" #$98R (e3eg=g44548~9N=6=T=[x 0 5 JUL 2002 POLYCYCLIC RESI ST
OSI-TI ONS W TH | NCREASED ETCH RESI STANCE BACKGROUND OF THE INVENTICN 1.
echnical Field The present invention is generally related to aggh orml st
conposition used in the manufacture of integrated ci rcwts (I C s)
parti cul arly, the 10 invention relates to a polycycli

pol ymer resist that has |ight absorbing properti eg at deep uI t rainwm‘m“mml“I\“"“n“l
(DUV) wave lengths. 2. Trends in the electronics industry contin
require 1C s that are faster and consune |less energy . To neet these *i66166*

Feat ur e di monsi ons. | Conduct | PG LMGYE TG ERIS T ERNVRRTHARS o aced ol oser
toget her. Reducing the spaci QgTieiNERE ATV UNCHRESISFANCBU! tS i ﬂ“"mmwmumulmﬂ

concomtant Increase in the efficiency of the 1C enabling a great
capacity ard faster processing of information on a conputer chip. TO =*goooo2*

Fesol ution 15 necessary In theArRGRAVPOETHERVERME . chomcal 1y
anplified photoresistis appingdi prrid he surface of a silicon wafer A Iatent

photo lithographic Inmage is forned on the resist by irradiating its surface
t hrough an overlying opmmkm@omraismcnqatlheelaj%maemhomrpsl@rcﬁmgsmon

i nformati on The ex d ar resi,st ' che al change
with attendant cH%{:ﬁdg cl'ﬁa’é”gfcﬁ‘b’l |°trf'§}°ﬂfﬁ‘é’d65f‘f'gr@ap SPCSR ichl Wegh “devel oped
in a solvenpt thatnveslidtielav@ly apsiRyax &iehh@h'llytahﬁ)hﬂé@95]@'%c9f:s%ﬂ@?&pﬁ%ﬁi3%hl
regions of the resist exposing the under |l yi ng wafer Accordingly, the resist
produces positi vebworbingpwpeies atrmgpgllmqulhe(f)rgkﬁé)kwa}@pmhmg upon the

sel ection of devel oper solvent The exposed silicon wafer substrate nateri al
is 30 renoved or changed by an etching process |eaving the desired pattern
in a functional |ayerjof then\@@fnezhcmeummnameJoeﬁhﬁlnym@faxe fhngt i ons
as a barrier 0 5 JUL 2002 -2 Etching generally involvés passing a gas

t hrough a chanbefasigndnd eonisuinadess hecrg:asT@yncapphgm specificpone Hiei l§l magboosat wo

Sheci oo oLt ohieBERHE s M P O B PR LR s iR

the chamber. Thepja@diHn®Pesd FacdeIeycatdpdiben RéFichgakdhading barwtehect ed to
the patterned substrate where they interact with the surface material

form ng vol ati | ecwdodmg bnqsrneaullarrea caromeidntf ingmesehe theefficiensy dRelectG ve i on

etching (R E) provi geswe defined vertical sidewal [r{pllesinthe
substrate as wel FRaRUNG g 8Esals SIOTRES Céﬁifé‘s‘r’ﬁ?i“éf@m%& ’1%1‘? BIAPEYON bt ause of

these advant agescodhpfef @R TY ScHiQR (RIAR I { AARNLEYS NG TeRECARS H};ﬁer
standard in IC manufacture. | O To achieve the finer feature sizes demanded
by today' $0speci P@@am*mrﬁOthbghﬁercCpﬂ%o l'i t hographic i magl ng resolution is
necessary. Hi gher resp lt| on, asl Poss € £ Eh horctaﬁ ]? d q t hs. p.f t he
source enployed to irradiate ﬁ‘“% rediar 'St 186 BB Ry

However, the pri @ﬁplﬁéﬂbn%@it@h@@bﬁi S18MERa R I\hﬁem;ﬁ.a@)l lhthegramt e ehygdas novol ac
polymers and the substituted styrenic polyners 15 contain aromatic groups

t hat inherently Bemﬁenuh’rrcnfealsh\nglay%bsusptunfz\ﬁet?arsugfh@ wleldgmhgtmmasf\ I | ght
falls bel ow about 300 radi ati,on c not fully

penetrate the |ov€e’}“'86‘£n‘%ﬁ°§"6$f‘i Hé“'f‘bé“'éf’““‘@&n?é‘aﬁémSWmfﬁgpé rfdtle

portions afs the RIS a ERGAEMRhan FUCh hidind 8k cﬂﬂgﬁsﬂfsoﬂlﬁﬂh@t TR phftéhed he
| ower portions. Wien the irradiated pattern is vel oped, "a tapered profile

is fornmed. 20 Accc@rsdlsnwrydf:\ﬂoned mea:mw@l thas ol eativ el rcxauvqﬁmmbehatxmsqrﬂe@t To
overcone these transpar enc¥ ciencies it F (}Jae a?‘%ested fo deﬁr ease
t he thi ckness of “thé ?céjsrf:‘s' "5?1 hESROPYY S BF N hkteEHENRgY eﬁcfaﬂ'iﬂé)fé
characteristics gkt bx%d[x@e%'p%guné'@rv‘ﬁ'c\ﬁﬁ\Lar?mdﬁsGleﬂsll RiebeIRIMROLPIFRRe art . the
enhancenment of one property is usually acconplished at he expense of
anot her . Becausesgitmivoréseetoprasarinl Ihe axmposgbnbeal \h/g'fcost@amtcmammatsure and

the substrates utilized in the manufacture of 1C s are pi cal l.y inorganic
(e.g., sil¥con), f%fﬁﬁbf*aﬁnggf by S BinE BrOGREIeaHng g e IRpiEmgRar ot ch

rate than the subgiligi# 4@} 9Fl‘f\@~k\ameﬁh@@pﬂbﬁ'n@gesﬁsh%a@rgl Rﬁ\@@@r%sas aWakder
thinner |ayers of resist ‘'materials enployed t0 overcone



0-5 JUL 2002 -3 transparency problem the resist materials were eroded away
before the unhderlying substrate could be fully etched. U S. Patent
5,625,020 to Breyta et al. discloses a chemcally amplified rqqgghj 2002
conposition including a polynmer conprising the reaction produc %

hydr oxstyrene with acrylate, nethacrylate, or m xtures thereof. Acrylate
pol ynmers have been proposed to overcone the transparency drawbacks of the
phenol i c- based phot oresi sts. However, tﬁe'gain in transparency to shorter
wave length UV is achieved at the expense of sacrificing the resists
resistance to RIE processes. 10 J. V. Crivello et al. (Chemcally Anplified
El ect r on- Beam Phot or ds¢lsng gerEreabiy iMadlees. passif® 8 gaSthr@igh-a3Bamperckmd oonibiaga

pol ymer bl end conprising 20 meight.?ercent of a free radically_polynerized
honopol yner of ahdgashyranelydnempRipRial BURP MY clestqdrsip theprgienp sl (g €850

wei ght percent f. 4= y-P ‘ I [iing
acid labile gr 034;})15 %}%&g&g g{al}'dg??%}hgé?rﬁ% Eﬁé}fc@ﬁ%%é;}%@g‘ﬁg%ﬁgﬁ%@gi{agxs% g’: ége(::mussed
supra, the increasbdratdplacddiihyhe empber. altheiohit speqés geneaedtin dic asya ot
aromatic groups renders these conpositions opagque and unusable for short
wave | ength i magiimaeted tihapruemerbsubsirate ovhsra thanmterad cridstae sebass sadteidns are

suitable only faqr_el ect - be t or esi nd ot i:l.jzed for
deep WV i magi ngc%frﬂgpg i‘lg%ﬁgrqr?ﬁu@oﬁo&%oarrg i%%os\lr(?ranﬁ?’éns}h%? QSfQCCQ}{l%\?}Ceﬂcdo}ét al. 20

investigated bl Q&*ﬂlirf?go('mE‘ﬁ%ﬂoiniéfs?vJ@ﬁQiaﬂﬁ&i dredal GlaswalY pblldian e/ QBRrat as e
etch rate to be unacceptable high for free radically pol ynerized

hormopol yners of webrdscubsirate woubsimtsetpriag undornityd Begbuseof ghese pdvantages,

I nt ernati onal Patent plication 97/33] 98 tq, The B. F. dri Conpany

i 'scl oes a chemlCHrrEaRD FEMPEd IS B PEPm S e IO R TR &

pol ycycli g pol ymer comf fhivBthe! (Giefdat e sizBd dcndia¥d BY quapdapéciAcdidns,abi | e

gr oups. Ile a variety of other pendant groups are” disclosed) no aromatic
groups are incl tniger photo flizledgraphivei nBeaiggresaluibroif nedeasdryv Higheoressluaoe s t hat
"If deep UV transparency is desired (L.e for 248 nnugnd %$rticularly 193
nrn wave Iengthi@%%@§0Wé§$wﬁﬁ@Wﬁ6N9W§ s ahihe P ELFRBIPKELIOHTATIAGHROf  ar omat i ¢

character." %gotwési&@@vﬁi\%ﬁ_w@‘?&S’Hjhﬂglb?‘ioww@rtﬂe hﬁorsﬁri éll]ot?reg‘i 84udiPfs @

phot or esi st conposition i's conpatible wth the genera em ca
anplification sahepinahfbripaiehygbizandvobiopphmencynd the Shistitutedsrgrehiepglymérsagi ng
radi ati on while being sufficiently resistant to a reactive ion etching
processi nf envi reR@EMromaticeoypRhaomhereptly Regorer inpreasingly absogivsrastheo b ect

of the invention ta,provige t or.esi 0Si L i, Si :

ol yoyal ¢ pol yrah ST b Forf (ABERT Bqth 268 BT 2 bafRaGr Bt Thd)ahigy

i magi ng radi at i Qan ABCRINIP PeRdtANCH e 1O PO il i BEac Tonesueddy, e duSfade
further object of the invention to provide polycyclic polyner having
recurrent pendarmorégnspdtheresjptoagesve a much larger dose of radiation than the lower

portions. When the irradiated pattern is developed, a tapered profile is formed.
20 Accordingly, fine feature resolution can not be attained. To overcome these
transparency deficiencies 1t has been suggested to decrease the thickness of the
resist in the hopes of increasing the transparency characteristics of the resist.
However, as is common 1n the polvmer art. the enhancement of one property is
usually accomplished at the expense of another. Because photoresist materials
25 are generally organic in nature and the substrates utilized in the manufacture of
IC’s are typically inorganic (e.g.. silicon), the photoresist material has an
inherently higher etch rate than the substrate material when employing the RIE

process. With thinner layers of resist materials employed to overcome the



't is a still further object of the invention to provide a nethod for
waki ng '‘pol ycyclic polyners with pendant aromatic groups. It is another
obj ect of the invention to provide positive and negative tone ~ resjsts.
These and ot her objects of the invention are acconplished by ﬂh@ﬁy&iigia
cyclic polymer for use in positive and negative tone resist conpositions.
The polyner is obtained by polynerizing,a polycyclic nononer containing
prot ect ed pendant hydroxyl substituted aromatic groups. Surprisingly the
pol ymer ' ?0 conpositions are transparent to DUV and exhibit excellent R E
resi stance. DETAILED DESCRI PTI ON OF THE | NVENTI ON The present invention
rel ates to a retrsparonppwblennrnherssist ingierals avepoerodgdavay briorges cont ai ni ng

recurring pendant,aromatic grou al t.he pol yner backbone. In one aspect
of the inventi oH’,‘detrhé‘_‘gps}”é@éﬁ? C%‘Qﬁ)‘?ﬁé‘ﬂg‘gﬁ?}é"%pr epared by pol ynerizing a
reaction nmedi um conpyj $ipagkn?5%29/02008 BreJtLetal idischidbsd EemtieslyRahpmieal i C
nmononers set forth under Fornmula I. In another aspect of the invention, one
or snore of theresishcomepasitadn iRcludinga golymer doaprising| thereactacprod@rt 6 JUL 2002

-5 wi th nonomer el ected from For nul 1) Formula Ill, Eottnula IV, and
m xt ur es t5hereo?‘§’§r?ﬁ§yrﬁﬂ?18’ @W&‘C*#B?‘ﬁiﬂrél)éter or; gixtFes, theregb s AFTYiats

her ei nbel ow. M | rone I tLNg the
pendant aronati ngﬁ[?zstﬁv%gﬁ%dsp g?%%’ g%?éﬁg%%g%&ﬁﬁ%ﬁg%%gﬁﬁmf mR i

R ~ Ra phenolic-based photoresists. However, the gain in transparency to shorter wave

length UV is achieved at the expense of sacrificing the resists’ resistance to RIE
processes.

10 J. V. Crivello et al. (Chemically Amplified Electron-Beam Photoresists,
Chem Mater.. 1996. 8, 376-381) describe a polymer blend comprising 20 weight
percent of a free radically polymerized homopolymer of a norbornene monomer
bearing acid labile groups and 80 weight percent of a homopolymer of
4-hydroxy-c-methylstyrene containing acid labile groups for use in electron-

15 beam photoresists. As discussed supra, the increased absorbity (especially in
high concentrations) of aromatic groups renders these compositions opaque and
unusable for short wave length imaging radiation below 200 nm. The disclosed
compositions are suitable only for electron-beam photoresists and can not be
utilized for deep UV imaging (particularly not for 193 nm resists). Crivello et al.

20 investigated blend compositions because they observed the oxygen plasma etch
rate to be unacceptably high for frec radically polymerized homopolymers of
norbomene monomers bearing acid labile groups.

International Patent Application WO 97/33198 to The B.F.Goodrich
Company discloses a chemically amplified photoresist composition comprising a

25 polscyclic polymer containing repeating units having pendant acid labile groups.
While a variety of other pendant groups are disclosed, no aromatic groups are
included. In fact, the Background of the Invention states that “If deep UV
transparency is desired (i.e., for 248 nm and particularly 193 nm wave length

exposure), the polymer should contain a minimum of aromatic character.”



R to R independently represent hydrogen, -(CHz) C(O OR wherein Ris
hydrogen -or "l i'near and branched (C, to C 0) alkyl and at |east one of R to
R4 nmust be selected fromthe foll owi ng aromati ¢ contai ni ng suﬁagtituents:
:G_-(CH)NG -(OQCH)~G -CONHCH)~G -(CH)~O0G JuL 2002
-(CH2) ~OC(O Q(CH,)~G -(CH, )~NHC(OG mis an tntcger of 0 to 5, preferably
0 or 1; n independently represents an integer of 0 to 5; and Gis an
aromatic group selected fromthe followng noieties: txi,. \ \ / ~\ 1/ tx)
tx), cx). tX),.. V. \/ ~/ (\),.. (X),~" and ~i ~~ i cx):. fix);. 05
JUL ~2 -6 5 10 wherein X independently represents OR' or RS. As

il lustrated here andAcherdinghothere isistillapeed foreaphotaresisticomposidomwhiphder st ood

t hat the unsubstit ut bo lines,projecting fromthe cyclic sfructures
and/ or fornul aec?‘@B?tg’i%mtggﬁ’Feg%T%Ege@fﬁ\mpgﬁc H Ao P'ioglc%f_oms are
bonded to the adhacehciR Soh!vdve Thigl !{rﬁa’s%ixﬂéélfagﬂﬁgnleilyi}@i_n@%ﬁﬁﬁ:?én'tl‘ﬁe

formul ae. As is conventional in the ar I agonal orientation’of the
bond |ines proj esistangtd & reactivecon erchimg prbeesding envigmmiendi cat e t hat t he bond
is optionally connected to any one of the carbocyclic atonms in the ring; a,
a' and a" represent the nunmber of times substituent X is substituted on the

ring system wherein ais an |§ﬁ§m5‘;{¥@£~ﬁﬂmhh€v RTION @n integer from1l
to 3; RS ydE

to 4, and a" is an integer from rogen) |inear and branched
(C to C o) alkyl, -G(i©xgEReraltatiecaby dicojpyemivyilto ptoviddetapliot@ndstifomposition

hydr ogen; a hal ogen atom sel ected from bronine, chlorine, fluorine, and

i odi ne; cyano, &PMAPEEBE aPelysyclic(Rfxer-gompysition that iy transparentito shorywayve
together with t ri ! 0, i 1~ ' ; they are
attached can fo?e%ggl\r/l\&frgﬁ)%grta ?@’5’?%&@‘@%@%‘8 48{‘:12‘3“@ rrlocaegsgfb‘r's such as phenyl,

napht hyl ,jpand ant hr agEe¥lfuier dbfeciEMRiSEkntieh & Brovide ipelydyeliepot@néai ni ng at
| east one heteroatomwherein the heteroatomis substituted with G as
defined above. TawngrestEenipegdaupomAtic@roupsi4 car bon atons can be

Subety LUt ed by, X as B R SRS R AR

below. m( X | agygl A3y més VihWendOR 2ronfaticRepiRsent at i ve nononers set
forth under Forﬁalygglﬂcgﬁeﬂpl Isust 'Fa;{led bel owc%?h (%—Iz)~ ~~( X)), m

It is another object of the invention to provide positive and negative tone
15 resists.
These and other objects of the invention are accomplished by providing a
cyclic polymer for use in positive and negative tone resist compositions. The
polymer is obtained by polymerizing a polvcyclic monomer containing protected

pendant hydroxy| substituted aromatic groups. Surprisingly the polymer

20 compositions are transparent to DUV and exhibit excellent RIE resistance.

DETAILED DESCRIPTION OF THE INVENTION
The present invention relates to a resist composition comprising a
polycyclic polymer containing recurring pendant aromatic groups along the
25 polymer backbone. In one aspect of the invention, the present polymers are
prepared by polymerizing a reaction medium comprising one or more aromatic
substituted polycyclic monomers set forth under Formula I. In another aspect of

the invention, one or more of the monomers of Formula I can be copolymerized



A0 A (X), m(X). (CH)~OC(O) LA\ (X),. mCONHCH ),~ (h). v
m(cH)~o ~ (X), (X); (X m(CH)"NHC(O (X)a i \ \ ~~/ [/ (X)a" mON O |
~X)a f m,~ ,~X~a. m(CH ) ~0C(O (CH ) ~~ (X) .- 0 5 JLIL 2002 -g_

The nononers of Fornula Il contain a pendant acid | abile grogm ggLsigwn
below, 511 mRs R6 R~ Ra 10 wherein Rs to R8 independently represent a
substituent selected fromthe group - SA)"C(O)CR") -(A"-C(OOR, -(A"-0OR
-(A"-0(OR -(A"-COR -(A~-O0(OOR -(A)~-OCH=C(O R,
-(A~-C9QOCA-0CHQQ OR*, -(A)~- 0O - A'-C(O)OR*)
-(A AR G4(R)(C(C))O?**), and

th monomers selected from Formula I1, Formula III, Formula IV, and mixtures

thereof. The monomers of Formulae I to IV are described hereinbelow.
Monomers

5 The polycyclic monomers containing the pendant aromatic substituents

are represented by Formula I below:

l I m

RTR2 p3 R

—
N

R'to R* independently represent hydrogen, -(CH,)C(O)OR, wherein R is
hydrogen or linear and branched (C, to C,) alkyl and at least one of R' to R* must
be selected from the following aromatic containing substituents: -G, -(CH,),G,
-C(0)O(CH,),G. -C(O)NH(CH,),G. -(CH,),0G, -(CH,),0C(0)O(CH,),G,
-(CH,),NHC(O)G: m is an integer of 0 to 5, preferably 0 or 1; n independently

20 represents an integer of 0 to 5; and G is an aromatic group selected from the

following moieties:

S ee {}@

(X)a
(X) g

(X)yo (X



1 ~-(A~~CR,CHCOOR * ), subject to the proviso that at |east one of
RS to Re.is selected froman acid | abile group containing R preferably,
-(ANC(OOR*; mis an integer fromO0O to 5, preferably 0 or £ d@®
independently represent a dival ent bridging or spacer radi cal 050Uk ¢ from
di val ent hydrocarbon radicals, divalent cyclic hydrocarbon radicals,

di val ent oxygen cont ai ni ng radlcals ang di val ent cyclic ethers and cycllc
diethers, and nis an integer of 0 or VWen nis 0 it should be apparent
that A represents a single coval ent bond By divalent is nmeant that a free
val ence at each termnal end of the radical are attached to two distinct
groups. The di vahenin Xynileperadebtiy rapagsentalGR (‘:ahRBeAtSebl#S@@@dtmtt@,d the fornul a
- (CdH2d) - where. d r ents he nunber of carbon at the | ene
chain and is antfoH B\é‘r‘ ¥rsBhi cat"(i’“i‘(‘)'s o8 uﬂﬁ?fé@%fhaﬁ r”t?&'é cflléfﬁ?écal s are
preferably sel eﬁﬁe@ rdj Eamglt‘r&ﬁ@{e Rl Qﬂi@dﬁ&@?%c{/&: fokRulbe %rébrlﬁ}’th@ﬁ&nt%‘é@h as
nmet hyl ene, ethyl en propyl ene) butyl ene, pentylene, hexyl ene eptyl ene,
octyl ene, nonyl eheh tlam@:btmqylhcemems‘#aebnnkicétmtﬂleddjatwhwﬂ@u}aamomaies are
contenplated, it is to be understo L 2002 -9 S hydrogen
atomin the |.né%fwea|ukmeéﬁ@eeh\eﬁ lhrdag. egﬁ i eirionLin s A8 e o8mah e (C
to C5) alkyl gr r

substituted and%s&%ﬁf%t eggq%ﬁgpgjgﬁngﬁwg% CP%E%W‘% ﬁg stplbfeEgJe‘{ﬂ:ﬁ
represented by tha®&ohdisaptidnalRacomected)osany che ofittercarboceclic atemain thatieger from
2 to 7 and Rg when present represents |inear and branched (C, to C o) alkyl
groups. Preferrad andal @mesevdh%ammmr@%@%dewm Rdf &H@“W BpeafiERene
and cycl ohexyl eag, APl AR 2R SRGRF BEmDold18 £ ah i RMA% oM § U5k Wiy id~ B

Ra wherein Rq i ined a ove rerefre ent cyclic ethers and

di ethers 1gre repfpggRt #mbyiot HER Sty MakodedSlineal B Bialie@NC, @@ geRkaont ai ni ng
radi cal s i ncl ude gﬁ to C,0) alkylene ethers and pol yethers By (C, to C, 0)
al kyl ene et her i Hmtlﬂtrﬁaﬁf@bleanbbt‘é?ll%m&” sthydeagsnin kaleges atamt he

di val ent et her %Zl et

t be 2 d t Th
G val ont ol ko orecRdlpt Spdine Sine fudr &) o B b St Group"®
-C(0)O-t-butyl.

In Formula I R' and R* together with the two ring carbon atoms to which
15 they are attached can form an aromatic group of 6 to 14 carbon atoms such as
phenyl. naphthyl. and anthracenyl or a 5 membered heterocyclic group containing
at least one heteroatom wherein the heteroatom is substituted with G as defined
above. The aromatic groups of 6 1o 14 carbon atoms can be substituted by X as
defined above. Representative monomers wherein R' and R* taken together form

20 an aromatic or heterocvclic ring are sct forth below:

-
-



0 5 JUL 2002 - 10 5 -alkylene-O al kyl ene- wherein each of the al kyl ene
groups 'that are bonded to the oxygen atom can be the sane or different and
are selected from net hyl ene, ethyl ene, propylene, butylene, peﬁtil ﬁge

hexyl ene, heptyl ene, octyl ene, and nonyl ene. The sinplest dival¥ J I@?ene
ether of the series is the radical -CHz-O CH,-. Preferred pol yet her

noi eti es include divalent radicals of the fornula: -~CH2(CHZ)x0}Y 10 15
wherein x is an integer from1l to 5 and’'y is an integer from2 to 50 with
the proviso that the term nal oxygen atom on the pol yether spacer noiety
can not be directly linked to a term nal oxygen atom on an adj acent group
to form a per oxRERrepgniKiyganonomens $es forthountis) Fommuxl dee illistlegagdelqv:. e. , -0 O)
are not contenpl ated when pol yether spacers are linked to any of the

term nal oxygen containi ng substituent groups set forth under RS to RB
above. In the above fornulae R represents hydrogen and |inear and branched
(C, to C o) alkyl. and R represents noieties (i.e., blocking or protecting
groups) that are cleavable by photoacid initiators selected from -C(CH3) 3,
-CH(RP)OCH, CH,. -CH(Rr)OC(CH,),. or the follow ng cyclic groups: H3C CH3 RP

RPRPRPOOO 0 0 5 JIfL 2002 5 10 15=nherein Rp represents

hydr ogen or a r or branched (C, to Cs) Kyh group. The al kyl
substituents i e nethyl, ethyl) propyl, —pxopyl, butyl, i-butyl)
t-butyl, penty pentyl and neopentyl. In t ybove structures, the
single bond i &} ecy Rg fromthe cyclic gkexpsmi ndi cates the carbon
atomring position(a\hze“r protecting grouy i s\bopded to the respective
substituent. Exanples ok=alig,l abile grou -nmet hyl -1 - cycl ohexyl

i sobornyl, 2- rre - 2i sobornyl”, 2-net hY A-aganan , %et r ahydr of ur anyl ,

t et rahydr opyr agyl+7 3- oxocycl ohexanonyl ;" “freval oni c | actdh - et hoxyet hyl ,
1-t-butoxy et di cycl opropyl nethyl (Dcpm, and di net hyl cycl opropyl net hyl
(Drcp) groups. i ndependently represents R and R* as defined above. The
Dcpm and Dntp greqpstare re ctively represented by the foll ow ng
structures: -CH, ¥ @?O@Q‘ Pol ycyclic noomexs of the above formul a

with a substituent selecte —
o [\
\—"7

N\

0D

(CH,),NHC(O (X),
m (X)‘ 4
<CH:>noc<0> OO
(X),
(X),
m m
C(O)NH(CH,)"© o
(X), ©

LoD

m (X),
o)
(X),

m

(CH,),0C(0)O(CH, )"®
(X),

oo
)

()
ko



?0 fromthe group -(CH )~C(R.CH R (C(OOR* *) or

- (CH2)~C(R),CH(C(O OR**)z can be represented as follows: R ~a-1, oo,R. "'J
n, ~/\' RR.. ~dJm.. /\ __ RRwherein mis as defined in Forrmula | above
-and nis an integer fromO to 10. 0 5 ,1UL 2002 - 12 It gl 262
apparent to those skilled in the art that any photoacid cleavable noiety is
suitable in the practice of the invention so |long as the pol ynerization
reaction is not substantially inhi bi t &d- by sane. The nononers of Formul a
1l contain pendant neutral or polar 5 substituents as illustrated bel ow
1l m10 ~w" ~z RR o RaR wherein Rto R = independently represent a
neutral or polar sUhstmdneerts afdcmubdIfcootain dpendamapid laike) gro@f & OR",

(A =R, (A ~OLOR, -(A~-C(QR) 1 ~-(A~ AQR', -(A)~

OO GO R, W VA - O OR', -(A~-0Y(O-A-QO R,
-(A-COOA-OR', -(A~ JO9-A-OR', -(A"-C(QOA-O(OCR".
-(r1)"-C(OO0A-OA-C(OR", -(A~-COOA-CC(OCO)CR'".
-(~)~-CR),CHR)(C(OXK"), and -(A~-CR)=CHCOOR" ):: and mis an
integer fromO to 5) preferably 0 or 1. ''0 The noieties A and A

i ndependent |y represent a dival idgi ng or spacer radical selected from
di val ent hydrocarbon radicals, divalent cyclic hydrocarbon radicals,

di val ent oxygen contai ni ng radi cats{ land di valBnt cyclic ethers and cyclic
diethers and n is an integer 0 € Wen n is 0 it should be apparent
that A represents a single cova omd. By divalent is neant that a free
val ence at each ''s termnal end{of{&he radical are attached to two

di stinct groups. The divalent R3ps p7 R3

10
wherein R’ to R® independently represent a substituent selected from the group
-(A),C(O)OR*, -(A),-C(O)OR. -(A),-OR, -(A),-OC(O)R, -(A),-C(O)R,
-(A),-OC(O)OR, -(A),-OCH.C(O)OR*, -(A),-C(0)O-A'-OCH,C(O)OR*,
-(A),-OC(0)-A’-C(O)OR*, -(A),-C(R),CH(R)(C(O)OR**), and

135 -(A),-C(R),CH(C(O)OR**), subject to the proviso that at least one of R* to R¥is
selected from an acid labile group containing R’, preferably, -(A),C(O)OR*; m
is an integer from O to 5. prefcrably O or 1.

A and A’ independently represent a divalent bridging or spacer radical

selected from divalent hydrocarbon radicals. divalent cyclic hydrocarbon radicals,

20 divalent oxygen containing radicals. and divalent cyclic ethers and cyclic
diethers, and n is an integer of 0 or | When n is 0 it should be apparent that A
represents a single covalent bond. By divalent is meant that a free valence at each
terminal end of the radical are attached to two distinct groups. The divalent

hydrocarbon radicals can be represented by the formula -(C,H,,)- where d

tJg
"

represents the number of carbon atoms in the alkylene chain and is an integer
from 1 to 10. The divalent hydrocarbon radicals are preferably selected from
linear and branched (C, to C,,) alkylene such as methylene, ethylene, propylene,
butylene, pentylene, hexylene. heptylene, octylene, nonylene, and decylene.

When branched alkylene radicals are contemplated, it is to be understood that a



hydrocar bon radi cals can be represented by the fornula -(CdH2d)- where d
represents the nunber of carbon atonms in the al kylene chain and is an
integer from1l to 10. The dival ent hydrocarbon radicals are preferably
selected fromlinear and branched (C, to C o) al kylene such a@ Sgtuby2téhe,
et hyl ene, propyl ene, 0 5 JUL 2002 - 13 5 to 15 butyl ene, pentyl ene,
hexyl ene) heptyl ene, octyl ene, nonyl en and decyl ene. Wen branched

al kyl ene radicals are contenplated, if 71§ to be understood that a hydrogen
atomin the linear alkylene chain is replaced with a linear or branched (C,
to CS) al kyl group. The dival ent cyclic hydrocarbon radicals include
substitut ed andydreganstont intthe lings a{l@l@a)ch@ms walacechwith ¢ limgarearibsanched
represented by éhe égr la: Rq --c wherein a""~is an integer from2 to 7
and Rq when prdSefft ¢éB$%§E%Ps | i near and branched (C, to C o) alkyl
groups. Preferred d'ﬂé'o?vfmerﬁxgéml YRR nTaHLAR IR 1R SLbiiRnEy slopent yl ene
and cycl ohexyl ene noieties represénted by the followng structures: Rg Rq
' 0 Werei n Ranbsbsdafied @l t@alpmeycabpleaticanbickiasabmatentddlyithe firmates and

diethers are represented by the structures: OO"' 0 ~ 5 JUG ~ - 14 The
di val ent xygen containing radi cals include (Cz to C a) al kyl ene ethers and
polyethers. By (C. to C o0) al kylene ether R§ neant that the total nunber of

carbon atons in the divalent ether noie nust at | east be 2 and can not
exceed 10. The dival ent al kyl ene et her re represented by the formula 5

- al kyl ene- O al kyl ene- wherein each-e#{nme(@mngene groups that are bonded
to the oxygen atom can be the sane or Q;ityggnt and are selected from

nmet hyl ene, ethyl ene, propyl ene) butyl enes—pentyl ene, hexyl ene, heptyl ene,
octyl ene, and nonyl ene. The sinpl est dival ent al kyl ene ether of the series

is the reglical wierkin@'CHean id?él_:g%f‘ Goh T tdPhNER NORen BRIt RPreserits HAGrdhyal ent
radi cal s of the 10 formul a: - ECH-(CHz) x0}y

branched (C, to C,;) alkyl groups. Preferred divalent cycloalkylene radicals

include cyclopentylene and cyclohexylene moieties represented by the following

structures:

15 R4 qu

wherein R9 is defined above.
20 Preferred divalent cyclic ethers and diethers are represented by the

structures:

0 0 \[O
Q. | Q . OQ
The divalent oxygen containing radicals include (C, to C,,) alkylene
ethers and polyethers. By (C, to C,,) alkylene ether is meant that the total

number of carbon atoms in the divalent ether moiety must at least be 2 and can

not exceed 10. The divalent alkylene ethers are represented by the formula



wherein x is an integer froml to Sand y is an integer from2 to 50 with
the proviso that the term nal oxygen atom on the pol yether spacer noiety
can not be 1 ~ directly linked to a term nal oxygen atom on an adj acent
group to forma peroxide |inkage In other words peroxide |inkag&sjfj -2802
-0 0) are not contenpl ated when pol yether spacers are linked to any of the
term nal oxygen containing substituent ?@oups set forth under Rto R
above. Rto R = can al so independently represent hydrogen, |inear and
branched ' 0 (C, to C,0) alkyl, so long as at |east one of the remaining RO
to R12 substituents is selected fromone of the neutral or polar groups
represent ed abovalkyRne-Ohdkplenctarhersin caghy efdbnelkylepegrogpnthal arabandesig the
branched (C, to C o | kyl, ,li.near and.branched ( C, 0 | koxyal kl ene
ol et her s monGEyem Somfan Boraphe R dieer il gnaer elested S5t bedbiFr ot | os,
cyclic ethers, Gwjldre, ﬂﬁ%bﬂ@ﬁébu%’%e??&ﬁil_@n@ﬁ&ﬁfl@né, heptyleh@eb§Nge) andBy (C, to
C',) alkomal kv lene is neant that a term nal al kyl group is’linked through
an et her oxyen aoyeno Hre sinplestediealomi abtyeneEitleer oéi thiecsaties is the tagidalocar bon
based et her noieLy, t o e generijcally represented as .. 5 JUL 2002 -
15" ab ky ene- O-GHRH-Chvor G rren SO Bl mnteush BiRe i lsed tdicals Al dBendent | y
contain | to 10 ¢gafhgn atons each of which can be linear or branched. The
pol yet her radi cal can be represented by the fornula: -(CH-(CHZ)xO-y-Ra
wherein x is an integer froml to 5, y is an integer from2 to 50 and R
represents hydrogen or linear and lyanetHq) O%—to C o) alkyl. Preferred

pol yet her radical s include polyethyl ene oxide) and pol ypropyl ene oxi de).
Exanpl es of 10 nonocyclic cycloaliphatic nonocyclic noieties include

cycl opropyl, cyclobutyl, cyclopentyl, cyclohexyl, and the |ike. Exanples of
cycl oal i pfati ¢ paeyaty ®li$ an idget frem I RCI axdiey isnarlimegat fronad asrem inth, the

t et rahydrodi cycl opent adi enyl (tricvclo[5.2.1.0 =] decanyl), and the |iKke.
Exanpl es of cycIPreviga thatthe terginad exygen aigm an e pysphersnerer Broiein gaft wgs\peany|

noi eties. An exag f cyclic ketone ~ i s a.3-oxocycl ohexanonyl .
ot ety An examareefy ke S ftmlng! 898 fop e hebod o BIFE RN
noi ety. R and Rimk&a) 1R@tHeak@ndst 9&3&#24;@%1%%@ éft.é),ed-onpa:sﬂsmme@mﬁsd to hick
they are attached to represent a cyclic anhydride group as shown bel ow
20mO00 Wher ei n mties palyethef sprscrsabolmeked Thenynoftbertarmiredl okxgemebatalihg ncl ude a
gaﬂdgggzh%drOCarsggsltitfelill?grtolutpygerl]tfo%sux?deetr RS Rfladyet e formila below 05
In the above formulae R represents hydrogen and linear and branched
(C, to Cyp) alkyl. and R* represents moieties (i.e., blocking or protecting groups)
that are cleavable by photoacid initiators selected from -C(CH,),,

-CH(R?)OCH,CH,. -CH(R")OC(CHj,).. or the following cyclic groups:

LR R A
OIS



- 16 IVmRya RsR b wherein R" to R 6 independently represent hydrogen
or linear-or branched (C, to C,0) alkyl and mis an integer fromO0 to 5,
preferably 0 or 1. O the above al kyl substituents, decyl is especially
preferred. The pol ynerization of alkyl 10 substituted nononer §% gub 2002
pol ymer backbone is a nmethod to control the Tg of the polyner as disclosed
in U S Patent No. 5,468,819 to Goodall et al. Thererare several routes to
pol ynmeri ze the pol ycycl ool efin monomet 4 lof the invention incl udi ng: (1)
ri ng-openi ng netathesis polynerization (ROW); (2) ROW followd by
hydr ogenati on; and (3) addition polynerization. Each 15 of the foregoing
rout es pr oduceswpeakinrRArspresdnits Inmlecdehior adinearadrirashes((Ghow) alkyltgreupdi agr am
bel ow ~u= 17 5 10 rog nauo Addi ti on
Honopol ynenzatlyi’ff?l@)]zl SA"W%’(E‘FVH‘EF’CHE’S “éh;él PIPRY ehPrOQYEg ‘Eygr‘é’” an that of
an addition '? r r i.ih one
less cyclic uni ?bl%rgghé(rﬁ?l,tpénﬁ% MRBhR! KA MIVE sRuétfREahe Ynkfe Bihb

line projecting from the cyclic groups indicates the carbon atom ring position

5 where the protecting group is bonded to the respective substituent. Examples of
acid labile groups include 1-methyl-1-cyclohexyl, isobornyl, 2-methyl-2-
isobornyl, 2-methyl-2-adamantyl, tetrahydrofuranyl, tetrahydropyranyl,
3-oxocyclohexanonyl, mevalonic lactonyl, 1-ethoxyethyl, 1-t-butoxy ethyl,
dicyclopropylmethy! (Dcpm). and dimethylcyclopropylmethyl (Dmcp) groups.

10 R** independently represents R and R* as defined above. The Dcpm and Dmcp

groups are respectively represented by the following structures:

M

15
Polycyclic monomers of the above formula with a substituent selected
from the group -(CH,),C(R).CH(R)}C(O)OR**) or -(CH,),C(R),CH(C(O)OR**),
can be represented as follows:
20
R QOR™
<G£k7<<oo_\R" 4G%k7<<co,R
M RR ™ RR
25

wherein m is as defined in Formula I above and n is an integer from 0 to 10.



did the starting nononer. The repeat units are |inked together in an

unsat ur at ed backbone as shown above. Because of this unsaturation the

pol ymer preferably should subsequently be hydrogenated to conf%% oxi dative
stability to the backbone. Addition polyners on the other han b A c=C
.unsaturation in the pol yner backbone despite being formed fromthe sane
nononmer. The nononers of this inventiog can be polynerized by addition

pol ymeri zati on and by ring-opening net hesi s pol yneri zati on ( ROWP),
preferably, w th subsequent hydrogenation. The cyclic polyners of the

present invention are represented by the follow ng structures: 0 5 JU
2002 - 18 5 R R, It shonldrbgrapmrenrinhosgishitiedon theoar happsrrhiotearid to R'

i ndependently represent .R .to. .as, defined.n .Fornulae,l to. JV above, m
is an integer f‘ﬁgarﬁagﬁt"bo’gydﬁEf“ngCe'Bi}ées%rﬁflécetargéhenlﬂﬁgg}rjoné? long &P ng units in
the pol ymer back{lomerizateh aéatabsis Hoe si¥sidntingy wmARied ®f shite. present invention
are polynerized in the presence of a netathesis ring-opening polynerization
catal yst in an appr oprd mpeorserk w€ AormiNeTHedstaof pgpdiuymeniraliongolar a ROVP and

t he subseguent h dro?enatjon of g%e ring-opened pol ynmers so obtained are

di scl osed i n U, BOSERERHPS NYstratehdBOW53 47 | and 5,20' '.388 which are

i ncorporated herein by reference. In one ROW enbodi nent the polycyclic
nononers of the invention can be polynerized in the presence of a single
conponent rutheni um or osm um net af “cax bene conpl ex catal yst such as those

di sclosed in Intetnational Patent i cati on WO 95- US9655~. The nononer
to catalyst ratio enployed shoul d - ange fromlabout 50:1 to about
5.000: I. The reaction can be conducted i n hal ohydrocarbon sol vent such as
di chl or oet hane) di chl oronet hane, tkl arobanzene and the like or in a

hydr ocar hgon sol vent such as tol uepéd. e anount of solvent enployed in the

reaction nmedi um should be sufficipg

ol RChi eve a solids content of about 5
to about 40 wei ght percent, with 6 to

5 wei ght percent solids to

¢

wherein R° to R'” independently represent a neutral or polar substituent selected
from the group: -(A),-C(O)OR", -(A),-OR". -(A),-OC(O)R", -(A),-OC(O)OR",
15 -(A),-C(O)R”, -(A),- OC(0)C(O)OR", -(A),-O-A'-C(O)OR",
-(A),-OC(0)-A'-C(O)OR", -(A),-C(O)O-A’-C(O)OR", -(A),-C(O)-A'-OR",
-(A),~C(0)O-A’-0C(O)OR". «(A),-C(0)O-A"-0-A"-C(O)OR",
-(A),-C(0)O-A"-OC(0)C(OIOR ™. ~(A),-C(R"),CH(R")(C(O)OR"), and
-(A),-C(R"),CH(C(O)OR"),: and m is an integer from O to 5, preferably 0 or 1.
20 The moieties A and A’ independently represent a divalent bridging or spacer
radical selected from divalent hydrocarbon radicals, divalent cyclic hydrocarbon
radicals. divalent oxygen containing radicals. and divalent cyclic ethers and cyclic
diethers. and n is an integer 0 or 1. When n is 0 it should be apparent that A

represents a single covalent bond. By divalent is meant that a free valence at each

4

235 terminal end of the radical are attached to two distinct groups. The divalent
hydrocarbon radicals can be represented by the formula -(C,H,,)- where d
represents the number of carbon atoms in the alkylene chain and is an integer
from 1 to 10. The divalent hydrocarbon radicals are preferably selected from

linear and branched (C, to C,,) alkylene such as methylene, ethylene, propylene,



0 5 JUL 2002 - 19 solvent being preferred. The reaction can be conducted
.at a tenperature ranging fromabout 0C to about 60C, with about 20C to 50C
being preferred. A preferred netal carbene catalyst is

“bi s(tricycl ohexyl phosphi ne) benzyl i dene rut heni um Advant ageo@s% JULi 204 as
-been 5 found that this catalyst can be utilized as the initial ROW
reaction catal yst and as an efficient ,hydrogenation catalyst to afford an
essentially saturated ROW pol yner. BB addi ti onal hydrogenation catal yst
need be enployed. Following the initial ROW reaction, all that is needed
to effect the hydrogenation of the polyner backbone is to maintain hydrogen
pressure over Qutdenes pertylsac.rhsyylans. RepylEng, acsriprs: aprilencagnsdecylsset |1 00C but

| ower than ab 220C.. preferabl v b l. 50 0 C. The
addi tion pol yonﬁ‘gn %‘fmf}heg ag‘?YZ%'Er{?g'fﬁgé‘\r%ﬁ?’ghe%t@#E%é‘ lﬁfoe%%‘%'gd%i?#‘i%oﬁgtaandar d
free radical sgldiddeRatdd®in/ike linéatali@le¥RhRRdS rdplRbd Mt alRichr ditRiithey t hose
skilled in the art. The nononers of Formnul ae to IV can be free radically

1 ~ honopol ymeK 2eds)atkydgpnipymenzed in the presence of S02 or malefic

B o o PR S S oS B )
General ly, t h%r@%k@i%é&gé,% lzey %Qidéﬁﬁﬁit?cerﬁoiéﬁé‘s r"eﬁx%&‘én@éﬂi Bidieforal v at ed
tenperature of about 50Cto 100C in a suitable Sol vent “such as tol uene or

THF) with a small anmpunt of free radical 20 catalyst initiator such as
benzoyl | peroxide Altematively, and prgierably . the nononers of this
invention are addition polynerized in_y¥he presence of a single or

mul ti conponent catal yst system co i g a Goup VIIl netal ion source
(preferably palladi umor nickel). i % Goup VIIl metal catalyst
systensl@re disclosed in Internati eht Application Publication WO
97; 33198 to The B. F. Goodri ch Conpa entire disclosure of which is
hereby incorporated by reference. Surprisingly, it has been found that the

addition poly SQ, Pr : totr P ncy. f.a_deep W

i ght down tor@lg%elﬁ aﬁ%i@%ﬁ?ﬁ‘g?{& ?@%F L S\éﬁg{\%{egg@égérgser% Salg\eﬂ%’edl on
etching. 0 Srdtdhe@@O2i0-C AQlkylReoups e Paitéredl QIoAlYATRY SloMtkylehé fadidakent i on are
pol ymerized fromreaction mxtures conprising at |east one polycyclic
monomer sel ectisdufie eyplepsniniingand cvelobaxyleanmoieties atraesgated dy shefollovingi ni n
G oup Vk%l metal jon source. The catal yst system can be a prefornmed sing
conponent G ouP AU met al based catal yst or a nulticonponent Group VII|
netal catalyst. A single conponent catalyst systemuseful in making
polynmers utilized in this invention is represe qed by the fornmul a:

E"Ni (C6F5)i 10 wherein n is 1 or R%nd E represents a neutral 2 electron
donor ligand. Wien n is 1, E preferably is a—#arene |igand such as

t ol uene, benzene, and nesityl ghe. ) Wien p_i is preferably sel ected
from di et hyl ether, THF (tetralyyt$of uran), hdi oxane. The ratio of
nmononer to catalyst in the reaction mediumcan range 1 ~ from about S000: 1
to abouf050: | with a preferred ratio of about 2000:1 to about 100:1. The
reaction can be run in a hydrocarbon solvent such as cycl ohexane, tol uene,
and the |ike athdgeindipsdabitidabostige from about 0C to about 70C, preferably
10C to about 50" C e, enably. f 2 0 -10C.
Preferred catalystgﬂg&ngﬁgﬁggﬁsgy$%fhﬁf%&gﬂ%a?%g%ﬁgﬁé%%gg%ggr%Fuorophenyl)
"0 nickel, (Jm®giudres:ene)bi s(perfluorophenyl) nickel,
(benzene) bi s(perfluorophenyl) nickel,

bi s(tetrahydrof uran)bi s(perfl uorophenyl) nickel and

bi s(di oxane) bi s(perfl yorophenyl) nickeh Mononeks Pr@paration An economi cal
route for the prepar at | the substityted pol ycyclhc nononmers of the
invention relics on the (D - Al der jreactfion in i o jeycl opent adi ene ( CPD)

'with a surtably sub ted di enophile at
el evated tenperatures to forma substituted polycyclic adduct generally
shown by the follow ng reaction schene:

Ll

g a
l e




0 5 ~u~ 2002 -

21 RR',R \ /R IR.R'R'.,R'" 5 10 15 O her polycycl

adduct's can be prepared by the thermal pyrolysis of dicyclopentadi ene

(DCPD) in the presence of a suitable dieenophile.

the initial pyrolysis of DCPD to CPD followed by the Diels-Al d§b Juidi2i2on

-of CPD and the dienophile to give the adducts as shown below R R

CGI RQR',

R R" mR", wherein R to R'" independently represents

substituents defined under R to R6-il Formulae | to IV above ?0 For
exanpl e the di phenyl | derivative norbornene can be prepared by the

Di el s- Al der

reaction of cyclopentadiene with substituted stilbene in

iC

The reaction proceeds by

R \ +
t he

accordance ~wi th t hght divalent oxygeracitamingsadieate inclyde (€, to &, CAkiplkad CHCbFI ~X
X X 0 5 JUL 2002 - 22 wherein X is a substituent as defined above.
Prot ecting G o6ibsrs\ard polystheree BY((hdo Cnd 2lkylragether isapeanpihahthgifal  For mul ae |
to Il 5 mherel t ains a
o et pamper dfafSon Al e Siehd A AUk HBhe bE3 snfREY % T8
catal ysts are gofixeyeaid)o. tmcmnodlmtamyh@ehmiwa&ylrepmeﬁﬁe& belulid fagmilae
pol ymeri zation reaction. The protecting group serves to protect the
functiond gr ocqéksdm@rahmglet mderpjrieasiypll kexlgnes grovps theless bengled m&w

reactions or to bloc

f |
a0y ot nSyyReRalor b bEAEIARE Or BERE 80 M Bodh Rom HAGLIERE 10

hydr oxyl

hydr oxyl

ethylene, propylene, butylene, pentylene, hexylene, heptylene, octylene, and
nonylene. The simplest divalent alkylene ether of the series is the radical
-CH,-O-CH,-. Preferred polyether moieties include divalent radicals of the

formula:

~CH,(CH,),0)—

wherein x is an integer from 1 to 5 and y is an integer from 2 to 50 with the
proviso that the terminal oxygen atom on the polyether spacer moiety can not be
directly linked to a terminal oxygen atom on an adjacent group to form a peroxide
linkage In other words. peroxide linkages (i.e., -O-0-) are not contemplated
when polyether spacers are linked to any of the terminal oxygen containing
substituent groups set forth under R® to R'* above.

R% 10 R'® can also independently represent hydrogen, linear and branched
(C, 10 C,p) alkyl, so long as at least one of the remaining R® to R'? substituents is
sclected from one of the neutral or polar groups represented above. R”
independently represents hydrogen. linear and branched (C, to C,q) alkyl, linear
and branched (C, to C,,) alkoxvalkylene. polyethers, monocyclic and polycyclic
(C, to C,,) cycloaliphatic moieties. cyclic ethers. cyclic ketones, and cyclic esters
(lactones). By (C, to C,,) alkoxyvalkylene is meant that a terminal alkyl group is
linked through an ether oxvgen atom to an alkylene moiety. The radical is a

hydrocarbon based ether moiety that can be generically represented as



noi ety is meant any functionality that contains a hydroxyl group.
"Representative functionalities include, for exanple, alcohols, carboxylic
aci ds, phenols, and benzoic acid substituents. Suitable protecting groups
include trialkylsilyl groups with trinmethylsilyl 1 ~ being prﬂf%ﬂgbdm n
.addition to the trialkylsilyl protective groups, the phenol substituents of
the invention can also be protected with an acetate group. The protecting
groups descri bed above are introduced ilAto the nononer by techni ques wel |
kno~~~n in the art and are described, for exanple, in T. W Geen and P. G
M Wits. Prorectr~~c~ Gurcps In Organic Synthesis, Second Edition) ?0 John
Wley & Sons. I-alkylend®nal¥pl WhergidQlie alkyleee amd ak@grovmy indapapdentiacontainenpl oyed
so long as they are easily introduced . int he nonone not interact
with the catal yis® @féfté’r‘haé%n%l%acg(??P&‘Fﬁ*&ﬁ@%h@ef&’ymf‘@a%é%}&ri on, are
easily renoved f & J and do not attack the deprotected
noi ety. V~fien ré‘?:‘igﬂk agf F%’Q#gﬁ%gngygﬁo‘?héglrahul all are enployed in the

pol ymer backbone, the protecting group should al so be able to be

sel ectively renmoved by deprot ectic,(CeBy€eRLt-R:t hat do not attack the acid

| abil e grdups in the pol ymer. I#ot‘ée?ggwbrds, the protecting group shoul d
have a | ower activation energy than the acid |abile group to ensure that
the protecting group is clipped while the acid |abile group remains intact.
0 S ~U~ ~ - 23 wie@tih Qv BYirdtéRr ¥R NeSs,S i9hin idiezep BloytBto SOAHIR NicPEsélie
desired pendant protected hydroxyl containing noiety, the protected

hydr oxyl cont aivydmgenor Bnsarand Bepehrdd6s wctobﬂlyylelpdeéﬁed avlyethet radisalsboxyl i ¢

acid or phenol .cqontai ni functipnal itv. Renoval of .the protecting groups
e wel | "descr iiaues b RSB0 Bad by R o o PERBPELEE oLis i 1

Grganic fynt heﬁhénoc?élw 2yclBanRMatd MAnsdlictis moMifedimtiuig cHEBERRY!, Qb&ﬁ%l‘?d
phenol groups (silyl ethers) can be deprotected by refluxing the polyner

cont ai ni ng sanmeyciopenyhcydokexyk ahdthel likeo|Bxamples o?’i‘cj'QMIi_Wbt’sd polycygtioups i n
e P et RS o L R SR TS PELsaBnd ooocs o0 1
a1 50 be. pr ot ect G SeThn Tahohar s g re, AR e RIRRS, "
phenol in the peesydotuahylandeatthydopy tany bino@rieonnat exarilbanatydiolkstonen as
show bel ?%N ') is a 3-oxocyclohexanonyl moiety. An example of a cyclic ester or lactone is a
mevalonic lactonyl moiety. R®and R'" can be taken together with the ring
carbon atoms to which they are attached to represent a cyclic anhydride group as

shown below:

wherein m is as defined above.
The monomers of Formula IV include a pendant hydrocarbyl substituent

as set forth in the formula below:



0 5 JUL 2002 - 24 NaHCO /H20. MeOH 5 (O CH3 10 The acetate noiety can al so

- be cleaved'in the presence of ammoni um hydroxi de, or an acidi ¢ net hanol
solution. Pol S~mers One or nore of the aromatic substituted %O|yC{C£hC

_ nmononers described 1 ~ under Fot~rtula | are honopol yneri zed 2

. copolynerized alone or in conbination with one or nore of the pol~~c~~clic

nmononer s descri bed under Formulae |1, ]Il and IV. Accordi n~el y~. one aspect

of the invention is directed to honop®? yners and copol ymers conpri si ng

random repeating units derived (polynerized) froma nononer or nononers

represented b~ Fornula |I. I n another aspect of the ?0 invention copolyners
conprising rcpe~ating units derived{romFornmula | and the acid |abile
containing repeating units of Fot/inulx Il are contenplated. In stil

anot her aspect of the invention rs conprising repeating units
represented by Fornula | in opti'ofali \combinatid®¥ ith any repeating unit
represented by Formulae 1. 11, &< d m xtures thereof are contenpl at ed.
In addition, the present i nventile et Bnpl at es post -functionalizing
honnpolyners and copol yners co ifsi h» repeating units of Fornmula I with an
acid lablle noiety. The cyclic mpisBf the invention will generally
conprise about 5 to 100 nole % of a repeating unit derived froma nononer
set forth under Formula I, i.e.) a nonomer containing a hydroxyl
substituted angigdih R'Ho®RIPindEfdndently repfesert k:didgen orlineat Bietrasichel YC lified

phot or esi st a&gllcatlons t he pol yner nmust contain at | east 10 nole % of
repeating uni tsotaat apdm isien "&ﬂgezi(ﬁo@ P 49 peetgrablyp? op}. e@éﬂ&tﬂb@’q Héylpol ymer
cont ai ns about

group. More prsgéL lr“éek?ltslg Sees egrﬂrery &Sfe ai nihgg%luf%éél{ Zgl ¥ I 201%?0:‘ at; !‘Se

repeatipg uni tsuﬁﬁﬁﬁte@ﬁ%@in@% 1ht|’cb€ih@§d>l?m|eﬁ5&c|k§oﬁeli§§tnhé?lﬁ&i foldshtrdiNBe Fgicd | abile
groups can be introduced into the polyner through the acid | abile nononers

of Formula 11 thﬂpolmmpm;h;bsdlosedm UH?e Pateat Nbuhé68, &kﬂaﬂm&mdabm af the hydroxyl
substi t ut ed aronatLﬁﬁ?rou i eatl units d om t he nnﬂoners

set forth under ATE SevP "i"é‘ Nt "?:ﬂ‘ze;ﬁl&ﬁ °ry° W??%?F’E% be nmade
up of repeat'Qﬂ:}QeMﬂh1ﬁd9&h§”ﬁﬁ54ﬁﬁ«ﬁkﬂﬁk9ﬂ§mﬂgﬁ§8ﬂ9%eﬁ£ﬁﬁﬂ?ﬁéhﬁ%f forth

above under For nul
(2) ROMP followed by hydrogenation: and (3) addition polymerization. Each
15 of the foregoing routes produces polymers with specific structures as shown in

the diagram below-



il to IV. The choice and the anmpbunt of specific nononers enployed in the
.pol ymer can be varied according to the properties desired. For exanple, by
varying the amount of carboxylic acid functionality in the pol yner

backbone, the solubility of the polynmer to various devel opi n@ Sdbke? can
.be adjusted as 1 ~ desired. Mononers containing the ester functionality can
be varied to enhance the nechani cal pragperties of the polyner and radiation
sensitivity of the system Finally) fﬂg glass transition tenperature
properties of the polymer can be adjusted by incorporating cyclic repeating
units that contain |long chain al kyl groups such as decyl. ?0 As discussed
abo~ ¢ the nature and structure of the cyclic repeating unit in the polyner

wi |l ~~an depending on the catal yst enployed in the reaction nedium The
single and nulti conponent Group VIII transition netal catalysts and the
free radical ~~sts ill ~field "' ,3 addition polyners conprising
repeating units r@presented as Coll~,s~ 1 mMR ~ Rz R3 Ra ~ 5 JuUL 2002 -

yononers of 10
RQl yer i zabl e

26 In addition,
1~ Formul.a | ca
nononer s °such as
the structures belo
via a ROW cat al yst
units is obtained
pol ymer hacl . bone can
hydr ogenati on cat al yst
foll o~ing repeat unit

he free radically polynerized polycyclic
e copolynerized with other free radica
fic anhydride or SO to yield po
O O O Pi Wen a nononer of For
a ring opened polymer conpri si Yng- opened repeating
ol | ows: R RIR "' ' s

hydrragenated in e presence o

o yielld a satyrafed Aafoyner conp
Homopolymenzation

H Hydrogenation
2
10 (2)

A ROMP polymer has a different structure than that of an addition
20 polymer. A ROMP polymer contains a repeat unit with one less cyclic unit than
did the starting monomer. The repeat units are linked together in an unsaturated
backbone as shown above. Because of this unsaturation the polymer preferably
should subsequently be hydrogenated to confer oxidative stability to the
backbone. Addition polymers on the other hand have no C=C unsaturation in the
23 polymer backbone despite being formed from the same monomer.
The monomers of this invention can be polymerized by addition
polymerization and by ring-opening metathesis polymerization (ROMP),
preferably, with subsequent hydrogenation. The cyclic polymers of the present

invention are represented by the following structures:



1 ~4RR R3RAs disclosed above) polyners conprising repeating units
‘that contai'n aromati c groups can be post-functionalized to introduce acid

| abi | e groups onto 0O b JUL 2002 - 27 the aromatic noiety. For exanple, a
_hydroxyl containing aromati c group such as a phenol can be @5 JuL 2002
.post-functionalized with an appropriate acid |abile group containing
functionalizing agent in the presence of a base (trialkylamne) in THF to
yield the acid | abile group containrnégphenyl substituent. Representative 5
reactions are set forth below ,),COC(O QO COC(CN,), rialkylam ne, THF 10
H-)3 15 20 0O H THF O OH The degree of post-functionalization, i.e.) the
anount of hydroxyl containing noiety that is cony ertcd to and acid labile
substituent, can vary as desired. In general up to about 100 nol e percent

of the pendant hydroxyl containing noieties can be functional ~zed to the
acid | abile group contai ning noiet~~, preferably out 10 to about 90
nol e percent, nore pr bout 20 to 80 percent, and stil
nore preferably about 30 t 70 nol e percents 05 ,tuL 20n2 - 28
Resi st g?npositions

ROMP Addition
10
wherein R’ to R'""" independently represent R' to R as defined in Formulae I to
IV above, m ts an integer from 0 to 5 and a represents the number of repeating

units in the polymer backbone.

15 Catalysts

The ROMP polymers of the present invention are polymerized in the
presence of a metathesis ring-opening polymerization catalyst in an appropriate
solvent. Methods of polymerizing via ROMP and the subsequent hydrogenation
of the ring-opened polymers so obtained are disclosed in U.S. Patent Nos.

20 5.053,471 and 5.202.388 which are incorporated herein by reference.

In one ROMP embodiment the polycyclic monomers of the invention can
be polymerized in the presence of a single component ruthenium or osmium
metal carbene complex cataly st such as those disclosed in International Patent
Application WO 95-US9655. The monomer to catalyst ratio employed should

25 range from about 50:1 to about 5.000:1. The reaction can be conducted in
halohydrocarbon solvent such as dichloroethane, dichloromethane, chlorobenzene
and the like or in a hydrocarbon solvent such as toluene. The amount of solvent
employed in the reaction medium should be sufficient to achieve a solids content

of about S to about 40 weight percent, with 6 to 25 weight percent solids to



The polyners of the invention are suitable for use in positive and negative
t one photoreési st conpositions. The positive tone photoresist conpositions
of the present invention conprise the disclosed polycyclic conpositions, a
solvent, and 5 an photosensitive acid generator (photoinitiatgr Jul e
addition to the foregoi ng conponents, the negative tone photoresist
conpositions of the invention include a crosslinking agent. The pol yners
suitable for use in the negative toné Pesi st conpositions of the invention
conprise repeating struts derived from nononers set forth under Fornula I
that contain a hydroxyl substituted aromatic group, 10 preferably phenols.
These pol yner s sgiverditdemglprefened. alie rfeaamnadambt cbndustedtad a tterBperarnteaapgngent  of
repeating units having pendant h drox substituted aromatlg: groups,

nor e~pr ef er abl {;’romahwa%&:to atput 6 #I?Uh%(r@ 19k Erheingaprafemsds pref er abl y

fromabout 15 to ab crosslinking agent is a
conpound which is ca rﬁfégreo e?%%%{b%ﬁ@&tal ﬂ‘%‘% he hydr oxyl groups on the

pendant 15 ar0Bﬁ(th@yﬂ&he&?l;ﬁ&s&ﬂxd)lb@zﬁbdenem‘iﬁherﬁﬁmkb’QiWntaghﬂlskyt phat bevai ng
agent is activated in the presence of an acid, e.F., the acid generated by

t he phot daci d fumérbatdhis C@éb’é‘rqabé’d whdipesias theinigal ROMP Jeagtion grtaly seaent s

| ud t hyl henol s,
oty ol ) at Koy &t BBV ditecoiBn SPUURY FRbn BRI MRl MR ORIEP (00 5
net hyl ol , al koyyighiey! N@@dd@l@ﬁﬂ%ﬁf@%ﬁ%on&%&%&t feHaHel dmpl @k dTFHoaBvitSthe and

nethylol, al koxyal kyl and car boxynet hyl group substituted benzoguani ne
conpounds. Theimual Ry Peeinpionsalbthal is meedtdrie eHedt tke hyddogepatiorcofithea conpounds

(O OCHy ) SN-N-RPGREBHEPITAP 1§ MG iy drames plestie YGRS Eorction medpscv) 2
O-N~ ~Oly N ( Chikfp&aaN apolk SSAPHBIE bilNBwer @as hbdit bR @GRIESLAF €

preferabl y enployed in an anmobunt ranging from about 5 to about "95 w w % of
the pol ymer uséetwenn abamit fl 60 tuleeatioon200)6bn exposure to radiation) the

radi ati on sensitive_photqaci d gener generates a stron d. As the
resist is heated duﬁﬁ@é‘&'%%‘ém& Oafllﬁ ’é’é‘?”él”lé’]ef’%%‘i %anl@ H’%@I‘?f}a‘f‘él yt| c
Cleavage of LDeaRENARIL LA LiaRbA BolOREHEAAMUAR RANIRENRAGKREC, The

acid is not consumne eavage'reacti on an sequen al yzes

addi tional cl embagemnecamttheaﬁ The mhymehedfiRoathlide APV by bgfred@dically
phot ochemi cal response in the resist. Suitable photoacid generators include
triflated (e. ghomppvlpmnmwl “paﬁlo merieed m the er)esenﬁypéggb prgnaleis aghydride.

trims~~latc OfFre% ra &g po?\ln)\dn [ncﬁnaiq;[:ess asré“lgel f&tth in the Encyclopedia of
Polymer Science. John Wiley & Sons. 13. 708 (1988). Generally, the monomers
to be polymerized are reacted under elevated temperature of about 50°C to 100°C
in a suitable solvent such as toluene or THF, with a small amount of free radical
20 catalyst initiator such as benzoy | perovide.

Alternatively, and preferably. the monomers of this invention are addition
polymerized in the presence of a single or multicomponent catalyst system
comprising a Group VIII metal 1on source (preferably palladium or nickel).
Suitable Group VIII metal catalvst systems are disclosed in International Patent

25 Application Publication WO 97/33198 to The B.F.Goodrich Company, the entire
disclosure of which is hereby incorporated by reference. Surprisingly, it has
been found that the addiion polymers so produced possess excellent transparency
to deep UV light (down to 193 nm) and exhibit excellent resistance to reactive

ion etching.



triaryl sul fonium and diaryliodi um hcxafl uoroanti nonat es,

hexaf | uor oar'senates, tri(luoronethanesul fonates: esters of hvdroxyi m des,

a, a' - bi s-sul fonyl di azomet hanes, sul fonate esters of vitro-sub ituteéﬁ)2
benzyl al cohols and napt hoqui none-4-di azi des. O her suitable tHlei
initiators are disclosed in Reichmanis et al.. Chem,1 fuser 3. 395, ( 1991
). Conpositions containing triarylsulfo?hqn1or di an~l ~odonium salts are
preferred because of their sensitivity deep W light (193 to 300 nm and
t hey give very high resolution inmages. Mdst preferred are the unsubstituted
and symetrically or unsynmmetrically substituted diaryliodi um or

triaryl sul foni um sal tEhe praerrpd pelymersofithistinvengen arepotymenizeg from reagtipn

oot the’ pol yriieired St desLoRatRt mopbRer Sl RAR P Bimdtat 4,75,
of photoaci d gengivahfla chfalyRO5ysras eox@hingfﬁed}tlo)ép \AIIGh&SIaba kbbe. | THY Qitdlpdt can

be added in an anount of up t'o 5 about 20 weight % of the conposition. A
sui t abl e di ssol wystem danthictsi prefortned singlacpmpohesit Sireup VIII wetaCbased|chiolyst oral . )

R R R L N
i nvention opti Qnsgkﬂexl §SORA & Hxaﬂiﬁ?@%‘rﬁér?ﬁﬁlii&@ﬁﬁ%?in@ffntﬁﬁ%k &leRdd b She
photoacid initiator to | onger e lengths ranging frommd W to Visible

i ght. 10 Dependnmgulan the intended application) such sensitizers include
pol ycyclic aromati cs such as pyrene and peryl ene. The sensitization of

photoacid initiators is well-1:nown and is described in U S. Patent Nos.
4, 250, 053; 4,371,605; and 4,491, 628 mhgﬁﬁﬁ?gg |1 incorporated herein by
reference. The invention is not limte 6§ @cific class of sensitizer

or photoaghd initiator. 1 ~ Also contenplated ~~~ithin the scope of the

i nvention are positive resist conpositions conprising the polyners of

Formul a | that cwhgeeingeiseapQaindBrepreséis fastitra 2 pizedamntotor tigank ~When n
substituted aromatic groyps and a di azonapt hoqui none phot osensitizer
conponent. Thr dFazbpaienblyus Adhereroligrsdsueh asutaluens benzeae anddugsity leoe:
inhibitor in un d 1.0NSe.0f .t { St .. I.r i.atl the '.'0

di azonapt hoqui n%&?ﬁ R %’fgl(?xpﬁ%fserra Iyr%gﬁct[)eﬁ?r%’% d{e#gﬁ‘lfhéésri gﬁgdﬁ%&ﬁj&%@" e ¥

chem cal rearr ang@mBéiant O The FafloblGRINREEY td dafal st iiflthe TR0 PRIALH EADIApS Of
the resist becones soluble in basic dc~~~lopcrs t~ forma positive resi st

i mge. Thé5pr eseifemiahowri0001 talabout /581 lav ek apoelerest ste o atiant 20Rhktwationy a
positive and negativetone resist image .on a substrate ¢ ri si,ng the steps
of - (a) coati ng 0l o b RERICTINde YT i ARG L AR YR L PSSt agar | ve
tone resist conpgfiehé @Rd e [[KCa RAEREHh1utMREY [rOR;abbB) 0 IRABYLSR) °€XPOSi Ng
the filmto radiation; and (c) devel oping the inage. The first step

i nvol ves coat i ngprefeeabdyb@1C et abowt §07 G ahd more prefaratdy frgmt dabeup2@iQ ioabotione or
negative tone resj, opposi ti on dissolved_ in sui t abl e sol vent . 05 JUL
2002 - 31 Sui t T dpEneacaalzser i'zfnw.*'%@dma@ g (tf’@s@bé&egﬁwgeheabvyner
or the likg. Suigt: o e :

acetate (PGOVER). oyur SRasien Bl G O HCROE R RIB BB, | e
The film can be mokd dds(cnrahhdrofurirbrsgicelwmsopignal) hidkaloamd t echni ques such as
spin or spray coating, or. 5 doctor blading. Preferably, before the film has
been exposed to PEdioxeroRis(RepuarPphent Q nd&k ed to an el evated tenperature of
about 90C to 150C for a short period of time of about 1 min. In the second
step of the process, the filmis inagew se exposed to radiation suitably

el ectron beam or el ectromagnetic pra{@oadrPrepgedtioanagnetic radiation such
as ultraviolet or x-ray, preferably 10 ultraviolet radiation suitably at a
wave | engBh of about AB3canenBea rewn (grrtb¢ preadryon of the substituted polycyclic

monomers of the invention relics on the Diels-Alder reaction in which
cyclopentadiene (CPD) or substituted CPD is reacted with a suitably substituted
dienophile at elevated temperatures to form a substituted polycyclic adduct

generally shown by the following reaction scheme:



about 193 nmto 2.~8 nm Suitable radiation sources include nercury,

mer cur y/ xenon. -and xenon | anps, argon fluoride and krypton fluoride |asers,
X-ray or e-beam The radiation is absorbed by the radiation-sensitive acid
generator to produce free acid in the exposed area. The free agigljgpt2W¥zes
the 1 ~ cleavage of the acid | abile pendant group of the pol ymer which
converts the polyner from dissolution h hi bitor to dissolution enhancer

t hereby increasing the solubility of 1 ‘exposed resist conposition in an
aqueous base. In negative tone resist conpositions the free acid in
conbination with the crosslinking agent also effects the crosslinhtng of
the resist poV~~ner containing the hydroxyl substituted ~0 aronmatic groups.
Preferably, after the filmhaR hcRh exposed to radiation, Rie filmis
again heated to an el e~~ated ‘crrp«iar aturc of about 90 LSOH Cfor a
short period of tige of aboutsl npnute. Tﬂe_th_Lq,steol Bs d~-el opnent
of the positive or gative tone |nage ith a suitable inRmSuitable

sol vents include aqueous basel|preiferably an aqueous base w hout netal ions
such as tetranethyl amoni um Rydr &' de or choline. The conp®sition of the
present ihvention provides positive inmages with high contrast and straight
~alls. Uniquely, the dissolution property of the fl 5 JUu ~ - 32
conposition of the present invention can be varied by sinply varying the
conposi tion of the ddthet pateryclidhédystsesarbe prepasdttiycthe tesmalrpiralysis of o an
integrated circyit assenpl as an integrated circuit .chip, nmultichip
maue or i r bl aeaRaeRbaatED frel Bretuedrs spratideboriEn e sSHDS on
The integrated j L A2 R t j _ trate
by the steps. off YAl by BRIREAL M GRER o PRFIMGERD fohonal indle Heid i

posi tivelgone radditivh of @RDand thedieabplhileetoiesttatddutseastshown bélow: | magew se
exposing the filmto radiation; (c) devel oping the inage to expose the
substrate; and ~d) forming the circuit in the developed filmon the
substrate 10 by art known techni ques. After the substrate has been exposed)
circuit patterns can be forned,in,f,he exposed areas by coating,the

substrate with a conductive erFaI such as conductive netals by art
kno~~n techni qus A\2S eva oraJion, sputtering, i chemi cal vapor
deposition, or- s ud:ed Qepo€i ti on—The sy fade off|1 the™fil mcan be
mlled tg r enmo 2y _£xcess tondiictive erial. D LmeRerial s may
al so be %positeo by simlar ang,. during e process JoRgmCircuits.

| norgani ¢ i ons such as boron. ‘phoSphorous, or arsenic can be i'hplanted in

the substrate in the process for making p or n doped circuit transistors.
O her neans for formng circuits arc ~~ell Lno~~-n to those skilled in the

art. ' _'0 The follov~j,ng _exa es arc detail ed descriptiqns of t hods of
preparation and*PREn ‘8& t air'rgfk@ﬁ?f%(ig? SRS Nthg %S%Pg@éafﬁ’?%}@ﬁgﬁ lgﬁ‘.o The
detail ed prepargsiPpsmidld 1 o1y idoh@ the scope of, and serve to exenplify,
the nore generally described nethods of preparation set forth above. The
exanpl es2@r e presentlks ekamplel thaidiphertyil degvpive poesnennkyn be prefarad ey it
intended as a restriction on the scope of the invention. Exanmple 1

; P . canp
Synt hesi s of t -Bigtsyfldst eactn of srplopetiadipeyrh sebstituted stfbsne im agseedapget hy |
benzoat e copol yner .mole rati;o)... 0 5 JUL 2002 - 33 To a glass via
containing a st?ﬁhggaguggugdgglOﬁﬁcé%mhitrogen at nosphere 5.4 g (0.024
nol .) of bicyclo(2.2.1 )hept-5-ene-2-nethyl benzoate, 4.6 g (0.024 nol) of
t-butyl ester of norbornene and 65 m of cycl ohexane/ethyl acetate m xture

(75/25). To the“reéqction solution at roon1tenperatw‘§imis added 5 vi a
syringe g.nicke .taI[§H4meuc' H,X a—rphorer»t 0 abyst ratio of 100l 1.
i dding 0.23 g (0.47

The cataF?st solution was prepared inside a dry box

mol ) of (CH3CbH5)Ni (CbFs), in 5 m of ethyl acetate. e polynerization
was allowed to stir for 5 hours after which a s ' ‘\I3 g of 1,2
cycl ohexanedi one di oxine dissolved in S m of & ded to chel ate
the Ni catalyst. The chelated 10 Ni conpl ex 2 preci pitate

i medi ately. The solution was stirred overni‘ght, o renove the
chel ated conplex and the filtrate was concentrated and finally poured into
acetone to precipitate the polynmer. The precipitated polynmer was filtered,
redi ssol ved in tetrahydrofuran, and treated with Anberlyst~ IR 1 ~ dry
resin. The resulting polyner solution was concentrated




1 ~ and precipitated into nethanol. The polynmer was filtered and dried
overni ghtt under vacuum The yield of polyner ~as 6.89 g (69% . The pol yner
was further characterized using GPC, IR and NMR The nol. w. of the

pol ynmer was obser~~ed to be Mh = 18.000. ~~ ~th a M of 4a000. 0IRJyLe200? v

i ndi cated the absence of aromatic groups. ' FI N 41 R indicated the polyner
conposition was ''0 very close to the ijnitial nononer frrd ratio. Exanple 2
Synt hesi s of t-but~~lester of nor bonehezllabi cyclo(2.2.1

) hept - 5- ene- 2- (4acet oxv) benzene copol ~~ner (3070 nole ratio). To a gl ass
vial containing a stir bar was added _under nitrogen atnosphere 1 a.66 g
(0.064 nol ) of whereip-X i subgtituentips sdefipedeahove. (4- acet oxy) benzene, 5.35 g
(0.027 nol) of t-butyl ester of norbornene and 200 nml toluene. To the
reaction solution at roomtenperature was added via syringe a nickel

catal yst solution in a nonomer to Ca@ating'GloupsOf 50/ 1. The catal yst

sol ution was prepared inside a 0 5 JuL 2502 - 34 dry box by adding 0.89
g ( 1.83 mmol) of (CA3eaEslyNicfigBE3hgmonoBersiseioforthainderformiulae IpoMlineri zat i on
was allowed to stir. for hours after which a solution of Q.52 of 1,2
cycl ohexanedi on@hﬂF%ﬁln‘QE‘ﬁi ‘§§8§%9‘§€1tﬁi°m g sypstigient %HCSH@‘RMS}‘YQG‘H%I%{%‘?%HEI ate
the N _catalystis pllferabliqhatiflahl) WHRBICU0BYIARAALNGARI BE BhbRIea| 6 O

i mredi ately. The solution was stirred overhight, filtered to rerrove the
chel at ed conpl eproteanthe thiydroikiyl mpetyedwreng the pelgnieriaitioo reavtiohi Mae pyotgvinged i nt o

acetone to precipitate the polynmer. The precipitated polynmer was filtered,
redi ssol ved i n QP &HYeH 8P ‘éﬁ,‘h%hﬂ‘c??n%g&ﬂ'ﬁﬁp{‘qﬁmﬁﬁa@F?ﬂyéﬁox}'lﬂnﬁ?&tydﬁWr esi n.

The resulting p : ' c . Dr.eci pi .into
mothanol . The patimeed 9 e iP% BEERThRLE AR GR BHEASHAAD L e
yi el d of 1pol ynegrougsor Wit theGa(aB3t9emplbyredno Ipy [yaerita shef doliyrhéie IBycharagtier i zed
using GPC, IR and NVR The nmol. wt. ~bf the polynmer was observed to be M =
11, 500, with a WRiedF isassappany furcianality thay qeatasnstachy droey! atosipn Keprssentatineat i c

. "H NWR jndicated th Lt I h
OTOVPS, oo WSAGANEE boRoR YR Ae TR GETe Yo sokEne 48 1"
) hept - ~- ene- 2- (¢er26iRtaGrdysubQNE&Ne hormopol ymer. To a glass ~~ial containing a

stir bar was added under nitrogen atnosphere '?0 20.00 g (0.087 nol) of
{oihc~ clo(?2."? | I )Pepsuiﬁbmt pro@c(ing mep?mblbem&kbgzil)grgdp@@mmtrimlhm'l_eyl leo

e reaction sol ution_at roomtenperature \ added. vi a syringe a nicke
catal yst 3ol uti Bnn8 Hregequng%qc}mg?pa@gpﬁlt%&l iPBOtB‘T“VS@F‘EL“.pS*'I*h‘é%E%{’cOéI yst
sol ution was pr&naf@dnd B {HdlinfntibY (RPN 109 DB fefa ) of
(CH CbHs) Ni ( CBF5) R'8 nl of toluene; STﬁ_‘_:ea’%g'ﬁlcymar‘fzatigcgn‘c1L %ﬁ‘é‘m%\ed to
stir ' '~ fo_r ~prhcqansg gfdupg devatibdd mb_os'ehutmmmdlmtd thtd tlg rodndimez by
cycl ohexanedi one di oxi ne mm'ved in 5 mM of acetone was added to chel ate
the Ni catal yst echHaussgl TN o descaBed forerampleind W Ciee
i medi ately. Th | itNgOR WA i & I move the
chel at ed conpl e%,dS}gnGId Nt/lhe 5 |'I§)t’§lg%’ét\j\t/§ai'§)9)é§{1'ﬂg rgact%)gmae%él‘%%chg? F§Iﬁg}c{)m ed into
acetone 00 preclghntWiley & &orgolny mdlew Yok, 190 . OrhelprotectidbgroppEeeaniet at ed
pol ymer was filtered, redissolved in tetrahydrofuran, and treated with
Anber | yst | R- 15cmplpyedhaq long Thhey @ gasily) iptipdhsaddptodbe monemende nebinéeseatr at ed
and precipitated.into thangl . The polyr s fi.ltered and drie
over ni ght underg\'}lé%eucna\%)rﬂé) Sg?"élsgl a%%ﬁﬁé%&ﬁé‘? quwérsnerl]?tf?? raac?ig%/%"? ealsﬂé pol ymer

was 5 further chaicved Gonze Ishbtﬁi:dwd fBfe1y.laRd ab doNYRck THeCdepRItectéd moRty.t he
pol ymer was observed to be = 13,500, with a Mv of 39,000. IR clearly

i ndi cat ed t he abdeneeiddébikrmomamers gf berpnula H axvBmploged at thd polyenepol yner

COMPOST LN vas X e 1 proteating sroup Should alSe De HEIE o b6 seldciively removed by
deprotection reagents that do not attack the acid labile groups in the polymer. In
other words, the protecting group should have a lower activation energy than the
acid labile group to ensure that the protecting group is clipped while the acid

labile group remains intact.



10 Exanple 4 Synthesis of bicyclo(2.2.1 )kept-5-ene-2-(4-hydroxy)benzene
hormopol yner.! 3-grans of the polyner of Exanple 3 was dissolved in 60 m of
THF/ met hanol (50/50 by volunme). 4 m of ammoni um hydroxi de (38‘@ sﬁ
added and heated at 60C for 18 hours. The deprotecti on was no éﬁ@ at
this time, as determined by 1 R spectroscopy. Mre anmmoni um hydroxi de (4
m ) was added and heated for 6 hours. Agter~~~ards) the sol ution was
allowed to cool to roomtenperature and? added drop~ise into SO0 m

dei oni zed water containing 10 m glacial acetic acid. Thr pol ~~nmer as
filtered, washed with 2 times 25 nt ' 'O deionized water, and dried under
vacuum at 60C for 1&oilowing thyisghtiesisiofabe gelamer CmmlgéhQSd@UQd pendagt Resi st

Th I f Ex ' t-f t I t r.t. th dant
phny! acet at o REOBSER BURRI GRERET BN, P4 PRI BN RRS LRI TP B cdur e

set forth in E&emreteémdT&lﬁemﬁ@Qicoﬁ&b@&bém@%ﬁqﬁnﬁsam@mﬂ{ mul ated into

a positive resist conposition by dissolving the polyner in propylene gl ycol
met hyl et her adehatonalityGREAjoval ofitbe pmitephing gesupe ate vl dadsrilosolnn it art, Tore
resist 05 JUL 20? cf; for Iatlob al so_contained 2.5 wei ght percent
of bis-t-butyl pﬁ’fé‘i’i‘?%&?ﬁ Afdiint ‘(6’6/6 V8 UHE SIS Hab®¥P™es a phot oaci d

Serer et 2 500 5 pm R E?‘H'?p”ﬁ@m%"h"%’ Porfih ;R Bied Bt o Ay PLLERD
through a mask cah b2Gepeblecred byfrefiuxing ugmolyxaer&opmnn@smqomm'aiomkced (PEB) at

90C for 1 mn. The resist was developed in a
t et r amet hyl amrdﬁ?tb?m&}é@]é%?féieT'(lmmlé‘ﬂS"%g’Gt‘P%'ﬁ Sfléﬁlrethg pretgcted- B@“@%%’s@d resi st

devel oprent 1 at g, \ag 000 o 00 oS5 e SPUBOILIE cBrifiord SeC.). The

t hi ckness chang e unexpose regl o esI'st was nearly zero
(less tham 100 (talraamgﬁn{:ﬁ&hﬁxh fhdds). grhedtm@htséhm cfMer@sbsented afhe pol yner
filmwas very hydrophilic, with a water contact angle of 56. The neat

pol ymer fil m difsHowsi~es slowly in TMAH devel oper solutions and is
transparent ar 2d8 nmwth an absorption of 0.15 ~tm Exanple 6 1 ~

Negati ve Resi st

LS

OSi(CH,;),

The phenol can also be protected as an phenyl acetate moiety and cleaved to yield
the phenol in the presence of aqueous sodium bicarbonate/methanol solution as

show below:



The pol yner of Exanple 2 ~as post-functionalized to convert the pendant
‘phenyl: acetate suhst~tuent to the correspondi ng phenol in accordance ~ith
the procedure set forth in Exanple .1 The polyner was insoluble in 0.26N
"TMAH devel oper sol ution suggrsttng that acetoxy groups were no 5 JuULy2082 ' o
.con~~erted to the alcohol. The poly ntr ~~as dissolved in PGVEA (10 wei ght
percent solids content) The resist fornul ati on contai ned 15 wei ght percent
of a pl~~col-ural crosslinl.er and 3.~“~ci pht percent of triphenyl sul oni um
triflate PAG The negative resist fornulation as spin coated onto a silicon
water to forma filmand baked (PAB) at 100'C for 1 min., exposed through a
mask to 35 mJ/cnR of ?~~ nmlight, then baked (PEI3) at 100C for I mn. The
resi st was devel aped for-30 seconds in a 0.26N T ~tAl|l."' 23S % (VN) isopropyl

al cohol devel oper ‘9otufion. A hi gh| cgreg iEsqubI- ' was produced in
t he exposed regio ﬂ-H\ e resi stg"a}i P1 - fYig© xposi ons cleanly
02 - 37 Exanple 7 The poly ai ned in Exanpl es

di ssol ved. 051
1 and 3 were conparéd Xor ion etch resistance to a commercially avail able
y-t- avai |l abl e

DUV resist, Apex-E (pos e pol yhydr oxystyrene-type resi
@ f polymer R E

fromthe éhipley Conpay C, 5 Marl boro, Mass. Eval ua

resi stance was carried sing a polysilicon etch proce n an Applied
Mat erials 5000 RIE tool ™—TRe tool was configured to provide{b00 watts of
power to a plasma conpositi%g &ﬁggisting of 106 sccm C, = and gdg24 sccm HBr
at a total chanber pressure F nTorr. The cat hode tenperature was
controlled at 50 C. Under production conditions, this 10 process etches
approximately 0.33 ~mimn. of polysilicon and 0.04~n m n. of Apex-E,

pol yhydr oxystyrene. Polymer sanples were coated to thicknesses between 0.5

and 1.0 ymon 8 in. Fhehcetdle Widhedy arldlbdbe Sleavedah theSRésehde0dt adthehigat i ng
procedures. The coated wafers were then baked at 140 Cfor 1 mn. to
m ni i ze resi dubydroside, ar@nagidicemethamilisplutiancknesses were deternmined by 1 ~
el lipsonetry and interferometric nmethods. Filnms were etched for 150 sec. in
radom zed lots. Etch results are reported as ratios nornmalized to the
Apex-E standard. "? 0 ,; Polymer of Nor pglyingd Etch Rate* Exanple rlhl 5000
Process 1 0.9 1 3 ~ 0 6~ NotTrtalized agai nst Apev-E (pul vhvdroxystyrene).
One or more of the aromatic substituted polycyclic monomers described

15 under Formula I are homopolymerized or copolymerized alone or in combination
with one or more of the polycyclic monomers described under Formulae 11, 111
and IV. Accordingly. one aspect of the invention is directed to homopolymers
and copolymers compnsing random repeating units derived (polymerized) from a
monomer or monomers represented by Formula 1. In another aspect of the

20 invention copolymers comprising repeating units derived from Formula I and the
acid labile containing repeating umits of Formula I are contemplated. In still
another aspect of the invention poly mers comprising repeating units represented
by Formula I in optional combination with any repeating unit represented by
Formulae 1. HI, IV and mixtures thereof are contemplated. In addition, the

25 present invention contemplates post-functionalizing homopolymers and
copolymers comprising repcating units of Formula I with an acid labile moiety.

The cyclic polymer of the invention will generally comprise about S to

100 mole % of a repeating unit derived from a monomer set forth under Formula

I. i.e., a monomer containing a hydroxyl substituted aromatic group. For



O TTD 9808 pa 0 5 JUL 2002 38 What is claimed is: A cyclic polyner

pol ynmeri zed ‘from a nononer conposition containing one or m)re pol ycyclic
nononers having a pendant aromatic substituent in optional % i. mvvlth
a nononer selected fromthe group consisting of one or nore p &?’ I
mononers having a pendant acid | abile substituent) one or nore polycylic
nononer s havi ng a pendant neutral or pg%qr substituent) one or nore
mononer s havi ng a pendant hydrocarbyl™ Substituent, and conbi nations

t hereof) wherein said aromatic substituent contai ning 10 nononer is
represented by the structure: mR i R Ra wherein Rto R |ndependcntl| ~~
represent h~~dicheisally (‘@Pi fieg @WS‘\%@PB?WOR&@C P@M%@@HStGP“W%é?ashnd

b hed (C, 0 t
cont ai ni ng_subdPRabeE LpraPEaRly BRFFntB R TR dpud iRy HETH )
-0 CH ) ~G po%@r%ﬂtﬁﬁ's"abmﬁlhé ¢bb}an®/o of(aGepeatitiubit B Ghp hn Gxiaddbile
(CH) NEIC(O)G mis an integer of to 5; n independently represents an

intcgrr of 0 t@rdip. dvidre@réferably the oqb[meccqrt@lupalsqmgﬂm #0 owle*4afla at | east
onr substjturnt sel.ected.fromt.he i sting of.?S

conbi nat i%ons t REHEAERE u%g}aé?%%\%u@ ‘%2%@%@“%”&?@‘563}"’Iafﬁqﬁ‘leaﬁﬁau% anched
(C to C,) alleyl pe m%@)xgd mtottﬁé hAYHHE EH?(Y Og?ﬂ)ﬂ: Acill 14 YhonoRem SERIHRRGNT S

hydr ogen, brom ne, chlorine, fluorfne, cyano, and the group
-C(O O t-butyl Ila‘manduda'd vua)@elpberﬁmmdmahMmh\mﬁﬂwihyg:mi tuhstiam@rrs to which

they are attached can form a substi t.ut l-x 0 4 carbon
atons 30 ~her ei#PRY|ELTYATID |r?H5’é‘r‘|‘Egs“%H5éE§'(¥che§P@c} ‘FF’% rs|sg SAEThpi ety of
t he fornmul ae L

nﬁ?}%lij 'I%qum%ﬁ%erg?gf)%r ﬁcﬁm‘?ﬁsxﬁﬁﬂ &%ﬂﬁ R ¥ of ? c%%gg%an Al so

together with the two ring car ey are

form a Sigrenbenaids pelyslefigstCfrom gy optfonalombromers getdbrth eble under Fein@laeat om
wherein the heteroatomis substituted with G as defi ned above; said acid

| abil e group cdhttilNi nB\erﬁbﬁwﬁﬁﬁd the anquabeesperifie manpmercenployed iotke m 10 Rs

B R 10 L PRI SRR P 1 o1
-(A~-COR - (vAyin @h{nt of(Avox (it Gl AIRGNalitP i thépolymer backbone the
(O OA - OCHC(OP l&)“CE(O) A -0 OR)

SO ubxhty of the polymer to various developing solvents can be adjusted as

15 desired. Monomers containing the ester functionality can be varied to enhance
the mechanical propenties of the polymer and radiation sensitivity of the system.
Finally, the glass transition temperature properties of the polymer can be adjusted
by incorporating cyclic repeating units that contain long chain alkyl groups such
as decyl.

20 As discussed above the nature and structure of the cyclic repeating unit in
the polymer will vary depending on the catalyst employed in the reaction
medium. The single and multicomponent Group VIII transition metal catalysts

and the free radical catalysts will yvield 2,3 addition polymers comprising

repcating units represented as follows

Rip: ps R



-(A~ R ,CHR (C(OOR™*), and -(A~-CR,CHC(0)OR**), subject to the
proviso that at |east one of R to R' is selected froman acid |abile group
containing R; A and A" independrntl~~ represent a dival ent brie—ﬂjgi %?
spacer radical selected fromdi ~~al cnt h~~drocarhon radicals s cﬁg'd om
I'i near and 20 branched (C, to C,0) alk~~lene: di~~alrnt c~ clic hydrocarbon
radi cal s selected fromsubstituted and ynsubstituted (C, to C))

cyci oaliphatic noieties of the fornul a:z%Rq -Cc~ )a wherein "a" is an integer
from? to 7 and Rq if present represents |inear and branched (C, to C 0)

al kyd Eroups; dival ent oxygen containing radicals selected from(C, to C 0)
al kyl ene ethers and pol yethers of the fornmula: 30 0 5 JUL 2002 40 -f

CHZ(CH2) x0~ 5 10 | ~ re is_.an.integer froml to 5 and y is_an integer
from2 to 50) with the g‘rﬁlg@i 2588 ffeﬁé?d'fﬂfé' Z’FWWH]I’BW%@W BOMNGHOf he

pol yet her spaceFormmil£l yarChtopelynieeized (vﬁﬁto!tﬁérlfr'eé‘l‘a%ﬁjcailg? p@hﬁéf?g %Q?I oxygen
atom on an adjacent group to forma peroxide |inkage; "a argar ent cyclic
ethers and cycl|PENYMES feghsasmegieic ephydritlelny SOh o pieldyil Y ers repeden@d by th and
R is aci labiétﬁchrrfuﬁ%l&\?-l ected from Dcpm Dnctp, -C(CH3)3, -CH(R)OCH, CH3)
- CH(R) OC( ),, an Shecyclic group: H3C CH3 RP Rr RP RP OO O O or

m xtures thereof, wherein R' represents hydrogen and a |linear or branched
(C, to Cs) alkyl group; ~~herein said neutral or polar group containing
nononer i s represented by th8 stbucture: 20 0 5 ,1UL 200

~ X Y‘TO ~
10 9 9

When a monomer of Formula I is polymerized via a ROMP catalyst, a ring-

\-‘/

o—n=—0&"

opened polymer comprising ring-opened repeating units is obtained as follows:

R'R: g3 R

20 The unsaturation in the polymer backbone can be hydrogenated in the presence of

a suitable hydrogenation catalyst to vield a saturated polymer comprising the

following repeat unit-

1o
I

RTR: paR!

As disclosed above. polymers comprising repeating units that contain

aromatic groups can be post-functionalized to introduce acid labile groups onto



41 mS RO R~ RaRn wherein g is an integer fromO to 5; RO to R'-
independently represent hydrogen, linear or branched (C, to C o) alkyl, or

a substituent selected fromthe group -(A)~-C(O OR', (A)~-C]‘-'§5 &%2
O(QR') -(A)~ O(QOR', 10 -(A~ (OR, -(A)~ 00O crR Ia i
OA-C(OOR', -(A~-OCC(G-A-C(OOR'. -(A~-CO0-A-C(OCR'",
{A~CG-A-OR, -(A~ C(QOA-O(nOR, -(A)~CQOA-OA-GOCNR,
-(A~-AOQOA-(OOOR, -(A~R)ICHR)(CO)CR"), and -(A)~
CR),CHCOOR')=, Rand R = can be taken together with the ring 15
carbon atons to which they are attached to represent a cyclic anhydride
group; A and Athemmmpmmewm yFar eparaplena h)edrqu}&betnuumard@ahggmmpfopdwr
radi cal sel ect ed fr i val e hydr.oc n radicals s ed fromlinear
and branched (&Ph "trlﬁ? C%ﬂS@wHé a‘&F@ ﬁPaBWPFEteﬁﬁ@rlg@ BB r adi cal s
sel ected from éd{%%ﬁhing%ﬁ& ggﬁbh@wﬂd mybﬁe@er{c@oftaoo& Uik G1affhd )RR FHFC

noi eti es of the formila: herein "a" is an"integer from'
to 7 and R if mprysldnhbe ace@tabﬂegtmxplqoneanngp}utnmwbsﬂmdm( Bepteser@ative al kyl
groups; dival ent ox n |ng radi cals selected from(C to C 0)
alkylene5ether§a& S%SI QH the fornula: --f CHz(CHz)~G}Y 30 0 5

JUL 2002 42 wherein x is an |nteger fromlto5 and y is an integer.from 2
to 50, with the proviso that the term nal oxygen atom on the pol yet her

spacer noiety can notxbe directly |inked piynal oxygen atom on an
adj acent group to formfa_ger o%ﬁ&goq‘?’ﬂwfé’é‘c”%m lent cyclic ethers and
cyclic diethers repres Ad by ik ienisd, THEt Ureg: @ OO ' O 10 R

i ndependently representsS)\Ilinear and branched (C'\to C 0) alkyl, linear and

branched (C, to C o) alko
(C, to @po) cycloaliphati
cyclic esters; and wherei
represented by the 1 S struct

kyl ene) pol yet hers) PR cyclic and polycyclic
eties, cyclic etherg yclic ketones) and
id hydrocarby) cont ai YRS nononer i s

OH O_O

20
The degree of post-functionalization, i.e., the amount of hydroxyl
containing moiety that is converted to and acid labile substituent, can vary as
desired. In general up to about 100 mole percent of the pendant hydroxyl
containing moieties can be functionalized to the acid labile group containing
25 moiety, preferably from about 10 to about 90 mole percent, more preferably from

about 20 to 80 mole percent. and still more preferably about 30 to about 70 mole

percent.



wherein R' to R~ indcpcndentl ~~ rrprrsent hydrogen and |inear and branched
(C, to Cwo) alkyl; and mis an int~g~r fromO to 5. ?. The' P~lynmex of
claiml1 wherein said nononers arc polynerized b~~ ring-opem:Eys‘j

_pol ~~nerization to obtain a ring-opened polyner. 3. The Poly &sz@?aim
-2 wherein said ring-opened polyner is h~~drosenated. 30 0 5 JUL 2002 43
4. The ,pol~rnmer . of claim1l wherein 5 id nmononers are ,. polyneriud by
free radical polynerization. ' 5. The ,gdlyner. of claim1l wherein said
nononers are 5 polynerized irn the presence of a catalyst selected froma
conmpound of the fornula E'Ni (CbFs)~) wherein nis 1 or 2 and E represents a
neutral 2 electron donor |igand. 6ResisteCemppuitiony on of claim5 wherein in
sai d catal yst Ilgan |l ected.fromt consi sting of toluene,

benzene) nesityl ene) h& p8fyﬁ’§1ﬂg%$§%’fe)m“l=ﬁ&?" gﬁ&“g?ebéggoﬁg’ge ’f‘pofﬁg’eﬁﬂg%%aln 5

claim6 wherei RoRaiHdidradialcys oé:ﬁoﬁ@'ﬁi&t&@nffvé%Hetﬂh%tcﬂés%{'@oﬁﬁﬂﬁh&{s'd'fgh@f
(tol uene)bi s(pcrfluorophenyl) nickel) 15 (nesitylene)bis(perfluorophen~~l)

ni ckel ) ( benzempedsbitsppantion gomppbeethydjsclosedkpolycyclic compositions, a solvent, and

bis(tetr dr of bi erfl uorophc ni cke nd, ... .

b1 a(di o) bi PP ERUBHBEREK.ESP S QiR aioFh o g diiono thp fospaping 1
conpri sing rep%@h:ghﬂer}w'tﬁéner Qﬁv@ﬁﬁggﬁﬂox%gxs?’&n%sm%ﬁs §F€h@‘§x§¢é&x(§§ﬁ idlfde R RS
R~ mRs erern Rto ependcnt| ~~ represent hydrogen,

-(CH ) C( O) OR) wheosslinkifg rgenlny Thopelgmers suitalde foranse ibthanegeive e registC, 0)

al kyl and at |east aone of R~ to R is an aromatic cont alcmrns substi t uent
sel ected from CABPGIHORS AL INVERYRY GHMPriss repeating units derived from monomers

set forth under Formula I that contain a hydroxyl substituted aromatic group,

10 preferably phenols. These polymers preferably contain from about 5 to about
95 mole percent of repeating units having pendant hydroxyl substituted aromatic
groups, morepreferably from about 10 to about 60 mole percent, and most
preferably from about 15 to about 40 mole percent. The crosslinking agent is a
compound which is capable of reacting with the hydroxyl groups on the pendant

15 aromatic moieties on the polvmer backbone. The crosslinking agent is activated
in the presence of an acid. e.g.. the acid generated by the photoacid generators
described below.

Suitable crosshinking agents include methylol, alkoxyalkyl and

carboxymethyl group substituted phenols. methylol, alkoxyalkyl and

20 carboxymethyl group substituted cvclic ureas; methylol, alkoxyalkyl and
carboxymethyl group substituted melamines; and methylol, alkoxyalkyl and
carboxymethyl group substituted benzoguanine compounds. The methoxymethyl
substituted melamine and cyclic ureca compounds shown below are especially

preferred.



05JU 2~ 44 -(CH)~G -C(OQCH)~G -C(ONHCH)~G -(CH )~CG
S(CH)~OH 0)Q(CH)~G and -(CHE)~NHC(0)G mis an integer of 0 to 5; n

i ndependently represents an integer of 0 to ~; and Gis an arwg’uﬁ oPup
Substituted with at | east one substituent selected fromthe group
consisting of -OR', R's, and conbi nations thereof) wherein R' represents
hydr ogen) |inear and branched (C, to ?o) al kyl, -C(O CH~,
tetrahydropyrattyl, t-butyl; R' repre gnfs hydr ogen, broni ne) chlorine)
fluorine, iodine, cyano, and the group -C(O Ot-butyl; R and R together
with the two ring carbon atons to which they are attached can forma
substituted aromatic group of (EH{QCHAN NgFHROLHY: wher ei n sai d
substituents are selected fromat |east ibne Inoiety of the formulae -OR' or
R s as defined above: R and R togetheNwzth the two ring carbon atonms to
whi ch they are attached can also forma S |nenbered heterocyclic group
contai ning at | east one heteroat om wherei rN(thFDd:}g'gzeroat omis substituted
with G as defined above; R to R independently represent a substituent
sel ected51 ~ fromthe group -(A~-C(OOR . -(A,; CCOR -(A~—-OR -(A-~
C(OR (A~ AOR -(A~ C(OOR -(A)~ OCH (O OR~, -(A)~
C(0)0- A - OCH Q(O OR . - (A) ~ O GHHOCky) OR*N“%%)E%C(R):MR)(C(@W ).
and .(.1)~ C(R:CH(C(O)OR**): subject t thel provi so that at |east onr of

R to R is selrcted froman acid |abil dp 30 containing R; A and r1

i nd~prndrntl ~~ represent a dival ent bk dgﬁ Gspacer radical selected
Crom di val ent hydrocarbon radicals sel ect fNrom | i near and branched (C, to
C,o0) alk~~lene: divalent cyclic hydrocarfbon Ladi cals selected from
substituted and unsubstituted (C L, CYC } tic noieties of the

f or mul a:10Rq - cue). 05 Ju ~ 4%(:}%’%(: é)l}héi n Qfﬂzél)gﬁg’n integer from2 to 7
and Rq if present represents |inear_and branched (C, to C 0) kyl groups;
di val ent oxygehne&iesinkingpeengarenrelcsabl Lempleyed wan@amountranging Iy | ene

L 21 o0, MRS iy U5 LKA p LRIl D7 S o
the term nal oxygenUpbaexsiiuiche ridiatyst (Riradip@siCsensitivepot6adid petierdier 10
directly linked to a term nal oxygen atomon an adjacent group to forma
generates a strong acid. As the resist is heated during processing, the acid effects
15 the catalytic cleavage of the pendant acid labile group from the polymer
backbone. The acid is not consumed in the cleavage reaction and subsequently
catalyzes additional cleavage reactions thereby chemically amplifying the
photochemical response in the resist.
Suitable photoacid generators include triflates (e.g., triphenylsulfonium
20 triflate), pyrogallol (c.g.. trimesylate of pyrogallol); onium salts such as
triarylsulfonium and diaryliodium hexafluoroantimonates, hexafluoroarsenates,
trifluoromethanesulfonates: esters of hydroxyimides, a,a’-bis-sulfonyl-
diazomethanes, sulfonate esters of nitro-substituted benzyl alcohols and
napthoquinone-4-diazides. Other suitable photoacid initiators are disclosed in
25 Reichmanis et al.. Chem Mater 3. 395, (1991). Compositions containing
triarylsulfonium or diaryhodonium salts are preferred because of their sensitivity
to deep UV light (193 to 300 nm) and they give very high resolution images.

Most preferred are the unsubstituted and symmetrically or unsymmetrically

substituted diaryliodium or triarylsulfonium salts. The photoacid initiator



per oxi de |inkage; and divalent cyclic ethers and cyclic diethers
represented by the structures: 1~p OOOnis Oor 1; and R is acid

| abi | e group sclccted fromDcpm Dncp) -C(CH3),, 7?0 -CH(R)OCH,%.
-G 1(rROCCA 1,),, and the cyclic group: >1~-CCH3 U _ v RP Rr %%0
O or mxtures thereof, wherein R represents hydrogen and a |inear or
branched (C, to CS) al kyl group. 05 JU ~ 46 9. The polyner of claim3$8
further conprising repeating units 5 Sel'ected fromone or nore of the
structures represented as follows: mMmR9O RRo RNRM mRya RisR-b 10 IS ?0
wherein Rto R '- independently represent hydrogen, |inear or branched (C,
to C o) al kyI) é@maor@nbmefqrﬂéms erepleyadda an agypupHANging fiom ghapt | &y HHORMY

o0 5 e TR e e SHE oA 4

AQ0-A -G O R homma gerferdldr  poffer. - (A) —- (O O A - OC(O) OR".

(A~ OA -BA-QOOGR, ~(A"-C(00-A -0 IR .

-(A)~-AR"), CH(R") ( cp@))lmlby,, adrsgolutigy) inhibirt parOm( gidej GRn ymountRfupke R ' can
ropr asent *a cycrret ahnpieht dbofs RmARvR Auidhit futeluten Yobifs Siaipta | °
R o e a b
c~~cl i c hydrocaChen. Madirca9p%6,8cBeedel. fin admsonhshe phﬁtmdsxstm@nmosmbss oftthé ed
(C-to G cycl 8%2&3?:?5&30:?8{;:%&@ cgr];taitnhaese];]soltrigualcgf:abllzgqof sensitizing the

photoacid initiator to longer wave lengths ranging from mid UV to visible light.
10 Depending on the intended application, such sensitizers include polycyclic
aromatics such as pyrene and perylene. The sensitization of photoacid initiators
is well-known and is described in U.S. Patent Nos. 4,250,053; 4,371,605; and
4,491,628 which are all incorporated herein by reference. The invention is not
limited 10 a specific class of sensitizer or photoacid initiator.

15 Also contemplated within the scope of the invention are positive resist
compositions comprising the polymers of Formula I that comprise repeating units
having pendant hydroxy! substituted aromatic groups and a diazonapthoquinone
photosensitizer component. The diazonapthoquinone component functions as
dissolution inhibitor in unexposed regions of the resist. Upon irradiation the

20 diazonapthoquinone in the exposed regions of the resist undergoes a chemical
rearrangement to form a carboxy lic acid. The exposed regions of the resist
becomes soluble in basic developers to form a positive resist image.

The present invention also relates to a process for generating a positive
and negative tone resist image on a substrate comprising the steps of: (a)

25 coating a substrate with a film comprising the positive or negative tone resist
composition of the present invention; (b) imagewise exposing the film to
radiation; and (c) developing the image.

The first step involves coating the substrate with a film comprising the

positive tone or negative tone resist composition dissolved in a suitable solvent.



0 5 JUL 2~ 47 wherein "a" is an integer from2 to 7 and Rg if present
represents |'i near and branched (C, to C o) al kyl groups; dival ent oxygen
containing radicals selected from(CZ to C 0) al kyl ene ethers ﬁsd

pol yethers of the formula: 5 -E wherein x is an integer from 1 &l&% y
s an integer from2 to 50, with the proviso that the term nal oxygen atom
on the pol yether spacer noiety can not he directly linked to a term nal
oxygen atom on an adj acent group to forma 10 per oxi de | i nkage: and

di valent cyclic ethers and cyclic diethers represented by the structures: O
O0015 20 nis 0 or 1, R' independently represents, |inear and branched
(C, to C, o) al kSuitable substratesrade pornprised @f siicon,cemmiys, aplymey af 1byllikae)

Dol 21 o eyl SiaBlpL Rt Ry Rat S el il e apBTEORERY) )
~ndependcnt | ~~ LRpHeR&dhe DR Bﬁ@ﬁte?t@%yga&%%f atle BkanFhedirh €an B@ccg:t;_ed)

al k~~I; and mis an integer frrom 0 The polyner of claim
conpri sing a reqethtisnbstrate dsirgfart kreovat teciotigues such asRpinR# spray@oating) o6 JUL Z002

48 wherein Rto R ind tl d - (CH) (O OR, wher ei
e B SR et 5 i 5 grl b i "o b
R to R i . C < . )

Consi sting of - B BB e O o R O o ¥y s

- (CH~) ~OC( O ( Gerlod @f tiarechf-ablitd, ) mivtidhQhéSecond stepof thapegpess, dfe filmtie 5; n

i ndependently represents an integer of. Q to 5; and Gis an aronatic group
substitut ed wi tageEWIss§¥Possa o wdidion tsw&?wy gls¢mf§awqr§iq%rﬁ@ag%wp

consi sting of -OR: ' ' . ejn Rt resents
s oqers 1  neat ek s A GBS AGD Rl L fed
t et r ahydnopyr anytravibteb edydtion Buitdly BepwesLiRhgth by dbagan3 s PN refefabgr i ne,

fluorine, iodine, cyano) and the group -C(OOt-butyl; R and R together
with the two righguts?bem taddham: Suiipble maditiion sepeenincluidapred, form a

SUpSt 1 UL, a1 OB OBl Bt SERRILG SR IR cre o
R' as defined ahesy@te-bean?hefadiafsels®Eorbkd By tHaQadidor-éenitivaalan
generator to produce free acid in the exposed area. The free acid catalyzes the
15 cleavage of the acid labile pendant group of the polymer which converts the
polymer from dissolution inhibitor to dissolution enhancer thereby increasing the
solubility of the exposed resist composition in an aqueous base. In negative tone
resist compositions the free acid 1n combination with the crosslinking agent also
effects the crosslinking of the resist polvmer containing the hydroxyl substituted
20 aromatic groups.

Preferably. after the film has been exposed to radiation, the film is again
heated to an elevated temperature of about 90°C to 150°C for a short period of
time of about | minute.

The third step involves development of the positive or negative tone

25 image with a suitable solvent Suitable solvents include aqueous base preferably
an aqueous base without metal ions such as tetramethyl ammonium hydroxide or
choline. The composition of the present invention provides positive images with

high contrast and straight walls. Uniquely, the dissolution property of the



15 atons to which they are attached can also forma 5 nenbered heterocyclic
group containing at | east one heteroatom wherein the heteroatomis

substituted with G as defined abo~~e. 11. The pol ~~mer of claim_10Q f er
conprising a repeating unit 20 represented by the structure: 853U ~ ..
~~herein Rto R - independently represent hydrogen, linear or branched (C
to C,0) alkyl, or a substituent select fromthe group -(A)~ C(OOR',
-(A~ OR') 30 -(A~ CC(O)R', -(A~ OCOXR", "0 ~ JUL 2002 49 5 10 15 20

-(A~ OR') -(A~- (OCOCR", -(A~-OA-CO)CR") -(A~
O(Q-A-OR', -(A~-AOOA-(OR") -(A~ (O-A-OR', -(A)~
C(O O A - OC[ O) Grmpositian-of dieyresent ingeptioncag)peraried pygimply varying the

O 0-A - OCOOR', - ~ ') zCH(R' 0)OR"), d -(A~
g((R')') , CH( é(.C(O) @ﬁpqsntﬁng&@wo%@%. b(e t;(keqn %oge% he?nwi t§1 %he ring carbon

atoms to which they ﬁ'i@pr@.*.&@ﬁﬂ%ﬁ’tiér?al!ﬁcﬁ&la@é%?an%t@@iﬁieh‘éir@ﬁlhﬂﬁéhg SERHP: A
and A independently represent a divalent bridging or spacer radical

sel ect ed from danvategratedsichuatchifh orultichdp vwidslesed arcuisdodndonadeibyshe pracss
branched %C, to C a) al kyl ene; dival ent cc\écl i ¢ hydr.qcarbon radicals

sel ected Prom sfF8E PEESEE N ERHOR N SRHWISEraIsh e U astesnii% Fompses 2GSk i ¢

moi eties of the . n eBs o (d) Scodfing ghtefVitid flilk0 7 and R
i f present reprfé)fé@%%rgﬁIgis?l%graga%ﬁ%rggg%%ed(8C, ?%é%%'g? gtlek~~l gllroups:

di ~~al cnt oxygecongmrisirg the pgsitiadiona resist edbraptsitiorf sfahe pEsert inv€ndn;akk)~ | ent
cthcrs and pol ~~cthers of the formula:, -fd I:SCH:)~Q~ ' " S 30 wherein x is
an integer fronmmageyise expepingthe dilmyo raciatipa; (o) Gievelopine 4 imAgE K0 19SS 0~~i so

Lt theLer AL OUTC O ARiALR RALIELGE BRGNS, CORyR e
per oxi d)é 1bi nkagey arf Rl techhigids. C~ clic ethers and chcl iC gi et IElers
represented by the S.E\;tgrctt}]gg&bss:trag h?s %eén exposed, circuit patterns can be formed in the

exposed areas by coating the substrate with a conductive material such as

conductive metals by art known techniques such as evaporation, sputtering,

plating. chemical vapor deposition, or laser induced deposition. The surface of

15 the film can be milled to remove any excess conductive material. Dielectric
materials may also be deposited by similar means during the process of making
circuits. Inorganic ions such as boron. phosphorous, or arsenic can be implanted
in the substrate in the process for making p or n doped circuit transistors. Other
means for forming circuits are well known to those skilled in the art.

20 The following examples are detailed descriptions of methods of
preparation and use of certain compositions of the present invention. The
detailed preparations fall within the scope of, and serve to exemplify, the more
generally described methods of preparation set forth above. The examples are

presented for illustrative purposes only. and are not intended as a restriction on

25 the scope of the invention.

Example 1
Svnthesis of t-butylester of norbornene/bicyclo(2.2.1)hept-5-ene-2-

methyl benzoate copolymer (50/50 mole ratio).



O p5JU ~2sonis 0or |I; R independently represents, |inear and
branched (€ 'to-C o) alkyl, linear and branched (C to C o) alkoxyalkyl ene,
pol yet hers, nmonocyclic and polycyelic (C, to CZQ cycloaliphati c m)l e%dﬂfs)
cyclic ethers, cyclic ketones, and 5 cyclic esters; and R ~ to0®

| nhdependent|ly represent hydrogen and |inear and branched (C to C o) al kyl ;
and mis an integer fromO to s. 12. 1fj,e polymer of claim 11 further
conprising repeating units sel ected fro3 one or nore of the structures

represented as follows: 101 S" Ro R ~. .. RRa Rts -. wherein RO to R =
i ndependent | ~~ represent hydrogen, |inear or branched (C to C o) alkyl, or
a substituent sel cct &elamiashiiaheonaining astiapar wgsdded un tLQgQ‘QaUnOSPhCTC

U 0o o o) S O el 2o s eneﬁe&e%ﬁ%?i Bor
( A)"AO-A - OP’(O 024(rho] CZ of @b@rﬁest@qfO}l&Bomené Aiwé%Ob@cﬁiot@xzﬁqef@W) R

11)~-C(O0-A-0(QCOR) -(A,; (R'),CHR)(C(OOR), and
(A) "-C(R'") : CH( ®EBIORiytyre, (75121515 To the rdactip selptorRat roowAeMpRyaNIEKWAS adgigét her

mbRUSGTIE (oG, SRR RS ERERE R g
bri dging or spagfly&adivtish w%gb%taﬁ@l ihdigeT dltyv@xed}tadamgctr PLR( RO sl 6al S
selected fromlinear and branched (C, to kyl ene; di ~~al ent cyclic
hydr ocar bon r ad(@HL&I—b)Nné@gFe)d irff § orho§ ethgt actemedﬂmmblymgumm was etdoyédot 0 Ca)
cycloaliphatic strr})rlfgxt % Egurg];ﬁgrh»(\?hnfc}%rsrgllutaion of 0. lg)g of‘l% cyclo%exanedlone dioxime
dissolved in 5 ml of acetone was added to chelate the Ni catalyst. The chelated
10 Ni complex was observed 1o precipitate immediately. The solution was stirred
overnight, filtered to remove the chelated complex and the filtrate was
concentrated and finally poured into acetone to precipitate the polymer. The
precipitated polymer was filtered, redissolved in tetrahydrofuran, and treated with
- Amberlyst® IR-15 dry resin. The resulting polymer solution was concentrated
15 and precipitated into methanol. The polymer was filtered and dried overnight
under vacuum. The vield of polymer was 6.89 g (69%). The polymer was further
characterized using GPC. IR and NMR. The mol. wt. of the polymer was
observed to be Mn = 18.000. with a Mw of 42,000. IR clearly indicated the

absence of aromatic groups. 'H NMR indicated the polymer composition was

20 very close to the initial monomer feed ratio.

Example 2
Synthesis of t-butviester of norbornene/bicyclo(2.2.1)hept-5-ene-2-(4-
acetoxv)benzene copolvmer (30/70 mole ratio).
25 To a glass vial containing a stir bar was added under nitrogen atmosphere
14.66 g (0.064 mol) of bicyclo(2.2.1}hept-5-ene-2-(4-acetoxy)benzene, 5.35 g
(0.027 mol) of t-butyl ester of norbomene and 200 ml toluene. To the reaction
solution at room temperature was added via syringe a nickel catalyst solution in a

monomer to catalyst ratio of 50/1. The catalyst solution was prepared inside a



a ---c wherein "a" is an integer from2 to 7 and Rif present represents
linear 'and branched (C, to C o0) al kyl groups; dival ent oxygen contai ning
radicals selected from (C~ to C,0) al kylene ethers and pol yethers of the
formula: 10 1~ ?0 ?5 -ECHZ(CHZ)x0}y wherein x is an integer fg@nyyL t20025 and
y is an integer from2 to 50, with the proviso that the term nal oxygen
atom on the pol yether spacer noiety can not be directly linked to a

term nal oxygen atom on an adj acent gro fo forma peroxide |inkage; and
di valent cyclic ethers and cyclic diethers represented by the structures:

R' independently represents, |inear and branched &g,‘to C o) alkyl, linear
and branched (C, ditydog,ty)adgdingdk89-al k83 momd) o (CH E:HeN{Colfpin tic§ i1l iof todwse.

olycyclic (Ca tq, G eyel pal i phatic noietie c~~glic .ethers.. cyglic

ot onos, | and oychnpRlmetieais ybaliowgd Wk i hoalis vuish f SoPaef ¥
hydrogen and |ingap egacﬂfi,i)éﬁmia%e%netdsb&nehis%weﬂn;5 ADEF fBeiche hslaBiLOeEr
from0O to 5. 13. The conposit~oti of cla~tn 4 further conprising a nononer

sel ected from t h® dyebtpthe disatatysngltoef cheteites-Ni comiptel wasobs8yed Ge-preaipitate

m xtures thereof .A r.AA.A .AF. A AL 2, A3. Ah, A
2.AL.. AL. AD. A& Airprp\_e%}é&d_m; solution was s%irred overrpﬁght, filtered to remove the chelated
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"109%& ()- 10%& ()-9$s@0%& ()- 10 10 10!'E, "109%& ()-/ z H}~?uSll "F
+ul09@&' ()- # "10%& ()-!,# "10900& ()- "10% & ()-! "109& ()- "10%8& ()-
#r S41 109%18’ () - $@LO%TE. () - MLOY%T&' () - M 10>> 10>> ; )
10>>1 <C* 1 109%>& ()-! C 1 10965& ()-#(sj z[ 9r SAl ' s! 100& () - 9! 1006@5(JUl B
0 ()-f 10%m& ()-!H 109& ()-!Lf 109KK& ()-30: KLMN zI AP1#@0%& ()- 1011
1011" 10111 " .

"10041& ()-1E #"109%] (] & ()-!  #" 10%##& 19 ~s! 10%H&: () - [ _=y{ dErP1#@L0% 10%&:
()-109%& ()-3 109 ()- " 109%& ()- 109%& ()- 109%& ()-{/ qdEP1E@0%

100& ()-° 109%& ()- S109%& ()-gl0%& ()- 109%& () - 9LS10%& () - 1cSAEMPL#@L0%

$109& () - #10%& forms¥ationGder qontainedodgd wyighunaom of bissttbugiphynydedenium

Sg'\\/:iéﬁ;g'?;/? Z?F%Q ¢ ulog@bhtﬁ%g%%% %%o%%ia \gzi%qu/t%lr @AG). 2104 Ic%}n_position
was spin coated onto a silicon wafer at 2,500 rpm, post-apply baked (PAB) at
90°C for 1 min., exposed through a mask at 25 mJ/cm? of nm light, 248 post-

5 expose baked (PEB) at 90°C for 1 min. The resist was developed in a 0.26N
tetramethylammoniumhydroxide (TMAH) solution for 30 sec. The exposed
resist development rate was about 3,500 A/sec. (endpoint in ca. 3 sec.). The
thickness change of the unexposed regions of the resist was nearly zero (less than
100 A). The resist had high dissolution contrast.

10 The polymer film was very hydrophilic, with a water contact angle of 56°.
The neat polymer film dissolves slowly in TMAH developer solutions and is

transparent at 248 nm with an absorption of 0.15 pm.

Example 6
15 Negative Resist
The polymer of Example 2 was post-functionalized to convert the

pendant phenyl acetate substituent to the corresponding phenol in accordance
with the procedure sct forth in Example 4 The polymer was insoluble in 0.26N
TMAH developer solution suggesting that acetoxy groups were not fully

20 converted to the alcohol. The poly mer was dissolved in PGMEA (10 weight
percent solids content) The resist formulation contained 15 weight percent of a
glycol-ural crosshinker and 3.5 weight percent of triphenylsulonium triflate PAG.
The negative resist formulation was spin coated onto a silicon water to form a

film and baked (PAB) at 100°C for 1 min., exposed through a mask to 35 mJ/cm?

=
A 1

of 254 nm light, then baked (PEB) at 100°C for | min. The resist was developed
for 30 seconds in a 0.26N TMAH25 % (VN) isopropy! alcohol developer
solution. A highly cured insoluble film was produced in the exposed region of

the resist, while the unexposed regions cleanly dissolved.



10 103 37109%& ()-3 5910%& ()- 310%&' ()-!'s,2

109 [& ()--"1""""""dE _@@L!10%& ()-10%E&' ()-&S10%E& ()-F10%E& ()-le%M&'
()-y 10%W& ()-"" DER#T##$z[ <] _@Fs$f 109& () - ms9! 10%V& () -! 109&

{10%m&' ()-! 10%vME' ()-) 10%V&' ()-$- T N/Y%% BB4 Y7) 10;;!3010% 5‘4[}!:@&2
3010%&' ()-m,/10%& ()-!W

,110% . & ()-! 10,/ 10%~& ()-s) YI0%W&' ()-9 o) gH 10; ;! 30103

T10%& () -&10%& ()- 10%& ()-10%& ()-&$@0%& ()- 10;; 10;;m)))) ++dBH
10; ;131 . 10%&' ()-F “110%& ()-" S210%& ()-)10%& ()-s! 10%g& () -

L10%Q& () - ++++++++nP. 10! . 109 ()-  .10%& ()-  .109%& ()-' U109 () -
109 () -7 109 () - ++H++++++nK) L 10%8E(ﬁ)mple‘7 109&' ()-'" .10%& ()-
109 () -7 . 109& () - Ld+++++++d 109& 0%&' 0%

L109& ()-' ! . 10%& (hs-Relymer ,O,E @sd “‘g é‘é% &“‘E wgre %Epai?f&}é&&“ ‘%‘212 F

109! 10 T109RMR:
L, 100/&'(%) 7" %’fﬁ%’/@ig ORbias” a(”)E ek () 7 3‘2/(5*;5&@0&'&?&

L, 10%: ()-Z" Lp@@hﬁdr@iyi}’mn@typﬁ resigt], avalable fTOm WWQO@M} MX&' ()-
0 1
Lli%%'g()/f;F( k- P llQ/(‘&lbgro Mass va uanc?n of po}ymer resnstance was clax[ned out using a

polysilicon etch process in an Applied Matenals 5000 RIE tool. The tool was
configured to provide 500 watts of power to a plasma composition consisting of
106 sccm C,, and 124 sccm HBr at a total chamber pressure of 158 mTorr. The
cathode temperature was controlled at 50° C. Under production conditions, this

10 process etches approximately 0.33 um/min. of polysilicon and 0.04.m/min. of
Apex-E, polyhydroxystyrene. Polymer samples were coated to thicknesses
between 0.5 and 1.0 um on 8 in. silicon wafers using standard solution spin
coating procedures. The coated wafers were then baked at 140° C for 1 min. to
minimize residual casting solvent. Film thicknesses were determined by

15 ellipsometry and interferometric methods. Films were etched for 150 sec. in

radomized lots. Etch results are reported as ratios normalized to the Apex-E

standard.
Polymer of Nommalized Etch Rate*
20 Example AM 5000 Process
1 0.91
3 1065

*Nomalized against Apex-E (pols hydroxystyrene).
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& ()- ZOL3T10% & ()- 210% & ()- #210%W& ()- 9R109%& ()- m
URL0W 1 & ()=, ., ,, @MyXT" L 10% & ()- &Z10% & ()- 10% & ()-
31 109% & ()-10F F 10F F 10F F @O0% F & ()-MR-"-c-j../zY8yXT"
s, #109% & ()- !'!'10% & ()- "yl0% & ()- 310% & ()- -h& 10% #! & ()- BRJUL 2002
10% 1 & ()-/>/11(0d11|[:yX7" 17 S2 1006 Q&' ()- s+10% & ()- )10% & ()-
S3(10% & ()- L&E@O% & ()- S$10% & ()-12222233nBvU4"  109R#& () -
U 100@#& ()- YIOWRHE ()- #@LO%R#E ()- 10640(10( 410% & ()- 8334145 5| [: vU4’
11098 ()- E ! 1002#Y& ()- s! 109R#& ()~ 109@#8& ()- 10%! & ()- 10% & ()-
5% 50515V555| [ 1 VU ic api LOURHE' () - +1092#& ()- ) 109R#&' ()- @109%R#& ()-
) 109R#& ()-  ( fg?‘é‘#sgfl?‘i“-l‘g’@fgeeaeeaevm‘ Y109 8 ()- z10% & ()- %
@L0% & ()-102#102#102# 8 10%R#& ()- 3z10% & ()- F6P8_8h8e8! : e: | [: vU4"

"10% & ()- 3 10% & ()- M LL10% & Ef@;p‘loo' C (Ve 41 W‘@; - .
10 & ()-erii= HW \} | 96‘%24‘: pol.& +%ﬁf%g(f5°ma$° fl(élomiu?n) -- @O+
109&' () -- F ' SlafifaBdig)one r gl QL& clid modnfBisQdbifg § pendanf aromatica; b; p; r; u; vU4’
TO1098a MR () -, 1098 MR () - $@ 09 VR () - 10" 10" 10" 8109% & () -
3(.910% & () -Mu: %Sﬁ‘%ﬁ"f"%’\ﬁ&&@’mﬂﬁ‘}%‘& ANREmETReT %‘@'x‘b‘%ﬂ% 8@“’
@109YM V&' () - M &&bheistivizdode) or motQdyichdlic (monomet AR UfylafBadant-acidlab{i@} ?2?| [ : vU4®
0=7=8" () - & ()- 0 () - oM V&' () -
Ol +&10%2=& () Tsulb;-t%}e%t{bot% tgr)mo-lr_c &T}%%Ec/gon%mg\)s thiné a@plegmt M.%trgl)or polar
substituent, one or more monomers having a pendant hydrocarbyl substituent,
and combinations thereof, wherein said aromatic substituent containing

10  monomer is represented by the structure:

15 m

RUR: s R

wherein R'to R independently represent hvdrogen, -(CH,)C(O)OR, wherein R
1s hydrogen or linear and branched (C, to C,,) alkyl and at least one of R'to R*
20 s an aromatic containing substituent selected from the group consisting of -G,
-(CH,),G. -C(0)O(CH,),G. -C(O)NH(CH,),G. -(CH,),0G,
+(CH,),0C(0)O(CH,),G. and «(CH,),NHC(O)G: m is an integer of 0 to 5; n
independently represents an integer of 010 52 and G is an aromatic group
substituted with at least one substituent selected from the group consisting of
25 -OR" R".and combinations thercof, wherein R' represents hydrogen, linear
and branched (C, to C,,) alkyl. -C(O)CH,. tetrahydropyranyl, t-butyl; R"*
represents hydrogen. bromine. chlorine, fluorine, iodine, cyano, and the group
-C(0)O-t-butyl; R' and R’ together with the two ring carbon atoms to which
they are attached can form a substituted aromatic group of 6 to 14 carbon atoms

30  wherein said substituents are selected from at least one moiety of the formulae



y&L0%M' M&' () - LS2109%V' V&' () - 2?2?22 @E@W5 | 1098 M&' () - (

&$@L0v%M M& () - (10M MLOM MLOM'M  3niLO%M' M& () -

| +' 1098d3& ()- Tl + 10%& () - TGZ@ABBA AVA| [ : W5 1098V M&' () - t109%V %) -
109 V& () S1094M M&' () - f 109 M& ()- S109M' M& ()- MATAeAAB:; UL 900&"
".100M M& ()- 9! 1098V M& ()- 1098V M& ()- 109V M& ()- & 10% N & () -

)_
* & 109V& () - CCCD. EcFdFeFf FsF| obU4™  #@LO0YE#& ()- 10M MLOM MLOM M
31000 M&' ()- 2 1090 M& ()- F+109 M& ()- L)z 109 M& () - sFzF| FFFGE [ : bU4"
C109EHE ()- 109EH& ()- ! 109E#& ()- 109&#& (P9 L 109&#& ()-

Z109E#& ()-GHHI 11 ; 1| [: bus Y+ 109E#& f)' ) 10YE#&' ()- L$L10YEH& () -
F: 109E#& () - ~Y&10YOR'(or-R'&midAmedabgve; Rl and R1 topethseaith thegwa oing @arbon
110% & () - 110%48&' ( OEH#8 () -, ,.210%E#

- () - :
“C109E#8 () - 111 J( KBRS '%%‘K'mb‘ ey gre@ifephnd-<ag2 )’%0’(’%3-5 megeReTedhetsrocyclic
11096"s& () - ! 10%.8 () ennFzk0YE" S&: () 0" S8 L) - N
102" 2100 Ko< <o FoUecoplEl R 6 phend@hiity Hhcrenrihd MDENBHTE i ided
299G 10% & ()-M 7 960 GaieRied)abbROGKQBIT Ibilgroup dentaifibmagiofer s F
1099 9& ()-  1099"9& ()- .. 1090"9& ()- y10%9"9& ()-
L$- 1099" 9& () - CORRIINASEPredREADe SysWE 100" 9& ()- 1090 9&' () -
sI1099"9& ()- Sz109%9"9& ()- z109%9"9& ()-__

t lm

AN

10 RS pe R R

wherein R® to R* independently represent a substituent selected from the group
-(A),‘C(O)OR.'. -(A),-C(O)OR., -(A),-OR,
-(A),-OC(O)R, -(A),-C(O)R. -(A),-OC(O)OR, -(A),-OCH.,C(O)OR*,

15 -(A),-C(O)O-A’-OCH.C(O)OR*. -(A),-OC(O)-A’'-C(O)OR*,
~(A),-C(R),CH(R)C(O)OR**). and -(A),-C(R),CH(C(O)OR**), subject to the
proviso that at least one of R* to R is selected from an acid labile group
containing R"; A and A’ independently represent a divalent bridging or spacer
radical selected from divalent hydrocarbon radicals selected from linear and

20  branched (C,t0 C,,) alkylene: divalent cyclic hydrocarbon radicals selected from

substituted and unsubstituted (C, to C,) cycioaliphatic moieties of the formula:

2

] —CH (CH,),

wherein “a” is an integer from 2 to 7 and R* if present represents linear and
branched (C, to C,,) alky! groups: divalent oxygen containing radicals selected
from (C, to C,,) alkylene ethers and polyethers of the formula:

30
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P10 & ()- "10% & ()- ~ &$@O% & #)
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"10%'e& ()- 1109 & ()- '109M MR ()-) " 310% & ()-I|oppppppppvZ: T

310N () -
15  and R’ is acid labile group selected from Depm, Dmcp, -C(CH,);,
-CH(R?)OCH,CH,, -CH(R?)OC(CH,),. and the cyclic group:

© PP
OISR S

or mixtures thereof. wherein R® represents hydrogen and a linear or branched

(C, 10 Cy) alkyl group: wherein said neutral or polar group containing monomer

is represented by the structure:



3109HME ()- " Fz1090ME ()- °$- 109N ()- 100" 0100" 0100" 0)

S2! 10%" 0& () - ppppPPP_CvZ: * ° 3100MME ()- 3109MNE () - 3109%VEME () - #362
3109VENE () - 3109v¥ME () - ppppppppdH, : 31090MME () - 310%VEME () -
31000ENE: () - #362 310%ENE ()- 31090EME ()- 3109%ENE () - ppppppp. .8 JYtodRm
3100HME () - 31090MNE ()- 3109EME ()- 310%VEME () - #362
3109%VENE' () - ppPPPPr A=, © 31008 ° 1096& ()- 9! 1098 () - &L0YHE () -
1096#& ()- 3109MNE () - #362r Ir 7TrErrsss|[:,: 3148% &LOF10964#& () -

@s! 10%#& () -F S&L09%HE ()-f 10310% & ()-s ! 310%#& () - s

G310% " & ()-sssssssssszY8 310 Fz10%#H& () - -

H@LOY%HE () - - LOXHLOXELOXHO' 10060H&! () -  &S710YFFR () -
7100648 ()-sss+ttuv|[:zY8 310 & ! 109KH#E () - OHE ()- | 10%HE () - X
ML0%KH& () - SF MLOYHE ()- | 109%#& () - vf vy 12Y8 310 #10%#& ()- & !-
1095GH& () - ° 1096H& () - X 10%H& ()- Y109%@H& (f- 18%H& () - xx%uz{{{{{| obUs
$@OYR#E! () - LOX#LOXH10X# 391000HE () - X @' 1PQXUE () | +MLOYHR () -
) 1006& ()-{{|}2~~~| [:bUs  s3100R#& ()- X9 AHR& ()- 9! 10% 24} & () -

5 R? pio gniRY

wherein q is an integer from 0 to 5; R’ to R'? independently represent hydrogen,
linear or branched (C, to C,,) alkyl, or a substituent selected from the group
-(A),-C(O)OR", -(A),-OR", -(A),-OC(O)R", -(A),-OC(O)OR",

10 -(A),-C(O)R”, -(A),- OC(0)C(O)OR", «(A),-O-A’-C(O)OR",
-(A),-OC(0)-A’-C(O)OR". ~(A),-C(0)O-A'-C(O)OR", -(A),-C(O)-A"'-OR ",
-(A),,-C(O)O-A’-OC(O)OR“, -(A),-C(0)O-A'-0-A'-C(O)OR",
-(A),,-C(O)O-.A'-OC(O)C(O)OR”. -(A),-C(R"),CH(R")(C(O)OR"), and
-(A),-C(R"),CH(C(O)OR"), . R® and R" can be taken together with the ring

15  carbon atoms to which they are attached to represent a cyclic anhydride group;
A and A’ independently represent a divalent bridging or spacer radical selected
from divalent hydrocarbon radicals selected from linear and branched (C, to
C,o) alkylene: divalent cyclic hydrocarbon radicals selected from substituted and

unsubstituted (C, to C,) cycloaliphatic moieties of the formula:

7 /74( |

—CH (CH,),

25 wherein “a" is an integer from 2 to 7 and R® if present represents linear and
branched (C, to C,,) alkyl groups: divalent oxygen containing radicals selected

from (C, 10 C,,) alkylene ethers and polyethers of the formula:

~CH,(CH,),0)—
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peroxide linkage; and divalent cyclic ethers and cyclic diethers represented by

AOERNERN

R" independently represents, linear and branched (C, to C,,) alkyl, linear and

5 the structures:

10

branched (C, to C,,) alkoxyalkylene, polyethers, monocyclic and polycyclic (C,
to Cyp) cycloéliphatic moieties, cyclic ethers, cyclic ketones, and cyclic esters;
and wherein said hydrocarbyl containing monomer is represented by the

15 structure:

‘Im

AN
20 RYp s pisRe

wherein R 1o R" independently represent hydrogen and linear and branched

(C, to Cyp) alkyl: and m is an integer from O to S.

a3 2. The’ POlymer ofclaim | wherein said monomers are

polymerized by ring-opening polymerization to obtain a ring-opened polymer.

3. The POLYMeTr ofclaim 2 wherein said ring-opened polymer is

hydrogenated.
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" S@OYEHR! () - 3102#102#102# 9Y+ " 100R# 09R#&!
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3"10%" >& () - s& ' 1099 KF (and didkand. 0% H&' () - H 10% & ()- _!'10% & ()-

y109% & ()-3 | [:bUA10 s. F'109%![& ()- y- 10% & ()- s$nt 10%& ()- s$m 1098/
V& ()- ) "10% & ()- 3"10%! & ()- QEvU410 9 ! 10%g"g& ()- L !10% & ()-

zloo/g 9& () - #3, 100/g g& ()4 10d"d10 %

"10%" & ()-L # 10%" g& ()-""s! 10@‘ g@% °?i'6‘9’ %’-‘ﬁn%%& Uﬂ: {d fi9m
LI 10% & ()- Nt | obUS10n L LY ol or el A tenih) REARI 08 () B 10%
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15 (mcs:tylcnc)bis(pcrﬂuorophcn)'l) nickel. (benzene)bis(perfluorophenyl) nickel.
bis(tetrahydrofuran)bis(perfluoropheny!) nickel and

bis(dioxane)bis(perfluoropheny!) nickel.

8. The polymer of claim | comprising repeating units represented

20 by the structures:

23 Im Im
AN
R'p: gy R RSpe g7 RE

wherein R'to R* independently represent hydrogen, -(CH,)C(O)OR, wherein R
is hydrogen or linear and branched (C, to C,,) alkyl and at least one of R'to R’

30 isanaromatic containing substituent selected from the group consisting of -G,



FS|[:bU410 Fz10%R#& ()- 109R#& ()- L' 109%R2#& ()- VI 109%R#& ()- V! 109%R#& () -
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"t 109@R#& ()- L 109R#& ()-G L 109! & ()-CKL|[:-4102#  7MLOYR#& 8 -
3109R#& ()- L2Z10%2#e& ()- sO010%R#& ()- S. 109%R#& ()- 5 JuL 2002
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LG 109R2#& ()- ' 109R#& ()- s109R2#& ()-(u Z|[: A4102# 9) 109R#& () -
' MLOYR#&! () - S&I0WR#& ()- $109R#& ()- "40%W#& ()- L
109R2#8&' () - Z5] [NA410102#102#102# 37 109@#& () - y5109%R#& ()- 3109%R#& () -
L2Z" 1092#& () - Y+ Ebkl:eLO)OQH:FaGEOINB(E 1RG0 G %/530 V 10% & ()- Q 10% & () -
410% & 710% O I @
1000 58 1)- 3 9100 B )T g et RGP o oSN 1T a0 3
10% & () - /nﬂml&"éﬁ‘“y regsAR)s gy infgger of QygySpand)G is anarpmatie eropp
3* ig?ﬁ g ()- Tgﬁéll(l)gubsnmwdwﬁﬂ &'g&}tp%elgg/f.%& séllcted ﬁoml@é’/ér&p(cbnsggi%%g g ()-
@10% & 8 AY flO@/E{l'lkzLi fnd combipayions tbfam}f '%%“[M&&'&*f@ %‘r%en linepry o fe:) ()-
3410% & ()- 311 f . QYRS Ris[ 1 NA41010
Yeooe ()| SFlgx(ﬁ&lﬁ?rgcied (Cbxé 1:0,,%11?91 I:S%)L@Mz u@l}%&oﬁy&u}ﬂ Y&yl R
$@ 0% ()-ByT"| [ Tearsenthydroesn, lm%"e chlonnc

-C(0)O-t-butyl; R' and R* together with the two ring carbon atoms to which

uorine, 1odme, cyano, and the group

they are attached can form a substituted aromatic group of 6 to 14 carbon atoms

10 wherein said substituents are selected from at least one moiety of the formulae
-OR' or R" as defined above; R' and R* together with the two ring carbon
atoms to which they are attached can also form a § membered heterocyclic
group contain.ing at least one heteroatom wherein the heteroatom is substituted
with G as defined above; R’ to R* independently represent a substituent selected

15 from the group -(A),C{O)OR*. -(A),-C(O)OR, -(A),-OR,
-(A),-OC(O)R, (A),-C(O)R. -(A),-OC(O)OR, -(A),-OCH,C(O)OR*,
-(A),-C(0)0-A’'-OCH,C(O)OR". -(A),-OC(0O)-A’-C(O)OR*,
-(A),-C(R),CH(RXC(O)OR"*). and -(A),-C(R),CH(C(O)OR**), subject to the
proviso that at least one of R* to R" ts selected from an acid labile group

20 containing R™; A and A’ independently represent a divalent bridging or spacer
radical selected from divalent hydrocarbon radicals selected from linear and
branched (C, to C,,) alkylene: divalent cyclic hydrocarbon radicals selected from

substituted and unsubstituted (C, to C,) cycloaliphatic moieties of the formula:

” /7<R |

—CH (CH,),
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109228 ()- K| z8vU410 !\ S)10%/Y& ()-! 9)10%1& ()- F "109&ZZ¢& () -

1 109Z2& ()- 3 Y10va¥hgmein )ag igan mmz@zoq\)ilﬂWfﬁ?&?{@%ﬂ‘@mﬂé&w and

9109778 ()- @B310%Z8&. (s 109@7& () <o, Ii- L 10078 ( Y x: - ;
{ZoNM1010 3 1006 P ETHA(C o eRglitrbds: bivegieigechnainind igEdEsdgacs
SLO% & () S8 10% Bob)(C, 0L MayiLOd Bherd bl bers of diRmi) - 4, 10% & ()

—CH,(CH,),0);—

wherein x is an integer from 1 to 5 and y is an integer from 2 to 50, with the
proviso that the terminal oxygen atom on the polyether spacer moiety can not be
10 directly linked 10 a terminal oxygen atom on an adjacent group to form a

peroxide linkage; and divalent cyclic ethers and cyclic diethers represented by

RER SRR

nis 0 or I:and R’ is acid labile group sclected from Depm, Dmep, -C(CH,),.
20 -CH(R")OCH,CH,. -CH(R"OC(CH,),. and the cyclic group:

O 675 0
MO ERG

or mixtures thereof, wnerein R represents hydrogen and a linear or branched

the structures:

—
U

(C, to Cy) alkyl group.
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15

to
n

selected from one or more of the structures represented as follows:

L Im Im

R® p1o gnR"?2 RYp 14 gisRY6

wherein R’ to R" independently represent hydrogen, linear or branched (C, to

C,0) alkyl, or a substituent selected from the group -(A),-C(O)OR", -(A),-OR",

-(A),-OC(O)R", -(A),-OC(O)OR",

-(A),-C(O)R", -(A),- OC(O)C(O)OR", -(A),-O-A’-C(O)OR",
-(A),-OC(0)-A'-C(O)OR", -(A),-C(O)O-A"'-C(O)OR", -(A),-C(O)-A'-OR",
-(A),-C(0)O-A'-OC(O)OR". ~(A),-C(0)O-A"'-O-A"-C(O)OR",
-(A),-C(0)0-A'-OC(0)C(O)OR", -(A),-C(R"),CH(R")YC(O)OR"), and
-(A),-C(R"),CH(C(O)YOR"), . R and R" can be taken together with the ring
carbon atoms to which they are attached to represent a cyclic anhydride group;
A and A’ independently represent a divalent bridging or spacer radical selected
from divalent hydrocarbon radicals selected from linear and branched (C, to
C,0) alkylene; divalent cyclic hydrocarbon radicals selected from substituted and

unsubstituted (C, to C,) cycloaliphatic moieties of the formula:

Ra

—CH (CH,),
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1000 1000! 010%00& () - &s&1Q%g& () - LfIOOR (Y-, -10%&. ()- ~

10% & ()-F ~ S 1092"8% )2 p° %%C&EH"% 10, [aagt '%? ‘-f%!’és‘)é'?‘[':"?‘giﬁsﬁ‘“f‘%‘iﬂws & ()-
@910% & ()- (10% &}aﬁ}hedqtéw&@o&élﬁc}r rblips9 &v&let) oxygen 08atdintngrédi8dls selected
109R & ()-- #@O0YR & ()--10 10 10 1130%8;'0&)-‘ 910% & ()- 810% & ()-Y/ *.
|[:zY81 \Z10%CR! @&m(&;w Z1:0 slRlepe ethyrs ang pobyethers 9f-the formogRl & () -
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5 ~CH,(CH,),0):—

wherein x is an integer from | to S and y is an integer from 2 to 50, with the
proviso that the terminal oxygen atom on the polyether spacer moiety can not be
directly linked to a terminal oxygen atom on an adjacent group to form a

10 peroxide linkage: and divalent cyclic ethers and cyclic diethers represented by

the structures:
0O 0] \[0
) W Y

nis 0 or 1; R” independently represents, linear and branched (C, to C,,) alkyl,

15

linear and branched (C, 1o C,,) alkoxvalkylene, polyethers, monocyclic and
polycyclic (C, 1o C,,) cycloaliphatic moieties, cyclic ethers, cyclic ketones, and
cyclic esters; and R'* to R independently represent hydrogen and linear and

20  branched (C, to C,,) alkyl: and m is an integer from 0 to 5.

10.  The polymer of claim | comprising a repeating unit of the

structure:

4
R R? R} R

30



J2109R & ()- FII0WR & ()- @LOWR & ()- ,&I0WRI & ()- $ 109R & ()-'*, zY81
“109& ()-- 109& ()-- #S109%& ()- - 10R! 10R! 10R!f)100R! & ()- Sf5

109K & ()-,/251|[:zY81 109 ()- 109& ()- 1098& ()- |(109%& ()-R, 109%& ()-
1098 ()-?|[:2zY81 0109% ()- *410%& ()- & 109%&' ()- %@L0% (SR 2008 () -
L109& ()-: DFGH T{m Q01 #s@O% ()- 10\\ 10\\ 10\\!v610%\& ()-
610UKRK& ()- R “-109& ()-1 9109%& ()-TWI: Qo1 109& ()- 109%& ()- @LOY%& () -
mMOY%& ()- R -109%& ()- s3109%& ()- \/\Zzzgé ' Z109& ()- &LOU& () -

&$10% ()- | 10% ()-R 1 s10%& () & () - Z|[ Q01 " 310% () -

I o e b R b |1
, $-10% e! is hydrogen or linear and branched (C, to C,o) alkyl and at least one of R' to R*

is an aromatic containing substituent selected from the group consisting of -G,

-(CH,),G, -C(0)O(CH,), G, -C(OINH(CH,),G, -(CH,),0G,

5  -(CH,),0C(0)O(CH,),G. _and -(CH,),NHC(0)G; m is an integer of 0 t0 5; n
independently represents an integer of 0 t0 5; and G is an aromatic group
substituted with at least one substituent selected from the group consisting of
-OR', R", and combinations thereof, wherein R' represents hydrogen, linear
and branched (C, to C,q) alkyl, -C(O)CH,, tetrahydropyranyl, t-butyl; R"*

10 represents hydrogen, bromine, chlorine, fluorine, iodine, cyano, and the group
-C(O)O-t-butyl; R' and R’ together with the two ring carbon atoms to which
they are attached can form a substituted aromatic group of 6 to 14 carbon atoms
wherein said ;ubslitucnts are selected from at least one moiety of the formulae
-OR" or R as defined above; R' and R* together with the two ring carbon

15 atoms to which they are attached can also form a 5 membered heterocyclic
group containing at least one heteroatom wherein the heteroatom is substituted
with G as defined above.

11.  The polymer of claim 10 further comprising a repeating unit

20  represented by the structure:

N m

R* RS R? R

wherein R? 1o R" independently represent hydrogen, linear or branched (C, to

C,0) alkyl, or a substituent selected from the group -(A) -C(O)OR", -(A),-OR",
30 -(A),~-OC(O)R", -(A),-OC({O)OR",
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73] c" "Heading 83]c" "Heading 93]c"A "Default Paragraph
Font PM' () / 3a8<eCFMRUPY" f mpxQ #$MBA?Hg
"$&(*,.02468: <>@DFHILNPRTVXZ\ 2" bdf hj | nprt vxZAq%[""+R- 6?GSY\i s~M f Qv<, 3Hg[ \]
A " abcdef ghi j kI mopqgr st uvw}/
-(A),-C(O)R", -(A),- OC(O)C(O)OR", -(A),-O-A’-C(O)OR",

-(A),-OC(0)-A'-C(O)OR", -(A),-C(0)O-A'-C(O)OR", -(A),-C(0)-A’-OR",
-(A),-C(0)0O-A'-OC(O)OR", -(A),-C(O)O-A"-O-A'-C(O)OR",
-(A),-C(0)0-A"-0C(0)C(O)OR", -(A),-C(R"),CH(R")}(C(O)OR"), and

5 -(A),-C(R"),CH(C(O)OR"), , R’ and R" can be taken together with the ring
carbon atoms to which they are attached to represent a cyclic anhydride group;
A and A’ independently represent a divalent bridging or spacer radical selected
from divalent hydrocarbon radicals selected from l‘incar and branched (C, to
C,,) alkylene; divalent cyclic hydrocarbon radicals selected from substituted and

10 unsubstituted (C; to C,) cycloaliphatic moieties of the formula:

i

—CH (CH,),
15
wherein “a” is an integer from 2 to 7 and R® if present represents linear and
branched (C, to C,,) alkyl groups: divalent oxygen containing radicals selected
from (C, to C,;) alky lene ethers and polyethers of the formula:
20

~CHy(CH,),0)—

wherein x is an integer from 1 to 5 and v is an integer from 2 to 50, with the
proviso that the terminal oxygen atom on the polyether spacer moiety can not be

25 directly linked to a terminal oxygen atom on an adjacent group to form a
peroxide linkage; and divalent cy clic ethers and cyclic diethers represented by
the structures:

JOER SRS

3

o
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gxyz{|}~ ©6Times New RonmanArial Couri er New'h Root EntryWrd tom
AUHEUR ()*+,-./0123456789: ; DB%JHEE e
<=>?@\BCDEFCGHI JKLMNOPQRSTUWWKYZ[ \ ] *_" abcdef ghi j kl mopqr st uvwxyz{| } ~

I"H#B9& ()*+,-./0123456789: ;

<=>?@A\BCDEFGHI JKLMNOPQRSTUVWKYZ[\ ]~ " abcdef ghiqgkl mopqgr st uvwxyz{| } ~

" #$UR' ()*+,-./0123456789: ;
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<=>? @\BCDEFGHI JKL MNGRBSFUYRK YddeptAdenab eeteésghis] neanapihranahedk@2p|G o) alkyl,
linear and branched (C, to C,,) alkoxyalkylene, polyethers, monocyclic and
polycyclic (C, to C,,) cycloaliphatic moieties, cyclic ethers, cyclic ketones, and
5  cyclic esters; and R" to R independently represent hydrogen and linear and

branched (C, to C,,) alkyl; and m is an integer from 0 to 5.

12, The polymer of claim 11 further comprising repeating units

selected from one or more of the structures represented as follows:
10

m . m

15 R? RIORM R1: RV R4 RIS R

wherein R® to R"" independently represent hydrogen, linear or branched (C, to
C,o) alkyl, or a substituent sclected from the group -(A),-C(O)OR”, ~(A),-OR”,
-(A),-OC(O)R", -(A),-OC(O)OR". -(A),-C(O)R", -(A),- OC(O)C(O)OR",

20 ~(A),-O-A’-C(O)OR". -(A),-OC(0)-A'-C(O)YOR", -(A),-C(0)O-A"-C(O)OR",
-(A),-C(0)-A"-OR". -(A),-C(O)O-A"-OC(O)OR".
-(A),-C(0)O-A’-0-A"-C(O)OR", -(A),-C(O)O-A'-OC(O)C(O)OR",
~(A),-C(R"),CH(R"}C(O)OR"). and -(A),-C(R"),CH(C(O)OR"), ,nis O or 1;
R® and R" can be taken together with the ring carbon atoms to which they are

25 attached to represent a cyvclic anhvdride group; A and A’ independently
represent a divalent bridging or spacer radical selected from divalent
hydrocarbon radicals selected from linear and branched (C, to C,,) alkylene;
divalent cyclic hydrocarbon radicals selected from substituted and unsubstituted

(C, to C,) cycloaliphatic moieties of the formula:



10

30
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CH (CHZ)I
wherein “a” is an integer from 2 to 7 and R if present represents linear and

branched (C, to C,,) alkyl groups; divalent oxygen containing radicals selected

from (C, to C,) alkylene ethers and polyethers of the formula:
~CH,(CH,),0)~

wherein x is an integer from | to 5 and y is an integer from 2 to 50, with the

proviso that the terminal oxygen atom on the polyether spacer moiety can not be

directly linked 10 a terminal oxygen atom on an adjacent group to form a

peroxide linkage; and divalent cyclic ethers and cyclic diethers represented by

eI

R” independently represents. lincar and branched (C, w0 C,,) alkyl, linear and

the structures:

branched (C, to C,;) alkaxyalks lene, polvethers, monocyclic and polycyclic (C,
to C,,) cycloatiphatic moieties, cyclic ethers, cyclic ketones, and cyclic esters;
and R" 10 R" independently represent hydrogen and linear and branched (C, to

C,0) alkyl: and m is an integer from O 1o 5.

13. The composition of claim 4 further compnsing a

monomer selected from the group consisting of maleic anhydride,

SO, and mixtures thereof



