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POLYCYCLI C RESI OSI TI ONS W TH | NCREASED ETCH RESI STANGlehu&6iakGROUND
OF THE | NVE@S&S{;? Techni cal Field The present invention i's génerally
related to a photoresist conposition used in the manufacture of integrated
circuits (ICs). Mre particularly, the 10 invention relates to a
polycyclic chemcally anplified polynmer resist that has |ight absorbing
properties at deep ultraviolet (DUV) wave | engths. 2. Trends in the

el ectronics industry conti ster and consumne

| ess energy. To neet thesepwﬂ:ﬂﬁ@kﬁéommgof a 15 hi gh
density having. sub-m cron {ggt FI ﬁ@gg et SEANTE | i nes must be made
t hi nner and pl aced cl oser toget er [Ucl ng t e spaci ng between conducting
lines ressilts in a concomtant increase in the efficiency of the IC
enabling a greater storage capacity and fast g of information on
a conputer chip. To achi eveBﬂﬁlﬁﬁﬁwNPé)%%a&nmgﬁiMI er feature sizes

hi gher 20 pattqrnl Nee kﬁﬁgg o cpn is necessary. In the manufacture of IC
el ements a chemcal l'y anpl éi otoresist is applied on the surface of a
silicon wafer. A | afmtprdkmtxmdnlxbmageaahllﬁrelm a photayesist dompoditien r esi st by

irradiating its surface through an overlying phot anmask conL_g ning the
desired patt er riseryinithe srepwfacture of miegrated semits{ e sk MP"%H?@“’I“ ’Ysg‘eZS

undergo a,chem, 4 ang

patterned resi Sﬁ@n&ng{} %@vﬁo’%&éﬁpn gjt'%aglp 2] ? ﬁ?‘%ﬁ?‘ *jgls{s{l %’e rmves
ei ther the expqbestbing &@%ededpemtmetqbuv»amewfg&hsexpow ng the
under |l yi ng wafer. Accordingly, the

2. Trends in the electronics industry continually require IC’s that are

faster and consume less energy. To meet these specifications the IC must be of a
15 high density having sub-micron feature dimensions. Conducting lines must be

made thinner and placed closer together. Reducing the spacing between

conducting lines results in a concomitant increase in the efficiency of the IC

enabling a greater storage capacity and faster processing of information on a

computer chip. To achieve thinner line widths and smaller feature sizes higher
20 patterning resolution is necessary,

In the manufacture of IC elements a chemically amplified photoresist is
applied on the surface of a silicon wafer. A latent photo lithographic image is
formed on the resist by irradiating its surface through an overlying photomask
containing the desired patterning information. The exposed areas of the resist

25 undergo a chemical change with attendant changes in solubility. The patterned
resist is then developed in a solvent that selectively removes either the exposed or
unexposed regions of the resist exposing the underlying wafer. Accordingly, the
resist produces positive or negative images of the mask, depending upon the
selection of developer solvent. The exposed silicon wafer substrate material is

30 removed or changed by an etching process leaving the desired pattern in a

functional layer of the wafer. The remaining resist material functions as a barrier



resi st produces positive or negative imges of the nmask, dependi nhg upon the
sel ection @fo gsys%koper sol vent. The exposed silicon wafer POTAISONDIS32
material i¥O3 renoved or changed by an etching process |eaving the
desired pattern in a functional |ayer of the wafer. The renuaihing resist
material functions as a barrier ©~ -2-,Etching generally involves passing a
gas through a chanber and ioni zi ng tﬁézgas by applying a potential across
two el ectrodes in the presence of the gas. The plasma containing the ionic

speci es generated by the potential is used to etch a substrate. placed in
t he chanber. The i oRichingigen¢raBy invalves pasgingr EEHQ"BP%W%ESI‘E‘&E‘QE rect ed

to the patterned supstrate where .they inter ' terial
forni ng vol ati&@gﬁgﬂm(’i%mgﬁé’tm_ ‘pﬁ‘%%\%%egg%% %ﬂa%&??sgié%f Eea tive ion
etching (R E) ﬁ{h&ﬁ& ciiRhinirgahd PASE speEibé Setleratédippak poratidliis esedito eiche
substrate as we as substrate to substrate etching uniformty. Because of

t hese advant agesubstrate plazad in the chambert dfieiopic speiies gererated inpthe plasmeqee
standard in I C manufacture. 1

0 To ,achi eve, the finer feature
si zes defandeddisgetedigdhe patiemed; substzats where Wﬁydﬂ@facgméh‘? ?“F#?S@F‘&&ﬁ\ag i magi ng
resolution is pe - H | | ' leh d ter wave
| engt hs of the?oéﬁﬁﬁig&é%lﬁg%g{stt%ﬁﬁrp%% Pg?%ﬁ?ﬁ’gﬁ f) ot greels!ie%‘?w(%%ﬁ\/ at 190 to
315 nn). HoweveichingRIEY provided welb Befimedagitkabsidevedl] mrofilesdn the substrate as
phenol - f or mal dehyde novol ac pol yners .and the substitut ?&?st@eni c polyners
15 cont ai nellrassubstiategdp subsirateriching weifarmityy Beeausgot fhes emagﬁ

cboor LI v 2 WS ik 0akhe b0l e B AP IR, O nck
resist. {gpnsequent| yro dchRve theffRfef feature sizes demanded by today’s specifications,
higher photo lithographic imaging resolution is necessary. Higher resolution is
possible with'shorter wave lengths of the source employed to irradiate the
photoresist (DUV at 190 to 315 nm). However, the prior art photoresists such as
" the phenol-formaldehyde novolac polymers and the substituted styrenic polymers
15 contain aromatic groups that inherently become increasingly absorptive as the
wave length of light falls below about 300 nm. A drawback is that the radiation
can not fully penetrate the lower portions of the resist. Consequently, the surface
portions of the resist receive 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 it 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 in the polymer 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
ICs 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



portions of the resist receive a nuch |arger dose of radiation than the
| ower porti apgoeskeN the irradiated pattern is devel oped, a RCGIFSIVEBBEofile
is fornmed. 20 Accordingly, fine feature resolution can not be
attained. To overcone these transparency deficiencies it has been suggested
to decrease the thickness of the resist3in the hopes of increasing the
transparency characteristics of the resist. However, as is common in the
pol ymer art, the enhancenent of one property is usually acconplished at the
expense of another. Becaus hot oresi s erials eneral ly
Gibec

i LR AUy
organi c i n _natur NPT 5SSt Fatenals ypre pofedavay hefore i e of 1C s
are typically | ngiemihe shiftdte cofild HeFaIl etchdd® Photoresi st material has an

i nherently higher etch rate than the substrate material when enpl oying the
RI E process. W th thilhSePatkrty5§25,020 to Bséyd etrahidisciasbsa ehvplicallycnplifieder conme
t he -3- transparency problem the resist materials were eroded away

bef ore the undere§istfgnipgsition iciiding 4 polymer comprismgtheteactionproguct ah ¢

5, 625, 020 B e i cal | Lifi st
composi t1oh | ncl LAy TV RR BeafinGi REmPBBSt-Lr A o1 s
hydroxstyrene w gdlyrérs hhvd Been Fripaded 16 loteRome thetrankphir@fey dnfwtacks 4ahy | at e

pol ymers have been proposed to overcone the transparency drawbacks of the
phenol i c- based prhsnelicbassd photpresisise Howieler, thgigainiin transpasspay tnshprtemwaneor t er

LT g o R e b
(Chem cal Iy Anpl dchideesEl ectron- Beam Phot oresi sts,
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-o-methylstyrene containing acid labile groups for use in electron-
beam photoresists. A;c, 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 free 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
polycyclic polymer containing repeating units having pendant acid labile groups.
While a vaniety 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.”



Chem Mater., 1996. 8, 376-381) describe a polyner blend conpristng 20

wei ght  per geido 9,2 free radically pol ymerized homopol ymer RET/USNEPB3r nene
nmononer bearing acid | abile groups and 80 wei ght percent of a honopol yner
of 4-hydroxy-[err]-nmethylstyrene containing acid |abile groups for use in
el ectron- 1 5 beam phot oresi sts. Ag discussed supra, the increased
absorbity (especially in high concentrations) of aromatic groups renders

t hese conpositions opaque and unusable for short wave | ength imaging

radi ati on bel ow 200 nm .Th i scl osed conposi tions .ar i.l.abl e.only for

el ect r on- beam phot 0|A§§?f§f’§? '%“Eé?r?t’ﬁcﬁn"ﬁg?‘lftq pho. (3851335“@(%@&%%?‘%& i ng
(particularly ) i .. ' idesNvesti gat ed
bl end conpositiragx&llgg el%%%@y%%@@&%‘ﬁ%@%%ﬁ%ﬁ%ﬁSg‘ﬁ%mg%dgﬁ rate to be
unaccept abl y higghsgaggncy teshorawiavedhgth frabging radiation whilebeingrsafficientlynor bonene
mononmers bearing acid |labile groups. Internatignal Patent Application WO
97/ 33198 t o Theesstmt@amwactye 08 firking RIPSRSFIBE EBVIPIEM®H cal |y anplifi ed
phot or esi st conposition conprising a 25 pol ycyclic pol ymer cont ai ni ng
repeati ngssuni ts having pendant acid |abile groups. Wiile a variety of other

pendant groups are discl osed, SGMMARYOE THRIVVENTIONICl uded. In fact, the
Background of the Invention states that "If deep UV transparency is desired

(i.e., for 248 nm adtispagenerlibbiedtyof 1S inyentiente previde & Photpresist eompasition

pol ymer should contajn a m ni {:rum of aromatic (C:}F%r.aﬁt er." 3.4-
Accordingly, t HOmPTiswEARalycys ‘?IB%‘éimFB?mﬁmﬁmﬂ“ e ?‘nsgﬁﬁ?ﬂbt?isf’?%?f'%i chis
conpat i bl'e Wi t el he AENRE AldifiRTha bsistibet i &g 2hdry Hrob48&. and provi des

10 It is a further object of the invention to provide polycyclic polymer
having recurrent pendant aromatic groups.
It is a'still further object of the invention to provide a method for making
polycyclic polymers with pendant aromatic groups.
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 polycyclic monomer containing protected
pendant hydroxyl 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



transparency to short wave |l ength inmaging radiati on while being
sufficientlgwjﬁﬁhghant to a reactive ion etching processi ngPERUSPBIBGINt. 5
SUMVARY OF THE INVENTION It is a general object of the invention to provide
a photoresi st conposition conprising a polycyclic polyner conposition that
is transparent to short wave |ength imagi.ng radiation and resistance to dry
et chi ng processes. 10 It is a further object of the invention to
provi de polycyclic polyner having recurrent pendant aromatic groups. It is

a still further ahject of the inpvention t ovi.d net hod.,f or, nmaki ng
pol ycyclic pol yt# PERETH &Y 5’5?&%? ﬁHPF‘@%%’HEE’aWF pgnug%gYhBZFl BTEEY of
the invention ! GhatMy THE it FORMuIRE PR IV fre'diBindd Rercinbélgil St S These
and ot her objects of the Invention are acconplished by providing a cyclic
pol ynmer for use in positive and negative tone resist conpositions. The
pol ymer is obtained by polynerizing a pol ycyclic nonomer containing
protected pendant hydroxyl substituted MeBMEEYSc groups. Surprisingly the

pol ymer 20 COnMpoSsHLi e . i hj el | ent
RIE resi sthnce. DETA MEBHEE ’Bﬁ‘f%%@%“&%ﬁ?%%%ﬁ%@%ﬁﬁ nvent i on
relates to a resrétepfleiebby FomBPLIMEOWI Ng a pol ycyclic pol ymer contai ning
recurring pendant aronmatic groups along the 25 pol ymer backbone. In
one aspect of the invention, the present polyners are prepared by

pol yneri zing a reaction medi um conprising one or nore aronatic substituted

(7

pol ycyclic. nononmers set forth under Fornmula I. In another aspect of the
i nvention, one or nore of the nononer Formula | can be copol yneri zed
10 I
P Im
R'p2 ps R¢
15 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(OINH(CH,),G. «(CH,),0G, -(CH,),0C(0)O(CH,),G,
-(CH,),NHC(O)G: m is an integer of 0 10 S, 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, -~ Qm. D -

(X), ()
(XL " (x)a"

oas

(X), (X,



-5- with nonomers selected fromFormula Il, Formula Ill, Formula-1V, and

m xtures there }1 The nononers of Fornulae | to IV are des@Umms$9/03632
her ei nbel OW.()%@ Wers 5 The pol ycyclic nononers containing the
pendant aromatic substituents are represented by Formula | below [err] 15
Rlerr] to Rerr] independently represent hydrogen, -(CHerr])C(O OR
wherein R is hydrogen or linear and branched (CJerr] to (Jerr]) alkyl and
at |east one of Rerr] to Rerr] nust be selected fromthe foll ow ng

aromati c containing substituents: -G - [err])[err] G

- (C( 03% q Crg [er r] %Wégrteimin%@pmw.nﬁegrﬁ é%qu‘l(.@L{ gﬁ:m:e@ere and |

- err err Jerr errl.G. .- [ ' an

i nteger of 0 tdh@“%?%gg m%%“% "1‘,“%%“%%5%%%%?{% Eé i?;tﬁlm?]éblf))fi%sents an
integer of 0 tq;B; p@&ti% IR the &y P thich AR/ oF Forafll &Crepresetit tedpoim bowi ng

noieties: {err] erein X"independently sepresents OR[err] or
Rlerr]. As ill ushitktiedattecyclraiomb arbphded totthé adjsqsatmplegulery waieties s to be

understood that the unsubstituted bgond |lines praqjegti fram i.he cyclic
struct ure8 and/dsfinedinhe &@PF‘éb'Fég'éWﬁa?' 815595{)@%]3{1 in i ard, € diaonkl/

orientation of the bond lines projecting from the center of the rings indicate that
the bond is optionally connected to any one of the carbocyclic atoms in the ring;
a, a’ and a” represent the number of times substituent X is substituted on the ring
system, wherein a is an integer from 1 to 5, a’ is an integer from 1 to 4, and 2" is
10 an integer from 1 to 3; R" is hydrogen, linear and branched (C, to C,p) alkyl,
-C(O)CH,, tetrahydropyranyl. t-butyl; and R* is hydrogen; a halogen atom
selected frony bromine, chlorine. fluorine, and iodine; cyano, and the 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 S membered heterocyclic group containing
at least one heteroatom wherein the heteroatom is substituted with G as defined
above. The aromatic groups of 6 to 14 carbon atoms can be substituted by X as
defined above. Representative monomers wherein R' and R* taken together form

20 an aromatic or heterocyclic ring are set forth below:

=
m m

W

(x)a" l



whi ch the carbocyclic atons are bonded to the adjacent nol ecular noieties 5
defined in thWOB42¥etive formul ae. As is conventional in thepertsssidie:

di agonal orientation of the bond lines projecting fromthe center of the
rings indicate that the bond is optionally connected to any one of the
carbocyclic atons in the ring, a, a and fa". represent the nunber of tines
substituent X is substituted on the ring system wherein a is an integer
froml to 5 a is an integer froml to 4, and a" is 10 an integer

froml to 3; R errge and, br.anche err to C[err])
al kyl , C(O)CH[err] te@ﬁatIH ropyér’%%$?° %/ %ﬂ%{%ﬁ#p loydr ogen; a

hal ogen at om sel ect ed from brom ne, chl or| ne, fI uorine, and i odr ne; cyano,
and the group -C(O Ot-butyl. In Formula | R err] and Rl err] together with
the two ring carbon atonms to which 15 they are attached can form an
aromatic group of 6 to 14 carbon atons such as phenyl. naphthyl. and

ant hracenyl or a 5 nenbered heterocyclic group containing at |east one

het er oat om wherein the heteroatomis substituted with G as defined above.
The aromatic gro f 6 to 14 carbon atons can/s substituted by X as

defined above. entative nononers wherein{Rlepr] and R err] taken
together form 20 an aromati c or heterocycl)e<rling are set forth bel ow
[err] -7- Rep trve nononers set forth Formula | are

illustrated bel ow .
(X),

% ’ (X)a/ @ (}()s
C(O)O(CH»
(X)
% (CHz)nNHC(o X,
/
CH,), OC(O

(X),

ool 2

(X)
(X),-
C(O)NH(CH,)

(x) 0" 'n

(X)a
Saa)

(X)

QI
m (x)a'
CHZ) OC(O)O(CH,)Q |
(X),



-8- The nononers of Formula Il contain a pendant acid |abile group as shown
bel ow: [erwon%(gq‘g |n Rlerr] to R err] independantly represerQT/dsa9@BSLi t uent
selected f e group -(Aferr]C(OOR, -(Aferr]-CCOOR, -(AJferr]-0ORrR
-(Aferr]-C(QR, -(Af[err]-AOR -(A[err]-0(0 R,

-(Aferr]-CCH err]C(OOR", -(A)[err]-COOA -CCH err] C(0O OR*,
-(Aferr]-0C(O-A-C(OOR, -(Aferr]-C(R[err]CHR (C(O OR**), and 15
-(A)ferr]-(R[err] CHC(O OR *)[err] subject to the proviso that at | east
one of Rerr] to Rlerr] is selected m an, aci d Iabll oup _cont ai ni ng
Rlerr], preferably, The monomerseld) coutain A pendantac @iﬁ@%

preferably 0 or @@g}j A independently represent a dival ent bl’ldgl ng or
spacer radi cal nggf from di val ent hydrocarbon radicals. divalent cyclic
hydr ocar bon radi cals, 20 di val ent oxygen contai ning radicals. and

di valent cyclic ethers and cyclic diethers, and n is an integer of 0 or 1.
Wien nis O it should be apparent that A represents a single coval ent bond.
By divalent is neant that a free yakgnce at each term nal end of the
radical afe attached to two di stlroups The di val ent hydrocar bon

radi cal s can be represented by -‘i" -(CdegrrlHerr])- where d 25
represents the nunber of carbon a n the al Kyl ene chain and is an
integer from1l to 10. The di vaIerocarbon radicals are preferably

sel ected fromlinear and brancheteer™ to C[err]) al kyl ene such as

met hyl ene, et hyl ene, propylene, MHutyliene, pentylene, hexyl ene, heptyl ene,
octyl ene, nonyl ene, and decyl eneRS;Wt Bikanched al kyl ene radicals are
contenplated, it is to be understood that a

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)0-A'-OCH,C(O)OR*,
-(A),-OC(0)-A'-C(O)OR*, -(A),-C(R),CH(RYC(O)OR**), and

15. -(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 0 to 5. preferably 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 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
terminal end of the radical are attached to two distinct groups. The divalent
hydrocarbon radicals can be represented by the formula -(C4H,)- where d

25 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



9 hydrogen atomin the linear alkylene chain is replaced with a |Iinear or
branched (C[mpgmtsoz Cerr]) alkyl group. The dival ent cycli ®AEPHE¥Phon
radi cal s i nclude substituted and unsubstituted (CJerr] to (Jerr])

cycl oal i phatic noieties represented by the formula: 5 [err] 10 wherein
a''''" is an integer from2 to 7 and Rlemr] when present represents |inear
and branched (Cferr] to CJerr]) al kyl groups. Preferred dival ent
cycl oal kyl ene radi cal s include cycl opentyl ene and cycl ohexyl ene noi eti es

bove. 20 - BYRsdgboffh RS HAHE R e bt e BRY Sik by haniiEy, 0

represented by t t@CDLﬂ]{)ﬂH’gﬁﬁx [err] The dival ent oxygen containi ng
radicals include (C[err] err]) al kyl ene et hers and poI yet hers. By

(Jerr] to Jerr]) al'laydthvﬁemmhdrch)dmm&mram@smhl@dcmmnmmdrmér of carbon
atons in the divale et et at least be 2 C t exceed
10. The di val ent“’%ﬂ’%“l ng&ét‘ggﬁ)s %@MF&%?H@&H&PWW&@‘Y&%F&OI

5
Ra
—CH (CH,),~
10 whereina’’*’ is an integer from 2 to 7 and R when present represents linear and

branched (C, to C,,) alkyl groups. Preferred divalent cycloalkylene radicals
include cyclopentylene and cyclohexylene moieties represented by the following

structures:

15 | T q qu
wherein R? is defined above.

20 Preferred divalent cyclic ethers and diethers are represented by the

structures:

¢} 0 \[0
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



- 10 - -al kyl ene-O al kyl ene- wherein each of the al kyl ene groups-that are
bonded to %ewﬂﬁﬁgen atom can be the sane or different and POTAUSISNZESE ed
from met hyl'ené, et hyl ene, propyl ene, butylene, 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 radical 5 -CH efpl.-O-CH err]-. Preferred pol yether
noi eties include divalent radicals of the fornula: [err] 10 wherein X
is an integer from.1 to 5 and y is an integer from2 to 50 with the proviso

h h ' h h b

i rectl'y T?L?egabg?eagﬁiﬂw B Bherbpoa PG ARIrBE B Rt BebopaR SRe 7.

per oxi de | i nkaggyglily h{kﬁhﬁ%g%neoﬁr&ﬁét@ﬁdnumtdd'ﬁ&nmeﬂ@&e) are not
polyet he

cont enpl at ed whe r spacers are linked to any of the term nal
oxygen cont ai ni ¢ilyylése, propytmb,sliutylammegyhngshexﬁbné deptirlenecetyléfecand to

err] above. In the above formyl ae R nt dr.ogen, a near and
EEanc]hed (d er rqonylengy gh¥f’}“¥’&@k9!"£°&hﬂ ?’e‘%égf{%e“ﬁg é{’?@g‘é

plocking gr pr Ogi@gg-;tgaﬁ{ g&@egﬂhﬁe&gﬁ% %\gféeﬂr‘ﬁ a1k aEaL Qf{hgl tiators

-CH(Rlerr])OC(Gdrmtral ) [err], or the follow ng cyclic groups: [err]
PCT/ US99103632 - 11 -

~CH,(CH,)0)5—

10 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-O-) are not contemplated

- when polyether spacers are linked to any of the terminal oxygen containing
15 substituent groups set forth under R’ to R® above.
In the above formulae R represents hydrogen and linear and branched
(C, to C,o) alkyl. and R* represents moieties (i.e., blocking or protecting groups)
that are cleavable by photoacid initiators selected from -C(CHs,),,

-CH(R®)OCH,CH,. -CH(RP)OC(CH,),. or the following cyclic groups:

O 6"E 0
000




wherein Rlerr] represents hydrogen or a linear or branched (Cerr] to
derr]) al kywoesmspe The al kyl substituents include methyl, RETNSIOFBDHPYI

i -propyl, butyl, i-butyl, t-butyl, pentyl, t-pentyl and neopentyl. In the
above structures, the single bond |line projecting fromthe cyclic groups
i ndi cates the carbon atomring positionip. where the protecting group

I s bonded to the respective substituent. Exanples of acid |abile groups
i nclude 1-nmethyl-1-cycl ohexyl, isobonyl, 2-nethyl-2- isobornyl,

2- met hyl - 2- adamant y! et rahydr.of uranyl , ..t et rahydr.opypa

3- oxocycl ohexanowg}%l"?i“r%p\fﬁi’r&f‘ﬁ/n&s Wygrqgsn OF & ligeatop gé%qe%{:’ {2}1/&:,{) 2 GRYP-et hy! |

di cycl opr opyl net : e F I “@ﬁn;; roups. 10
R* * independentl?xéael% esg%}}ttg % g%%mygﬁﬁwﬁﬁﬁ?\?@WT%e Dcmlgnd Dntp
groups are respetbutyk byntyk ppasgliindcebpentyle 1 did aboveigmnstures; thersiigyle bonidr |

Pol ycyclic nononers of the_ above forrmula with a substituent, selected from

the group - ( CH ehnq proischingfromp[tas ¢cbirigraupeindjaafes the cgrbon atom ring position

7] 25 e ) R TR i AT SRR Shefuger
fromO to 10. a1 470PLimciubé 1=méthyShepdisheRel, RBPGHFIND-h@hyiase skil |l ed

in the art that fanéophotoam d cleavable noiety Is sui table in the practice
of the inventi onisgborhylyg-neathyltdeadamantyl, tetrahydrofuranyl, tetrahydropyranyl,

3-oxocyclohexanonyl, mevalonic lactonyl, 1-ethoxyethyl, 1-t-butoxy ethyl,

"

dicyclopropylmethyl (Dcpm). and dimethylcyclopropylmethyl (Dmcp) groups.
10 R** independently represents R and R* as defined above. The Depm and Dmcep

groups are respectively represented by the following structures:

Y

-CH ,and -C(CH3),
15
Polycyclic monomers of the above formula with a substituent selected
from the group -(CH,),C(R),CH(RYC(O)OR**) or -(CH,),C(R),CH(C(O)OR**),
can be represented as follows:
20
R OR*
el (o
T RR ™ RR
25

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



pol yneri zation reaction is not substantially inhibited by sane. The
nMoNomer s O{nggth}a 1l contain pendant neutral or pol ar 5 PCT/US99/03632
substituen | ustrated below. [err] wherein Rerr] to Rerr]

i ndependently represent a neutral or poI ar substituent selected fromthe
group: -(A)ferr]-C(OOR", -(A)[err]- (Aferr]-(OQ R,
-(A)ferr]-0(QOR', 15 -(A)[err]- &O) (A)[err] a0 (O OR'.
-(A[err]-OA-C(QOR, -(Aferr]-0(0-A -0 CR

OO 0 R - GO O
A;%%%gg(gc}%& ?er%s@tgb;qp( %g{orthfie@?@ﬁ\ %m‘tthgtp‘gng'ixf ba&th© Aand
-(AJferr]- C(R') eea%lgﬁ%%ﬂ’&%?ﬁﬂrlé%gfh{eg%‘;&ilﬁtbég%ér romoO to 5

preferably 0 orpolyméfkation reattién ¥Biochibemnsalbnidhidited bplsamerdent | y represent a
di val ent brldglng or spacer radical selected fromdival ent hydrocarbon
radi cal s, dival ent cThsmenamers of Berguia HA gprtainpendant aewtral opROBEN cont ai ni ng
radicals, and di lent C ic.e rs.and cyclic diethers. and nis an
integer 0%or 1.5 ?%R%FW¥“£ﬂ§ﬂWd be apparent that A represents a
si ngl e coval ent bond. By divalent is nmeant that a free valence at each 25
termnal end of the radical are attached to two distinct groups. The
di val ent hydrocarbon radicals can pe represented by the formula
-(Cerr]Herr])- where d represent nunber of carbon atons in the
al kyl ene chain and is an integer fr, 1lto 10. THH di val ent hydrocarbon
radi cals are preferably sel ected fgomi near and branched ((err] to
Cerr]) al kyl ene such as nethylenh ethyhene, propyl ene, - 13 -

10

R? pio guR?2

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(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)0-A’-OC(0)OR", «(A),-C(0)O-A'-O-A’'-C(O)OR",
-(A),-C(0)O-A"-OC(O)C(O)OR". «(A),-C(R");,CHR "} C(O)OR"), and
-(A),-C(R"),CH(C(O)YOR").: and m is an integer from 0 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
25 terminal end of the radical are attached to two distinct groups. The divalent
hvdrocarbon radicals can be represented by the formula -(C4H,4)- 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,



butyl ene, pentylene, hexylene, heptylene, octylene, nonylene, and decylene.
When branchwbguj/mdzene radicals are contenplated, it is to FWETHRM¥IIDHod
that a hydrogen atomin the |linear alkylene chain is replaced with a |inear
or branched (Clerr] to (Jerr]) alkyl group. 5 The di val ent
cyclic hydrocarbon radicals include subggituted and unsubstituted ((err]
to (Jerr]) cycloaliphatic noieties represented by the formula: [err]
wherein a'''' is an integer from2 to 7 and R err] when present represents

| i near and bran pval ent

cycl oal kyl ene r agﬁﬂ rfeg)ié{ 1 rt’ffige’gl p%@éﬁﬂcggﬁy%§%1F)ﬁﬁexy{l&§£&ﬁbl eties
represented by tWRexfﬁ’ah&iéﬁ'&H:yﬂe’éeradncaﬁa&é‘@é ated, it is to be understood thata [ €rr]
20 wherein R err] is defined above. Preferre di val ent cyclic ethers and

diethers are rerhydmnnemnbtp thé:bineat allylene dwain {seeplaced with alldlnear Gihlrantihed | ent
oxygen cont a| ni i,C i nclude (Cferr] to (Jerr]) alkylene ethers and
pol yet hers. R%{ ae aﬁg?&’["é‘PT]) al kyl ene ether is meant-that the total
number of gar rbor at O ldvalif ol W{aﬁcm@m didtR ifidfad Uliidlea ai@St be 2 and

can not exceed 10. The ene e ers are represented by the

formula 5 mblkhshmmt(ojad Ey)l@a!eahpﬂaac froletienrdprasénted by thelfyinale: gr oups
that are bonded to the

R4

10 —CH (CH),~

wherein a’’’’-is an integer from 2 to 7 and R* when present represents linear and

branched (C, 10 C,,) alkyl groups. Preferred divalent cycloalkylene radicals

include cyclopentylene and cyclohexylene moieties represented by the following
15 _ structures:

R iR“

20 .

wherein R9 is defined above.

Preferred divalent cyclic cthers and diethers are represented by the

structures:

gReR-Re



oxygen atom can be the sane or different and are sel ected from nethyl ene,
et hyl ene, W&&F)ﬁgﬁe, butyl ene, pentyl ene, hexyl ene, heptyl HEIUHMUFIRNe,
and nonyl ene. e sinplest divalent alkylene ether of the series is the
radical -CHerr]-O-CHerr]-. Preferred polyether noieties include dival ent

radi cals of the 10 formula: Jerr]. wherein x is an integer froml to 5
and y is an integer from2 to 50 with e proviso that the term nal oxygen
atom on the pol yether spacer noiety can not be 1 5 directly linked to a

term nal oxygen atomon_ an adjacent grqup to far [ oxi | j nkage. In
ot her words, per oxi a@e|dmv@&ge§yqen.cem,gmm'e§6d)°éi§e%°q@t(Qﬁa%téegﬁkﬂ“@ﬁ when

pol yet her spacers_ar he t t I I ni ng
substi t uent gr5 §Sasngtﬂoil%s'u%%gd?yl&[@?)réji&l%&ﬁmeégﬁmg%%\%?ﬂ%[qg{ra?] to R err]
can al so i ndepgpgbet bficarid £6m8in thy divalsmbethbd meiety must ableastbie@and@an

(derr] to (Jerr]) al k¥l, so long as at |east one of the remmining Rlerr]
to Rlerr] substrotexneed 10.sThedivaientnlkyleps eshers ave representagihydhe formula ar  gr oups

br anche § 0 or PHRHSReCSART R Wt cn RS BE s BB e sl BoRA e,

al koxyal ky| ene.o,pgby bl be BARIIrdirraeRt dieluitidoldd foah tetylén, CLer r])

cycl oal i phatic eties, cyclic ethers, cyclic ketones, and cyclic esters
25 (1 act onsisylencBprop¢lene rhutyleneCpentylehe, bekylrnes heptilene octylenepand t hat a

term nal al kyl group is linked throu n ether .o en atomtp an al kyl ene
moi ety. The r achoayleng.s The ﬁM%&é\”B’Gﬂggggﬁ'&F gpﬁé}f ‘ﬁ%q%@?%‘st%{adﬁ’ﬁﬁ be
generically rep—"(ﬁfﬁ?@-@%—.aﬁrefene'd p]oir’ye'ther moieties include divalent radicals of the

10 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
15 directly linked to a terminal oxygen atom on an adjacent group to form a peroxide
linkage. In other words, peroxide linkages (i.e., -O-O-) are not contemplated
“when polyether spacers are linked to any of the terminal oxygen containing
substituent groups set forth under R° 1o R"* above.
R’ to R* can also independently represent hydrogen, linear and branched
20 (C, 1o Cyo) alkyl. so long as at least one of the remaining R’ to R substituents is
selected from one of the neutral or polar groups represented above. R”
independently represents hydrogen. linear and branched (C, to C,,) alkyl, linear
and branched (C, to C,,) alkoxyalkylene. polyethers, monocyclic and polycyclic
(C, to Cy,) cycloaliphatic moieties. cyclic ethers, cyclic ketones, and cyclic esters
25 (lactones). By (C, to C,,) alkoxyalkylene is meant that a terminal alkyl group is
linked through an ether oxygen atom to an alkylene moiety. The radical isa

hydrocarbon based ether moiety that can be generically represented as



-al kyl ene- O al kyl wherein the al kyl ene and al kyl groups independent |
contain 1 teoldugsebon at ons each of which can be |inear or PETASMBEE2 The
pol yet her radical can be represented by the fornula: [err] wherein x is an
integer froml to 5 y is an integer from2 to 50 and R err] represents
hydrogen or linear and branched (CJerr]ijg40 Cerr]) alkyl. Preferred

pol yet her radicals include poly(ethylene oxide) and pol y(propyl ene oxide).
Exanpl es of 10 nmonocyclic cycl oaliphatic nonocyclic noieties include

cycl opropyl, cycl gbyutyl cl opentyl cl ohe and. t.he l.ike. anpl es of
cycl oal i phatic p'Bﬁ‘}'Eef}gTq'ﬁlﬁﬁjo‘Vlé{%?’_B%ﬁ% ﬂ%ﬁg‘beea"gﬁﬁ%h)g?oﬁw {ndg%egggrhﬁ'yqo%am _
tetrahydrodi cycl pRefl Ao Womd dich 6 shith 2arbd iflaPbr frhfldianThe poigatler e |1 ke.
Exanpl es of cyclic ethers include tetrahydrofuranyl and tetrahydropyranyl
noi eties. An examapical cah barepyesknted ke therferniila: is a 3-oxocycl ohexanonyl

noi ety. "An exanple of a cyclic ester or lactone is a neval onic |actonyl

noiety. Rlerr] and Rl err] can be taken together with the ring carbon atons
to which they are attached to r ephCIRECH, ROy BRI ¢ anhydri de group as shown

bel ow. 25 [err] wherein mis as defined above. The nononers of
Forrmul a 1V include a pendant hydrocarbyl substituent as set forth in the
formul a bel ow - 16 - [err]

wherein x is an integer from ! to 5, y is an integer from 2 to 50 and R* represents
hydrogen or linear and branched (C, to C,;) alkyl. Preferred polyether radicals
include poly(ethylene oxide) and poly(propylene oxide). Examples of

10 . monocyclic cycloaliphatic monocyclic moieties include cyclopropyl, cyclobutyl,

| cyclopentyl, cyclohexyl, and the like. Examples of cycloaliphatic polycyclic

moieties inclade, norbornyl, adamantyl, tetrahydrodicyclopentadienyl
(tricyclo[5.2.1.0 *4] decanyl). and the like. Examples of cyclic ethers include
tetrahydrofuranyl and.ielrahydropyranyl moieties. An example of a cyclic ketone

15 is a 3-oxocyclohexanony! 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 hydrocarby! substituent

as set forth in the formula below:



wherein R err] to Rlerr] independently represent hydrogen or |inear or-
branched (ggeggml bo Clerr]) alkyl and mis an integer fromRCTVEs93/03632
preferably or ? O the above al kyl substituents, decyl is especially
preferred. The polynerization of alkyl 10 substituted nononers into the
pol ymer backbone is a nmethod to contro{.the Tg of the polyner as disclosed
in U S Patent No. 5,468,819 to Goodall et al. There are several routes to
pol ynmeri ze the pol ycycl ool efi n nononmers of the invention including: (1)

ri ng-openi ng netathesis polynerization (ROW); (2) ROW followd by

hydrogenation; and (3) addition po rization. Each 15 .. of the

- foregoing routes produces pol yner g wi specific structures as shown in the
di agram bel ow: - 17 - [err] A IynerROk\l/gﬁ,a different structure
than that of an addition 20 lyner. A pol ymer contains a repeat

unit with one less cyclic unit thl 'Jltnhe starting nononer. The repeat
units are |inked together in an um¥sTated backbone as shown above.
Because g{ this unsaturation the |y 1rgreferabl y shoul d subsequently be
hydrogenat ed to confer oxidati veRséabRﬁRy to the backbone. Addition

pol yners on the other hand have no C=C unsaturation in the 25 pol ynmer
backbone despite being formed fromthe sanme nononer. The nononers of this

i nvention can behepeihRittoi B'& thdepersigolily represend|hydwgen ax limear anbratished (Ggtoopeni ng

nmet at hesi s pol yneri zatign (ROVP), preferably, w th subs en
hydr ogenat i on. Gﬁbﬂé‘éaépgé‘ﬁ&“yﬁéﬁ%‘ m?ﬁggp?{rs@&bﬁyof’r *BHHE zbove alky!
substituents, decyl is especially preferred. The polymerization of alkyl

10 substituted monomers into the polymer backbone is a method to control the Tg of
the polymer as disclosed in U.S. Patent No. 5,468,819 to Goodall et al.
There'are several routes to polymerize the polycycloolefin monomers of
the invention including: (1) ring-opening metathesis polymerization (ROMP);
* (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:



invention are represented by the follow ng structures: - 18 - 10

[err] whereiwoBkse R ''' independently represent Rl err] to PQE&JSHPO3632
defined in Fornulae | to IV above, mis an integer fromO to 5 and a
represents the nunber of repeating units in the pol yner backbone. 1 5
Cat al ysts The ROWP polyners of the presgnt- i nvention are polynerized in the
presence of a netathesis ring-opening polynerization catalyst in an
appropriate solvent. Mthods of polynerizing via ROW and the subsequent
hydr ogenati on of the ring-opened polyners so obtained are disclosed in U S.
Pat ent Nos. 20 5,053,471 and 5, 202, 388 which are incorporated herein
by reference. In one ROW enbodi nent the polycyclic nononers of the

i nvention can be_polynerized in the presence of a single conmponent

rut heni um or ositusjnetal carbene conpl ex catal yst such as those discl osed
in International Parent Application WO 95-US9655. The nononer to catal yst
rati o enpl oyed shgﬂ d 25 range from about 50:1 to aboyt B 000:1. The
reaction can be corducted i n hal ohydrocarbon sol vent such
di chl or oet hane, di =--\onethane, chl orobenzene and thejlik
hydr ocar bon sol vent suph as tol uene. The anobunt of so
reaction nmedi um shou
to about 40 weight p

in a
enpl oyed in the

ﬂ be suffiyient to achievewa sofj cqntent of about 5
rcet, with to 25 wei gt percent {ds to
\ ROMP

1) Addition

Homopolymerization
3
H, | Hydrogenation
10 2 (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
25 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:



- 19 - solvent being preferred. The reaction can be conducted at-a
terrperaturﬁ,dé% pg from about O[err]C to about 60[err]C, WQIUISPBIB2
20[err]C to {lerr]C being preferred. A preferred netal carbene catalyst is
bi s(tricycl ohexyl phosphi ne) benzyl i dene rutheni um Advantageously, it has
been 5 found that this catalyst Cf?”l be utilized as the initial ROW
reaction catalyst and as an efficient hydrogenation catalyst to afford an
essentially saturated ROV polynmer. No additional hydrogenation catalyst
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 the reaction nmediumat 10 a tenperature above about
100[ err] C but |ower than about 220[err]C, preferably between about
150[err] C to about 200[ erg] C._~The addition polyrrer he present
i nvention can be prepared Wi yandard free radi caE—sobution pol ymerization
met hods that are well-knowh oy ghose skilled in -‘:.1. The nononers of
Fornulae% to |V can be freg ically 15 ho rrerlzed or
copol ynmert zed in the presens i
pol ymeri zation techni ques a fe 6
Sci ence. John Wley & Sm?d 53 (1988). Cene Y, t- nononers to be
pol ymeri zed are reacted undeRk’ Revat ed tenperature Rf Rbout 50[err]Cto
100[err]C in a suitable solvent such as toluene or THF, with a small anount
of free radical 20 catal yst initiator such as benzoyl per oxi de.
Al ternatively, and preferablygrphe nmononmers of thiggdigyention are addition
polynmeri zed in the presence of a single or nmulticonponent catalyst system
10

wherein R’ to R’*’" independently represent R! to R'® as defined in Formulae I to
IV above, m is 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 catalyst 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 5 to about 40 weight percent, with 6 to 25 weight percent solids to



conmprising a Goup VIIIl netal ion source (preferably palladiumor nickel).
Sui t abl e G ay@odhdsh2 met al catal yst systens are disclosed i n BGHWESNA3Hnal
Pat ent 25 - Application Publication WO 97/33198 to The B. F. Goodrich
Conmpany, the entire disclosure of which is hereby incorporated by
reference. Surprisingly, it has been foygad that the addition polyners so
produced possess excellent transparency to deep W light (down to 193 nm
and exhibit excellent resistance to reactive ion etching. - 20 - The

preferred polyners of,this_ i.nvention ar.e polyneriz fromreaction.nl xtures
conprising.at | eﬁYe’%h@’%B{ i eﬁ‘iﬁ?ﬁ%&“s%lcggé‘écge%ﬁ%mea%“?? a

sol vent, a catal Y0P 15QBbRI60F 00wih SbAHBOM: 1d 507 Bing prafetYr ce.  The
catal yst system %gltrrlla%eﬁa g!rtg%gr magg si‘ﬁgre conmponent Gro&pgel(‘3 I netal based
catal yst or. 5 a Apréfecedimenbedrbénecatalystisl netal catalyst. A single
conponent” cat al yst system useful in making pql yners rﬁaipl I zed in thjs

i nvention i s repbis@adciabexyihosphinglogngyviidens rwthepmym: Adraptagequsly) jthas pgent o

wherein n i.s 1 o : . | -2 | gand.
When n'is 3 & prupd B (ERLSREDE BT R NGy SRS UaSt AR
and mesityl ene. YWaiefficiesit kY drdgehationcaizf/sefd affordhpeshafially sauite OMPt her
THF (tetrahrydrofuran), and dioxane. The ratio of nononer to catalyst in
t he reacti on medpelpmenriNe addjtiorial 5ydrogerfatiomratdlystmegbigenployeda Foliowieg the wi t h

a preferred rati %it?afl R ytrea%ggrg:a?] t}w?t i rl?eoeﬁgd to effect the hydrogenation of the

polymer backbone is to maintain hydrogen pressure over the reaction medium at
10 atemperature above about 100°C but lower than about 220°C, preferably
between about 150°C to about 200°C.

The addition polymers of the present invention can be prepared via
standard free radical solution polymerization methods that are well-known by
those skilled in the art. The monomers of Formulae I to IV can be free radically

15 homopolymerized or copolymerized in the presence of SO, or maleic anhydride.
| Free radical polymerization techniques are set forth 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| peroxide.

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 ion source (preferably palladium or nickel).
Suitable Group VI1II 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 addition polymers so produced possess excellent transparency

~ to deep UV light (down to 193 nm) and exhibit excellent resistance to reactive

ion etching.



100: 1. The reaction can be run in a hydrocarbon solvent such as -

cycl ohexan@,ogry}g%édgne. and the like at a tenperature range POINISaY03652
O[err]C to abou O[err]C, preferably 10[err]C to about 50[err]C. and nore
preferably fromabout 20[err]C to about 40[err]C Preferred catal ysts of
the above fornmula are (toIuene)bis(pgr%jgorophenyl) 20 ni ckel ,

(mesi tyl ene) bi s(perfl uorophenyl) nickel, (benzene)bi s(perfl uorophenyl)

ni ckel , bi s(tetrahydrofuran)bi s(perfluorophenyl) nickel and

bi s(di oxane) bi s(perfl uorgphenyl) nickel ., Monomer Preparatjon 25

An economi cal routeméil’?qf?féedp?%?fépfg'ﬂs BveRtinp agg,pely H?"éidg?falr%?em C.

e : > T Diel &) . U ol '
Cyer opent adi en i olPhsirg af e bR EPUE ot el Rl Fdrhulib 108
substituted di gpQBkti 4 €a stedyezsant@dmﬁxﬁ{r%e Gréut VHI inetdl fonsoarcel Thk ichtdlystl

pol ycyclic adduct generally shown by e follow ng reaction schene: - 21
- [err] Cther pwtwmbcaaw@qusumlcmmptaﬁ&mpgmltmetakm¢mtalwm ysi s

f di | t adi DCPD) .i f i tabl ' hile. Th
o 8 yolpent S S1E DGR o i R ey Bl o T
Di el s- Al der 10 syfgm?x?%in%a]&ﬁ@?g@%ﬂ@lﬁ@d i BRARVEHIBN i refle¥éntéd By Bdduct s

as shown bel ow. r erein I ndependently represents the
substituents ddbmmeat under Rlerr] to Rlerr] in Fornulae | to |V above.

E,Ni(C¢Fs),
10
wherein n is 1 or 2 and E represents a neutral 2 electron donor ligand. When n
is 1, E preferably is a m-arene ligand such as toluene, benzene, and mesitylene.
When n is 2, E is preferably selected from diethylether, THF (tetrahrydrofuran),
" and dioxane. The ratio of monomer to catalyst in the reaction medium can range
from about 5000:1 to about 50:1 with a preferred ratio of about 2000:1 to about
100:1. The reaction can be run in a hydrocarbon solvent such as cyclohexane, -
toluene, and the like at a temperature range from about 0°C to about 70°C,
preferably 10°C to about 50°C. and more preferably from about 20°C to about
40°C. Preferred catalysts of the above formula are (toluene)bis(perfluorophenyl)
20 nickel, (mesitylene)bis(perfluoropheny!) nickel, (benzene)bis(perfluorophenyl)
nickel. bis(tetrahydrofuran)bis(perfluorophenyl!) nickel and

bis(dioxane)bis(perfluorophenyl) nickel.

Monomer Preparation
25 An economical route for the preparation of the substituted polycyclic
monomers of the invention relies 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:



20 . For exanpl e the di phenyl derivative norbornene can be
prepared by W8%o/dspl s- Al der reaction of cyclopentadi ene wi t PCIRRINIGE ed
stil bene in accordance with the foll owi ng reaction scheme: [err] - 22 -
wherein X is a substituent as defined above. Protecting G oups Wen

pol ynmerizing the nononers set forth undgy _Fornulae | to Il 5 wherein
Rlerr] to Rlerr] is selected froma substituent that contains a hydroxyl
noiety, it is preferable (particularly when the Goup VIII netal catal ysts
are enployed) to protect the hydroxyl noiety during the polynerization
reaction. The protecting group_serves to protect the functiqpal group

»

contai ning the hydroxyl noiet nyro ‘"'undesi red side reactiongvor to bl ock
its undesired reactigQ with other unctional 10 g ONpg—of,, Wi th the
catal ysts enpl oyed I yherige=the pol yner By gydr gp ) i®ty is neant
any functionality t cont ai nE a hydroxyl group. Represgg

functionalities include, for exanple alcohols, carboxylic Jgids, phenols,
and benzoig aci d substituents.R&ui Rabl e protecting groups ificl ude
trialkylsityl groups with trimethylsilyl 15 being preferred. In
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 abov@tharpolygyclioadduets cambe prepasedby theghermpl pyrelysispfies wel |

known in the ar tdi%?c opaegneadlde%es %tpﬁyin tLg Eregé(n%engl" 8 éui{agle-lc-iien\t/)\thig. fhe reaction

proceeds by the initial pyrolysis of DCPD to CPD followed by the Diels-Alder

10 addition of CPD and the dienophile to give the adducts as shown below:
Rv Rm R.
| Vall

+ C= C —_— I

15 | A S

R" Rm- m le

LR

wherein R’ to R’’’ independently represents the substituents defined under R’ to
R' in Formulae 1 to 1V above.

20 For example the dipheny| derivative norbormene can be prepared by the
Diels-Alder reaction of cyclopentadiene with substituted stilbene in accordance

with the following reaction scheme:

[ 28]
Wn

EIEES



and P. G M Wits. Protective Goups In Oganic Synthesis, Second Edition,

20 Joh WI2 & Sons. Inc.. New York. 1991. O her protrRvuUs9g/0363dups
can be errp?'vg{%@ g‘% |l ong as they are easily introduced into the nononer, do
not interact wwth the catalyst systemso as to inhibit the polynerization
reaction, are easily renoved fromthe psqQtected noiety, and do not attack
the deprotected noiety. Wen acid | abile nononmers of Fornula Il are

enpl oyed in the polymer 25 backbone. the protecting group should al so

‘be able to be selectively repoved deptotection reagents that do not
attack the aci d"h%m}@s@r%‘bﬁém?qﬁafaéﬁ'ﬁgla\}%? In other words, the

protecting group shoul d have a |l ower activation energy than the acid | abile
group to ensure that the protecting group is clipped while the acid labile
group remains intact. - 23 - Fol IRroteeting Groapsnt hesi s of the pol yner

contai ning the desired pendant. protected hydroxyl containing nojety, the
prot ect ed hydroxyl c%ﬁapdvﬁgnmgéh%/m%maéfﬁlsﬁttf?@(@bHﬂgﬁrk"wwglf‘hb?al cohol ,

Car B 1§ o Ol RIETE ULk Bl BB b A ey i
Protective & OUia?réf&aﬁeqaa&ieul&mm_eﬁ e Giowp VATl iieiliecatalysts ateeinployed)tai ni ng
pendant protected phenol™ groups (silyl ethers) can be deprotected by
refluxing the pploycethe hydtoayhmoigtysduring the polymerizationireactiono The protectiag .
s it 8 B B LeSuhRal R A0 o o™
(tetraal kyl ammopi um 14 494 tedElons bP o BISEE it BRI EPRBCHGH Wil othePfuBSfdHaPd as
10 groups or with the catalysts employed to polymerize the polymer. By hydroxyl

moiety is meant any functionality that contains a hydroxyl group. Representative

functionalities include, for example, alcohols, carboxylic acids, phenols, and

benzoic acid substituents.

Suitable protecting groups include trialkylsilyl groups with trimethylsilyl

15 being preferred. In addition to the trialkylsilyl protective groups, the phenol
substituents of the invention can also be protected with an acetate group. The
protecting groups described above are introduced into the monomer by
techniques well known in the art and are described, for example, in T. W. Green
and P. G. M. Wuts. Protective Groups In Organic Synthesis, Second Edition,

20 John Wiley & Sons. Inc.. New York. 1991. Other protecting groups can bé
employed so long as they are easily introduced into the monomer, do not interact
with the catalyst system so as to inhibit the polymerization reaction, are easily
removed from the protected moiety. and do not attack the deprotected moiety.
When acid labile monomers of Formula II are employed in the polymer

25 backbone, the protecting group should also be able to be selectively 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.



follows: 20 [err] The phenol can also be protected as
an phenyl aqgs®@sgroi ety and cleaved to yield the phenol inPCRASANESENce of
aqueous sodi um bi car bonat e/ net hanol sol ution as show bel ow. 25 - 24 -
[err] 10 The acetate noiety can also be cleaved in the presence
of ammoni um hydr oxi de, or an acidic netygppol solution. Polyners One or nore
of the aromatic substituted pol ycyclic nononers described 15 under
Forrmula | are honopol ynerized or copol ynerized alone or in conbination with

one or nore of the p cyclic mononers . described under.,Farnul,ae L1. 111 and
V. Accordingly. one_ci:lf_llﬂ tﬁ?s’f’ﬁées}s Q?ﬁl?o ?Iscoﬁ%tgﬁ(af%reﬂgﬁﬂé)ﬁyners
and copol yner's GapRikd hjiitok RaREnR RSkt the totbtedRYdra coRfintiBhbRgd) from
a nononmer or nononers represented by Formula I. I n anot’her aspect of the 20
i nventi on copol yisdeprotectatd wekighe slpetml, cachouylid acidierphenal dontainikpr nul a 1 and

the acid labile containing repeating units of Fornmula Il are contenpl ated.
In still anot herfuncioBality oRepmgual;of therprpisrtinggrowRs ate E’E“ﬁ?ﬁ%sﬁgmr ?)é‘a’tr}ghg

units reprgsent F¢ . %0 i i with any repeating
unit repr egent eﬁ&g@%}—eb%uwg%c}”et@rloﬂp}, ,nl Qfégﬁ%%%n%?‘ﬁ%’essﬁfaher eof are
contenpl ated. In addiRépestingtumits containing pendant protected phenol groups (sily! ethers)

can be deprotected by refluxing the polymer containing same in an acidic
methanol solution. Trimethylsilyl groups in silyl ether protected groups can be

cleaved by mild acids and bases or in the presence of fluoride ion

i0 (tetraalkylammonium fluoride). The reaction scheme can be represented as
follows:
F ] L
15
OSi(CH;), OH
20

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:



25 present invention contenpl ates post-functionalizing honopol yners
and copol ymeé@ rising repeating units of Formula | w tPCIMUSMI3R abi | e
Gan

noi ety. Th¥ pol ymer of the invention will generally conprise about 5
to 100 nole % of a repeating unit derived froma nonomer set forth under
Formula I. i.e.. a nonomer containing 4 hydr oxyl substituted aromatic
group. For - 25 - chemcally anplified photoresist applications, the

pol ymer nust contain at |east 10 nole % of repeating units that contain an
acid | abile group. Preferably the polynmer contains about 15 to 100 nole %
of a repeating unit having an acid |abile group. Mre preferably -the
pol ymer cont ai nss@bout 20 to 40 nole % of a S i ng unit that

contai ns the aci snLEnfLIrﬂ“ﬁﬁ? %&01\2& J(ilag|: groups can be

i ntroduced into t ers of Formnula |
or introduced via post - functionalization of the 0 oxyI substituted

under Fornula I. made up of

r eah\nder of pol ynmer conposition cg
repeating 10 uni t erized fromthe optional 5 set forth
above under Fornul ae | @ 1V. The choice and the anouR specific

nmononer s enpl oyed in the—pol ymer can be varied according
desired. For exanple, by va gﬂ Epe anount of carboxylic acO#
functionality in the pol ynmer*t f ) the solubility of the polynmer to
vari ous devel opi ng sol vents can be adjusted as I 5 desired. Mononers
containing the ester functionality can be varied to enhance the nechani cal
properties of the polyner and radiation sensitivity of the system

10 The acetate moiety can also be cleaved in the presence of ammonium

o\t he properties

hydroxide, or an acidic methanol solution.

Polymers
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 II, 111
and IV. Accordingly. one aspect of the invention is directed to homopolymers
and copolymers comprising random repeating units derived (polymerized) from a
monomer or monomers represented by Formula I. In another aspect of the
20 invention copolymers comprising repeating units derived from Formula I and the
acid labile containing repeating units of Formula II are contemplated. In still
another aspect of the invention polymers comprising repeating units represented
by Formula I in optional combination with any repeating unit represented by
Formulae I1. IIL. IV and mixtures thereof are contemplated. In addition, the
25 present invention contemplates post-functionalizing homopolymers and
copolymers comprising repeating units of Formula I with an acid labile moiety.
The cyclic polymer of the invention will generally comprise about 5 to
100 mole % of a repeating unit derived from a monomer set forth under Formula

I. i.e.. 2 monomer containing a hydroxyl substituted aromatic group. For



Finally, the glass transition tenperature properties of the polyner can be
adj ust ed by vwamesape ating cyclic repeating units that cont alPETIUSRYOIHai n

al kyl groups such as decyl. 20 As di scussed above the nature and
structure of the cyclic repeating unit in the polyner will vary dependi ng
on the catal yst enployed in the reactiopsnedium The single and

mul ticonponent Group VIII transition netal catalysts and the free radi cal
catalysts will yield 2.3 addition polyners conprising repeating units
represented as f w Sk - 26, - | Iof, | I ' |y

pol ynmeri zed pol y@fé?@ymo ‘rr’c')lrr']ée(rl gh%t? reég?a%}lgm‘%qg’aﬂtﬁé ggely%%%g}’{}r?erl ze !e\%lgdt h
other free radi CE iylealoY Fepehtirinits a0 o6M4iS af deild [atblepaoup. CPefdiatly tide or

S err] to yield polynmers represented by the 5 . structures below [err]
When a nonomer opolpsemngantains dboutoldl tpeP imadel %a0f2 reparting unis haying an acid labie-

o o] SBop. Monparelindiiy B Boter crntems poit o s *CmbRBnt S can be
hyd ted i ; ' 2t i t.ad: ield
ydr ogena 'ny}ﬁggat@gg%giegaﬁﬁgﬁttaﬁga#eakfégkﬁléﬁmﬂemaﬁ@. 88 a6 léﬂxﬁé%troﬂpg yie

a saturated pol W ng repeat “unit: [err
can be introduced into the polymer through the acid labile monomers of Formula

II or introduced via the post-functionalization of the hydroxy! substituted
aromatic groups in repeating units derived from the monomers set forth under
Formula I. The remainder of polymer composition can be made up of repeating

10 units polymerized from the 6ptional monomers set forth above under Formulae

11 to IV. The choice and the amount of specific monomers employed in the

polymer can be varied according to the properties desired. For example, by

varying the amount of carboxylic acid functionality in the polymer backbone, the
solubility of the polymer to various developing solvents can be adjusted as
desired. Monomers containing the ester functionality can be varied to enhance
the mechanical properties 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 vield 2.3 addition polymers comprising

repeating units represented as follows:

Ripz ps R



As di scl osed above, polyners conprising repeating units that contain .
aromatic gr@ag&mﬁep be post-functionalized to i ntroduce aci gcralspd/e6zpy oups
onto - 27 -"the aromatic noiety. For exanple, a hydroxyl containing
aromatic group such as a phenol can be post-functionalized with an
appropriate acid |labile group contai nig@| functionalizing agent in the
presence of a base (trialkylamne) in F to yield the acid | abile group
cont ai ni ng phenyl substituent. Representative 5 reactions are set
forth below [err] 20 The degree of post-functionalization. i.e., the
anount of hydroxyl containing noiety that is converted to and acid |abile

of the pendant nydr SRoRauBiaF fFpaRafEBRhedh bR bRl o the.
acid labile gr %ﬁﬁmcﬁh%@%cﬁﬁneﬁudm%& fréd ﬁﬁﬁ%ﬁyﬂh&ﬂiﬁb@om 10 to
about 90 nol e percent, nore preferably from about 2 0" 80 nol e percent.

and still nore momhwrasich asmiltic SthydodebosO, @yickd pelypers reptesented by i@ -

Resi st Conpositions
5er structures below:

¢
OQO=—n=—=0

10
When a monomer of Formula I is polymerized via a ROMP catalyst, a ring-
opened polymer comprising ring-opened repeating units is obtained as follows:

15

Rig: ps R

20 The unsaturation in the polymer backbone can be hydrogenated in the presence of
a suitable hydrogenation catalyst to yield a saturated polymer comprising the
following repeat unit: -

25

Rl g2 g3 R

As disclosed above, polymers comprising repeating units that contain

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



The polyners, of the invention are suitable for use in positive and negative
t one phot or &b 64/426@POSi ti ons. The positive tone photoresi sPCTAIHBURI] ons
of the present invention conprise the disclosed polycyclic conpositions, a
solvent, and 5 an photosensitive acid generator (photoinitiator). In
addition to the foregoi ng conponents, _tyie_negative tone photoresi st
conpositions of the invention include a crosslinking agent. The pol yners
suitable for use in the negative tone resist conpositions of the invention

conprise repeati uni t.s derived from nmononers set. fort nd (hul a |
that contain a HE%?”SW C DIOBRLY-i f‘lfteé‘amg o?rgi"ggxér‘:% , mwcpf’é*‘gwaﬁ
phenol s. These r (=Y ¥=1¢ 1 kth 4 I9tdlaciad 14131 . 95 nol e
percent of’ repegﬁﬁr%gau%}]&‘ﬁhﬁvi?}r%%ggﬁ%ant{hhyda?gt??;P substi tucfgggwaronati C
groups, nore pr efontairihg fuhcwonatibag agd in the possenice®d abase (tpaliglaniine) an@HRoSt
preferably from about 15 to about 40 nuole percent. The ¢rosslinki ng agent
is a conpound wiPdleld theagiddahile gspun comaining Phenyhsybsitupsty ReRIESeHiatyps on t he
pendant 15 ar i ield t he pol yner backbone. The crosslinking
agent is atti vat" Wﬁg%ﬁg&pf?éégﬁ‘ggpof an acid. e.g., the acid generated by
t he photoaci d generators descri bed bel ow. Suitable crosslinking agents
i ncl ude net hyl ol , al koxyal kyl and car boxynet hyl group substituted phenols.
met hyl ol , al koxyal kyl 2 r y dp substituted cyclic
ureas; nethylol, al koxyalk arﬁccf’”écgagqogg)%ér/re% EQ} , substituted nel am nes;
and net hyl ol , al koxyal knd c arralbylgmime, THF gr o ubsti tuted benzoguani ne
conpounds. The net hoxyneth substituted nel am ne and cyclic urea conpounds
shown bel ow are especially
10

15 e . H--THF ]
&

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.



- 29 - [err] The crosslinking agents are preferably enployed in an anount
rangi ng fr%%gg# 5 to about 95 ww % of the pol yner used raT/US90/03632
formul atio exposure to radiation, the radiation sensitive photoacid
generator generates a strong acid. As the resist is heated during
processing, the acid effects 15 t catal ytic cleavage of the pendant
acid labile group fromthe pol yner bacKbone. The acid is not consuned in
the cl eavage reaction and subsequently catalyzes additional cleavage
reactions thereby chemcally anplifying the photochem cal response in the
resist. Suitable photoaci d gener at BesistGRmpegitions; f | at es (e. g.,

i ph | sul f
L phenyl Ul 1ont o 20 eyt b kapH REURL 5f BfimpoSR e

hexaf | uor oant i RERARforedi® tBMpUSTiORY. SFHeqjositive tdref uwrm&m esitidriswfdices;
esters of hydroxyi'm des, [e{r&rp [err]'-Dbis- sulforlli)l/ll- di azorrgt hanes,

sul Iﬁnat e este Zm(:jseﬁt mgentmnsui;@nsez Ue disclosed polyenchio kempositiens, a solvent, and
napt hoqui hone- i azides, Qther suit d Ltiat di scl osed
"2 S e amplAiceetattiviacid Rengror bttt o it addicr B Bl frlsind | 50 %
of thel r Sens PR e iRealiyAoRE KhbBEGR! KRR BF e By

y
hi gh resol uti or, dro®ifiking kpeit. [Thepelymees suiteble fier usasmﬂxetnegalhedommtsmt
symetrical ly or unsymretrically substituted diaryl i(i)d,i ugh_gr
triaryl sul f oni Lempesitions gffhe invshien FAmMpRsCTERERAHRS erived Irom 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 hydroxy! substituted aromatic
groups, more-preferably 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 polymer backbone. The crosslinking agent is activated
in the presence of an acid. e.g.. the acid generated by the photoacid generators
described below.

Suitable crosslinking agents include methylol, alkoxyalkyl and

carboxymethyl group suBstitutcd phenols. methylol, alkoxyalkyl and

20 carboxymethy! group substituted cyclic ureas; methylol, alkoxyalkyl and
carboxymethyl group substituted melamines; and methylol, alkoxyalkyl and
carboxymethy! group substituted benzoguanine compounds. The methoxymethy]
substituted melamine and cyclic urea compounds shown below are especially

preferred.



- 30 - conponent preferably is enployed in an anmount ranging from about 1
to 100 W w %W boi8e pol ymer. A nore preferred concentrati on RCIVIEEINIIS t o
50 w w % of photoacid generator to polyner. Optionally, a dissolution

i nhi bitor can be added in an anmount of up to 5 about 20 wei ght % of

t he conposition. A suitable dissoluti QE inhibitor is t-butyl chelate (J. V.
Crivello et al., Chemcally Anplified I9ect r on- Beam Phot or esi sts, Chem
Mater., 1996, 8, 376-381). In addition, the photoresist conpositions of the

present invention optionally con{t:l in a.sensiti z§r tgl e of sensitizing
t he phot.oacid initiator toIond@S LN Qﬁﬁg&%lfrommd W to

visible light. 10 Dependi ng on the ilhtended application, such
sensitizers include polycyclic aronmatics N as pyrene and peryl ene. The
sensitization of photoacid initiators is | I -known and is described in

U.S. Patent Nos. 4,250,053; 4,371, 605; and N{CHOCH}R8 which are al

i ncorporated herein by reference. The invention is not limted to a
specific ass of sensitizer or photoacid initiator. 1 5 Al so
contenpl at'ed within the scope of the inventiqn are positive resist
conposi ti ons conprising the poIyn@?ﬁoﬁﬂﬂﬁ%rnﬂﬂgﬂﬁxﬁgbt conpri se repeating
units havi ng pendant hydroxyl substitute arohatic groups and a

di azonapt hoqui none phot osensitizer conpo NThe di azonapt hoqui none
conmponent functions as dissolution inbi |t§r [ exposed regions of the
resist. Upon irradiation the 20 di a Whoqui none in the exposed
regions of the resist undergoes a chem cdl reprrangenent to forma

e
carboxylic acid. The exposed regi ?eﬁ&#a%rge ;'E‘?HS(? }g conmes sol uble in basic
i . e

devel oper®0to forma positive resi'st’l nt invention al so
relates to a process for generating a positive and negative tone resist
i mage on a substihgceossliiking agenls arqreferablysemploygdyin an amount ranging from

about 5 to about 95 w/w % of the polymer used in the formulation.
Upon exposure to radiation, the radiation sensitive photoacid generator
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 additionai 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 diaryliodonium 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 saits. The photoacid initiator



25 coating a substrate with a filmconprising the positive or negative
tone resi Sévo%@%? ti pn of the present invention; (b) i nagm%mﬁé%i ng
the filmto radiation; and (c) developing the image. The first step

i nvol ves coating the substrate with a filmconprising the positive tone or
negative tone resist conposition di ss_oh ed in a suitable sol vent. - 31 -
Suitabl e substrates are conprised of silicon, ceramcs, polyner or the

| i ke, Suitable solvents include propylene glycol nethyl ether acetate
(PGVEA), cycl ohexanone, butyrol act at

, ..ethyl |act , d like. Th
filmcan be cosromposentirefemablysis emp yggi“?e@“ é??m&%%}%%lne&ﬁﬁpé\s}gst°gﬁﬁﬁ”/§'sespi n

or spray coatl r%’oggt;e a?oll%rﬁer. t@gﬁ%?f;feﬂr&qicﬁﬂcen ﬁ&?féﬂ@é 5 88004 4 il m has

been exposed to''r mi1s heated to an el evated tenperature of

about 90[err] Cﬁ}@tda'éﬂ{@heﬂagrft@polgmehort period of time of about 1 min. In
the second step of the process, the filmis inmagew se exposed to radiation
suitably el ectron be@ptienally] adissobwtioniahibitorganrbeadded inanamquahalpnto;

. . . . C
" adi at i onSsui t s 4 WERREYERS B e Htion (E B dibltrion i BdEV AN cpoue
193 nmto 248 ”éﬂeéa%li(j.&h'cf‘ri\reﬁé lefhll, CheRfieHIFSSmblifidd BiectidH-Betrl Photoresists
mer cury/ xenon. and xenon | anps, argon fludride and krypton fl uoride [ asers,

X-ray or e- beancgaiheM?adl 19969 8, 376-3819 o Irbaddition, theephotatesisticompesitienst dfike aci d
generator to produce free acid ip the exposed area,. The fr. i d tal
T A R A ket by
converts the p%ﬁ%{&{cﬁée (6 S IG2eF Wale ieABiR rir¥ing Ror i v td AgibRIRC e

thereby increastn
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 to 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 carboxylic 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 ste;ﬁ involves coating the substrate with a film comprising the

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



solubility of the exposed resist conposition in an aqueous base. In
negative t ORggsgmE@t conmpositions the free acid in conbi nat iPETASSYIR6Ehe
crosslinking agent also effects the crosslinking of the resist polyner
cont ai ni ng the hydroxyl substituted 20 aromatic groups. Preferably,
after the filmhas been exposed to radigtion, the filmis again heated to
an el evated tenperature of about 90[err? to 150[err]C for a short period
of time of about 1 mnute. The third step involves devel opnent of the

positive or negafive topne 25 i rage_wi.th a sujtabl e sol vent.. Suitable
sol vents i ncl udeS# MQSW@%?%@F%gP?%W%mﬁ’M%“\M’ ‘netal ions

such as tetranet ﬂnggm' roxi 0, Lhe. kbAON of the
present inventi o%mt)arbov! deg&g%g?{%p\?éﬁ)ﬁ%ﬁe 1@&9#%@%&?%%@&1% ~strai ght
wal I's. Uni quely, cyclshefin®56) butyrolactitle OBy IctatE, dnehe like: Thé filmaanbesoitedn of
the present invention can be varied by sinply varying the conposition of

t he copol yner. Temthgsebstuate usingant knomwndechniques siich @s spin QnsSITAY eAping.c circuit

bl h i, At ireuit chi tichi dul,e.. ¢ ' it
boar o madadhy ¢ RS GRS Préfersbly, Beofs e e o btcnFaRe R FHAREORE g1 o e
c¢ircuit assenpl yﬁﬁx?ml{ehééf%oﬁxghﬁ%éﬂ tEm%QJaﬂEQo%oﬁﬁfd’%ﬁgb%MatéﬁgrtSt eps of:

(a) coating a substrate wt | mconprising the positive tone resist
conposi tion of t perigdrofsiene ofiabmaritminn ;In the) secomiceapi of¢heeprpeess,ithe filmeisf i [ m t o
radi ati on; (c) devel oping the inmage to expose the substrate; and (d)
forming the circiiageppseckrossdicradigtion syitakiysleqtor bsayn oF plgeteomagnetic

preferably electromagnetic radiation such as ultraviolet or x-ray, preferably

10 ultraviolet radiation suitably at a wave length of about 193 to 514 nm preferably
about 193 nm to 248 nm. Suitable radiation sources include mercury,
mercury/xenon, and xenon lamps, argon fluoride and krypton fluoride lasers,
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 acid catalyzes the
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 in combination with the crosslinking agent also
effects the crosslinking of the resist polymer 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 1 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



10 " by art known Lecpni ques. After the substrate has been exposed,.
circuit p r an be forned in the exposed areas by coatPOTgs9He36s2
substr at ea%bﬁﬁﬂgsogonductive mat eri al such as conductize nmetals by art known
t echni ques such as evaporation, sputtering, plating, chem cal vapor
deposition, or laser induced deposi ti_% ._The surface of 15 the film
can be mlled to renove any excess conductive material. Dielectric
materials may al so be deposited by simlar nmeans during the process of

making circuits. Inorganic ions such_as bqron,. phosphorous arseni c can
be inpl ant ed i eompesitionpfithepressny Inveption g ‘fg 'ﬂp??@"fygﬂg%le doped

circuit transistors..Q st or form"ng circuits are well known to
t hose skilled FW“*P%éuoé}wigyp%%é' The foll owi ng exanples are

det ai | ed descri pti oge pfeséiRt ifRatioalsd Felftas wianintegratbdicireuid hssembiyesuch as
conposi tions of the present invention. The detailed preparations fall
Within the scopmeinségrateddireuit chip,imultighipmnodule, of eiecuitthoardyaads by the PERESSS, | bed

nmet hods of preparation set forth above  The exanpl -RLES d for

|t IhLu:t ratd ve Pg?ﬁﬁ%??ﬁ?&?“‘gd t}gr gxq%ge;ﬁ{rgwﬁgggxg@§gg{p g érs?ac‘?&gﬁ on 25
cope of W e sepk oBY 1Th)66uting @fsubstiats witka b Of

nor bor nene/ bi cy(?rdoe?z. 2. f?ﬁggt g ene-pg-0 rrgt)hhyl bgnzsgat e copol yner (50/50

mol e ratio). compHsing tHeopositiyeasr resistl composition ofithe presentrinyrationasbadded

under nitrogen atnosphere 5.4 g_(O0. 02;, nol.) .0 . .

bi cycl o( 2. 2. 1) hepgevdseexposingthe Gim losadigtiens (9) %‘*V§1°ng the image to expose

the substrate; and (d) forming the circuit in the developed film on the substrate

10 by art known techniques.

After the substrate has been 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 rémove 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
Synthesis of t-butylester of norbornene/bicyclo(2.2.1)hept-5-ene-2-

methy! benzoate copolymer (50/50 mole ratio).



(0.024 nol) of t-butyl ester of norbornene and 65 nl of cycl ohexane/ et hyl
acetate m xtwofsZses25) . To the reaction solution at room t eRGBUSIUI3ES2nas

added 5 via syringe a nickel catalyst solution in a nononer to
catal yst ratio of 100/1. The catal yst solution was prepared inside a dry
box by adding 0.23 g (0.47 nmmol) of - 33 -

(CHerr](err]Herr])N (Cerr]F[err])[err] in 5 mM of ethyl acetate. The
pol ynmeri zation was allowed to stir for 5 hours after which a solution of

added’t o chel at o the. K AEHSS YL ESTANIE ashr B S aach ol ol fndiheti
observed to IOFeC'BRJ'%@éﬂ?ﬂdﬁfg@f@ﬁ@d«th%@%%&-&ﬁmwﬂlfchhddté%ﬂl.@g/erni ght,

filtered to renove chel ated conplex and the filtrate was concentrated
and finally pour §024wmol) af dtbutyd ester ofr nerbpineas and: G9embef] oyphohexarp/ethyl
precipitated polynmer was fi rLe redi ssol ved.in tetrahydrofuran, ,an
treated with Anb\é?q%}gf”["éq’ﬁ(%é-s&grﬁw f?%@?%?‘ﬁW?é%w?QWMPdéﬁdut i on
was concentq at ed,; : ; <L i S
il tored and dri G 35ages BREIRAGHPihakan Hiihales pAABYysc Lo FIOWTETEEES o
(69% . The pol ymestalystssotutioh weas pedpareddnsidd z &y boxibyadding0.23rg @T hilel) of he
nmol. wt. of the poIHié/rrer was observed to be Mh = 18,000, with a Mwv of

42,000. IR cl ear {FHadMhi(ed sk S ay of athyl acetats: chhetrolymagrizatien wagaligurd to

i ndi cated the pol [ <©ONMRQosition, was, 20 Very oCl to t.he iL.ni.tial
nmononer feed rat is%r%ﬁgiﬂ%g%ﬁ? 15{1 ﬁégllu m'bf’f?'}%ﬁt"ﬁgs‘?'gﬁ%ﬁ%’?méwm dioxime

nor bor nene/ bi cyclipselved ih) IWaPbf seene was bddedas Bhedaty HRAZAMMsE OPRY ohihited( 30/ 70
nole ratio). 25 To a glass vial containing a stir bar was added
under nitriyen atNiosphlexovasHbsdvey 1oPraxipitatepimmeafiately. The solution was stirred

- butyl - est e of OISO UREE GRS T CHOA curmPlEandios BUEE Weh Lol ution at
room tenper at ur € YRS, ANES Ind/ fifal FYIuRGNR debbkSlo fradifitalSthe $8lyMick Ofmé N @
precipitated polymer was filtered, redissolved in tetrahydrofuran, and treated with
Amberlyst® IR-135 dry resin. The resulting polymer solution was concentrated
15 and precipitated into ﬁelhmol. The polymer was filtered and dried overnight
under vacuum. The yield of polymer was 6.8% 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 0f 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-butylester of norbomene/bicyclo(2.2.1)hept-5-ene-2-(4-
acetoxy)benzene copolymer (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 norbornene and 200 m] toluene. To the reaction
solution at room temperature was added via syringe a nicke] catalyst solution in a

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



nmononer to catalyst ratio of 50/1. The catal yst solution was prepared .

I nside a WO 9&?50-2 dry box by adding 0.89 g (1.83 mmol) of PCT/US99/03632
(CHerr](er s] err])Ni(Cferr]F[err])[err] in 8 M of toluene. The

pol yneri zation was allowed to stir for 5 hours after which a solution of
0.52 g of 1,2 cycl ohexanedione di oxi neydi ssolved in 5 n of acetone was
added to chelate the NI catalyst. The Chelated Ni conpl ex was observed to
precipitate 5 i mmedi ately. The solution was stirred overnight,

ahd 1 nal | Sdéﬁﬁgéﬁmé b i 596 (183 gioe) F LGHCFh NSk on § S of Tl 2 ©
recipitat / filt ' ' . .
Preatod wth AdbbPRyelSaton V& Qw6530 SRwsineFbhRiNAbaubhaE. 00 L

was concent r at @cs2a06f PP egdlohdxaheTione dioxifRtdissbived inl 5 enl pf houtatic W4S added Was
filtered and dried overni ght under vacuum_ The yield of polymer was 16.65 g

(8|3% . Thef po|h ymeheilmﬂleflﬁiqamyﬁcma? ghelated Nigomplen yraspbseryed t preciiiate The
nmol . wt. of the po r S Qbserved 1o .,be M, = 500, with f
26. 000, 1% cl oAPIFAIAR c POt IERD YBsuiTed Srmisb e Grstiod of ol v
| ndi cated the QE&%EF AR Bt WAs WokeeN@AYd SAPMRallyDobfed ihtd) debhe fPNOMTEY
feed ratio. 15 npl e 3 Synthesis of

bi cyclo(2.2.1) f}@wl:g&temepai)gxébrgd'he gmiﬁﬂn&ﬂ@n@mmwmsﬁhpmdr redibsolsiedjinass vi al
containing a stir bar was added under nitrogen sphere_20 . 20.00
(0.087 nol) of teFahydrajirana 9)?%}?@-%5%@-1’21[11(53? Q%Z% E%ﬁes@niaﬁéssum )

polymer solution was concentrated and precipitated into methanol. The polymer

10 was filtered and dried ovemight under vacuum. The yield of polymer was
16.65 g (83%). The polymer was further characterized using GPC, IR and NMR.
The mol. wt. of the polymer was observed to be Mn = 11,500, with a Mw of
28.000. IR clearly indicated the absence of aromatic groups. 'H NMR indicated

the polymer composition was very close to the initial monomer feed ratio.

Example 3
Synthesis of bicyclo(2.2.1)hept-5-ene-2-(4-acetoxy)benzene
homopolymer.
To a glass vial containing a stir bar was added under nitrogen atmosphere
20 20.00 g (0.087 mol) of bicyclo(2.2.1)hept-5-ene-2-(4-acetoxy)benzene, 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 dry box by adding 0.85 g (1.75 mmol) of
(CH,C H,Ni(CF;), in 8 ml of toluene. The polymerization was allowed to stir
25 for 5 hours after which a solution of 0.5 g of 1,2 cyclohexanedione dioxime
dissolved in 5§ ml of acetone was added to chelate the Ni catalyst. The chelated
Ni complex was observed to 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



200 m oI uene. To the reaction solution at roomtenperature was added via
syringe a n'vﬁdﬁ%m@@t al yst solution in a nononer to catal yst PCIIUS§9/6¥63%50/ 1.
The catal yst solution was prepared inside a dry box by adding 0.85 g (1.75
mol ) of (CHerr]Cerr]Herr])N(C(err]Flerr])[err] in 8 m of toluene. The
pol ynmeri zation was allowed to stir 25 35 for 5 hours after which a
solution of 0.5 g of 1,2 cycl ohexanedi orie di oxi me dissolved in 5 nl of:
acetone was added to chelate the N catalyst. The chelated Ni conpl ex vvas

observed to precipitate i diately. The,sol utjon tir over,ni.
filtered to rendRFecipitate F’e‘ﬁasc‘lﬁ sed ‘séﬂ'de‘iﬁ’ée ﬁ@f@*‘w&g treaied o at ed
and finally pour - 35 -
precipitated pol'gl(rir&\}:?éﬂ]}{/va ﬁfﬁ ?’3’ %’9 ?fé%féé@%fxégﬁy{ng?? et rah ur gfaltedand

treated with Arhgwlpredigitatdd intoffnétharidtl.y Thepdlpmerihas filkesed dnkimmleﬂobgmight sol uti on
was concentrated and premaat ated into nethanol. The polyner was filtered

and dried over niugider vasuem. The yisid of pedymyerevas 18f32|@ﬂ89%é~rmmolmeevzafg (87% .

ol ok GF the SEbgAteRis G 456 MM Th il o R BRAR e

39, 000. IR cl ear+ﬁéeh9@i&ﬁéﬁﬂ4ﬁeS(ibb%H%‘MQrfof%@%@t Il@leWiﬂdchﬁﬂ"tﬂé" NVR

i ndi cated the polymer conpositidn was ver | ose to the initial nononer
feed ratio. 10 absence of aromatic group. 'H NMR mdncated the psbymer eondp@ytivinveas s of
bi cycl o( 2. 2. 1) hept - 5- ene- 2- ( 4- hydr ox )penzene honopol ynmer. 3 grans of the
pol ymer of ExarereéYS%@‘E?g’é‘éﬁ \VE’(!P"!“ﬁf fs6d ptiogf

10 Example 4
Synthesis of bicyclo(2.2.1)hept-5-ene-2-(4-hydroxy)benzene
homopolymer.
3 grams of the polymer of Example 3 was dissolved in 60 ml of
THF/methanol (50/50 by volume). 4 ml of ammonium hydroxide (30%) was
15 added and heated at 60°C for 18 hours. The deprotection was not complete at
this time, as determined by IR spectroscopy. More ammontum hydroxide (4 ml)
was added and heated for 6 hours. Afierwards, the solution was allowed to cool
to room temperature and added dropwise into 500 ml deionized water containing
10 m! giacial acetic acid. The polymer was filtered, washed with 2 times 25 m]
20 deionized water, and dried under vacuum at 60°C for 18 hours. Yield:

1.70 grams.

Example §
_ Positive Resist
25 The polymer of Example 2 was post-functionalized to convert the
pendant pheny! acetate substituent to the phenol in accordance with the procedure
set forth in Example 4. The phenol substituted polymer was formulated into a
positive resist composition by dissolving the polymer in propylene glycol methyl

ether acetate (PGMEA) at 10 weight percent solids content. The resist



THF/ met hanol (50/50 by volunme). 4 m of ammoni um hydroxide (30% -was 1:5
added and {i'%t%hﬁgm?t 60[err] C for 18 hours. The depr ot ecti orPCTAISINOI632
conplete a ime, as determ ned by IR spectroscopy. Mdrre amoni um
hydroxide (4 m) was added and heated for 6 hours. Afterwards, the solution
was allowed to cool to roomtenperaturg and added dropwi se into 500 m

dei oni zed water containing 10 m gl aC|3eq “acetic acid. The polynmer was-
filtered, washed with 2 tinmes 25 m 20 dei oni zed water, and dried

d t 60 Cf 18 h
Posi i ve. Res! oforslation aiso contaimpe-pUF Yx'»eer'eéjmeim-ﬁl@%&w%%m
post -functionalized to,c t e t
t he phenol i _n E%ﬁ‘ro g%\ffoﬂgﬁek?gggﬂoce‘gake %gtpy?ﬁ?ﬁ fdgbéllﬁ%l'heo
phenol ‘substit g gﬂ%xt@%ntwassxﬁwnr%@i ad somtrpmap ﬂy\bakecbema) at

conposition by dissolving the polyner in | ene gl ycol nethyl ether
acet at e ( PGVEAROAE fa0! min.géxpopast theowgh aan %nﬂ@m’ of mmdight J48tpost- . 36 -

per 1 uor cbut aneseFdRRFLED) 2 Bl B B éﬁsﬁraa?%rv%% SrrgoreniaR i, o™ U
conposition wa %ﬁ'ﬁ st - appl
baked (PAB) at %382 errﬁyl ﬂ, rail&egp%ggdgﬁﬁggmﬁ32,’5%2{(“6;3%(2)‘5&@/cg{oe?/r]

of nmlight, 248s1$1@téf/eloﬁment ratemabmtﬁaﬂ(@d&/@&E@ndabm@ﬂ[@rB]s@)t dhel min. The

resi st was devel oped in a 0.26N tetrapet ni ynmhydr oxi d
sol ution for 30h§£@ess q:haglggg theamexposed reg? ns o eresL{st \)l/as ne;(rlly gerg-{ll\e/é an

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 um.

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 set 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 polymer was dissolved in PGMEA (10 weight
percent solids content). The resist formulation contained 15 weight percent of a
glycol-ural crosslinker 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 | min., exposed through a mask to 35 mJ/cm?

25 of 254 nm light, then baked (PEB) at 100°C for 1 min. The resist was developed
for 30 seconds in a 0.26N TMAH/25 % (VN) isopropyl alcohol developer
solution. A highly cured insoluble film was produced in the exposed region of

the resist, while the unexposed regions cleanly dissolved.



resi st developnent rate was about 3,500 A/sec. (endpoint in ca. 3 sec.).
The t hi ckneswoolamsge of the unexposed regions of the resist REKUSIBAISEY zero
(less than 100 [err]). The resist had high dissolution contrast. 10

The polyner filmwas very hydrophilic, with a water contact angle of
56[err]. The neat polymer filmdissolvegyslowy in TMAH devel oper sol utions
and is transparent at 248 nmw th an absorption of 0.15 [err]m Exanple 6 1
5 Negat i ve Resi st The pol yner of Exanple 2
was post-functionalized to convert the @‘Zxrg‘%a‘{ri%whenyl acet ate substituent
to the correspondi ng phenol in accordan the procedure set forth in
Exanpl e 4. The pol ymemauasiyias obtik®in Bxdnpl&N Y- veke\cenpRed f6rabk elch N
suggesting that acetoxy groups were not fully 20 converted to the

al cohol . The pol yesistance o slcammercinilyiamailBIEDUV 16sisteApén-E((positivet  sol i ds
content). The resist fornulation contained 15 wei ght. pergent of

gl ycol -ural cr osPeHAKEPXEhTene-tyPaEssih: aﬁé‘?@é%"bﬁ“%ﬁ‘-ﬂ%?’e WE‘H!YO%ﬁGm

triflate P Th [ r 8si151.; ' | .

Si 11 con vetor 1o VAR, Mie ERhon il er R PARvRPL Baf BRHE 0 Uelled
exposed t hrough goly@iisoh etch provdssafi b WppliebMaterials 5D0@ RIE wol.| Thool when baked
(PEB) at 100[err]Cfor 1 mn. The resist was devel oped for 30 seconds in a

0. 26N TMAH 25 % (conffguredbiornspNile 500 watds ofchowet Wyreplasses epmpesition cangisiing of ur ed
o 0L L v 3y L NP0 Sl Bk o Y o1 1
cathode temperature was controlled at 50° C. Under production conditions, this
10 process etches approximately 0.33 pm/min. of polysilicon and 0.04um/min. of
Apex-E, polyhydroxystyrene. Polymer samples were coated to thicknesses
between 0.5 and 1.0 #m 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 i Normalized Etch Rate*
20 Example : AM 5000 Process
Iﬁ L0.91
: oss n
*Normalized against Ape.\'-g(pol vhydroxystyrene),
25



Exanpl e 7 The pol yner obtained in Exanples 1 and 3 were conpared-for ion
etch resi Sm?‘“g& a commercially avail able DUV resist, ApePCTUSIOZ6G3RI ve
pol yhydr oxystyrene-type resist), available fromthe Shipley Conpany, LLC, 5
Mar | bor o, Mass. Eval uation of polynmer R E resistance was carried out using
a polysilicon etch process in an Applied terials 5000 RIE tool. The tool
was configured to provide 500 watts of pé r to a plasma conposition
consisting of 106 sccm Clerr] and 124 sccm HBr at a total chanber pressure
of 158 niforr. TWhatdselpimed is.enperature was controlled at 50[err] C. Under
production conditions, this 10 process etches approximately 0.33
[errJmMmn. of polysilicon and 0.04[err]m mn. of Apex-E,

pol yhydr oxystyrene. 1Pol yegychdHalydser Wolyinciized Gom Pmbhorhéidagpsitioat ween 0.5
and 1.0 [err]mon 8 in. silicon wafers using standard sol ution spin coating
procedur es. Theontaiingloneadrenare polyeytliccmonoriers haning 4 per@apbaromatit n. t o

m ni m ze residua] casting solvent. Fjlmthicknesses, were determ ned by 15
el |i psonet ry arfibstiteeat forsiopak combipation yuth tWﬁ@?@F&”-ﬁ?FPéﬂﬁFcﬁm‘i%o sec. in

oL, o s 7 A e (B it

Exanpl e substdérb e oPiruee polydylic monomers having a PerfihnBneutral or polar
0.65 *Nornmal i zed agai nst Apex-E (pol yhydroxystyrene). 25 )
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 L Im

R'R2 ps R

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*
20  is an aromatic containing substituent selected from the group consisting of -G,
-(CH,),G. -C(O)O(CH,),G. -C(OINH(CH,),G, -(CH,),0G,
-(CH,),0C(0)O(CH,),G. -(CH,),NHC(O)G: m is an integer of 0 to 5; n
independently represents an integer of 0 to S: and G is an aromatic group
substituted with at least one substituent selected from the group consisting of
25  -OR™, R', and combinations thereof, 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(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

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

A



38 What is clained is: 1. A cyclic polynmer polynerized froma nonomner
conposi ti onwgPeRl4aseai Ng one or nore pol ycyclic nmononmers havi RETASPUREM
aromatic 5 substituent in optional conbination with a nononer sel ected
fromthe group consisting of one or nore polycyclic nononers having a
pendant acid | abile substituent, one or moyge pol ycylic nononers having a
pendant neutral or polar substituent, one Oor nore nononers having a pendant
hydrocar byl substituent . and_conbi nations

! 15 \ thereof, wherein, said aromatic
substituent contZPhi AGRI a8 defingd abays; R @?&F%&'ﬁ(ﬂ%%@@t ure: [err]
wher ei t | A ) ).C( O OR,
Wherein Ris hycRgei hichtBAELAEkhi chGA0RRn SHGhRRE eterpbgdht N 1 O

at | east one of foRp eonthiRing 2t ldajt oA heterdhidn wheRirpthe heteaton B3isabstwtbdt i t uent
selected fromthe group consi sting of ib -(CHerr])[err] G
t labile g

T e S o T

- err er.r er.r err - err err , mis an

i nteger of. 0% o%’%%%&%&é’h‘fq‘ ‘represents an integer of 0 to 5: and G
is an aromatic group substituted with at_|east one substituent selected
fromthe group consisting of 25 -OR[erf], R err]. and conbi nations thereof,
‘wherein Rlerr] represents hydrogen, |i and branched (Cferr] to (Jerr])
al kyl, -C(OCH err], tetrahydropyranyl »t=Qutyl; R err] represents

hydr ogen. brom ne, chlorine, fluorine,{iodjne, cyano, and the group
-C(OOt-butyl; Rerr] and Rerr] tog L/Minih the two ring carbon atons
to which they are attached can form a gubsiNtuted aromatic group of 6 to 14

carbon atomgg30 wherein said SUbSti]{Llﬁgltﬁ., Ree selected fromat |east one
noi ety of the fornul ae

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(0)O-A'-OCH,C(O)OR*, -(A),-OC(0)-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, to C,,) alkylene: divalent cyclic hydrocarbon radicals selected from

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

r

25 . _—CH (CHZ)a

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

30
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39 -OR[err] or Rerr] as defined above; R err] and R err] together with the
two ring C@'E)Q@ fHpoms to which they are attached can al so frarmsas/@edznber ed
het er ocycl i C group contai ning at |east one heteroatom wherein the
heteroatomis substituted with G as defined above; said acid |abile group
cont ai ni ng nononer is 5 represented by bhe structure: [err] wherein
Rlerr] to Rlerr] independently represent 49 substituent selected fromthe
group -(A)[err]C(QOR*, -(Aferr]-C(OQOR, -(Af[err]-OR -(Aferr]-C(OQR
-(Aferr]-C(OR (A)[err] OC(OOR -(AJerr]- G:H[err]C(O)OR’*, 15 -

-(A)ferr]-C(OOGA"'-OCH C(OOR, -( ng O-A-C(OOr,.

-(Aferr]-AR[err] CH(R) (C(O) OR**) %%g(éﬁz)

-(AJferr]- C(R)[err]CI—I(C(O)CR**)[err] subject to the proviso that at |east
one of Rlerr] to Rerr] is selected froman acid |abile group containing
Rlerr]; A and thrndapenmmegeyﬁoepk tseand yiscimintegertfrdm 2 dg Shgvith thepacer
radi cal selgcted fro g#hF%l ent droc r bon adllc s selected fromlinear
and 20 ancrﬁgﬂs?ga rfanaé[o ¥$ﬁ“)a%‘m?§}‘|‘ heoly ?fé?%ﬁ?f"w% FBRI®Eocar bon
"adi cal s so ectdiftoly Her?i-’tB%tﬁﬁMhﬁfbx??éh PR Gp doBt e tbrrh @ Cler 1)
cycloaliphatic noieties of the fornl [err] wherein is an integer
from2 to 7 ancpeRﬁmderI]mkage;rmﬂshvuiememle:smlmrsand cyelic detidrdmepresdmetl §yC[ err] to

Cerr]) alkyl % t?%q di val ent oxygen containing radicals selected from
(Jerr] to CerPf§r¥¥Ws¥ene ethers and pol yethers of the formula: 30

OERNERS

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

). MO

or mixtures thereof, wherein R” represents hydrogen and a linear or branched

10

(C, 1o Cy) alkyl group: wherein said neutral or polar group containing monomer

is represented by the structure:

* [+ L M s *



40 [err] wherein x is an integer from1l1l to 5 and y is an integer from2 to
50, wi'th thaeygeoupiovi so that the term nal oxygen atom on t RCTHRYE6R%E,
spacer noiety can not be directly linked to a term nal oxygen atom on an
adj acent group to form a peroxide |inkage; and divalent cyclic ethers and
cyclic diethers represented by the structynes: [err] 1 5 and Rlerr] is
acid |labile group selected fromDcpm Dncp, -C(CH3) 3,
-CH(R[err])CCH err]CH err], -CH(Rerr])OC(CH err])[err], and the cyclic
group: [err] or mxtures thereof. whereierr] represents hydrogen and a
| inear or branched (Cferr] to (Jerr]) Ckyl—gr oup: wherein said neutral or
pol ar group containing nononer is represgmzEy by the structure: 20 41
[err] wherein q is an integer fromO toerr] to R err] independently
represent hydrogen, linear or branched | §\St<efnl to (err]) alkyl, or a
substituent selected fromthe group

5 R® p1o guR?2

wherein q is an integer from 0 to 5; R® to R'? independently represent hydrogen,
linear or branched (C, to C,;) alky!, 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(O)C(O)OR", (A),-O-A’-C(O)OR",
-(A),-0C(0)-A’-C(O)OR”, -(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-lA'-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:

’ A

—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, to C,,) alkylene ethers and polyethers of the formula:

-tCH,(CH,),0)%—
30
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-(Aferr]-(OQ R, -(Aferr]-OR', -(Aferr]-0(OQR", -(A)[err]-0(0 R,

r
A A
-(A)[err]- )52\2 -(A)ferr]

OC(OC(OOR', -(Aferr]-0O A - CPOrEN99/03632
-(A)ferr]- O OR, -(Aferr]- C(O)OA (O R,
-(Aferr]-(Q-A-CR", -(Aferr]-

-(Aferr]-(QOCA-CA-(OQOR', |
-(A)ferr]-(R")[err]CH( (O OR") [err], R[ef‘?] and Rl err] can be taken
together with the ring 1 5 carbon atons to which they are attached to
represent a cyo\rhetﬁnanmrmwgelgﬁr@nd to A and@ ipan integep Seaechia 30, vatvtheent a

di val ent bridging. cer iLcal ected f ocag bon

radi cal s sel ecPER? tB?ﬁ‘)tF ‘?ggf"agﬂ’&'gﬁpg ghg’&ﬁ’f@obeﬁegf%a%ff@heﬁ{%%%%ne;

di val ent cycli Glt@&WﬂﬂéHb@Btérﬁﬁh&ﬁkﬁ%eﬁ%k&ﬁbﬁdnﬁﬂﬁ&n%gﬂﬁxblté foretfla and
unsubstituted (Cferr] to Cferr]) cycloaliphatic noieties of the fornula: 20
[err] 25 \m@mxxﬂe linkage; andh divalestyeyclit ethersand sydlicdietheysaeprgsenteddyesent
represents and branched (Cerr] to Jerr]) alkyl groups; dival ent
oxygen cont ﬁﬁ’gs Tals selected from(Cerr] to err]) alkylene ethers
and pol yethers of the formula: 30 42 wherein x is an integer froml to 5
and y is an integer from2 to 50, with the proviso that the term nal oxygen

atom on the pol yet her spager @)letycanj be diregctL@Jinked to a
term nal oxygen atom on an™dj atent gro forma ero de | i nkage; and
di valent cyclic ethers and g¢ycli d| et her pr esent t he

structures:

10
R” independently represents, linear and branched (C, to C,;) alkyl, linear and
branched (C, 1o C,,) alkoxyalkylene, polyethers, monocyclic and polycyclic (C,
to C,) cycloahphanc moieties, cyclic ethers, cyclic ketones, and cyclic esters;
and wherein said hydrocarbyl containing monomer is represented by the

15 structure:

m

20 RYp14 gisRi®

wherein R" to R'® independently represent hydrogen and linear and branched

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

25 2. The composition of claim 1 wherein said monomers are

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

3. The composition of claim 2 wherein said ring-opened polymer is
hydrogenated.
30
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[err] 1 0 R' independently represents. linear and branched g[l_err% tg;)2
Cerr]) al ky¢godidaear and branched (Cerr] to (Jerr]) al kox fRg

pol yet hers, nonocyclic and polycyclic (Clerr] to (Jerr]) cycloaliphatic
noi eties, cyclic ethers, cyclic ketones, and cyclic esters; and wherein
said hydrocarbyl containing nononer is repggsented by the 15 structure:
[err] wherein Rlerr] to Rlerr] independently represent hydrogen and Iinear

and branched ((err] toC[ al k er from0t05 25.
2. The cornposi ti on%of C%Fﬁmpﬁﬁb?ﬁ?ﬁ%wdwﬁﬁ ﬁ@‘ﬂ Bt neri zed by
ri ng- openi ng poI %Sﬁ gaopened pol yrrer 3. The
conposition of clai méﬁ[’vﬁlgfg{eﬁmga ﬂyﬁaﬁ%age%ed pol yner is hydrogenated. 30

43 4. The conposition of claim1l wherein said nononmers are polynerized

by free radical polynerization The conposition of claiml wherein
sai d nononmers are 5  3pol yr@ﬁcﬂ@aﬁlﬁ‘\mt#é‘?%ﬁ'ekﬂh%fé‘néﬁ‘ dnenEMErS AL sel ect ed

f d 1
(rom & COmOU Gy etk ek ELA o lidunitbryg " 1 1
conposi tion of clfeinmnldEN€CH,), witreifnds € at 2aydE répregaid aleitsal 2 electron

donor ligand.

6. The composition of claim S wherein in said catalyst ligand E is

10  selected from the group consisting of toluene, benzene, mesitylene, diethylether,
THF, and dioxane.

7. The composition of claim 6 wherein said catalyst is selected from
the group consisting of (toluene)bis(perfiuorophenyl) nickel,
15  (mesitylene)bis(perfluorophenyl) nickel, (benzene)bis(perfluorophenyl) nickel,
bis(tetrahydrofuran)bis(perfluoropheny!) nickel and
bis(dioxane)bis(perfluorophenyl) nickel.

8. The polymer of claim | comprising repeating units represented

20 by the structures:

t9
wn

L Im L Im

Rip: pa R? Rips p7 RE

wherein R'to R independently represent hydrogen, -(CH,)C(Q)OR, wherein R
is hydrogen or linear and branched (C, to C,,) alkyl and at least one of R' to R*
30 is anaromatic containing substituent selected from the group consisting of -G,

et .
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10 sel ected fromthe group consi sting of toluene, benzene, nesityl ene,

di et hyl et Rep and di oxane. 7. The conposition of cPETHSEFE ei n
sai d cat al ys? 'S sel ected fromthe group consisting of

(tol uene) bi s(perfluorophenyl) nickel, 15 (nesitylene)bis(perfluorophenyl)
ni ckel, (benzene)bis(perfluorophenyl) nlig

bi s(tetrahydrofuran)bi s(perfl uorophenyl) |ckel and '
bis(dioxane)biséferfluorophen ol ynmer of claiml

conpri sing repe u‘ﬁ(Q@(Qb‘éés&(péﬂﬂﬁ@ﬂz)n@y(@ﬁén(gﬁr uctures: [err]

oo a0 c@aﬁbﬁ@wﬁ D NHE G Ban WA G0 ﬁe'& (Qerr] to
Clerr]) alkyl Péﬁdehﬁ?% pré&¥efts ah iftkger of 0%® SRR G Is amromaﬁc rorrat ic

cont ai ni ng substituent selected fromthe group consisting o

09/42502 44 - ( Ghbstitepd pithial tepst one SyltitKnbselgcyaddirom the group consisting of
- C( O NH CH

(O err]) Uor OB et B SRR o Ve ' o rpy e i

t f Ot Qﬂ@o ?ﬁf Ogtso 5; d G
:2 g%e;rgrratlc%a?gﬁ%dé t?‘?mw} ﬁm 3g{aest onég,‘w.réi‘g‘g[tlHt?1 eht gel ec?gd
fromthe group reprasvntsthyﬂgng@ﬁ bromineOBhloring, fludfiae, ridpding rngarey aid thatgrauys

t her eof , wherein R{grr] reser]ts hydr q | i near and branched (Clerr] to
Gerr]) alkyl , COQW-chRekR. 30 e 0 Tine BIBGR A0S ap Phichepr esent s

hydrogen, br Omtﬂcy aré %gé’hea ‘Ean I’ n‘i’xo@u%&nu{eg %&ﬁatl Qf&gb of 69{805 4%3?00%5?
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 5 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
- 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(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
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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-C(OOt-butyl; Rerr] and Rlerr] together with the two ring carh nssgtoms
to whi'ch thgy aiugsedt t ached can forma substituted aromatic 8?%599 to 14
carbon atons 10 wherein said substituents are selected fromat |east one
noi ety of the fornulae -OR[err] or R err] as defined above; R err] and
Rlerr] together with the two ring carbon gsons to whi ch they are attached
can-also forma 5 nenbered heterocyclic group containing at |east one
het er oat om wherei n the heteroato stjtuted with G as . defined above;

IS S
R to R indepeﬁmmg/‘a’?’éﬂﬁgﬁgﬁ%ﬁ% ‘nif PEGSPNE FeRIESeR lineqy, the group

-(A)Jerr]C(O OR,,.. - I - (. ; r&é}])lje?r ia

-(Aferr]-C(O R.brgrtcké% {E(Fe'rt? b&%@}'@oups((,% gﬁ%’g@ﬁer r &d&éﬁ’(}e@cﬁd
-(A)[err]-C(O Offom @, D) |aKyldnelethers A [polyethef@ @e Brm@laO) OR*,
-(Aferr]-AR[err] CH(R) ((OQOR**). and
-(A)Jerr]-C(R[err]CHC(OOR**)[err] subject to the proviso that at |east
one of Rerr]l to Rerr] is selected froman acid |abile group 20

cont ai ni ng err]; A and A independently represent a divalent bridging or
spacer radical selected from di val er¢CHy@H)@)pen radicals selected from

| i near and branched (Cerr] to (Jerr]) al kylené: divalent cyclic

hydr ocarbon radi cal s sel ected from substituted and unsubstituted (CJerr] to

| oal i f the f | a.
an- | it bgor 1 1 om OB K AR e § ey SR o inrebt B 9 e B e Snchod

(Cerr] to {errihvidh that thetétisal osé*%f;\la%m oR MRy BRP S HcEY MBietyachh Gidt Se

selected from((err] to (Jerr]) a | ene et hers and pol yethers of the
formul a: [ed@] directly linked to a terminal oxygen atom on an adjacent group to form a

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

the structures:

T RQ

nis 0 or I; and R’ is acid labile group selected from Dcpm, Dmcp, -C(CH,),,
20 -CH(R"OCH,CH;. -CH(R"OC(CH,),. and the cyclic group:

V. 00

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

(C, to C;) alkyl group.

e
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wherein x is an integer froml to 5 and y is an integer from2 te 50, with
the provisqd &absghe ternm nal oxygen atomon the polyether EpEUsI/08sREt Yy
can not be 10 d| rectly linked to a termi nal oxygen atom on an adj acent
group to forma peroxide |inkage; and divalent cyclic ethers and cyclic

di ethers represented by the structures: [ r] nis O0or 1; and Rerr] is
acid |labile group selected from Dcpm Dnt -C(CH err])[err], 20
-CI—I(R[err])OCI—I[err]CH[err -CH(Rerr]) CHerr])[err]. and t he cyclic
group: [err] or mxt%res vher afielaini e qomprisingdepsatisg pity ogen and a

| i near or branch d [r The pol ynmer
of claim8 furtfer B%ﬂﬁ’ é‘f?\rgmp poérél}%ﬁﬂ’cﬁﬁ?strgp@ﬁ%e@taé@l?‘?ﬁn one nore of
the structures represented as foll ows: [err]
wherein R err] to Rlerr] independently represent hydr ogen, |inear or
branched (Cferr] to (Jerr]) alkyl, or a substituent selected fromthe group

-(Aferr]- O)CR -(A[err]-OR", (A)[err] OC(O)R (A)[err] OC(OOR'. 15
(0

~(A)[err]- Q] - ~JO R,
-(AJferr]- OR", (A)[err] C(O) A
LR, - (A -rt"o -OA'-C(OOR',
~(A)[err]- % ]CH(R') (Q(O CR'), and

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",

15 -«(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(O)-A’-OR”,
-(A),-C(0)O-A"-OC(O)OR". -(A),-C(0)0-A’-0-A'-C(O)OR ",
-(A),-C(0)0-A’-OC(0)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

20  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:

25 Rs

—CH (CH,),
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-(A)ferr]-CR")[err]CHCOOR")[err], Rerr] and R err] can be taken

t oget her Wi tyigbdipzs6a Ng 20 carbon atons to which they are PATYGROPBY3] o
represent a cyclic anhydride group; A and A" independently represent a
di val ent bridging or spacer radical selected fromdival ent hydrocarbon
radi cal s selected fromlinear and branched 7(C[err] to (Jerr]) alkylene;
di val ent cyclic hydrocarbon radicals sel ec‘% ed fromsubstituted and
unsubstituted (Cerr] tg (err]) cycloal iﬂ%ﬁ%t"i' noi eties of ..t he f(frrml a:
[err] 47 wher @fhgremy*a”jisanintogar Ger 2 tp tibpresent EPRISERts Jinear apd o ent

represents |inea che . & i sefdbté@! ent
oxygen cont ai ni né""? g@ﬁdgg gb g@?%“éﬁ&@“"‘r‘b%%%ﬁ*&%é‘%‘g’k‘@‘g’r’ﬁ@%gﬁﬁﬂgﬁe et hers
and pol yet hers Offrohhngt@cl[@lhl&tyleheéth}rs\ah&iEeliyeth&rsiosmrfoimﬂager 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 frorma 10 peroxi de |inkage:
and di val ent g“’gycl ic ethers and cycli %gﬁgﬁ@’s Yepresented by the

structures: O 0 015 nis Oor 1; R
i ndependently represents, |inear and branched ((ferr] to er\{rﬂ& al kyl ,
| i near and br ancdwreick és an| integercram 19 S ank yiis/an inteigemfzom gap yBy Widh the

nonocyclic and polycycli err] to err cycl oal i phati c .imi et i
cyclic ethers, cf&‘%l‘fl t}g@tﬁg%&?mg oxygen atom Jr) the %&yet?xcr s%acer noidly céin nét 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:
Q’ 1 ’ OQ

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

15

linear and branched (C, to C,,) alkoxyalkylene, polyethers, monocyclic and
polycyclic (C, to 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
RRzRJR
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cyclic esters; and Rlerr] to R err] independently represent hydregen and

| i near andgaq,/zsopranched (derr] to (err]) alkyl; and m ipcTAIS99/08368% €r
fromO to 5. 36 The polyner of claim1l conprising a repeating unit of
the structure: [err] 48 wherein Rerr] to R err] independently represent
hydrogen, -(CH2)C(O OR, wherein Ris hydrggen or |linear and branched
(CJerr] to Jerr]) alkyl and at |east ond8 of Rlerr] to Rerr] is an

aromati c containi ng sg;)st i tuent selected fromthe group consisti ngRof-G

- (CH err]) [ er r phereitROp & dpdependentli represent lydryaemy D)PR; Whezein
- (CH 5 -(CH O G eot. o
(G orr]) [ or r PiEraBreor fiirds i) blenghed € b L) sy Eindia lasrepe B a &
represents an id46matd cdhtdiftin @ﬁ%ﬂ&&é& AR upéﬁugﬁﬁgﬁgzgd]g ut ed

. S
with at | east one substituent ge?ecte romthe group consi st

- Ol;[ err], :?_[er F(ICHz)i,ﬁdB@@Dﬂ(ﬁgaxﬁn@(obﬁfl@ﬂz)ﬁmﬁmﬁﬁllm rgg%ﬁ{lt S ]
ydrogen, |inea r e err o Jerr al kyl, - err],
t et rahydropyr aréﬂ*ﬁ%%’%&“ﬂégqﬂﬁé\'ﬂcﬁ@ch&@@pénﬁwroéaé% S Broni ne,
chlorine, fluogd Yl : r - . ; Rlerr] and
Rl err] toget heﬁdﬁﬁ%%dem%ﬁar{t?ggmé 8?\653 %@H&ls%l%%%%kéé e attached
can form a substbstititediwith anieast ong substitueht sldcted ftons ieppoupdonsBtingief ei n sai d
substituents ar$ §4elagcted fromat |east one mpjety of the formilae -OR[err]
e

or Rlerr] as dé am,mh’{‘%’t“ﬂf therrof pyierein R Grspresents hydreganplineago ri ng
et er ooyl i o oPBy prBeiaChia GleRyE BOBHE RetSta bbb iR e
heteroatomg s gafedehisHyBfbgen, 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

wherein said ;ubstituents 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:

R per ¥

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",

30  -(A),-OC(O)R”,-(A),-OC(O)OR", I

L



wth G as defined above. 11. The pol yner of claim 10 further COIT})I’I Si ng a

repeati ng U'Wésﬁ&soz represented by the structure: [err] wherRGTAUSP/EI6H

Rl err] independently represent hydrogen, linear or branched ((err] to

Cerr]) alkyl, or a substituent selected fromthe group -(A[err]-C(OOR",
49

-(A)[err]-CR', 30 -(Aferr]-0C(OR', (A}Merr] OoC( O ORr",
-(Aferr]-AOR, -(A)ferr]- OC(O)C(O)OR (Aferr]-OCA-(O R,

(Rl &0 kBB Al R R Gk Bo :
-(Aferr]-(O G Q . ] .,
(A Ler]- 90 O Ao efiofhkBior: ] K0hoR LRIR OIS} Ror”,
-(A)[err]-R") [ eanl- Ct@j@(.@m(n)enw ,(Aﬂeqo)b.AhO-ﬂ-e(ijR:'an be taken

together with the ring carbon atoms to Whi ch are attached to represent

a cyclic anhydri d&®)gCeR)0- M%{@)ﬁ(o)%ep%idgﬁw RDELONORA), cAnga| ent

sel ected from It HANCIRAARETEROR Erl AR R at?aiaaﬁ%!s?%wﬁ@ﬂ{ S en
cyclic hydrocar be&bbﬁldﬂbﬁﬁlt@ whith@Réyeste htriRed Wieplekdnt 8 dy@ittinh{dride group;

unsubsti tuted (C[e to CJerr]) cycloaliphatic noieties of the formila:
[err] wherein Ammdeneeg@nlyfrcwmeﬁt a leﬂealrhndB[lwar]SPader mdiabselected

represents Iinear an r di val ent
oxygen cont ai ni nd* %%Vgﬁi?‘rs}'yrél ‘g grfg"}“z lﬁ.}?»@n fhe ethers
and pol yet hers oic hificyldhedvalent cychc hydrocarbon radicals selected from substituted and

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

7

CH (CHZ)a
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,,) alkylene ethers and polyethers of the formula:
20

~CH,(CH,),0)—

wherein X is an integer from | 10 5 and y is an integer from 2 to 50, with the

provfso that the terminal oxygen atom on the polyether spacer moiety can not be
25  directly linked to 2 terminal oxygen atom on an adjacent group to form a

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

the structures;

SR T e
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20 [err] wherein x is an integer froml to 5 and y is an integer-from2 to

50, with Wﬁ Qﬁ%}ﬂ so that the term nal oxygen atom on the perysbhesssspacer
noi ety can 8 e 25 directly linked to a term nal oxygen atom on an

adj acent group to form a peroxide |inkage; and divalent cyclic ethers and
cyclic diethers represented by the structures: [err] 50 nis O0Oor 1; R
I ndependently represents, linear and brangpged (Cerr] to CJerr]) alkyl,

| i near and branched (Clerr] to CJerr]) al koxyal kyl ene, pol yethers,
nonocyclic and polycyclic (Cferr] to (Jerr]) cycloaliphatic noieties,
cyclic ethers, cyclic ketones, and 5 cyclic esters; and Rerr] to Rerr]

i ndependent | y repis@sit Rififdepeadenty deprésenny linearlar trandhed (CCodC p)lalkyd, Cl err])
al kyl; and mis an integer fromO to

5. 12, The, pql yner of c¢laim 11
further conpri silingar ansdyanchgd (ﬁi@&d@ﬂ%ﬁ’%‘&ylﬂ%ﬁﬂﬁg’eﬁ’ rm}}ogyéfc ii‘!?e
t t t foll : . i .
ndependont |y r SPTBeEH: (G Con &iBop fehalif HsledS R bl dybiig ReGhey fnd
al kyl, or a subsdyclislegtérss@lder’® aOR ™ idepéitengy esppeseftlyirogen atl ThéaRand
-(A)ferr]-or', -(Aferr]-C(OQR", -(A)ferr]-C(QOR". -(Aferr]-(OR",
-(A)[err]- OC(O)aHeR(C, 0T, alky) drerm]is @ intege( fBaR'to 5.
-(Aferr]-0C(Q-A-(OQOR, -(Alerr]-(OOCA-(O R,
12.  The polymer of claim 11 further comprising repeating units

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

1 .

15 ? RIORI RM RIS

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",

20  -(A),-O-A’-C(O)OR". -(A),-OC(0O}-A"-C(O)OR", -(A),-C(0)O-A’-C(O)OR",
-(A),-C(0)-A’-OR". -{A),-C(0)O-A"-OC(O)OR",
-(A),-C(0)0-A’-0-A’-C(O)OR", -(A),-C(O)0O-A'-OC(O)C(O)OR",
-(A),-C(R"),CH(R")(C(O)OR"). and -(A),-C(R"),CH(C(O)OR"), , nis 0 or 1;

R’ and R" can be taken together with the ring carbon atoms to which they are

t9
N

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,;) alkylene;
divalent cyclic hydrocarbon radicals selected from substituted and unsubstituted.

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

-

T



-(A[err]- C(O) A -OR'. A rr]-C(O)OA'-OC(O)CR'_
-(A)[err]- g@g&@ -C(O) -(A)[err]-C(O O A - OX( O) C( BFTRISI03632

-(Aferr]- rr] CH(R") (C( )CR') and

-(A)ferr]-(R")[err]CH( (O OR")[err], nis 0 or 1; Rerr] and Rlerr] can be
t aken toget her W|th the ring carbon atons {0 which they are 25 attached
to represent a cyclic anhydride group; A A" independently represent a

di val ent bridgi ng or spacer radical selected fromdival ent hydrocarbon

radicals selected fromlinear and br anch;ﬂ%‘err] to Clerr]) alkylene;
d

di val ent cyclic hydrocarbon radicals sele from substituted and
unsubstituted ((err] to Cferr]) cycloal fphadic noieties of the formula:
WO 99/ 42502 51 [err] wherein "a" is a.n—@}qeq ¥r0m2 to 7 and Rlerr] if
present represents |linear and branched ( o Cerr]) al kyl groups;

di val ent oxygen containing radicals selec from(Cerr] to (Jerr])

al kyl ene eth{s and pol yethers of the formula: [err] wherein x is an
integer fromJ to 5 and y is an integer from2 to 50, with the proviso that

the term nal oxygsa fe"i’rl MO8 in epﬂbﬁﬁ%teqrdmﬁﬂé‘QPfxreQ@x't fepYesefts 1il 4 aﬂcg directly

linked to a term nal oxygen atom on an adjacent group'to forma 1

per oxi de | i nkage bramoheddiCy &d €} alkylcgrbmpseﬂﬂvelem axygerceontainingl radidalsrsslected

represented by the structus

from (C, to C,, al?c:ylegxg Ltrhlzrs and polyethers of the formula:

10 ~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

15  peroxide linkage; and divalent cyclic ethers and cyclic diethets represented by

the structures:

AER SRR

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

branched (C, to C,,) alkoxyalkylene, polyetherﬁ, monocyclic and polycyclic (C,

to C,,) cycloaliphatic moieties. cvclic ethers, cyclic ketones, and cyclic esters;
25 and R" 1o R" independently represent hydrogen and linear and branched (C, to

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

13. A photoresist composition comprising a photoacid initiator, an
optional dissolution inhibitor, and a polymer polymerized from a polycyclic

30  monomer(s) containing a pendant aromatic substituent in optional combination

MM*__”______,,___
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R' independently represents. linear and branched (CJerr] to CJerr]) alkyl,
| i near and gﬁ) (Cerr] to Jerr]) al koxyal kyl ene, pol yrCtres29/03632
nonocycl i c and polycyclic (Cf[err] to CJerr]) cycloaliphatic noieties,
cyclic ethers, cyclic ketones, and cyclic esters; 25 and Rlerr] to Rerr]
I ndependent |y represent hydrogen and Iinegzr and branched (Cerr] to (err])
alkyl; and mis an integer fromO to 5. 1 A phot oresi st conposition
conprising a photoacid injtiator, an optional djssol ut ion inhibitor, and a
pol ymer pol yner Wit golysyrlic pv@nglaynés)mmammg apensantacid labilnsubstituert, a pendant
aromati c substi t | tiana n{ nat.i

|
mononer (s) cont ¥ T"'Hbsaédogm?&ﬁtsulﬁ ‘éﬁ?‘f"é‘egf}'ﬁg’ttgfg’é’r‘l‘?"%ﬁﬁg%p (’:s'i'i?d

t bstit t G
(& er 1) orr] CRLGRBERERN SIOMBEYNCHING! ) Ter ]
-(CH err]) [ err] QGH,),0C(30(CH) G, -{CHH NHT@IGe h"ulldabelidehﬂs' represents an
-(CHerr])[err]NHC(O G, n_in cEendent‘]y represents an I nteger of O to

5, and G isan #ntegracf @ tydand G inpmaremticigrapp thﬁtmlt@a‘é’tthéﬂéa%gb%tltuent

Chereof . wher e ATILBERY sAf om PR b EyBilihe oflOR IR M0 FRRRAERS 0T (o
Clerr]) alkyl, tferddfQniereinR' Alpy<demphidrogen, linedtahil Ibrana:&f(td, té GR,?)QR?I“ S

hydr ogen, br omi ne, chlorine, fluorine, iodine, cyano, -C(O) O t-butyl. 10

14. The corrposC(O)@H;oﬂetrah)aimpyt&)«linREaepiemtsrlwdmgeg,rhrumuﬁ on said

| | f h he fol |
POy TEr 1S Sl g e tine, fibring.odine. Baso, B(S)d-MGugl, {Ne oI Towng moteties:

10
14.  The composition of claim 13 wherein said aromatic group G on

said polymer is selected from the group consisting of the following moieties:

15 —@m,' “'@:?m. : x and

20  and combinations thereof. wherein X independently represents the radical -OR*
and R"; a is an integer from 1 10 5. 2’ is an integer from 1 to 4, and a” is an
integer from 1 to 3; R" is hydrogen. linear and branched (C, to C,,) alkyl,
-C(O)CH;, tetrahydropyranyl. t-butyl: and R" is hydrogen, a halogen atom
selected from bromine. chlorine, fluorine, and iodine, cyano, and the group

25 -C(0)O-t-butyl.

e ——

——

Frr



20 and conbi nations thereof, wherein X independently represents the
radi cal - OR[pgbdagsd Rlerr]; ais an integer froml to 5. a' PGRUSHI03632 eger
froml to 4, and/ a" is an integer from1l to 3; Rerr] is hydrogen, linear
and branched (Cerr] to CJerr]) alkyl, -C(OCH err], tetrahydropyranyl.
t-butyl: and Rlerr] is hydrogen, a hal ogen_atom sel ected from broni ne,
chlorine, fluorine, and iodine, cyano, an % he group 25 -C(OOt-butyl.
53 15. The conposition of claim 13 wherein the pendant_ acid_|abile group
is selected fromthe §¥-oupThwenmpositiog oftlaim A} whereinghe)peydant acid labile

(A 1]~ G O - RoviRymseed BXEE droup conhiin o RO )| and 5
-(A)ferr]-CR[ et(ré*hﬁgﬁz%ﬁﬂ 7% Jc(g?@_rﬁi_@cgr@@ el* i ndependent | y

represent a dival 1’ng Or “sPpac radrc cted from dival ent

hydrocarbon radi qa)sOS¢OpA!-E{OJORM -(A)ER)DHRNCOIORY, &id err] to Clerr])

al kyl ene; dival ent %cl I C h&drocar bon radical s sel ected from substituted

and” unsubst i But edA)cCERFHIEOIPR! ).} wherpiay dand Ahindependentit ERISSEHt 2t he

formula: 10 [err]. 2rein . "a’ i LN [ Rerr] if
present represen %lgzlafeph%r‘gﬂ?%@@m%ﬁ Ear‘\iic& ?Fﬁcé%fi?&{‘ 8 N&F g{r }r?)l#g%aho%r}g%l?%g ps:
di val ent oxygen g&ediéd fRbJink&tng drahche (@120, f diRyTeseiRaleht éyeliel err])
al kyl ene ethers and pol yethers of the fornula: [err]
hydrocarbon radicals selected from substituted and unsubstituted (C, to Cy)

cycloaliphatic moieties of the formula:

r

—CH (CH,),

10

(19 L]

15 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:

20 ~CH(CH,),0)~

wherein x is an integer from | 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
directly linked to a terminal oxygen atom on an adjacent group to form a

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

‘the structures:

- BRI
//,
LG

]



wherein x is an integer from1l to 5 and y is an integer from2 to 50, with
t he pI’OVI 5?’? #he term nal oxygen atom on the pol yet her pepaIse9/036sg et y
can not be 8 P y linked to a term nal oxygen atom on an adjacent group
to forma 25 peroxi de |inkage; and divalent cyclic ethers and cyclic

di ethers represented by the structures: [err] 30 54 and R err] is acid
| abi |l e group selected from Dcpm Dntp, 5 CHerr])[err], : '
-CH(R[err])CCH err]CH err], -CH(Rerr])OC(CH err])[err], and the cyclic
group: [err] 5 or mxtures thereof. 16. The conposition of claim13
wherein said nononers are polynerlzed by ri ng- openi ng pol ynerization to :
obtain a ring-opened pol yner. 17. The conp05|t|on of claim13

wherein said r, &t CH.)Jhe conposition of
claim13 V\hereaznﬁi')sg%) rr‘olﬁg rs 5?% gg}ﬁmsrl zed by frg ?)adl cal

pol yrer i zat i onCH{R")OZTH,CHICH(BAOCH jpamifthe tylimgtdpaher ei n sai d nononer s
are polynerized in the presence of a catalyst selected froma corrpound of

‘the formula Eferr] Jerr]Fler err]H GHIS | or
represents a neutr el ectro

o_ 0 T()j
el )
5 or mixtures thereof.

16.  The composition of claim 13 wherein said monomers are

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

10 17.  The composition of claim 13 wherein said ring-opened polymer

is hydrogenated.

18.  The composition of claim 13 wherein said monomers are

polymerized by free radical polymenzation.

15
19.  The composition of claim 13 wherein said monomers are
polymerized in the presence of a catalyst selected from a compound of the
formula E,Ni(CF,),. wherein n is 1 or 2 and E represents a neutral 2 electron
donor ligand.
20
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donor ligand. 20 55 20. The conposition of claim 19 wherein in said
catal yst Ii W%’ES&S sel ected fromthe group consisting of PCTASA¥Y3632
benzene, nes ene, diethylether, THF, and di oxane. 5 21. The
conposition of claim?20 wherein said catalyst is selected fromthe group
consi sting of (toluene)bis(perfluorophenyl) nickel,

(mesi tyl ene) bi s(perfl uorophenyl) nickel, é enzene) bi s(perfl uorophenyl)

ni ckel , bi s(tetrahydrofuran)bi s(perfluorophenyl) nickel and

bi s(di oxane) bi s( per f [200r offfhercgmpositiarkef claif0l P@Rhereindn pdid casalyst ligand Briposi ti on
conprising a photoacid initiator, an_optional dissolution inhj l:_‘iyi or, and a
pol ymer conpri siSelgcted feoprtheigrappunonsisting of toluene; benzene, megityiens. disthyietherng of
cyclic repeating.uypit ont ai ni ng pendant aromatic groups, cyclic repeating
uni ts cont ai ni ngrg’e’r‘?&g' OX3B%d | abile groups, 15 cyclic repeating units
cont ai ni ng pendant neutral or polar groups, cyclic repeating units

cont ai ni ng pendant hydrocar byl groups, and conbi nati ons thereof wherein

sai d repeatifig units 2ire rBprempositon bfclaime2Gwhersinisaid: cafalyst is seleetedi n m

i ndependently is.an_jnteger of .0t : err] o err] .i,ndependent |y
represent hydr ogEem thg ?WWU&@“W%‘?‘%PW??LW r’B‘é‘Eﬂ or linear and

(mesitylene)bis(perfluorophenyl) nickel, (benzene)bis(perfluoropheny?!) nickel,

bis(tetrahydrofuran)bis(perfluoropheny}) nickel and
bis(dioxane)bis(perfluorophenytl) nickel.
10
22. A photoresist composition comprising a photoacid initiator, an
optional disso!ulion inhibitor, and a polymer comprising a repeating unit
selected from the group consisting of cyclic repeating units containing pendant
aromatic groups, cyclic repeating units containing pendant acid labile groups,
15 cyclic repeating units containing pendant neutral or polar groups, cyclic
repeating units containing pendant hydrocarbyl groups, and combinations

thereof wherein said repeating units are represented by the structure:

R! R R R! R* R* R R* R* RiC RHRi: RUR" R”R_'s

wherein m independently is an integer of 0 to 5; R'to R* independently
represent hydrogen. -(CH,)C{O)OR. wherein R is hydrogen or linear and

25 branched (C, to C,y) alky! 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(O)NH(CH,),G, -(CH,),0G,
-(CH,),0C(0)O(CH,),G. -(CH,).NHC(O)G: n independently represents an
integer of 0 to 5; and G is an aromatic group substituted with at least one

30  substituent selected from the group consisting of -OR", R'’, and combinations

R



25 branched (Cferr] to (Jerr]) alkyl and at |east one of Rerr] to .
Rerr] is %ﬁr %I‘Btic cont ai ni ng substituent selected fromddigu@oasd2
consi sting 6, “(CHerr])[err]G -CCOQCHerr])[err]G
-C(ONH(CHerr])[err]G -(CHerr])[err] GG
-(CHerr])[err]O(OQ QA CH err])[err]G -(CHerr])[err] NHQ(OG n

i ndependently represents an integer of 030 5; and Gis an aromati c group
substituted with at | east one 30 substituent selected fromthe group
consi sting of tiéaf] wherelf[R'f represanms hgdropén) dinearamd branbhed (G teCf ) alkhEr ei n
Rlerr] represents hydrogen, linear and branched (Cferr] to (Jerr]) alkyl,
-C(O CH err], +e(Q&H;detplydropyiranyl,-tswtyli R' Rémresentsrhydragen,ireminegir ogen,

brom ne, chlori . flyorine, ,jiodine, cyano, an h ro = C( t-butyl;
Rlerr] and R[ercgl?’hf‘?) OFiF, 1pdipg, ctyﬁ%mlaﬁg%?‘ﬁg{@“%g;@ﬁ‘tgl“&agkiﬁ‘ ‘ioch they are
attached can f efddur With tﬁé‘%ﬁﬁ%fﬁ%ﬁtg o @h%ﬁiéh&sﬁé aftach@d d4h Hfth Ot”hgtoms

wherein said substituents are selected from at t one nolety o
f or mul ae - GR[ esustitnedpronmatic groupal iGrne d4 aivbor atoRfsewhidrein 8aid hsstitdentsaget her

ith the t i bon_at to which t K d | so f 5
herber 00 hot er SUBEER EOG 2 Lo RPRD I ok IPUHeE SORY of S aIrbDN aSECi 1 t he
e d nel - ¢ . _
dependent |y FoanaR: Wettheblith ke G iy (P06 AN o wilcfithiey Cartithed 1L o7 1]

- (A) [ err] C( O ORan alsé Arirea § meGibe)edeterécdlie group CBntainin) td¢asi ordC( O) R,

(A -(OR -(A i OR -(A)[err]-OCH 0 OR*,
(A orr] -0 O BHRCHS IS ERopereator A HBFiHiea0(th G dciipakove; R t

() [orr] - R FEIIBERAEy bpkesrrd s S Bieptatected St oun oA PO ac at

| east one of RL)JC(OYOR] &AHJORS selected froman acid |abile group
-(A).,-OC(O)E. -(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 -(A),-C(R),CH(C(O)OR**), subject to the

15 proviso that at least one of R* to R® is selected from an acid labile group

containing R’; nis 0 or 1: 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

7

—CH  (CH,),

20 the formula:

23
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:

30
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containing R nis 0 or 1. A and A independently represent a divalent
bri dgi ng or yegaagser adi cal sel ected from dival ent hydr ocar bdFTEIMEIRPFS
selected fromlinear and branched (C[err] to CJerr]) al kylene: dival ent
cyclic hydrocarbon radicals selected fromsubstituted and unsubstituted
(Cferr] to (Jerr]) cycloaliphatic noi eties5 of 20 the formula: [err] 25
wherein "a" is an integer from2 to 7 and I?Q[err] I f present represents

| i near and branched (Clerr] to CJerr])._al kyl groups: dival ent oxygen
containing radicals selected from (qfé&ﬁcéﬁx(&?ar]) al kyl ene ethers and

pol yethers of the formula: 30 WD 99142502 57 [err] wherein x is an
integer froml1l to 5 and y is an integer from2 to 50, with the proviso that

the term nal oxygR&emix48aR thibdee iBAY VR &d PR fitegtR fidhy2 &S0, BAth the 5
directly linked to a term nal” oxygen atomon an adjacent group to forma

per oxi de | i nkageprouisd thit theltemtinal psygen atorh en shepody spagerineietyegag not be

e T b AT 17~
- CH(R err]) OC( CHp&bkilie figkdgh, andHivaldde cfolic!etifer Sr@¥Rclic diethers represented by

the structures:
O \l/o\ 0
10 \
. <’ o

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

H JC CH3
R‘ p: . . s .
Re Rp Rr

V.0

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

(C, to C,) alkyl group: 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".

20 -(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(0)O-A"-C(O)OR",
-(A),-C(0)-A’-OR". -(A),-C(0)0O-A"-OC(O)OR",

—_—
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[err] or m xtures thereof, wherein R err] represents hydrogen and a |irnear
or branchegydé§d@8kgy] to Clerr]) alkyl group: Rerr] to R errgcrrusiomaésdent |y
represent hydrogen, l|inear or branched (CJerr] to (Jerr]) alkyl, or a
substituent selected fromthe group -(A)f[err]-C(OOR', -(Aferr]-OrR". 20
-(A[err]-0(QR', -(Aferr]-C(QR', -(A[err]-(OR",
-(Aferr]-(Q (O R, -(Aferr]-CA-COR", -(Aferr]-0(O-A-(O R,
-(Aferr]-(QO0A-(O R, -(Aferr]-¢(O-A-OR,

- E ﬁg % err } - g(( 3 gmn-@@@)mi-A'-C(GB)IZ'(,/[QM)e'G(P)@(P?)@C@)O@)OR?(C(O)OO& ) ;

- errj- - , LR LA Lenr] - X o . 1), an
'-(A)[err]-C(R')'f&?é@(Wf?@é]g aﬁdr‘]é‘\)ecr&gﬁ )[181[‘&{1@&? n(?‘P{%)é’Frl] can be
taken toget her uﬂmwheaﬂagka%g%aeﬁ%%ekﬁgy%%a{ ﬁrﬁa@%gﬁﬂed to

represent a cyclic anhydride gro ependently 5 epresent a
di val ent bri dgiamgched te pepresent aciictialankysirizde igeahpf rAandiA ¢ mdependenptty ocar bon

radicals selected from,linear .and branched,.(( err o (.err al kyl ene;
di val ent cyél i creﬂﬁ?méé??"&gﬁm E’%&‘E&PES@E‘F@E‘P&% SFIF‘E)‘EEQI %"ﬁﬁ‘s%'f’i‘lﬁ'lt)ed and
unsubsti tut ed Qadit | i L £ f or mul a:
[err] wherein (lgdﬁfcga}bgh |nt%ggérlécft%f?n&gq{ng%gr?w%fﬁ'qlﬁf(g?}raielggen ©
represents | i nedivalemdydlichydréragboniradicdiCeelestéd fromGubstitgtpd ahkyhsubstitged;

di val ent oxygen, contai ni ng . radi cals, sel ected from(Cerr] to (Jerr])
al kyl ene et her 4%%E§(ﬂy§£‘gmaélcﬂ°‘?‘ﬁ of herfarmulay ey v
Ra
10
CH (CHZ)a

wherein “a” is an integer from 2 to 7 and R? if present represents linear and
15 branched (C, 1o C,,) alkyl groups; divalent oxygen containing radicals selected

from (C, to C,,) alkylene ethers and polyethers of the formula:
20  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 to a terminal oxygen atom on an adjacent group to form a

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

NER SRR

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

the structures:

30  branched (C, to C,,) alkoxyalkylene, polyethers, monocyclic and polycyclic (C,

_ ——
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20 wherein x is an integer from1l to 5 and y is an integer from2 to 50,
with the prewsmathat the terminal oxygen atom on the pol ye®PGEfUSSNEIeET

noi ety can not be directly linked to a term nal oxygen atom on an adj acent
group to forma peroxide |inkage; and divalent cyclic ethers and cyclic

di ethers represented by the structures: [Egr] R' independently represents,
| inear and branched (CJerr] to (JQerr]) alKkyl, linear and 30 branched

err] to err al koxyal kyl ene, . olyetheré, npnocycl i c ;and, pol ycyclic
Eg[er r} g[g tdlo)@z@)cyelyérm i B’Wéﬁ“ieg CypHGethers, cyelickateneg, and cyclicsstery; o

yclrogen and || SR 2 R€p FideBideiPlebtestl itk s MiRRRAUHRllobed @865
The conposi tion Of)4lk@di m 22 wherein said polyner conprises repeating units
represented by the structures: [err] wherein at |east one of Rlerr] to
Rlerr] is an aromatic group containing substituent selected fromthe group
consi sting - 115 45 CH.grrl)ler.. - err rr .

~O( O) NH( CH e?r] ylerr g - (’%ﬁ[%%rgpfflflé%f &%fmo%gvgéxfem sald I;o‘fymlr%ompnses
-(CH err]) [ err] Qepéatiek Ghitefeplesérmtéd byShe sttt 1) [err ] NHC(O G n

i ndependently represents an integer of 0 to 5; and Gis an aronmatic group

substituted with at | east one substd t selected fromthe group
consisting of -OCRlerr], Rerr], an i nat{ony thereof, wherein Rl err]
represents hydrogen. |inear and br d (Clren to (Jerr]) alkyl,

10

wherein at least one of R' to R? is an aromatic group containing substituent
selected from the group consisting -G.

15 -(CH,),G, -C(0)O(CH,),G. -C(O)NH(CH,),G, -(CH,),0G,
-(CH,),0C(0)O(CH,),G. -(CH,),NHC(0O)G; n independently represents an
integer of 0 to 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,,) alkyl,

20 -C(O)CH;. tetrahydropyranyl. t-butyl; R represents hydrogen, bromine,

chlorine. fluorine, iodine. cyano, -C(0)O-t-butyl.

24.  The composition of claim 23 wherein said aromatic group on
said polymer is selected from the group consisting of the following moieties and

a5 combinations thereof :

R

*



20 -C(OCHerr], tetrahydropyranyl, t-butyl; R err] represents-hydrogen,
brom ne, chlorine, fluorine, iodine, cyano, -C(OOt-butyl

conposi t i owooP/42302i m 23 wherein said aronatic group on sai 8’%@{33%%&?3
selected fromthe group consisting of the follow ng noieties and 25

conbi nati ons thereof: 60 wherein X i ndependently represents the radical
-OR[err] and Rlerr]; ais an integer froff1 to 5 a' is an integer from1
to 4, and a" is an integer froml1l to 3; Rerr] is hydrogen, linear and

branched (Cferr] to (Jerr]) alkyl, -C(OCH err], tetrahydropyranyl, 5
t-butyl; and Rlerr] is hydrogen, a hal ogen atom sel ected from brom ne,
chlorine, fluorine, and iodine, cyano, and the group -C(O O t-butyl. 25.
The conposition,of .cl,aim 24 rei i ' W 15S y :
substituent and’ Frﬁkggﬂép?&qe\ﬁﬂgﬁgﬁ‘%reéﬁg% %gfﬁglr@sﬁ?%r’o%glapﬁ%%% agent 10
reactive wth gaifl m'ﬂraowmué?éﬂﬁmntm,zm a" iJ heitepEp fond 1 @B;0R™“¢d ai m 25
wherein said crosslinking agent is selected fromthe group consisting of

net hyl ol , al kohydiogen, lineat and bramehed:(Ch yo Cg allpl, SGEDCH:.reehydrenysany,
thylol, alk | kyl . carb t hy 1 bstituted. cycl i
trJnr3 ea)s/; Om&*t Fd?\/l gﬁ’gﬁ'ﬁéﬂ ﬁ??f\?’ 5@%&%@9%%&%&%&@?@%3 °§HI%¥r;| :at(r:n nes;

and methyl ol ,  qikAxy ahl Yddim) ey RRIKEBIONY-CADYDIRbEYRST | tut ed benzoguani ne
conmpounds. [err] 27. The conposition of clai'm26 wherein said

crosslinking agent is

25.  The composition of claim 24 wherein X in said polymer is a
hydroxy substituent and said composition further comprises a crosslinking agent

10 reactive with said hydroxy substituent.

26.  The composition of claim 25 wherein said crosslinking agent is
selected from the group consisting of methylol, alkoxyalkyl and carboxymethy!
group substituted phenols; methylol, alkoxyalkyl and carboxymethy! group

15 substituted cyclic ureas; methylol. alkoxyalkyl and carboxymethyl group
substituted melamines: and methylol. alkoxyalkyl and carboxymethyl group

substituted benzoguanine compounds.

(X),~

(LT

(X)." (X).'

/ \(X),--
(X

27.  The composition of claim 26 wherein said crosslinking agent is

20  selected from a compound of the formula:

) O N



20 selected froma conpound of the fornula: 61 [err] 28. The
conposi t i oNyQf oofighdzm 22 wherein said photoacid initiator i SPCO/USIUBHECt ed
fromthe group consisting of triphenylsulfoniumtriflate, pyrogallol, onium
salts selected fromtriarylsul foniumand diaryliodi um

hexaf | uor oanti nonat es, hexafl uoroarsenates, and trifl uoromet hanesul f onat es,
esters of hydroxyi m des, [err].[err]'-bis5%ulfonyl-diazonethanes, sul fonat e
esters of nitro-substituted benzyl al cohols and napt hoqui none- 4-di azi des.

15 29.

The conposition of cl ai (GHPCH quusi ng a nononer sel ected
fromthe group consisting of maleic anhy{riye, S err], and m xtures

t her eof .

10

¢

N(CH,0CH,),
(cu,ocu,)fu N(CH,0CH,),
N N
Seas
N N
(CH,OCH,,N  N(CH,OCH,),

28.  The composition of claim 22 wherein said photoacid initiator is
selected from the group consisting of triphenylsulfonium triflate, ﬁyrogallol,
onium salts selected from triarylsulfonium and diaryliodium
hexafluoroantimonates, hexafluoroarsenates, and trifluoromethanesulfonates,
esters of hydroxyimides, a.c'-bis-sulfonyl-diazomethanes, sulfonate esters of

nitro-substituted benzyl alcohols and napthoquinone-4-diazides.

29.  The composition of claim 4 further comprising a monomer
selected from the group consisting of maleic anhydride, SO,, and mixtures

thereof.

L]
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