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BACKGROUND

[0003] The microelectronic and optoelectronic industries have been
successful in stretching the useful life of materials and methods needed for
the manufacture of micro and optoelectronic devices. However, as the
complexity and the desired performance of such devices increases, such
mature materials and methods are becoming more and more problematic.
Therefore it would be advantageous to have new materials and methods
that will meet the needs of future generations of such devices as well as to
improve the yield and reduce the cost of current devices.

[0004] BRIEF DESCRIPTION OF THE DRAWING

[0005] Embodiments in accordance with the present invention are
described below with reference to the following accompanying drawings.
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DETAILED DESCRIPTION
[0012] Exemplary embodiments in accordance with the present invention
will be described below. As such embodiments are disclosed, various
modifications, adaptations or variations of such exemplary embodiments
may become apparent to those skilled in the art. For example, it might
occur to such a skilled artisan that two or more polycyclic polymers or
polymer compositions disclosed herein can be blended with one another in
an appropriate ratio to form an advantageous polymer composition. It will
be understood that all such modifications, adaptations or variations that
rely upon the teachings of the present invention, and through which these
teachings have advanced the art, are considered to be within the scope
and spirit of the present invention.

[0013] Various numerical ranges and values are disclosed hereinbelow.
Because such ranges are continuous, they include the minimum and
maximum values of each range as well as every value therebetween.
Further, where the ranges refer to integers, they include the minimum and
maximum integer values as well as every integer therebetween. Unless
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is transferred between vessels or between solvents or dispersion media.

[0015] As used herein, the term "polymer composition” means a polymer
and one or more other materials that are added to the polymer to provide,
or to modify, specific properties of the polymer composition. Exemplary
materials include, but are not limited to, solvents, antioxidants,
photoinitiators, photosensitizers, crosslinking moieties, reactive diluents,
acid scavengers, adhesion promoters, leveling agents and the like.

[0016] As defined herein, the terms "polycycloolefin”, "polycyclic olefin”,
and "norbornene-type" are used interchangeably and refer to addition
polymerizable monomers, or the resulting repeating unit, encompassing at
least one norbornene moiety such as shown by either Structure A1 or A2,
below:
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contains a carbon backbone where each carbon is appropriately

substituted with one or more hydrogen atoms. The term “halohydrocarby!”
refers to a hydrocarbyl group where one or more of the hydrogen atoms,
but not all, have been replaced by a halogen (F, CI, Br, 1). The term
perhalocarbyl refers to a hydrocarbyl group where each hydrogen has
been replaced by a halogen. Non-limiting examples of hydrocarbyls,
include, but are not limited to a linear or branched (C4-Cas) alkyl, a linear or
branched (C2-Cz4) alkenyl, a linear or branched (C2-Cz4) alkynyl, a
substituted or unsubstituted (C3-Cas) cycloalkyl, a substituted or
unsubstituted (Ce-C24) aryl, or an (C7-Czs) aralkyl. Representative alkyl
groups include but are not limited to methyl, ethyl, propyl, isopropyl, butyl,
isobutyl, sec-butyl, tert-butyl, pentyl, neopentyl, hexyl, heptyl, octyl, nonyl,
decyl and dodecyl. Representative alkenyl groups include but are not

limited to vinyl, allyl and propenyl. Representative alkynyl groups include
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[0020] The term perhalocarbyl as used herein is inclusive of the
hydrocarbyl and halohydrocarbyl moieties described above where the
degree of halogenation is complete (all hydrogen atoms being replaced
with a halogen atom) and hence include perhalogenated phenyl and alkyl
groups. Exemplary embodiments include, but are not limited to,
perfluorophenyl, perfluoromethyl, perfluoroethyl, perfluoropropyl,

perfluorobutyl and perfluorohexyl pendent groups.

[0021] In addition, references may be made herein to hydrocarbyls,
halohydrocarbyls and perhalocarbyls containing one or more heteroatoms
selected from O, N, P, S and Si. It will be understood that such
hydrocarbyls, halohydrocarbyls and perhalocarbyls will have one or more
carbons replaced by such non-carbon atoms. For example, hydrocarbyls
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(8&l2HSCHESF8),S0-04-6-THIES(CH,)1-CH(CF3)2-0-C(0)-0-C(CHa)s, -
(CH2)a-C(CF3)2-OH, (CH2),-C(O)NHR', (CH2),-C(O)Cl, -(CHz),-C(O)OR’,
(CH2)n-OR’, -(CH2)»-OC(O)R’, and -(CHz),-C(O)R’, where n independently
represents an integer from 0 to 10 and R’ independently represents
hydrogen, linear or branched (C4-C44) alkyl, linear or branched C4-C14
halogenated or perhalogenated alkyl, linear or branched (C-C1o) alkenyl,
linear or branched (C2-C+o) alkynyl, (Cs-C12) cycloalkyl, (Ce-C14)
halogenated or perhalogenated aryl, and (C;-Cy4) aralkyl. Representative
hydrocarbyl groups set forth under the definition of R™ are the same as
those identified above and as above can be halogenated or

perhalogenated with the proviso that such groups are not acid labile. For
example, when R" is C4-C1 halogenated or perhalogenated alkyl, R™ can
be represented by the formula C,Xz,.1, wherein z is an integer from 1 to
11, at least one X on the alkyl group is a halogen, the remaining being
independently a hydrogen or a halogen. Examples of perhalogenated alkyl
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MAQMRYES)- b@pnerally speaking, the second type of repeat umt may be
one encompassing a pendent hindered aromatic group, Cs or greater alkyl
group, C4 or greater halohydrocarbyl or perhalocarbyl group, C; or greater
aralkyl group, or heteroatom hydrocarbyl or halohydrocarbyl group
(excluding epoxy groups). Third, forth, fifth, and/or sixth (and so on) types
of repeat units may also be incorporated into polymer embodiments of the

invention.

[0024] These distinct types of repeating units are independently
represented by Formula A :
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[0026] where A is a linking group selected from methylene, a linear or
branched C; to Cg hydrocarbyl, halohydrocarbyl or perhalocarbyl, or a
substituted or unsubstituted Cs to C42 cyclic or polycyclic hydrocarbyl,
halohydrocarby! or perhalocarbyl or C; or greater alkyl or aralkyl, and R
and R'" are each independently selected from H, methyl, ethyl, or n-propyl.

[0027] In some embodiments, the pendent group of a second type of
norbornene-type repeating unit is a hindered functional aromatic group. In
some instances, the presence of a norbornene-type monomer with a
hindered functional aromatic pendent group improves/increases the
thermo-oxidative stability of polymers containing these repeating units.
The norbornene-type repeating units with a hindered functional aromatic
pendent group contribute to overcoming challenges associated with the
unfortunate thermal volatility of additive anti-oxidant compounds.
Chemically bonding the hindered functional aromatic group such as a
hindered phenol group to the polymer backbone eliminates the issue of
loss of protection as a result of volatilization of an added, discrete anti-
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[0029] where A?is a linking group selected from methylene, a linear or
branched C2 to Ce hydrocarbyl, halohydrocarbyl or perhalocarbyl, or a
substituted or unsubstituted Cs to C42 cyclic or polycyclic hydrocarbyl,
halohydrocarby! or perhalocarbyl, C4 to C; ester, C; to C42 amide, Cq to
C12 sulfide, C4 to C2 ether or a combination thereof; each Y is
independently a functional group such as OH and SH; y is an integer from
1 to about 3; each R% is independently a Cq to C+ alkyl (straight or



bel i eved that the hindered functional aromatic pendent

group disrupts the oxidation cycle of aliphatic
w@ovpomids and pol yners. Figure 2 descri bes whe€T/U82007/086639

believed to be the stabilization nmechani sm ebrelyt®eT/uTy

enbodi nents in accordance wth the present invention.

That is to say such figure depicts how a pendent

bpéﬁﬁrg pola;,er&a@g@rogm@ogvt&%tgat %Ansg%gyﬂg gy;w'véer#?} Ris an

infeger frotmy 1ite abotieds lofanetier ewbbdinbentf MU$1d arfd sws:ﬁ

p re not present. Thus as shown in
[9fi3ter Senaraly sBRaking: armre%f'%re a{aa}ﬁt'cgﬁ\r&ue@daﬂwpaf@%a
pﬁ@hbh@lmﬁfurﬂﬂlohéngfddp Mat iLaekicaty %@M&I‘By at least one
SPédro peroxyl radicals that are forned during

phtugnt @P&B%@rﬁ?‘a@ﬁlrﬂ& i ofr, Xa0RIS) SR@E}M'PHQ’WH?@G or

beEbAtHY BarbanhatBARY, @tch ta@cearsaﬁlat@her%hét@@msﬁénonc o
group are. also represented by Formula A, _ above, but

pmé%s stericeshieldng JheF&e”P@U'kmf thgrrubslityents shbstantialy
lcvaé\%tth@r‘r@bcﬁ\%%f !H‘é W%dwp%e&eﬁﬁﬁ@ ?&\Itﬁ& &F’ggradatlon

Formul a D, shown bel ow,” and the ot hers of
OéﬁopqﬂmmﬁfQYéBt?hrelaﬁHté‘béﬁ@'éﬁHRﬁ%%i ect ed from H a

I atetiie Sxalfp Ry Sr B Sls BB SRR YneThL - Sopy!

istegopylbed babpv'eob[;@ma%utyxheﬁperﬂ@l ia8nyA-ge i BgclebeHtyl,

ec

SIS ol SRR D yclionsf Sl s hinesit Sadtne

liRebsdrine Wfaghion al@SHBSAN tswgtedctﬁﬁeé Pefek2 cyclic or

polycycllc hydr ocar byl , hal ohydr ocar byl or

per hal ocarbyl, G to Cl2 ®&ter, G to Cl2 anide, G to
qe, G to Cl2 ethe onbl nation thereof;

ndependently a -w al group such as C]—|

afreKSH, y i 5 anlnteger from about 3; each R20 is

[ G to 2 al ky strai ght
> -OOi /UT dqél_b

[0032] An example of a norbornene-type monomer with a hindered

functional aromatic group is represented by Formula E
R16
_ - A2
OH
hde
(E) R17
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branched) or cycl oal kyl group (substituted or
unsubstituted); and x is an integer from1 to about 4

WO 2408/02013¢ her enbodiment, y is 1 and x is 2. [BOB0$2007/086639
General Iy speaking, a hindered aronmatic antigp@xs@aitecr/uty
contains a phenolic -OH functional group that is
sterically shielded by at | east one substituent on the

tic ring. F | e,.,substit uf f the,
A" i R Sl ol “Gis 3¢ e Tboro @ i pha
imtegehﬁoghGEoISif; G‘fﬁs adirg«r?gi?qu:: eelieCtbeI{lfre?ﬁmlﬁimy!léﬁh@, a linear
0 e, Su u S, SU nti a 0 S
of At be 19 Co A RER B SO EaRY T Bt betdlord Y or a
stibstituesd degnadistitateddCs 2o 0h ¥y@ic OypslRtgcliceRedroegrbyl,

bR et 4 TS, BB o

Chyts?alﬁdei, ?@F%dﬁhginiajtitbbl:mgsedﬂrtF’@bM'timtleQEKh‘roIﬁFOttWabout 5; and
C . ituted cyc en , Xyl ,.

cBPB BT ANd RIS andeRUHan) B ety Cro AHAY {HEAIBNkeEr some
b®AnaME ) o ragyR | MMy redp %Mb’é&ﬁ&*ﬁe@%rﬁﬂié@)ﬁﬁ_stihﬁeéﬁ] An

exanpl e of "a norbornene-type nononmer with a hindered
[6Q34dt | Ofedlanativereexampliecefpa nerhozpe es-dyr e thdnonfrear with a

sl Tuldhhelasomblp d18its IieSamtel i Ebfiick, o°ro

3; A2 is a linking group selected from nethyl ene, a
| inear or branched C2 to C6 hydrocarbyl,
hal ohydr ocar byl or perhal ocarbyl, or a subsfi
unsubstituted C5 to G ZOcycI ic or polycydlic
hydr ocar byl , hal ohydr ocatib locs

G 2 ester O tos{ X

conbi nat greof ; " @"is a o#@bout
5; and g R16 and R17 is indepe G to G
0 al kyl ght or bxr_e}nched) or cy group
(substit uted unsubsti‘tuted). [0034] Yet\ anot her

exanpl e of a norbornene-type nonomer with 2

[0035] Advantageously, for some polymer composition embodiments
encompassing repeating units having such a hindered functional aromatic
pendent group, antioxidant additives are not provided. That is to say, such
compositions do not contain non-polymer bound antioxidants and any loss
of such additives, as discussed above, is avoided.

[0036] As mentioned above, embodiments in accordance with the
present invention can incorporate a plurality of types of repeat units in
addition to the aforementioned first type of repeat unit. For example, in
addition to a second type of repeating unit having a hindered functional
aromatic pendent group as described above, other second types of repeat
units can be incorporated into polymers of in accordance with the present

invention that are also represented by the aforementioned Structure A
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hi ndered functional aromatic group is represented by
Formula F. [0035] Advantageously, for sone pol yner

W@ 9p0H774 on enbodi ment s enconpassi ng repeat i NRBCTOE1087/086639
having such a hindered functional aromatic peRg8Rbo1 pcT/uTY
group, antioxidant additives are not provided. That is
to say, such conpositions do not contaln non- pol ymer

t t f d t
B NAR 0K, PR Ie A i Res REhefteh St fonat®
aabm\aep gmbpdbtmtenamen in mam«adanmel a}/hrtdartcineatranelmgh to Czs

t ur | 0 S
VBERL T reBMP BT 8 Se bl edh ¥R TR P
Ha;&qn‘wdnbcm@péa? partidiocdrby| emaprpﬁ@s ohs cxdrlbtd Reteratdms
t t t havi e
R o Dl e P AE R et o Hafeted Lo Gasove.
m}'ﬁmdarajzlc thatbﬁy)d]}?@éar@ﬁ/l roerp@ahaluaatbts/rl] Q?E the dtiﬁl@r@rcﬁm‘atoeﬂ“
nt mer n e W e r

A st Bag et oR1is S BG40 At Foaet one of R to
Rf ierseneit d arvedl aSty UﬁgwaeeAQ%T%ﬂ@rQ@QhP@HBlJF\érée@rr%lkyl

none of RL to R4 Is a hi nder ed

& ARt PToh &+ ChisRater MalRHsOCHBY! P%\Pﬁ@]a"?%a@é! FOUBPT R om

et ioResh Wdr@é%?h@ﬂhgoh?/@r&%%*ﬁ@ibgﬁa\FvRM|the proviso that the
hal ohydr ocar byl or perhal ocar wher e such

hejerogearpd m%nbéfh%F‘%'@QVBSHC%%/Y'F%PHBII%GQF Bylepoxy. Inyet
&ﬁémém’ésam@msoat raarse ohstcﬁwatbws.§§tgqb®25frra@m;ﬁarobbrby|

S, Pand Si, or | i near or branched

qYHIBLEF B8N taITAg @W@&yﬂrmup seeh @sr Hat b a4 PF s pRAH Ohe
|

(@b 0LHEL (CF P finfre bils SRR D andt's

Asblagtagab UsiyorauehGy pendgniegitosip camainksdmerinsipnces canit®ute

YR BoPig (G50 e Hard B R 07 e e

ydr or per oca group or a heteroatom

[dmir]ocah Ryl fefthbab@lwrcﬁrcaﬁb@&in@ﬂ@wacmﬂd@nbee’wm fAd so
t hat the heteroatom h drocarb or hal ohydr ocar byl

RIEBRMY IN¥enipn gﬂe&gd&g e pthey &s eat units based on Structure A can

be included into the polymer where at least one of R' to R* is selected

from a linear or branched C4 to C,s hydrocarbyl, halohydrocarby! or
perhalocarbyl, where such hydrocarbyl, halohydrocarbyl or perhalocarbyl
encompasses one or more heteroatoms selected from O, N, S, P and Si, or
a linear or branched C4 to Czs hydrocarbyl, halohydrocarbyl, or
perhalocarbyl and the others of R to R* are H, with the proviso that said
other types of repeat unit are distinct from any other type of repeat unit.

[0038] For some embodiments in accordance with the present invention,
it is advantageous to control the refractive index (RI) of a norbornene-type
polymer. Such control can be had by changing the nature or type of one or
more of the pendent groups provided to repeating units of the polymer.
Thus repeating units that contain pendent groups having aromatic, Br or Cl
moieties will generally provide for a polymer having a higher Rl than a
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ot her enbodi nents, at least one of RLto R4 is a G to

C25 hal ohydrocar byl conpound contai ni ng a hydr oxyl
wQ@e@ap7Ench as - (CH 2) P-C(CF 3) 20CH or - PCT/US2007/086639

(CH2) p- O- CH2- C(CF3) 20H where p is an i ntegerophi@bd AcPuty

about 5. Advantageously, such a pendent group can in

sone instances contri bute anti oxi dant properties to

reTo Tk 28 BT e RSN Sar PP et SRS BBl

SNk and/oroetheoridetie® pabdditibhswhasechare than wdieuwype Af

can bhe included into the pol r erg at | east one af
TR B et e g relERPa 1 FRdaPtarlin it i Bpnaiets 1o
a\%ﬁﬁ%d’ﬁdﬁﬂﬁ mll@)dpblymamﬁlmﬂ}r% Olf@gélgtiv@hngﬁ{mmomepebiﬁb,
ere suc rocar al ohydr ocar 0 :
PeRiEe SRR RRb i e SR AE PSR S b shppagd. 1wl
bgeluﬁ:&'ﬁegbc‘c_f b QJc!g\l,ath}ar@eaihghgi relham:i/eﬁada bn@t@rofq}ﬁonomers
ranche 0 rocar o 0 ocar . ,Qr
BBrange e, st REVGEP JEatiopto bRl i dofnegTfam the
safte piopoinssrst bat witi diffetifg ridupes o fndoepeatioHnhio fee
di stinct fromany other type of repeat unit. [0038]
resyieg RO WABLdi nents in accordance with the present
i Nt ian, ~+ L, | I
OGHRT cothereRe ARV SRS b Sy AR I ap e
répidsented bplForauld A ihablideythobamgieng dnieeomRt to B* ds ohg d
of one or fot en roups provided to
FRpRRA P s B Th et 501 g e SHfREs e saemsrls
Hybladgeront ai n pendent groups having aromatic, Br or C
noieties will generally provide for a polyner having a
hi gher R than aOPT205- 000 ?ol ynmer that has
repeating units th cont ajA7 ¥ugr ou@s havi ng
al kyl, Si, F and/or||ether| ny I ddition, where
nmore than one t oNJmApnEr ijs used fo~pgrm a

polymer, if the feed rat i ) he nopgiers is altered
during the polynerization, the relative anpufifs®of

specific CH)
(A‘—o)/ \Zm P

C—OH

CFy BB, or

CF,
Q* 0 OH
/ \Q* /%
CF,
0

[0040] where m and Qf are as defined above and Q* is a linear or

CC

branched alkyl spacer of 1 to 5 carbons and A is as defined for Formula B,
above. In some embodiments encompassing groups AA or CC, Qi is not
present or is a linear alkyl spacer of 1 to 3 carbons. Additionally, for group
CC, Q* can be a linear or branched spacer of 3 or 4 carbons. In other
such embodiments, Qf is not present or is 1 carbon atom. In other
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nmononers incorporated into the resulting polynmer can
be changed. It will be understood that such a change

WO poosla®7r£l ati ve anmounts of nononers can changeCT/H820RI/086639
of that polymer in relation to a polyner forgseghsfib@mer/ury
t he same nonomers, but with differing anmounts of
i ncorporation into the resulting polyner. [0039] Yet

B FLEnEoheaBhARIRP R DS Bl TR e B remsr
exenfplanysermhedivfegisafibe @Aesaﬁ,in@;tidlﬂ(.iEEm{g—FEnand R' to
405 U e RME AEAcHR TRgen o BBl pE'e ™

branched al kyl spacer_ of 1 to 5 carbons and Ais as
defined for Fornmula B, above. In sone enbodi nents
enconpassi ng greups or gc, Qis not present or is a
i near alkyl/sﬁﬁbq; 0 A0 (&@fB f;ﬁﬁditionally,
for group CC, Q can beFa |inear o dnched spacer of
3 or 4 carbons. In other such'enbod nents, QDB, drot
present or is 1 carbon atom |n otherOPT205- 0001

PCT/ UTY enbodi nent® enconpassi ng group BB, mis either
1 or 2. In sone exgnplary enbodi nents of the present
inventionlﬁ/ﬂ - L. de of RL to R4 is group BB
whi |l e the ©0ther9 are @ach hydrogen, nis Ognédrmis 1,
Q (CF2CH2) O, C CF3 (CF2)q FF [0041] where each X is

i ndependent |y eigther f i or hydrogen, each q is
independently/éﬁ\F@Féggggg?gﬁp{Wbo 3, pis an integer
fromlto5 Q is as CFy)q -

[0041] where each X is independently either fluorine or hydrogen, each g
is independently an integer from 1 to 3, p is an integer from 1 to 5, Q* is as
defined above, and Z is a linear or branched halo or perhalo spacer of 2 to
10 carbons. In some embodiments encompassing group DD, Q* is a
single carbon spacer, X is fluorine, qis 2 or 3 and pis 2. In some
embodiments encompassing group EE, Q* is a single carbon spacer and Z
is a branched fluorinated alkyl chain of up to 9 carbons units. In some
embodiments encompassing group FF, Q* is a single carbon spacer and g
is1or2.

[0042] In embodiments of the present invention that encompass a
repeating unit having a hindered functional aromatic group, an optional
norbornene-type repeating unit having a pendent antioxidant stabilizer
group can be provided. In some instances, such an optional repeating unit
can enhance the activity of the hindered functional aromatic group of the
repeating units having such a hindered functional aromatic group. An
example of such an optional norbornene-type repeating unit with an
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defi ned above, and Z is a linear or branched halo or

perhal o spacer of 2 to 10 carbons. In sone enbodi nents
WE@a®eMpHE3si ng group DD, Q is a single carbon BOEUS2007/086639

is fluorine, qis 2 or 3 and pis 2 . In sOMr05-0001 PCT/UTY

enbodi nents enconpassing group EE, @ is a single

carbon spacer and Z is a branched fluorinated al kyl

<1 isBL ol il eBt B i s & popRefiERte R ey
Stndtore H Below: 2. [ 0042] I n enbodi nents of the present

i nvention that enconpass a repeating unit having a
hi ndered functio tic @QRJEp, an optional

nor bonene- nit[having a pendent

anti oxi dant roup~¢an be provigey. In sone
i nst ances, ppti onal rep L1eg unit can enhance
the activit hi ndered functional aromatic group

of the repeati ng”units having such a hindered

tional aronmti [ OLR. exanpLe_of such 8 19
18 fiond s BranatedBer By Lde AREUEH o a8 of H'eand R
ahe ORISR dROBY JEEtE Yrantd Ox kel ant gyﬁmgkw @’ro@ﬁnﬂr@ﬁhother
roup i s.a phosphifate represente tructu
e co ah By cand R Bie Timseoreriparlpcien Toae G, to
C%B@p@iaﬂgllpt%uﬁggg@éﬁﬂaFﬂrﬁaﬁ%grdmenﬁyﬁtlﬁmdthefﬁm@ﬁﬂﬁent,
rom 0 rocar roup. anot her
B e Racared RS e RS S te ddpeisticiiee y below:
selected froma C {0 C20 optionally substituted
aromati c group. I'm\yet another enbodi nent, each of RI18
and R19 are indepengently represented by Structure |
bel ow. [0044] where/each\of R and R a are
i ndependently a Cl/to Cl2\al k)(,l (strai ght or branched)
or cycl oal kyl grou % itut%d or unsubstituted).

Specific exanples o #/ and R19 groups i ncl ude
met hyl, ethyl, n- pr opyl ,
R

[0044] where each of R"®and R'® are independently a C4 to C1; alkyl
(straight or branched) or cycloalkyl group (substituted or unsubstituted).
Specific examples of R'® and R'® groups include methyl, ethyl, n- propyl,
isopropyl, n- butyl, isobutyl, t-butyl, n-pentyl, amyl-pentyl, cyclopentyl,
substituted cyclopentyl, hexyl, cyclohexyl, substituted cyclohexyl, and the
like.

[0045] In yet other polymer embodiments in accordance with the present
invention, a repeating unit is derived from of a norbornene-type monomer
having a silicon containing pendent group. Referring to Formula A, at least
one of R", R? R® and R* us such a repeating unit is a silicon containing
group. In some such embodiments of the present invention, the pendent
group of norbornene-type repeating unit can incorporate multiple silicon
atoms and can be derived from, but is not limited to, one of the exemplary
polyhedral oligomeric silsesquioxane or POSS group norbornene
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i sopropyl, n- butyl, isobutyl, t-butyl, n-pentyl,

anyl - pentyl, cyclopentyl, substituted cyclopentyl,
wWhe00$l707¢4/cl ohexyl , substituted cycl ohexyl, aneCT/b82007/086639

l'i ke. [0045] In yet other polyner enbodlnenQﬁTﬂgomnpcwuw

accordance with the present invention, a repeating

unlt is derived from of a norbornene-type nononer

RO G ) BRRRIT e, SRS

asumoma et Bg1022NB| $034NB| 1 085NBoidil 0B8N By resBCtively

o8 ST 0, SRR Rolo B G5 5brd YRRy S

cnntemt fpoamtiee UmarlquIyECGmﬂalrﬁm@ repeatihponits sochasdsir i ved

but not t he exe ar.
el i o T P flnaidFob ol el Buethes B e tag bife
nor bor neneOPT205- 0001 PCT/ UTY nononers (avail able from
Hybrid Plastics of Hattiesburg, MS) designated as
1020NB, 1021 NB, 102 1034NB, 1035NB and 1038NB,
respectively are sh el ow. Such PCSS nor bor nene
nonoirke( s have i con contteqt than the othe
silyl gsrﬁc&rai ng p ing units su¥hOals Si vhet
cont 913 i ng, (ﬁr ocar byl s, hal ohydr%éarb \JH Al @pl e
'rei— (W%S"QB S c%cl ogentyl Bt-—BD,t—ISSCY go- butyl, Et
is bt hy$l t@ySis cydPam and A%‘B%Tﬁ'yl Ve | 3634)B
They S o onel's” and poI ynmers ¢ rmral/rymg ryepeatl ng
uni Ss-@leﬁ!ved therefrom are bel Fev&dsSto have a
réfativel y"#igid, thermally s%\bl e sil%con-oxygen
framework. In sonme instances, the use of such

POSSOPT205- 0001 P 'l nmononers in the form ng of
pol yrrers in Mvm th the present invention
resu ohye x' vi ng advant age@us pr operti es.
For gxgrrp e\ arelatively | ow refractl

shighest rlxgc@)nst ant, and

Et-
/ s \O——Si 1020NB s|—~o Si- E*
Q " /Oo/ ‘cp PR /s. 1021NB
/ — O Et
Si— o si_ YVl e
Cp ,Si—O0—Si,
Et Et
G i~Bu\S‘ o
I— M
O _OH o’/ Ie
e~ S oo 0 s. Bu_ / O OHo—gj
Si—O—Si~“P ~gj—0—gj~i-Bu
Su \O0— Sn v 1035NB /" _si-\0—Si Me 1038NB
0 OC O / cp O 07l O / “iBu
\/7 e |/ O \/FBu [ o
,Si—0—$i Si—0—si”
Cp Cp i—Bu/ N-Bu

where Cp is cyclopentyl, i-Bu is iso-butyl, Et is ethyl, Cy is cyclohexyl and Me
is methyl.

[0046] The POSS monomers and polymers containing repeating units
derived therefrom are believed to have a relatively rigid, thermally stable
silicon-oxygen framework. In some instances, the use of such POSS
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relatively high glass transition tenperatures (Tg),
reduced noi sture absorption and increased resistance

Wae aophzsma et ching conditions (for exanple as PETHS200B086639
found in the manufacture of mcroelectronic dﬁ@ﬂss@,@(ﬁ)mwuw
as conpared to anal ogous polyners w thout such high
silicon content repeat units. [0047] Polymer

h th [
FORE P be BuR i et sl bhabREeRbEE i b FasshE: <
imverttioe mseﬁempowﬁnasmm@m@adr/amalgtabus@vmmex@b @Earup
VLL] ,tran I on .neta

eXppieird Kt dp B et B iy B8 GRIFRDgiqoRtant, and

reramels/slagh@&siﬂansnnbademrpepatbkwmeg) téc&ace‘aazh@rﬁture
Publ i cat i

60020068 r aphs 5
ARSI ersLrerieaane (0 wladha Btta sanalons (for
dX@}ET%@@@&dIghh@Eei‘onndaﬁ ehélﬁfaulﬂactt(lﬁ@bp?f@fo%%dibbnlc devices),
ref erence r exe Q ri zation processes
o TG AN A O D LB A W LT S U B &N G sTisng Qamésnt
rg’pégnjm@ubl i cation No. 20070066775, al so incorporated

herein by reference. Cenerally, the pol yner
[@AR]osiRalymsT emhbddémpnissienacdongamed vithdhe nresentriepentiah

26 63 BEOPEALIIIRh A BB e AR F8hbArs | PRAS TR ce

esen I nventi o
ofharsngkdaecproyuttedompboeat Gesww ¥l $nalnsitiont meted catalpstt i ng

TR AT Rip BETBEE S EIROLY RIRER A processes
ameldyesenbe«tanpbbllm Uts. oIEammd: Iﬁ’kubldltmkdbw Nioormoasoﬁod)m A1 at
usi n kn t hgse skilled in e art or

rfe e e GRS st A0S Bailiop S it B8 i
refeRéneey thbirping @aé :h@gembhcl@ﬁpoﬁét@tillﬂ&]refél@nlc@f (tgﬂ’ﬁtrle&@mplary
spray .coatin sol ution casti ain coatin

RRHT SRR RELBRIGRGSCF Ake PEscaReh i Hob ( WAt Nend. B pigrand
e 8MPasé it PiblicatioReNo.| 200700687¢ 5t BBl ihkSrporated herein by
reference. Generally, the polymer compositions of the present invention

are not prepared by ring opening metathesis polymerization.

[0048] The polymer embodiments of the present invention can be first
deposited onto a desired substrate as a coating from a polymer
composition formed by combining a polymer with a solvent to form a
solution. Thus polymers can be cast from such compositions as films
using methods known to those skilled in the art or by methods that will
become so known, such as spin coating, dip coating, brush coating, roller
coating, spray coating, solution casting, curtain coating, meniscus coating,
ink-jet printing (where the polymer composition is the “ink”), and the like.
Generally, spin coating is used due to its simplicity and the high uniformity
of the resulting films.

[0049] Where spin coating is employed, generally a polymer is first
purified to remove the previously described residues. Next the purified
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Generally, spin coating is used due to its sinplicity

and the high uniformty of the resulting filns. [0049]
WOB@se7Epi n coating is enployed, generally a pRUH/IE007/686639

first purified to renove the previously desgpﬁz)gxaom PCT/UTY

resi dues. Next the purifiedOPT205-0001 PCT/ UTY pol yner

and any desired additives are provided with an
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gggl% sogeeSdOr%nrg%s from 200 to 5,000 revolutions per minute (rpm) for
periods ranging from 20 to 200 seconds. The spin coating is generally
performed in a two-act process in which a slower spin speed of 500 rpm for
10 seconds is initially utilized, followed by a higher spin speed of 800 rpm
to 3500 rpm for 20 to 60 seconds. Generally, the films have a thickness
from 0.1 to 50 microns, although thicker films, up to 500 microns, are
possible when employing other coating techniques. After the spin coating
process is completed, generally the spun-on film is heated to an elevated
temperature to remove essentially all of any residual solvents or other
volatiles therefrom. For example, in some embodiments of the present
invention, a spun film can be heated from 70°C to 130°C for from 1 to 30

minutes.

[0051] The resulting polymer layer can then be imagewise exposed by
electron beam or electromagnetic (actinic) radiation such as x-ray,
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degree of crossllnkmg wnthln such exposed areas.

[0053] The pattern in the polymer layer or film is then developed by
removing the unexposed regions of the film either by immersion, puddling
or spraying with a suitable solvent onto the layer for a time sufficient to
provide the desired pattern. Generally such time is a short period of time,
1 to 5 minutes. Suitable developers include but are not limited to toluene,
xylene, mesitylene, decalin, cyclopentanone, 2-heptanone, and limonene.

[0054] Generally after the pattern is developed,, the patterned layer is
heated to a temperature of from 90°C to 250°C for a suitable period of
time, typically less than 3 hours, to remove any residual solvents as may
be present Alternatively or additionally after development, optionally post
develop baking and subsequent curing, where such curing is employed to
bond a coated substrate to another substrate may be employed. In one
embodiment, curing involves heating the developed polymer to a
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polymer made as described herein contains from 10 to 50 mole percent of
the first type of repeat'unit, from 5 to 60 mole percent of the second type
of repeat unit, and from 10 to 50 mole percent of the third type of repeat
unit. In yet another embodiment, a polymer made as described herein
contains from 15 to 45 mole percent of the first types of repeat unit, from
10 to 50 mole percent of the second types of repeat unit, and from 20 to
40 mole percent of the third types of repeat unit. In other embodiments, a
polymer made as described herein contains from 5 to 50 mole percent of
the first types of repeat unit; or from 25 to 35 mole percent of the first
types of repeat unit from 65 to 75 mole percent of the second types of
repeat unit; or from 25 to 35 mole percent of the first types of repeat unit
from 35 to 45 mole percent of the second types of repeat unit.

[0057] In another embodiment, the first type of repeat unit is derived

from a norbornene-type monomer having a maleimide containing pendent
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hi ndered functional aromatic pendent group, a C Or

greater aral kyl group, or a C8 or greater al kyl group,
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group, with the proviso that the heteroatom

hydr ocar byl or hal ohydrocarbyl group is not an epoxy.
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[0059] Layer and structures formed from the polymer embodiments in
accordance with the present invention can be made to have any suitable
thickness that is appropriate for the particular end-use of such layer or
structure. In some embodiments, a thickness from 0.01 to 1,000 microns
is appropriate. In other embodiments, a thickness from 0.1 to 100 microns
is appropriate.
[0060] The layers and structures formed from the polymer embodiments
in accordance with the present invention advantageously have a relatively

low modulus. In some embodiments, such layer or structure has a
modulus from 0.05 GPa to 4 GPa. In other embodiments, a modulus from

0.1 GPa to 3 GPa can be provided.

[0061] Advantageously the layers and structures formed from the

polymer embodiments in accordance with the present invention have a
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from a norbornene-type nononmer having a mal ei m de
cont ai ni ng pendent OPT205- 0001 PCT/ UTY group, a second
WQ 998/00f774 epeat unit derived from a nor bor neneP€Tps2007/086639

nmonomer having an aral kyl pendent group, anGpesRbdi®cruty
type of repeat unit derived froma norbornene-type

nnnoner having a |inear alkyl pendent group. In such
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400°C at a rate of 5°C per minute).

[0063] The polymer embodiments of the present invention that
encompass a norbornene-type repeating unit having a maleimide pendent
group and at least a second type of repeat unit such as has been
previously described, can be employed to make photodefinable polymer
compositions. Photodefinable polymer compositions typically encompass
one or more solvents, sensitizer components, catalyst scavengers,
adhesion promoters, antioxidants, fire retardants, stabilizers, reactive
diluents, or plasticizers. Exemplary sensitizer components include, among
others, anthracenes, phenanthrenes, chrysenes, benzopyrenes,
fluoranthenes, rubrenes, pyrenes, xanthones, indanthrenes, thioxanthen-9-
ones, or mixtures thereof. Exemplary catalyst scavengers include, among
others, phenothiazine, 9H-carbazole and N,N-dimethyl aniline. Exemplary
antioxidants include, but are not limited to Irganox 1076, Irganox 1010
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temperature stability and/or other properties of the polymers therein.
Examples of electrical and/or microelectronic devices include
semiconductor devices, logic chips such as microprocessor chips, passive
devices, a memory chips, microelectromechanical system (MEMS) chips, a
microoptoelectromechanical system (MOEMS) chips, application specific
integrated circuit (ASIC) chips, optoelectronic devices such as display
devices, light emitting diodes, and plasma devices.

[0065] Polymers that are substantially formed from hydrocarbyls are
generally susceptible to oxidation when exposed to air, especially at
elevated temperatures. Obviously such oxidation would lead to a
degradation in desirable mechanical properties, such as elongation to
break (ETB) among others. To overcome such a deficiency, anti-oxidative
additives have generally been included in polymer compositions.
However, "Oxidation Induction Time” (OIT) measurements performed on
layers and structures formed from such polymers revealed that substantial
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properties is detected after a 50 hour exposure’'to air at 165 C. In another
embodiment, polymers made using a norbornene-type monomer having a
pendent group of a hindered functional aromatic group have thermo-
oxidative stability where no significant change in mechanical properties is
detected after a 100 hour exposure to air at 165°C. In other words, the
invention describes methods of providing improved thermo-oxidative

stability to polynorbornene polymers.
Monomer Synthesis Examples

[0067] The following synthesis examples demonstrate the forming of
norbornene-type monomers useful for preparation of the polymers of the
invention that can be useful as directly photodefinable materials. Unless
otherwise indicated in the following examples and elsewhere in the
specification and claims, all parts and percentages are by weight, all
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emtting diodes, /and plasma devices. [0065] Polyne
that are substantially fornmed from hydrocarbyl s are
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air, especially at el evat ed t enper atures. Qovi ously

dmernd maigiq arnYaidel (470 o 6- 359 Bedr iaRR0Grm! itejuene was
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{thJq g(lg% e%ce%%wev oarmexﬁig {o rerfl%x A%J 1bBQrCrr%rp%ro>i<lmately 1.5 hrs
from the start of heat-up, the solution cleared and 98 ml water (>100% of
theoretical) was collected in the trap. GC analysis revealed the reaction
was complete. The mixture was cooled to room temperature, filtered, and
rotary evaporated to yield 1655.5g (>100%) of a light brown liquid, 98.9 %
pure (GC). To this was added 128.2 g remaining from a previous batch of
crude material and the combined was vacuum distilled to give 281.3 g,
99.4% purity, at 146.3 — 148.9 °C(0.8-1.2 Torr) and 920.1 g, 99.8% purity,
at 149 °C(1.2-1.6 Torr). A forerun of 132.1 g was collected, giving 96.8%
purity product, but containing unreacted dimethylmaleic anhydride. Overall

yield of >99% purity product was 1201.4 g for 87% vyield.
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naer e uncti ona aronat i

hel) &R AR 6 SVSE AA0- MU RIS SiegriiTa ATiFtUre,

HangetHenesstatireab r@eouaectg BG’%: éﬁd gﬁﬁrﬁ%b%é}i bRbed

100 hour exposure to air her wor d t he

SOHHAY: 1418 meders was rﬁﬂvmﬁjmt@ﬁ lae@msdaﬂgtranﬁ%@é@urs 40

rhiA@EP0AE AR eV Calkd B Sl 10 4BY) Wﬁé@%&fﬁﬂ@omlaé%ﬁd
Mononer @/nt esi s Exanpl es [0067]

NVIR: $eayy @m|\/&alﬁ@rmﬂvsaf:@tsegweatfaﬁfﬁ Bgppot. &c analysis

showed 86.8% product. The reaction was cooled to room temperature and
filtered to remove 71.8 g white solid. One-half of the solution, ~3500 ml,
was loaded directly onto 1277 g silica gel. The initial 1000 ml eluent gave
no product, but the 2nd 1000 ml, mainly xylenes, showed one spot on TLC
(2.5% methanol/dichloromethane) and was rotary evaporated to give 60.7
g of product(A2). The silica gel was flushed with dichloromethane, giving
three successive 1000 mi fractions (A3, A4, and A5 respectively)
containing 150.2 g impure product. The remaining reactant solution, ~3500
ml in xylenes, was loaded onto 1273 g silica and flushed with recycled
xylenes. The first three 1000 ml xylenes fractions (B1-B3) each showed
one spot on TLC. The next 1000 ml fraction, B4, obtained with toluene as
the eluent, gave one spot on TLC, but the next two 1000 ml toluene
fractions (B5 and B6) showed weak levels of product in presence of other
byproducts. Fractions A2, B1, B2, B3, and B4 were combined and rotary
evaporated to give 223.6 g of an oil which crystallized on standing. This

26



nor bor nene-type nononers useful for preparation of the

pol yners of the invention that can be useful as
wa@lR00sotd794 phot odefi nabl e materials. Unl ess ot he€THS®07/086639

indicated in the foll ow ng exanpl es and el seyfgdseobiecT/uTy

the specification and clains, all parts and

percent ages are by weight, all OPT205-0001 PCT/ UTY

\%/ggg?rﬁ} LH%IZ% rb?lr | Q‘Bﬂs qu'%? g%[glf?é'aag?(m ‘?‘?@ nﬁ/uho%%% fane to

Yi€dn2dylg abd@iofh gerity. rﬁesacydre:hero@qméldsplazzd)g pD98 3%

Bgﬁ‘/%eEndo- N- NBCH2- 2, 3-di net hyl mal ei m de. A sol ution of
thyl mal ei c anhydride (679.6 g, 5.39 nol) in 6000

EkarhBldIRRe (WASUBNRIREMalkinidel ArckhyibAs K ¢1 thaekay th a

mechani cal stirrer, Dean-Stark trap, condenser, and

t hernocoupl e. The an xture cooled to 16.2C as the 0

norret #norbor ngne ( 75PALS6, 5

ene rinseO.The i xture™ rmea’f’a

¢ed carefully ( avoi d excessi ve foan
reflux. At 109 C, dpproximately 1.5 hrs fromthe start
of heat-up, the sofution cleared and 98 ml water (>1

%pf EH@@#@%&-WNBO’%SQJ%% %domewﬁn N'Ba}piv[ﬁ@c

an sis reveal reacti on was co
Siice (5. Gt 2dnels Wasombteghistn 86018] oiians: Gausigdthe

a light

A RIYBY99 S, LB a2 | 9
Aagramegthyémaitmrngné (8avappiityy il us obawa$ difs obvaddim 144 ml o-

i.al { [ S i.stilled to gi

RLRE SRy R GBpRINT bSF o PInkRAY sy et M,

daursing a*rmltéﬁﬁeraiur@, to%sé%% U6 W, A athitb4uiCy Testdd. . The
ég&geg was mecqﬁanlceﬂfy 8§ |rre ad t%\e'asé >?y enee(\fvta%dr’eﬂ% d ngto a Dean-
Stark trap for 5 hours. Water take-off stopped at 13.5 ml (64% of
theoretical) after 4.5 hrs. TLC (2.5% methanol/dichloromethane) and NMR

confirmed the presence of product and the absence of non-cyclized amido

acid. The reaction was cooled to room temperature, filtered to remove
precipitated white solids, and split into two 600 ml portions. Each portion
was independently loaded onto 1000-1100 g of silica and flushed 6000 mi
of dichloromethane. Rotary evaporation of the combined elutants gave
89.1 g crystalline product. This was recrystallized from 40 ml hot heptane
to give 80.5 g product at 99.4% purity. NMR analysis showed the product
contained as much as 5.7 mol % o-xylene. The crystals were rotary
evaporated under high vacuum at 45°C to remove the o-xylene, but
subsequent NMR analysis revealed the presence of 1.8% maleic anhydride
(this was masked by o-xylene in earlier analyses). The crystals were rotary
evaporated again under high vacuum at 65-75°C to give product showing
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purity product, but containing unreacted

di met hyl mal ei ¢ anhydride. Overall yield of >99% purity
wWee@dnnt77avas 1201 .4 g for 87%yi el d. OPT205- 00RAT/US2007/086639

PCT/ UTY Exan‘pl e IV 2. (UnSUbSt i tuted Ml ei mdj@zos 0001 PCT/UTY

et hyl ene - C2 spaced) [0069] Endo-/exo-N NBCH

2CH2mal ei m de (endo/ exo-M ENB). Mal ei ¢ anhydri de

P83 ot 0L B S 8 TR B8 b oo
ndr dgtectabl® G)aleisi drehyrisled iYigjdavdmZy. 259 (32 566 yield), mp 69.1-
ﬁ%*ﬂ?&@é%&%ﬁ%@@ﬁ%@% &?O 1% puri ty, 600 g, 3.9 nol )

W se over’a 20-minute period to the
Ebiah pRAVIAI ek 8MNENBOMLSHID, 3-aRndtRYTRRIhidefexlcD ISR ) O
49.3 C and giving a deep anber solution. The mxture
was refluxed into a Dean-Stark trap for 5 hours®0
m nut es when water take-off slowed to 48.2 ml (6
theoretical) and NVR showed a very weak ani do-aci
Si gnal at 6 3-6.5 ppm GC anal ysis showed 86 8%
& z 2 on was cooled to
tered to renove 7 1.8 g
sol ution, ~3566—m—was |
I g silica gelz 3dbithetAy riaddic 10
product, but the 2ndaﬁﬁp&hdé mai Ny
one spot on TLC (2. 5% met hanol / di chl or onet hane) and
was rotary evaporated to give 60.7 g of product(A2).
[00& ]si IRigetigemalgis dnhysihide (WBtehg dd dibl ropbneashdissplved in 120
Sl %aemp%;ae uiféh 90099011% 1zsfaété&ﬂ?e&é\3 A4, and
respéctive contal nin ur € product.
(WQQ’I i morhgrnerec 2At4 goDut‘Sumn w&@@:smy dlssotydmenebat

N T T

Tﬂ"ﬂ&amalscmkie(dsb dlechwlamiexsrmwmmldaescﬂmtmn AretipRatibheof white

ctio t ained with tol
PSS sy ARen QU i e PR R e Wi RPNl stirrea
ak(he raf‘acmm waseheated to reflux. At 102°C, reflux began and the
solution cleared. After seventeen minutes the theoretical amount of water

had been collected in the Dean-Stark trap. The reaction was heated an
additional two hours at reflux and then cooled to 9 °C. The mixture was
filtered to remove solids and then rotary evaporated to yield 43.7 g. This
was distilled in the Kugelrohr oven to collect 17.9 g (46% vyield) at 175-185
°C (<1 mbar). GC analysis showed 99.0% purity.
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fractions (B5 and B6) showed weak | evels of product in
presence of other byproducts. Fractions A2, B 1, B2,
w@osand784 were conbi ned and rotary evapor at eRBCT/USH0VEB6639
223.6 g of an oil which crystallized on stangrig-oo01 pcT/UTY
Thi sOPT205- 0001 PCT/ UTY was 97.4% pure by GC. This vvas/
recrystallized from150 m hot heptane to yield 124.4

émmépmg/“ﬁ%@éﬁ&“ LRI RERTdCa el ei m e

: 1 spaced) [0070]
BSBCHZWHI ei m de (endo/exo-M NB). Maleic

de ( 1 17.0g, 1.2 nol) was m xed with 860 m
e, caysing the tenperature to drop to 16.5C g
yiel gf'hg a hazy sol ution. Am nonet hyl - nor bo

(98% puﬁe‘t‘y 1.2 pvas dis Wm\o
e pertod to

and added dr opwi se over a
stirrged m xture, causi nEt
ite shiyfengsres

a Dean- ark trap for 5 hours. Water take-off stopped
at 13\ 5 64% of theoretical) after 4.5 hrs. TLC
(2. 59%fret hanol / di chi or onet hane) and NMR confirnmed the
presemce of product and the absence of non-cyclized
ani d® aci d. The reaction was cooled to room

L@?ﬁg;am gOOfHPLtrSHﬁ’é}’ bbaoﬁeﬁ@é«e d%%ﬂiyﬂ"rﬁa’ibfédamdr%le

ol I Into two portions. Each

{#8-69,0h3dan Waﬁjdﬁt@ﬁky/@ﬁtm)mlu@aééé@@rﬁﬁb) atobient demgepature.
”?l‘\é sGRtdRdydd ?ﬁaﬁ‘:e% 199% %kofijMr%rg‘éﬂPéJ@{beex&@&@r y

poration o ut ant s "gave
cxwwal Tmeleeqm’cmduﬁask wassalw inean iost laaﬂhu t@eueve@mmsswe

m hot g?&%«%n%)hotﬂe e%gtrlgrag g{?{c%g%t%;dlﬁwtgéﬁﬁ rﬁa/f’eﬁ)ﬁéhﬁydnde
5ad’ disslo\ébdo -exyddditdon Tthlmejropsttahmgv@nerbm‘nany -2-propylamine
(50g, 0.3m) was attached and the norbornene compound was added to the
reaction flask dropwise over a period of 3 hours. The addition funnel was
removed and a dean stark trap and reflux condenser was attached to the
flask. The solution was heated to reflux in an oil bath set at 125°C and the
reaction permitted to stir at temperature for 18 hour. Approximately 6 mL
of water was collected in the dean stark trap during this time. The flask
was removed from the oil bath and permitted to cool to ambient
temperature. The toluene solvent was stripped using a rotovap resulting in
a yellow oil. The crude product was applied to a flash chromatography
column (250g of silica gel) and eluted with 1.7 liters of cyclohexane / ethyl
acetate (95/5 weight) solvent mixture. The elution solvent was stripped
using a rotovap and then dried under vacuum at 45°C for 18 hours to yield

79.5g (92.7% yield) of the desired product.
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evapor at ed under high vacuum at 450C to renove the

o- xyl ene, but subsequent NVR anal ysis reveal ed the
wee@senoes of 1.8% mal ei ¢ anhydride (this was nMeCRES00Y086639

o-xylene in earlier analyses). The crystals oMsd-ooo1 pcT/uTY

rotary evaporated agai n under high vacuum at 65-75 0C

to give product show ngOPT205- 0001 PCT/ UTY <0.6 wt %

' NMR. GC anal ysis showed 99. 4%
%?r’ﬁ o A1 Z[F@qugg E%t abl e mal ei ¢ anhydride. Yield was

[0073 g A 8R0bftryied BbttonPfi&k Was Ehhrgedonitdl S8§88Fmethyl

QOéQ%rnﬁnﬁM%%o&, ffe@h@'ldl'fé?ré'lbh’ﬁd?f( exo- DM ENB) )
Wﬂ@ﬂ)@ph@nmbmﬁlmb%&d ﬂfé’tM?lrééiér (IB2§, @’1 rgoil)5aﬁ9|2)50"ﬁ§ of

i%]sol ed in 120 t ol uene, causi n% the sol'ution to

he dagk wgs %%a'@sédv'ﬂt 2 PRt $RATY AR b s erqarso . 4
s@lthmlw5s felghs¥es bV%JHdI’mQ'\ﬁlﬁPh?{%én”ngoﬁortﬁ H\ fes. Di-

al t hough the m xture contai ned resi

O&W'é@m'ﬁ@ (0-F199s O S a@dawes aariﬁéttmthmg@wct baﬁnwﬂas}e A
o%@htgtéﬂ@tra@a%‘a' Prémid O8hdnsthivie SRS o JHE eaé;%é’ratus

occurred he reaction m xture was nechani ca
Vs $93igd y4th asubberceeriiMiathedaskdvasoplaeet umdeAta nig2gen

bfanKet! Hive r*é%%ﬂen%@htevlﬂﬁé%'cétjhﬂfb &4 868 1 E%Zc[ at 145°¢

sevent een mnutes t Sretical - amunt of _
apddhe colytian wasineatee thegertteatckiuxr dine Eeetiveaciutam was

8L R PR8N Shpl o oty
neefhpael wag coleestedondhe d@aapaiaast edpt dhei reladtidB flasg.was
TSyt et o BR800 PRt
Tﬂeoméeh@ﬁlaé%tpppeﬂ )ofmT(wEreaﬂaéd PEILIUTY usxagralretdviap
144\'\}1”%“%‘3*8&)“ sAorSa'ndgencI)a‘J w¥' crﬁahaerldrenngg)tc aeéclahl{:f(up))(gl %gce)ﬁng to
ambient temperature. The crude product was purified by dissolving the
solid mass in cyclohexane and passing the resulting liquid through a silica
column (200g of silica gel). 30.0g (78% vyield) of a viscous colorless oil
was isolated from the column after removal of the cyclohexane eluent.

Example A2 (Formula (F))

[0074] A 500ml round bottom flask was charged with 5-hydroxymethyl
norbornene (52.2g, 0.4mol), 3-(3,5-di-tert-butyl-4-hydroxyphenyl)propionic
acid methyl ester (117g, 0.4 mol), and 250 mL of xylene. The flask was
sealed with a rubber septum and the organic solution was degassed by
bubbling with nitrogen gas for 15 minutes. Di-octyl tin oxide (2.3g, 0.006
mol) was added to the round bottom flask. A dean stark trap and a reflux
condenser were attached and the apparatus was sealed with a rubber
septum. The flask was placed under a nitrogen blanket. The reaction
flask was placed into an oil bath heated at 145°C and the solution was
heated to a gentle reflux. The reaction solution was stirred at reflux for 18
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[0072] In a 500 nL round bottom fl ask, dinmethyl maleic
anhydride (42. 6g, 0.34m was dissolved in toluene

W@ 3@8/077y4 at anbi ent tenperature. The sol uti onP@EES2007/086639
pl aced under a bl anket of nitrogen gas to exgprameoco: pcT/uTy
oxygen. The reaction flask was placed in an ice bath

to prevent excessive heating fromthe exothermc

q&gt 9?1?&1 { Fh% 1‘3' ﬁ unne#laéoqfe%t&f‘w A @&arh@fgrk trap.

sso anadtlo ontain
B}mmatwnerftasx-\paqurmnedéro(nsm ol baih amaﬁllaweaictme@btarhd

4 PSR BRARRE <o TP hriiae ol DRt PPEAIR prsseure
xfsilmg(;a:nromn keaw;gda amﬂ;oasd:eangsbawmcln aprdmrbd &f bsolid
G S WOTmRl RO uteiar hb 2ifae PR Wild BHEF oy

dl@ﬁﬂf/nngrthBQUhndtmads irocysdﬂohenednet enp @rasimgetheaesBingdiguid

r oXi teI nL ter c t he dean
PSR e Plsadpimg oy Fistlea'800 "R o8% ViRl Padlhete
daiomeddeil aids |bata|ﬁe@hd>np€l’fermcbltmd1 aitercreohova) odrthé eptiohexane
te erature. The toluene solvent was stripped using a

ii/ap resulting in a yellow oil. The crude product
a flash chromat ography col um (25Qg of
%H&* ics eluted with 1.7 liters of cycl ohexane
Ex&hple PacegCabelyh®siZationiod NBMERonentersiwithuDecyl N using Pd

e ut| on solvent was stripped using a rotovap and then
aBiUnder vacuum at 450C for 18 hours to yield 79.

f@@#ﬁT TS SRR chafe Sralys WeBai o Bom 1 ouna

toddlpmefizatidén WVicBat geBMAMG12 \BkthyiecwlxNBBithferent catalyst

e R S L G R
ReacHoh S;E?_#Qmegnd 250 m _ of xyl ene. The _fI ask was
Wi rubber septum and the organic

/
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NBMI-C -1 Decyl NB
CRC R S
O mcyl
NBMI-C-2 Decyl NB
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sol uti on was degassed by bubbling with nitrogen gas

for 15 mnutes. Dioctyl tin oxide (0.58g, 0.0016 nol)
woer@sadded to the round bottom fl ask. A dean sPEF/KS100HB6639

and a reflux condenser were attached and the,RpRaLAL S Ty

was sealed with a rubber septum The flask was pl ace

under a nitrogen bl anket. The reaction flask was

iéﬁﬁﬁﬁh#iﬁéﬁfﬁhéﬁl bat h heated at 145C and the

9 ! ed to a gentle reflux. The reaction
IR MBbcthore BENGAS LNEMIRE- T2 BULD 20528 mol %
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Time resul ting8lhirguid through a silica colum (20Qg of
silica gel). 30.Qg (78% yield) of a viscous colorless
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flask was placed into an oil
the solution was heated to a gentle refl ux.
WO 2@80710M sol ution was stirred at
180PT205- 0001 PCT/ UTY hours,

reflu

The
x for

bath heated at 145C and

PCT/US2007/086639
during which t'd’ﬂ?zo_lg -0001 PCT/UTY

met hanol was col l ected in the dean stark trap he
reaction flask was renoved fromthe oil bath and
all owed to cool to ambient tenperature. The xyl ene was

stripped of f under

reduced pressure u5|ng a rotovap

Feaving & Vi SCOUS O Angey of | Van hargened t O Epeardte) ¥
on cooljing to janbient fenperature. The crude |product
\'XE§°'BE'FS| i ¥a- ¥y di §88-vi nd"e'tRe |sBlefenpsSrams | (9/ml)
SR PaSHLNG, [ TEofesul t4g1g [ 1 quigg through a
Q% of silica gel). AB3%yield of a
\‘PF‘%V&HES clol ®¥%ess Birtswas §-&@ a:it e r om t R89col jum
after—Tenpval—ofthe Tycjohexar Potymer
Exanpl es [Exanpl el P1. (Copol ynerii zati onl of NBM
NBMb&Rer s wi 31 3Dec§1IsH1I&I$OusiQa‘g1”Pd Catlal yS| s? 990075] The
BRLFNE Ve Oaatsre EXENP S0 S| tudy 23
copol ynerji zati on M G, NBN-C—Zwth ecyl| NB at
&CFf er ent| cat al yst ratios, difflerent sphvédtwl)alt
............ weaco 1ol o DO aladant Roackt i . an
v Al yl IIU L CII’JCI al 1"'Co Uol I o ao DUI V LI Y Mnmoeacvt T uUll
Schemes Copol ynmer NBMC -1 Qecyl | SB Copol yim NBM C- 2

IJ-':'t ec

charged with NBMI-1 (2.0g, 0.001 mols) and Decyl NB (2.4g, 0.001 mals)

NBO:’TZOS 0001 PCT/ UTY Reaction Conditions:

Nor bornene Maleimdes ( NBM-C-1 & NBM - C- 2)
[887(55[” A) In a 50ml septum vial equipped with stir bar the flask was

monomers and DCE solvent. The vials are capped and removed from

glove box.

[0077]

weighed first and then both the catalysts are weighed and transferred into

In a 25ml septum vial equipped with stir bar the solvent was

the vial. There did not appear to be an effect based on the order of

addition of the solids. The catalyst solution was stirred at moderate

temperature in glove box for 1hr. A very fine solid formed in the DCE

solution after 1 hr of stirring. This is precipitated AgCl and it will never

dissolve. The solid was filtered out of the solution using 0.2 micron syringe
filter in the glove box and transferred into another 25ml septum vial. The
catalyst solution can then be removed from the glove box and is ready to
use.

[0078]
removed from the dry box and catalyst was injected at room temperature

The reaction bottles and catalyst bottles with sure seals were

while they are stirring. The reaction mixture turned a yellow color after the
catalyst addition. The vials were left for stirring for 48hrs.
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Decyl Norbornene (Decyl NB) 50 nol % Catal ysts: Allyl

Pd Chloride dinmer (0.001 m 1 eqv) AgSbF 6 (0.001 m 3
w@epos/0DCE (di chl or oet hane) (10gns, 8nl) Cat al yRET/RS200D686639

: 200/1 & 500/ 1 Tenperatures : 25 0C & 50 OGpfigdRos1 AS/uTy

hrs. OPT205- 0001 PCT/ UTY Procedure [0076] In a 50m

septumvi al equi pped with stir bar the flask was

d wi.th NBM-1 (.2, .00 I .and Decyl NB
187435 bt Pl et diacall bRy iSRS Vel then
byr 48 beppecbrandlaciray &l §taotadodenradivgx TheQsblyihel mikture

m, septum vi.al equi pped. W th stif_ b e _sol vent
182 e BaEh i Fee SR BBRaH U Wbils Bralry Sod $4&d for
hN.el'l'gbeMI)&nﬁr golatish ?vaemfm%nédwerolfvaée éJ bar?c@'gg_cﬂ_ot
appear an effect based, op the order of additjon
i Rara! EHO T oFeT R P Bra MR POM s T BE re bl
pm,dﬁl : éﬁ?v@strég@@ér@ﬂtwwﬁitmti@hl@/rﬁ oxd Pﬁﬂeﬂgé%uﬁm]\téﬂ% ¢ r&r 24
Y0) or in e sol.ution after r of
88 27O Hinoly L PAC HTIA AP Teser SiRRaNY WP tiad jar GPC
dHaPidd VThe iy met wWhsWwasinliith tRvedew safo;te SebWiLpD) =
using 0.2 mcron syringe filter in the glove box and
#¥ansferred into another 25n septumvial. The
catal yst solution can then be renoved fromthe gl ove
box and is ready to use. [0078] The reaction bottles
and catal yst bottles with sure seals were renoved from

the dry box and catal yst was injected at room
t enperature
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while they are stirring. The reaction m xture turned a
yell ow col or after the catal yst addition. The vials
wowers/orefis for stirring for 48hrs. OPT205- 0001 RUVUKEDY7/086639
[0079] The pol ynerization gradually become VépselLWso1 pcT/uTy
yel l ow, and then by 48 hrs becone black as Pd started
degradi ng. The polyner m xture after term nation of
reaction was diluted with 45 mM THF and stirred for 1
hr. The pol ynmer solution was then added dropw se to an

SHRSS MonomersarolenipoDONme 1 [TCAWRIGERT] SoMenecC| Pi IGHE T e %
pubymer . (5dMp) 91 8Y (°cjOl (Hbupg)l |y Rftiowds recovered by | viewd
[ dl.l UTI dllu gri EU gTTuceT aCuUurir dt L.O UtCT UMn:Lél-4d0I 3.
2. 7Qg | oNBiHE-Holly 460 64,906 Vi 6)yg)1Was Dicbover ggl,. 60.6
submi {t eRechiddB GAC anal ysis. |The pol|ynEhangas fgm fo
have-Mi—=-8400 My =66,2241-PDI—=17-9.0OPT205 \,\2%50
PCT/ UPY ssaplre P2, 0080], TH 5 Fxarlplos tjf?”'
i 14 ust r aveeytNee tlhefhal o datﬁ?gﬁ gb&'théney W09 | 48.3
polyniers of thelinvention bdth with and withofiP"ah?
ant i oxi c9pT205- 0001 PCT/|UTY [OCSJEJl ih poMyntE
ustd i n phlsvgxanmpd® contlt i sed0Piol/ C[?g EO%“&@@WG%B, 70
20% phenyl "et hyl{ NB, and 30% NB di met hyl ma| eiP®i:d&3
(et hyl spaced).| The pol ynerls had 4 GPC rml > QMH: 4911
wed ght 6\53})%; 11108015 | angt M 4581 9 ‘g%? o| ywwers3oms | 56
di ssolveddn a 2- hept anone sjol vent (3 %8 1ot al pp;ola/grer)
and—used to makg twofrornmutatonsT[Eactr for et 553
h 5| g NBMIHGA¥ pol he e 3 m
1-chl ()?oowY%p(pry?Cge hl%asg()agt g{gpﬁ u-grtr?g'g% aaﬁwlgﬁaa b
hundred hased—en—pel-;ﬁre-p—SGLFd—}——a. d0-3-g
3-am nopr&{a |Iane at 5 part per hundred B@seﬁ%%
poé yner Hozever , a¢ orjmdoa/12 |al ¥R ¥dNt ai O 0. 1 45
g of an amyl OXI dant (Il rganox| 1076). [ Th
formullations werle spin coated onto round qlnr?Pl rﬁgk
10,28 | NBMILC2/ | 48 s00/1 | Dichloro va: 3240680121 77
Decyl NB Ethane )
PDI: 7.2
8 NBMI-C-2/ 1 5y 48 200/ | Dichloro i\“//::v ;2221 87.8
Decyl NB Ethane . ‘
PDI: 6.1
9 NBMI-C-2/ 1 g5 48 s00/1 | Dichloro ll\\ﬂn:v ;22225 52.4
Decyl NB Ethane ) ’
PDI: 3.9
Mn: 3628
10 NBMICZ | 50 48 2001 | Toluene | Mw: 5831 | 1
y PDI: 1.6
Mn: 3083
11 NBMECE | s0 48 50011 | Toluene | Mw: 4925 | 5.9
y PDI: 1.6
Example P2
[0080] This Example was to illustrate the thermal oxidative stability for

the polymers of the invention both with and without an antioxidant.
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t hi ckness of 11.5 mm and baked for 120Q0C for 5

mnutes. An initial UV-VIS transm ssion scan was
w@eeBoTeTed. The coated sanpl es were then pl aceRCT/HS90EIB6639

air atnosphere convection oven at 15Q0C for ofrsl@¥se1 pcT/uTy

After which, a final UV-VIS transm ssion scan was

performed. The results of this experi ment are shown in

[@1%\/!5 Tféjéglﬁﬁ{erﬁﬁ@t@ ftﬂ{sﬁEef‘th E 2d ?mop’ﬁﬁg)‘&)ggq%

cacahfilBeQO%phenyb@m] NBhengéW@ﬁ |NB ﬂrmeﬁfxyljrrealélmdm(kianlgyl
L X NI O T e

M o453 Hi’agm@ﬂymesvwasrdus@lbm oner 'e-rrérptwmbmmsalgeat (33%

f T ve
t?ﬁi%g%«%& Csaggptgg F tﬁ%ﬁe%g&fgﬁp h%gg ngulat:on had 5
aoft thegeoly inleank@ cﬁrﬁihabiammiad ]¢:] gmgﬁ 1t-chlarrf|m4qwmpo>éy -9H-

nhydr ous tol uen
TR sy PenBUPHtel paEPH D Peliabst SilnorAdn o
-8Bindaopdl Shane @vd pare peohbnﬁm@asﬁd EﬁrmerﬁeFtsélPd)NB)
| ution

et 3 oA 250 oD HRIRP o op T b At dd 8 isines 1976).
(66219 oM #b?%rulﬁ;o%é %ré?&%%@éﬁbni’@ﬁo&{b‘ﬁ %ggstklg to a

the 'Ni ArF cataly (g and t
tBlgynesl?néf f an’inemearybbak@ Forwb0°€t for Sempirfuses GG\nnnntlaléSV VIS

OGEAERL R fhe gl gl TlfcX o 150

intozars Aratedsiphee thrvediact ovem ati 850°Csfang dagsanAfteawhich, a

REEINAES LaSEsiBa Rt Gons i TRawedbl Ba s,
expbrieTent teepéoamuingsigor. Funther sesuits dfesheweneiFegl Dywhich

I L beak
B vl oA B Wb Ren i iBPohaci al acet i c
Bé&nipleade3d-pgagueous hydrogen peroxide (105m )

[0083] The generic procedure for making the seven polymers (P3 to P9)
is as follows, with amounts that vary in the Table below. A 500 mL septum
vial and magnetic stirring bar were dried in an air oven at 115°C for 24
hours. The vial was removed from the oven, capped with a septum, placed
under a nitrogen blanket and allowed to cool to ambient temperature.
Using a cannula, anhydrous toluene (221 mL), anhydrous Ethyl acetate (39
mL), decyl norbornene (36.1g, 0.2m), and the norbornene of Formula F (A
NB) (20.0g, 0.08m) were added to the vial. The solution was then
degassed with nitrogen gas for 15 minutes. In the glove box, a 25 mL
septum vial was charged with the NiArF catalyst (2.8g, 0.006m) and
toluene (28.3g). The toluene solution was stirred for 60 minutes to
completely dissolve the catalyst. The vial was then removed from the
glove box and the catalyst was transferred into the reaction vial using a

cannula over a period of 3 minutes. The polymerization reaction solution
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and de-ioni zed water (20Qg) was added to the beaker

and the 2-phase solution was stirred vigorously for 6
wWhowse707The stirring was stopped and the 2 phaBEBUSBOB086639

permtted to separate. The aqueous phase “ﬁ§w¢h§%&h¢%ﬁww

and the organi c phase was washed 3 tinmes with 30

of deionized water. The polymer was then recovered by

i f th 41). Th
PSR at abie SrifkeetfE35yS nalrs Aa theh ke APS o c
pfo@hni_l]&hgmgrcﬁzus%luﬁ@'\ (6% yi @Ledkeﬁéon?tbﬁu?@@w&h LWASTHF. A

al n e r osSItlI on Nnol ecul ar we
PEHEE S §ag A cabelid 58 4P I4T Btieo bR TSR RET A £) D)
a(nGlJé ﬁmzecEwu@ips @o%;]g ) infa sSHdeY tcnth'é! @ealébrvdﬁd the hphakd
1.S SNO
Soiann Bs FUEEOS QRIS far G0 Ws. S8 R orwas stoppagiand

the z/yﬁse%eev@é:teapeﬂmmurtg seplapste. CﬁHé gqlu@dusd@ha% was
induction tinme. This is a differential scann

disAasR PSR ESSERN R ARE WARMASHRTGATTGS Wil 3oD; Bk of de-

ibhidBd whatst | rherRmeahasIAeRrecderad S/ p/r@%rpltfa'tﬂn?lhﬁ) an
exposed to a pure oxygen (99.999% atnosphere a

eé@é%%nt"éﬂ’ﬁ"@%@r@ﬂ—&:r S TO00ESHRASSAURP Y GE R frigd unger
BRLUFEE S5 B RoroTs Rby 8‘2@%@5%’ %!é BPfh?é g Rtkripade
when an exot herm ¢ (heat eaction’is
abtaieeded l*@yp@lmaqusmmszw ooac @TW@'IQNM@ﬁrmG@SPNﬁ by
&Pe86] In a 250m gl ass Buchi reactor equipped with a
mag'netic stir bar the flask was charged with NBM -2
0.01 nol) and Decyl| NB (|21 .. lr\?m 0. 09 maliplecular
&'@ LsMo(ihlolr’feérh:xin@\c!itsénmcm umyid weight
ra

i s(pent af | uor opheny| ) bor|aP@PPPELIOASGWWE | PD]
anda NB BeRENB R ovRNT (8% 11128)5 % I RE5BEACTEAR40AY 2.3
Calpcped andNBheesmNBNEN/8E 0l [Ud19%RN 2085% 3 pas ged ol Bo1 2.7
ni P5 ogen AHB /Decyl 88 (n/900t €s93% | 11.3%/88.7% | 113,952 3.0
A NB/ Decyl NB/ DMMINB
P6 (40/30/30) 90% | 35%/34%/31% 94,404 2.4
A NB '/ Decyl NB / DMMINB
P7 (20/50/30) 92% | 21%/48%/31% 102,786 2.8
A NB/ Decyl NB / DMMINB
P8 (40/30/30) 94% | 37%/35%/27% 108,369 2.5
A NB/Decyl NB/C3 DMMINB
P9 (30/50/20) 93% | 30%/50%/20% 83,968 2.4

[0084] The oxidation induction time (OIT) for Example P7 is shown in
Fig. 4 while the OIT for Example P8 is shown Fig. 5.

[0085] The thermo-oxidative stabilities of polymers P7, P8, and P9 were
evaluated using a test called oxidation induction time. This is a differential
scanning calorimetry (DSC) method named oxidation induction time. A
milligram scale sample of a polymer film is exposed to a pure oxygen
(99.999%) atmosphere at an elevated temperature. 190°C was used for
testing the polymers. The onset of oxidation is considered to be when an
exothermic (heat emitting) reaction is observed by the DSC.
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In a 10m septum vi al

equi pped with stir bar the

tol uene solvent (2.8g) was weighed first and then both

W@ b@soa’ad yst was wei ghed [Pd 708 (0.01g; 0. 02P@mib3op7/086639
and transferred into the vial.

The cat al yst @abastdo®ecr/uTy

was stirred at OPT205- 0001 PCT/ UTY noderate tenperature
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1.0
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1.2
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P9 (100H)

75.6

1.3

Exam

ple P10

[0086]

In a 250ml glass Buchi reactor equipped with a magnetic stir bar

the flask was charged with NBMI-2 (2.2g, 0.01 mol) and Decyl NB (21.1g,

0.09 mol) monomers, dimethylanilinium [tetrakis(pentafluorophenyl)borate]
(0.048g, 0.06 mmol) and toluene solvent (60 mL). The reactor was capped

and the monomer solution was sparged with nitrogen gas for 30 minutes.

In a 10ml septum vial equipped with stir bar the toluene solvent (2.8g) was

weighed first and then both the catalyst was weighed [Pd 708 (0.01g; 0.02
mmol)] and transferred into the vial. The catalyst solution was stirred at
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(0.79; 1.4 mmol)] were weighed and transferred into
the vial. The catal yst and tol uene were stirred at
WOorWenA7e4 t enperature in glove box for 1hr in PCHES200D086639

conpl etely dissolve the catal yst [0089] The c{%@io@'oﬁ&tpmmw
bottl e was renoved fromthe dry box and catal yst was

injected into the V\heaton bottle at 45C while the
solutio actjion mxture. turned a red
eIt b eralre By Boxddr t bl e 46 issehs flas
cvargleteed for an addltl onal 2hrs during which tinme the
reaction m xture gradually becone viscous and then
[0R&dme THeasptas vial Mapgsrenmnved: isemdbgraiibey. antheatalyst was

.@g@ﬁdegfg m&bgt‘;ﬁ%@%tam%diehwhﬁgnm@ EBxu%gu ;ar Hfgﬁgsghe

nal
reastiore mixtede byapmzeo&emwtomﬁfteﬂhe catatpsteddditioni stgring

AP R DRGSR Ay
bes0yle vode deaommszeew lw,aﬂé’rhre bE@Og)e bkack&shfédnfmn_atthé@@@.lyst
5o SRR Tk e SRR TOlPE BT FbrdTiigths i THr
aﬂwdoepimaoéfdrcaraad@knoeasﬂbrfr mmmpow&m}gwas :caumcﬂed to
S h

REEUBleE) Byba PRERSlion Mk Sodfiner ol B sa 855
rO&hbaol GO0om!s. AgBey 6gpliaf pmiymep@*a;&m@’co@&@d) yy €iltehtiomasnd
VS I o S5 R Bl PR B T
vﬂagﬁac(;@erﬁws&% |s@2xnhuea+rbmcﬁag 9O]lsl%A%él’(i)BS%Wynfi3 wasl fdéhd to

MBr7 OB Mt PaEaou Db = sdgROmROS b WMR o1

rﬁ6|@rcma§edy|tNB BRYED End@%um%@?mgrml) DMM NB ( 15.8g,
. 068 nol’) and Decyl NB (16.06g, 0.0.068 nol)

Emgm'_j_and Tol uene sol vent (150

[0088] A 500ml glass Wheaton bottle equipped with a magnetic stir bar
was charged with DMMI NB (34.7g, 0.2 mol) and Decyl NB (35.1g, 0.2 mol)
monomers, and toluene solvent (200 mL). The bottle was capped and the
monomer solution was sparged with nitrogen for 30 minutes. In a 10ml
septum vial equipped with stir bar toluene solvent (6.7g) NiArF catalyst
(0.7g; 1.4 mmol)] were weighed and transferred into the vial. The catalyst
and toluene were stirred at moderate temperature in glove box for 1hr in
order to completely dissolve the catalyst

[0089] The catalyst bottle was removed from the dry box and catalyst
was injected into the Wheaton bottle at 45°C while the solution was mixing.
The reaction mixture turned a red color after the catalyst addition and
stirring was continued for an additional 2hrs during which time the reaction
mixture gradually become viscous and then become black as catalyst
started degrading. The reaction mixture was then diluted with 45 ml THF
and stirred for an additional 1 hr. Any residual catalyst was removed by
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m ). The bottle was capped and the nononer sol ution

was sparged with nitrogen gas for 30 m nutes. Tol uene
waolosent774 6. 2g) and N ArF catalyst (0.9g; 1.6 PEMUF2007/086639

were wei ghed and transferred into a 10m Se%‘r‘i&‘éb(ﬁlpa/uw

equi pped with stir bar. The catal yst sol uti on was

stirred for 1hr to conpl etely di ssol ve the catal yst.

0091] The ca al bott] e was, renoy fro the dr ,

AL & P el hpWBeBan e dh it e ahatHAG ped

(269)3@QGevhs |h@dt¢tﬁer$péltdmd:m[%Wel@ml%lp(Soﬁlﬂ%nH&?&th@d

t after the catal
whia {{ie) Y605 Nele of 200 o TR temstipBaRkfa Was then washed 3
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n and nai_ntai ned rature for n
<4887 PR AIGaPO TN ¥HO8ALS ALREP GNP RPITET rfy White

sehd %Mm@newbbee&@@@r@uoay nnré'huhearﬁm%@hhueb@gaimﬂ at 25 °C
vi scous and rs becane black as the cataly

fait &1 ey efe ﬁ.dﬁg polyeen @4 visidhvvze m%owagdtmsubmltted
1’6’rI Gptegnéﬂ'y&@ %%oWeﬁﬁgs $didd ﬁ)dhé\% Nﬁﬂ agdb iy g}ﬂ@) 1

Any rési dual catal yst was renoved i nti mat

Wioxc?ei?g RIMe= et tFomPapitionry wi NMRB 94 mcm & brecyl b!& and 48

tof 20. Qg), aqueous hydrogen peroxide [37
vvelgg}&;b@f/1 q\& 6g) and dei oni zed water (20g) for 5.5

E)mm;_sleaﬂﬂﬁd)c After which it was washed 3 tines

wi t hOPT205- 0001 PCT/ UTY D.I water ( 10Qg) and then
[GRRAMd oY BRWINS glass \émeembgttl@feqtéph@mwth(wmgr)etic:nstir bar
m%ﬁd&{arpgd%xﬂ?b@m?g%HE%.??J( Dl\lfsl\/l\’\,ﬂlI %8‘8 mol)
pol ymer was recover ed | tralon an r|e under
andcdoecy B 256.06Qo0. (EﬂG&mol) 5&regnerts, dny Tgrhwmmso(v&m/c(wo

Y ] a .Sy
e el SuE a8 Btkeh B MM e SuuBaE A RgB0
nitr&§@n gad f&730 Gunpes.. t Taneby sbNeNVRS 29 amudl i AYE RNy st
(a%g?ql.éen%’wo Werel\\;?aaﬂgdBa%dnt?ar(?sfeerWnto a 10ml septum vial
equipped with stir bar. The catalyst solution was stirred for 1hr to

completely dissolve the catalyst.

[0091] The catalyst bottle was removed from the dry box and catalyst
was injected into the reaction bottle at 30°C while the solution was mixing.
The reaction mixture turned a red color after the catalyst addition. The
temperature of the reaction was increased to 50°C during the first 30
minutes of the reaction and maintained at temperature for an additional 4
hours with continued stirring during which time the reaction mixture
gradually became viscous and by 4 hrs became black as the catalyst
started degrading. The reaction mixture was then diluted with 45 ml THF
and stirred for an additional 1 hr. Any residual catalyst was removed by
intimately mixing the reaction mixture with a mixture of glacial acetic acid
(20.09), aqueous hydrogen peroxide [37 weight %] (37.6g) and deionized
water (20g) for 5.5 hours at 50°C. After which it was washed 3 times with
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Exanpl e P13 [0092] A nonomer m xture of DM NB (8.51 g

, 37.0 mol), 5-nonafl uorobutyl norbornene (NBC4Fg,
w@2008070g74 37. 0 mmol ) and tol uene (60.0 g) was BCOES0DD086639

and mxed in a 250 m _ crinp-cap vial. The ]

sparged with nitrogen and seal ed. N ArF cat gptztgt%(g‘od‘.’ﬂgﬁb/uw

g, 0.74 mol) mxed with toluene (3.6 g) and et hyl

acetate (0.4 g) were added to a 10 nL crinp-cap vi al

o piRs 4O} a0 ah @ ded apWiRteLoca BGES BoEthaiinas
(BOBIRY ifh drédetdPreiBitat8ité Yol nér. ARhREL sSIRMPEI At \Pas

w th rapi d[%/ stirring which was continued for 3 hours
regavaredhyHiraien pedcdiahupder YasWie Rt d ot & MMr24hts- £8.6g of
d?)s Bhi A erQs 49t Rild Atted coferBdand SuBhitidd Y EPC(difalfsis.

, % aqueous hydrogen peroxi de w 1.0 g) and
TheRAIANCANES LRSI @ NEeOVE)~ ABcSE: My 189 3B4: P 1.67.
dBnk é&ggﬁoﬁ YRR AYmbRSUIPENES PoRhnbid 9% bReyVNBland 30

seal ed and"stirred at anbient tenperature for an
meldi%ilMM! NB. hours. Then the reaction mixture was
!Eermvledp[iomthe aqueous phase and washed five tines

' ture of D water (75 g) and 2-propanol (25
g). The pH of the aqueous washes was nitored during
t hese washings to ensure the final wash had a val ue

greater t 5. T esul ting
sol ution 5-00 / UTY
tetrahydr an (5 and p

stirring, met hanol ( 1@ - 1.
preci pit pol ymerchby fiTT]
over ni ght / at - 800%‘F2i n a
g (65.0% col orl gg’s solid,
was found to be 50 nol % DWW
5- nonaf | uor obutyl norbonene by 1H NVRmMitecul arn
wei ght as neasured by GPC was Mh = 38,433, Mwv =

[6019 2837 ,A RRInome&r. &ixture of DMMINB (8.51 g, 37.0 mmol),

5-nonafluorobutyl norbornene (NBC4Fg, 11.49 g, 37.0 mmol) and toluene

(60.0 g) was added to and mixed in a 250 mL crimp-cap vial. The mixture
was sparged with nitrogen and sealed. NiArF catalyst (0.36 g, 0.74 mmol)
mixed with toluene (3.6 g) and ethyl acetate (0.4 g) were added to a 10 mL
crimp-cap vial inside a dry-box and sealed. The catalyst solution was
added to the monomer mixture at ambient temperature with rapidly stirring
which was continued for 3 hours after which the reaction bottle opened to
air and 1 — 2 mL of DI water added. A mixture of DI water (17.0 g), 30%
aqueous hydrogen peroxide (11.0 g) and glacial acetic acid (6.0 g) added
to the reaction mixture to remove any residual catalyst, the vial sealed and
stirred at ambient temperature for an additional 15 hours. Then the
reaction mixture was removed from the aqueous phase and washed five
times with a mixture of DI water (75 g) and 2-propanol (25 g). The pH of
the agueous washes was monitored during these washings to ensure the
final wash had a pH value greater than 5. The resulting polymer solution
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Exanpl e P14 [0093] A nononmer m xture of DMM NB (9. 2g,
40.0 mmol ), 5-pent afl uorobenzyl norbonene ( NBCH2CGF5,
W(lﬂ}d08/0g177430. 0 nmmol ) and tol uene (60.0 g)was adeEedUs2907/086639
and mxed in a 250 ml _ crinp-cap vial. The I
| sparged with nitrogen and sealed. N ArF catq}yisoral O?OI%NTY
g, 0.8 mml) mxed wth toluene (3.6 g) and et hyl

acetate (0 e added to a 10 ni rc|l
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aqueous rogen per oxid ug 9)
rgb%lEH\Vll\/kid‘éii |aodaﬁﬂ ol %. B ngpatidereduiy WEOFK@&‘&W)H" -NMR.

RIS W QahPHR Ve Aol 3R Y waa 1A X333, 480eMN ala4,937,

ent” tenperature for an
REOHEtE. Bmal 15 hours. Then the reaction ni xture was

r enoved gron1the aqueous phase and washed five tines
ture of DI water (75 g) and 2-propanol (25

g%. The pE of the aqueous wash Dred duri ny

t hese shings ta—¢nsure the fj ;

gr eat han 5. LFhe) resul ting

di | ut i t hOPT2 0001 PCT/ UT|

and precNpit at gd inMo rapidly

L .

filtrati OiFt dri_ed overnj
vac ento {609 (8

solid. The pol ypner \conposition :
% DMM NB and 50 nofe % 5- pent &f | uor obehmy4 nor bofenen
by 1H NVR. Mol ecul ar wei ght as neasured by GPC was Wnh

0931104, mMVomelQ&xﬁﬂra of RIMVENB (229, 400 mmiblat i on and
rocess Exanpl e F1
5-pentafluorobenzyl norbornene (NBCH,CsFs, 10.8 g, 40.0 mmol) and foluene

(60.0 g)was added to and mixed in a 250 mL crimp-cap vial. The mixture
was sparged with nitrogen and sealed. NiArF catalyst (0.4 g, 0.8 mmol) mixed
with toluene (3.6 g) and ethyl acetate (0.4 g) were added to a 10 mL crimp-cap
vial inside a dry-box and sealed. The catalyst solution was added to the
monomer mixture at ambient temperature with rapidly stirring which was
continued for 2 hours after which the reaction bottle opened to air and 1 -
2 mL of DI water added. A mixture of DI water (17.0 g), 30% aqueous
hydrogen peroxide (11.0 g) and glacial acetic acid (6.0 g) added to the
reaction mixture to remove any residual catalyst, the vial sealed and stirred
at ambient temperature for an additional 15 hours. Then the reaction
mixture was removed from the aqueous phase and washed five times with
a mixture of DI water (75 g) and 2-propanol (25 g). The pH of the aqueous
washes was monitored during these washings to ensure the final wash had

a pH value greater than 5. The resulting polymer solution was diluted with
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[0094] An anber wi de neck bottle was charged with

100. Qg of polynmer material P7 and 100g of 2-heptanone.
Wab@seni7ed i on was m xed until the solid pol ynePCTES2007/086639

conpletely dissolved and then filtered throgghofoohy fcr/uty

mcron filter to renove particles. To the solution was

added 5.0g (0.02 nol) of Speedcure(r) CTPX (Lanbson

fE?a?wﬁf#Hr?rl 8700 808 gieSaitalsi % eAnidtiiiBe JPonkpel Lo -

151_11&) phﬂéomﬁovagqnanﬂmﬂﬁate[co@&ﬂne@\b@ ﬁlnehorsl l|t wa@rdned
| OXI

hi.ck thermal oxi ti
ogy Pt otk vears pepdp i a7 h 8k e
cél@ﬁédtstSo;ﬂd.t 'm?bd)lwget &miﬁééitfw@;ob}nd ke Bé BOGnGIé %lmmm B
a (0] nu e |
2y B8, & 5-rbRlagobeahos nawaniRnE b-IMPS AlSER AT weignt as
mebBEk:dbydERE vy WA EBIIT0E MK ECve, JabaPpd=al Ziss mask.
The resulting pattern in the polynmer filmis enhanced

meuieanwdlwomseﬁmmalmﬁi plate at 900C for 4
m nutes. The g ern E devel opﬁd b% sgga%)i@ng the film
[0fRth 2ARHPRRLIES BECloBolIcWRRShALEEH W G of polymer
méterNasedntedonsf 2hebbghdrid. nThd l@alutv@h \K/aé Pﬂlkéd URBNthe
rinsed with PGQVEA for. 15 seconds. The Imis dried by

seihBPNGET WasH camphtep dRs0HEGSEs fitsreg Hosgn 3 1.0
rrFaroﬁwt@trlteme%G&ePﬁa%s@é SR Sollifo %%@ldfé& mdggm op:

nmber w de neck bottie vvascargie wi th 100

rfp?d))l 9%%?6%@@6%@57( dsain b G Ll hapd dnle of fménox
188 Sp R, ThS L ls PRSP 1B PR W etteteny
disipersmttfa phetoactive sapw@updst i cl es. To the sol ution vvas
(o050, & n Slig raxiem GRd ) TUEK e el G SR pater
is2sin boated #ith 4moglof tAé doﬂ;@ﬂ@p%lﬂaﬂaﬁ.o?ﬁé%sgﬂ% FatingTiy
soft baked by heating at 120° C on a hot plate for 5 minutes. The film is
patterned by exposing it imagewise to 800 mJ/cm? of 365 nm (I line)
radiation through a chrome plated glass mask. The resulting pattern in the
polymer film is enhanced by heating the wafer on a hot plate at 90°C for 4
minutes. The pattern is developed by spraying the film with 2-heptanone
for 25 seconds to dissolve the unexposed regions of the film. The wet film
is then rinsed with PGMEA for 15 seconds. The film is dried by placing it
on a hot plate at 90°C for 5 minutes.

Formulation and Process Example F2

[0096] Formulation: An amber wide neck bottle was charged with

100.0g of polymer material P7 and 100.0g of 2-heptanone. The solution
was mixed until the solid polymer was completely dissolved and then
filtered through a 0.4 micron filter to remove particles. To the solution was
added 5.02g (0.02 mol) of Speedcure® CTPX (Lambson Group Ltd.), 5.02g
(0.02 mol) of Si 75 (Gelest Inc.) and 1.5g (3.0 mmol) of Irganox 1076
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(G ba). The solution was m xed for 18 hours to

conpl etely di sperse the photoactive conpounds. [0097]
wee@seasrng: A 5 inch silicon dioxide wafer isSPGRUMR007/086639

coated with 4.0g of the polynmer solution. Therys.0001 PCT/UTY

resulting coating is soft baked by heating at 120 C o /

a hot plate for 5 mnutes. The fllmls patterned by

Xposi it Jma V\Aseto 90Q ml/c
(IR T Aolvlich et B Ter AR DRSS 3 5OmP gieAL depgtse the
phBfdceisl|domiyburist ern in the pol yner f| Imis enhanced

by heating the wafer in a nitrogen oven at 90 C for 4
[GA97)t eProTessipat ed matssitlear dipéde biafepisapimgoates withm

: h .
o BB AR50 8. 200376 ol RO oy oy
heatisgdt W20 CPAVEEAh dtoplatisbfos écmimiges THdef filmisi gatthrined byy

RBBERR Yt aduedB ool it oBaeR et Bty FhBiHBH thrwon @
chooma pgatedrg!akmrraasﬁ(emm re:sultmg‘ pgﬁlem iortha mﬁym&efltm is

f d
e Ebef By R P g itef BT B 1Pl Ve S AT BRE Iy rin e
Tmiearaﬂdrﬁns ﬁbweldpedg&;nhepmgmgathwmmfl withl2- hapmmlontb%@gp

i on has en_ex i.pe el a
seepods 1o TinsBlen b tpsed Eais dhif funoois it A 1€then
rindet Guith nrm\nEACfat |t1gr&cbfues ethe \Mrhgs Idae?hrm/ plapiageinbntzbhot
se skillJed in e art upon readin e
pi"ﬁ@cﬁtfqolégt 06% MHEERF or e, |pt is to bg under st ood t hat
I

0GR’ [ RH B nE B el i LEREE ' S RRE
chppaidestic | aafigereChHT2 @B+ @0 6ter FOM UNE rabge MBay\bat cargbined
vﬂh anot%e? ‘?gure or a parameter from a different range for the same
characteristic to generate a numerical range.

[0099] While the invention has been explained in relation to certain
embodiments, it is to be understood that various modifications thereof will
become apparent to those skilled in the art upon reading the specification.
Therefore, it is to be understood that the invention disclosed herein is
intended to cover such modifications as fall within the scope of the
appended claims.
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1. A polyner conprising a first type and a second type
of repeat unit represented by Formula | : where X is
W@ 200807EH from -CH2- ; mis an integer from O POI/BS20a11eB6639
where for the first type of repeat unit one @f,d8%ooR%r/uTy
R3, and R4 is a mal ei m de containing group represented
by Formula Il: where Ais a linking group sel ected
frommethyl ene, a linear qr l?@ nched C2 to C6
hydr ocar byl , hal ohydrocarg)HA perhal ocarbyl, or a
subst i/ tlgqaq,meur@ubstltut ed C5 to C12 cyclic or
pol ycyclic Lydrocarbyl hal ohydr ocar byl or
pelr hal oca?t;wlymamdmﬁﬁslmgcb ﬂﬁt itype aeaehselcnnua}:wedﬁ gé%at unit
sel ecte r met y ethyl, or n-propyl, an ere
r?ﬂ'@SS'E‘tﬁgrbé’ Fg)frm%l and R4 are selected fromH,
a linear or branched C| to 25 hydropar byl ,
hal ohydr ocar byl d where for the
second type of repvsa b rR2R2, R3, and R4
i sOPT205- 0001 PCT/ d aronatic group
represented by For A2 Ls a |inking group
sel ected from net e ' {ri)? branched C2 to C6
hydr ocar byl , hal ghydr ocal byI orJmperRal oggr byl, or a

substituted or unsubstituted C5 to Cl12 clic or

por bt b S g5y L I i amiute Scand

\ﬂﬂ,&eswrf’m@larstctyp@ of papéatairiipond beREOR?, RAcANdYR! $s

R Soh S ke SR eBHT .

i ndependently a G to Cl12 al kyl (straight or branched)
or cycloal kyl group (substiftuted or unsubstituted);
and x is an integer from 1A o about 4; a C8 or greater

al kyl group; o 0
N
N /
R5 R6 (”)

where A is a linking group selected from methylene, a linear or
branched C, to Cg hydrocarbyl, halohydrocarbyl or perhalocarbyl, or a
substituted or unsubstituted Cs to Cq2 cyclic or polycyclic hydrocarbyl,
halohydrocarbyl or perhalocarbyl, and R® and R® are each independently
selected from H, methyl, ethyl, or n-propyl, and where the others of R?, R?,
R3 and R* are selected from H, a linear or branched C4 to Cz5 hydrocarbyl,
halohydrocarbyl! or perhalocarbyl;

and where for the second type of repeat unit one of R', R? R?, and

R is
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a C4 or greater hal ohydrocarbyl or perhal ocar byl

group; a C or greater aral kyl group; or a heteroatom
whywsonaroyl or hal ohydrocar byl group, w th theCPUS20T6639

that the heteroatom hydrocarbyl or hal ohydrgg%pwm PCT/UTY

group does not conprise an epoxy group. 2. The pol yner

of daiml, wherein at |east one of R5 and R6 |s a

met hyl, . group._ 3. The Vi ur
corp Piufleted argimali arbf grswerssaé% 3&?%*\5@% 'Y i s
sel ected from - CH2/—— -, 0r -O; mis an
integer fromQ to/5; a | east one of Rl, R2, R2
and R4 i sTSEPECTE frogy Iinear or branched G to C25
hydr ocar byl , hal ohydr] rbyl or perhal ocarbyl, where
such hydrocar byl , halg ydr ocar byl or perhalocarbyl
conpri ses one or nor(B eterO@;onB selected fromO N,
and Si, or a linear or branc 3 to C25 hydrocar byl ,

hal owsfeméidoalnnkmg Wufpaéems@tébworamﬁiem Renel heifesfor
OPT205- oo 1 PCT Y4 The

bb%?%h%’r%fo @s&lyﬁ( r@Mbrhé‘Wrdf?@?é ¥eRloRef rgyl. ora
snsmtewar bné@b@utu@dzm to ol éyéhc @Wo;%ydn@aﬁmr@a&b@f

is selected froman _aral kyl pendéent

h@}%}ygr%qarqu q)rng@rﬁwa@cqrgylcgg tﬁ@,z@@gﬁrb% to C42 amide, C4 to
dgeglsenw@r eF %f&%bmﬁ%mh&%ﬁ bydoh ?}2? nﬁd‘é%e%'éﬂﬂ? Lfurnlional

are H. poly Claim
9f QMR Reeh é‘ér@)Hlaé]%ﬁHaYt'ﬁlaﬂdnt%é fegm Aletgealtouim; easheRs iX

lrﬂosep%‘ﬁld%ﬁ; Ocll [ ‘Pé‘rbqg'é'ﬁ(gn&stre%ﬁ Q’Qranch@&} opéycl%l@éfbup

I nt eger | east one 0O
(wtlmedsorslmsetbts@wtﬁﬁbmrw X imemintegebfranchde agout é; C25

hydr I rbyl or perhal ocarbyl, where
suchg(l;(g’ddr}oirar E%I éw%'gc{ o&@’dr ocar byl or perhal ocar byl
conpaiGey gmeterrha‘rohyedrbeamyd)at opthaetabyedrdupom O, N,

and §'Cyoorrgr%al[ 1ea ky? rcpJ r&hed C to C25 hydrocarbyl,

a heteroatom hydrocarbyl or halohydrocarbyl group, with the proviso
that the heteroatom hydrocarbyl or halohydrocarbyl group does not
comprise an epoxy group.

2. The polymer of Claim 1, wherein at least one of R® and R® is a
methyl group.

3. The polymer of Claim 1, further comprising a second type of repeat
unit where X is selected from -CH,-, -CH,-CH,-, or -O-; m is an integer from 0 to 5;
and at least one of R', R?, R? and R* is selected from a linear or branched C1 to
Cas hydrocarbyl, halohydrocarbyl or perhalocarbyl, where such hydrocarbyl,
halohydrocarbyl or perhalocarbyl comprises one or more heteroatoms selected
from O, N, and Si, or a linear or branched C1 to Cy5 hydrocarbyl,
halohydrocarbyl, or perhalocarbyl and the others of R', R?, R? and R* are H.
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hal ohydr ocar byl , or perhal ocarbyl and the others of
Rl, R2, R and R4 are HL with the proviso that said
w0 Riose7a79pe of repeat unit is distinct from saPCI/E820TIOB6639

type of repeat unit. 6. The polynmer of C ai roppaosb@areeT/uTY
for said third type of repeat unit Xis - CH2- ; mis

0; and at | east one of Rl, R2, R2 and R4 is sel ected

f I

nydr ear byt PHLTBRoEERIm 3, OHEretr e ssDER b o fepeapynitx
i Sma$ ORINd Meamnamﬂ REARAIRE ard R is Shiected fiomean (afalkyl
oS ko068 o RS D 'y BfocHiy bR, AR Baron
andttfa otnerseofiiRt, &&nR? aifid Rﬁeraﬂﬂnoner s from which the

repeat units of the polynmer are forned. 8. The pol yner

of daim3, where the anount of the first ’}qépe of _
repeft unlie palypsr eiClgan ﬂofué'fhﬁremf@?ftﬁ%@thl yperoliiepeat unit

viHaee xqgea@cﬁem%npfcm peﬂz cs'n omﬁrﬁ.éanTrﬁeganﬁomotoLs

percent on IS 0 percent ol nononers
angd giramst ene @fa*Rd ;Rsane I%%ti@ﬁ@id fromesslingfarras heancheal € sto

C%F ﬁy&'r%rgb%% hg?J%o&QBY]} ]{Ijr%rgcagrpy ls,ty&%yé)rt)carb

ere the pe 0 repea
h@mwdrqmgfaé of pemalor:arbylamrrrmlses ;meememm:;retMer@nmms; selected

fnlr?oﬂf%)? RCQH&'S[ RS 1k SP&%ﬁwcH%‘& o t?ﬁ:geﬁ%cfr@gé?tbglbéo ofGO

eFCent,  and -t e anoun
htae:ﬂrgdtoaanb)ﬂ orapeybalotarbyl 461 the diterswf B pRY, Génind Rirare H, with

a t.0t a rcent of .the poner s f r om whi ch
BBV SRR e R ST PP sermades o
relegatveid. 10. The pol yner of Caim9, wherein the
amount of the first type of repeat unit is from25 to
35 nol e percent, the anmpbunt of the second type of
repefit unThe palymeoai Glgin 6, WEerﬂdbresqixetmertype chﬂrepéhtemnt Xis -

(ﬁ?l yrﬂ‘?sr 0; ognd%t%égt %he‘é’?ﬁ“ qut %Q an\ﬁ'Rg K sSE&ET gr%mngn gxgalﬁ(y?r
pendent group or a linear C4 to Cys hydrocarbyl, halohydrocarbyl, perhalocarbyl,
and the others of R', R?, R? and R* are H.

7. The polymer of Claim 1, where the amount of the first type of repeat
unit ranges from 5 to 50 mole percent on a basis of total mole percent of the
monomers from which the repeat units of the polymer are formed.

8. The polymer of Claim 3, where the amount of the first type of repeat
unit is 25 to 35 mole percent and the amount of the second type of repeat unit is
65 to 75 mole percent, on a basis of total mole percent of monomers from which
said first and second types of repeat units are derived.
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(Mv) of the polyner is from about 10,000 to about
500, 000 as determ ned by gel perneation chromatography
waigiag7E7pol y(styrene) standard. 12. The pol yneCT/0$2007/086639

A aim 11, where after said polynmer has conplgt&d.o8o1 pcT/uTy
curing process, said polyner has a glass transition
terrperature of at | east 2500C. 13. The pol yner of

[ . t
o171 8 TAE BB OB SRR TR b IV 8
L@ﬁmemmfram 1Dés §0mtrraa perc@nt e ambentpd Itbe‘rmcoxnﬂ t@@omaeat

s UL Bl LT T, b
undlrgrges famh é@tte GOfrmaziapbgoén'o @Iardix’m&@ﬂ tvanimle mmgﬂdme

1 palj r ers
NP FomEfiEh 3ol Seel pitaL UPeE ot bt e
dedvdxbnat es, or m xtures thereof 16. The poI ymer of
Gl aim15, where the solvent is selected from

cycl ohexane, 2-heptanone, benzene, toluene, xylene,
mesi 191 enEhe pelymangtieinuPanhersiti thelagount of the first type of

r%?éd%ﬂ?‘isdﬁv%r%-g%%’sqggé Ip?%@ﬁ%%%ouqﬁélﬁ’% é%/égfx ti@e ofepeat
upiblis/fiem %f’fo(z}ﬁahﬂ*ﬁloermre yisl xis 2 Yis
hydr oxy, and each R320 is |ndependently a G toC2

al kyl. 19. The polynmer of Caim1l, where each R20 is
t-buf i . Dre patwaepol G}'ﬁtﬁm1oWh@eath$nNBlgm\hmregamdl@amrwelght

(309 9B i SERelF At YoRoRiFkoaLish B e e

Pﬁép@%tmm?@@ﬂbtpgﬁﬂhmsmg(@oly\asmr@e}xstamdaed ect ed fr om
-, -CH2-CH2- , or -O; mis an integer fromO to

12. The polymer of Claim 11, where after said polymer has completed a

curing process, said polymer has a glass transition temperature of at least 250°C.

13.  The polymer of Claim 12, where said polymer has a moisture
absorption of less than 2 weight percent and a dielectric constant of less than 3.9.

14.  The polymer of Claim12, where said polymer has a modulus of from
0.1 GPa to 3 GPa.

15. The polymer of Claim 1, further comprising a solvent selected from
hydrocarbon solvents, aromatic solvents, cycloaliphatic cyclic ethers, cyclic
ethers, acetates, esters, lactones, ketones, amides, cyclic carbonates, or mixtures
thereof.

16.  The polymer of Claim 15, where the solvent is selected from
cyclohexane, 2-heptanone, benzene, toluene, xylene, mesitylene, tetrahydrofuran,

anisole, or terpenoids.
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3; A2 is a linking group selected from nethyl ene, a
linear or branched C2 to C6 hydrocarbyl,

whadoslydrocar byl or perhal ocarbyl, or a substiPCE/Es2007/086639
unsubstituted C5 to G 2 cyclic or polycycl iagrr205-0001 PCT/UTY
hydr ocar byl , hal ohydrocar byl or perhal ocarbyl, C2 to

Cl2 ester, G to G 2 amde, G to Cl2 sulfide, or a
conbinat i i i it e a

o cante EPOEREL CRin ], el GitnrseR d G kbt aRpk

C10 al kyl or a cycl oal kyl group. 22. The pol ynmer of

C ai n8l, WhepelyieeohCRERMEHhaco Bl & 9P OVRs KRPEBE AR @dch

. For mul ) OPT205- 00 PCT/ UTY 23. The pol yner of
5 IRdepen E]{Rfﬂ&"%%zﬂ‘p?’? i ng suppl ement al
nor bor nene-type nononer with an antioxi dant stabilizer

pendegt g0uUp i e sented by Strugture bel ow
V\,hergg'n itﬁ%ﬁolpﬁgggg{;ﬁwgwﬁe %eaa?bcfﬁ; ! t,'bLg}de each of
R18 and R19 are independently selected froma Cl to
C25 dr 208 Y0 ;

ol yabr oy e e S e B R g HREgenyy =
ayelpalkgrgsodd. R1, R2, R3, and R4 is 1) a mal ei mide

contai ning group represented by Formula Il: where Ais
a linking_group selected fromnethylene, a linear or

; Yy .

branehed B2 PRIYS" AlQleEe Ar where tha hindetadaramaiir gsaup
r%gggél\tgggg,wymu@r(@ substituted or unsubstituted C5 to

I 2 cyclic or polycyclic hydrocarbyl, hal ohydrocar byl
or perhal ocarbyl, and R5 and R6 are each independently
selected fromH nethyl, ethyl, or n-propyls and where
the others of Rl, R2, R3, and R4 are sejected fromH,
a linear or branched G to G 25 hydroca
hal ohydr ogar byl ®r perhal ocarbyl; /and a\ second repeat

unit q f 2, R;i\,z\and R4 i g, a hingeredyn
(CH2 ™ N\
X X
(E) R17
L Jm

where X is selected from -CH,-, -CH,-CHg-, or -O-; m is an integer from 0 to
3; A%is a linking group selected from methylene, a linear or branched C, to Cg
hydrocarbyl, halohydrocarbyl or perhalocarbyl, or a substituted or unsubstituted Cs
to C+2 cyclic or polycyclic hydrocarbyl, halohydrocarbyl or perhalocarbyl, C, to Cq
ester, Cq to C4, amide, C4 to Cy sulfide, or a combination thereof; n is an integer
from 0 to about 5; and each of R' and R" is independently a C; to Cy, alkyl or a
cycloalkyl group.

22.  The polymer of Claim 1, where the hindered aromatic group
represented by Formula (F)
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aromatic group represented by Formula (D) where A2 is
a linking group selected fromnethylene, a |inear or
whe@sogm C2 to C6 hydrocar byl , hal ohydr ocar byPCDES2007/086639
per hal ocarbyl, or a substituted or unsubsti tosred-oeh dc®/uTy
C 2 cyclic or polycyclic hydrocarbyl, hal ohydrocar byl
or perhalocarbyl, C to G 2 ester, G to G2 amde,
G to G 2 sulfide, or a conbination thereof; each Y
i s independently a functional group as OH and SH,
y is an integer fromJ1l to about 3; exh-R20 is
i ndependently a G toyG 2 al kyl (syraight or
Ul group (substituted or
NS an i fiteger \from 1l to about
E\pol yngp—ofO8l ai m 1,
prising a third typg of #epeat unit where
S R2, R3, @gnd R4 is a potwedral oligomeric
si | sesqui’oxane group and the polynmen has-a Tg of at
| east about 2000C. 26. The polynmer ofnNCd aim 1, where
one of Rl, R2, R3, and R4 is a hindened aronatic group
and the polyner has a therno-oxidative stability where
no significant change in nechanical properties is
detected after a 50 hour exposure to air at 165C 27.
A polynmer conprising a first type of repeat unit
derived from a norbornene-type nonomer having a
mal epgni d g} ; of
apeat U g g e (AR o,
NRERAIIR AP Maneyer wathdmantigkidapt stabitizex pehdent dryyeisof
' ' m a nor bor nenet ype nononer
ripg\g/ﬁrge(gey?Sggg{ulr%ﬁgoyﬁfl&@endent group. 28. The pol yner
of G aim27, where the first type of repeat unit and
the third type of repea qulmit are each from between 25
to 35 perceni of t ot ali nunber of repeat units in the
pol ymer a C%*é
(H)

ype of repeat unit is from

bet ween N

OR19

where n is an integer from 1 to about 5; and each of R"® and R® are
independently selected from a C to C,5 hydrocarbyl group.
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35 to 45 percent of such total. 29. A photodei nable

pol ymer conposition conprising a polyner according to
w@k@sv74 30. The phot odefi nabl e pol ymer conpoRCT/US200T686639

Claim 29, further conprising conponents sel ewtrem-obsorar/uTy

one or nore sensitizer conponents, one or nore

solvents, one or nore catal yst scavengers, one or nore

adhesjon

m)re%l?' reﬁ?g{ﬂg;ﬁgér oP@gaHg{épP&ﬁ ﬂé‘ihpo%hr‘é@% oPFéﬁ)e%{trumt

afer @f Rea%?th/ea@ldII&eIﬂs or one or nore

phot cherTahT i oaand srods edtnte i Fomape o, o

said one or nore sensitizer, conponents are sel ected
from ant hracenes, phenant hAenes, chrysenes,
benzopyrenes, fl uorant heneﬁ‘ rubr enes, pyrenes,

xant hones, |ndanthrer65 t |oxa|6 hen- 9- ones, or

m xtures thereof . electroni c or

m cr o- opt oel ectrom c deW ce cfnprising a |ayer forned
fromthe photodefinabl e r conposition of Caim
29. 33. The microelectronic m cr o- opt oel ectronic
device of Claim32, wR?e sai dpéev(l e conprises

sem conduct or device el enents Et oel ectronic

devi

m or ke e i orql sISERP Bt hBhfieflh o unepror
tatentloed Cg teélaelWChfdcarhyﬂn lealblogdrocatiiyp or pepedscambyl, or a

Shtifieq RemBrBbH G E oate B 25 i PE RbBBRE RS BidiBsprov,
reyshyaire c4 idPEVBpediulpcardyt] i RPRhH Rt areresdreivideipendently

SARATER st FhmEtul S Gt GoRIoBYk Ao ebp tbegs of R, R?

RS, aindh R2are/bgleetetirdndBY kit e@P 6P bt Sifthed SE1B GQQﬂ?‘GFdHarbyl,
or opt oel ronic o,eV| ce package 46. A mcroelectronic
omdPSe i BEPEEa

PEYt BEPEERRBFR®YHevi ce conprising a

and a second repeat unit one of R", R%, R®, and R*is a hindered

aromatic group represented by Formula (D)

\J

RZO
(D)

where A is a linking group selected from methylene, a linear or branched
C; to Cg hydrocarbyl, halohydrocarby! or perhalocarbyl, or a substituted or
unsubstituted Cs to C42 cyclic or polycyclic hydrocarbyl, halohydrocarbyl or
perhalocarbyl, C; to C4, ester, C4 to C4, amide, C; to C4, sulfide, or a combination
thereof;, each Y is independently a functional group such as OH and SH; y is an
integer from 1 to about 3; each R?® is independently a C1 to Cy alkyl (straight or
branched) or cycloalkyl group (substituted or unsubstituted); and x is an integer
from 1 to about 4.
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permanent dielectric structure formed fromthe

phot odef i nabl e pol ymer conposition of Caim29. 47. A
WOorR@BO#I7&Ct roni ¢ or m cro-optoel ectroni c devi CRCT/US2007/086639

conprising a layer formed fromthe phot od_ef | orardse001 PCT/UTY

pol ymer conposition of Caim29 as a barrier |ayer.

48. A mcroelectronic or mcro-optoel ectronic device

CO”D'QBSl NGh& pbMRI of @Tem?ldl ?Jrﬂ’l@ E@rﬁp@ﬁsé R4 99k @@?fo? repeat unit

ynmer co 2SI 1 oNn O alm as a Iess
Vﬁ?ﬁ%f)n@ﬂm UR- BOLRNGR' js qpolweqcbal igaeretio dilssisqfioxanegroap
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28.  The polymer of Claim 27, where the first type of repeat unit and the
third type of repeat unit are each from between 25 to 35 percent of a total number
of repeat units in the polymer and the second type of repeat unit is from between
35 to 45 percent of such total.

29. A photodefinable polymer composition comprising a polymer
according to Claim 1.

30.  The photodefinable polymer composition of Claim 29, further
comprising components selected from: one or more sensitizer components, one or
more solvents, one or more catalyst scavengers, one or more adhesion
promoters, one or more antioxidants, one or more fire retardants, one or more

stabilizers, one or more reactive diluents, or one or more plasticizers.
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to a tenperature from about 1500C to about 2900C for a
peri od between from about 30 to about 1800 m nutes.

WG 20080 74ret hod according to C aim49, wherei nPETES2007/086639
coated polyner has a thickness from about O0.drTbas-cabordr/uTy
100 m crons. 57. The nmethod according to O ai m 49,
further conprising devel opi ng the exposed pol yner

priom1t o §HE bABtodefinable polymer composition of Claim 30, where said
one or more sensitizer components are selected from anthracenes,
phenanthrenes, chrysenes, benzopyrenes, fluoranthenes, rubrenes, pyrenes,
xanthones, indanthrenes, thioxanthen-9-ones, or mixtures thereof.

32. A microelectronic or micro-optoelectronic device comprising a layer
formed from the photodefinable polymer composition of Claim 29.

33.  The microelectronic or micro-optoelectronic device of Claim 32,
where said device comprises semiconductor device elements, or optoelectronic
device elements.

44.  The microelectronic or micro-optoelectronic device of Claim 32,
where the device is selected from a logic chip, a passive device, a memory chip, a
micro-electromechanical system (MEMS) chip, a micro-optoelectromechanical
systems (MOEMS) chip, and an application specific integrated circuit (ASIC) chip.

45.  The microelectronic or micro-optoelectronic device of Claim 32,

where said device comprises a semiconductor or optoelectronic device package

46. A microelectronic or micro-optoelectronic device comprising a
permanent dielectric structure formed from the photodefinable polymer
composition of Claim 29.

47. A microelectronic or micro-optoelectronic device comprising a layer
formed from the photodefinable polymer composition of Claim 29 as a barrier
layer.

48. A microelectronic or micro-optoelectronic device comprising a layer

formed from the photodefinable polymer composition of Claim 29 as a stress
buffer layer.
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49. A method of forming a photodefinable layer on a substrate, the
method comprising: coating at least a portion of one side of a substrate with the
polymer of Claim 1; exposing the coated polymer to actinic radiation; and curing
the radiation-exposed coated polymer.

50. The method according to Claim 49, further comprising defining a
pattern in the cured polymer.

51.  The method according to Claim 50, where defining a pattern in the
cured polymer comprises forming a plurality of structures from the cured layer.

52.  The method according to Claim 49, where the actinic radiation is
ultraviolet or visible radiation having a wavelength from about 200 nm to about
700 nm.

53.  The method according to Claim 49, where the dose of actinic
radiation for exposing is from about 50 to about 3,000 mJd/cm?.

54.  The method according to Claim 49, where exposing comprises an
imagewise exposure.

55.  The method according to Claim 49, where curing comprises heating
to a temperature from about 150°C to about 290°C for a period between from
about 30 to about 1800 minutes.

56. The method according to Claim 49, wherein the coated polymer has
a thickness from about 0.1 to about 100 microns.

57.  The method according to Claim 49, further comprising developing
the exposed polymer prior to curing.
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