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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

m cromachi nes and magnet oresi stive heads. More particularly, this
invention is directed to resist conpositions which 10 are capabl e of high
resolution |ithographic perfornmance using 193 nm i maging radiation. Cross
Reference to Rel ated Appl Resistdhempesitions withRely#aerens are: US Pat ent
Application Serial No. 09/266,342 _filed Ma.ch, 11, 1999, now, titled
"Phot oresi st Conpositions f&@"[‘ﬂgéﬂya@ yhc:;mﬂﬂﬂipgrand Additive":; US
Patent Application Serial No. 09/266,343, filed March 11, 1999, now , 20
titled "Photoresist Conpositions with Cyclic AQefin Polyners and

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
Application Serial No. 09/266,344, filed March 11, 1999, now titled
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PCT/ US01/ 4Mowe particularly, this inveéntion is directed to resist compositions whic

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

Resi st ancw0;030082Pat ent Application Serial No. 09/639, 784 pcCiriiused4August 16,
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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The nature S 1S suc he abi fner Tesolution is

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/ USO1/ 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 nwhvelengthyties resist comfpdsitien (ayst alsei pessess suitablerchenmrsakr s
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characteristic o e sSone resist conpositions

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 Di scl f ..l ' i is i i
corrpgsi tion %F%@“E@Bﬁ‘?‘gb@ﬂaxﬁggWe’gg%%'gﬁ‘ﬁjrlﬁﬁlgﬁ?gér g%lh?iéleyer f or mance
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



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) .
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| 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 imagi ng polyner

compriging 2- cyafie fiitién AR BFviHEs IthoBRARRC Metfd P us R Hie fed it as

"CNA. Tnononer") nonone preferabPy 'I's an acry cid or has a
pendant estcompositiorSC6F thevimvention twotedtesesist structuresfandniethatisand/ or
non-functional npieties such as acid-labile noieties, pol %mil eti eié

4 rally

and/ or non-usdng-thggiesist stsnchinesrtodsansfesipatternspto anander pyeys
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pol yneri zable portion of nononeric units making up the polynmer), and/or
(ii) abicyanethods of tha iméentiomaré prefarablycppable aof resolvingsteatures ofreri ¢

O RS ARG 150 SRS 8 55, ot prferaBPIda% ke BBbul 238/5h°" 01

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



4 WD 03/001294 PCT/ US01/ 47816 in aqueous al kaline solutions such that the
resist is a positive resist. In another aspect, the invention enconpasses
i magi ng pebya®meR4 cont ai ni ng CNA nononer. | n anot her aspe®CI/uSag4ismeent i on
enconpasses a nethod of creating 5 a patterned resist structure on a
substrate, the nethod conprising: (a) providing a substrate having a
surface layer of the resist conposition of the invention, (b) patternw se
exposi ng t e aqeeous alkatinetsolutiogs rapichathatitherresist isty PogHive BRsiSbf t he
resist |ayer are exposed to radiation, and 10 (c) contacting the resist
layer with an aqueous al kaline devel oper solution to renove the exposed

portions of thelﬁ {ne+ §¥ bct Qheﬁﬁ%ﬁt.oh%dﬁﬁ%@éf@ﬂumagi@]pawmewre

Preferably, the sed In step (b) i n the above odis 193 nm

ul traviol efcomainMg@NAThenonmnt i on al so enconpasses processes 15 for
maki ng conductive, sem conductive, nmagnetic or insulative structures using
the patterned resist structures containing the conpositions of the

i nvention. Tnes %
further det ai  IBoeb88pech e ingtotith db Rl gt anpUtee oh Sfeatine
Carryisng Oatpafterned eesiststifttureonsd sabstrate thenmethod comprising:on are
general ly %aracteri zed by the presence of an imaging pol yner which

cont ai ns CNA
(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



mononmer units. These conpositions are preferably capable of providing 5

hi gh resol ution |ithographic patterns using 193 nmradiation with (a)

I mpr oved woabiobizby/ shel f-1ife, (b) inproved etch resistan®er/ysol/4ismpr oved

wetability, and/or (d) inproved thin film adhesion. The invention further

enconpasses patterned resist structures containing the resist conpositions
Qt _creating the resist 10

st ruct ur es 288t WOLEJOF AATF VI 21 Ae o form conducti ve,

sem conductive and/or insulative structures. The invention al so

enconpasses i magi ng pol yners contai ni ng CNA nononer. The resi st

conposi ti ons of THeresisesongrogitions afithednwentien are)generallyagi ng pol yner,

and (b) a radiation-sensitive acid generator, the 15 i i :Ql.nqé
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moi eti es prigipronethstabilitydshelfilife, (bpimproved eseh resistarce:(cd dmpiovedon in
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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.



cycl oal kyl) esters (e.g., t-butyl, nmethyl cyclopentyl, methyl cycl ohexyl,
nmet hyl adamantyl), ketals, and acetals. Tertiary butyl ester and nethyl

cycl opentwb oambep4 are nost preferred acid-labile protecti mgrmsoetises. Pol ar
noi eties preferably pronote the solubility of the resist in 10 agueous

al kaline solutions. Preferred polar noieties are selected from the group
consi sting of carboxylic acids, |actones, amdes, imdes, sulfonam des,

- CH(CF3) OH, and R prefeypbiyicomtains omeaan marepnpictiensughasracigrlabiles ar e

preferably selected fromihe group consisting,.of primr . ndary
linear, brdROHAIES,Relar Hoiefias; @"?l’ Q{&|"é’,'"%ﬂ&f%|b'éﬁ~ﬂ°§$9@qﬂ§h&i§¥d- | abi | e,
non- pol ar noi eties preferably have 1-12 carbons. The al kyls are nore
preferred. R may further include other noieties such as spacer groups

bet ween the funcrheazid-tabite moietiesopicierablyact taridhibit solyhjtity of thee
ester. Preferred spacers are CXH2x and CXH2xQOy .noi efi es rg. X and 6&20
are prefer‘d’lﬂsyStlcfm‘P?ﬁEWﬂrﬂb?ﬁﬁ%ﬁ?@&“ﬁ'"%?o 18N$o %@Fmﬁ’ il¢ moiet
NONONE, descr v, i r ' ' ' dition
Lo thes cuareopiaterabiy seigetdibion? B ePoflh konsTARATRE rertiily iyl 60!
nore of th%fcglééTl}kgio stelr8 X eqy.cl-butyll, phéthyleyerspentyhnhethylngychehexylabi | e 7

WO 03/ 00129 1/ 47816 noi eties which inhipit the solubility of the
resist in ayetiylsadamantyl) kelals,tanshacetals. Fertiary udyl astasantdmethyhi ¢

havi ng pol ar letjes ich rqnot e sol.ubi.lity.dn lhe

sol utions, X OB%M?@S FLAle ﬁ?ﬁgrﬂfﬁiﬂrgdﬁﬁ'figaﬁ% B’g’qggﬁﬁgr{ﬁh@i‘#&ne

noi eti es such as those 5 described in US Patent Application Serial No.
09/ 566, 395 referenced above, (d) other cyclic olefin nononeric units not

falling under (aPolar(mpieties 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



e.g., nononeric units having no pendant noieties, or pendant noieties

whi ch are non-polar and non-acid |labile, etc., (e) non-cyclic olefin
nononer i cworsi2eapabl e of under goi ng free-radi cal copol ywmemiusat/i#msme 10 with
t he CNA nononer, such as those described in US Patent Application Serial
No. 09/566, 397 referenced above, and/or (f) other nmononeric wunits that are

bl h.the f . | St.
ol ?ltc' o IZf%“ﬁtnwés whish phPibdne spRuliiey o he s amRcHBITQs AITING 1oy ng
ol ut i ons. BNEs<tef Eyic BIAh mporoBric dfits ReBfE RIS which

nononers i | plerhort 96|dmmsy imaquéeué lal kaliee @0l wthens;, (@) dyetistolefia of Rl to

R4 independently represents an acid-I|abile protecting noletﬁ and q is zero
or some posnonemeric agits haviegpendantjactone mmwesmuqlbaﬁzt e$® 20

I ndependent se t kyl,
SO Ioni; as ‘i\%/ qrilg%tfl E‘Lsg%q giPBH&Pﬁ%ﬁgS@Q @ @%#%ger%tf% Ggiel ected
from aci d-| 68 %Ttﬁélt cpicel&in ‘i’ﬁondﬂnb}rc units %O?Taﬁﬁl%?%nﬂér (39~ ¢cH\O
03/001294 P / Us017 47816 re preferably, the cyclic ol nunits (a) are
sel ected freag, nmnome)rlﬂtlﬁitsmaﬂng(no ppndaantﬂeths, R pendant monetles
which are non-polar and non-acid labile, etc., (¢) non-cyclic olefin
monomeric units capable of undergoing free-radical copolymerization
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,p) alkyl,
so long as at least one of the remaining R, to R, substituents is selectéd

from acid-labile protecting moieties:

ay.

25



where at |east one of'RL to R4 independently represents an acid-labile 5
protecting noiety. RL to R4 can independently represent hydrogen, |inear
and brancweds3(©@294 o C10) al kyl, so long as at |east one ofPCrhsor/emsaé ni ng Rl
to R4 substituents is selected fromacid-Iabile protecting noieties.
Preferred acid-labile protecting noieties are selected are selected from
the group consisting of tertiary alkyl cycl oal kyl) .esters (e.g

t-butyl, 1dMexe preferablybeteycliceledin “%‘}él(é%é@ﬁe'%!?ﬁﬁo%anantyI)

ketals, and acetals. Tertiary butyl carboxyl ester and nethyl cycl opentyl
are nost preferred acid- @- eties. If desired,
hai ng differing protecting

conbi nations of cycl (B oke uni t §2)( a

functi onal groups may be 15 Cycli efin units,(b) and (c) may be
any cyclic ol efin nonomer ni t haviRygla poRar funéﬁponal group that
pronot es al kal i ne sol ubi | Y/ Exanpl es 8? c3ycl I c olefin nononers include

the foll owi ng nononers u tfgted by structure (1V) bel ow where at | east
one of R5 to R indepentey IRs represents a polar noiety and q is zero or
sonme positive 20 integer (preferably qis O or 1). R to R can

i ndependentwiyerecat ksastionépfiRgdeR, indmndenﬂlyhmehents( ah aciddabjleal ky! ,

so long as at |east one of _the_renaining 3 ? R8 substituents i selected
from pol ar pretesting moiely. B, 9 liascanenqlgpgg ently¢epe zb!fj 1og My 7816
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(3) (4) RS
to R, substituents is selected from acid-labile protecting moieties.

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
Rs Rz



R, R5 Is R7 R8 where at |east one of R to R independently represents a

pol ar

branched wOl03/001294£10) al kyl, so long as at |east one of tmRreTrE®SoRITSIOgG R

noiety. 5 R5 to R can independently represent hydrogen, |inear and

to

R substituents 1is selected frompolar noieties. Preferred polar noieties
contain polar groups selected fromthe group consisting of carboxyl,
sul fonam d

desir

o, 19Msenprafelabhys e g alstinaimts () aed ) Sid Serdtelnthg '

differing acidic polar functional groups may be used. Cyclic olefin

nmononeric units (d) preferab have thegﬁlure: g (VI) RRIO R11 R12 15

where g is zero or an inte b R
hydr ogen, |inear, branched, "ycllc (
mononeric unit (d) is selected
20 RA, R O R11R12 10 WO 03/0

ndependent |y represent

om  ( 5Rs (LG)R Bs T 31
M244 PCT/ USOL/ 47816 where RO to RL2

1) RO R10 R11R12

C10) aévxl More preferably,

I ndependently represent hydrRigs nR7FFa| near, branched, and cyclic (O to Cl0)
| f desired, a conbination of cyclic olefin nononeric units (d) may
be used.

al kyl .

where at least one of R, to R, independently represents a polar moiety.

5 R; to Ry can independently represent hydrogen, linear and branched (C,
to C,,) alkyl, so long as at least one of the remaining R; to Ry substituents
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)
d R
9 R-] R11 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)
P (Vi)

20 R RmRn

4
R R

10



5 Non-cyclic olefin nmononeric units (e) are preferably acrylate and

net hacryl ate nononers. As noted above, the selection of R group of the CNA
nononer awo o3bhre9sel ecti on of any ot her nononers to be comcarused4isme t he

i magi ng 10 polymer is preferably such that the inmagi ng pol yner contains
cyclic olefin backbone units and/or alicyclic noieties in at |east sone

pendant groups. I nergl, faor Jithographic | icatiqns N I

manuf act ur &¥ ﬁgre Rn?ggﬁat@aeeﬁ'gﬁ?{ly§?P?ﬁ§‘ﬁ}qely‘§l%§eat ﬁ'@regﬂﬂ\ Bt%gcjloéd]cam
structures, | | ol ' ' I I anpri se at

| east aboutcyﬁﬁr’r%ﬁetbr@%%g?% %%mﬂ’gﬁﬁﬂhmn%@g%?ggg%gﬁy about 10-70
mol e % noshonpnrdric anits @)anayde géedwl e % O herw se, the amount of other

constituents in the imging polyner preferably are those found in polyners
for resist fornulations used with 193 nminaging radiation (i.e., 20 CNA

monomeic units ﬁﬂ{q?gﬁigcrlﬁgﬁﬁ;rgfohﬁméﬁc TiG! 'e?%r%?ﬁ}éférélﬂzébc:r Rdtéathd of at

| east portion I'T'e noi et'y-cont'al ni'ng nonofrer units in

t hose pol yrypesh late mdfofPEIgIEri C Units containing polar noieties can be
used instead of af |east a portion of the polar noiety-containing

mononeric units, etc.). Thus, for exanple, in the polyners described in 25

US Patents 5,843, 624: 6,124,0/74: and, b, 1 2 t ' 0 i ch
are incorporat ed‘%@PE‘?& a%\?"?e{'@ §ﬁ€e§ﬁ'°§n%t7%§rgype‘$fth%o§ﬁi‘\céﬁ@i‘gg; ggﬁ?al
No. 09/566, i /(?6%1 MRG0 ined inPde fm&singnononeric
units cont a‘?'%%ﬂggﬁ'?ﬁ a |f§ﬁ1r§orir@{°ﬁgs coul d b\ggpteap;racelg at 11 _ggg/ 001294
PCT/ Ug91/ 4 idl§meraist piefepably suchhth@tAhedmagingpolyiner cantainscyelic
acid-labile noieties. It shoul d be unpderstood that thci i nvention i ntot
limted to alefinhackhonegnits and/or alicyclic moieties in at least some pendan

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



nmononeric units in any specific polynmer or specific resist formulation. 5
In addition to the imagi ng polyners, the resist conpositions of the

i nvent i orwomabeai2d a radi ati on-sensitive (photosensitive) &cTdisSgewsiat or .
The invention is not limted to the use of any specific acid generator or
conmbi nation of acid generators, that is the benefits of the invention may
be achi eved using various acid generators known in the art. Preferred 10
aci d gener deastimpartt WithcCNA monomeric nnitsicortaining acid-labileomaietigs) v
zero) aryl nojetjes. Were aryl.-containing. aci d gener.at ' | aved.a the
absorptive |Eﬁh?'&¢5f§?i‘§l‘f“d’§t‘lﬂa’ihﬁ$ the ﬁ‘vﬁgg'gf‘aiso'?&waﬁ%iﬁ%ﬁ%rﬁs?ﬁﬁct
the amount i A&ChHaBacifit Fdist formlatiomn. 15
Exanpl es otlﬁéﬂ?ﬁaegv'gﬁgg%3%%“%?@%%?????”1% (bEt preferably with al kyl

substituted for one or nore of any indicated aryl noieties) onium salts
such as triaryl sulfaonium hexafl ugroantjnonate, diaryli odoniﬂg

hexaf I5uor oant i mdRadditinaderthedinaagingpelymers, the zegist composi m%‘él ebhe 20

pert uor andd i ien Pokata MHERAREEs St A RA e AN BBnerp i o
sul fonyl i ritdeinvesition Ry A6t limited!té ehe lusessthanip speelfid acidogeeratot dony|

i mde, perfluoroaryl sulfonyl nethide, substituted ar¥l sul fonat es such as
pyr ogal | ol sofmbipation efagid-generatepxs, dhat isthe benefids ofthe iavention may

et b ARG8T i e LB B e i Prsfeee
0 Broiot hadcid BSRRRFRIAS HRAHDSY RIS GottATednecd ot G preteratly 1o
WO 03/ 0012%ér&)arylInoieti@s.6 Where aryl-containing acid generator is employed,
the absorptive characteristics 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



The resi st conpositions of the invention may contain a bul ky, hydrophobic
additive ("BH' additives) which is substantially preferably transparent to
193 nm r asDaBiooro4 The BH additi ves have general |y enabl e pamd/Sot/4mmhance
the ability to resolve ultrafine lithographic features in 5 response to
conventi onal aqueous al kal i ne devel opers. The BH additives are preferably
characterized by the presence of at |east _one alicyclic noiety

Preferably, the Bheaesist W@Oﬁttmnfsofathﬂ mntmmamo'&@m@nbuwans nor e

o, e Brdtditanit adifme tBH0 FasiFtiphy WfisR o8 SnpeBaitihuy biefdiablty o2 o
moi eti es Sumn%g;aﬁéhétd ibg ﬁnﬁ%’&?ﬁﬂéngﬁm&lw\/ﬁdﬂhw&dﬁé@geﬁbﬁw epablet he

presence of ac rovide a constituent which acts to pronote alkaline
solubility ahdrlbeenhdnaeuthe mbahbysud rgsnluearltraﬁne hbhograptmc feaimeérlned BH

additives are selected from.t he cO sat r,oi d
conpoufids, FRWRANSE I BQT‘V%M'E%ll %&&Bnﬁl Q%He Gi8n- ﬁg‘ |t|ves
mJIti-aIicy I ' ups
botween ot AES PrERTABY ERaPibicARel b Bl K%é’e"@%%?‘e;%& L ek

i ncl ude 1it husiety.aPeeferad 8t$|etBHLEddltﬁetcOMhlnmabbeastwbduti1010al'|10n at e,

t-butyl adanmant ane carboxyl ate, and bis-adamantyl t-buty cargﬁ?gbate.
Bi s- adamant @fomspmare praferablyatdenst 14 whmsatom%fmpﬁéargﬁra out |

compost 11 ond 0 GRcarRoB Atbte". o B v BistaBly SORIAS atle gr more;
their jgppl i Saﬂiﬁﬁhélq?lbli@tléﬁ%&ﬁ%ssﬁﬁﬂtraﬁi% éhaRPErPs %:mmd&rgf)y

sol vent conventional Iy used acl d-catal yzed reSists which otherw se
does not hacteaanngeuctheq:resbncedxfmétorpp'avtdena ctolmtltpent whiclhhastetot he

Ciner acet apEOMgiAlkaNDS solibiite of dhe raHiaierreposed pbriions of the residt.
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.

13



and ethyl cellosolve acetate. 13 WO 03/001294 PCT/ USO1/ 47816 The
conpositions of the invention may further contain mnor anounts of

auxi | i ar ywooapoenent s such as dyes/sensitizers, base addi PCTAS)1/€8¢6 as are
known in the art. Preferred base additives are weak 5 bases which scavenge
trace acids while not having an excessive inpact on the performance of the
resist. Preferred base additives are (aliphatic or alicyclic) tertiary

al kyl am nes or t-al kyl anmoni um hydroxi des such as t-butyl amoni um

hydr oxi de ( TBAH): ' ﬁ)érp@;é' ' ' ihQAi f er abl
c)c/)nt ain abgut thaglg%%%si}? rr%?feqpre erﬁatgﬁﬁéﬁ)al{ﬁg?ﬁgdﬁlgwgﬁrﬁ gener)alttor
based on taiRolmtscdf aexitiary compapnts suchyasdyes/sersitizepsshasen. Were a
solvent is present, the overall conpositi refera t ai ns abou

I [ e h |1 n'ﬁ & ? f bl § ' b
50- 90 wt . vadditivesietcrias arenkrawn;igthgat -eﬁ%ﬁl ?rrsgrh%%%é Q@B'&S rrEWERK o
| ess of sai |11 e . ' ' ' | ymer.
The r obi ot BasgRpROIa ShilergeraBBHIAF vilfe nok Baylfy 46 exRessReIIgate! Yool

b
5 wt. % of giitheBpefdihiance somieonssist. bReeferred basetaditivesiaget(atiphaticgi ng
polymer in the conposition, nore preferably about 10 -25 wt, % nos

pr ef er abl y orajiayclic)-tectiaxy atkyb@anvinesout-atiyd asnmoniamohydroxides s8E8 2% o g
In the pregent, .invention ay be,s I zed by known techni ques. The

i nvention i‘?’mi amwmw&wl%gﬁgﬁi met hod of synthesizing 25 the

I magi ng polyners used in the invention. Preferably, the inmaging polyners

are fornmed by free radical polynerization. Exanples of other suitable
t echnioques for Ghe resist ebinmpgsitipnsof thednvemkion preferably sontain 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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di sclosed in US Patents 5,468,819, 5,705,503, 5,843,624 and 6, 048, 664, the
di scl osures of which are incorporated herein by reference. The 14 WO

03/ 001294wWB@3/HuS®L/ 47816 i magi ng pol yners of the inventi orCprishesmiod y have
a wei ght average nol ecul ar wei ght of about 5,000 - 100, 000, nore
preferably about 10,000 - 50,000. 5 The resist conpositions of the

oorcrat o, inmsina BB aat ogrisubba iyt Bl LRl B s
Convent | on holUElaL reidfeaf GB03t SIRTP IBOI00Y, e referdeny ok am 0D

resi st comasp ppens of the invention are especially useful for
| i t hographi ¢ processes used in the nmanufacture of integrated circuits on
sem conduct or substrates. The conpositions are especially useful for

i a3 on (6. 5. FHaienst Sabthasttiohs anyheJAYEoR call BE rpared B 1T 0,
e o © . . tvesand

ST Cron oftvrfibiring thefiginp puljmed, agid geaerdtol, oo "

general useamy othey desired ingredieits vsingotonventionad methods: Thenegisihy for

sem conductors is,_descrjbed be] oy.. 20 Sem conductor.lithogr |.C
appl i cat i oreorapasition 1o bausedin Hihograp '%Pr%c?ﬁétqse‘m'tg&"&g?ﬁ%b"&a

mat eri al o%géngt%g{pragﬂggﬂgépggm.trate. The material |ayer of the

sem conduc a netal conductor |layer, a ceramc
i nsul gg or | ayer, a sem conductor |ayer or other naterial

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.
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25 dependi ng on the stage of the manufacture process and the desired
material set for the end product. In many instances, an antireflective
coat i ng (WR@p/0de9applied over the material |ayer before appriusat/imsm of the
resist layer. The ARC | ayer may be any conventional "ARC which is

conpatible wth acid catalyzed resists. 15 WO 03/001294 PCT/ US01/ 47816
Typically, the solvent-containing resist conposition is applied to the
desired seniconductor substrate usi ng spin coating or other technique. The

baketh (o r erovdIPIEATY the olERboRrIDE PESisT R0 ioRASpAREq 16 PO ©
layer. They hﬁ d‘éﬁ'?ﬁécﬁs@hbbﬁdﬁéfﬁr'ﬁbdt?at@rusmg slp“lﬁf&faahig/oﬁathév n as

possi bl e wit rovisos that the thickness is referablﬁa§ubstant|ally
uni form andechniqueheThesstd:straalyemthetheufefsus:ﬂ mtmg) is themprefrrablysequent

P o ©o heated CREsexpog ks Haked 16 remviine sdifeht ARRURPING e 109" BoY ©
step is pref, %ﬁﬁ{%ﬁ?’iﬂ%‘g@%ﬁlﬁge?b%’e th@ckﬁ@%)afiméa Eﬁe@ RYyepss nore

preferably a secon ne m nute re- e osur e “bake

t enper at ur greferably ascddin g pessible wdtlythees provlseasthat the ltblqkaleaSUSe of t he
resist. Preferabgﬁ t he pre-exposure bake is 15 ned, at tﬁF ures

which are #refera YQGQSMM\"Y@]'NWE@?"QGWEW‘*F mirye& h%sr"@

adiaton) “%%ﬁﬁ%@@%%a%%'ﬂpéﬁﬁe%?iﬁ%ﬂ%@%ikéé’é“‘éf elchipay Ltr Eaﬁ'sih,et

pat t efnWi S reathfei Qﬁé Yy it‘hoF?d éﬁV 6!ty underlying s'ub@th&e rmateréals t he
substrate and selective appl g the beamin'the desired pattern, More

typical |y, layerer Ehegwe- emosumg k@;stemsrprefgrabascqm@umqurraehmﬂlJeQ

radiation Seconds to 15 minutes, more preferably 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
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used, the patternw se exposure i s conducted through a mask which is placed
over the resist layer. For 193 nm UV radi ation, the total 25 exposure

ener gy i swprogfoenrabl y about 100 millijoules/cn2 or |ess, mpca/uspr/efses ably
about 50 mllijoules/cnm2 or less (e.g. 15-30 .mllijoules/cnR). After the
desired patternw se exposure, the resist layer is typically baked to

further conplete. .t aci d-catal yzed reaction and to e WO

03/ 001294 ﬁ@ﬂf@%ﬂ%ﬁl‘h‘%ﬁf&é@em- The B '%’&EP%HPW ?srﬂt%&& bxposur e
bake is pr 1856)- Oioré Yrefciably ABoat 128t e6atd.y THeoUt

125- 160C. %&E‘H%gg‘??g%@g’g&l@bﬂge@s p{esgr ably %onduct ed for about 30
seconds t o ppstoxpesease bakef iscprefesdblyqomducied darabout 30esdaondst oubt ur e
with the desired pattern is obtained (devel oped) by contacting the resist

| ayer wit hmutgskal i ne sol ution which selectively dissolves the areas of

t he reSSi st which were exposed to radiation. Preferred al kaline solutions
(developers) are 10 aqueous solutions of tetranethyl ammoni um hydroxi de.

Preferably, the Aft@spost-expossid bake, the kdxist strasturewitintiieedesiretloped wit h
conventional 0.26N aqueous al kaline solutions. The resist conpositions of

the inventpasteraais ebtained (developedd bysconjactinghe resistiRysr Withénh aqueous
al kal i ne soluti.ons. ,The resulti L£S{ St. Structure o = kS
e S AR o St RS AisSbAY G i B B R PELIE Wich
resist CORpOR by iatibtE P HEAIRIE bW fdevilopers) are hat
t he produWeé*@%‘ﬂ%gtgﬁﬁgwaeg@%rﬁ&'aet ch resi st ancgﬁl n gome?
i nst arces, aqueousysdlatipnssofoletramethyl tammoninanhydrdxide: Rreferabdyathe: of
the resist structure by usi nﬁ1 a_rPost,-si Ig/l %t i(?n teChHivgJ{ﬁ usi ng.Jret hods
known in t kesist 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



20 art. The pattern fromthe resist structure may then be transferred to
the nmaterial (e.g., ceramc, netal or sem conductor) of the underlying
substrat ew025/0Tyepi cal |y, the transfer is achi eved by reactCrasSoou7ses chi ng
or sone other etching technique. In the context of reactive ion etching,
the etch resistance of the resist layer is especially inportant. Thus, the

conpositions of the invention and resulting resist struci res.can. be used
17 WO 03/ odexyeatepatissned materiy '@NG&ﬁH"&SM%& aueh g '%‘l WFA?%H'“"S’

LT D7 B Y on kb T £t s

i sol ati on) ,ort dIR{IFSWR Iréifch $sulatiohy, trehches foiccapatitor structargs) ebe. ased in
the design of integrated circuit devices. 5 The processes for making these

(cerani c, maight he usediindheudesign offintegraded gircatibdpyicesvol ve providing a
material |ayer or section of the substrate to be patterned, applying a
| ayer df resist over the material | ayer or section, patternw-se exposing

the resist to raﬂhﬁb?@ébsréﬁvﬂir%hﬁm%&éé@(d@hhﬁwn@ta?@ﬁ%@ﬁiihbﬁdhbﬁ)r)

exposed resist wth'a solvent, etc g the  layer(s) underlying the resist
| ayer at sfeatresrgereraphyt involverpeovidingra materéalrayemar sectionl efythe or

Subst 1 at o, SHPSIGHE 1OrkS BAGENEH, ARPUIEAIANEY OfES IV BBt Rbe) ot
e L | bt BPBelbRTRR Mot St fhd foaty it BlOMRO
Pat enie 4, &he. phitferPby Contdcting tHa ®xpdbed resist with a solvent, etching the
layer(s) underlying the resist layer at spaces in the pattern whereby a
patterned material layer or substrate section 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



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 exanples of
pattern twensienyprocesses are described in Chapters 12 ardTAGo1/87806

"Sem conduct or Lithography, Principles, Practices, and Materials" by Wayne
Mor eau, Pl enum Press, (1988), the disclosure of which is incorporated
herein by reference. It should he understood that the , inventiqn is not

linmited to any spea@i19Q mi glassrdah(presdriedi@respove meistus) ayipped o5

5~ nor bor nenti & AN BYF nafike ol Wk (IR Mote) of NBICF, 0435 85 11
03/ 001294 REIGOEE ¥héIH 16t 2,2’ -azébisisbbglyrenitrile(A(BNY; 50imbof anhydrowes

moi sture) equipped wth a magnetic stir bar was added 8.8@1 (0.04 nole) of
NBMCP, 0. 13®lyenecanddbe solutionwas degassed undes argenatmesphers; gaP 50 nd

2t mospher o. 0 TpBERY o EGRA NG5 “Blded RRHE SoRREE PFOH e P Xia e g

the dry boxsgﬁﬁg@. ﬁn\@ié&ﬁtigﬁhﬂmﬁwwa’wldﬂ theftedad 75 o¢! andalfowed to 75 C
and allowed to “stir at 75 for an additional hour. The sol ution was

cool ed and siir at7pi 1Cafardan additienaineouro Theasolutioniwas cpoledrand The pol yrer
was collected _bﬁﬁva uumfiltrati og .wash
fe toi

d with hexape (3 x 25 m) and 10
met hanol  ( 3RFemipiipted inle 'E\‘?’Faél?mo B3 white.pg m@%rﬂf‘&kﬁqﬁ(’meé‘l Was 5 4 g,
00, o o "ETGRERL P Yot T8 FSHBUN N hR s 35 iy qug e o
indi caged timethansle®e28 mbrand\Bed aa/60 EC\H vanwurovernight. 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.
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units. The concentration of NBMCP nonomer unit was estimated to be 15 40
nol e % Thernogravinmetric analysis (TGA) under nitrogen (heating rate 10
C/ mn.) swowagotzbhat t he polymer was thernally stable to akemusos®s1€C, and
t hen exhi bited approximtely 20 wt. %1l oss 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

| i t hographi ¢ exp V?W@Fogeresi st formulation 25 containi nggé‘r%

NBMCP- ECNA copol E I W LA y conbining tf¢ materials
set forth bel OW’N%?ES%@% ﬁo%%llly y&v\el gﬂréi]'?lg WO 03/ 00129?1

PCT/ US01/ 47816 OpityRsimereylibdioniunBpertl asivoctampesdylfenateExanfldd 1) 11

D -t-butyl phenyli %m%pgyy U(;IIi ooy(g_anelsg[gggi'é}eﬁp(%géne 0.11
per f | uor obut yl supe y ORYIOXYDIGYCIRds+ - 5 Y-

-2, 3-d'§car boxi m % T&.t rg&g}h I.l?mmni um hydroxi de 0.011 The resist
formul ati on was ¢ l?‘ﬁ-'(‘,;g Y‘E & 30 seconds) onto an antireflective

material (ARL9, Patabatylapimdnflm Rydoxid®! i ed on silicon 10 @@kts. The
resist |ayer was soft-baked at 130 C for 60 seconds on a vacuum hot plate

to produce a filmof about 0.36 nmthickness. The wafers were then exposed
array of 11 nes ahiedBauSoBMUBHIN 1AS SPHERCRIFRLCABAY SoeondSrpftoral™™ "
exposed waf gh MpEEIVO Matef RITARLY, 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 radiation.
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15 baked on a vacuum hot plate at 130 C for 90 seconds. The wafers were
then (puddl e) devel oped using 0.263 N tetranmethyl ammoni um hydr oxi de

devel operwbas/o69seconds. The patterns were exanm ned by seamriseg47seé ectron
m croscopy (SEM . Line/space pairs of 150 nm and above were well resol ved.
20 I ndustrial Applicability The resist conpositions of the invention may be
used in |ithographic techniques for the fabrication of m croscopic
structures GRS 25 as nicroel ectronics, nicromachi nes and magnet oresi stive
heads. The resi st conpositions of the invention are especially useful for
l'i thographic processes used in the manufacture of integrated circuits on

sem conductr syppésiat %%mﬁ(ﬂﬂtlﬁﬁr(ﬁ)lﬁpf'fsi%t@ ay inegfing pobymier; and(bplai c
processes using 193 nm UV radi ation 03/ 001294 PCT/ US01/ 47816 d ai ns

1. A resi stradiatpers sensitivoagid generatay, %mdllntaﬁlng mﬂvmrcorﬁnﬂsm a
di at t d t d
Cyano-rodi foRRomogiAcd asRalie mofo et s PERRIRIRE A Sonait BRI With,
cyano group, Eggﬁ@ Poﬁﬁﬁiﬁdﬁgﬂtharefmm conposition of claim1 wherein sai d
rc

i magi ng poly cyclic olefin nmononeric units in a backbone
portion of said polyner, 10 and/or (ii) allcycllc noi eties as bul ky end

dant t d - fied |
Qonposi {1 orfeof o EPmGRHEN otSaptm S wherein & B imreingspobiner cotbing e
group consiyf LAGiCbIH MhéfoReSufts if Q' BAdone 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.
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15 4. The conposition of claim1l wherein said 2-cyano acrylic nononer has
a structure: HCN | 20 C-CHCO OR 25 where Ris Hor COORis an
ester growp.o3/02R9AND 03/ 001294 PCT/ US01/ 47816 5. The conpo®cCuiusal/eBi€l ai m 4
wherein R contains at |east one noiety selected fromthe group consisting
of (a) an acid-labile noiety which inhibits solubility of said conposition

' | kal_i | uti qns, ] | ar. npi whi .

ol i 11y i oA ComRRAipBIohiclain A hhstein Ramiae of 1A e ity .
ubi I ¢y f sdMe e 1A SO ) a

Comr ses. bl fapf the'erBlib Rotsisting BEteF AMARIABE nofctg hiehyn et o1 1

tertiary al ihh'ibi(@%oﬁmlmblﬂsb]d cORipusitiol 4haqueocusdalkatinel solutions, (bha
conposition of claim®6 ere said acid-labile | abel noi etg“l s ,an ester

forlm of anlpnllayIT\Q}BItywlriGEfpr@JMQﬂ&@d@ﬁoiqiubﬂw ofi sajgd empositign I et hyl
of el o m & dansaySanaties Sotitions” A Whef R Tklle, Aopbolaf InSIRERCS {1 O

consi sting of carboxylic acids, |actones, am des, i mdes, sulfonam des,
and fl uoroal cohol such as -CH(CF3) OH and . . .
6. The composition of claim 5 wherein R comprises an acid-labile

moiety selected from the group consisting of tertiary alkyl (or cycloalkyl)
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
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-C(CF3) 20H. 20 9. The conposition of claim5 wherein R conprises a
non-pol ar, non- acid |abile noiety selected fromthe group consisting of
primary awo o3serondary |inear, branched and cyclic al kyl spcansoasighe
containing 1-12 carbon atons. 25 10. The conposition of claim1l wherein
said i magi ng polynmer further conprises at |east one nononeric unit

selected fromthe grou nsjsting of (a).cyclic ol efi ' its
cont ai ni ng Wca P P@psﬂ@%éﬁhbg* gﬁngwq(lﬁiﬂrb%gu?ﬂgs ?i‘f(%]lgﬁ‘g%t%gﬂlﬁéhg’h@r esi st
i n aqueous al i - ; HantAePORE i ' d

cont gi ni ng or'grdlgglnet | gg’%@%"&%} %%gﬁm%%%%q/ 47816 m?%ﬁi%s?c(m%t e

sol ubi | i ty cgtligadlefinemionomerie ynitsusortaining ro peindandmoietiss oxpendanb| ef i n
Tonomer | ¢ mplediesmiEhang ne-pariAd hanesiadabiies k- Ife fiel
nmononeri ¢ UNPasiesH i - p ) et whi ch
are non-pol ar_an - aci L1 g, = T | ' It
capabi b of rnaGAtRe RnfEsardbie ofurdihgBifl ek LadicaPEopolyrbrizaRon Uit
cyano- nodi fy,H s¥id Wyanotmodifeed acryli¢ sormtietic)unitsicand (hratireri ¢ uni ts that
are conpatible with the function of the polynmer as c¢onp rﬁ?fpg?f t he

resist. 10 menomeric unjissihat ane sonapatible wittethe fundlion p oey s
contains at | east €bﬁﬁ 20 .n?l e % of cyano-nodified acrylic nononeric
units. 12. CAMBPERERLOT tSACHScl ai m 1 wherein said resist conposition
contains at |east about 0.5 w.% of said radiation sensitive acid generator
15 based on the weight of said imaging polynmer. 13. A nethod of fornming a
pat t etgied rik.er iEhe sompusitionaf claimiiswherein said imaging palymer sgntainsct ed

fromthe group consisting ofl s . . .
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,
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sem conductors, ceram cs and netals, said nmethod conprising: 20 (A)
providing a substrate with a |layer of said material, (B) applying the

resi st cowpasgiovizen of any of clains 1-12 to said substrateTiusof/omsm a
resist layer on said substrate, 25 (C) patternw se exposing said substrate
to radiation. whereby acid is generated by said acid generator in exposed

regions of sai esi st _layer by,sajd, radi ation, 23

PCT/ US01/ 47816 %B} ccﬁW‘&%ﬁ%H@ sald 3t ab'e??gmiﬁﬁ"tm%y@qﬁﬁéﬂ@‘%?é‘é?‘.°ﬁeﬂ
devel oper - solution, JigtighywhehEnfsarpedpbsed tagiis oPsald Rist ldyeyer  are
sel ectively dissolved by sa evef oper solution"to reveal a patterned
resist structure, andire gelpctivelysdissolvesl bysaid developerrsolpsioncionrevead ai d
material |ayer, by etching into said material  layer through spaces in said
resist structure pata BaHerned resistSirURINFSABA ¢l ai m 13 wherein at | east

one in5t ernediate layer is provided between said material |ayer and said
resist” |l ayer, and step (E) conprises etching through said internediate

layer. 15. The nghhodrehsfereing reSiststracturepattenritasaichniaterial bayed, dygt h
of 15 about 193nm 16. The nethod of claim 13 wherein said_substrate.is

baked between st eps gtchingintorsaidzmaterial 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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