.1 1 MAY 2004 Description Photoresist Conposition for Deep U traviol et

Li t hograph Field of Invention The present invention relates to a novel

phot oresi st conposition that is particularly useful in the fi%tfdidf 2004

m crolithography, and especially useful for inmaging negative and positive
patterns in the production of senﬁgggﬂﬂﬁhor devi ces. The photoresi st
conposi tion conprises a novel copolrymer and a hotoactlve conponent, where
t he copol yner conphhetotesistGompogis PP 5 WAYEHHYal | y unsat urat ed
conmpound cont ai ning at | east one cyano functlonallty and a unit derived
from an ungjaidus fvestisiycl i ¢ non aromati c conpound. The pol yner of the novel
phot or esi st has ﬁlgﬁ transparency in the deep ultraviolet (uv) region, and
such a conposition is especjally useful for osure 193 . nanometers (nm
and 157 nm TH&ePHRASAL 'P&‘?’F“PGFQ]%‘@?' o noye %ho(t(a'e 5‘p°t°8??8§@° ﬁ'\at I*rmagi ng t he

novel ph%é&ﬁ&ﬁar@tuseﬁamgé L mfcrdumogratph@ranare@pwamsbfucmm@gmg ons are
used in mecrolitho processes ﬁﬁ'%tcm niaturized ]el ectronic
d

conponent snegadye a P‘?ﬁ'ttVﬁé)aﬂ%trBPirbtﬁ?Pfﬂﬁ’“@fO"éﬁ gpductqfigsuices, o Thet egr at ed

circuits. CeRGEak cbmpoBitibMNESRpIES a8Re8Topdybi dhdeopthidteaetiod film of a
phot oresi st conposition is first applied to a s%ﬁbﬁtrate terial, such as

silicon wegreponenks wheredhe ﬁ%'%@erlcﬁmﬁ%%‘ﬁ“'ﬁeﬁ'@f am aqpthy %'é\‘fa(gﬂ substrate

i's then ba&%@t&aedem %rﬁi&n@ﬂnéﬁ'lé’&%né eyahbmrmn@mammdsa ugipnposi tion and
to fix the coating onto the substrate. hot or gl’?-ul st . coat ﬁﬁﬁon t he

substrat e d%ﬂVﬁ@ﬁP”‘sﬂIUf@é‘tUé%ie@ gyclimnon ﬁ‘&ﬁ@“%’ poOYES QS i on. The
radi ation ﬁd%PéﬁHt@re%Mﬁa%ﬂmghtﬁd?@. @ﬁé ih ltlﬂmé‘e@rumtwm (irV) ré@lm exydosed  areas

of the coated surface. Visible d&g ul travial ghﬁ’éU\% @ el,ectron beam
and  X- r aySUchci GomPosilien ipesppeialyAisei fop pRappisatd AP e'ﬁés ™ 884y i n

mi crol it hoggARRAI The MveRREHTBEher AIh1RS td pcbsEgeinighy thapoealir e, the coat ed
substrate is treated wwth a developer solution to dissolve and renove

ei t her t hePhoAfPsitt on exposed or the unexposed areas of the photoresist.

Backaround of Invention

Photoresist compositions are used in microlithography processes for
making miniaturized electronic components such as in the fabrication of computer
chips and integrated circuits. Generally, in these processes, a thin coating of film
of a photoresist composition is first applied to a substrate material, such as silicon
wafers used for making integrated circuits. The coated substrate is then baked to
evaporate any solvent in the photoresist composition and to fix the coating onto
the substrate. The photoresist coated on the substrate is next subjected to an
image-wise exposure to radiation.

The radiation exposure causes a chemical transformation in the exposed
areas of the coated surface. Visible light, ultraviolet (UV) light, electron beam and
X-ray radiant energy are radiation types commonly used today in microlithographic
processes. After this image-wise exposure, the coated substrate is treated with a
developer solution to dissolve and remove either the radiation exposed or the

unexposed areas of the pholoresist,



11 7 MAY 2004 The trend towards the mniaturization of sem conductor
devices has led to the use of new photoresists that are sensi gi.iVﬁA@tzw‘ower
and | ower wavel engths of radiation and has also led to the us
sophisticated nultilevel systens to overconme difficulties associated with

such m nitakYichd BwLds thzmhlatuﬁmaoh\wa@@ﬁuefor aémée%rr@@u@d toCthepssi tions,
negat i ve- wor Ki n& and goleve vvorklog %Jﬁ gl‘ge\@gq EhOt oaéaslst used at a
parti cul & NPEPA ofegists PRIAP apMitve ahioyEeay Inye Ngths 18P he design of
the seni gRRHHS LIRS IR itlkCus¥TRBphiStRARYInVEtINRI kjstamPddversaiest conposi tions
are exposed i mage-wi se to radiatjon, the areas of the resist conposition

exposed iffiquifies PasrciateGith suchirainalzationt ubl e to a devel oper solution (e.g.

a cross- | i nki figers @ACHWORPhRCS Bhétbradht t@nddafions) exganedvoringandof t he
phot oresi st_coating renain relatively soluble to such ? sol utjon. Thus,

t r eat mentPosifivanorkingo e tyRegR{ Pholarasist R?%’g"’t pderticylappeint ig NOgEAPSISer causes
removal  adeekdifg f&%te@iﬁimw 1Rd é‘@s‘igt)rpéf tﬁd"@nﬂ&lﬁ?ﬁ%@ﬁdéﬁ‘cé%&eﬂg and the
in

creation of a negative he coating, .t hereby un%é)verlng a desired
portion &egative- Viﬂﬁ'él@@ PWtﬁ@S'S %%QQSE*PBS agexpRIeddmagprivige to AR or esi st

COMOSI t iyl Y85 oiRRANIch 8B Ahich KhoBidah 1iARHiatiMBELORRIbSE HBaIOT NG

phot or esi St CONPOST t] NS are expose i mage-w se to radiation, those areas
of the plcleyleBsrsoludion{oa;a sress-linkingdeasiop 8oeu® whilgith RAXPEERSDME nor e

sol ubl e tsdsNif tdEHRERESE c%ai.rgf rbﬁlﬁtn(r@}aﬁvel@sohﬁtﬁ‘@fdéﬁﬁ%@Mtloheﬂ'ﬁbé on occurs)
whil e those areas not exposed renmain relatively insoluble to the devel oper

sol ut i on regtment Oftfr‘fé%ﬁpﬁ’é?ﬁ negatiyervaskggesistyvidi a deMeloPRHFRYSSS MR esi st wi t h

the develppRimopapEsed HERYS th@phdibiBsisvdRatRfard B erdalion bh@né@iivé ng and the
creation of a positive image in the photoresist coati nggxlgga a desired

portion dnageia tamerating thereBy, Hheayeringsa E’I?%’SQEP@'EI“ opihgtusE resol ution is
defined agpdthge %’Cé %ﬁtwﬁmhélbﬁotWési@tbdrMﬂsmsﬁ w&& deﬁ@mﬂ@ﬁSI tion can transfer
fromthe phot omask t he substrate wit of i mage edge
acuity after @R HI?S‘EIF‘%T hé‘l'?ﬂ ‘GWQ?BW%M"”‘"?QPi f?é?fgs'f“é?é’gm?ﬁ't@ 8™ manufact uri ng
appl i cat is@pssetiGflaye-wiRB @b PHdRRioR thoRSarbaE dfake p‘rﬁbtbﬁéglsﬂdicdﬁ;ﬂosﬁfonl ess than
one-half mcron are necessar In addl)tl 0 d st al vvays desirabl e
t hat t he €xposed to the radiation beco e more soluble to the eveloper soI |on (e.g.a

rearrangement reaction occurs) while those areas not exposed remain relatively

insoluble to the developer solution. Thus, treatment of an exposed positive-

working photoresist with the developer causes removal of the exposed areas of

the coating and the creation of a positive image in the photoresist coating. Again,

a desired portion of the underlying surface is uncovered.

Photoresist resolution is defined as the smallest feature which the resist

composition can transfer from the photomask to the substrate with a high degree -

of image edge acuity after exposure and development. In many leading edge

manufacturing applications today, photoresist resolution on the order of less than

one-half micron are necessary. In addition, it is almost always desirable that the

developed photoresist wall profiles be near vertical relative to the substrate. Such

demarcations between developed and undeveloped areas of the resist coating

translate into accurate pattern transfer of the mask image onto the substrate. This

becomes even more critical as the push toward miniaturization reduces the critical

dimensions on the devices.



devel oped photoresist wall profiles be near vertical relative to the
substrate. Such denarcations between devel oped and undevel oped areas of
the resist coating translate into accurate pattern transfer of sty nmsk
i mge onto the substrate. This becomes even nore critical as the push

tovard o ol Bhb AL EAHE B bSSEbid A benloRRBSLOM M shite devi ces. 2

11 MAY 2004 Photoresists sensitive to ort wavel en et ween about 100
nm and about 3®0TN Are clies used whergswithativieren Qa@ﬁ@rlﬁﬁﬁtﬁféﬁwﬁbmt ries are

required. ParF&szlX‘tb\‘gf@rrr%ya@ bRy @Jn?prﬂfﬁgtnl‘aﬁ%%rgétﬁgfcﬂvmé sS4 Ng non-aromati

pol yners, erator opt1o ssol-ution inhibitor, and
sol vent . phogiacndmoenatqrmptlonai&m d:ﬁomjnoramblbltbl’, 8ad sele’rd. ul travi ol et (100 300

M oo ey HR e fRARh, MR righ AR SodoliPalist (WS 508 Fif pbelfveb?! L o7 1 19

i mages. with | uar ron metries | ere are three
mej or deegmduiepativeitohephdteredistsexpaeilakie fcwmh@hmgureggemrth lravthapr ovi ded

f | h '
sl a1 onarSOYBRETEEReeR 1T AEhitke ARMBE MBI BERART (e D T et
t ypi cal | yexpesmme leebralogies thabldvietpnovided sigriifichpichdyageemyendite and its copol yners,

such as thas OSB! LAPAoLDES ot H 025 o A Do ReriiOna0 o | e ot i

hand, phd? SUré require non-arona pol yners, since
ar omat i csi5anm. BMqueelsmtfortzmwmmm typigally. beEJsbaseCBWB$L¢2ﬂtUtaﬁU GB 2320718

i ool 0¢ R BEBANALR. HRALUoCROR oo SR RARSBU R dPRTIE L ol VTer

cont ai ni are use X ores St's exposure
bel ow 20GmhUSAS B&Q'GESO cOhWaﬂbmHaod,spfmﬂc&esmsmf[dSBrame!dptDS\tr@r&tthée pol ymer for

TR ' bon: hyd
ey SNSRIty SRR Y 2 el 67 bon v ogeny
| ow wavel5B¥p 688 andriB E:Bm?majwe!osepmtpmgis\ﬁ Usietyhiog 1 93mexpeRiire.i on
t enper at lt%&%{allgﬁboﬁﬂrggedfg’ ?r%émln afﬁ&}cﬁéflfd c{‘rﬁ ?Eg}gd ﬁpﬁﬁﬂ ll%ﬁisgfoﬁ hat are

obt ai ned meri za Ic an e and
unsat ur ateaplow@ belgwﬂ@amnechbmbyctrmrmg@@éor@praﬁ%ﬂ @tQ:the #RHPEF i de nakes

et ol TEFEEHGLLEOER) el HEPRARN BPGY nAREaonhbicheiienp o o sl st
which improve etch resistance, they also provide transparency at low wavelengths
and they have relatively high glass transition temperatures. US 5,843,624
discloses polymers for photoresist that are obtained by free radical polymerization ‘
of maleic anhydride and unsaturated cyclic monomers, but the presence of maleic
anhydride makes these polymers insufficiently transparent at 157nm.  Until now
photoresists sensitive at 157nm have been based on fluorinated polymers, which
are known to be substantially transparent at that wavelength. Photoresists derived
from polymers containing fluorinated groups are described in WO 00/67072 and
WO 00/17712. However, the polymerization of unsaturated fluorinated monomers,
such as tetrafluoroethylene, presents severe explosion hazards and a great deal of
care needs 1o be exercised during the polymerization process. Polymerization
processes that are environmentally safer are preferred.

The inventors of this application have found that polymers containing cyano
groups are transparent at wavelengths below 200nm. Polymers derived from
certain monomers containing cyano functionality are known. US 6,165,674
discloses polymers derived from itaconic anhydride, acrylates with a cyano group



are known to be substantially transparent at that wavel ength. Photoresists
derived from polynmers containing fluorinated groups are descri bfg%g&

00/ 67072 and WD 00/17712. However, the polynerization of unsat LU
fluorinated nononmers, such as tetrafl uoroethylene, presents severe

eﬁD' 05: Omnhaémaﬂéwﬂﬁd p@n&rﬂ&tlcﬁm‘a@ro@é US 8[399/Bar disclosede copglyrbsed during

the polynerization merizat i ses that are

envi ronrrﬁﬂa(1 TGyamogt g‘?‘%" ’E’?Iar'@d“etw&ﬁghﬁ{?? OB¥"PHis application have
found t hafarpltyeansg nﬁﬂ(ﬁc«’#leﬂé@W@@Bﬁlongbmtoahtﬁ)dubaﬂmaﬁﬁtgrtﬁp wavel engt hs
bel ow 20Qnm_ Pol y rrersqvgerlved from certain nononers cont a%nl ng cyano

funct i ondMpPRe WsatuetgdAoNd & a5 alig¥clis $AMPRHNGe NALUR! 1O BYVINGSIZE 2rer i ved from

ItacFm c r@mwhﬁgde@cara@mw@mﬁmmlt5hda1r@§gmmegntmpef&e] therdVBY 2284 . and
acrylate wit

endant alicyclic u 647 discl oses a copol yner
of 1-(1' f@ﬁwe@@rﬁ%%%mﬂ'w@oév ﬁéﬂﬁ%&@?&@ggs &dyeibAbor nene- 2-

car boni t rgolyther WMhicRloBSHE¥4 %é&ﬁpla&ﬁ@e%ﬁ%idt%esq' herees hgo laﬁfdeﬁ%lﬁﬁ the cyano
group into the unsaturate

an alicycli R in order to
synt hesi Zeonemen d13b 63mas Bade ¢gipg simRIe fechniayes syrch g5 @tﬂn;tp ‘gﬁﬂ"e&ﬁ%‘é‘l rabl e.

Ther ef or g cﬁdﬂﬁi’eﬁtaﬂdﬁan@ aﬂ@%ﬂefmé PBIyﬁaeFEHH%@@anW@thsél@i&t@P@chd’ copol yneri ze
with cyclic olefins, and yiel | yme ossesses%good pl asma etch

resi st andReNOMess thaf are spsigfant tﬂé’@émﬁ(ﬁmhﬁ‘g %ﬁ@ﬁéﬂo‘ﬂ"hg'c“ hehrasliféade usi ng

sinpl e t@ﬁ&héﬁh&vﬁéta%ﬁtaly% Wi §re@£8§urab%aﬁklt@ﬂ@ higH m@mbe@@ﬂt adi ene and
ol efins. Pol yners based only on unsat ur at ed cyc | C ners that are

resi st anth"@J ceniaatipatiep @hﬁ@@eﬁk"é’“ﬁv‘&f dexisain USut 8 1R4P JisRRESE@N t ransi ti on
metal cataghyié ﬁrbbléﬂtéi’hol%@r)léﬂﬁ%tyl é’é?{/lgtedhh@tl'% yTah@adiN(IQllé alnldkel yhood of netal

contam nation of the semni conductor device ? cI oses an

acryl at e ethyfigrne W@’B@%H@PP %Py"ﬁ%%'f"ifp‘z”ﬁ@?‘i/?r&?@s arf'é?"fﬂ}?kaa%ﬂt?ﬁcr yl ate and
et hyl i dengr vaRahRaTMN Suchitedselirkel bpslaners agy hfenl iskRat es a crosslinkabl e
sites ani zation. Such crosslinked copol yners are useful only in

t he rubﬁ'ét?t?eé)aﬁ%%ﬁ“ﬁ?é“q%w'stry The object of this invention is to provide a
novel phot or ephebbjédlat thenififdrtiar & todpraideyamdvet pradtoresist that cyngrisesi zed by free

radical po'o)(yrlrneerrltﬁa%tcar? ge synthesllzed by free radical polymerization, is also
transparent at wavelengths below 200nm, especially 193nm and 157nm, and
provides good lithographic performance when it is formulated into a photoresist.

The present invention pertains to a novel photoresist composition

comprising a novel polymer and a photosensitive compound. The composition is
particularly uéeful for imaging in the range of 100-300nm, and more particularly for
157nm and 193nm. The novel polymer is a copolymer comprising a unit derived
from an ethylenically unsaturated compound containing at least one cyano
functionafify and a unit derived from an unsaturated cyclic non aromatic
compound. This copolymer is transparent below 200nm, it can be synthesized by
free radical polymerization and has good dry etch resistance.

Summary of the Invention

The invention relates to a novel photoresist composition comprising a
photoactive compound and a copolymer comprising at least one unit derived from
an ethylenically unsaturated compound containing at least one cyano functionality



transparent at wavel engt hs bel ow 200nm especially 193nm and 157nm and
provides good |ithographic performance when it is fornulated int$4aMAy 200k
phot oresi st. The present invention pertains to a novel photoresist

conposition onprising a noyel polyner anpd hot osensi ti ve conpound. The
conposi t G 3tIeaang it Aty ofm e InSR Brated T P AOTREC CPBRRIEdor 100~ 300mm
and nore P@fdratsiytrardtlyidry unitlriarges feoiel 40 DY toldEmbie VS thobopgtmdrs a

copol ymer co Ising.a.unit derived from an ethy|enical unsat ur at ed
conpound con%ﬁiw&ﬁ%ﬁ” fP%%%ftfeaﬁét%am?eﬁ%&w Itl‘?f?o‘éeﬁal‘éto[ﬁ?isfr deri ved

from an unswiulblpaesaveraling iNbe ramdaMEiohe:-200AMD atdthorel Parfic byner is

t ranspar ent belagwagom %% can be synthesized by free radical

pol yneri Z5@80E 8k %9'2%3) dry etch resistance. Summary of the Invention
The invention relates to a novel photoresist conposition conprising a

phot oacti yve coppoynd and a copol yner conprising at | east one unit derived
from an m@m%turat ed conpound containing at |east one cyano
functionality 4 .1 1 MAY 2004 and at | east one unit derived from an

unsat ur at ed cyhé presastinantomtdlaecomnshostesisttoaipesiddn yorhrisirgf iyl eni ¢ uni t

ranges from 40 le% to 80 nmole%in the copolyner. The invention further
Fel'ates (EVR BPEVELaEs BRortv ARG DR SPuH sopaimer SERISER al'y ar
wav el engtahsnii derivee frommapestiyldhivall Ofsuraddompoendoaintadining at leystfome | magi ng at
193nm and 157{1mt.oD§ criﬁti OﬂdOf'%ﬁtﬁﬂe | nvent iton The I%r esent i{iventi on rel ates
to a phot@FEs|LH ﬁr‘ﬁ&& &0 EBYRS T AY VaSAWEIRAIYRIGINART G d a
phot osensiotmpeand oTEophutbsehsitvenanedositiop @ parivuligupefubies formingni t derived from
an ethylepnically u turated co und cont ai ni at | east aqn cyano
funct i ondires e 46k ivreaEp cug NP drnsheraity Bt 1P ookl el e d s ar ot i
conpound.thatlvegipi cnd skeensainposition dmpos pariiularlg upeful focioaairigyin tieef@d- f or f orm ng
i mages | I ue to t r en . hovel pol yner
in the {br?’gﬁﬁrrg ?@n?N%éllﬁ%%@S@‘éen%o Sﬁ:ﬁﬁ@ﬁ%ﬁ%%é@l‘?@%@@ ?%:ﬁ%’%r%l{l]?usef ul for
i magi ng iusefuhor MHBiInJAENMegH dA7nrhenqefeweebmmes arecotiotrpaugpiaténbn has been
found to ali’ %i?ﬁﬁ’\?e‘?ér@tﬂ dnd also possess suificient plasma etch resistance.

The unit in the novel copolymer derived from an ethylenically unsaturated

compound containing at least one cyano functionality has the structure;

where, Ri-R4 are independently hydrogen, alkyl, O-alkyl, alkyl ester,
perfluoroalkyl ester, carboxylic acid , alkylcarbonyl, carboxylate, cyano(CN),
fluoroalkyl, acid or base labile group, alkylsulfonyl, sulfonate, sulfonamide,
alkylsulfonamide, providing that at least one of Ry-R4 contains a cyano
functionality. Preferably no more than two cyano groups are present in one
monomer. It is more preferable that at least one of Ry-R4 is a cyano group, and
even more preferable that two of Ry-R4 are cyano groups.

In the above definition and throughout the present specification, alkyl
means linear and branched alkyl having the desirable number of carbon atoms



useful for imaging at 193nm and 157nm since few polyners are both
transparent at this wavel ength and al so possess sufficient plasma etch
resistance. The unit in the novel copolymer derived froman et hyl BMA¥ a0y
unsaturated conpound containing at | east one cyano functionality has the

structurg a\\L%'lei»rB@ Bﬂnr%?mohlblkvmoqnd&des%pﬁdt@ cymgmmaewmbu nmydrogen al kyl ,
a

O al kyl, ester, perfluoroal kyl ester lic, a

al kyl cartkﬁ)fﬂ??POCYQ[wr bioxsiicafieyclie patheR o) Suﬂapled@%feﬂ“w?ﬂy ”a%mﬁtS‘P base | abile
group, %Eﬁﬁgﬁ Hfhgloﬁ%*)yl 6&%“ mieetcsg fahERIIgegrousd thmhaeﬂsfoprwm de, providing

that at |ea contains a cyano functional it Preferably no

nor e t haifo.tsge of ealriwbdriuanshed pentyk eewh@epwl 8, etgpReReayc 'Q%les nor e
pret er abi@upebiudd m)}cﬁjf?:%bgp%W&Texﬁlana‘bybléhéptﬁmy@ncgélm@rou@@d even nore

pr ef erab at t are’ cyan0o grou In the above definition and
throughomcluclmeut}sﬂ@lwrhlcwb&iﬂ]h@ataﬂérrplcyﬁol@?29%%?5 bicydi2ar and branched

al kyl I &nd the 1ikBY 2004 and

val enceafél—é]ﬂ?%t &eﬁgﬁgb%ﬁ%a%\"?ﬁ% apﬁicg.cgaggmz%ﬁﬁ cn cycl I| c groups, which
my be Exampmgcofiticycl admdgrqupsuncw?émqy@b@rﬁﬂ o l4a§angyi t abl e linear alkyl
groups i s yi2.5 ntyl, etc.;. branched al kyl
gr oups |{r¢§¥0¥(ﬂ§4los@ E}ﬁheciaﬁfar\}’:!:yclo?i ok ]u?((!ﬁct%e ueitﬁsl , branched pentyl, hexyl>/,
heptyl , thcyodi5. 3&21;&? ]dmycl’referablwme a’@f‘@[ﬂé’ﬁ is lgey thae teyearbpRnt yI |

cycl ohex og@%ﬁmgécﬁ’aggﬁﬁhc CFE ﬁ%ﬁ%{dr& e@ildlﬁ)/dre BFR RSl 1dsBGharigix subst i t ut ed

bi cycl of oct ane, bicyclo % . 2. 1] oct ane,
bi cycl o ¢gBben atpmnﬁh@roaélwhrelfﬁrémrbalm QB)UP]WHFIB‘"VQHB"’“?' li ke. Exanples

of tricy Sﬁtu?dgé{h 6[?;: %xérrﬁﬁlleggﬁwﬁlf:h avathi Mo?orﬁetﬂlgoé’erﬁifﬁﬁ@élﬁyl

tricyclo ecane, tricyclo[4 undecane and :
tricycl ofts. AcH.c0Ras] @bMQH@S arpoape bt dasuediogive 3OHHB el | ess than ten

fﬁr bon .%Qé@tg%agm\é?wu :rﬂhaagﬁéf?dérq?@nwféau& ba@amb §8HeRated 3\;1 er ﬁb' y } elsls
or agaﬂ i(amqtggrmcally Wlthodt Ilmltgt?ornogxar%/plesr gf a%lrdsor bgsg &eavab)(e g|%r oug reh s tutty
tert-butoxycarbonyl, tert-pentyloxycarbonyl, isobornyloxycarbonyl,
cyclohexyloxycarbonyl, 2-alkyl-2-admantyloxycarbonyl,
tetrahydrofuranyloxycarbonyl, tetrahydropyranyloxycarbonyl, vanously substituted
methoxymethoxycarbonyl, B-carbonyloxy-B-methyl-6-valerolactone, B-carbonyloxy-
8-methyl-y-butyrolactone, tert-butoxycarbonyloxy, tert-pentyloxycarbonyloxy,
isobornyloxycarbonyloxy, cyclohexyloxycarbonyloxy, 2-alkyl-2-
admantyloxycarbonyloxy, tetrahydrofuranyloxycarbonyloxy,
tetrahydropyranyloxycarbonyloxy, variously substituted
methoxymethoxycarbonyloxy, f-oxycarbonyloxy-B-methyl-3-valerolactone, B-
oxycarbonyloxy-B-methyl-y-butyrolactone, tert-butoxy, tert-pentyloxy, isobornyloxy,
cyclohexyloxy, 2-alkyl-2-admantyloxy, tetrahydrofuranyloxy, tetrahydropyranyloxy,
variously substituted methoxymethoxy, $-oxy-B-methyl-3-valerolactone, and B-oxy-
B-methyl-y-butyrolactone. The acid or base labile groups may be connected
directly to the polymer backbone or through a connecting group, where examples
of the connecting groups are carbon, (C-Ce)alkylene (e.g. methylene or ethylene)

or alkynyloxycarbonyl.



substituted wth fluorine, exanples of which are trifluoronethyl,

pent afl uoroethyl, etc. Acid or base | abile groups are ones thai a@ﬁ%

cl eaved to give a group that nakes the polynmer soluble in the dv 8@*,
when an acid or base is generated photolytically. Wthout limtation,
exanpl es of agkangles bRRE eblyRANARIRONPr BLMSINAY the dyanb ghaupery givehony |,
tert-pent !oxycarbonyl, i sobor nyl oxycarbonyl, cycl ohexyl oxycarbonyl,
2-al kyl - 2%# ntyl oxycar bonyl, tetrahydrofuranyl oxycarbonyl,

t et rahydropyranyl oxygar bonyl, vari oggly substiguteds

met hoxynmet hoxyc nyl , 0-carbog¥£§xy-[3-nethyﬁwééga erol act one,
3-car bonyl oxy- %%%géﬂyl-y-butyrola &pEﬁ* tert-buto &ﬂarbonyloxy,
tert-pentyl oxycarbonyl oxy, isobornyl oxycarbonyl oxy,

cycl ohexyl oxycar bonyl oxy, 2-al kyl -2- admantyl oxycar bonyl oxy,

t et r ahydr of ur anyl oxggar bonyl oxy, t@%fahydrop ranylepycarbonyloxy,
variously substi ed nethoxyxegggxycarbonylo

0- oxycar bonyl oxy- 1sefet hyl - 5-val er t@%ﬁ ne, - CN
oxycar bonyl oxy-[ 3- met hyl -y-butyrol a , tert-butoXxy, tert-pentyl oxy,

i sobor nyl oxy, cycl ohexyl oxy, 2-al kyl -2-admantyl oxy, tetrahydrofuranyl oxy,
t et rahydr opyranyl oxy, variously substituted nethoxynet hoxy,

3-oxy- 3-net hyl - & val erol actone, and (3-oxy- [i-nethyl -y-butyro |actone.
The acid or base | abile groups may be connected directly to the pol yner
backbone vaierd, IR ioalidyl & mrovioesty dafigedr oup, where exanples of the connecting

groups are cagbon -.C6).al kyl en e..q., nethyl ene or or

al kynyl oxyca?t%%?ﬁc.o F’%“TF'% tﬁ&qg\%eﬁyéﬁagﬁife@éedg?oq f’ié"oéltoﬁﬁ' gé{‘@ﬁ\%nom&r

cont ai ni Y unbatueyehaycliy muporasreardi thie onibieldeveribed G str@u@Ne, CN COOR CN / CF3
CN COOX CN where, R is alkyl as previously defined.

Rs Re
Rie Ry
Ry4 ! m ‘Rg
Rjo R4
(2)

where Rs-Rq4 are independently hydrogen, (Ci-Cg)alkyl, halogen, such as
fluorine and chlorine, carboxylic acid, (C1-C1o)alkylOCOalkyl, cyano(CN), (C1-C1o)
secondary or tertiary carboxylate, substituted pinacol, R; and Rs may be linked to
form a cyclic non-aromatic structure, fluoroalkyl, W(CF3),OH, where W is (C+-
Ce)alkyl or (C-Cg)alky! ether, acid or base labile group as describe above, and Rys
and Rj¢ are hydrogen or (C1-C4)alkyl, and m is 0-3. Examples of where R7 and Rs
may be linked to form a cyclic non-aromatic structure are lactones and anhydrides.

The structures below are illustrative of some of the comonomers that may -
be used. These comonomers may be further capped with acid or base labile
groups and polymerized to give the polymer of the invention.



The second unit in the novel polyner is derived froma nononer containing
an unsaturated cyclic nononer and the unit is described by structure 2, (AZ)
where R5-R14 are independently hydrogen, (Cl-C6)alkyl, hal ogen, JUcMAR 0
fluorine and chlorine, carboxylic acid, (Cl-Clo)alkyl000al kyl, cyano(CN),

(G -Ca) secondary or tertiary carboxyl ate-— substituted acol, R7 and RS
may be |i nked forma ,m non- ar ony tructure, oal kyl ,

W CF3) 20H, is (G- | kyl or (G vl eth cid or base

| abi |l e group as—descri be abovg, and R15 and dre hydrogan OF5

(Cl-c4)al kyl, andcmdrs 0-3. Exeopl of where 2@l RS e linked to

forma cyclic non-aromatic structur 4 | act ongs=_and anﬁ? ri g¢gep. The
structures beleaw are iIIuive of sone he conobno hat may be
orrers g—edf urt her capgpetd—$ith acid o | abi | e
) 2 w the inventi 7 1 i MAY 2004

A OA\F3C Q COO CF3 Oc:oo | OH (CHR)" JOH COON F3C
CFs CS(CFS FaC\;Z
| OH FsC" on Ho CFs
EiCOOH Fé ZCOOH iOH F OH
FsC F CF3 FaC F CFs
3 3 | {
coo ojoio goio
——0OH (?Hz)n '
—tOH COOH

The novel polymer of this invention is polymerized to give a polymer with a
weight average molecular weight from about 1,000 to about 200,000, preferably
from about 4,000 to about 20,000, more preferably from about 6,000 to about
14,000. The polydispersity of the resin (Mw/Mn) where Mw is the weight average -
molecular weight and Mn is the number average molecular weight can range from
1.5 to 3.0, where the molecular weights of the resin may be determined by gel
permeation chromatography,

The polymer comprising the ethylenic unit and the cyclic unit are
copolymerized in relative amounts that are optimized to give the desired
lithographic properties. Typically the ratios of the two units in the novel polymer
may range from 50 mole% to about 80 mole%, and preferably 50 mole% to about



OH The novel polyner of this invention is polynerized to give a pol yrrer
with a weight average nol ecul ar weight fromabout 1,000 to abouf 4
preferably from about 4,000 to about 20,000, nore preferably froma out
6,000 to about 14,000. The pol ydispersity of the resin (Mv M1) where Mvis

the wei ghtS@H@re%eTthiﬁlilﬁﬁéHo@htam@masﬁthb"/Jtﬁtﬁd\ﬁhﬂuﬁibehlt aver age nol ecul ar
wei ght can range from ere the nol ecul ar vvel of the resin
i Yerie

may be det SRRl THG "@fé’fpo”’B@Pr?zﬁleP%H"’@dP'Sﬁ'&?BQﬁo ym P conpri sing
the et hyl egigioimblelyedrdrriatieg, B¥ak] ¢ oidré, bat i€ nocmﬂwdmamesé%ductnrdsel ative -
anount s t hat ariﬁoptl m zed t&wg ive the desired P' hi ¢ $pert|es
Typi cal |y the r&ei"G¥elHPYMEEot B INYRNYAD May 'PF\%'W\’B(%} 5{9 Wt@ ange from
50 ol e% t poAdiAtks, WRichPkrRYe, tﬁmdrenfo@hmnapdoya&&lamlrﬁ&ﬂnh@yamut 8 1 1 MAY 2004
65 nol e% The polyrrer contains at |east 40 nole% of the eth enl c unit of

st r uct ur el StreR@s, imBHSHRr Y Aoy tyrens ardhygioryexaiibgrofsparopyisyf may be

al ternati ngpyi efteld, Qh‘yrﬁzbﬁtéé ?étﬂaﬁud?@éth?]gne Prhél&&(anrwan@é BRd ﬁacd?ﬁti i's not
limted to these striuctures. The nove t he i nvention may

i ncor por at @hyddde anshiaeir ﬂ%@ﬁl?ﬂépﬁ@'og%ﬁdﬁ@%dd'tWHﬁ'dHO”WrﬁH@V but are not

limted toyor@h ¥bidbPBaseBbiRRr6UHsA TREse additonBMNBEnomdls RidyiHeCaddat in
hydr oxyst yrene and hydroxyhexaf| uor oi sopropyi styrene, vinyl ethers, vinyl

acet at es, aBey§ thabstildpaigtnieiee desied transrarsney |°a@emmqr&é3ﬁ| POFHRydri de and
their fl U%ém’ér@% fmamraﬂm@ adzﬁhaqaa%nbmarsadre Fﬁéﬂfiﬁﬂ{téd Ry the@n#irn aci d or

base | abil e groups.- These additional nononers may be added in anounts
that stil|atagounts iessthan aegoless Prefarpblydessriogn & molkee. FIAYRYP at the exposure

wavel engt horeRrfieleaPinantiBendiéhdi ti onal nonomers are incorporated into the
pol ymer at ampunts | ess than 30 nol e% Eref erably | ess tt]_mr,l 25 nol e% and

nore pref er abiTye Paymef Hféh'si@’eﬁﬁq"b%mpfﬁ@ pof 9’n'ﬁ?’ed'f‘°'195”e§5 ention
conpri ses &meai®h prméamg@mmha i$ fRhcid 6PPAs IAbile gRoLH. eme prgtegtifyp that is an

xposur e B0 BeeRpThaer RBRsTSlogbte pra e s SoldSB ke o &1L er
developer for a positive photoresist or insoluble in the developer for a negative
photoresist. The polymer may be capped with a protecting group after
polymerization or the monomer(s) may be capped and then polymerized. The
polymer may also be inhibited by a dissolution inhibitor, and upon exposure the
photoresist then becomes soluble in the developer. Typically dissolution inhibitors
are added to the photoresist to decrease the dissolution rate of the unexposed
photoresist in the developer, Examples of known dissolution inhibitors that may be
used are monomeric or oligomeric cholates.

Transparency of the polymer in the photoresist is an important requirement.
Thus, the absorption coefficient of the copolymer is preferably less than 4/micron
at the exposure wavelength, typically 157nm, more preferably 3/micron and even
more preferably less than 2/micron. '

The novel copolymer of this invention may be prepared by a variety of
methods. A method that is particularly preferred is free radical polymerization.
Free radical polymerization is carried out by polymerizing the unsaturated
monomers in the presence of a free radical initiator under appropriate conditions of

temperature, pressure and reaction medium. The reaction may be carried out in



devel oper for a positive photoresist or insoluble in the devel oper for a

negati ve photoresist. The polyner may be capped with a prot ectig ﬁ(réo%%
after polynerization or the nonomer(s) may be capped and then p %y YAl

The polymer may al so be inhibited by a dissolution inhibitor, and upon
exposur e anheert gmospirase ard a tibsirablecrobepsmepbeibsesl. iin typival devel oper. Typical |y

di ssol ut g e?n@[:lfahbri re&tdn ?égg{gegatb%h\k F QQIIO?{ %ﬁhsthmbgraﬂﬁ'ﬁ rgase the

dlssolutlo e unexp Sist int evel oper. Exanpl es
of known 180%oTha ne@cthnrimtypicalbrrtarquamut naqermrogls.@cﬂhamgh otbevoneti ¢ or

ol i goner i ofis &ShQLéH%SargcTﬁ %@E&’rﬁ&ﬁpﬁ%dQ é’?’% LEBBy?ﬁé Btlc;ﬂﬁn@g‘?ﬁ oresist is an

|nportan reQU|renE tion coe |C|ent t he copol yner
i s pref eratgeyfrdne$ hovHa R4 hdbuisc rS@fvenatthatme siijpblederdheaolzinerization typical ly

157nm g‘?éa%hgﬁ ﬁ1fa l?Jlsé’d %{xg}‘nn@e% \ﬁﬁiﬁh gyeel@trarﬂmo‘?urgﬁ eJl&{?ﬂgl é(nc] ess than

2/ mcro € no cop nve e prepared by a
vari ety (bciluerreet'lﬁmdxolynmnmtoh@dnIblaa:’arrleé ophattandaina of yncfafefeasuedelgs free

radi cal po i r| A out by

pol ymeri 3' %1%‘5&‘& %h?ggﬂ?%{tcgggal #@om% %‘W’Jﬁ e b%ﬁéedslééﬁgg df&g'{"#fﬂe radi cal
initiatoa nmnel@vem,mmcbps ha:taﬂeplmarmhrte ardictiof eti’eerrper ature, pressure and
o, o RSPk BB L S B b Bpfiyh byl 004 an 1 nert
| pl enentrat wbas exdsed ltcemdlatlmmfdrresrpmGatauraeldvurlal balse,regtboﬂgmam acidim t errper ature

00 o 9C IREB88) Lk 1R b MRS oreSOL 1 rhol B .88, 21 L hovah

I"oxid
r eact i ondéepnokectsahe polwmge shchotmtlthé phototegisP Bedomes solubitsl mdm exposad ar e

sui tabl egﬁe St OPE agalcgggﬁérﬁQtWe@%aaggﬁﬁ% ogpn%rggs[“?@ﬁichrtﬁég{ﬁgl es of which

are tetr ran, dioxane on can be
carried ph@tomm@h&nmﬁs irmolubtedie thepexposed arcas.and, sucmﬂpboﬂomm’tsﬁ such as super

Sch so. 05T ReBRLY BRGORAR: DR OGRS s Baie of 10050, YO
conpri sesh@ttnacttera@ompwdp Hoaba@useﬁblndfaﬁmmﬁ@hmowrhaﬁt- v&mt;bl;mw Sts or g.dl ation
forms ei bhRE -3 RALAGRY pRotB&RSitivebBiAls HMAILAE idhid Shotoacid

generators (PAG), such as diazonium salts, iodonium salts, sulfonium salts, or

non-ionic PAGs such as diazosuifonyl compounds, sulfonyloxy imides, and

nitrobenzyl sulfonate esters although any photosensitive compound that produces

an acid upon irradiation may be used. The onium salts are usually used in a form

soluble in orgénic solvents, mostly as iodonium or sulfonium salts, examples of '

which are diphenyliodonium trifluoromethane sulfonate, diphenyliodonium

nonafluorobutane sulfonate, triphenylsulfonium trifluromethane sulfonate,

triphenylsulfonium nonafluorobutane sulfonate and the like. Other compounds that

form an acid upon irradiation that may be used, are triazines, oxazoles,

oxadiazoles, thiazoles, substituted 2-pyrones. Phenolic sulfonic esters, bis-

sulfonylmethanes, bis-sulfonylmethanes or bis-suifonyldiazomethanes,

triphenylsulfonium tris(trifluoromethylsutfonyl)methide, triphenylsulfonium

bis{trifluoromethylsulfonyl)imide, diphenyliodonium

tris(trifluoromethylsulfonyl)methide, diphenyliodonium

bis(triflucromethylsulfonyl)imide and their homologues are also preferred. Mixtures

10



nost comonly used. In positive photoresists the generation of the acid

typically deprotects the polyner, such that the photoresist be%qﬂes

soluble in the exposed areas. The acid can alternatively causelt @AﬁéMVWer

to crosslink such that the photoresist becones insoluble in the exposed

areas, and photolcia gpherhidrembg blso be uséd) and fraguentiy editres ef iphiotamidesi st . Any

photoactive.cogﬁﬁgnd.or m xtures of photoactive conpounds may be used in
qagid geg

t he novel"PREE GiAfUB PR Werpl es  of the acid. generating
phot osensi t i vEhe phatoresidscanimdsitida id formed iphakratirg tte ingestberds ors ( PAG), such as
di azonium s

l.ts, jodoniuym salt sul f ani ym_ sal or onp-ipnic PAGs such
as di azos\fd ?\9[‘“8%8?1#1@?‘ t‘l}ﬁ? BWr@%fmmﬂdﬁ%@ﬁ'ﬁg%amoﬂrﬁtofBBQW)?/I sul fonat e
est ers alijh fiuHotaesistpheie@blTandds fRMCelTp tuatsbut BR6%raiduoeprefarabici d upon
i rradiati.on ma sed. e oniymsalts are usually used in form
sol ubl e ifFP"b?Béﬁgg%gﬁslas%ﬁtngﬁ 'P&?'EH |°9$"_5st?'8@;?§ ol MR Cal s,
g?(arr]rpl els.-wgtormt@bmbﬁrﬁﬁ.pIhQﬂge’brlefml@ﬂIemﬂimdnt,wwmﬁémrecfr?b@mwat e,
i phenyl i odoni um nonafl uqrobut ane sulfonate, trjphen oni um
trifl urorf®Pieas’t I3 thefhiqigresist ip an ﬁ'ﬁ@\’@l"i&?’f‘é‘hi’%ﬂ'%E%??%‘Bﬁgl{%t ane sul fonate
and the |drierabytifsai aeUT BBl B baded) o 188 weRihtlofpe solid ptadbrasiston t hat nmay
be used, are triazjnes oxanIes, oxadi azgl es tqjazoles, Pu?stituted
2- pyr one<SOMPABRIIP| 1 RIBHG TBe Baetaresis! grupostignABAgelidampeRgnS of -
bi s- ?ul f ]gﬂlw bﬁfﬂbﬂé@iﬁ&&re@:}ii}(éﬁ \ﬁiltrssllch%bgbﬁis 28 fpmﬁ)t;haala @ﬁ/lcol rhdridedleylydtisa) f oni um
tris(trifluoronet u n nmet hi de, trjphenyls oni_um
bi s(trifIRICRYSRE L%hf' sﬁg##%ta&u*ﬁiaaﬁtewﬁ@ﬁ%ﬁh%ﬁe glycol
}3 ri ?( tr :c }‘dnm;remveﬁthiyd aile]!ét@,rplfd)@w’éﬁefylyéela mdm'hcpn!nemyl étﬁfkmbm, 2- | f .
is(trifluoronet ony e and .t hei r_ honol ogues, ar so preferred.
M xt ur es PEBERETRARS Gotete ik et rorenr crdrams S ety Beged” and
f r equent landretisi-Bretisoxgpropionate, @nchg sthevsoni ¢ phot oaci d generators are used.
The photoresist .conposition is, fornmed. by, blending.the ingredients in a
U t able. phot BFATYERIE s Betemis, FomEnRBr R AR % he amount "o
pol ymer plastitiners piidicsion pratotprseéaatiab hiylsr spege enfiancarsCitb suofaataotst 99. 5% and
0, 0, i
more P el elAR! Youel 10 MARtedld EohBoahet! A S64BA°RG: PhstdI SHEGNt Of the
from a particular range of wavelengths to a different exposure wavelength may-
mwmmmmmmmmmﬁmWWMmkmmm%%%wmmmmqu
bases are added to the photoresist to control the profiles of the imaged
photoresist. Nitrogen containing bases are preferred, specific examples of which
are amines, such as triethylamine, triethanolamine, aniline, ethylenediamine,
pyridine, tetraalkylammonium hydroxide or its salts. Examples of photosensitive
bases are diphenyliodonium hydroxide, dialkyliodonium hydroxide,
trialkylsulfonium hydroxide, etc. The base may be added at levels up to 75 mole
% relative to the photoacid generator.
Crosslinking additives may also be added to the photoresist to insolubilize
the exposed regions and thus form negative images. Suitable crosslinking agents
are bisazides, alkoxymethylmelamines or alkoxymethylglycourils.
The prepared photoresist composition solution can be applied to a substrate
by any conventional method used in the photoresist art, including dipping,

spraying, whirling and spin coating. When spin coating, for example, the
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phot oresi st conponents. In the preferred enbodi ment, the photoactive
conpound is present in the photoresist in an anDunt of from abouy 104B/ ke
about 10% preferably fron1about 1 %to about 5% based on the wei ght of the
solid photoresist conponents. roduci ng the photoresi st conposition,

the sol i PheRgsiN sAlLtiorpgan QWJW\M FBQCtH%‘EeﬁPBQQHtaQPPES@'Géh sol vents as
pr opyl ene.glake sl ofBne b \}ftﬁ:lco%ﬁ 4951 BEABEHAEH \eh il kb opther acet ate,

butyl acetate, xylene, | ene nonoet %/ et her "acetate, propyl ene
gl ycol rrmnmnrmtemwpn@mh@t iz @tcbﬁwean@unmﬁmrﬂ#ﬁwe for A sAiRiRGt e,

et hyl - Mé’pégﬂb@ﬁ}b@ira@@g}cﬁbé%m&ﬁﬁ a@?nlﬁ}nl?ﬂolyln%ﬁ%fi‘éﬁns afieoet hy!

-3-et hox ropl onate, among others. Additives such as col orants, non-actinic
dyes, antdioxide; Hepadslican eiexige, sﬂwpagntﬂdﬁ Jasntajumenpesk, BalYPle et er s, coating

ai ds, speadBR0aRfGhGmAEhe mﬂ %&Zg{jhﬁ ?Jm é@é(méi’&aﬁdj&ﬁgr é&h@?@uﬁ’hw oresi st

conposition. A'sensitizer t tr ers ener roma particul ar range of
wavel engtoesppunds. dinefpbptonsisé fjay elaodarpatedavge @ﬂtkﬁ%fL@CﬂVe Qﬂaﬁﬁg%e added to the

phot or esi st _9ADARb0% cofhoSBF SRS HRAGPaRY ARORERGRLRe hases ore

added to the p or esl's contro es of the im phot or esi st.
Ni t r ogen th@sutatraiengtrb@ts@st aawmppraétﬂrerfﬁoadaboypé@"ﬁtp@bebttan’%éor forphi ch  are

arm nes. S0k @ecobhd BULBT 88 ecbd R LI 310k BB 1ofih o 181Gy  enedi ar ne.

pyrldlne tetraa e or Its salts | es of
phot osensibpiubad mluat@esn apm\@cmﬂmm ad@ﬁﬁernmrhswm weatment igisal erigdiiddoni um

hydr oxi deo'r(%erttc%@hg%( h@é@@&?ﬂd%&yﬁéa& golv t§1n tEQ hOBRRIsTRhiBGofdded at

| evel s up ative ot oaC| generator. Crosslinking
addi t i vesansipg sybstantal therealidegsadaiion ph@ﬁ@@b%?@ﬂpqr@ntsnéﬁgﬁ'ﬂﬁfﬂi 9@ the exposed

L?g;g?;e?%gm%s{}lﬂ%l H tﬁé’g de}ﬁf?aﬂo'ﬁecﬁ%élv rﬁé’hﬁ@ﬁL&eﬂrE{tgﬁlﬁbﬂaﬂﬁéng agents are

oxynet am nes or al ox met courils. The prepared
phot or esﬂ@ﬁtrﬂﬁjﬂrﬁdﬁnﬂﬂ(ﬁeﬂ il aebstantisbyallsd ﬂéﬂoﬁl‘( fﬂﬂyef"é‘l}‘?f@fqdaﬁr@ a by any

conventi Qﬂﬁ'co&fﬂgnhﬁﬁh%%@lst M&%n.@h%rﬂhs&ﬁ ofhdli a M‘mwﬁ.eﬂ;mﬂétw ng, .

spraying, whirli spi n coating. When spin coati ngp or exanple, the 11
11 MAY 200hhigknetse Fasaiag osHe stbgite dn wef&erpﬁgﬂ“@adquh espect to the’

per cent agem@draff isdm about 95°C to about 120°C. The treatment is conducted until
the rate of change of solvent removal hecomes relatively insignificant. The ’
temperature and time selection depends on the photoresist properties desired by
the user, as well as the equipment used and commercially desired coating times. .
The coating substrate can then be imagewise exposed to actinic radiation, e.g.,
ultraviolet radiation, at a wavelength of from about 100 nm (nanometers) to about
300 nm), x-ray, electron beam, ion beam or laser radiation, in any desired pattern,
produced by use of suitable masks, negatives, stencils, templates, etc.

- The photoresist is then subjected to a post exposure second baking or heat
treatment before development. The heating temperatures may range from about
90°C to about 160°C, more preferably from about 100°C to about 130°C. The
heating may be conducted for from about 30 seconds to about 5 minutes, more
preferably from about 60 seconds to about 80 seconds on a hot plate or about 15
to about 45 minutes by convection oven.

The exposed photoresist-coated substrates are developed to remove the

image-wise exposed areas by immersion in a developing solution or developed by
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content, in order to provide coating of the desired thickness, given the
type of spinning equipnent utilized and the amount of time all v;re f t he
spinning process. Suitable substrates include silicon, alum nug] g@r@ ric
resins, silicon dioxide, doped silicon dioxide, silicon nitride, tantal um
copper, Retaysphddosy, spr@qmmec&ve@bmsmrmﬁe@@ppﬁé sdtiinus peeferghlly| i um ar seni de
and ot her such Gou%ﬁﬁ‘yv co ounds. %or Si st a(rqa% g*so be coated
over ant i0E3tPdde] Y Riyoge ‘éfSTpCTRBtPB?rb 8FPS%%WF| R™EBfUtion is then
coat ed ongmaih heth%LdéSélbﬁéertl[adﬂdor siub@taﬁﬂﬁlllﬁfaﬂ ajt ¢hd shotdresistedating mag enper at ur e
from about 70C Eo about g{?C for fr bout, 30 seco&d%o about 180

seconds &savadiromithg exnosed greas. BaY W'”ilﬁd? BB 5B SR hut es in a

convect i @ntRln of Ak&i HERPRFdRdXTe dré@;&’ér@fﬂi&hl dasbopali®édeeOnen  order to reduce
the concentration of residual solvents in t tﬁgl phot or.esi st ile not

causi ng iAieTehIsVRIoPERHIE ARAAUERHSSAMPD ShieBamety agynerjura dwd s. In

general , Ap@Erentfal di®se tdatdd Wéf@?sﬁ@mﬂh@d@@éléﬁﬁ? Eallifio) ofd nﬁglc\éﬁMcﬁ and this
first tenperature treatnent is conducted subst ant i al |y all of the

|
sol vent s 2R#PHORR) BpRrigylaPaen hgat tf@ﬁ"ﬁ‘*@d’&??'ﬁﬁg“’d’?“ﬁﬁ?ttﬁ? eI Sconposi tion, on

the or defgRésidtpadd chefic] %ddﬁc@'f&@f@ﬁlﬁ?bondrﬁbn%'&h@lémﬁubs"smlsns on the
substrate. In a preferred enbodi nent erature is fromabout 95C to

about 1200e PeRldavelopmeaiieat tealpralANSeMPHES the Qah@gpéfh@ Sptiehaie of sol vent

removal becarRsbdIek tid éb%h %s Bt eaiMg pof BF uvmmenkgrﬁa&feag ure and time
sel ection depends on the otoresist properties desired b t he user, as

wel | as tnslus '&HWP“E@H‘%W&Y tdherBraarigciue eldBicioslcHBaIFPY i mes. . The

coating Subsysifion Mét@ﬁé‘sﬂ%ﬁht@@ﬂﬁé"dé@l@@ﬂ%@ﬁré@s ey boiteateadi at | on, e.g.,
ultraviolet radiation, at a wavel ength of from about 100 nm%nanomsters) to

about  30hRRuiferadsfydreffuods Ag/H eb”@ﬁ\ﬁhsoluaﬂ" Bé%eéﬁh'qgaé%ﬁomﬁd’iaﬁ Son, in any
desired Wétéleéfbdeplaéﬁ&j&@dthbymugﬁ @{ot@gygtabl e masks, negatives, stencils,

tenpl ates, et hot or.esi st exposure second
barkTan or heat! eff’l?% Qréﬁ’ﬁc'f'l‘ié’P‘S'F‘B E’?fB)ﬂar%H%taq‘ﬁQE@“%@g?"%gﬁtb%rrpgr'atur es nay
range fr eigtirdeRWr proddéing an@bmlztng%ﬁﬁosmm;aafmee;ﬁremhhrweﬁﬁmm‘a’met 100C to
about 130C. The heat % ?t'j from 933@“ 30 tseconds to
about 5 ﬁrmpggarqﬁﬂ?@ter&e G g %@BUF 188 SEREMAFL PEABBut 90 seconds
on a hot ihfayodnddhauld nb'Bbet@wsabewtasﬂ&avmmoasmbys,cpammensmn oven.

values which must be utilized exclusively in order to practice the present invention.

Unless otherwise specified, all parts and percents are by weight.

Examples
Glossary
MCA Methyl 2-cyanoacrylate
BNC t-Butyl Norbornene carboxylate

NB Norbornene
NBHFiB Norbornene hexafluoro-tert-butanol
(o, o -bis(triflucromethyl)bicyclo[2.2.1]hept-5-ene-2-ethanol)
HNC Hydroxyethyl norbornene carboxylate
NCA Norbornene carboxylic acid
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The exposed photo resist-coated substrates are devel oped to renove the

i mage-w se exposed areas by imrersion in a devel oping solution 8r gg\y_e?bpgped
by 12 11 MAY 2004 spray, puddle or spray-puddl e devel opnent pro sl
solution is preferably agitated, for exanple, by nitrogen burst agitation.
The substNBRG@A ar eisNorbom@bp-ene-enaoB-rlicarporylie a@éw}éw@ﬂ@ad@nm all, or

subst ant ia%laﬁd@t)le’ of the photoresist coating has dissolved fromthe
exposed ar ehs" vel opers include agqueous solutions of ammonium or al kal i
met al hydiHxi des Jetrabysefgiant i cal carbon di oxi de. One preferred devel oper
is an aqueeNs sol ‘Eé’-?&oﬁ%is&tﬁft{/r@rﬂﬁﬁé‘y' ammoni um hydr oxi de. After renoval of
the coated wafers from the devel opl ng solution, one may conduct an

opt i onal Maost - devéVeightewerage Molacugaweight or bake to increase the coating's
adhesi on,and chem resi .chi ng conditions and ot her
substance’@. The @Qeéggéé%%ﬂgﬁ?&'ﬁ%‘g%@@r eat ment can conprise the baking of
the coatiRly and d$olyslispatsity bel ow t he coating' s softening point or W

har deni ngirF% OCGS_S-Geh @em;e@ﬂw&ﬁrbﬁgpgpa@mcati ons, particularly in the
try n

manuf act Ure” of m cro€rrcul ani silicon/silicon dioxide-type
substrates, the devel oped substrates may be treated 'with a buffered,
hydrof l uoric acid etching solution or dry etching. In sone cases. netals
are deposited over the i maged photoresist. The followi ng specific exanples
will provide detailed illustrati &iample it he nethods of producing and
utilizing conmpositions of the present invention. These exanples are not

i ntended, however, to limt or restrict the scope of the invention in any
way and slSyothesisof methvterpyanoaendiates/ it . 2Vate ate YRE
val ues which nmust be utilized exclusively in order to practice the present
invention. Unless otherwi se specified, all parts and percents are by

wei ght . Exanples 35@niidites) maxesduraiube 2adipperbwth ¢ Tatlen eratgdstirbaut yi

Nor bor neng¢anRa¥¥d Atfon MPWNR'RAEREs added MCA (1.46 g, 13.1 mmol), BNC
{2.54 g, 13.1 mmol), THF {4 g), AIBN (120 mg) and acetic acid (200 mg). The
reaction mixture was deaerated with nitrogen at a flow rate of 30 ml/min for 15

minutes. The vessel was then immediately capped tight using the Teflon screw:
cap. The vessel was placed in an oil-bath, which was preheated to 72°C. The
reaction was allowed to proceed for three hours. The viscous reaction mass was
cooled to room temperature and diluted with 20.5 mi of THF. The solution was
poured dropwise into 75 ml of hexane while stirring. The white polymer was
filtered, washed with hexane and dried overnight in a vacuum oven at 55°C. The
isolated polymer had a yield of 64.6%. The polymer contained blocks of methyl
cyanoacrylate. This block configuration yields acidic methylene groups in the
backbone which can be utilized favorably. The molecular weight of the copolymer
was determined using GPC technique (THF, polystyrene standards) and found to .
be My = 5612, M, = 2349 and PD = 2.39. The presence of both methyl ester and
t-butyl ester containing monomers was verified by proton NMR (8 1.52, methyl and
§ 3.94, t-butyl). From the integration of these two peaks, the polymer was found to
be contain 64% MCA and 36% BNC. The Tg of the polymer was measured using
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NBHFt B Nor bonene hexafl uoro-tert-butanol (a,a
-bis(trifluoronethyl)bicyclo[2.2.1] hept-5-ene-2 -ethanol) HNC

Hydr oxyet hyl nor bornene car boxyl ate NCA Nor bormene carboxylic ac-i'(j NAY 2804 vy
2094 NBDCA ci s- Nor bom 5- ene- endo- 2, 3-di car boxyl i ¢ anhydri de (Nadic

anhydr i d@)fferefiaratanaimgdiadrineter (DACBN &l,natrum%ihé@@b%%g@ﬁaﬁFQW| e MN

Wei ght aYoetSea?fngl ecul ar weight M Nunber average Ml ecul ar wei ght PD

Pol ydi spersity C Gel perneation chromatography Examle 1 Synthesis of

met hyl 2-cyanoacrylate / t-butyl norbonene carboxyl ate copolynmer To a 35
(mlliliter) m pressure tube quﬁm@ggwith a Teflon coated stir bar and a
t hreaded Teflon cap with Oring ed MCA (1.46 g, 13.1 mml), BNC
(2.54 g, 13.1 mmol ), THF (4 g), AIBN (120 ng) and acetic acid (200 ng). The

][ g?cagon mmmgyugfp%sﬁﬁi m%@?é-ﬁa%%a&& %ﬂe ﬂ'iotrtgd?%% %&aﬁ:o%—?é’)‘t—ﬁlﬁ%gglff ugiongi { hmén

Tefl on screw cap. The vessel wasogdlgeard in an oil -bath, which was
preheated to 72C. The reaction was allowed to proceed for three hours. The
vi scous reaction nass was cooled to roomtenperature and diluted with 20.5
m of THFo aftanisotsturonbaeguippalwidda Tefgmroated stit barzidrd thefadedxane whi | e

stirring. _Jhe whi.te. pal : f Lt ] d dried
over ni gnTeleh R LRI B YR afBEMER (1B o RaR Netina 28R fo T TG OF

64. ]gs% Thqu)prryl_ﬁng? gwrnmgjr&mﬂ@)lagmlmem agig (30pImg)c haseantiph mixureThi s bl ock
configuratian vi S aci di j clhpne which b
utili zedWP&@S?%B@Q.W"FH@’%B&E%F'%‘& r%ﬁ&%@ 9@?‘%} fﬁg%gﬁ]oﬂt%aﬁer \r/]vgs dle'fer %azede
usi ng GPedctarhvisgealevysThien inpoddiately ceppedstighhdsinglthe Tafldn serewdapo

The vessel was placed in an oil-bath, which was preheated to 72°C. The reaction = -

was allowed to proceed for three hours. The viscous reaction mass was cooled to
room temperature and diluted with 20.5 ml of THF. The solution was poured
dropwise into 75 ml of hexane while stirring. The white polymer was filtered,
washed with hexane and dried overnight in a vacuum oven at 55°C. The yield of
polymer was 61.1%. The molecular weight was observed to be Mw = 2730, Mn =
1576, and PD = 1.73. The polymer may be further reacted with a compound which
gives an acid or base labile group on the polymer. The T of the polymer was

measured using DSC (TA Instruments, Model 2820) and found to be 163°C.

Example 3

Synthesis of methyl 2-cyanoacrylate/norbornene copolymer

To a 35 mi pressure tube equipped with a Teflon coated stir bar and a
threaded Teflon cap with O-ring was added MCA (2.17 g, 19.5 mmol), NB (1.83 g,
19.5 mmol), THF (4 g), AIBN (120 mg) and acetic acid (200 mg). The reaction
mixture was deaerated with nitrogen at a flow rate of 30 ml/min for 15 minutes.
The reaction vessel was then immediately capped tight using the Teflon screw
cap. The vessel was placed in an oil-bath, which was preheated to 72°C. The
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be Mk = 5612, M = 2349 and PD = 2.39. The presence of both nethyl ester
and t-butyl ester containing nononers was verified by proton erg gﬁ@l 52,
methyl and 8 3.94, t-butyl). Fromthe integration of these two

pol ymer was found to be contain 64% MCA and 36% BNC. The Tg of the polyrrer
was neas ueation sian @lidwiedito prodexd RO hre®hddrer €he vistouSceantipnagav@si net er ( DSC)
(TA Instr | 7 Synt hesi s of
met h | §5’Sﬁ%oarpom)\g% @“ﬁ%‘%@ﬁ@ﬁ% ex%(%%ﬁglragnﬁgrﬁ%g%ﬁ Ve sgopol ynmer To a
35 m pr qa@srerdeird)mhm atpuT opkaf hekare whilketitring. dbawdie solvrmebw&s and a threaded

Teflon ¢ Wi, t h adde NBHEt B (2.85 g,
10. 4 rmiﬁ?fed n@““"?& 1@'8@?@“%5‘%’3?#@“%%9‘](% BHH)E The
reaction yruld«bfuhmsolmi mbdymeer atas 616 %h The polygenwas foanfl kobaveaa e of 30 ml/nmin
for 15 m Th [ A I then i medi atel y capped tight

usi ng th@#%@f% E@Qc\f@;zﬁﬁfﬂﬁsﬁgggﬁﬁév\as pl aced in an oil-bath, which
was preheated to 72C. The reaction was allowed to proceed for three hours.
The vi scous reaction nass was cog@l ed It% roomtenperature and diluted with
20.5 mM of THE The sol ution was %5%@%3— dropwi se into 75 m of hexane while
stirring. The white poI ymer was frltered washed wi th hexane and dried
overni ght _j en at 515C } 1 % The

nol ecul ar =% P ) . ' 1 v d-PD = 1.73.
The pol yner rray be further react ed vvrth a corrpound vvhr ch gr ves an acid or

base | abile t he f th measur ed using
DSC (TA | nst%@ﬁ?ﬁ 'Ipeqﬁ ?ﬂu'%ﬂ? “f'l;g%‘nﬁe §%t8§3§’¥ar§xa%pl e 3 Synthesis
of net hy thrdadaddrefien cyp memmgmmmdcmmwmg, T80l mn®f, BNCoiSd8sur e t ube

equi pped W, : c | L bar : e f cap with
Oring wls égggaolﬁérﬁ-‘("@gﬁ?*'éﬁ G 'ggﬁ%q %%u%@??@?ﬁ@ d"% SHons) ), THFE (4
g), Al BNnfitta@ wap denedated with nitragendat(e2@ov natg) of 30mal/mie dart 15ominutes.

The reaction vessel was then immediately capped tight using the Teflon screw

cap. The vessel was placed in an oil-bath, which was preheated to 72°C. The -
reaction was allowed to proceed for three hours. The viscous reaction mass was
cooled to room temperature and diluted with 10.5 ml of THF. The solution was
poured dropwise into 85 m! of hexane while stirring. The white polymer was
filtered, washed with hexane and dried overnight in a vacuum oven at 55°C, The
yield of the isolated polymer was found to be 67.3%. The polymer obtained was
an alternating polymer. The weight average molecular weight was found to be
7987 g/mole with polydispersity of 2.92. H NMR indicated the presence of both
methy! and t-buty! ester of MCA and BNC respectively. The monomer ratio in the
polymer was found to be 53:47 (MCA:BNC).
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m xture was deaerated with nitrogen at a flowrate of 30 M/mn for 15

m nutes. The reaction vessel was then i medi ately capped tight using the
Tefl on screw cap. The vessel was placed in an oil-bath, which ygspyay 3
preheated to 72C. The 15 .1 1 MAY 2004 reaction was all oved to proceed for
t hree hours. The vi scous reactl opxAmpre swas cooled to roomtenperature and
diluted with 20.5 m of THE The solution was poured dropwse into 75 m of
hexane while stirring. The white polyner was filtered, washed with hexane

and dri ed erﬂﬁéHiQMMét@(!@-ﬁ?ﬁ@l&éﬁﬂs—ﬂbrb@ﬁ%-eﬂf@%ndﬁt,Bldicablf)ogyl_ﬂe i sol at ed

pol ymer was : © The polyner was found to have a nol ecul ar wei ght of
11617 (Mx) with PD of 1.86. £3rdwelide cppelymehesis of Met hyl 2-cyanoacryl at e/
t-Butyl Norbornene carboxyl ate copolynmer To a 35 ml pressure tube equi pped
with a Teflon coated stir bar and a threaded Teflon cap with Oring was
added MCA (1.T®2agb migresswidube eqsigpedsvitha Tejlonsgated ey andar (4 ), Al BN
(120 ng) ttﬁ@gde%acf‘éﬂbﬁc%w%&@%W@add&%@@ﬁﬁéz g4, Hmnmcmrﬁsm deaerated with

nltrogen at a ow rate of m nut es. he _reacti on vessel

was t hen (-A%8d14® &1mols ZPpde ok g (12 g %ﬂﬁ‘@@@?%(@@r"@% T88p. The vessel
was pl aced i Afikt wa@%gera\’gﬂl'vﬁm r‘ﬁﬁ‘@relﬁra@ Be@ivestelop 30 Altmid i 15r eacti on was

all owed to proceed for th ree hour he viscous reaction nmass was cool ed
to room 'ma‘fntﬂ% ather ieaction vapsahwag thantimmediatelyfanped figlt uping 18 16tedbn was -

poured digp E "IﬂEQe&rél Whs BI‘:acéhe%%'ﬂ%ﬂVU&'tH thﬁ’!h'ﬁe{s'[ﬁéhea_fétﬂow te polynmer was

filter ed wash hexane and dri ed over ni g in a vacuum oven at 55C.
The i eITBe(WaO@l%Wﬁ%él‘WdOﬁfﬂ%ﬁ%for\mi@e hexraa Th VipePus 7eaBienasSpol yner

obt ai ned,uagoodf t@.lobﬁﬂeﬁqbb@mraawmﬁed Wi 20%8 ingl lot Tﬂvermseombrecul ar wei ght
was found to be 7987 g/nole with polydispersity of 1H NMR i ndi cat ed

the pr eséﬁé@obﬁed%‘?ﬁwls%@w mieidexansipiile gingr Toe “WPQ BeBNEST espect i vel y.

The NMONORRErel WdsPed With A8xarRGininiRed WASmIightiAct Jaeulrf obén A5 WLAHBNC) . 16 | |

MAY 2004
yield of copolymer was 66.5%. The molecular weight was observed to be My =

1102.

Example 6

Svnthesis of methyl 2-cyanoacrylate / t-butyl norbornene carboxylate/hydroxyethyl
norbornene carboxylate/norbornene carboxylic acid polymer -

To a 35 ml pressure tube equipped with a Teflon coated stir bar and a
threaded Teflon cap with O-ring was added MCA (1.5 g, 13.5 mmol), BNC (1.83 g,
9.4 mmol), HNC (0.49 g, 2.7 mmol), NCA (0.18 g, 1.3 mmol), THF (4 g), AIBN (120
mg) and acetic acid (200 mg). The reaction mixture was deaerated with nitrogen
at a flow rate of 30 mi/min for 15 minuies. The reaction vessel was then
immediately capped tight using the Teflon screw cap. The vessel was placed in an
oil-bath, which was preheated to 72°C. The reaction was allowed to proceed for
three hours. The viscous reaction mass was cooled to room temperature and
diluted with 20.5 ml of THF. The solution was poured dropwise into 75 ml of
hexane while stirring. The white polymer was filtered, washed with hexane and
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Exampl e 5 Synthesis of Methyl 2-c anoac fate/

ci s- Nor bor n- 5- ene- endo- 2, 3-di carboxylic anhydride copolynmer To a_3

pressure tube equipped with a Teflon coated stir bar and a threaﬁiéd”%fzﬁﬂén
cap with Oring was added MCA (1.62 g, 14.5 mmol ), NBDCA (2.38 g, 14.5
mrmlt ) Tl'iliae(dg)whghfxln?\bdcllaﬁ Jve aﬁ&BﬂCa?ﬁeiyfelcﬁﬁfitﬁfe ;tscﬁﬂﬁcfarr@s 116?% r ]gzact Ilgn

m xture was deaerate rogen a rate .o mn for

m nut es. Vﬁﬁé"?'@%? R‘}é’i@@ ojMHEegf”ﬁéﬁS? @?Rf’r%%(ﬁ‘f)g%d’tl ght using the
Teflon screw cap. The vessel was pl aced |n an oi | -bath, which was :
preheated to 72C. The reaction was allowed to proceed for three hours. The
Vi scous reaction nass was cool e mtenperature and diluted with 20.5
m of THE. The solution was poured dropwise into 75 m of hexane while
stirring. The white pol mer was filtered, washed vvlth hexane and dried
over ni ght Mﬁ%ﬁ@g pacniate / t-fLv Nort EBERIOPOWHEI 66, 50 The
nol ecul ar wei ght was observed to be Mv 1102 Exarrpl e 6 Synt hesi s of nethyl

2-cynoacrylate / t-butyl norbornene carboxyl at e/ hydroxyet hyI nor bor nene
car boxyl at e/ nEPB@@'r%%%F%’HWP%P%&q ‘M‘%T?ﬂ%‘rm@dé“?;‘?’rﬁ“ 7 essure tube

equi pped tM\ﬁeFaBecﬁTJfﬁ)fnk‘&’E WHAT. ﬁﬁblﬁéé édd?éél"M@ﬂ@ 26 gt fu. ?ﬁﬁ-’ﬂfb BRI @ograp with

Oring was a A? 1) 9.4 nnol ), HNC (0. 49
g, 2.7 mibP2 meel)(GIRE g, ABNI129m19) a”"‘\'P-Et'G&CG)(?OQNI“B}\IT{‘QI?%F“Oﬁg) and acetic

acid (ZOQmF&H}e w@&eée‘?&@& WRR niffogé B &P e 8RIEhAdinibL 15 Mirdutegen at a flow
rate of m/mn for 15 mnutes. The reaction vessel was then immediately

capped t |T§ﬁt’eﬁf§'PHde%9r%W¢%meB im@ediatplyccapped fightwaisg die TRlOnSCER¥ed i n an

oi | -bath,capshrrﬁ@vé@s%ma@ﬂaeéoeiﬁ ah®il-bafh, whith waRghéHdakdwBy28t! pwed to proceed
for three hours. The viscous reaction mass was cooled to room tenperature

and  di I' fPRRYORMAR aﬁgng fipregeedife sixRirs ol R YIRFQOURERECHNIMBES WRABpwi se into 75
m of hexyaea tcy%ohete&{;jefaturegnd Tineeavhith 20BOhNOTTFHFVWTRe Isbiutier s Washed: wi't h
hexane and 17J MAY 9

poured dropwise into 125 ml of hexane while stirring. The white polymer was

filtered, washed with hexane and dried overnight in a vacuum oven at 55°C, The

yield of the isolated polymer was found to be 80.6%. The weight average

molecular weight was found to be 7613 with polydispersity of 3.97. 'H NMR

indicated the presence of both methyl ((§ 1.53) and t-butyl (6 3.95) ester of MCA

and BNC respectively. The monomer ratio in the polymer was found to be 52:48 ‘

(MCA:BNC}).
- Example 8

The resist composition and lithographic evaluation at 193 nm

The copolymer from Example 1 was dissolved in PGMEA to make 11.5%
solution. To this solution, 5% of triphenylsulfonium nonafluorobutane sulfonate
based on the weight of the copolymer was added. The resist composition was
then spin coated over a silicon wafer which had been pretreated with
hexamethylsilazane (HMDS) and coated with of 39 nm thick bottom antireflective
coating, AZ® Exp ArF-1C (available from Clariant Corp., 70, Meister Ave.,
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dried overnight in a vacuum oven at 55C. The yield of the polyner was
70.4% The nol ecul ar wei ght of the polyner was 4371 with pol ydifEersi ty of
2.84. Exanple 7 Synthesis of Methyl 2-cyanoacrylate / t-Butyl Not bddAvepiss
car boxyl ate copolyner To a 35 ml pressure tube equi pped with a Teflon

coat ed stSomenélte, HidM8876)t TinesubstiatGatdsdiakedpt 1H0fGh fap9Ps tyoliaie adifed MCA (1. 46
g, 13.1 . . ng) and
acetic a%‘gﬁ%ﬁgﬁ%&'ﬁ $ %f'&eg%%h%ﬂ%gf? wﬁﬁaﬁéx%@g%}rég%&é%? h nitrogen at
a flow r &t98nof, N#0= 06/ ai=r0.T)asingDimtim oiaels . TheTguposeshidmi was heked@ was t hen

i mredi at gLy, d tigh Si_n he .Tefl - vessel was pl aced
in an oi ﬁ%gﬁ?gg%%ﬁﬂm%lagﬁéiﬁ@%lef%w%@féﬁqﬁ\é’d u‘réﬁggtz;ggﬁ was allowed to
proceed fistransdtbyldramosiumHyEroxidecOu6 prelinetspace patesnamasre remmreshitao room
tenperature and diluted with 10.5 m of THF. The solution was poured

dr opwi se 93 8f BIFIN of hexane while stirring. The white pol yner was
filtered, washed with hexane and dried overnight in a vacuum oven at 55C.
The vyield of the isolated polyner s found to be 80.6% The wei ght
average nol ecul ar wei ght was fomﬁoe 7613 with polydispersity of 3.97.
1H NMR indicated the presence of both nmethyl ((S 1.53) and t-butyl (S -
3.95) ester of _MCA and BNC respectjyvel The nopnome é’ati o in the pol yner
was found to bHEe g;sérkgg‘qng:.@g_u:!—_' HC gyalualion g BN o0sition and

| i t hographi c evaluation at 193nm The copol yner from Exanple-1 was di ssol ved
in PGVEA to nmake 11.5%  solution. To this sol u&i on, 5% of .

tri phenyl sul f 518 YHIRBHRFARS SR %P@'Yﬂﬂrﬂéﬁgﬂpée PRTEBHIRI USRI ght of the
copol ynmengnat R AR ofthe comsiyredr wHtRoesd dhtaiRedBBspifh beatinga 11.6%at ed over a

silicon wafer which had_be retreated wth xapet hyl.si L azane (HVDS) and
S0t o0 WEDPOIBTOLRS P ROTEASI & Al SURSTRE. 16 DSoiy REHRY Sy Ay Fod
(avai | ablpglyfiep Bl {d3aim dabelbiytR was dBterdvinks tetie A2e7 pumiB 1 1 MAY 2004

Sonerville, NJ] 08876). The substrate_ was 110C for_90s to obtain a
390 The copoly)mer of Example 4 was dissolveg %lﬁ?gMEh to ma%e' 1?.5%9

solution. To this solution, 5% of triphenytsulfonium nonaflucrobutane sulfonate
based on the weight of the copolymer was added. The resist composition was

then spin coated over a silicon substrate which had been pretreated with
hexamethylsitazane (HMDS) and coated with of 39 nm thick bottom antirefiective
coating, AZ® Exp ArF-1C (available from Clariant Corp., 70, Meister Ave.,
Somerville, NJ 08876). The substrate was baked at 110°C for 90s to obtain a 390
nm film. The film was then exposed with ArF excimer laser stepper (193nm, NA =
0.8, 6 = 0.7) using binary mask. The exposed fiim was baked at 110°C for 90s on
a hot plate and the pattern was developed using 0.265N tetramethylammonium

hydroxide. 0.13 pm line-space patterns were resolved at a dose of 10 mJ em ™=,
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nm photoresist film The filmwas then exposed with ArF exciner |aser
stepper (1 93nm NA = 0.6, a = 0.7) using binary nmask. The exposed fil m was
baked at 150C for 90s on a hot plate and the pattern was deve| engs vgi ng
0. 265N tetranet hyl ammoni um hydroxi de. 0.16 p.mline-space patterns were
resolved at a dose of 13 m}] cm 2. Exanple 9 The photoresi st conposition
and |ithographic evaluation at 193 nm The UV transmttance of the copol yner
(Exanpl e 4) was neasured using 390 nmthi.ck filmof the copolymer which
was obtai ned by spin coating a 11.5% c mer solution in PGVEA onto a
quartz substrate. The absorptivity of this polyner at 193 nm wavel engt h
was deternined o b& phoRseEisyaeMPOStien cOGPBING® CORMYEL RIodattivias di ssol ved

in PGVEA to makgmrblnai0 artiod 48NeRh whER thBicspsiihaHcbMPrisea %t Rbst one ethylenic
tri phenyl sul f oni um nonaf | uor obut ane sul f onat e ht of the

based on the wei
copol yner was atid@fstrustie 1 cep@iningflisgst ?qeﬁa%@"gpﬁgﬁy'%f’ﬁ?lc?ﬁ"attoga over a
silicon substr ajygicumitehsthatirbgewhere etra@akedds wi t h hexanet hyl sil azane (HVDS)
and coated with of 39 nmthick bottom an%ire | ective coating, AZ(r) Exp
ArF-1C (available fromd ariant Corp., 7 ster Ave;, Sonerville, NJ
08876). The substrate was baked at 110C to obtain a 390 nmfilm
The filmwas then exposed with ArF exci er stepper (1 93nm NA =
0.6, a = 0.7) using binary nmask. The exposed fil mwas baked at 110C for 90s
on a hot plate and the pattern was devel dped using 0. 265N
t et ramet hyl ammoni um hydroxi de. 0.13 m|ine-space patterns were resol ved at
a dose of 10 m} cm2. 19 | I MAY 200% Cl ai ns 1. h resi st co sition
conprising a cAf¥rg iR aéeWSP%‘QEFﬁ?Wdr%Hpﬂﬁirﬂ@kﬁnﬁﬁﬁe§‘8f‘\P&Fﬂ”?%&lre t he
copol ymer conprdst®scaniboxyesdid oaieylcatioylyie carboxytate, icyarfo(GN). edruaiky!lacdert ai ni ng
at |east one o Ysg @5@@ P%L)ilstx%ﬁ‘gn)&%%@até%ﬂﬁ&na%, afkYiGlitohatillel Of

structure 2,

providing that at least one of Ry-Rs contains a cyano functionality, Ry is O-alkyl,
alkyl ester, perfluoroalkyl ester, carboxylic acid , alkylcarbonyl, carboxylate,
cyano{CN), fluoroalkyl, acid or base labile group, alkyisulfonyl, sulfonate,
sulfonamide, alkylsulfonamide, and where structure 2 is

where Rs-Ri4 are independently hydrogen, (C+-Cg)alkyl, halogen, carboxylic
acid, (Cy-Cyg)alkylOCOQalkyl, cyano(CN}, (Ci-C1g) secondary or tertiary
carboxylate, substituted pinacol, R; and Rg may be linked fo form a cyclic non-
aromatic structure, fluoroatkyl, W{C¥F1),0H, where W is (Cy-Cs)alkyl or (C+-Ce)alkyl
ether or an acid or base labile group,

R1s and Rag are hydrogen or {C1-Cg)alkyl,

and m is 0-3.
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J R4 R3 (1) where, R -R3 are independently hydrogen. al kyl, O0-alkyl, alkyl
ester, perfluoroal kyl ester, carboxylic acid , alkylcarbonyl, %rbﬁ | at e,
cyano(CN), fluoroalkyl, acid or base |abile group, alkylsul fonyl 2004
sul fonate, sul fonam de, al kyl sul fonam de, provi di ng? that at |east one of

R -R3 coft ai nﬁ%phﬂ}fl{ﬁ@stfmﬁ@wmfaaqcpsdmm Olaifnd wheeg the acid lapile est er |

per 1| 0" SRLIN uRBhymeRE B0k oAty Al b e hppyl, car boxyl ate,

cyano( base up, alkglsulfonyl
sul f onat eentyloxycadromyi, ﬁeboraylkwcsmbﬂﬁnwﬁobem%@fw e-adkfgcture 2 is where

Rs-R14 ar gl kyl, hal ogen, carboxylic acid,
(C -C o) aﬁ@bﬁ%%ﬁmi %’et%ﬁgc{ %ﬂ?ﬁyl secondary or tertiary

car boxyl d&ttahympmnylQnyeafbpmyheﬁ@lb‘&t]tutm oantasulaatltuw be linked to forma cyclic
non- aromati c struct Gs) al kyl or
(C, -Co) alrr!gyhoxy @F&' C%l[bdgﬁt gtcég'ir?%@&é) m\%"g’g?*%’é'g}ga?aé#&% ﬁ X\é:loﬁwggh 6 are

hydr Ogenﬁ%etﬁ@rlﬁyrﬂhm&he terebatomcarboBylBxy, 2t-perlioky2@BdnmoxyThe phot or esi st
conmposition acco |ngtoc iml where the acid_labile group in the

copol y mefSoPAMElaERRaRYIoNy (v %tpetxylsmcg 'PBY)r‘?yéiky?'?'ert pent yl oxycar bonyl ,
i sobor nyla@?ﬁﬁﬁt?bhﬁﬁ&)’ﬂonylé)(ﬁ |tél@?§&ﬂoﬂ?féﬂ¢;@6)@@dl’bbnyic&‘ya| kyl - 2-

admant yl oxycar bonyl , tetrahydrof uran | oxycar.b
t et rahde%’ﬁW%{HWr@%}%’%YP?IB Xy sRHYSH q.‘i't%d‘”ﬁ‘t'b ﬁﬂéﬁibst ituted
met hoxy M R%ym @fh%%#bonﬁoﬁ;aBm?adr@dw@cyrﬂaﬁwbw-@va\r@rb@&t@hacﬁone

3-car bonyl oxy- 3-net -y-butyrol actone, tert-butoxycarbonyl oxy,
tert-pe nDWO@meEYJﬁWQiW‘Y butysqun@ tesikanh i antyoxy, isobormnyloxy,
cycl ohex VA1 %. M RERYbRANyioXy,
tet rahyd?%?gﬁégﬁggg%y%@ (%iy aﬁ&rhﬁkﬂ/ ttg g?tﬁgﬁ@ugta o%%%ﬂéo%cgﬁbon?ﬁyoxy
substit uselnstltutedmmwstmule@methmm@hymBmﬁdaeibﬂﬁwaéﬁ@lactone and

P-oxycar BO% Bol%gthﬂ-ynﬁ}ty%lacéné/,aanﬁ "WHeRE 1R lleIg group is connected _

directly to the polymer backbone or through a connecting group.

3. The photoresist composition according to claim 1, where in the copolymer

R~ and Rg are linked to form a lactone or anhydride.

4, The photoresist composition according to claim 1, where the ethylenic unit

is derived from the monomers selected from

CN CN CN CN \ CN
J— d — .
=6 = :<CN - CN

cooBU' , COOMe, COOMe,,

5. The photoresist composition according to claim 1, where the cyclic unit is

derived from monomers selected from
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oxycar bonyl oxy- a- net hyl -y-butyrol actone, tert-butoxy, tert-pentyl oxy,

i sobor nyl oxy, cycl ohexyl oxy, 2-al kyl-2-admantyl oxy, tetrahydrofuranyl oxy,
t et rahydropyranyl oxy, substituted or unsubstituted nmethoxymet hoxy, i MAY 2005
0- oxy- p- net hyl - 8-val erol act one, and 0-oxy-p-nethyl-y-butyrol actone, and

where the 3 | abi | e—_group is connected  directly to the_pol yner backbone
or throug onnect yng _group. 3. The resi st conp on according to
claim1l, inth r R7 a are |inked rma | actone or
anhydri de. The photo 3'conposy aCOOBIF ngnd 0 \m 1, where the

ethylenic unit CGGBLdgri ved—4+@0Q he nbnoneCBs sel ected fromCN /CN ~CN CN CN
and COOBut , COOwe , COOwWe F% 5. The phot oresi st cormi?’l_pn accordi ng
to claim1, where the cycl ig n is derived from nononers|selected from
21 :1 1 MAY 2004 Q CoOBut , CF3 t COOBu and OCO 7 F CF3 CF3rBOH OH CH 6.
The photoresist conposition according to claim1, where the]ethylenic unit
is at a level of at least 40 nole % 7. The photoresi st conposition

w0 TniBpidestl ErbebRin St iadhly sl Me el inher o tne

wei ght dveralgeclmbhdeadtdd made gght of the copol yner is |ess than 200, 000.

7. - The photoresist composition according to claim 1, where the ethylenic unit
is at a level less than 80 mole %.

8. The photoresist composition according to claim 1, where the weight
average molecular weight of the copolymer is less than 200,000.

9. The photoresist composition according to claim 1, where the weight
~average molecular weight of the copolymer is greater than 1,000.

10.  The photoresist composition according to claim 1, where the copolymer

further comprises additional comonomers,

11.  The photoresist composition according to claim 10, where the additional
comonomers are selected from acrylates, methacrylates, styrenes,
hydroxystyrene, hydroxyhexafluoroisopropylstyrene, vinyl ethers, vinyl acetates,
tetrafluoroethylene, maleic anhydride and itaconic anhydride and their fluorinated

homologues.

12.  The photoresist composition according to claim 10, where the additional
monomer is at a level less than 30 mole%.

13.  The photoresist composition according to claim 1, where the copolymer has

an absorption coefficient at an exposure wavelength of less than 4/micron.
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9. The photoresist conposition according to claim1, where the weight
average nol ecul ar wei ght of the copolyner is greater than 1,000, 10. The
phot or esi st conposition according to claim1l1, where the copol ym’lr’E MAY r2B0ker
conprises additional conmobnoners. 11. The photoresi st conposition according
to claim 10, where the additional conononers are selected from acryl ates,
met hacr y| Bt es The photeresis} compagitior petyrdin@ o claim 1, where the solvent is

hydr oxyhe i r - i tes,

ot ar uches e BRRUERY byt FRAG i) Br BlpiieRs oM ARAEE" S04 thei

f | uori natasstatdydnmbil ecpiats, xykde, athyephglyent mn%thlt‘cﬂﬂw;ﬂp@ﬁaémpw@ﬂﬁi ng to claim
10, where [ h han 30 nole% 13. The
phot or esi I’%"Qg@ﬁggﬁéﬁ%%ﬂhg&%ﬁ%%p(?)a@qjg?%h@y%ﬁ%%gﬁwﬁe copol ymer has an
absor pt i cethogpfdpicoatenmixiiresnf alikyl destate angedlyedgthaxpropienate,@mdn 4/ micron. 22
1 1 MAY 21 4'r sltﬁ re?;pe phot oresi st conposition according to claim1, where

t he sol verﬂ?dui% %e ected from propyl ene gl ycol nono-al kyl ether, propyl ene
gl ycol alkyl ether acetate, butyl acetate, xylene, ethylene glycol

2 hopt ancite, - S0agoPRsELp@oRg iy, Kifer AMRCREAW aRIOR, S0 S hy

| act at e anfabigdrhyl - 3- et hoxypropi onate, and m xtures thereof. 15. The.

phot oresi st according to claim1, further conprising a dissolution
inhibitor. 16. The photoresist according to claim1, where the photoactive
conponentid.s Thebpbatbedisf aaordingioalaimdi, wherertbe phatpactise ppropomridé gener at or or

i xt t h f . ' j ' th
phot oaci GG KraR Phetbagu B Eleh 3 SleidRag el o Ghek flreck ® 2, ¢ o
sul foniumsalts, sulfones, hydroxam c acid esters, halides and sulfonic

esters. T =y rdi:ng ot hédhAotodditi Ed1RatePRPr i Sing a
base. 19.1187Thethé%gp@bggﬁg%&gﬁﬁﬁ@ﬁ%ﬁﬁg' @Pgde%h%, %er t rﬁae base is sel ected
from selected from diazonium salts, iodonium salts, sulfonium salts, sulfones, -

hydroxamic acid esters, halides and sulfonic esters.
18. The photoresist according to claim 1, further comprising a base.

19.  The photoresist according to claim 16, where the base is selected from
triethylamine, triethanolamine, aniline, ethylenediamine, pyridine,
_ triphenyliodonium hydroxide, diaikyliodonium hydroxide, and trialkyisulfonium

hydroxide.

20. The photoresist according to claim 1, further comprising a solvent or solvent

mixture.

21,  The process of imaging a photoresist composition comprising the steps of:
a) coating a substrate with a film of photoresist composition of

claim 1;
b) baking the substrate to substantially remove the solvent;
c) imagewise irradiating the photoresist film;
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triethylamne, triethanol am ne, aniline, ethylenediam ne, pyridine,

tri phenyli odoni um hydroxi de, dial kyliodoni um hydroxi de, and

trial kyl sul fonium hydroxide. 20. The photoresist according to di hiMAY 12004
further conprising a solvent or solvent mxture. 21. The process of

i magi ng a phot or es¥)st é@hﬁ@éﬁqmﬂﬁm@@ﬁﬁiﬂms@ﬂﬁ’g the steps of: a) coating a
substrate with a fdl m g ipihesihateBRAS LM akingGhalkail: D) baking the
substrate to substantl a renove the solvent; «c) iIfmagew se irradiating
t he photoresist film d@veloper.vAY 2004 d) baking the photoresist film and,
e) developing the irradi ated photoresist filmusing an al kali devel oper.
The process of claim?21, wherein the photoresist filmis inmagew se

i rradi at ed usﬂ’h@;prchmof@falrwaﬁewlamgmﬁhe phateresipigds 6129¢0BAmM t o 300nm  The
process of cl t: froma

t enperature O?II ?ﬂrage:g a%[gﬂggé{vgleggﬁd? H%S%@%s%frel@ ﬁ%rﬁsgg%ﬁﬁ 30 seconds to
about 180 seconds on a hot plate or fromabout 15 m nutes to about 40

mnutes in ang Ré/ER)ceM c[&rrﬁﬁ?s\ﬁh é‘{‘q'l‘@hég"f'ﬁ"ﬂ Wmﬁ"ﬁﬁ% hy,gl Zali devel oper

conprises an eous so etrane roxi de. 24
temperature of from about 90°C to about 150 C for from about 30 seconds

to about 180 seconds on a hot plate or from about 15 minutes to about 40

minutes in an oven.

The process of claim 21, wherein the alkali developer comprises an
aqueous solution of tetramethyl ammonium hydroxide.
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