resolution lithographic perrormance with (a) improved



3 WO 03/001294 PCT/ USOL/ 47816 stability/shelf-life, (b) inproved etch

resi stance, (c) inproved wettability, and/or (d) inproved thin film
adhesi on.wol/ooesi sts of the invention are preferably inegealshe418s6é ng 193
nm i magi ng radi ati on (and possibly also wth other imaging radiation). 5
The invention al so provides |ithographic nethods using the resi st
conpositions of the invention to create resist structuyres and nethods

usi ng the rsfabiitydshelftlifes<b) impraved etch gesistance,dcdimpraved welabHilyy (s) .

The |ithographj t.hod 4V ' ar r .erized by
the use of a1y o (0 IR ShTF St EARE 0T EnEBLEREBrinG 1a0EHHIGh e

met hods of ; [dyeable u¥ifg A9 hin iagiteeradiationdaridgossibly abso of

| ess than a[{)ﬂ(%?*d%gqtl"ﬁﬁén Si ze,I gmre prefer%blge;/ | ess tSan Q?)k())ut 1)USO nm in
si ze wi t howithrethes émaging padiatien). ft nask. In one aspect, the invention
enconpasses a resist conposition conprising: (a) an inmaging polyner, and
(b) a radiation-sensitive acid 15 generator, the imaging polyner conprising

2-cyanp acrylic J@\&Wntimbi& FxP&‘\ii ggq&hogkmibgﬁ@twk uSimSthéMsist

nononer"). The nononer preterably 1s @n'acrylic acid or has a pendant

ester groupcdrapositiois of the hwvemtiostooreate resist structuresancniethods
non-functional npieties such as acid-labile noieties, pol %mil eti eié
and/ or non-usdng-thggiesist sisnchinesrtodvanstesipaternsito anunderbyriag la¥eysheral | y

capabl e of i Zi:N | ' | ef | i :

pol ymeri zatf@%%%@%ﬂﬁ%%‘&%ﬁgﬁ{%F"%@{dlrﬂgﬁéj ﬁ g%&%’ﬁ@%@%ﬁ? %lﬁgd (bl
cyclic ol eftha us@ P93 fmiditidviblet radiAPoy PaticraWise exposupe.. Thee

pol yneri zable portion of nononeric units making up the polynmer), and/or
(ii) aicyahethods of the inentiomare prefetablyappable of resolvingsteatures oferi c
units. In tlggs%gﬁnacb%u%flm nm in size, more preferably less than about 130 nm

in size without the use of a phase shift mask.

In one aspect, the invention encompasses a resist composition

comprising: (a) an imaging polymer, and (b) a radiation-sensitive acid

15 generator, the imaging polymer comprising 2-cyano acrylic monomer
units (hereafter also referred to as "CNA monomer"). The CNA monomer
preferably is an acrylic acid or has a pendant ester group COO-R where R
contains one or more functional and/or non-functional moieties such as
acid-labile moieties, polar moieties, and/or non-acid-labile, non-polar

20 moieties. The CNA monomer is generally capable of copolymerizing with

cyclic olefins under free radical polymerization conditions.

Preferably, the imaging polymer contains (i) cyclic olefin
monomeric units in the polymer backbone (i.e., the polymerizable portion
of monomeric units making up the polymer), and/or (ii) alicyclic moieties

25 as bulky end groups on at least some monomeric units. In the absence of
generated acid, the imaging polymer is preferably substantially insoluble



generated acid, the imaging polyner is preferably substantially insoluble 4
WO 03/001294 PCT/ USOL/ 47816 i n aqueous al kaline solutions such that the
resi st i swaeoposizp4 ve resist. In another aspect, the invenPCarusenesmpasses

i magi ng polyners containing CNA nononer. In another aspect, the invention
enconpasses a nethod of creati ng 5 a patterned resist structure on a
substrate, the nmethod conprising: (a) providing a substrate having a
surface | ayneraquboulseaIkahnetsolutmpesiuqlbtrhadftherr@smvlérﬂ P@ﬁ't"(ﬁ)yeﬁiégt ernwi se
exposing the resist layer to imging radiati on whereby portions of the
resi st |layer are exposed to radiation, and 10 (c) contacting the resist

ayer wth an agygiethe gégéeﬁ igvinbeneon diftlothpasseDimagmepblymer@osed

portions of the resis r to create the patterned resist structure
Prefer ably,cohta?mmgonnonemdm n step (b) in the above method is 193 nm
ultraviolet radiation. The invention al so enconpasses processes 15 for
maki ng conductive, sem conductive, magnetic or insulative structures using

the patterned ' g3 'aHotAbf YSPUEE IEAMBhADALACNBASRAS b theBfobf theating

i nvention. Tnes aspects o e invention are discussed in
furthgr  det patteRfddvesid® struttufsoftd sabstiate, eimethod Comprisingout t he

| nvention
(a) providing a substrate having a surface layer of the resist

composition of the invention,

(b) patternwise exposing the resist layer to imaging radiation whereby
portions of the resist layer are exposed to radiation, and

10 (c) contacting the resist layer with an aqueous alkaline developer
solution to remove the exposed portions of the resist layer to create

the patterned resist structure.

Preferably, the radiation used in step (b) in the above method is
193 nm ultraviolet radiation. The invention also encompasses processes
15 for making conductive, semiconductive, magnetic or insulative structures
using the patterned resist structures containing the compositions of the
invention.

Tnese and other aspects of the invention are discussed in further
detail below.

20



PCT/ USOL/ 47816 The resist conpositions of the invention are generally
characterized by the presence of an inmagi ng pol ynmer which contains CNA
nononer UWDts/00ihese conpositions are preferably capabl e eCTarsovisiang 5

hi gh resolution Iithographic patterns using 193 nmradiation with (a)

i nproved stability/shelf-life, (b) inproved etch resistance, (c) inproved
wetability, d adhesi on. The invention further
enconpasseEeai ik d i ai ning the resist conpositions
of the invention, as vveII as processes for creating the resist 10
structures and using the resist structures to form conducti ve,

sem conductive afisé ﬂémlstl%bhqiosiaons raftheriaventibn arm@neraliyal so

enconpasses i mgin ynmers contai ni.ng ¢
conposi ti or@aaactergzedwbwthecme@@nemf@n wagm&agfy eq 'Fﬁré; i@'"ﬁoﬁ:vﬁer,

and (b) a radi
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repr esgnt eChIEH ﬁe@@llﬂ‘iémﬂhbgraﬁ %a‘&erﬁs?@slﬁgm anRradiation withd i s an
ester group. (1) 6 WO 03/00 4 PCT/ US01/ 478 preferably contai ns one or

more noi et iinproved stabilitydshelflite, (hpimproved etchresistance(c) anproved
28? ? g' ?nlhﬁrgé{a?g[;&,@rrﬂq hf@b%éd thie TS SahéSon® TR Thvéntidt flthaP' v

encompasses patterned resist structures containing the resist

compositions of the invention, as well as processes for creating the resist

10 structures and using the resist structures to form conductive,
semiconductive and/or insulative structures. The invention also
encompasses imaging polymers containing CNA monomer.

The resist compositions of the invention generally comprise (a) an
imaging polymer, and (b) a radiation-sensitive acid generator, the
15 imaging polymer comprising CNA monomer units. Preferred CNA
monomeric units may be represented by the structure:

()

20

where R is H or COO-R is an ester group.



resi st conposition in aqueous al kaline solutions. The acid-labile noieties
5 are preferably selected fromthe group consisting of tertiary al kyl (or
cycl oal kyWp oemoeps (e.g., t-butyl, methyl cycl opentyl, netlayiusoyeisohexyl ,
met hyl adamantyl), ketals, and acetals. Tertiary butyl ester and nethyl
cyclopentyl ester are nost preferred acid-labile protecting noieties. Polar
noi eties preferably prompte the solubility of the resist in 10 aqueous

al kal i ne sol uti dhyprefarably centqons aneneil moresnaietiessuch @s acidnlabile gr oup

consi sting of _carboxylic agcigds ct ones, m des,
- CH( CF3) OH, mQFﬁJt'QsC(Rééf mﬂe“ﬁ?e aﬁ‘ |4 OF, &10%)- ‘I"é@] %Z’"%J'r?"pﬁ?'aﬂ’ %&F%ﬁ?@s are
preferably selected fromthe group consisting of primry and secondary
| i near, branched, and 15 cyclic al kyls, and/or aryls. The non-acid-1|abile,

non- pol ar noi et i'Fise apidlalided nyoiebies meferaiﬂytmuo imhibikisklubilidy of thee

f d. R furth | ude oth
betwoen t haesieteomRE i) b1 Payeas aikeliue soliaont haaciyaatic shoidiies

t Pr ef 20
are prbi L?aaﬁfﬁyﬁ%fépf@ﬁ?elﬁége.oﬁﬁ‘“éiF@‘%&!&%ﬁ%@é'a oo SErtALT AU 09 Y
mononmer - degelodIRgIpesets qe. gmtabam%malm &«yclmﬂyﬁrmethylu dytlohexgddl tion

to the CNA nmononer. For exa e imagin | ymer may contain one or

nore of theneunylmdmganm), I@f@ls,oand atetalso tasyéxsﬂybeﬁtqtgarutmeﬂ% le 7
WO 03/ 001294 PCT/ U 47816 whi,ch f th
resist in NGAGRRD 5'? ghare g?ﬂﬁi grre@%mg;)@b?l Ioggfﬁﬂgﬂﬁh@ couni tg

having polar noieties which pronmote solubility in aqueous alkaline
solutions, (c) cyclic olefin nononeric units having pendant |actone
i eties such asPolawanoieties preferably promote the solubility of the resist in

10 aqueous alkaline solutions. Preferred polar moieties are selected from
the group consisting of carboxylic acids, lactones, amides, imides,
sulfonamides, -CH(CF,;)OH, and -C(CF;),OH.

The non-acid-labile, non-polar moieties are preferably selected
from the group consisting of primary and secondary linear, branched, and
15 cyclic alkyls, and/or aryls. The non-acid-labile, non-polar moieties
preferably have 1-12 carbons. The alkyls are more preferred.

R may further include other moieties such as spacer groups
between the functional moieties described above and the oxygen of the
ester. Preferred spacers are C,H,, and C,H,,0, moieties where x and y

20 are preferably 1-6.

The imaging polymer may be a homopolymer of the CNA monomer
described above or may contain other monomeric units in addition to the
CNA monomer. For example, the imaging polymer may contain one or
more of the following: (a) cycli& olefin monomers containing acid labile



5 described in US Patent Application Serial No. 09/566, 395 referenced
above, (d) other cyclic olefin nononeric units not falling under (a) - (c),
e.g., nomvoasioezani ts havi ng no pendant noieties, or pendaar/uspi/esies
whi ch are non-polar and non-acid labile, etc., (e) non-cyclic olefin
nmononeric units capabl e of undergoing free-radical copolynerization 10 with

he CNA d d Us P | S |
0 Gr<TE s il ol S o T e 7
ti bl
compat1 e g4 ehd eSO O GRS HOERGM: nefotBE WERIEL

aci d | abi | epyomhete s6lubility imAghebus alkdline sylutiors|ue) wychickalefine sol utions.
Exanpl es of cyclic olefin nononers include the follow Ibqisﬁnomers

i | | ust r at edmoyomericunits pavingmendantactong maigtiessic 0%¢ R4

soms posi t 198 dTHeg I U FAteRE APpI AR SEAAERY. B9 /BpebsTRfetrced 2eT0 of
lndependentawovee ?%ﬁﬁ'érEYQ"@%%Tm'dIWheﬂ%duﬁi‘t@mq‘dlli umef:ta) &xy! .

so long as at one of the remaining R to R4 substituents is selected
from aci d- leafgi, Imopomemd: iumgtsnbavingaso peadant\maieties) oo pendpntsaoieti@sic Mor e

Peast one ovhieh & Ck‘aﬁr&'a%&' Ronpcidable S6. o Ronreidlieddelif: o oot ng
Encj:: e{;c/) C?(%)'WFE@ : so ong as g(&fyul'i&@’@ @ﬁtf?éblﬁé&ir%g!‘rgf)hb!}gﬁ%lnzaﬂ‘énbr anched
10 with the CNA monomer, such as those described in US Patent Application

Serial No. 09/566,397 referenced above, and/or (f) other monomeric
units that are compatible with the function of the polymer as component

of the resist.

Cyclic olefin units (a) may be any cyclic olefin monomeric unit

15 having acid labile moieties that inhibit solubility in aqueous alkaline
solutions. Examples of cyclic olefin monomers include the following
monomers illustrated by structure (ll) below where at least one of R; to
R, independently represents an acid-labile protecting moiety and q is
zero or some positive integer (preferably q is 0 or 1). R, to R, can

20 independently represent hydrogen, linear and branched (C, to C,,) alkyl,
so long as at least one of the remaining R, to R, substituents is selected

from acid-labile protecting moieties:

ay.

25



to R4 substituents is selected fromacid-Iabile protecting noieties.
Preferred acid-labile protecting noieties are selected are selected from
t he groupwomamiorbs ng of tertiary al kyl (or cycloal kyl) estemrsISe41316
t-butyl, 10 nmethyl cyclopentyl, nethyl cyclohexyl, methyl adamantyl),
ketals, and acetals. Tertiary butyl carboxyl ester and nethyl cycl opentyl
are nost preferred acid-labile protecting npieties. |f desired,

conbi nat i ofdoks prefgrably, dhercyelisnolefin units £3) ate seleded foRk ot ecti ng
functional groups may be wused. 15 Cyclic olefin units (b) and (c) nay be

any cyclic olefin rmnorrerni t havi noI ar functional group that

pronot es al kal i ne sol (i | Exam¥les Sef—cclic ol efi n nmononers incl ude
the follow ng nononers il}us¢rated by skirufiure (IV) Bel ow where at | east
one of R5 to R independ repres é Bk ar rmi(g y and q is zero or
sonme positive 20 integer erably g is20or 1). R to R can

i ndependent |y represent, Mydriogen, |inear and branched (C to C10) al kyl,
so long as at |east one bfR, thae ¥emmining R5 to R8 substituents is sel ected
frompolar noieties: (1V) WO 03/001294 PCT/USQL1/ 47816 More preferably, the
cyclic ol efwirerenat bedst) o of /g toR cindependedtly represeptssag\acidiabdeat | east
one of R to R8 independently represents a polar nmoiety. =5 R5 to,R can

i ndepehdentRrptecting saoietyy ddgeR, can dBﬁ?Pﬁﬂ&%ﬂ)ﬁﬁ@H&ﬁ%@ hydroge#) lnear = so

|00 2 2 Bhalecc: P LAY one fo LRSI g rehinig =

to R, substituents is selected from acid-labile protecting moieties.

D

Preferred acid-labile protecting moieties are selected are selected from
the group consisting of tertiary alkyl (or cycloalkyl) esters (e.g., t-butyl,

10 methyl cyclopentyl, methyl cyclohexyl, methyl adamantyl), ketals, and
acetals. Tertiary butyl carboxyl ester and methyl cyclopentyl are most
preferred acid-labile protecting moieties. If desired, combinations of
cyclic olefin units (a) having differing protecting functional groups may be

used.

15 Cyclic olefin units (b) and (c) may be any cyclic olefin monomeric
unit having a polar functional group that promotes alkaline solubility.
Examples of cyclic olefin monomers include the following monomers
illustrated by structure (IV) below where at least one of R; to R,
independently represents a polar moiety and q is zero or some positive

20 integer (preferably q is O or 1). R, to R can independently represent
hydrogen, linear and branched (C, to C,,) alkyl, so long as at least one of
the remaining R; to R; substituents is selected from polar moieties:

(V)

1

R
Re R7 8



groups selected fromthe group consisting of carboxyl, sulfonam dyl,

I mdyl, fluoroal cohol, |actone, and other polar groups. If desired, 10
conbi nat iwo3mb12eyclic olefin units (b) and (c) having di fPiceariSag4maeé di c
pol ar functional groups may be used. Cyclic olefin nononeric units (d)
preferably have the structure: 15 where q is zero or an integer and R to

R12 independently represent hydr n, Il near rapched .c (d to
C10) al kyl .Mwerﬁfﬁgﬂyaﬁﬂ?,cycﬁﬁﬁﬁgﬁﬂi‘H"ﬁf‘?a) %a«?(?ﬁag%%&%@gdﬁi‘% 20 10 WO
03/001294 PCT/ USOL/ 47816 where RO to R12 independently represent hydrogen,

| i near, branched, and cycli to Cl0)—-3 | . If desired, a conbination
of cyclic olefin nmononerigugits (d) @a @ used. 5 Non-cyclic olefin
nononeric units (e) are pre?ery acrylaI and net Wyryl ate nononers. As
noted above, the selection of "‘- oup oRs'ghe, BNA nononer and the selection
of any other nononers to be c¢ dined in the | magi ng 10 pol yner is
preferably such that the i |69Rp%;l ynmer contains cyclic ol efin backbone
units and/or alicyclic noieties in at |east sonme pendant groups. In
general, for lithographic applications used in the manufacture of,

i nt egr at ed wliereuat least weuoER; 40 Rzdndepententlysepresents.2 polasmaigly. 15

of " ONA mon it B GanBdepspdepRrensarontERTIbeeD: 1eqs vt brffifed ™' ©
preferably 3RO 2431580 TBhE a¥ atTeast Wheof thedreHiRinihg H; 1 Rg5ubstituents

is selected from polar moieties. Preferred polar moieties contain polar

groups selected from the group consisting of carboxyl, sulfonamidyl,
imidyl, fluoroalcohol, lactone, and other polar groups. If desired,
10 combinations of cyclic olefin units (b) and (c) having differing acidic polar

functional groups may be used.

Cyclic olefin monomeric units (d) preferably have the structure:

D)
T Dr
® RypRar 12
15 where q is zero or an integer and R, to R;, independently represent

hydrogen, linear, branched, and cyclic (C, to C,,) alkyl. More preferably,

monomeric unit (d) is selected from:

®) (6)

H
Rg/’ R12 v
20 Rio R11

4
R R

10



constituents in the imging polyner preferably are those found in polyners
for resist fornulations used with 193 nminmaging radiation (i.e., 20 CNA
nononer i cworel12eont ai ni ng aci d-1abile noieties can be usedTiusst/emds of at

| east a portion of the acid-labile noiety-containing nononeric units in

t hose pol yners and/ or CNA nnnoneric units containing polar noieties can be

used instead of gt of the moi ety- cant al ni

mononeri c JHhere ette(i?lz 'Wﬁﬁge“ %? iﬁ%?%erﬂ%yqrﬁgeﬂoﬁ%\é?sbwme%q n 25
US Patents 07 & aldombifatioh of ¢yeRcAefins of whi ch
are incorpora tegcﬁerel Ieflgrd(?%?% "and US Pat ent Agp l'ications Serial
No. 09/ 566,|ﬁeﬁomui'|@ﬁhﬂ@6(d)9ﬂaﬂm‘nsedlced above), the specified nononeric
units containing acid-labile noieties could be replaced at 11 WO 03/ 001294
PCT/ US01/ 47816 |l east in part with CNA nononeric units containing

aci d-| abi | e o ﬁééﬁ-ﬁcﬁh@%ﬁ@' ﬁ.oh%rﬁﬁ}‘i’@h ?%)taﬂ@tprtéiére*lﬂg%' Rite ahd10t

limtetd to the NOMErt c un| any 'specl polynmer or

specific rngfﬁa&rmﬂél Monomers. ! n additi on to the inmaging polyners, the
resist conpositions of the invention contain a radiation-sensitive

(photosensitive) acid generator. The inventionis not limted to the use
of any specific acid rato r ., conbi i f | d at is
t he benefits of ‘? F%i@E‘P"Sn{'ﬁ?ﬁe'eﬁg'oélcﬂfg\é@uﬁs?@%g&%ﬁgﬂoﬁgr aha

generators dﬂh ebﬂohh@f efryr otl%.eﬁn%hbpverls%aﬁé ‘éoﬁﬁﬂﬂéat iArthediifa ﬁh@se whi ch

contain re armunts preferab zero) aryl noieties. ere
aryl - epnt ai lymems@@amlﬂgmuolstlmtﬂheyaﬂglnglmlyMrmntams:nmlacter| stics

of the aci generator at 193 nm may frict the amwnt of acid R&ne{ator
that can belefigl hagkbane unts and/ax I?—H!‘?YG c m0|et|es in at least some pe
groups.

In general, for lithographic applications used in the manufacture of

integrated circuit structures and other microscopic structures, the

15 imaging polymers of invention preferably comprise at least about 10 mole
% of CNA monomeric units, more preferably about 10-70 mole %, most
preferably about 40-60 mole %. Otherwise, the amount of other
constituents in the imaging polymer preferably are those found in
polymers for resist formulations used with 193 nm imaging radiation (i.e.,

20 CNA monomeric units containing acid-labile moieties can be used instead
of at least a portion of the acid-labile moiety-containing monomeric units
in those polymers and/or CNA monomeric units containing polar moieties
can be used instead of at least a portion of the polar moiety-containing
monomeric units, etc.). Thus, for example, in the polymers described in

25 US Patents 5,843,624; 6,124,074, and 6,177,228, the disclosures of
which are incorporated herein by reference, and US Patent Applications
Serial No. 09/566,395 and 09/566,397 (referenced above), the specified

monomeric units containing acid-labile moieties could be replaced at

11



15 Exanpl es of suitable acid generators include (but preferably with alkyl
substituted for one or nore of any indicated aryl noieties) onium salts
such as twoassbi2sul f oni um hexaf |l uoroanti nonate, diaryli odeairurg1/47816

hexaf | uor oanti nonat e, hexafl uoroarsenates, triflates, perfluoroal kane 20
sul fonates (e.g., perfluoronethane sulfonate, perfluorobutane,

perfl uor ohexane sul fonate, perfluorooctane sulfonate etc.), perfluoroalkyl
sul fonyl i heast inppaft withcGNAyimononerig units conkaining acidolabile mojstiesny |

i mde, perfl|upro | su] fopyl t.hide, substituted.aryl e h as
pyrogal | ol 4t §593FJ gﬁi'ﬂﬂ{ﬁfﬁg@ g%"%eoidgppg\o"oﬁs RO E@ﬁ?q g‘?ﬂﬁ@%f& CRA
pyrogal | ol i ym%( ' ific resi ation.

N- sul f onyl )&?lng%ﬁvwaﬁﬁ%gﬁg?ﬁfﬁﬁ%gﬁﬁ%g u ':‘gir'lgﬁgg%cag%stlﬁy?mi“rlrli dle,n

N- pent af | uor obenzenesul f onyl oxynapht halim de), a - a' bis-sul fonyl
di azonet hanes, napht hoqui none- 4-di azi des

) ; . ,al k)ﬂl di sul.f ones and ot hﬁ{ps 12
VD 031301294 Pctn@stshtlnn?d_heﬁmawgslw'&gw&sl £ SREIYCAUNROFHIPAR Pl Gray
Subst ant | antvetion SEHEFEYSPpdinlioh spiEithve AR ARIER) AR Genkfptor, , o

have gener JiHe/ifvetich is2het Hmited 20 ¢Re tse ébany spetific acid genedatorirne
|l ithographic features in 5 response to conventi onal g?ueous al kal i ne

devel oper s comkinationdef a¢cidegenerasors, dhat isthe benefids of the dnwgniiog MAksence
Ceast abouberathiveisin ypfiousdeidErelaars knbWh m i gi, PP 1= =
Cont althe. o fieePitors dhel[MoBE VicoRoa veddbed ot e e
groups whi ceroydeylgnoiatiesv Wherenaryhcontaining acid genedatoy isremployed,
constit uentthmbcs%rsgibg éh%racteristics of the acid generator at 193 nm may
restrict the amount of acid generator that can be included in the
formulation.
15
Examples of suitable acid generators include (but preferably with
alkyl substituted for one or more of any indicated aryl moieties) onium
salts such as triaryl sulfonium hexafluoroantimonate, diaryiiodonium
hexafluoroantimonate, hexafluoroarsenates, triflates, perfluoroalkane
20 sulfonates (e.g., perfluoromethane sulfonate, perfluorobutane,
perfluorohexane sulfonate, perﬂuorooétane sulfonate etc.), perfluoroalkyl
sulfonyl imide, perfluoroalkyl sulfonyl methide, perfluoroaryl sulfonyl
imide, perfluoroaryl sulfonyl methide, substituted aryl sulfonates such as
pyrogallols (e.g. trimesylate of pyrogallol or tris(sulfonate) of pyrogallol),
25 sulfonate esters of hydroxyimides, N-sulfonyloxynaphthalimides
(N-camphorsulfonyloxynaphthalimide, |
N-pentafluorobenzenesulfonyloxynaphthalimide), a - a' bis-sulfonyl

diazomethanes, naphthoquinone-4-diazides, alkyl disulfones and others.

12



pronote al kaline solubility of the radiation-exposed portions of the
resist. Preferred BH additives are selected fromthe group consisting of
sat ur at edwetoaei2g4 conpounds, non-steroidal alicyclic conpeamdsol/arsde 15
non-steroidal nulti-alicyclic conmpounds having plural acid-labile
connecting groups between at least two alicyclic noieties. More preferred
BH addi tives include |ithocholates such as t-butyl-3-trifl uoroacetyl |

i thocho | ate, t-Bheyesisteempestions abilie inventionimay coniddnabylky; - but yi

addi i e hySRRIGHIC aditivh R adBHVEE whifo i ostintipll oRefrabig” =
resi st Co”pﬂ%irfsigggfnf’fo 168 ﬁr‘i‘lvlfaﬁgéngnWT*He Brphdditiveschavagénaralty enable

prior to their lcation to t esired substrate. The solvent 25 may be
any sol vent andiueenhanak|thelahitityia hesalve-whtafine Hthographie fealuzas in

of thes; osi EeSROISET EpBHoTioRs cagespus plaiis Beuchifss: dHie BY) FagIiveE e
nononet hyl r : o ﬁé‘a’ﬁ i iet hyl

cel | osol ve gié%‘[f:g?geﬁ%ky %a%%b'?ggﬁgﬁhg%ﬁ B%Q{F e céﬁn}fp;eog!'ﬁyglrlg of the
i nvention mayoiety.t Peeferablyi thenBHadditiveuwsumtains atiledstaboutdi@oarhas such
as dyes/sensitizers, base additives, etc. as are known in the

Preferred batemadmarepeeferablyatdesshidecarhoncatonsaegt P!?E@J_ébggt?heutxhi le
1ot v, §A GGG RS0 AIBRE THO SRS WBRALR) ARy o ighe >
t-al kyh amMmyayHToMIneTeGes saeh hstfcidtabile) beAdARD iou py Whith émdergoH) -
cleaving in the presence of acid to provide a constituent which acts to
promote alkaline solubility of the radiation-exposed portions of the resist.
Preferred BH additives are selected from the group consisting of
saturated steroid compounds, non-steroidal alicyclic compounds, and
15 non-steroidal multi-alicyclic compounds having plural acid-labile
connecting groups between at least two alicyclic moieties. More
preferred BH additives include lithocholates such as
t-butyl-3-trifluoroacetyllithocholate, t-butyl adamantane carboxylate, and
bis-adamantyl t-butyl carboxylate. Bis-adamantyl t-butyl carboxylate is a
20 most preferred BH additive. If desired, a combination of BH additives can

be used.

The resist compositions of the invention will typically contain a
solvent prior to their application to the desired substrate. The solvent
25 may be any solvent conventionally used with acid-catalyzed resists which
otherwise does not have any excessively adverse impact on the
performance of the resist composition. Preferred solvents are propylene
glycol monomethyl ether acetate, gama-butyrolactone, cyclohexanone,

and ethyl cellosolve acetate.
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10 The resist conpositions of the invention preferably contain about
0.5-20 wt. % (nore preferably about 3-10 wt.% acid generator based on the
total weigbto3obi2esragi ng pol yner in the conposition. WherePETAOVESH6 | S
present, the overall conposition preferably contains about 50-90 wt. %

sol vent. The conposition preferably contains about 1 w.%or |ess of said
15 base additive based on the total weight of imaging polynmer. The resist
conpositions of the invention preferably contain at | east about 5 w. % of

the BH additi Veﬁ@?@ﬁg)&ﬂgﬁf% ﬂg%ﬁﬁ\?eﬂt%rﬁi%é/yeflﬂgﬁepéohmﬁirﬁmdrol ymer in

t he conposition, nore pre out 10 -25"Wwt.% nost preferably about
10- 20 W . %améuritscofCixiliany wensparrehtstsuch a®dyes/ sensitizers, base present

i nvention may be synthesized by kno technj ques. ,The in tion is no
limted to asiditivescetc. asrarenloown 18\IHedS; 3"%’%39”99 Base ?ﬁ\ﬁgl"r‘?& Y& W

used in the. | v gl | ' free
r adi caﬁn poﬁ{ﬂ%\#f‘%tﬁ?ﬂﬁcg)@@%ﬁggo@@f%ﬁwg 9?,(@8'!??23})%@%3@? ﬁea%cl I C

ol efi n pol \iptife peffoPhiiricelsl theerasist ePreferpdd badeiatdifivestacat(aliphatic, 819,
5,705,503, 5,843,624 and 6,048,664, the disclosures of which are

i ncor por at e alieyslic)dgrtianeakkyt amines orst-allsyd aronondumcydroxisies syeh as

I magi ng polyners of the inveptio ably have a wei ght average

nol ecul ar M@Nfammaﬂ&mqﬂfﬁ%@e &)@R%O nore preferably about 10,000 -
50,000. 5 The resist conpositions of the invention can be prepared by

conbi ning the inmaging polyner, acid generator, optional BH additive and
10 The resist compositions of the invention preferably contain about

0.5-20 wt.%, (more preferably about 3-10 wt.%) acid generator based on
the total weight of imaging polymer in the composition. Where a solvent
is present, the overall composition preferably contains about 50-90 wt.%
solvent. The composition preferably contains about 1 wt.% or less of said
15 base additive based on the total weight of imaging polymer. The resist
compositions of the invention preferably contain at least about 5 wt.% of
the BH additive component based on the total weight of imaging polymer
in the composition, more preferably about 10 -25 wt.%, most preferably
about 10-20 wt.%.
20
The CNA monomers and other monomers used in the present
invention may be synthesized by known techniques.

The invention is not limited to any specific method of synthesizing
25 the imaging polymers used in the invention. Preferably, the imaging
polymers are formed by free radical polymerization. Examples of other
suitable techniques for cyclic olefin polymers and other polymers are
disclosed in US Patents 5,468,819, 5,705,503, 5,843,624 and 6,048,664,
the disclosures of which are incorporated herein by reference. The
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any other desired ingredients using conventional nethods. The resist

conposition to be used in |ithographic processes will generally have a
signi ficawD caoozt of solvent. 10 The resi st conpositi ons Pefi/usae4ismeyent i on
are especially useful for [|ithographic processes used in the manufacture

of integrated circuits on sem conductor substrates. The conpositions are

especially useful for Iithogrqphic_proce?se% u ing 193.nm UV radi ati on.
Were use dmagingpolymessiofithginyentjon prefespbly hgv rﬂﬁ’@é%“w,e'?greay, or

ecessnr y) Migraciidr wilEr RARBALRART; Toolot, MUFE greforeiily apoRtciong (11

conposi tion.5d 0e0.9eneral use of the resist conpositions of the invention
in lithography for sem conductors is described below. 20 Sem conduct or
| i t hographic applications generally involve transfer of a pattern to a

| f materi t.h i t . [ 2kl f

o seh conduct A TSt sPETRESRRHE o1 1hE JREHARE call e pFBpaFed by, 2T ©

i nsul ator | ini ¥ t | deitived

he st age SRR B B O e o e
end productany ethexrdesired imgredients asingrconventional methadsy Theaesist appl i ed

Cayer oy OTRRGSKISNhbP GiAad H-BHRETBRNIG procsanas: WL EANSKALY PVER ol vz e
;gz: :'{ Séo%&&ﬁf?%q%éégfgé%ﬁmm Typically, the sol vent-containing
10
The resist compositions of the invention are especially useful for
lithographic processes used in the manufacture of integrated circuits on
semiconductor substrates. The compositions are especially useful for
lithographic processes using 193 nm UV radiation. Where use of other
15 radiation (e.g. mid-UV, 248 nm deep UV, x-ray, or e-beam) is desired, the
- compositions of the invention can be adjusted (if necessary) by the
addition of an appropriate dye or sensitizer to the composition. The
general use of the resist compositions of the invention in lithography for

semiconductors is described below.

20 A
Semiconductor lithographic applications generally involve transfer
of a pattern to a layer of material on the semiconductor substrate. The
material layer of the semiconductor substrate may be a metal conductor
layer, a ceramic insulator layer, a semiconductor layer or other material
25 depending on the stage of the manufacture process and the desired

material set for the end product. In many instances, an antireflective
coating (ARC) is applied over the material layer before application of the
resist layer. The ARC layer may be any conventional ARC which is

compatible with acid catalyzed resists.

15



the desired sem conductor substrate using spin coating or other technique.
The substrate with the resist coating is then preferably 5 heated

(pre- expoworog/obezked) to renove the solvent and inprove th@CTashessnce of
the resist layer. The thickness of the applied layer is preferably as thin
as possible wth the provisos that the thickness is preferably
substantially uniformand that the resist |ayer be sufficient to wthstand
subsequent processing (typically reactive ion etching) to 10 transfer the

br e- exposur e batyPically, WS SRERL Y AT PhERY RofMidsitih i Miffied 18°,
m nutes, Mpe dusteéd ﬁghﬁcégﬂuétog%lﬂﬁtfﬁt@&léiﬂgcﬁ]ﬂnfﬁdatliﬁg or Btiternr e- exposure

bake tenperature may vary depending on the glhlass transition tenperature of
the resi st te€hrigueabThe substrate-withdherresisieoating is ghen preferably

t t whi . ch t | bel Tg. Aft | Ve |, th
aat ot | aydeated (Resrepposure akead Spdeutbve e sVt ARITFIRETRE | .| o°
193 | t ' Laty : ! ' | i h

ol ect ron beNeRPite BT e B I T e e By ef By ccanni ng

t he beam apreferably asuthih rast possible sdtiethe pedvisasthgt tie thickneasisn t he
desired pattern. re typically, . where wavelike rﬁdiatioB forgs.%ﬂgh as
193 nm ul t paeferably subiskantially unifoyarand that the resisfilayerbg sufficient to

conduct ed t h i,ch. i . : ' ' For 193 nm

conduct o0 \ MR L s TBSEUNE RichesPA LI (AR T LILANES 107

m | 1ijoul eytfidteP th IRNogiBPRic PAREAT 6P the ahderlying Substiatelmatenid@l or | ess

(e.g. 15-30 .mllijoules/cnR). After the desired patternw se exposure, the

resi st |aydayers Theipre-eyposurechake step is prefesaplycenductes-for-ahaut 10 ed

reaction a%%cto?ldg %ai?%qfn% eéL,ESm\lt\)‘!r)eOp?’r/e?((e)r%:%)?fy1 about 15 seconds to one minute.
The pre-exposure bake temperature may vary depending on the glass
transition temperature of the resist. Preferably, the pre-exposure bake is

15 performed at temperatures which are at least 20°C below T..

After solvent removal, the resist layer is then patterhwise-exposed
to the desired radiation (e.g. 193 nm ultraviolet radiation). Where
scanning particle beams such as electron beam are used, patternwise

20 exposure may be achieved by scanning the beam across the substrate
and selectively applying the beam in the desired pattern. More typically,
where wavelike radiation forms such as 193 nm ultraviolet radiation are
used, the patternwise exposure is conducted through a mask which is

~ placed over the resist layer. For 193 nm UV radiation, the total

25 exposure energy is preferably aboﬁt 100 millijoules/cm?or less, more

preferably about 50 millijoules/cm?or less (e.g. 15-30 .millijoules/cm?).

After the desired patternwise exposure, the resist layer is typically
baked to further complete the écid-catalyzed reaction and to enhance the

i6



PCT/ USOL/ 47816 contrast of the exposed pattern. The post-exposure bake is
preferably conducted at about 100-175C, nore preferably about 125-160C
The postwexpwosizoe€ bake is preferably conducted for about PE@/Sevemsds to 5
mnutes. 5 After post-exposure bake, the resist structure with the desired
pattern is obtai ned (devel oped) by contacting the resist layer with an

al kal i ne sol utio Lch selectively dissolves the ar 0 resi.st which
were expos &8“%'@52%@9 %}fl?oﬁs,dé\?%&?éb ﬁé??ﬁée’g%ﬂslﬂrpgf?}? &ebgﬁgﬁgﬂj are
10 aqueous HaliiEiaN st Aol IG5, ARFEHrére Al Al 128:£687G0IMhe  he
resi st conpositions of the i1nvention can be devel oped with conventi onal

0. 26N aqueqeost® ure bakeuisi preferabily cosxducted dopabout 30ssegondscta hvent i on
can al so be devel oped using 0.14N or 0.21N or other aqueous alkaline

sol uti ons. MHBIESsul ting resist structure on the substrate' is then 15
typi caél ly dried to renove any remai ni ng devel oper solvent. The resi st
conpositions of the invention are generally characterized in that the

product resist gfteicposeexpesirebake, Hecresistsrustwe with tiedesiretdances, it
may be possible to further enhance the etch resistance of the resist

Z}) ruct ur _(Ia_htnattﬁl’nn'lg @l?taieed {deyeloped) byecaningtivgdbergsist lyes Vkiﬁ?m in the
t. . .
The' mat or cARatinS sOMTB RN sSettivily diisSiiediiie Pk, BP e PESIsEMcH, °

substrate. vﬁ@rreT%it?% d Yo raﬁﬁatwrenpngrerLéd antiImEdolutisacdévcdlopers)eddhi ng

or sone othe I ng technique. the context of reactive ion etching,
the etcch aqueous solutions of tetramethyl ammonium hydroxide. Preferably, the

resist compositions of the invention can be developed with conventional
0.26N aqueous alkaline solutions. The resist compositions of the
invention can also be developed using 0.14N or 0.21N or other aqueous
alkaline solutions. The resulting resist structure on the substrate is then
15 typically dried to remove any remaining developer solvent. The resist
compositions of the invention are generally characterized in that the
product resist structures have high etch resistance. In some instances, it
may be possible to further enhance the etch resistance of the resist
structure by using a post-silylation technique using methods known in the
20 art.

The pattern from the resist structure may then be transferred to the
material (e.g., ceramic, metal or semiconductor) of the underlying
substrate.

25 ,

Typically, the transfer is achieved by reactive ion etching or some |
other etching technique. In the context of reactive ion etching, the etch
resistance of the resist layer is especially important. Thus, the
compositions of the invention and resulting resist structures can be used

17



resi stance of the resist layer is especially inportant. Thus, the
conpositions of the invention and resulting resist structures can be used
17 WO 03/W0129d12PCT/ US01/ 47816 to create patterned nateri RCTIEYEN7816
structures such as netal wiring lines, holes for contacts or vias,

I nsul ati on sections (e.g., damascene trenches or shallow trench

I sol ation), trenches for capacitor structures, etc, ht .be .used in

t he design t@fcrﬂﬂt%gﬁﬁeéﬂeéirﬁétﬁﬂiald@\\’?f:éyuguﬂ?ﬁﬁﬂ?'&@gz@ggél?m"ﬂ%luw’t hese

(ceram c, ' ry . . | Y.l bdng a
racerial | Ap0gs 49 SRR BHApRL sl 0N SBEBEERER,, Mok ore BERtheLnd
llayer of r eyl gHalfowetréléh igdlation), treagkes for capacitor, stractiresyete. @xposi ng
the resist to radiation, developing 10 the pattern by, contacting the

exposed r egnhightibe useddol therdesigncfiintegnaded |cixcatit devig@Ser | yi ng t he resi st
| ayer at spaces in the pattern whereby a patterned material |ayer or
substrate section is fornmed, and renovi ng any remaining resist fromthe

substrate. In soff bPéé@éKiﬁsfor%QEg%pﬂfbﬂé (GBtantie, Hictd] belsemicbaduetoryt

| ayer to facilitate transter of t atterh to a 15 further underlying
materi al | fgatures gendradly. inlolveopeavidingsaahaterialdayer or sestionsef ¥iged in US
Patents 4, 855,017; 5,362,663; 5,429, 710; 5, 56(&",{801; 5, 6#?', 751; 53F44’ 376;
5,801, 094; sihsteatedo hepatiernedqyapplyingclaysr ofiesistuerific maten

I ncor por at i r : n

orocessee. dRuSHRE sBetitn: PefeHifse SxhBtingiiTRIGSL Y ridiatihy delelonitg

Li t hogy aphytheRsdtbeimbg contictihg the expodedresistavith a bolvényetcitingahe Pl enum
Press, (1988), the disclosure of which is incorporated herein b

reference. layeys)undeslying dhesesist layex at spacesa the patteymwhereby @ed to
any speci f ipCat{eiertnr«!-: rrnaai%g?(iai ?acflenri &ugugétrgfae\’g&&ion is formed, and removing any
remaining resist from the substrate. In some instances, a hard mask may
be used below the resist layer to facilitate transfer of the pattern to a
15 further underlying material layer or section. Examples of such processes
are disclosed in US Patents 4,855,017; 5,362,663; 5,429,710§
5,562,801; 5,618,751; 5,744,376; 5,801,094; and 5,821,169, the
disclosures of which patents are incorporated herein by reference. Other
examples of pattern transfer processes are described in Chapters 12 and
20 13 of "Semiconductor Lithography, Principles, Practices, and Materials"
by Wayne Moreau, Plenum Press, (1988), the disclosure of which is
incorporated herein by reference. It should be understood that the
invention is not limited to any specific lithography technique or device
structure.
25

EXAMPLE 1
Synthesis of copolymer of methylcyclopentyl 5-norbornene-2-carboxylate
(NBMCP) and ethyl 2-cyanoacrylate (ECNA) '

18



structure. 25 EXAMPLE 1 Synthesis of copol yner of nethyl cycl opentyl

5- nor bor nene- 2- carboxyl ate (NBMCP) and et hyl 2-cyanoacrylate (ECNA) 18 WD
03/ 001294wB@3/011304/ 47816 To a 100 ml gl ass vial (pre-drie@CrauSoenBIE

noi sture) equipped wth a magnetic stir bar was added 8.8 g (0.04 nole) of
NBMCP, 0.135 g (0.0008 nole) of 2,2'-azobisisobutyronitrile (AIBN), 50 m
of anhydrous taoluene, and the solution was degassed under argq

at nosphere. 5.0 B0 @ 100 gl glass)vial (prexdrigdstoxaruave moistute) 'Bl?efjnsi de

the d b ' e ' ] tp 75 C
and al | onec]iha Bty Shr bR{SySERdene s th i nifiz) B NBMCER 135 8

cool ed and ((REOO8 RhbRi)st 2,20-2azbbisisebityroniteile (AIBN), 50 ml pfrenhydieusol yner
was collected by vacuumfiltration, washed wi th hexane (3 25 rﬂb and 10

met hanol (350I26Iger,1 and she sﬁluﬁqna{cmdeglaswdmadgenmtgmsp e P s.|4 g,
40 % GPC ' LQ THE _usi .

wei ght Svias. GEQATDBIENeF EENBWab i B e KORRfoTaRAR S Y B B G2 &

i ndi cat ed t%;ﬁio QSWréﬁulﬂgg%N&NFPWs Keytedtto 75°Ctand allewed to

concentrati NBMCP nonon&r unit was estinmated to be 15 40 nole %
Ther nogr avi stit at Z5a1Cforsars aflditignalnkieur. nThe spdutiphewas cgoledhandi10 C/ nmin.)

i bi t ed_ RISORIALILIONRRE 1 pBinG, WhHp BOIFESE: THBRIMET Was
depr ot ect orefedtdd B FabhihiPlittrdtion "Aakhencwith HERMR! (PR 25 il §figat ar ound
10 methanol (3x 25 ml), and dried at 60 °C in vacuum overnight. Yield =5.4
g, 40 %. GPC was obtained in THF using Polystyrene standards. The
molecular weight was observed to be M, = 6,500 dalton and M,, = 12,200.
13C NMR indicated the presence of both NBMCP and ECNA monomer
units. The concentration of NBMCP monomer unit was estimated to be
15 40 mole %. Thermogravimetric analysis (TGA) under nitrogen (heating
rate 10 °C/min.) showed that the polymer was thermally stable to about
155 °C, and then exhibited approximately 20 wt. 9% loss by 220 °C
(corresponding to deprotecton of the MCP group). The backbone
degradation started at around 270 °C.
20
EXAMPLE 2

Lithographic evaluation
For the purpose of lithographic experiments, a resist formulation

25 containing the NBMCP-ECNA copolymer (Example 1) was prepared by
combining the materials set forth below, expressed in part by weight.

19



EXAMPLE 2 Lithographic evaluation For the purpose of |ithographic
experinents, a resist formulation 25 containing the NBMCP- ECNA copol yner
(Exanpl e WP osms12p+ epared by conbining the materials set f@crhusoehsn
expressed in part by weight. 19 WO 03/001294 PCT/ US01/ 47816 Cycl ohexanone
88.5 NBMCP- ECNA copol ynmer (Exanple 1) 11 Di-t-butyl phenyliodonium

per fl uorooct anesyl fonate 0. 44 perfluorobutylsulfonyloxybicycé

[2.2.1] - hept - 5- eh¥clohexan8nes s3_i carboxi ni de Tet rabut yl ammon g'rﬁ hydr oxi de

0. 011 The resi st | 2NN W!yﬁp‘% ﬁ@gﬁ or 30 seconds)ipnto an
antireflective rr'g@?gl E?!A\l&[g I'p '29 nggbngé | ayer applied on silicon 10
waf ers. The resi pi-tibngiph@sylefonitakpdrfftorbaetdhdésulfditateecondddbn a
vacuum hot plate to produce a film of about 0.36 mmthickness, The wafers

were then exposeperfiuambuipisulfonyioxibicysind?.2ddhent-5-ene Na) 0-11rhe

exposure pattern S y.an r.av. .of |ines and spaces of varying dinensions
down té 0.1 mm '%5?65@@8%%&3 wer e post-exposure 15 baked on a vacuum

hot plate at 130TEtraButyldntRoAnEn h%_d}%xm’é ers were then (pudg|ogl devel oped
using 0.263 N tetramethyl amoni um™hydroxi de devel oper for 60 seconds. The

patterns were exam ned by scanning electron mcroscopy (SEM. Line/space
pairs of 150 nm '?Rg raeg?svtefo\pﬁru?atigﬁlv!lasr gﬁ?rll-\é%gtef ?folr%JgéE(i)ﬁclis)Ai?ﬁM an bility
antireflective material (AR19, Shipley Company) layer applied on silicon
10 wafers. The resist layer was soft-baked at 130 °C for 60 seconds on a
vacuum hot plate to produce a film of about 0.36 mm thickness. The
wafers were then exposed to 193 nm radiation (Nikon stepper, 0.6 NA).
The exposure pattern was an array of lines and spaces of varying
dimensions down to 0.1 mm. The exposed wafers were post-exposure
15 baked on a vacuum hot plate at 130 °C for 90 seconds. The wafers were
~ then (puddie) developed using 0.263 N tetramethyl ammonium hydroxide
developer for 60 seconds. The patterns were examined by scanning
electron microscopy (SEM). Line/space pairs of 150 nm and above were

well resolved.

20
Industrial Applicability
The resist compositions of the invention may be used in
lithographic techniques for the fabrication of microscopic structures such
25 as microelectronics, micromachines and magnetoresistive heads. The

resist compositions of the invention are especially useful for lithographic
processes used in the manufacture of integrated circuits on
semiconductor substrates, and more particularly useful for lithographic
processes using 193 nm UV ra;diation.

20



The resi st conpositions of the invention may be used in |ithographic
techni ques for the fabrication of m croscopic structures such 25 as

m cr oel ecwoagioer94 m cr omachi nes and magnet or esi stive head®CTMO1/478¢61 St
conpositions of the invention are especially useful for |ithographic
processes used in the manufacture of integrated circuits on sem conductor
substrates, and nore particularly useful for |ithographic processes using
193 nm UV (&aimsi on. 20 WD 03/ 001294 d ai ns PCT/ USOL/ 47816 1. A resi st
conposition conprising (a) an imaging polymer, and (b) a radiation
sensitive acid generator, said inmaging polyner conprising 5 cyano-nodified
acrylic moroner plpesist ‘é@i’i’ﬂiéﬁtlaﬂ GompEising Ca)y'an éimaging polymeyand by ap
pendant therefrom 2. The conposition of claim21 wherein said aging ~
pol yrer corradlatmn sensiting aci gememtnbrﬁamrlmagmgtmlvmea GERHSHE port i on

of saldpol ngd/ or Lii |ch|
pendant to él“& 'E';?gr'ﬁ RsLyHe % 'ﬁoﬁg@&iﬁiﬁgﬁ@ Qgéﬁéf:h@%go%@gwf i on
of clalmlé/v? @f,g, a¥||t't f@pr@.tny is selected fromthe group
consisting o acrgrl s an acrylates. 15 4. The conposition of claim1
wherein said 2-cyano acrylic nmononer has a structure: CN 20 25

2. The composition of claim 1 wherein said imaging polymer contains

(i) cyclic olefin monomeric units in a backbone portion of said polymer,

10 and/or (ii) alicyclic moieties as bulky end groups pendant to said cyano-

modified acrylic monomer units.

3. The composition of claim 1 wherein said acrylic moiety is selected
from the group consisting of acrylic acids and acrylates.

15
4. The composition of claim 1 wherein said 2-cyano acrylic monomer
has a structure:
.
20 T C\ (I
H c—0
0]
\
R
25

where R is H or COO-R is an ester group.

21



1 where Ris Hor COO-Ris an ester group. (1) 21 WO 03/001294

PCT/ USOL/ 47816 5. The conposition of claim4 wherein R contains at |east
one noi etywo st ed fromthe group consisting of (a) an &cirdsShalishe noi ety
which inhibits solubility of said conposition in aqueous al kaline
solutions, (b) a polar noiety which pronotes the solubility of said

ﬁﬁﬁﬁfii tg'r :)nr’é): ot yThaCOmTROSIHRROI R B 4MHeraimRacopieing Al el '9@055?@ |
Cor cyel oarig) Pt tpRf sFE gEpup WMsiclng BPUP, SR Fdatle Tholdty wifich 2

cl ai m 6 whepikits doRitity dpishid cohfjositiontin acrueoals alkatinef solutionsabhaky|
selected fromthe group consisting of t-buty nmet hyl ¢ cjgfentyl met hyl

cycl ohexyl , palad mmerhyleudhrmmtesmheasoluhgl|ty0q,fpwpitqqmp $ILIAN M 5" wher el n
R ol a t | ect
car boxy | eSS SoluEfinc @R () LhORSH 4RIE A3 BIRA ety

fl uoroal cohol such as -CH(CF3)OH and - C(CF3) 20H. 20 9. The conposition of
claim5 wherein R conprises a non-polar, non- acid |labile noiety sel ected

fromthe gréup che cempxgsmbnmfmiarm mmherein Brcemprisesean acid-iakiled and

cyclic alkyls, and ar containing 1-12. Carb T

conposi ti onmefety|sgl ﬁP{ecﬁH ﬁ e EXPUP;GPRSISHNG O Eﬁ&arfyﬁllkpggg&r%ycl%lkyl)
esters, ketals, and acetals.

10
7. The composition of claim 6 where said acid-labile label moiety is

an ester form of an alkyl selected from the group consisting of t-butyl,
methyl cyclopentyl, methyl cyclohexyl, and methyl adamantyl.

15 8. The composition of claim 5 wherein R compriées a polar moiety
selected from the group consisting of carboxylic acids, lactones, amides,
imides, sulfonamides, and fluoroalcohol such as -CH(CF,;)OH and
-C(CF;),0OH.

20 9. The composition of claim 5 wherein R comprises a non-polar, non-
acid labile moiety selected from the group consisting of primary and
secondary linear, branched and cyclic alkyls, and aryls containing 1-12

carbon atoms.

25 10. The composition of claim 1 wherein said imaging polymer further
comprises at least one monomeric unit selected from the group
consisting of (a) cyclic olefin monomeric units containing acid labile
moieties which inhibit the solubility of the resist in aqueous alkaline

solutions, (b) cyclic olefin monomeric units containing polar moieties

22



conprises at |east one nononeric unit selected fromthe group consisting
of (a) cyclic olefin nononeric units containing acid |labile noieties which
inhibit tweosobzbility of the resist in agueous al kaline Ppsalusoi/ornsse (b)
cyclic olefin nonomeric units containing polar noieties 22 WO 03/001294
PCT/ USOL/ 47816 whi ch pronote solubility of said resist in aqueous al kaline

1/ usal h prormot e s
moi ot o, (Hhiehggamete FafibilthoRbaard tesisf i gBRPLE Mk aling SRURon: Y ot s
or _pendant ¢ gREGlbR WBGMAVE Vi BGHBinHpeRdaRCIattbRbheieties) (d)

non-cyclic nononeric units capab of undergoi ng free-radical

copol ymer i zgiclierolefint monontedy amitsoct tai v gano pendanbmoieties enpesdaghd (f)
other nononeric units that are cor‘g)r%Li bl e with the function.of tgi?‘ pol ymer
as conpondheieties whick aremontpolar anghpopwmagiddpbilen (e} nen-gyHie QIgTN. ) Sai'g

I magi ng pol c ' t ; I gﬂﬁn hibpd

acryli mﬂﬁﬁﬁﬁ“@?ﬂ‘%ﬁbg‘% ﬁ@adllﬁgosfcuorrpoglbf'f%#% Pac‘?%?%cgﬁ ergﬁgagg?d resi st
conposi ti oRyjtAidicyanatmodifiéd akpylic Eadnomedicainits) and ¢Diathieon sensitive
acid generator 15 based on the weight of said inmaging pol ¥'rlrer 13. A met hod
of form ng rmopemeriuditssthatiaze compatiblewith the umtm? of the polymer @s 5

bei ng sel ected fron%tg roup,.consi sting of sem conductors, ceramcs and
netal s, saiCPMEPRcHt @ ﬁb‘?i@?'ﬁ&: 20 (A) providing a substrate with a |ayer

of said material, (B) applying the resist conmposition of any of clains 1-12
to said substrate to forma resist |ayer on said substrate, .
10 11. The composition of claim 1 wherein said imaging polymer contains

at least about 20 mole 9% of cyano-modified acrylic monomeric units.

12. The composition of claim 1 wherein said resist composition
contains at least about 0.5 wt.% of said radiation sensitive acid generator

15 based on the weight of said imaging polymer.

13. A method of forming a patterned material structure on a substrate,
said material being selected from the group consisting of

semiconductors, ceramics and metals, said method comprising:

20
(A) providing a substrate with a layer of said material,
(B) applying the resist composition of any of claims 1-12 to said
substrate to form a resist layer on said substrate,
25

(C) patternwise exposing said substrate to radiation.whereby
acid is generated by said acid generator in exposed regions

of said resist layer by said radiation,

23



25 (C) patternw se exposing said substrate to radiation. whereby acid is
generated by said acid generator in exposed regions of said resist |ayer
by sai d rediavinss 23 WO 03/ 001294 PCT/ USOL/ 47816 (D) contraaiuseg4msas d
substrate with an aqueous al kal i ne devel oper solution, whereby said
exposed regions of said resist layer are selectively dissolved by said
devel oper sol uti to reveal a.patterned r.esi st st p
transferring res(BSt &Fﬁé?ﬂ?@ sﬁé‘? ﬁgﬁﬁ{rﬁiegy?ﬁ aﬁa?%‘fé@fg ?Q&é!’wgﬁ%fé’a‘% ng
into said material | ibA! RGP exPoSed FepRitisSof said kISt Fayert t ern.
10 14. The net hod of a‘%?ﬁﬁ??n“’l V\:hg§ in at Peast oge I nternmedi ate Igl;?gr S
provi ded between sai ciresgelectivelyedissolved] byisdid devetoperysolutigndtosreveal )
conprises etching through said internediate |ayer. 15. The nmethod of claim
13 wherein sai d radi & PaHeraed gegist SUHJUFANA5 about 193nm 16. The
met hogs of claim 13 wherein said substrate is baked between steps (C and
(D. 24 i

(E) transferring resist structure pattern to said material layer, by

etching into said material layer through spaces in said resist

structure pattern.

10 14. The method of claim 13 wherein at least one intermediate layer is
provided between said material layer and said resist layer, and step (E)

comprises etching through said intermediate layer.

15. The method of claim 13 wherein said radiation has a wavelength of

15 about 193nm.

16. The method of claim 13 wherein said substrate is baked between
steps (C) and (D).
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