DI RECTLY PHOTCDEFI NABLE POLYMER COWVPOSI TI ONS AND

METHODS THEREOF CROSS- REFERENCE TO RELATED

APPLI CATI ONS [ 0001] This application clainms the benefit

of U.S. Provisional Application Serial No. 60/873, 201
filed DBtRINGELYFHRICH)EFNARIE POLYIWRERQOMRDSHHICNS AND

are hereby incorporat fer TECHNI CAL FI ELD
[ 0002] The present inv@ﬁ?ﬁﬁabgéﬁgﬁggiaéneralIy to

di rectly phot odefi nabl e pol ynmers, conpositions that

i ncl ude such polynmers, nethods for making such
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C\Dﬁ’léﬁsdrblméby M}f(ﬁ?g%gafﬂ %k’ér)éncé he present invention
is directed to odef I nabfe pol ynmers and

c'bl'a@bl:t\llCMnElEmZereof t hat enconpass a pol yner backbone
havi ng norbornene-type repeat units, nethods of making
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tion are described below with reference
?%xﬁ@'?bﬂ i ng accompanyi ng draw ngs.

[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

[0006] Embodiments in accordance with the present invention are

described below with reference to the following accompanying drawings.



[0006] Figure 1 is a graph of the percent transm ssion
versus the wavel ength for the polyners described in
Exanpl e P2 bel ow. [0007] Figure 2 depicts a possible
mechani sm for one aspect of the function of the

' ede: i (X} ' i, t hin
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S 1n accordance wit resent | nventi o
vifl ExaraplecRebiebawt bel ow. As such enbodi ments are

' sed, vatri.ous nodifications, adaptations or
JUPTAL SHHouts 5uSaroraph i the i in e on Ae e dhe polymer
acmargﬁmetpsqo@m, skilled in the art. For exanple, it
m ght occur to such a skilled artisan that two or nore
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ARGk e Bt o o 8" C5fpls £ BE TR ATt sy samee
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nodi fi cati ons, adaptations or variations that rely
UPERAILEDRESGRIBEIQM t he present invention, and
t hrough which these teachi ngs have advanced the art,
40012bnskExkempthry @ndeodimenisint Aecaadapee aitth thei presenf invention
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maxi num val ues of ,each ra s well a val ye |
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val ues as wel | . as éz_ver)é i nt eg,er ther%li)etvveen, hl ess )
polymer compositions disclosed heré&in can be blended with one another in
an appropriate ratio to form an advantageous polymer composition. [t 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



expressly indicated otherw se, the various nuneri cal
ranges and val ues specified in this specification and
in the acconpanying clains, are approxi mations that

are reflective of, anobng other things, the various

u riainti.es. of measuregent encountered in obtain
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afzpogpent i oned nononers) that are related chemcally.
Still further, the term"polyner" wll be understood
t[0034 0 Anusepdsseine dheltarm Tpaymeri meansmslargmtmilgsmle built

B imefie Mol 2u8h FaPRint R FUfad EeBiie® §le fifdrstood

biel prgssees al ﬁmrbytermlormmabﬂdctulner(@tt l@aclfﬁdfnbh@haﬁécbddmts of
SUﬁE resi dues a[ﬁd ot.her, .el ene

LR RRRA A 3B TNGH iR 13 eSS AMBRION PG AU pGaers) that are

nremeasmmuaaw t BHIl Galther, Mdf&'rrpfpdmn@r’r\ﬂill%b \ahaerétbsd to
nmer such that theé generall remain wt

p‘faJP' SECOMRRS TESIIeE TS ARHiARS LeAtAbSH ee@géln@r glements
batemwe&w@epﬁth%@bﬁma DBIYFREY, vhdr@@lzh ré&diﬁ;%dare

herein, the term" ymer conposition" nmeans

w%ﬁ@o@ra%%b@m&ovmrgw 'QPQFR%atedaﬁh@r%F@delaﬂtﬂ@elt mu such
pr@lswn%rs JrR:l BIHY iiEmeffs, %.@%rfnyaqy%%@dcd@mg%gt es

of pol ymer conposi tion mat er |
mdvm@élzab@m paFiéicalien progasegst are W@lqaélmrelxed or co-mingled
t

DA 5% Bpher A0 Bt d 2488 Sy RO RTE RSN i ymer when
sie dxﬁas@@\rsd batMnesm vessele mytbetweeh eobleintg oadiapessiandnedia.
thg i: 001% defined herein, the terns
[B 1§ ycﬁ\% gediherein Igaﬁw%mqjyrapéppwposgm means a polymer
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SHESPRISTS, BhSybipBREISS, [HRIFR doiee anbdfie tie,

r[emes]r edas defifed MhOINN e te rRW OB oy cldtefireT "bolycycllc olefin",

nor gne type mpnoner or regeauqéalet as used
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deast eneiaprheinpoedne ik segh aﬁ@howabmeéhmatrucmr@fm or A2,

Hdiggt ure B, shown below, is greater than zero.

[0018]As used herein, ''hydrocarbyl" refers to a

radi cal or group that contains a carbon backbone where

each carbon is appropriately substituted with one or

nore hydrogen atonms. The term "hal ohydrocarbyl" refers

to a hydrocarbyl group where one or nore of the

hydrogen atonms, but not all, have been replaced by a

hal ogen (F, Cd, Br, I). The tgrm perhal ocarbyl refers

to a hydrocarbyl group where each hydrogen has been

replaced by a hal ogen. Non-limting exanpl es of

hydrocarbyls, include, but are not limted to a |inear

or branched (G -C25) alkyl, a Iinear or branched

(C2-C24) alkenyl, a linear or branched (C2-C24)

al kynyl, a substituted or unsubstituted (C3-C25)

cycl oal kyl, a substituted or unsubstituted (C5-C24)

aryl, or an (Cr-C24) aral kyl. Representative al kyl

groups include but are not limted to nethyl, ethyl,



but are not Iimted to ethynyl, 1-propynyl,
2-propynyl, 1 butynyl, and 2- butynyl. Representative
cycl oal kyl groups include but are not limted to
substituted and unsubstituted cycl opropyl, cyclobutyl,

cycl opentyl, cl ohexyl, and .cycl gactyl.

Repr esent at+'ve | groups i nchu are not limted
to phenyl, |, spapht hyl, ynt hr geenyl .
Representau' | kyl groups i but are not
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r‘?ﬁ&%ﬁﬁ%@ PG Ao’ 6 (G ecar i BReRar atagig alky
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Himitad, tn vyt '|V§an§rpd°a%rasﬂa|F’owreﬁwf@twaalhmy\tsrwps include
het eroatons include, but are not Iimted to, -

(CH2) n- CH( CF3) 2- 0- CH2- 0- CH3,

-(CH2) n- CH(CF3) 2-0-C(0) - 0- C( CH3) 3, -

(CH2)n-C(CF3) 2-0H, (CH2)n-C(O)NHR., (C{2)n-C(0)C,
-(CF-J2)-C(0)OR, (CH2)n-OR., -(CH2)n-OC(0)R*, and
-(CH2)n-C(0)R., where n independently represents an
integer fromO to 10 and R i ndependently represents

hydrogen, linear or branched (Cl-Cl1) alkyl, linear or
branched Cl1-Cl1 hal ogenat ed or perhal ogenated al kyl,
i near or branched (C2-Cl10) al kenyl, Iinear or

branched (C2-C10) al kynyl, (C5-C12) cycl oal kyl,
(C6-Cl4) hal ogenated or perhal ogenated aryl, and



Pol ymers [0023] The pol ymer enbodi nents in accordance
Wi th the present invention advantageously incorporate
two or nore distinct types of repeating units, where
at | east one such type of repeating unit enconpasses
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from-C 2 ; mis an integer from
dnfi@p%nd%mb/ ahalegaroer amdfqg@n ang gds gelacdpd arm@gn integer of
umd 20atln lseard efRdRheRY edth X@mc?é}%n'%n'tlg s%decged from

mal ei m de contai ning pendent grou epresent e
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substituted or unsubstituted cyclic or
alé'rth/éytal%emmrabaﬁéwencﬁan@mgamaal@genated phenyl and alkyl
I d
Rgoleko 86 ebopimafash et BY o 8 o
mrﬂyorop@eny! pestiueropreipyl, perfdlmm]athynh pffgoropropyl,
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ph?(isence of a norbornene-type nononer with a hi ndered
f
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t hese repeati ngiwunl ts. The norbornene-type repeating

dnidrecaioyls, hakg diéﬁ@%'bvlﬁn%md aﬁmalgeamuta willfegirepne or more
W tﬁ&ﬁ%%}g%‘?ﬁﬂég{&gqy er ma pﬁ 98§?ﬁ|§geoﬂy%?§garbyls
anti - oxi dant conpounds. Chem caI Iy bondl ng the

hi ndered functional aromatic group such as a hindered
phenol group to the polynmer bs&ckbone elim nates the

i ssue of | oss of protection as a result of

vol atilization of an added, discrete anti-



oxi dant conpound. Although not wi shing to be bound by
any theory, it is believed that the hindered
functional aromatic pendent group disrupts the

oxi dation cycle of aliphatic conpounds and pol yners.

et PR R PRl P iR ainntiien g thers,

ae:pm«elargiyzcmﬂytéthél’m gicatssint carbueyild acids Testers, smuimides,
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Wrd? er,}_q?la fe?ftﬂ.tﬁagwng ct| onal aromatic pendent
groups provi de an anti-oxi dation benefit by reacting
w th any hydroperoxyl radjcals that are fornmed during
the initial stages of oxig¢ation.|[0028] Repeating units
cont ai ni ng a hi ndered fupdti gREc pendent
group are also repres ed by w4 A above, but
where at | east one of ] ,
functional aromatic p dent oup rLepresent ed by
Formul a D, shown bel ow, 33 of Rl, R2, R3,
and R4 are each independehtly se| ect ederom H a
hydrocarbyl, a hal ohydrocar byl or, a per hal ocar byl or
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[0033] where X is selected from-CH2-, -CH2-CH2-, or

-0-; mis an integer fromO to 3; A2 is a linking

group selected fromnethylene, a linear or branched C2
to C6 hydrocar byl, hal ohydrocarbyl or perhal ocarbyl,

0 r C

(%ro§8§ cﬁﬁ&% g%r%rnbd{ﬂﬂﬁgécf {qthf%ﬁlg% gﬁbétﬁyl heridf m&h@l’, -
p@thal andar—@ﬂan(:E)tampIEQ oésptaemaloghnated@rgl gmuiues, in€llidiep but

frorﬁoa 5 0 B SR bR s AL REyoPaeferh. | Nt C0eT

gl? ‘%], ently a Cl to C10 al kyl (straight or branched)
or cycloal kyl group (substituted or unsubstituted).
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it BlonyBE bR Bl ctaf Exgmiars. FTALUE, 058 fr Taiehorborfiene-
ftyﬁétmmﬁheﬁmmpa@@ng%nperwmmr@ssslmaasre §Aip2RO¥R as a
er secon eat units can be incor porated
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the proviso that the heteroatom hydrocarbyl or

hal ohydr ocar byl group is not an epog. In yet other

enbodi nents, at | 4 is a Cl to C25
halohydrocarbyl co hydroxyl group
such as - (CH2) p- ( ) p- O CH2- C( CF3) 20H
where p is an integ ROUWRD.

Advant ageously, s D
i nstances contribute antioxi dan ﬂbrébertm@s to the
resultant polynmer. [0037] In still further polyner
enbodi nents in accordance with the present invention
one or nore other repeat units based on Structure A
can be included into the poly?Er where at |east one Rl
to R4 is selected froma linear or branced Cl1 to C25
hydr ocar byl , hal ohydrocar byl or perhal ocarbyl, where
such hydrocarbyl, hal ohydr ocar byl or perhalocarbyl
enconpasses one or nore heteroatons fromO, N, S, P
and Si, or a linear or branched G to C25 hydrocarbyl,
hal ohydr ocar byl , or perhal ocarbyl and the others of Rl
to R4 are H with the proviso that said other types of
repeat unit are distinct fromany other type of repeat
unit. [0038] For sone enbodi ments in accordance with
the present invention, it is advantageous to contro




AA, or ",,,(01-12)in "OCh )5 CT3 BB, or CC [ 0040]
where mand @ are as defined above and Q@ is a |inear
or branched al kyl spacer of 1 to 5 carbons and Ais as
defined for Fornmula B, above. In sonme enbodi nents
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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,
halohydrocarbyl or perhalocarbyl or C7 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 chailenges 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-



DD, or EE, or ((CF2CF12)0)q O (CF2),, FF [0041]
where each X is independently either fluorine or
hydrogen, each q is independently an integer from1l to
3, pis an integer from1l to 5 @Q is as defined
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pendent group are also represented by Formula A, above, but where at
least one of R, R?, R3 and R* is a hindered functional aromatic pendent
group represented by Formula D, shown below, and the others of R*, R?,
R® and R* are each independently selected from H, a hydrocarbyl, a
halohydrocarbyl or a perhalocarbyl or such moieties having one or more
heteroatoms as described above.
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[0029] where A% is a linking group selected from methylene, a linear or
branched C; to Cs hydrocarbyl, halohydrocarbyl or perhalocarbyl, or a
substituted or unsubstituted Cs to C; cyclic or polycyclic hydrocarbyl,
halohydrocarbyl or perhalocarbyl, C4 to C45 ester, C4 to C42 amide, C4 to
C12 sulfide, Cq to Cq2 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 Cy; alkyl (straight or



anti oxi dant stabilizer pendent group is a phosphinate
represented by Structure H bel ow [0043] where n is
an integer from1l to about 5; and each of R18 and R19
are independently selected froma Cl to C26
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[0032] An example of a norbornene-type monomer with a hindered
functional aromatic group is represented by Formula E

R1 6
_ = A2
OH
X X
(E) R‘1 7
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[0033] where X is selected from -CH»-, -CH2-CH»-, or -O-; m is an
integer from O 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 C12 cyclic or polycyclic hydrocarbyl,
halohydrocarbyl or perhalocarbyl, Cz to C42 ester, C4 to Cq12 amide, Cq to
C12 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 C1o alkyl (straight or
branched) or cycloalkyl group (substituted or unsubstituted).

[0034] Yet another example of a norbornene-type monomer with a
hindered functional aromatic group is represented by Formula F.

N

(F)

[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

11
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where none of R' to R* is a maleimide group or a hindered functional
aromatic group, but rather is selected from a linear or branched C4 to Cys
hydrocarbyl, halohydrocarby! or perhalocarbyl, where such hydrocarbyl,
halohydrocarbyl or perhalocarbyl comprises one or more heteroatoms
selected from O, N, S, P and Si, or a linear or branched C1 to Cys
hydrocarbyl, halohydrocarbyl, or perhalocarbyl and the others of R' to R*
are H. In some embodiments, X is -CHz-; m is 0; and at least one of R to
R* is selected from a C; or greater aralkyl group, or a Cg or greater alkyl
group, or a C4 or greater halohydrocarbyl or perhalocarbyl group or a
heteroatom hydrocarbyl or halohydrocarbyl group, with the proviso that the
heteroatom hydrocarbyl or halohydrocarbyl group is not an epoxy. In yet
other embodiments, at least one of R' to R* is a C4 to Cz5 halohydrocarbyl
compound containing a hydroxyl group such as —(CH3)p-C(CF3)2.0OH or
-(CH32)p-O-CH;-C(CF3).OH where p is an integer from 0 to about 5.
Advantageously, such a pendent group can in some instances contribute

antioxidant properties to the resultant polymer.

[0037] In still further polymer embodiments in accordance with the
present invention one or more other repeat units based on Structure A can
be included into the polymer where at least one R' to R* is selected
from a linear or branced C4 to C25 hydrocarbyl, halohydrocarbyl or
perhalocarbyl, where such hydrocarbyl, halohydrocarby! or perhalocarbyl
encompasses one or more heteroatoms from O, N, S, P and Si, or a
linear or branched C; to Cys 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

12
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represented by Formula A include those where one of R' to R* is one of
groups AA, BB, CC, DD, EE or FF and the others are each generally

hydrogen:
0 (CHy)y, CF,
\QIJ\O /@/ \)<0H
F3C

A_O)/(CHZ)

AA, or

C—OH
CTs BB, or
CFy
A O\Q* OH
CFy

0
CC

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

13



[ 0047] Pol ynmer enbodi nents in accordance with the

present invention can be prepared by addition

pol ynmeri zati on of nononers in the presence of a single
or nulti-conponent Goup VIII transition metal
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rk G AR i Lo fets pikdpden noURbRERE P RRE m

incorporat ed by reference. O her exenplary

pol ynmeri zati on processgs are described in U S. Pat ent
No. 5,468, 819 angd U. S. Paterg ubll atio
20070066775, aksSONpeor ng 3efer ence.

Ceneral ly, the pol yner cdirp05| |o%1"s oP he present

i nvention are not prepared by ring dpeni ng et BDhesi s

pol yneri zation. [0048] The pol ynmer enbodi nents of the
present invention can be first deposited onto a

desired substrate ag| a coating froma pol yner

conmposition f Qed ccy@pnl ng a polyner with a

solvent to form @'sol utd on. Thus pol ymers caEEhbe cast

from such conpositions as films using nmethods known to
those skilled inghe ardcrodm,fy, met hods that will

becone so knowr s as s‘p.Ln oo‘éﬁal ng, dip coating,

brush coating, roller coatif§f?spray coati ng sol ution
casting, curtain coating, meniscus coating, Fnk-j et
printing (where the polyner conposition is the "ink"),

and the like. Generally, spin coating is used due to
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t@mb@ﬁ@wewlwmmlm@gw Fﬁn@*d%éaﬁlmﬂecciﬂdb@héﬁaﬁ@f and q
bgnzgpe, tetrahydrofuran, anisole, or terpenoids. In
sone  efbodi ments in accordance with the present
l[ooela] [ om embedrmém&rf taelptnésem lhaéntaanMatcésnccmﬁa&@ta

ﬁ W.% i n 8 { l her enbodi nent s,
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formng of the polyner conpositio 050] " The pol ymer
is then spi n coated or cast onto a substrate fromthe
af orenenti oned conposition at suitable spin speeds. In
one enbodi nent, the spin speed ranges from 200 to
5,000 revol utions per mnute 1(4r pm for periods ranging
from20 to 200 seconds. The spin coating is generally
perfornmed in a two-act process in which a slower spin
speed of 500 rpmfor 10 seconds is initially utilized,
foll owed by a higher spin speed of BOO rpmto 3500 rpm
for 20 to 60 seconds. Cenerally, the filnms have a
thickness fromO0.1 to 50 m crons, although thicker
films, up to 500 microns, are possible when enpl oyi ng
ot her coating techniques. After the spin coating
process is conpleted, generally the spun-on filmis



renovi ng the unexposed regions of the filmeither by
i mrer si on, puddling or spraying with a suitable
solvent onto the layer for a time sufficient to

provi de the desired pattern. Generally such tinme is a
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a tenperatube Q D¢
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n 3 hourgH)to renove
any residual g erent Alternatively
or additional ; optional |y post
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pendent group and ﬂ4§econd type of repeat unit, which
is derived froma narbornene-type nononer havi ng one
of a hindered functiona
C7or greater aralkyl ,
group, or a C4 o p *alodirocarbyl or

per hal ocar byl group t er oat om hydr ocar byl or

hal ohydr ocar byl group i14h the proviso that the

het er oat om hydrocar byl or hal ohydrocarbyl group is not
an epoxy. The polﬁﬁérs made in accordance with the

t [
JPSFRL L afnalE £80F LR SRR I ¥ e docHetRr AL & E5 te Cyp By
S mmttmnﬁaﬁéhé@p@aéydn@almﬁu gr%uﬁl'(ﬁhl@widtec{ Qﬂﬁﬁ&uwltuted)
some enbodi nents ggﬁ%1 as descrxﬁed herei n
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[0057] I n anot her enbodinent, the first type of repeat
unit is derived froma norbornene-type nononer havi ng

a mal ei m de contai ning pendent group, a second type

of repeat unit derived froma norbornene-type nononer
havi ng an aral kyl pendent group, and a third type of
repeat unit derived froma norbornene-type nononer
having a |inear al kyl pendent group. In such an

enbodi nent, the first type of repeat unit and the

third type of repeat unit are each from25 to 35

aromati c pendent group, a
N, or a C8 or greater alkyl



[0061] Advantageously the layers and structures forned
fromthe polynmer enbodi nents in accordance with the
present invention have a relatively | ow noisture
absorption and/or |ow dielectric constant. In sone
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generally have a relatively high glass transition
tenperature (Tg). In s enbodi ments, such | ayers or

500

structures have a Tg([of at |east 200C. In other
enbodi-#rent s at 200, and in @till others, 300
The rel aist—vrei—}s i gF al | ows for th i-uUge of guc
Iaﬁers st@ugtures in a w decvar y obHo— é,

togi-ect gioWiC or o oeI ectrorﬁ\csnappmut?atd ons and

devi es/S“F r?ldeter usi ng a{\ﬁl cHj34NB
Anal y(s |-8u on a Rheomet ric SgyemtifLo DJnam c
Anal ﬁeﬂ—Wdel RDAI | avail abl e frsd)‘npﬁﬁil nstrunents,
Nel#Cast | e, "Bel, according to ASTM 05028 95
(tenperature: anbl ent to 400C at a rate of 5C per

m nute). [0063] The pd er enbodi nents of the present
[ nvent| on that enco

8 a nor bornene-type repeating
uni t (g B | pendent group and at | east 4
seconq)’l;: p aﬁ r epeat unlt such as has }meo—ps. viteusl|

descr4 bed, ~£aP be enpl oyed to make ph def l e

pol yﬁ‘rerosp gl i ti onggodmwt odef i nalffeg; .ygﬁek?ﬁ%b

conposich | ans/t'ypi cal | y enconpass one or. SIFdICE*Sol ventl§21NB
senéé/t bzegle’oeronent s, catal yst scaﬁeﬁ@ér go cﬁdﬁésn on
prdgrmt ers, ‘cant i oxi dant s, fire retardsints-sgtabilizers,
reactive dil uents, or pI astici zer s&’ Exenpl aﬁty

sensitizer conponents ing

de, anong ot hers,
ant hr@eenes, phenant hre gl chryseses, benzopyrjn/ei@
enes, xagihoRes, wme
ones, @g ni eg,

quora Alds, rysor enes
enesHg ti} -A. hen- 9- OHY
er&ﬁﬂﬁ f@t st sciVesigars sihel/ude anon
oth r§< P a2| carbazgf e ,aﬁnd\Q\‘rﬂ di'Frefl A3BNB
anl \l/nép Exerrp ary anti oxi dants mﬁaudq; ®4re not

E‘t'e@’f%cl rganox 1076, |rganox &le-ﬂ)—s(bot h from G bs
Ch@m cal s),” Low nox V\BP Lowi nd% 1790, AfYx 330, Anox
20 and_Low nox CAZZW% from Geat Lakes Chem cal
Bhgre R énpyaeRenty Bl istisa-BHM Fidf €thdnbids 6vpehexyl and Me
qg%tﬂr[n hydr oxi de, magnesi um hydr oxi de,
pol yhal ogenat ed bi phenyl s and or ganophosphat es.
fee4@] ar Thadla:ss wnommsmst ans pohcheidecortainireg eepexditing units

AeeoESeo ReTp SP Ae S teRlFE i aigh hermally stable
toilideH- bsayg@-u fraffevidvdt. an(ﬂim{@ircéyénﬁ@édwh@mbwah POSS
trimethoxy silane. Exenplary reactive diluents

enconpass, anong others, 1,4-cycl ohexane di nethano

di vi nyl et her, 1,4-butanedio| di vi nyl et her,

1- (et henyl oxy) - 4- ( 2- pr opynyl d8y) - but ane and

1, 6- bi s(et henyl oxy) - hexane. Exenplary pl asticizers
are, anong ot hers, polystyrene, poly(dnethylstyrene),
pol y(al kyl norbornene) hono-pol ymers and copol yners.
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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, rolier
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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[0073] A 500nil round bottom flask was charged with
5- hydr oxynet hyl nor bornene (13.6g, 0.1l1lnol),
3-(3,5-di-tert-butyl-4- hydroxyphenyl)propionic acid
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(Copol ynerizati on of NBM Nbnomers with Decyl NB using
Pd Catal ysis) [0075] The objective of these Exanples
was to study the copol ymerizaPi on NBM -G 1, NBML- G- 2
with decyl NB at different catalyst ratios, different
sol vents at varying tenperatures using DCE as sol vent.
Reaction Schemes: 1 -7 - R cAo 1?11BNII-C -1



Decyl iT-/ " ---- Decyl NB Copolyner O

group, a second type of repeat unit derived from a norbornene-type
monomer having an aralkyl pendent group, and a third type of repeat unit
derived from a norbornene-type monomer having a linear alkyl pendent
group. In such an embodiment, the first type of repeat unit and the third
type of repeat unit are each from 25 to 35 percent of a total number of
repeat units in the polymer and the second type of repeat unit is from 35 to
45 percent of such total.

[0058] Polymers described herein have a suitable weight average
molecular weight (Mw) to function as one of a photodefinable polymer or a
dielectric material. In one embodiment, the polymer has a Mw from 10,000
to 600,000. For some embodiments, it is advantageous for the polymer to
have a Mw from at least 30,000, while in others from at least 60,000. In
some embodiments, the upper range of the polymer's Mw is up to 400,000,
while in others is up to 250,000. Mw is determined by gel permeation
chromatography (GPC) using poly(styrene) standards. The Mw desired
and/or selected of a polymer is selected to be sufficient to provide the
desired physical properties in the cured polymer, films, layers or structures
derived therefrom.

[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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MV 1f-C2 Copolyner Reaction Conditions: Mononers:
Nor bor nene Mal ei m des Decyl Nor bor nene
Catalysts: Ally! Pd Chloride diner AgSbF6 DCE

(di chl oroethane) Catalyst Ratios : 200/1 & 500/1

Tr%‘i%‘%ﬁz%?‘;} %rm?sﬁ'ioisztgrecabsorption and/or low dielectric constant. In some
embodiments, moisture absorption of less than 2 weight percent and/or a
dielectric constant of less than 3.9 are found. In other embodiments,
moisture absorption of less than 1 weight percent and/or a dielectric
constant of less than about 2.5 are found. Moisture absorption is
determined by measuring weight gain of a sample in accordance with
ASTM D570-98.

[0062] The cured layers or structures formed from the polymer
embodiments in accordance with the present invention generally have a
relatively high glass transition temperature (Tg). In some embodiments,
such layers or structures have a Tg of at least 200°C. In other
embodiments at least 250°C, and in still others, 300 °C. The relatively high
Tg allows for the use of such layers or structures in a wide variety of
microelectronic or optoelectronic applications and devices. Tg is
determined using Dynamic Mechanical Analysis (DMA) on a Rheometric
Scientific Dynamic Analyzer Model RDAII available from TA Instruments,
New Castle, Del. according to ASTM D5026-95 (temperature: ambient to
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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(both from Ciba Chemicals), Lowinox WSP, Lowinox 1790, Anox 330, Anox
20 and Lowinox CA22 (all from Great Lakes Chemical Co.). Exemplary
flame retardants are, among others, aluminum hydroxide, magnesium
hydroxide, polyhalogenated biphenyls and organophosphates. Exemplary
adhesion promoters include, but are not limited to
3,3'-bis(triethoxysilylpropyl) disulfide, 3-aminopropy! triethoxysilane,
3-aminopropyl trimethoxysilane and 3-(glycidylmethyloxy)propyl trimethoxy
silane. Exemplary reactive diluents encompass, among others,
1,4-cyclohexane dimethanol diviny!l ether, 1,4-butanediol divinyl| ether,
1-(ethenyloxy)-4-(2-propynyloxy)-butane and 1,6-bis(ethenyloxy)-hexane.
Exemplary plasticizers are, among others, polystyrene, poly(d-
methylstyrene), poly(alkyl norbornene) homo-polymers and copolymers.

[0064] Photodefinable polymer composition embodiments in accordance
with the present invention are useful as components of electrical and/or
electronic devices, for making electrical and/or electronic devices, as well
as a variety of optoelectronic devices that can benefit from the high
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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amounts of antioxidant additives (non-polymer bound) are required to
obtain even small amounts of thermo-oxidative resistance. Furthermore, it
was found that significant loss of such additives could occur where the
temperature of the thermal cure used to drive the crosslinking reaction to
completion is high since it was observed that increasing the cure
temperature employed resulted in a decrease in the onset of the measured
OIT (see, Figure 6).

[0066] However, where a polymer of an embodiment in accordance with
the present invention includes norbornene-type repeating units having a
pendent group of one of a hindered functional aromatic group, excellent
thermo-oxidative stability was observed and such result attributed to the
antioxidant properties of such pendent groups: Moreover, since the
hindered functional aromatic group is bound to the polymer backbone, it is
not subject to the negative characteristics of conventional antioxidant
additives. In one 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 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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(g/ m) 502. 3g 17.6(14m) Procedure [0076]1n a 50nml
septum vi al equi pped with stir bar the flask was
charged with NBM-1 (2.0g, 0.001 nols) and Decyl NB
(2.4g, 0.001 nols) nononers and DCE sol vent. The vials
v 7id] mil
SERRARNRE, U i SRBHAS CRRTpRdR, Snkest il e brhedr
mﬂn@mefricrw’esau@then both the cat al ysts are wei ghed

d t
pexarofe ML biteld! Gildiude F s HERE (6 sBRsf Ehe

solids. The catal ygt solution was stirred at noderatg,
tenperature in gloye box for 1hr. A very fine solid

i aftex 1 hr
precrrpHyated AgG and it wl
d was filQered| out of—t"h‘e"go

i nto .nother 25mL
can then be renov fromthe glove box and is ready t\o
use. [0078] The reaction bottles and catal yst bottles

WfoIB8F Ur ExBRsE I5d 9N -NB CHRVE 8-dinmsthy lmabimidexAalution of

HEratly L RiRlo THASHAAGE (DA Sibeario it hego Myefles was

Cgtéb;atrlété ‘ri_tfﬁgfilgrﬂ%%gﬁirtgéﬂ wRR@ te@RanitBPstitréd, DaM-starkftrap,
condenser, and thermocouple. The mixture cooled to 16.2°C as the di-
methylmaleic anhydride dissolved in the toluene. To the mechanically
stirred mixture was added 663.4 g of 99% aminomethylnorbornene
(75PAL36, 5.4 mol) and 600 ml toluene rinse. The mixture immediately set
up and exhibited an exotherm to 33.8 °C. The mixture was heated carefully
(to avoid excessive foaming) to reflux. At 109 °C, approximately 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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[0079] The pol ynerization gradually beconme viscous
yell ow, and then by 48 his becone black as Pd started
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[0069] Endo-/exo-N-NBCH,CHzmaleimide (endo/exo-MIENB). Maleic
anhydride (388.62 g, 3.96 mol) was ground in a mortar and then mixed

with 6300 ml xylenes, causing the temperature to drop to 19°C, while
yielding a hazy solution. Amino-ethylnorbornene (90.1% purity, 600 g, 3.9
mol) was added dropwise over a 20-minute period to the stirred mixture,
causing the temperature to rise to 49.3 °C and giving a deep amber
solution. The mixture was refluxed into a Dean-Stark trap for 5 hours 40
minutes when water take-off slowed to 48.2 ml (68% of theoretical) and
NMR showed a very weak amido-acid signal at 6.3-6.5 ppm. GC 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
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NBM - C-1/ Decyl NB NBM -C-1/ Decyl NB NBM -C 1/ Decyl
NB NBM - C-1/ Decyl NB NBM -C-1/ Decyl NB NBM - C- 2/
Decyl NB NBM - C-2/ Decyl NB

was 97.4% pure by GC. This was recrystallized from 150 m! hot heptane to
yield 124.4 g at 99.9% purity. A second crop yielded 22.2 g at 99.7%
purity.

Example M3. (Unsubstituted Maleimide; methylene — C1 spaced)

0
\NHZ reflux
o |
o- xylenes
0

[0070] Endo-/exo-N-NBCH2maleimide (endo/exo-MINB). Maleic
anhydride (117.0g, 1.2 mol) was mixed with 860 ml o-xylene, causing the
temperature to drop to 16.5°C, while yielding a hazy solution.
Aminomethyl-norbornene (98% purity, 1.2 mol) was dissolved in 144 ml o-
xylene and added dropwise over a 15-minute period to the stirred mixture,
causing the temperature to rise to 64.6 °C. A white slurry resulted. The
mixture was mechanically stirred as the o-xylene was refluxed into 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 m! portions. Each portion
was independently loaded onto 1000-1100 g of silica and flushed 6000 ml
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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Mh: 8400 Mw 66224 60.6 PO1l: 7.9 48.3 PDI: 1.1 Mh:
12375 Mv. 45 110166 PDI: 8.9 Mh: 54600 Mv 390814 PDI :

7.2
<0.6 wt% maleic anhydride by NMR. GC analysis showed 99.4% purity and
no detectable maleic anhydride. Yield was 77.2 g (32.5% yield), mp 69.1-
71.3°C (glasses at 66.1-68.6°C).

Example M4 (exo-N-NBCH;CH3-2,3-dimethylmaleimide(exo-DMIENB)
0

)
NH, N
@/\/ 2,3-Dimethylmaleic 0
exo-DMIENB

anhydride

[0071] Dimethylmaleic anhydride (18.8 g, 0.15 mol) was dissolved in 120
ml toluene, causing the solution to cool to 18 °C. Solid exo-
(aminoethyl)norbornene ( 20.4 g, 0.15 mol) was mostly dissolved in hot
toluene, although the mixture contained residual gel and solids on cooling.
This was added to dimethylmaleic anhydride solution. Precipitation of white
solids immediately occurred. The reaction mixture was mechanically stirred
as the reaction was heated 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% yield) at 175-185
°C (<1 mbar). GC analysis showed 99.0% purity.
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Example M5 (NBCH,CH>CH,-2,3-dimethylmaleimide)

H,N
reflux \/\
0
xylenes
0

0

[0072] In a 500 mL round bottom flask, dimethyl maleic anhydride
(42.6g, 0.34m) was dissolved in toluene (300 mL) at ambient temperature.
The solution was placed under a blanket of nitrogen gas to exclude
oxygen. The reaction flask was placed in an ice bath to prevent excessive
heating from the exothermic reaction. Once the dimethyl maleic anhydride
had dissolved, an addition funnel containing 5-norbornene-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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6
Example A1 (Formula (F))

[0073] A 500ml round bottom flask was charged with 5-hydroxymethyl
norbornene (13.6g, 0.11mol), 3-(3,5-di-tert-butyl-4-
hydroxyphenyl)propionic acid methyl ester (29.2g, 0.1 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 (0.58g, 0.0016 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 hours, during which time approximately 2.9 mL of
methanol was collected in the dean stark trap. The reaction flask was
removed from the oil bath and allowed to cool to ambient temperature.
The xylene was stripped off under reduced pressure using a rotovap
leaving a viscous orange oil which hardened to a solid upon cooling 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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was stirred at anbient tenperature for 3 hours and

t hen quenched by pouring the viscous solution into a

1L beaker containing 250 nmL of THF. A m xture of

gl acial acetic acid (54g), aqueous hydrogen peroxide
(égggkbnﬁgﬂ]ﬂﬁbhgnized wat er (200g) was added to the

b =phase solution was stirred vigorously
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(4L). The maTR\&icRRrésthadepol ymer was -dr-yefiognd@:rsmn
Vé?%tﬂatﬁng‘dﬁ” k8shyrs, 82.3g (95%yield) of the
ﬁﬁ % r_.was Qg#f%agg: Qg pol ynmer conposition
POREIAHSRe; - MaSured by GPC. Pol ymer 1D
MbWsger conmpost& hisai Yl d 1H NVR conposi tion Ml ecul ar
weight Mw | P3. P4 P5 A NB/ Decyl NB (30/70) i A

(20/ 80) 1
Catalyst Molar
Components eqv NMol. wt. | Moles Grams Density (g/ml)
Allyl Pd chloride dimer 1 365.9 0.001 0.4
AgSbF; 3 3436 0.003 1.03
DCE 10(8mi) 1.3
Toluene 10 (11.5ml) 0.9
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A NB / Decyl NB (10/9011 A NB / Decyl NB / DVM NB
(40/30/30) A NB / Decyl NB/ DIVIitsllNB (20/50/30) 96%
91% 93% 90% 28.5 %/ 71.5 % 81,240 110, 321 | 113, 952
94, 404 102, 786 108, 369 83, 968 j 2. 4

Mol. Density
Monomers Mol. wt. Form. Moles mole % Grams (g/ml)
NBMI-C-1 203.2 Ci2H13NO, | 0.01m 50 2.0g
NBMI-C-2 217.3 Cy3HisNO; | 0.01m 50 2.99g
DCE 17.6(14ml)
Procedure
[0076] In a 50ml septum vial equipped with stir bar the flask was

charged with NBMI-1 (2.0g, 0.001 mols) and Decyl NB (2.4g, 0.001 mols)
monomers and DCE solvent. The vials are capped and removed from
glove box.

[0077] In a 25ml septum vial equipped with stir bar the solvent was
weighed first and then both the catalysts are weighed and transferred into
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] The reaction bottles and catalyst bottles with sure seals were
removed from the dry box and catalyst was injected at room temperature
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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2.3 2.7 .3.0_2.412.8 2.6 20.6 %/ 79.4 %

11.3 %/ 88.7 %

[0079] The polymerization gradually become viscous yellow, and then
by 48 hrs become black as Pd started degrading. The polymer mixture
after termination of reaction was diluted with 45 ml THF and stirred for 1

hr. The polymer solution was then added dropwise to an excess of
methanol (5600ml) in order to precipitate the polymer. The grey, solid
polymer was recovered by filtration and dried under vacuum at 25 °C for 24
hrs. 2.70g of dry poly (60.64 % yield was recovered and submitted for GPC
analysis. The polymer was found to have Mn = 8400; Mw = 66,224; PDI =
7.9.
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359%434%131% P6 P7 92% 94%
Sample | Monomers | Temp.| Time | Catalyst| Solvent GPC %
No. (50/50) (°C) | (Hours) | Ratio Yield
) Mn: 8400
1 '\éBe“:';c;;' 25 48 200/1 [I’E'tchh;‘r’": Mw: 66224 | 60.6
y PDI: 7.9
NBMI-C-1/ Dichl L
-C- ichloro .
2 Decy! NB 25 48 500/1 Ethane Mw: 92309 | 48.3
PDI: 4.3
NBMI-C-1/ Dichloro nMEiet
= C .
3 Decyl NB 50 48 200/ Ethane Mw: 39369 70
PDI: 4.3
NBMI-C-1/ Dichl i i
-C- ichloro .
4 Decy! NB 50 48 500/1 Ethane Mw: 53011 56
PDI. 3.6
NBMI-C-1/ b
5 Decyl NB 50 48 200/1 Toluene Mw: 3508 14
PDI: 1.1
Mn: 12375
NBMI-C-2/ Dichloro Mw:
B Decyl NB &3 =48 2004 Ethane 110166 45
PDI: 8.9
NBMI-C-2/ Dichl Ceatlets
-C- ichloro .
7 Decyl NB 25 48 500/1 Ethane Mw: 390814 77
PDI; 7.2
NBMI-C-2/ Dichl I Les
-C- ichloro .
8 Decyl NB 50 48 200/1 Ethane Mw: 76304 | 87.8
PDI: 8.1
NBMI-C-2/ Dichl e
-C- ichloro .
9 Decy! NB 50 48 5001 Ethane Mw:; 73085 | 52.4
PDI: 3.9
NBMI-C-2/ Mn: 3628
10 Decy! NB 50 48 200/1 Toluene Mw: 5831 1
PDI: 1.6
NBMI-C-2/ W SR
11 Decyl NB 50 48 500/1 Toluene Mw: 4925 5.9
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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93% 21% 48% 31% 37%435%127% - 30%450% 20% P8 P9 A NB
/ Decyl NB / DVM NB (40/30/30) A NB/Decyl NB/C3 DVM NB
(30/ 50/ 20)

[0081] The polymers used in this Example comprised (mol/mol) 50%
decyl NB, 20% phenyl ethyl NB, and 30% NB dimethyl maleimide (methyl
spaced). The polymers had a GPC molecular weight of Mw = 110545 and
Mn 45319. The polymer was dissolved on a 2-heptanone solvent (33%
total polymer) and used to make two formulations. Each formulation had 5
g of the polymer, 10 g of 2-heptanone, 0.3 gram 1-chloro-4-propoxy-9H-
thioxanthen-9-one (5 part per hundred based on polymer solid), and 0.3 g
3-aminopropy! silane (at 5 part per hundred based on polymer solid).
However, formula 2 also contained 0.1 g of an antioxidant (Irganox 10786).

[0082]) The formulations were spin coated onto round quartz disks to a
thickness of 11.5 pym and baked for 120°C for 5 minutes. An initial UV-VIS
transmission scan was performed. The coated samples were then placed
into an air atmosphere convection oven at 150°C for 7 days. After which, a
final UV-VIS transmission scan was performed. The results of this
experiment are shown in Fig. 1. Further results are shown in Fig. 3, which
shows the dynamic TGA of the polymer under nitrogen.

Examples P3-P9

[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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[0084] The oxidation induction time (OIT) for Exanple
P7 is shown in Fig. 4 while the OT for Exanple P8 is
shown Fig. 5. [0085] The thernop-oxidative stabilities

of polymers P7, P8, and P9 were eval uated using a test
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the 2 phases were permltted to separate. The aqueous phase was
discarded and the organic phase was washed 3 times with 300 mL of de-
ionized water. The polymer was then recovered by precipitating into an
excess of methanol (4L). The recovered solid polymer was dried under
vacuum at 65°C for 18 hours, 82.3g (95% vield) of the polymer was
obtained. The polymer compaosition molecular weight was measured by
GPC.

Molecular

1

PoIImeer Monomer composition | Yld conprr\cl:\sﬂiEon weight

Mw PDI

P3 A NB / Decyl NB (30/70) | 96% | 28.6 % /71.6% | 81,240 | 2.3
P4 A NB / Decyl NB (20/80) | 91% | 20.6 % /79.4 % | 110,321 | 2.7
P5 ANB / Decyl NB (10/90) | 93% | 11.3%/88.7 % | 113.952 | 3.0
PG ANB/ D&Cgl'a'g%)DMM'NB 90% | 35%/34%/31% | 94,404 | 24
p7 ANB/ Dg;{ﬂsggé)nmmma 92% | 21%/48%/31% | 102,786 | 2.8
P8 ANB/ D&Cg’,'s"o‘gé)DMM'NB 94% | 37%/35%/27% | 108,369 | 2.5
P9 A NB/ De%lo?g%//gg)ommma 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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Sanmpl e Onset (min) Peak (mn) Peak Height akt ga
P7 (OH)

Peak Height
Sample Onset (min) Peak (min)
(W/g)
P7 (OH) 81.6 87.1 5.1
P7 (25H) 84.8 84.9 342.7
P7 (50H) 83.1 83.5 354.8
P7 (75H) 75.2 75.2 270.4
P7 (100H) 76.0 76.7 289.7
P8 (0H) 92.1 92.4 283.9
P8 (25H) 88.9 89.5 342.0
P8 (50H) 95.2 95.2 315.1
P8 (75H) 84.6 84.9 292.2
P8 (100H) 82.7 82.7 339.8
P9 (0H) 70.4 98.0 1.1
P9 (25H) 66.3 91.1 1.0
P9 (50H) 63.6 89.9 1.2
P9 (75H) 55.3 77.4 1.3
P9 (100H) 51.3 75.6 1.3
Example 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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81.6 87.1 5.1 P7 (25H) 84.8 84.9 342.7 P7 (5011) 83.1
83.5 354.8 _ P7 (75H) 75.2

moderate temperature in glove box for 1hr in order to dissolve it
completely.

[0087] The septum vial was removed from the dry box and catalyst was
injected into the Buchi reactor at 80°C while the solution was mixing. The
reaction mixture turned a yellow color after the catalyst addition, stirring
was continued for 17 hrs during which time the reaction mixture gradually
become more viscous and by 17 hrs become black as Pd from the catalyst
began degrading. Then the reaction mixture was diluted with 45 ml THF
and stirred for an additional 1 hr. Then the polymer was caused to
percipitate by adding the reaction mixture dropwise to an excess of
methanol (600mi). A grey, solid polymer was recovered by filtration and
dried under vacuum at 25 °C for 24 hrs. 21.4g of dry polymer (92% vyield)
was recovered and submitted for GPC analysis. The polymer was found to
have Mn = 17,519; Mw = 76,559; PDI = 4.37. Composition by "H NMR 91
mole % Decyl NB and 9 mole % MI-C-2 NB.

Example P11

[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
(0.79; 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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75.2 270.4 P700011) 76.0 76.7 289.7 P8 (OH) 92.1 92.4
- 283.9 342.0 P8 (25H) -

intimately mixing the polymer solution with a mixture of glacial acetic acid
(259g), aqueous hydrogen peroxide [37 weight %] (50g) and deionized
water (100g) for 5 hours at 50°C. The reaction mixture was then washed 3
times with dionized water (DI) water (100g) and then added dropwise to an
excess of methanol (500ml) in order to precipitate the polymer. A white,
solid polymer was recovered by filtration and dried under vacuum at 25 °C
for 24 hrs. 58.6g of dry polymer (84% yield) was recovered and submitted
for GPC analysis. The polymer was found to have Mn = 56,217; Mw =
100,067; PDI = 1.78. Composition by '"H NMR 52 mole % Decyl NB and 48
mole % DMMI NB.

Example P12

[0090] A 500ml glass Wheaton bottle equipped with a magnetic stir bar
was charged with PENB (18.1g 0.077 mol) DMMI NB (15.8g, 0.068 mol)
and Decyl NB (16.06g, 0.0.068 mol) monomers, and Toluene solvent (150
mL). The bottle was capped and the monomer solution was sparged with
nitrogen gas for 30 minutes. Toluene solvent (6.2g) and NiArF catalyst
(0.9g; 1.6 mmol) were weighed and transferred into 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
(20.0g), 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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88.9 89.5 P8 (50H) 95.2 95.2 3151 P8 (75H) 84.6 84.9
292.2 P8 (10011) 82.7 82.7

D.! water (100g) and then added dropwise to an excess of methanol
(500ml) in order to precipitate the polymer. A white, solid polymer was
recovered by filtration and dried under vacuum at 25 °C for 24 hrs. 58.6g of
dry polymer (84% yield was recovered and submitted for GPC analysis.
The polymer was found to have Mn = 35,5635; Mw = 59,361; PDI = 1.67.
Composition by "H NMR 41 mole % PENB, 29 mole % Decyl NB and 30
mole % DMMI NB.

Example P13
[ N [ 1
o jCFz o %CFz
N FaC — N F.C
S o /CF; -9 0 /CFZ
FaC FaC
= —m = —n

[0092] A monomer mixture 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 aqueous 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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339.8 P9 (OH) 70.4 66.3 98.0 _ 1.1 P9(2511) 91.1 1.0
1.2 1.3 1.3 P9 (50H) 63.6 89.9

was diluted with tetrahydrofuran (50 g) and precipitated into rapidly stirring
methanol (1.0 — 1.5 L). After removing the precipitated polymer by
filtration, it was dried overnight at 70 — 80°C in a vacuum oven to yield 13.0
g (65.0%) of colorless solid. The polymer composition was found to be 50
mol% DMMI NB and 50 mol% 5-nonafluorobutyl norbornene by "H-NMR.
Molecular weight as measured by GPC was Mn = 38,433, Mw = 84,937,
PDI =2.21.

Example P14
i Tava¥aly _N
o) R —_— 0 R
N N
S o F O F S 0 F F
F F F F
— —m - —n

[0093] A monomer mixture of DMMINB (9.2g, 40.0 mmol),
5-pentafluorobenzyl norbornene (NBCH2CsFs, 10.8 g, 40.0 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 (0.4 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
monaomer 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 agueous 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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77.4 P9(7511) 55.3 P9(10011) _ 51.3 75.6 Exanpl e
P10 [0086] I n a 250nmL gl ass Buchi reactor equi pped
with a magnetic stir bar

tetrahydrofuran (50 g) and precipitated into rapidly stirring methanol (1.0 —
1.5 L). After removing the precipitated polymer by filtration, it was dried
overnight at 70 — 80°C in a vacuum oven to yield 16.0 g (80% yield) of
colorless solid. The polymer composition was found to be 50 mole % DMMI NB
and 50 mole % 5-pentafluorobenzyl norbornene by 'H-NMR. Molecular weight as
measured by GPC was Mn = 33,100, Mw = 108,240, PDI = 3.27..

Formulation and Process Example F1

[0094] An amber wide neck bottle was charged with 100.0g of polymer
material P7 and 100g of 2-heptanone. The solution was mixed until the
solid polymer was completely dissolved and then filtered through a 1.0
micron filter to remove particles. To the solution was added 5.0g (0.02
mol) of Speedcure® CTPX (Lambson Group Ltd.) and 1.50g of Irganox
1076 (3.0 mmol). The solution is mixed for 18 hours to completely
disperse the photoactive compounds.

[0095] A 5 inch silicon dioxide (625 thick thermal oxide coating) wafer
is spin coated with 4.0g of the polymer solution. The resulting coating is
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/ecm? 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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the flask was charged with NBM-2 (2.2g, 0.01 nol) and
Decyl NB (21.1g, 0.09 nol) nononers, dinethylanilinium
[tetraki s(pentafluorophenyl)borate] (0.048g, 0.06
nmol ) and toI uene solvent (60 nlL). The reactor vvas
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catal yst [0089] The catal yst bottle was renoved from
the dry box and catal yst was injected into the Weaton
bottle at 45C while the solution was m xi ng. The
reaction mxture turned a red color after the catalyst
addition and stirring was continued for an additiona
2hrs during which tinme the reaction m xture gradual ly
becone vi scous and then becone bl ack as catal yst
started degrading. The reaction m xture was then
diluted with 45 mMl THF and stirred for an additional 1
hr. Any residual catalyst was renoved by intimately
m xi ng the polyner solution with a m xture of glacia
acetic acid (25g), aqueous hydrogen peroxide [37
wei ght %4 (50g) and deioni zed water (100g) for 5 hours
at 50C. The reaction m xture was then washed 3 tines
with dionized water (D) water (100g) and then added
dropwi se to an excess of nethanol (500nl) in order to
precipitate the polyner. A whfte, solid polyner was
recovered by filtration and dried under vacuumat 25 C
for 24 hrs. 58.6g of dry polyner (84%yield) was
recovered and submtted for GPC anal ysis. The pol ymer
was found to have Mh = 56,217; Mwv = 100, 067; PDI =
1.78. Conposition by 1H NVR 52 nole % Decyl NB and 48
nol e % DMM NB, Exanple P12 [0090] A 500nl gl ass
Wheat on bottle equi pped with a magnetic stir bar was
charged with PENB (18.1g 0.077 nol) DW NB (15. 8g,
0.068 nol) and Decyl NB (16 069, 0. O 068 nDI)
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Exanpl e P13 [0092] A nmonomer m xture of DVMM NB (8.51
g, 37.0 mmol), 5-nonafl uorobutyl norbornene (NBC4F9,
11.49 g, 37.0 mmol) and toluene (60.0 g) was added to
and mxed in a 250 nL crinp-cap vial. The m xture was
sparged with nitrogen and éﬁguﬁg. Ni ArF catal yst (0.36
g, 0.74 mol) mxed witht (3.6 g) and et hyl
acetate (0.4 g) were added to a 10 nL crinp-cap via

i nside a dry-box and seal ed. The catal yst sol ution was
added to the nononmer m xture at anbient tenperature
wi t h VMt §faigedisi ng whi ch was continued for 3 hours
af t er qwhi ch pblyther @afptisiAg Rt tppe B 8 Getondiype @ tepkat unit
2 nmL of DI v?/aper adg{gd. %\m'xttg?e of DI wat g? (17.%
gepreSaveduéormsulaydr ogen peroxide (11.0 g) and glacia
acetic acid (6.0 g) added to the reaction m xture to
renmove any residual catalyst, the vial sealed and
stirred at anbient tenperature for an additional 15
hours. Then the reacti™Qn = aspf enoved fromthe
aqueous phase and washe ps Wth a m xture of
DI water (75 g) and 2-j ,  5%—gR? The pH of the
aqueous washes was nodit orgd dOf | ndgt hese washings to
ensure the final wash had a pH val ue gf®ater than 5.
The resulting polynmer solution was diluted with
tetrahydrofuran (50 g) and precipitated into rapidl
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wei ght as neasured by GPC was Wh = 38,433, Mv =
84,937, PDI = 2.21. Exanple P14 [ 0093] A nonomer
m xture of DVM NB (9.2g, 44.0 mol),

5- pent af | uor obenzyl noG

40.0 mmol ) and tol uene .

in a 250 nL crinp-cap vial. fhe m xture was sparged

wi th nitrogen and sealed5 N ACE catalyst (0.4 g, 0.8
mml ) mixed with toluen® (3.69} ahd ethyl acetate
(0.49) were added to a 10 nL crinp-cap vial inside a
dry-box and seal ed. The catal yst solution was added to
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?@E§§9Qggﬁﬁgggﬁghgﬁoﬁb%Es g). The pH of the aguegqus
vvashesaﬂﬂa\e!hﬁ?f@rfpftg?ééc%ﬁ ivig of Fresat HAls ARG §ERTL. R eRsa
tesfinal wash had a pH value greater than 5. The
resulting polynmer solution was diluted wth
tetrahydrofuran (50 g) and precipitated into rapidly
stirring methanol (1.0 - 1.5 L). After renoving the
preci pitated polymer by filtration, it was dried
overnight at 70 - 80C in a vacuumoven to yield 16.0 g
(80% vyield) of colorless solid. The pol yner
conmposi tion was found to be ¥ nole % DMM NB and 50
nol e % 5- pent af | uor obenzyl norbornene by 11-1-NWVR
Mol ecul ar wei ght as neasured by GPC was Mh = 33, 100,
Mv = 108, 240, PDI = 3.27.. Formul ation and Process
Exanpl e FI [0094] An anber wi de neck bottle was
charged with 100.0g of polyner material P7 and 100g of
2- hept anone. The solution was m xed until the solid

)was added to and m xed



is spin coated with 4.0g of the polyner solution. The
resulting coating is soft baked by heating at 120 C on
a hot plate for 5 mnutes. The filmis patterned by
exposing it imagewi se to 800 mJ/cn2 of 365 nm (I |ine)
radi abifiHerdd Sidethtie g@dsup)ﬂ@eréaeﬂte@%;gmm k. The
resulting pattern in the polynmer filmis enhanced by
heati ng the wafer on a hot plate at 90C for 4 m nutes.
The pattern is devel oped by, t¥pg the filmw th

2- hept anone for 25 secq to sol ve the unexposed
regions of the film The \\ fifmis then rinsed with
PGVEA for 15 seconds. The fi | is dried by placing it
on a hot plate at 90C for 5 Hinutesp) Fornul ation and
Process Exanple F2 [0096] Fornul ati on: An anber w de
neck bottle was charged with 100.0g of pol yner
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rmagtpel. gro®99] Whi [ e the invention has been explained in

relation to certain enbodinents, it is to be

under st ood that various nodifications thereof wl
beconé appahe Relyrer phlaim dk furthes compPE$ag aﬁecam)wpe of repeat
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from O, N, and Si, or a linear or branched C4 to Cz5 hydrocarbyl, halohydrocarbyl,
or perhalocarbyl and the others of R', R?, R® and R* are H.
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What is clainmed is: 1. A polyner conprising a first

type and a second type of repeat unit represented by
Formul a 1: where X is selected from - CH2-
-CH2-CH2-, or -0-; mis an integer fromo to 5; and

where for the first type of repeat unit one of Rl, R2,

R3, and R4 is a nmal ei m de containing group represented

by Formula I1: where A is a |inking group

sel ected fromnethylene, a |inear or branched C2 to C6
hydr ocar byl , hal ohydrocar byl or perhal ocarbyl, or a
subst4.t ut ddheo rpol:ymertm‘t(llaineﬂ v@tere dorGhe segarid type of repeat unit X

pol ycycli.c d yl

i By &Bhskns o Ko L R silestssdiamo rp araley
S;ﬁheémtﬁﬂolﬁp ona F{lream 1G5 I&\ﬁdwd:aFrezwr halelwdlwz;drb)g a?@khmaamyl
the others o : an are selected fromH,
@”F’l%%ﬁﬁ‘%?%ﬁé\&%é%%ﬂ%@r 6 hydrocar byl ,

hal ohydr ocar byl or perhal ocarbyl; and where for the

secongl typReolyrfdteRCIAIR 1, fQﬁI‘?erQ:fonﬁllsmB?a thlﬁ,ty'gﬁ,n& rBfeat unit

is a hindered aromatic roug represented b
(hjere X is selectggdian A2Hi-s-Cdl+CHi ﬁ'g Qi BUP a@émtée?refaomrooth

ngaﬁlle?%?oné‘g% RNGEN R%n@ é‘%&f’t&?frbﬁ’\ & dar OF BERICRY¥N ¢, to

rocar or per ha ocar or substituted or

lfns uM@JQaﬂb)édhiﬂEh){d@O@IW' ®yeeiha starl:;)’b |wheye Bueh hydrocarbyl,
Eb%gfhgg ﬁ%:??ﬂybo P@%ﬂ%%g&g&%ﬁﬂra% togs TRAHRE RERYdatofé sefected

from O, N, and Si, or a linear or branched C4 to Czs hydrocarbyl, halohydrocarbyl,
or perhalocarbyl and the others of R', R?, R® and R* are H, with the proviso that
said third type of repeat unit is distinct from said second type of repeat unit.

6. The polymer of Claim 5, where for said third type of repeat unit X is
-CHz-; mis 0; and at least one of R", R?, R® and R* is selected from an aralky!
pendent group or a linear C4 to Cy5 hydrocarbyl, halohydrocarbyl, perhalocarbyl,
and the others of R', R?, R® and R* are H.

W 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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Cl2 sulfide, or a conbination thereof; each Y is

i ndependently a functional group such as OH and SH, y

is an integer from1l to 3; each R2 is independently a

Cl to C12 al kyl (straight or branched) or cycloal kyl
group ( Suhﬁb'ﬁoWn%t &Clétﬁrsslbﬂtéré teshouritiod the first §Pe of repeat

integer from1l'to 4; greater al kyl group

anltgarmse‘ronhapéw@ ﬂ&epwpnbthep%mﬂart&é #195a°05 dYRe ofarepeat
971 ‘Fén 5 t@%@'nlﬁﬂe ggfdéHP’anGrthe amounttofiiRd By &of repeat

roc rocarb group, wth the proviso
tumatramgas frqm éﬂ@@ﬁ@ mcrhg gewent: pwa kasisef telay) molscRensgNt of the

B e B SR e Son e B 0" rperl AR

iderigedret hyl group. 3. The polyner of Cdaima1l,
further conprising a second type of repeat unit V\,here
X is selected from - CH2- -CH2-, or -0-;

m i
i ntegék f oMmIyeerf Caien %tWheé%iﬁtth%ﬁ@OtdFt githe fist tm of

{6 &sf ROSEL S
QQ% cglrt?)s ?&%%gltgﬁ'sdﬁ ocggpée{npgﬁé Sg.{o {(g(r:iar by? V\#g$ e@?r"_epeat
sumo‘.hs fngmjr&ﬁda%/molermlrmdr ocar byl or perhal ocar byl
conprises one or nore heteroatons selected fromO, N,

and Si, or _a linear or branched Cl1 to C25 hydrocarbyl,

haI ohyidr oJéJlekWJl'YmerOf Sdairal . oWEre fhe weight averagmolecyfar weight
00 4s ddfeempRb | & t
|)r?1B§1 mr e ('ﬁ?)rrﬂ](goggéoo%%o (t)ypes of r epeatwﬁgrﬁ ? rmea on
ornatogapby Osingrcply(styeens) standast al , R2, R3 and R4
is selected froman aral kyl pendent gr oup or a linear

Cl to C25 hydrocar byl haI ohydrocarb er hal ocar by|
and t¥e otlhemelysnerpf Cl é@p&ymer has cempl e’teda

H}ﬁn@gt&@% $fd ;%Iﬁh@?' Hasé@fa%?@rranglﬂﬁfﬁ’fé d;bé’tﬁtu?e bhat18ast 250°C.
ype repeat unit where X is selected from - -
-, or -0-; mis an integer fromO to 5; and at

| east133ne T[Prfa pally &t di@antk, Rs‘hdré s&dkﬁﬁn@' Has@maisture

i near or branched Cl to CJ5 droc
reRseiar ot lgss {hann wsahharfeeawiyﬂ \ﬁ%&rfé qpstant of less than 3.9.
hydr ocar byl , hal ohydr ocar byl or perhalocarbyl

conprj ses _one or nor.e, het cte

and” 4 o8 et SHAlE £ SRe Eairghia et Qedppffof rom
el ePadb@c@Phy! , or perhal ocarbyl and the ot hers of

Rl, R2; R3 and R4 are H, with the proviso that said

third type of repeat unit is distinct fromsaid second

type 15 r dpegtolymértaf Claim 1, férthairmenmoisingss solfertiselastes), from

re _for said third { e - U, iS
MBERaisitn SPantt e dnetEo it ABERRIE gleehéircyeil
sthars t dtdtegrastars dnetbkys, ketomae namgies ugyctic carblonateay orGhixtures
to C25 hydrocarbyl, hal ohydrocarbyl, perhal ocarbyl,
derePhe others of R1, R2, R3 and R4 are H, 7.
The polyner of Caiml, where the amount of the first
type ? r eipRdlo |wﬂé#ofrcﬁaa¢$s fvﬂ%?é%é w@&qt@taeasa FBH
on a basis of total nole percent of the nononers from
wiitlohexans, Rdsptanonai benzenet taliepel Werre aresitylgpaetgtrahydrofuran,

of daim3, where the amount of the

%”t%?*%g%e 0 cgepeat unit is 25 to 35 nole percent and
the amount of the second type of repeat unit is 65 to
75 nol e percent, on a basis of total nole percent of
nmononers fromwhich said first and second types of
repeat units are derived.
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9The polymer of Claimb5, where the anount of the first
type of repeat unit ranges from 10 to 50 nol e percent,
t he amount of the second type of repeat unit ranges
from5 to 60 nole percent, and the anmount of the third
type of repeat unit ranges from 10 to 50 nol e percent,
on a basis of total nole percent of t he nononers from
whi ch13ai dThié pslymesefo@laitn anehérei Actonypises afCytefeatester.
units are derived 10. The polyner of Claim?9,

wherein the anmount of the first type of repeat, unit is
from 38 t oltssPeyner plklaismil, where Ya'ﬁﬂuﬁﬂs ofY Sy Aad each

fof 35 to 45 nol e percent.

km%’ﬁfge@@ﬁ Iy%hg%zr%r@m where the wei ght average
nol ecul ar weight (Mwv) of the polyner is from 10,000 to
500, 009, asTigepaymenefClaim dewherereaeatR?dis tddutymat ogr aphy
usi ng a poly(styrene) standard. 12. The pol yner
of Caim1ll, where after said has ,conpl eted a
cur i ng0pr obkesBoly®ar of Glainy f’rewhﬁr@saté{?a@f‘ a8e K larlﬁ,dqqeaﬁently a

of at |east 250C. 13. The pol ynmer of
éﬁg}g?ﬂf%%ere said polymer has a noisture absorption
of less than 2 weight percent and a dielectric
const amt ofhd psigmeheCIRind 1, where thé indéhel sromatie gradp
Clam1l2, V\,hlg e ?aié% pol ymer has a nodulus of fromO.1
depresgniedyrormu 15. The pol yner of Claim1,
further conprising a solvent selected from hydrocarbon
sol vents, aromatic solvents, cycloaliphatic cyclic
ethers, cyclic ethers, acetates, esters, | B¢t ones,
ket ones, am des, cyclic car bonat es, or—mtures
t her eof . 16 The Iymsr of O 5, Where the
solvent is sele rchohgxape; gt aldne,
benzene, tol ueng nmesi tyl ene, ¢ ahydr of ur an,
anisole, or terp 1% The po%/ ger of
Caim1l, where A2 onpr| 58S a C2 to Cl2 ester.
18. The pol ynmer of Clalml where y is 1, xis 2, Yis
hydr oxy, and each R2 is independently a Cl to Cl2

?Lkil_v%here IX is sefectelForR ot MeICI9f-c AL 2bMd-; mR&IrEinRyeh b 0 to

3; A%is a linking group selected from methylene, a linear or branched C; to Ce

(>

hydrocarbyl, halohydrocarby! or perhalocarbyl, or a substituted or unsubstituted
Cs to C4 cyclic or polycyclic hydrocarbyl, halohydrocarbyl or perhalocarbyl, C, to
C4, ester, Cq to C12 amide, C4 to C1, sulfide, or a combination thereof; n is an
integer from 0 to 5; and each of R'®and R" is independently a C; to Cygalkyl or a

cycloalkyl group.

22.  The polymer of Claim 1, where the hindered aromatic group

represented by Formula (F)

49



20. The polymer of Claim1l, where at |east one R2 is

i ndependently a cycl oal kyl group. 21. The
pol ymer of Claim 1, where the hindered aronatic group
represented by Formula (E) R e where X is

selected from-CH2-, -CH2-CH2-, or -0-; mis an
integer fromO to 3; A2 is a linking group sel ected
frommethylene, a linear or branched C2 to C6

hydr ocar byl , hal ohydrocar byl or perhal ogar
substituted or unsubstituted C5 to Cl12 O
pol ycycl i c hydrocarbyl, hal ohydrocar byl

per hal ocarbyl, C2 to Cl2 estg 01 f6=K12 amde, Cl to
Cl12 sul fide, or QY Nat. | her ¢ \ | S BN i nt eger
fromO to 5; an{ of ' |nd%pendently

a Cl to do alk a cyclﬁalkyl otfd. 22.

The pol yner of Ch&m 1, where the hi ndehNed—aromatic

group represented by Formula (F) 23. Thg
Caim 22, further conprising suppl enenta
nor bonene-type nononer with an antioxi dant stabilizer
pendent group is represented by Structure H bel ow
where n is an integer from1l to 5; and each of R18 and
R19 are independently selected froma Cl1 to C25

hydr 0Qar byTh@peymer ofzetaTh ezpfomaea:om;ﬁnsm@wpp]emental

) Iﬂ%% pé‘éﬁéﬁo?ﬁert\% 81 an antl ?(PdeanE staglllzer pende};t groUp is’

pol ynmer  of

represented by Structure H below:

OR‘IE
4

Nanpits
(H) OR

where n is an integer from 1 to 5; and each of R"®and R" are
independently selected from a C, to Cas hydrocarbyl group.
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1) a mal ei mde containing group represented by Formul a
I where Ais a linking group selected from
net hyl ene, a linear or branched C2 to C6 hydrocarbyl,
hal ohydr ocar byl or perhal ocarbyl, or a substituted or

unsubggi t uties @?mbpoﬂl@irﬁypbérﬁpMngJ@*ﬁmWeidf repeat unit
hygﬁ‘%éﬁgbgzﬂg ngrhaqgocar byl or perhal ocarbyl, and R5
an re eac

I'ndependently selected fromH, nethyl,
et hyl, or)a-rRaemyilie camdiniMiegreup epresditesbpFomdulaR2,

R3, and R4 are selected fromH, a linear or branched
Cl to C25 hydrocarbyl, hal ohydrocarbyl or

per hal ocar byl ; and a secpnd repeat unit one of Rl, R2,
R3, and R4 is a hinderedAaromatic group represented by

Formul a (D) w@ere'AQ HsS a linking group

sel ected from net hyl eng; I near or branched C2 to C6
hydr ocar byl , hal ohydrogar byl or perhal ocarbyl, or a
substituted or unsubstj d C5 to Cl2 cyclic or

pol ycycl i ¢ hydrocar by®, hal &hyglf ocar byl or

per hal ocarbyl, C2 to Cl2 ester, Cl to Cl2 amde, Cl to
Cl2 sulfide, or a conbination thereof; each Y is

i ndepenadwhare A ia aflinkiog igoougd saejecieqh freonchethyleGel atineBHr vy

, . ¢ : h S |
SFaibes s Reytvere dronyBREAm: AL B R CREIN Shriy
giuﬁﬂﬂﬁu(e‘a;d@?ehistllwttiﬂdi@ Cs l11<|$1Ql@tﬁyﬁ::li(f2 grt mﬂ}qcyct‘vm}iydrod;a?bfgalnd _
in er from 0 . e polynmer o im
PRIGURrsErY o fpPPFIRGEEYE AN R HeR oirelRash RerRngenty
Vglé!ﬁc%oo ngol rlR,l methgi, eff§1, crAchr&dy!] @@Nﬁ@eﬁhiedﬂ@rs ﬁf R',R?,
0 onmeri c silsesqui oxane group an e nmer has a
H. SROB aiesaleciongem . & indhr 25 Draregen o yhbes BT ePYh
haloMyBFRafe oPperRblock®yl; R3, and R4 is a hindered
aromati c group and the pol yner has_a theyrno-oxidative

st abi lantya secene repsat Ligihone obRt, REnRAGNG R’ igwchiadsred

properties is detected afte 50 hour exposure to air
‘,ﬂror%eg@roup repesy 9d§y;§%ﬂ§m{§r(ﬁéowpri sing a first type

of repeat unit derived froma norbornene-type nononer
havi ng a nal ei m de cont ai ni ng pendent group, a second

type of repeat unit derd }(\f),rom a nor bornene-type
nmononer havi ng an_,@r_a@ endent group, and a third
type of repeat unit dexiyv from a norbornenetype
nmononer having a |linea [ kyl pendent group.

28. The polyner of Caiffi27, where the first type of
repeat unit and the third type of repeat unit are each

frombetween 25 to 35 percent of a total nunber of

repeat uni ts in the polyner and the second type o

r epeavhemsiA” is 8 linkiomdreurvesiected frog msthylengealinear cg_{pé{wched
ShBstpeaol PR 95 RERGR BB s GpSRIEi dor
pinsubstadted £te Gaptyaiieor polypysdic hydiecartoylChalofyd@carbyl or
fdérritné]géarbyl, C, to Cqp ester, C4 to C12 amide, C1 to Cq2 sulfide, or a combination
thereof; each Y is independently a functional group such as OH and SH; y is an
integer from 1 to 3; each R¥ is independently a C4 to Cy, alkyl (straight or
branched) or cycloalkyl group (substituted or unsubstituted); and x is an integer
from 1 to 4.
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conpri sing conmponents selected from one or nore
sensitizer conponents, one or nore solvents, one or
nore catal yst scavengers, one or nore adhesion
pronoters, one or nore antioxidants, one or nore fire
retardants, one or nore stabilizers, one or nore
reactive diluents, or one or nore plasticizers.
31 The phot odefi nabl e pol yner conposition of Caim

re
el cofdu r PRy SLCRRE . RS borf iR ARIRANLE oFfebeat
hamitzdeye enesf Rf,IRfo R&rﬂr‘rdelﬁ‘iels a palyresing oligamernsisesquioxane

SRR TRE e g R has TG o A0 P T o € or

m cr o- opt oeI ectroni c device conprising a |layer forned

from pbe phied pd9ifnenabd:|@|rwa whete shengfddi R?,RY, arfid Rf @iam
roel ectronic,or

m'raﬂ%e%ﬁﬁoa@t'e&wwr@ obenesthag aihIMY OXiFRkY e staliity where
HR\igrffiEPIBRArRS N FRithaRBEUSbPErtiEe)s d‘e@ecﬁé@ﬁﬂéﬂ@% ®bur

opt oel ectroni ¢c_devi ce el enents. 34.
FXePBEE B 3h{185°6r i cro- opt oel ectronic deV| ce of

G aim 32, where the device is selected froma logic

chi p, pa device,. a nory_ chip . .

mcr 0221 ecg Nﬁﬁ&ﬂ@ﬂ?'ng)ﬁsﬂﬁgﬂ%ﬁvﬁp@f’éﬁﬁwﬂt defived from a
fﬁo%d?n@riﬁ-%bmﬁm&mmg@ﬁrhalé}fﬁhelmnfmﬁéndﬁmlrouﬁﬂd
an apéal i cation specific i ntegrated Ci rcwt

SRFPNd type of repggt umh@ermegr D 8 hoFhainengstype mcgnomer) having an

rﬂrélk)ﬂ'p‘é%@lﬁ' FElp, AUndG HRY iR Hrefatiuflt rivedrom HRdbrBornene-
devi ce conprises a sem conductor or optoelectronic

d¥RA Pengraekagjéng a linear adigyl pANGRNE 9F¥IPect r oni ¢ or
m cr o- Opt oel ectroni c device corrprl Si ng a per nmanent

ool yneP oMo ERii St PRI, V8R ttr& PhEBFIRaPLt and the

rhied typk € tepaat anioarenéauhdrarp beveant 250t0i 35 prventef a total number

BT B b KRl O GeRAFLASLLAFR o ot

38.to A5Peetent loesitidhotatat. or m cro- opt oel ectroni ¢ device
conprising a layer formed fromthe photodefi nabl e
pol y copposj tion of aim?29 as.a stress bu
| ayemig R%% Jcogig? n%)?%ap{mr Spmpggpr?rh@orgpnsmg a po?ymer
ry@@@@d@ftbrmaheﬂ ayer on a substrate, the nethod
conprising: coating at |east a portion of one side of
a substrate with the polynmer of Caim1l;, exposing the
coat e@0pol Jephetodefinabdle rolyrmer eampesitioanef Gaim 29 furaer
c@ﬁwﬂéfngccgﬁ%ﬂﬁﬁgt Q%E 9¥ﬁ$5rm réersecng}jc[g% %?-Fﬂygonents one or
aedreni sofveatp ane er mare caﬂae'stsnae!engexbym or more adhesion

! o
SR e B S ok Bk S Ao BIEE Py, Be Br more
[stabilederd, ynefor stare ceéanties dﬂlﬂ&ﬂ'ﬂs tdnenewr atbre @iasticizers.
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42. The nethod according to Caim39, where the
actinic radiation is ultraviolet or visible radiation
havi ng a wavel ength from 200 nmto 700 nm 43.
The nmet hod according to Caim39, where the dose of

acti nigg, r apha@ph&Bdéfiab h&GcdnSpdsitm A C1dim 30, WHere said
mJ/ cng. 44, The nethod according to C aim 39,
VIREras Mesrp 6EN$itizer GRpPoERRLS Afe selastedifom antpmsanes.

ﬁen;ﬂﬁréﬁ%ﬁ,l ‘é?#}l?éﬁ‘é@,r %ﬁ%p&%n@,@lﬂ%eﬁ&?!@r&#{{s‘, ggrenes,
onprises heating to a tehperature from 150C to 290C
fanthenparindantiyenes dhiokamshersd-anes 1 GUDIXtHres theseof.

46. The net hod according to Caim39, wherein the

coat eqd,_pol yner has a thickness from0O.1 to 100 . .

micr 033-. A m'CFOe%?Ff ORI Er HB?WERP‘%%%@P&‘?%‘EVH? Qapriingba layer
fronntdtefrori AeP ph b dfirfagleep shah idc driisositopas Elai2y, mer

prior to curing.

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

34. 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.

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

where said device comprises a semiconductor or optoelectronic device package

36. A microelectronic or micro-optoelectronic device comprising a
permanent dielectric structure formed from the photodefinable polymer

composition of Claim 29.

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

38. 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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39. 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.

40. The method according to Claim 39, further comprising defining a

pattern in the cured polymer.

41. The method according to Claim 40, where defining a pattern in the

cured polymer comprises forming a plurality of structures from the cured layer.

42. The method according to Claim 39, where the actinic radiation is

ultraviolet or visible radiation having a wavelength from 200 hm to 700 nm.

43. The method according to Claim 39, where the dose of actinic
radiation for exposing is from 50 to 3,000 mJ/cm?.

44. The method according to Claim 39, where exposing comprises an

imagewise exposure.

45.  The method according to Claim 39, where curing comprises heating
to a temperature from 150°C to 290°C for a period between from 30 to 1800

minutes.

46. The method according to Claim 39, wherein the coated polymer has

a thickness from 0.1 to 100 microns.

47.  The method according to Claim 39, further comprising developing

the exposed polymer prior to curing.
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