; e3e?) ?&dvr 6. Tknm-u~~~~~ POLYCYCLI C COPOLYMER COWVPCOSI TI ONS BACKGROUND OF
THE I NVENTION 1. Technical Field The present invention relates to

pol ycyclic copol yner conpositions and t hods for their preparation and
use. More specifically this invention ncer ns randontcopolymppg Copgpr i si ng
2 4 DEC 2002 | ~~d~~dl Wrepeating units polynerized fromcycl oole Frnrc and
acryl ate nononers. 2. Background Hi gh nol ecul ar wei ght polycyclic addition
pol ymers having directly |inked polycyclic repeating units w thout any

i nternal backbone unsaturation are desirous fromthe standpoint of their

i nherent thernoxidative stability and high glass transition tenperature
(Tg) profiles. Cyclool efmc nononers such as norbornene (bicvclo[2.?2.1

] hept - 2- ene) have been addition polynerized utilizing a variety of

catal ytic systens. Goodall et al. (U S. Patent 5, 468,81 9) have successfully
prepared polycyclic polyners frontcycloolefrnrc nononers such as norbornene
and hydrocarbyl substi t : Il ar wei ghts

conducting the polynerization in the presence of a Goup VIII transition
metal catalyst and an olefinic chain transfer agent. Recent objec ives in
pol ynmer synthesis have focused on the pol ynerization of nononmers fontai ni ng
functional groups to obtain polyners with high Tg's and nol ecylar wei ghts.
The incorporation of functional substituents intgQ_hy ~on pol yngr™
backbones is useful for nodifying the chem cal ysi cal .
properties of a polyner. U S. 2 | ~ DE 00 : *;705 503 to Gbodal
and Ri sse discloses pol ycyclic addition palymers=eent ai ni ng functional
substituents. Goodall and Ri sse have denonstrated rhat—— ool efinie
nononer s contai ni ng pendant polar functionality c pol yneri zed {0

pol ymer conpositions of high nolecular weight and Tg. ternative nethod
for the incorporation of polar functional groups—< a_hydr ocar bon “pol yner
backbone has been to copol ynerize the hydrocarbon nonomer (e.g—>~an el efin)
wi th a polar functional conononer (e.g., an acrylate). The rando
copol yneri zation of ethylene with nethyl acrylate is to date only|possible
using free raei cal initiators under extreme conditions of tenperature~and
pressure. Verpy recently sonme progress has been made in the area o
coordi nati on @opol yneri zati on of ethylene and nethyl acrylate usi
pal | adi um cat*#gl ysts (Brookl: art eteal J.__Aner ; , 120,
888-899 and Ixternationd ppi i Y 0+6—1n t hi-s case,
however, the #=esulting copol ynmers are not true randontcopolyners 5i nce the
majority, if not all, of the acrylate repeating units are incorpo ated at
the chain ends of the highly branched pol yner products. In the case-of

copol ynerizing a polycycloolefin with acrylic nononers the use of | .

coordi nation catal ysts for the copol ynerization has never been degcribed in
the art. Indeed, International Application WO 96/23010 .supra disg¢l 6ses

t hat when a norbornene-type nononmer i s polynerized, no other nmonolfer-+can be
present. Even nore recently, Abu-Surrah and Reiger (J. M. Catal. Chem
(1998), 128, 239-243) reported that certain cationic pal I adi um (11I}) |
conpounds active in the honopol ynerization of norbornene are |nacz|Ye to

t he honopol yneri zati on and copol yneri zati on of polar nononers |ike
acrylates. They further reported that addition of nethacrylate to
nor bor nene pol yneri zati on systens using the disclosed catal ysts rrsﬁlted
sinply in higher nol ecul ar wei ght ~and narrower pol ydi spersity of i he 2
~0- DEC 2002 _, norbornene honopolyners with no evidence for acr Iéte
incorporation into the polymer backbone. U S. Patent 3,S36,681 to{Mpyrris
di scl oses copol yners of norbornenes and acryl ates that were pol yngrized by
free radical nmeans. The resulting polynmers were el astoners with véryd ow

| evel s of norbornene incorporation (i.e., up to S.5 weight percenf)| U S.
Patent 3,679,490 to Starmer discloses Terpolyners of sSubstltUted
nor bor nenes, acryl ates and al koxy al kyl acryl ates. These pol yners a%e again

elastoneric (havi ng sub-zero Tg's) and contain very |low | evel s of {n@rbonene
(i.e., up to S.~ weight percent) . Mre recently Behrens in Germa £
Publ i shed Patent Application 2,358,112 discl osed copol yners of acrylates

wi th ethylidenenorbornene. In U S Patent 5,585,222 to Kainoto et al. there
is disclosed copolyners suitable for use in photoresist conpositions. The
di scl osed copol yners are prepared by copol ynerizing a 2-substituted
norbornene with an acrylic acid ester in the presence of an anionic

catal yst system The substituent on the 2-position of the norbornene

nononer is essentral to the polynerrzatron reactron The substrtuent IS
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I n anot her enbodi nent, the nulticonponent catal yst system can be prepared
in'situ by mxing together all of the catal yst conponents in the reaction
tredi um The order of addition is noté; ortant. In one enbodi ment of the

mul ti conponent catal yst system of the&’i"nvention, the catal y3i D200
conprises a nickel salt, e.g., nickel ethyl hexanoate, an organoal um num
conpound, e.g., triethylalum num and a third conponent Lewis acid, e.g.,
tris(perfluorophenyl)boron as shown in the follow ng schene: nickel

et hyl hexanoate + tris(perfluorophenyl)boron + triethylal um num~ Active

Cat al yst 2 4 DEC 2002 -35 Reactions utilizing the single and

mul ti conponent catal ysts of the present invention are carried out in an
organi ¢ sol vent which does not adversely interfere with the cat.=;sF system
and is a solvent for the nononmer. Exanples of organic solvents a
al i phatic (non-polar) hydrocarbons such as pentane, hexane, hept&
and decane; alicyclic hydrocarbons such as cycl opentane and cycl&hexane;
aromati c hydrocarbons such as benzene, chlorobenzene, o-dichl or o@enzgne,
tol uene, and xyl enes; hal ogenated (polar) hydrocarbons such as-e&t hyf'ene
chloride, chloroform carbon tetrachloride, ethyl chloride,
1, 1-di chl oroet hane, 1, 2-dichl oroethane, 1, 2-dichl oroethyl ene
1-chl or opropane, 2-chl oropropane, 1-chl orobutane, 2-chl orobytase
1- chl or o- 2- net hyl propane, and 1-chl oropentane. The nol ar rari==of tlotal
nmononer to Group VIII netal for the single and nul trcomporet at al ySt's of
the invention range from20:1 to 100, 000: 1, preferably 50 1 tog&

and nost preferably 100:1 to 10,000:1. In the nulticonponen iifal yst

. systens) the cocatal yst netal (e.g., alum num zinc, magnesi um @Ad.
lithium to Goup VIII netal nolar ratio ranges fromless than o epgal to
100: 1, preferably less than or equal to 30:1, and nost preferabl ¥lleSs than
or equal to 20:1. The third conponent is enployed in a nolar ratg 1o G oup

VI1I nmetal ranging fromO0.25:1 to 20:1. The tenperature at which
pol ymeri zation reactions of the present invention are carried ougtlypically
ranges from-100 C to 120=—Cprereranry -ooC t0 9J0cC, and R

-10C to 80C. &e choice of reaction solvent is made on the basisspf,

nunber of facgers including the choice of catalyst and whether it

of the catalys®s described in this invention, the preferred solv;=t§ are
chl orinated h§gir ocarbons such as nethyl ene chloride and 1, 2- di chi¥riogt hane
and 2 4 DECBR002 -36 aromatic hydrocarbons such as benzene, tol3
chl orobenzene. and nitrobenzene, with sinple hydrocarbons being k&
preferred due to the resulting | ower conversion of the functiona
nor bor nene-type nononer(s). The polynmers of the invention are pruoueed in a
nol ecul ar wei ght (Mh) range from about 1,000 to about 1,000, 000, 3oreRerably
from about 2,000 to about 500, 000, nore preferably fron1about 5, @0| fo
about 100, 000. The polyners of the present invention are useful i
el ectronic, optical and high tenperature thernoplastic (e.g., pige,[fiber)
applications. For electronic (e.g. photoresist) applications theamo}ecul ar
wei ght preferably ranges from about 5,000 to 20,000 (M1). For hih .S
tenperature thernopl astic applications the nol ecul ar wei ght pref afry

ranges from about 40,000 to 100,000 (M). In one enbodi nent of t&e
i nvention the polycyclic/acrylic polymers are useful as conponenggs
resist materials utilized in the manufacture of integrated circu
patterning of 1Cs is carried out according to various |ithography -2

t echni ques known in the art. Photolithography enpl oying ultraviol$t| (UY)
i ght and increasingly deep W/ light or other radiation is a fun@nental
and inportant technology utilized in the production of
phot osensitive polyner film (photoresist) is applt+et—over—asubslra &
surface (e.g., wafer) and dried. A photonask containing the desif=d.=
patterning infornatlon is then placed in close proximty to the photoresist
film The photoresist is irradiated through the overlying photonmask by one
of several types of imaging radiation including UV light, electron beans,
X-rays, or ion beans. Upon exposure to radiation, the photoresist undergoes
a chem cal change with attendant changes in solubility. After irradiation,
the substrate is soaked in a solution that develops (i.e., selectively
renoves either the exposed or unexposed regions) the patterned inages in

t he photosensitive pol yner 2 4 DEC 2~2 37_ film Depending on the type
of photoresist used, or the polarity of the devel oping solvent, either the
exposed or nonexposed ar eas of filmare reaned in the developlng process
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