PHOTOSENSI TI VE DI ELECTRI C RESI N COWPOSI TIONS, FI LM FORVED THEREFROM AND
SEM CONDUCTOR AND DI SPLAY DEVI CES ENCOVPASSI NG SUCH FI LMS [0001] Priority
is hereby clained to U S. Provisional Application Serial No. 60/586, 070,
filed July 7, 2004. This prior application is incorporated herein by
reference in its entirety. TECHNI CAL FI ELD [0002] The present invention
rel ates generally to a photosensitive dielectric resin conpositions and

more parti cul gy ol SmvEWIERE T RESAD COMPOZITIONS, ANLMS O

semi conduct or gk MEBPTAEREFREMAN DIEMRRERDRRSID R YND it me AYDETAI LED
DESCRI PTI ON [ 0003] Cenqgiglices SN AyaAdiNecsysuchiiagst hin-fil mtransi stor
type liquid crystal displays (TFT LCD) or Organic Electro Lum nescence

(CEL) devi pesihaverigitpioherbiy \caifednoar. Sceadvingndi Spaikadon\Garizel enent s or

Wi ring. Such pro ive fi. eLv insul ate th | ements or wiring
and/or to pl aﬁ’éﬁr kgg%e iocgkeg+j%12e§96%‘nd?ﬁ‘ﬁ %@ﬁ@pgﬁgagtécnggr ve as an
interlayer ingidogidrated hdrennbet weerenaulit itsleayiested wirings. Al so, such filns
can be used to form projections over the el ectrode surface for orientation

control of TFGHMCALREAD nol ecul es in LCD devices or as spacers between

el ectrodes jopoPEL Bdplecbhdave e rdtieberhierRly thid pRotasenalied useful in
nmounti ng sem conhductor devices on printed w.rin gog{qgss \/\/neref such fil ns
serve to i nsuFjﬁ'ﬂ%ﬁ%‘éf%%HOWHES't'QEﬁiaESﬁﬂﬁ@twt‘%%q’é £ DYt of the

board. [0004] sden bempbsigshs wed taré@idonldsicfopangutsplpy deeicks vedti nsul ati ve
films nust be able to w tOstand subsequent processing while maintaining
their protecPCRPPASLPULY VB'Sproperties during the useful life of device

within whiggthheyp ¥esscREONON ated. Wiere such materials are used in

optical applications such as displays and/or. optical .sem conduct or
dg\,i ces, tf{ﬁoos] Generally, display de\rl)iceg such as thm-fﬁm transistor typenllqw

crystal displays (TFT LCD) or Organic Electro Luminescence (OEL)
devices have a protective film or coating disposed over elements or
wiring.  Such protective films serve to insulate the elements or wiring
andfor to planarize device surfaces, and in scme cases sefve as an
interlayer insulation film between muilti-layered wirings.  Also, such
films can be used to form projections over the electrode surface for
orientation control of liguid crystal molecules in LCD devices or as
spacers between electrodes in OEL and LCD devices. Protective
films are aiso useful in mounting semiconductor devices on printed
wiring boards where such films serve to insulate between the
semiconductor device and the circuit of the board.

[0004] To be effective, materials for such protective/insulative films must
be able to withstand subsequent pracessing while maintaining their
protective/insulative properties during the useful life of device within
which they are incorporated. Where such materials are used in optical
applications such as displays and/or optical semiconductor devices, the
materials must also be highly transparent at appropriate wavelengths of
light. In addition, for some applications, the materials must also be
photosensitive. Thatis to say, they must be capable of being photo



materials nmust al so be highly transparent at appropriate wavel engths of
light. In addition, for sonme applications, the materials nust al so be
phot osensitive. That is to say, they nust be capable of being photo 1
patterned wi thout the need of a distinct patterning |ayer being applied
t hereover. [0005] While in the past various materials have been found
useful for some of the applications described above, the higher

| ntegration agg Blned TRk #hd ABLY 8F aClis et BLA¥ind BAFLF BOMlCARIedeVi ces and

printed wirin as s onti nued use of such previously
known materi &iegeowdrl be problematic and/or limting. For exanple, while

currently k I resi.ns gene ve ade t enperature
perfornance{b%\laﬁé O\f%'?léﬂ RSt Irg &%ﬁ@%‘sgﬁvﬁﬁeﬁn Oyégtu(%é%ﬂ)goreffecti ve in
hi ghly integrabed @&ndé cappmailoatsLdeszadediebowShhawgm integcateasad!/o i ng
density and hi
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mat eri al i s tbheapisids sreviryihat o tostensidt usseofr aghmreenoeiypaesinng a
pol yi m de pre co joS ed in Japanese
Pat ent No. 3, %gﬁ%%%ﬂ%%@g?&éqher %2@2“ I?ﬁggn%f nggggi?g %ﬁg\%n materi al s
that are beli eu&dnﬂhoknqommpbbfmtdledeemSIgamet$|iyd1534@eadﬂfélaé%h§gh c resin based

radiat | on- sensl bl ve, CUPRSELHON Lo k3%l d Rl aRrR JaRpfigapiPal ent

Appl i cation and atl on-sensitirve resin conposition
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adequat e transparency do“not ve ad e in heat resistance. [0007]
Therefore it mmja@en@tdmag@ﬁ@wghH@R/éoraemﬁv@@@is@wrsﬁlw r@8¢ n

conposi tion thaty Qﬁ&wfbso%ﬁ@eﬂﬁéte&@r 4 g @osﬁﬂde%@%otosseh'smbbyesm
transparent, has a low permttivity, is readily photo patternable and has
encompassmg a polyimide pfecursor and a diazoquinone-type

compound disclosed in Japanese Patent No. 3,262,108.

[0006] Other examples of currently known materials that are believed to
problematic or limiting are the acrylic resin based radiation-sensitive
composition disclosed in Laid-open Japanese Patent Application
No. Hei 5-165214 and the radiation-sensitive resin composition
encompassing an alicyclic olefin resin disclosed in Laid-open Japanese
Patent Application No. 2003-162054. Both materials, while exhibiting
adequate transparency do not have adequate in heat resistance.

[(0007] Therefore it would be advantageous to have a photosensitive
resin composition that can be used for forming a film that is highly
transparent, has a low permittivity, is readily photo patternable and has
high heat resistance. In addition, it would be advantageous for such a
photasensitive resin composition to be photo patternable using an

aqueous based developer such as an aqueous alkali solution.

[0008] Exemplary embodiments in accordance with the present
invention will be described. Various modifications, adaptations or
variations of such exemplary embodiments described herein may
become apparent to those skilled in the art as such are disclosed. |t



hi gh heat resistance. In addition, it would be advantageous for such a
phot osensitive resin conposition to be photo patternable using an aqueous
based devel oper such as an aqueous al kali solution. [0008] Exenplary
enbodi ments in accordance with the present invention will be described.
Various nodifications, adaptations or variations of such exenplary

enbodi nents described herein may becone apparent to those skilled in the

art as such apg, gé%ﬁhg?ﬁ&)d htat%ll‘@ucb nl?@dJHM n%tQ z?ptTap@rlis@l

nodi fi cati ons, ations or variations upon tke teachl ngs of
t he present |Mmeiymondha temmu@moferyﬁsemies»eertt@@cﬁnﬁg%mwave advanced t he

art, are Cons gt]'hetﬁ %é?té)z?chn‘{@éﬁé\%é dlﬁge%ﬁe%'ﬂd feobér'\éd@rfedttb%epresem

i nventl on. ess otherwi se In at ed nmbers, val ues and/ or
expressi ons rMtérr’fﬁhﬁgﬁqoéecﬁjﬂéin?tﬁ“ﬂﬁ@sth@fprfa‘?ﬁj}féw@é?ﬁ@@ reaction conditions,

t d to.b der,st t by th
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patent appli cax;brtalss:o\ﬁ\heefermmt_emeqmanges drrgredrhinueastiont drnditidnscl ude t he
m ni num and r%;@d"r%rg ar%ftot&eeurq@é}g%oﬁsasvﬁlohmgﬁ in %p?ﬁéﬁaﬁ@é&ﬁy bet ween

such m ni mum er to 1 ntegers; such
ranges i ncl udth%h@cm abnutrmMra&lddltlmxvafmﬁmmLﬂmiaaWWéﬁ? dighlesfpsr bet ween

such i ni mum arighc ORHIMMKALHES. (eSS XRIBSSlare LORGMRT yRyher wi se. _the

vari ous numneri caﬁ ranges specifi ecification and i'n the clains
are approxi néciuiesthemainirave anst magimwe vefuashd tharamisasMédrasai nti es of

TedsUr SNt eQGOY LRIk eA N AnSHEh AaltBSum (ARKY whsretand her i n.

the terns resin® are used Interchangeably and are neant to
i ncl ude a synt&ﬁ@@ﬁz’@fﬁé@lﬂyﬁ@@fﬁ guch j@ngesdaclpdeisdol SV ARGt i at or s,

cat al yst s, “ang gk ol RSP0 A GRARRE ok uchiRkiRahsand the pol yrer,

where such resi ues are understo
maximum values. Unless expressly indicated otherwise, the various

numerical ranges specified in this specification and in the claims are
approximations that are reflective of the various uncertainties of
measurement encountered in obtaining such values.

[0010] As used herein, the terms “polymer” and "resin” are used
interchangeably and are meant to include a synthesized polymer, as
well as residues from initiators, catalysts, and other elements attendant
to the synthesis of the polymer, where such residues are understood as
not being covalently incorporated thereto. Such residues and other
etements, considered as part of the polymer, are typically mixed or
co-mingled with the polymer such that they tend to remain with the
polymer when it is transferred between vessels or between solvents or
dispersion media. In embodiments of the present invention, such
resin is agqueous alkaii soluble and encompasses repeat units having
pendant acidic groups for providing such aqueous alkali solubility.
Such repeat units are represented by structural Formula (1) shown
below.

[0011] As used herein, the terms “photosensitive resin compaosition,”

“photosensitive palymer composition,” “alkali soluble photosensitive



not being covalently incorporated thereto. Such residues and ot her

el enents, considered as part of the polyner, are typically m xed or
co-mngled with the polymer such that they tend to remain with the polyner
when it is transferred between vessels or between solvents or dispersion
medi a. In enbodinents of the present invention, such resin is aqueous

al kali sol uble and enconpasses repeat units having pendant acidic groups
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"photodeflnabl ion “aré use er changeab
enconpass a pd)meyamtheasm sunh gobyonetarse. wiSdch mmhmﬁutmﬂ@edfaptah@ pr esent

I nvention as V\ﬁpor an?g Sﬁéﬁaﬁg i\zeangrg%r%%cﬁg !%&er LOS Y TH BS54S 8 1et§%‘?h pol ymer

resin. Such cd ormng an rnsulativ
di el ectric | aprctussadieetromcan gBoedtenc déviced echs rguln;lireltiégt r oni ¢ and

t o- el ect I | ud
opt o- el ectronig ﬁg@@’é B0 1885 10kl LIdHeLS BAme PEARPI e UBAuMges | ncl ude a

stress buffer fer coatings, 1nter el ectric | ayers,
passi vati on owntgﬁ@w@elﬁgtrlcd%@r@ PR/ iR ToRroteqting @y g eV e & and

redistributio W d8isY b dtRiM 5 aeaendwetoss devi ces, device
packages, di sgaé?‘ﬁgj?%ée}é%” |nlse Wi r?ﬁégrsﬁoar is and tyﬁe l'i ke. [0012) Such

added mat er i alS§MiGRAAYGEr Q?Ntceér deviee PRFKdeSd dtSpIaY PREETs eIt ve material s

capabl e of bow,ﬁ?b@g\értdlg driiernpedant acidic group of the resin. Exenplary
phot osensitive erials include, but are not limted to materials

enconpassi nfpod2] 1 Su@’rapmebrbmatmﬂiedl@qdaj@%asmh@ﬁﬁym@1%t ructure and/or a

1, 2- napht hoaup,Agnedhaf| &% deits  APbbls o idiiidAn e pERESRENGH by
group of the resin.  Exemplary photosensitive materials include, but
are not limited to materials encompassing a
1,2-naphthoquincnediazide-5-sulfonylic structure and/or a
1,2-naphthoquinonediazide-4-sulfonylic structure as represented by
structural Formulae (la) and (Ib), respectively, as well as a
benzoquinone diazide structure as represented in structural Formuia
(lc), shown and discussed below. It will be understood that such
added photosensitive materials provide for a photosensitive polymer
composition that can interact with a variety of types of electromagnetic
radiation, including but not limited to, ultra-violet (UV), deep ultraviolet
(DUV), X-ray or electron beam radiation, upon exposure thereto.

[0013] Advantageous added materials can also include
non-photosensitive materials that are capable of inducing crosslinking
to both quench unreacted acidic groups and for curing the resin.
Exemplary non-photosensitive materials include, but are not limited to,
materials encompassing epoxy groups such as glycidyl group or the
like, an epoxycyclohexyl group or the like; an oxazoline group such as
2-oxazoline-2-y! group or the like, a methylol group such as a
N-hydroxy methylaminocarbonyl group or the like, or an alkoxymethyl



structural Fornulae (la) and (Ib), respectively, as well as a benzoqui none
di azide structure as represented in structural Fornmula (lc), shown and

di scussed below. It will be understood that such added photosensitive
materials provide for a photosensitive polyner conposition that can
interact with a variety of types of electromagnetic radiation, including
but not limted to, ultra-violet (UY), deep ultraviolet (DW), X-ray or

el ectron beamgFﬁH &drPas 3W%t€6ﬂp§ﬂéiwylérh%_%mmw&rﬂeabldﬁdN@nk@geous added

materials can”al so I nclude non-photosensitive materials that are capable
of inducing cCeseraliykihgyatorgmpeationelerssnliUMmeEERacsan &&indidegyPbups and for

curing the regihing BX§TRhBEMRNNANOLOSRNSI b M uTRE €80 aCloigpeliude, but are
not limted to, mnmaterials enconpassing epoxy groups such as glycidyl group

or the 1ike, 38R ®poxycycl ohexyl group or the Iike; an oxazoline group such
as 2-oxazol ne; 2- i ke, .2 GRS U heRs @
N- hydr oxy n@toﬁgl an%(éngg%c?ﬁgrneﬁ’ térggﬁ'lprh o@lrtehied?ﬂ:ﬁl@d)b)'rsgign aekoxy?ret hyl 4 group

such as a N- it &dixg! reschyh afficoopanboisydf toe coppesitivhe in preordat@heral |y, the

af orement i oneg,..cr |i nki ke ti kS Ak T i inag to a
tenperature i%’tﬁﬁgéﬁé‘%\%ﬁtwg (rﬁgﬁn ag%ﬁ?%ijggbt&%%%gg%p@%oc [0014] As
used herein, therecfing"pyseal god chemgahgropardes At BRISAIN PRI t o a fi nal

reaction of CQﬂPPE‘&H Sohed [MBo GOTRAS 1) & velindCE SUISARAE andi th the present
invention. Such curing results in achievi nghéh desired final physical and

I , e

cheni cal pr opeheioedefBied: hd! wlihmuerislsIdtNBhcuTli €1 BREHEPI VT fred into a
filmor |ayersQues bebng riuieiplesiiegd e wmdn PO irtefHengebtodéfind desine
understood that "curing can enconpass a sSingle st g@ or, nultiple steps. Wen
processing t h®PHBELIOMRRSY Yo sl Fe(ea&PWéﬁg*“%Wﬂ Et9en A cure
enconpassi ng Bla'hia'ug'c@%@ﬂ’%?@at‘@m! irbariétalrbye Birestebeanatheni-admpletal fir st
processing st teh% gunringtineansego%rg'orgr%%gssing step. As will be described more

fully below, single step or multiple step curing can include an additiona

exposure to electromagnetic radiation and/or heating. Non-limiting

examples of such properties inciude a low dielectric constant, low

moisture uptake properties, appropriate modulus, coefficient of thermat

expansion (CTE) and resistance to chemicals.

[0015] As used herein, the terms “low dietectric constant” or "low
permittivity” refer to dielectric constant or permittivity values less than
those of thermally formed silican dioxide and in particular to materials
with dielectric constant or permittivity values of less than about 3.9.
The terms “low dielectric constant compositions” or “fow K
compositions” refer to compositions having a low dielectric constant or
permittivity.

[0016] As used herein, the term “modulus” is understood to mean the
ratio of stress to strain and unless otherwise indicated refers to the
Young’'s Modulus or Tensile Modulus measured in the linear eiastic
region of the stress-strain curve. Modulus values are measured in
accordance with ASTM method D1708-95.



the curing in a second processing step. As will be described nore fully
bel ow, single step or nultiple step curing can include an additi onal
exposure to el ectromagnetic radiation and/or heating. Non-limting

exanpl es of such properties include a | ow dielectric constant, |ow

noi sture uptake properties, appropriate nodul us, coefficient of thernal
expansi on (CTE) and resistance to chem cals. [0015] As used herein, the
terms "l ow ct tin er to dielectric
const ant orﬁgglr?& t}ﬁ \%?%@H\%a ues éetggé tQ?ﬁéorBﬁérwdétgeg%rh%frﬁ%c{ %%I ly formed
silicon di oxi deastdng wesghttdadubhn fulty eried phalesendilive P@YEM¥ct ri c constant or
perm LUIvity valugsh ih 6350kBAB: apAUls Fubs7olbe terms "l ow dielectric
constant conpositions™ or P'ow npositions” refer to conpositions having
a lowdiele t% constant or permtt|V|ty [ 0016] As used herein, the term
"modul us" i 8tood to nean the ratio of stress to strain and unl ess

ot herw se 'fﬁ)‘éﬁﬁ tegy Dgé(?r@réxﬁ’ "h?@rocgﬂi&ngre%rwgléhﬁﬁlc@[ ofl@@sduetnpdul us

nmeasured in Ilne asti'c ‘region of the stress- str in c ve Modul us
val ues are rreﬁ@rmﬁaéa; PHY CAtRWY AfhBEIREER fl@rhﬂnﬁ@tgrﬁi@”m% etﬁ‘@a '10017] As
used herein, LRI Skye ARSOr @hldQsﬁ'keriyﬁF dﬁﬁ@fdﬂn”%ldnydrmsw reﬁgramei ght gai n

of a fully cured photosen3|t|ve osition in accp gnce

ASTM D570- 98. apyIdaRarky! qr%as*]he}i%ahzeéat et EY OQEHWP&%?PWP""CF £dr's to a

radi cal of a gfr%lrkﬁgérhatTheC@ﬂﬁq%éma@abobyca;*f@moaaﬂdymydmgegmutpon limting
exanpl es bei ng al Ky|

al kar nd. al kenyl. The term
" hal ohydr ocar Wjere ?%P&FQ@ 'ﬂ!ﬁrogefﬁﬁ/g%%a?mre%%%ﬁbma@@ 8¥ | east one
= hydr ocar B0 TaF U TrREheray, oBy P HeRFp i InGal B hRE 08 e by
hal )c/)gens cychc saturated hydrocarbon groupyhavmg ascarbon chain tengetR O?ce y
for example, from Cq to Czs.  Non-limiting examples of suitable alky!
groups include, but are not limited to, ~(CH2)3CH, -(CH2)4CHs,
-(CH3)5CHa, -(CH,)10CHs, -(CH2)25CHs and cyclohexyl.  The term
“aikylol” refers to alkyt groups that include one or more hydroxyl
groups.
[0020] As used herein the term “aryl” refers to aromatic groups that
include, without limitation, groups such as phenyl, biphenyl, xylyl,
naphthyl, anthry! and the like, as well as heterocyclic aromatic groups
that include, without limitation, pyridinyl, pyrrolyl, furyl, thienyl and the
like.
[0021] As used herein, “alkary!l” refers to a linear or branched acyclic
alkyl group substituted with at least one aryi group, for example, phenyl,
and having an alkyl carbon chain length of C;to Cos.  The aryl group
can be further substituted, if desired. Non-limiting examgples of
suitable substituent groups for the aryl group include, among others,
hydroxy! groups, benzyl groups, carboxylic acid groups and aliphatic
hydrocarbon groups.
[(0022] As used herein, “aralkyl” refers to an aryl group substituted with
at least one linear or branched acyclic alkyt group, for example, pheay!



[0019] As used herein, "alkyl" refers to a linear or branched acyclic or
cyclic, saturated hydrocarbon group having a carbon chain, |length of, for
exanple, fromC, to C5. Non-limting exanples of suitable al kyl groups
include, but are not limted to, -(CH2)3CH3, -(CH2)4CH3, -(CH2)5CH3,
-(CH2),0CH3, -(CH2)23CH3 and cycl ohexyl. The term "alkylol" refers to

al kyl groups that include one or nore hydroxyl groups. [0020] As used

herein the terpaviagwh al[lfﬁfs@b%tt:@nta@r@ﬁﬁtw&w Qrcgm éﬁm |erigr1¢ba@9,tov\n t hout

limtation, grqQups such as en ht hyl, anthryl and
the like, as vé?ﬂ aTé“en%rtYEQr(?é’ch%cbea%&’&f ﬁbﬂftH(%‘ if’ q@ﬁgﬁ i ncl ude, without
limtation, pyNbHiing BXahBleglof swémb sulbltient g@a@stfbﬁmel algegrdu@021] As
used hereln ‘al karyl""refers to a linear or branched acyclic alkyl group

substitut ed wifRIUEE PRIZEE BRISaPYIrogYIAIBUPY.dtergxarpres. HERYYIC a4thd havi ng

an al kyl car bogro@baléhd @trmdmcqud@cdr@orcgﬁ)upzhe TRk @IPEEp caamebe further
substituted

f $ eﬂ limting exanples of suitable substituent
groups for the‘ﬁ)rsgt'“tﬁ 8(ih 13R94ie, anong ot hers, hydroxyl groups, benzyl
groups, car hggydji CA%%s%d%é?Hist ‘AREN A Fe@&%ttbca|;r¥‘éé@”o%@érb&1bo%é¥éﬂéor[0022] As
used herein, "aralkyl” refers to an aryl group substituted with_ at |east

one |inear or BCHREHELPCIERRN wuam@ymgg?%sr e deRRlRRARISFHENRVING havi ng

an al kyl substag aﬁehy;wﬁw%@h !@n@ﬂr&?% t@f@sn Izﬁ@ﬁ.rpharpfaf@wt groupdd. The
aryl group can be further substit jgm td ng exanpl es

of suitable sdB%iFP?ufé‘l‘ftarﬁr‘IS’uﬁg“tPSrtot‘n% %rmc(g duBu‘i"'ﬁ%redae Ranﬁgg ot hers,
hydroxyl groupsi? W@Hdeﬁflﬁ@@ﬁes@@tfwwérﬁ Afiedhr o bpatsheda(@ talaaghatl c
hydr ocar bon gr The al @f' ‘gré)tl(g u stituted (w hal ogens.
[0023] As usea‘Zl r @iiRear off WERGed [er r's2s) falp |y [RSAFOYby ATy Qﬁ‘é‘ﬁéﬂoécycl ic or

branched (Cy to Ca3) hydrocarbyl.

[0024] As used herein, “alkynyl” refers to a linear or branched acyclic or

cyclic hydrocarbon group having one or more triple bonds and having

an alkenyl carbon chain length of Cx to Czs.  Exemplary alkyny!l groups

include, but are not limited to, ~-CZC-R"where R'* independently

represent hydrogen, a linear or branched (Cy to Cz3) alkyl, a linear or

branched {C; to Cp3) halohydrocarbyl, and a linear or branched (C to

Ca3) hydrocarbyl.

[0025] As used here and throughout the specification, mono- and

multi-functional phenolics refer to the following:

RS RE

AA

where in Formula AA, A is optional and if present is an oxygen, R® R®,
R, R® and R® independentiy represent hydrogen, a linear or branched
(Cq to Cys) alkyl, a linear or branched (C; to Cys) halohydrocarbyl, a

linear or branched (C4 to Czs) hydrocarbyl; and —~(CHz}a—C—-R*, where n



cyclic hydrocarbon group having one or nore double bonds and having an

al kenyl carbon chain length of C2 to C25. Exenpl ary al kenyl groups

i nclude, but are not limted to, -C(Rt0)=C(R")-Rl2where R10, R' or R 12

i ndependently represent hydrogen, a linear or branched (C, to C23) alkyl,

a linear or branched (C, to C23) hal ohydrocarbyl, and a linear or branched
(C, to C23) hydrocarbyl. [0024] As used herein, "alkynyl" refers to a

| i near or branched ac ' r Cli Reyddngy|@ne or nore
triple bonds Al THEGT O S ke 6 Bareahar B 1 ahat b Yer s o 5

Exenpl ary al kymaibnygirocarsy!, bl the@rovae thatdonamenaiwelordl Pheaot. Rt 3uher e

R13 i ndependent | r epg esght. hydr tigkatyh@nehe@dré Glart 0 C23)
alkyl, a li n@&iy %rl)e Oﬁllrgaﬁocﬁe('jS (%% W@fﬁm%@ﬂ%r&g byl, and a |inear or
branched (Cl che of @3 RRid-ad&r byl . [ 0025] As used here and throughout the

specification, nmono- and nmultj-functional phenolics_refe he

fol | owi ng: [R&2Gs A ysed fhigse g7¢ tﬁéo%i‘w&/ﬂ?eer %&%&%‘Pﬁufiéﬂ%,{miﬁ?% opt i onal
and if presengefésStodRe 9X3gaAg: RS, R6, R7, R8, and R9 independently
represent hydrogen, a linear or branched (C, to C25) alkyl, a linear or
branched (A to C25) hal ohydrocasbyl, @ |inear or branched (Cl1 to C25)
hydr ocar byl ; and -(CH2), - O R*, re 7 1is an integer fromO to 25, R* is
H or a linear or branched hydrocafbyl\or a hal ohydrocarbyl, with the

provi so that for a nono-function * only one of R5 to R9 is -OH and
for a nulti-functional phenol nor one of R5 to RO is -OH [0026] As
used here and throughout the spe€ificadi on, am B& phenol s

where in Formula BB, R® R® R7, R® and R® are as defined for
Formula AA. For some amino-phenol embodiments in accordance
with the present invention at least one of R® or R? is —~OH, while for
other embodiments at lsast one of R® to R is —OH.

[0027] Synthesized polymers or resins in accordance with embodiments
of the present invention encompass a polymer backbone having repeat
units in accordance with structural Formula (1):

R

<2

<

m R (1)

where X is selected from (CHz)p, oxygen, sulfur, or NR", pis equal to 1 or
2. R"is C, to Cs alkyl; m is an integer from 0 to 5, and each occurrence of
R RZ R? and R*is independently a hydrogen, a linear or branched {C1
to Cys) hydrocarbyl, a linear or branched (C1 to Cas) halohydrocarbyl, a
linear or branched (Cq to Czs) perhalocarbyl, or one of
—~(CH2)a—~C(OH)—(CF3)2, —(CHzjn ~N(H)=8(0)2-CF3, =(CHz)a—C(O}-OH,
~(CH2)a=C(0)-R?, «(CHz)i~O-C(0)=R* ~(CH2)a~0- R 32 and
~(CH2)a-0O-CHR¥-CHR®™.R!, where n is an integer from 0 ta 8, R is one
of a mono- or multi-functional phenol of Formula AA where A is an oxygen,
an amino-phenol of Formual 8B, -0—{CHa2)m—C(0)-OH where m is an



refer to the following: RS R ri Rs Ra BB where in Formula BB, R5, R6, R
R8, and RO are as defined for Formula AA. For sone am no- phenol

enbodi ments in accordance wth the present invention at |east one of R5 or
RO is -OH while for other enbodinents at | east one of R5 to RO is -COH

[ 0027] Synthesized polyners or resins in accordance with enbodinments of

t he present invention enconpass a polyner backbone having repeat wunits in

accordance with 3 waere X is
sel ected fﬁrﬂﬁg?dsf@T %ﬁgﬁgﬁﬂg ?)Rﬁlge?{e?i f*’éngﬁﬁ%r 6@113 or, 2, R is
C. to C3 alkyb:Cdalks, an_or(mg%‘?’ EHBM-0)4-R %Whﬁfﬁj{)@%@ﬁRocéﬂﬁ? FenteHof R |

R2, R3, and R4 is independent| J, ji r PréEnge® (Cl to
C25) hydr o@RFBYE OHENq 5l Co rlgﬁgé 819% g ﬂézg@@h%%nh ydrocarbyl, a

linear or bpangited HeGw bo-C28)- m@érﬁéFm@mwfamﬂ%ﬁé ngylti-functiona

(o) - o G bR R KRR DSt G GOEeRLO) - O

- (CH2) n- O(EHR@O@HRBBFRQMHW\M@HUOMISDSW%Wﬁi! gt OP?(BYﬁeDO’?"(?%at #1 is one

f - | wher e R

an Zm”ﬁ?,"pﬁ%%sm@fs%%ﬁat“%%%’ﬁ?@%%@r%”@%%%‘ Sw"”%{ " an B 2?23&”
from1l to HendErRIBUC(EPMIECFBPDhet eC (33 4CT paez *@r 5¢§n%h&é to Cs
al kyl, rg%,(@!?‘}ﬁ Wﬁﬂét @ﬁﬁﬁégmv"@ﬁreﬁmﬂﬁ HehoR40a @atbd4lic iasidH and t he

ot her a C R40 and R41 are H, and R42 is R 32
{0028] For some polymer embodiments in accordance with the present

4
invention, repeat units are encompassed where at least one of R to R
is an epoxy or oxazole function group such as represented below:

(a) an epoxy coniéining group of structural Formula 2:

o
WA

RERE (2

where A is a linking group selected from Cy to Cg linear, hranched, and
cyclic alkylene and R* and R** are independently selected from H,
methyl, and ethyl,

(b) an epoxy containing group of structural Formula 3:

R?'l R21 R23 Q
|
O"_C“‘"' """—C’:‘-—A
R22 R” Ras

(3)

where p is an integer from 0 to 6, R2? and R2* are as defined above, and
each occurrence of R2' and R is independently selected from H, methyi,

and ethyf;

(c) any combination of two of R' R? R® and R*linked together by a
linking group setected from Cy to Cos linear, branched, and cyclic alkylene
and alkylene aryl; wherein n is an integer of from 1 to 25, an epoxy
containing group of structural Formula 2 as defined above. Inthe



as defined below or -C(O-R 32; R 32 is one of a nono- or nmulti-functional
phenol of Fornula AA where Ais not present, -(CH2)m C(O) -COH,

R33-C(OH)- (CF3)2; with the proviso that for at |east one type of repeat
unit enconpassed within the polymer backbone, at |least one of RLto R4 is
a pendent group enconpassing one of -C(OH)-(CF3)2, -N(H-S(O 2-CF3, a
nono- or nulti-functional phenol, an am no-phenol or a carboxylic acid.

[ 00281 For Smm@ky)lniﬁrynfm‘bg(ﬂioﬂf&m &f the r@p@@mmcmwwg Btriidrardr esent _
i nvention, ng;p iﬁgnlt are encog% ssed where at |l east one of RLto R4 1is

an epoxy or T?Blr‘?aﬁPB” eQBEW%“P@@rWéQF%@ Grd (a) an epoxy
Conk 178, 8P o445 e B B SRS P12

| i nki ng group sel ecte romcC ear ranc cycl | c al kyl ene
and R23 and R24 are |ndependently sel ect ed from H hyI nd et hyl; (b)

an epoxy co [ ra O "Il 1
t | ¢ oc-c %f%é?ég&b% ng%f?%%@ g% erg an |nt ege romO to
6, R23 and R4 - ld-d3-RiEMITed F&Bwerylmor ea(ihz"’bom:’rwreeﬁfées ef RR1 and R22 is

| ndependent lﬁgd‘% gcgqﬁ EF 8{%.‘?%( 5@% géét%e ngf%gg oyl (a% fa:mys gombi nati on of

AKi ng group selected from
C, to 025 | hiémgenbedineheds bmaheqéﬁn ¢o @ka@rﬂ’@nearbahd\/lai gl ragisar yl ; wherein

nis an integer of fromlto 5,.an e containin roup—qf-/structural
Formul a 2 agwgqi@ft,im OB R : RS Rhamy R¥1dterminated with s of ©

£ -4
, o~ and —R¥®-CH.-0-R?®; where those of R', R?, R®, and

R* not selected from the groups of (a), (b), (¢} or (d) are independently a
hydrogen or a linear or branched (Cy to Cys) hydrocarbyl, with the proviso
that where the polymer has only a first and a second type of repeat unit
and where one of such repeat units is an epoxy group, the other of such
repeat units does not have a pendent group encompassing a carboxylic

acid group.

i0



i nventive copolyner, a portion of the repeat units having structural
Formula | contain at | east one epoxy functional pendant group; and (d) an
aromatic, |inear or branched hydrocarbyl, hal ohydrocarbyl or N

per hal ocarbyl noiety termnated by one of o, o and -R25-CH2-0-R26 where
R25 is arylene or -N(R27), where R27 is a hydrogen, a |inear or branched
(d to &4) hydrocarbyl and Rte is a hydrogen, a linear or branched (C to

4) hyd b th th R2, R3, d R4

") o nadBaE ¢ Hoome copglany o iEh R A ERE B Blinte B O R |

R2, R3, and Ré:dretnsehinties pfesem tivengooups aﬁlfCO(f@PSS@b)f"Yr('%') or (d) are’
d dent | hyd | : hyd byl ,

| ndependent | y_a . Indrpaen or a L 1Eay. o [ aBpletig) ruanGeRy, hyar ocar by

with the provf a second type
of repeat uni{ynheand onber®R'oré Rf asdlﬂﬁ‘lse)peactf—tﬁﬁi"tb %O‘éh—(@ﬁ@)}?yorgroup, t he

ot her of such %381?3&@ %@Poggg]tﬂgﬂgf@be@“ endaRtosas gtivesteoNpassi ng a

carboxylic one” éxenpl ary enbodi nent s, of, al kal i
sol ubl e resi nsectcmd @peat daihobstitthral frerprusényhewiedts 8h Real corrpass a

pol ymer cont aj ng%qﬁger%g&ggo I&gﬁqog agnajér{tsgtmag@ﬁaémgasé.n@fa wbRaicsrur al - For mul a

1, wherein ofié R4 1s one of - 3)2, or
-(CH2), - N( H) - Bu0)- ﬂir@ﬁenawréar@ﬁ sy amisel-plge ! oAndC @@Wogﬂgsecond

repeat unit oL Shpe) UrlooREAYIAnonctRsnaRoahof® tyoRR of REpecand R i

selected from roup enconpassi -functl onal

phenol , an animnits p/lfﬂén%th@ofﬂfs @Qfﬁc@@@qa?@%,are @%3%7’%\%’ effbodi ment s can

enconpass thrg&cﬁﬁtr@ffnﬁdd@fﬁén@f cé@@ﬂ@bmpu@stasemarmtzhmm@ est and second
repeat units are as de above:; such e(%megr errbodl ments, can enconpass a

r epeat unit happxbgohﬁxazole pendent group as d above
Monomers
[0030] Polymers encompassing repeat units in accordance with
Formula 1 are generally referred to as “narbornene-type” or "“NB-type’
polymers, where the abbreviation “NB” is used to refer to norbornene.
Such synthesized polymers or resins are generally formed by
vinyl-addition polymerization of one or more appropriate polycyclic
olefin monomers such as are represented by structural Formula (4):
R1
R2
N

RA

m (4)

where X, p, m and each occurrence of R', R?, R® and R* are as defined in

Formula (1).

1



epoxy or oxazol e pendent group as defined above. Mnonmers [0030] Polyners
enconpassi ng repeat units in accordance with Formula 1 are generally
referred to as "norbornene-type" or "NB-type" polyners, where the
abbreviation "NB" is used to refer to norbornene. Such synthesized
polymers or resins are generally formed by vinyl-addition polynerization
of one or nore appropriate polycyclic olefin nononers such as are

represent ed P)Oﬁt}ruﬁi%rﬁé a%%rﬁﬁé%o&é’f)amb%nmé%t%ftl@pré@eﬁﬁ%v%%@ X, p, m

and each occurrence of are as fined in Fornula (1).
11 [0031] In sé”h%sémﬁﬁ’tzﬁ@é%ﬂé i AtV AERttiongTolYRer derdeskiromivent i on,  t he

synt hesi zed re$rhc5hdr§erare 'ré‘éé'm@fﬂgjr TF'onﬂul%O(isy%B adr%h&%@r EE/@ReA fréfanoner

represented by Formul a a nmononer Selected from one or nore of
For nul ae (6), (3*?? %ﬁ“f&@)(}fsﬁ%mf% w7 O ( @B;howb@@yv CF3 Il CF3 (CH2)r,

"(H2C)_ C Csi (CH3 (7) (8) R15 R15 O ' ~0OCHIHR4 OCH
a,...,,R14 @
CHz)n alH C)/C\OSi(CH3)3
0
;/RM !!_\-
CH/ "~ o CH/ < % R4
O R15 | R‘{S

where n is an integer from 0 to 10, respectively; R'® is optionat and where
present is selected from a linear or branched C; to Cps alkyl, cycloalkyl,
alkenyl, alkynyl, aryt or aralkyl group with the proviso that only one of R'>
can be present, and R'* is selected fram hydrogen, a linear or branched
Cq to Cas alkyl, cycloalkyl, alkenyl, alkynyl, aryl or aralky! group and a C»
to C+2 monovalent organic moiety having an acidic group therein. It will
be understood that when such monomers are used to form polymers in
accordance with embodiments of the present invention, such monomers
become repeat units of the polymer (Formulae 5a -8a) viaa 2,3
enchainment mechanism.

12



?egpgc;ic}kl R15RI1I5 n Olts where nis an integer fromO to 10,

vel y; is optional and where present is selected froma i

or branched Cl1 to C25 al kyl, cycloal kyl, alkenyl, alkynyl, aryl or lalrgfﬁ;l
group with the proviso that only one of RL5 can be present, and R14 is

sel ected from hydrogen, a linear or branched Cl1 to C25 al kyl, cycl oal kyl

al kenyl, al kynyl, aryl or aralkyl group and a C2 to Cl2 nonoval ent organic
noi ety having an acjdic group therein. Jt w,d |l be understood that when
such nononers &dre-¥sed to form pol yners )n—- accordance wth enbodinents of
the present i n, éﬁéhomnomrs repeat fits of the pol yner
(Fornul ae 5a -a a 2, 3f enchai nnen echani yn 12 (5a) OH 0 (6a) /~\
ICFS 11 0_(CH2) nCF3 n(Hzcygﬁﬁi(Cl—B)S ) (8a) R'5RI5011 OH R4
, Oy H CRl4 C$MHOII/"CH®r Rs Rls p\ 2L Al so it should be

poi nted out that thevarfis carboxylic act@ nor bSTHERE nmonomers
represented by \Fornmil a 4 can be polynerized w thout providing a protecting

or bl ocking gr or the acidic hydr (8a)
RS 15 O
o ClH R O CH ﬂa_
~ 14
¢ \en \o'}: e " o :
I R15 I R15 n
O C

[0032] Also it should be pointed out that the various carboxylic acid
norbornene monomers represented by Formula 4 can be polymerized
without providing a protecting or blocking group for the acidic hydrogen.
However it is generally advantageous to employ a monomer having a
blocking group substituted for such ionizable hydrogen atom to improve
polymer yieid. Such a protected acid is generally, readily hydrolysed
to re-introduce the ionizable hydrogen after the polymerization is
complete, In some embodiments such re-introduction occurs during a
workup procedure. Exemplary blocking of protecting groups are
generally one of a tertiary butyl group, a tertiarybutoxycarbonyl group,
a tetrahydropyran-2-yi group, a triatkylsilyl group such as a
trimethylsilyl group (see, Formulae 6 and 6a) or the like, a

methoxymethyl group or the like.

Catalysts

[0033] Appropriate catalysts fof the vinyl-addition polymerization of
monomers of the present invention are coordination polymerization
catalysts such as nickel or palladium compounds, or radical
polymerization initiators such as 2 2'.azobisisobutyronitrile (AIBN),
penzoyl peroxide, lauryl peroxide, azobisisocapronitrile,
azobisisocapronitrile, t-butyl peroxide or the like. Advantageous nickel
and palladium catalysts are disclosed in U.S. Patent No. 6790579 B1
and U.S. Patent No. 6903171 B2. Advantageous radicai

13



However it is generally advantageous to enploy a nononer having a bl ocking
group substituted for such ionizable hydrogen atomto i nprove polyner
yield. Such a protected acid is generally, readily hydrolysed to
re-introduce the ionizable hydrogen after the polynerization is conplete,
In sonme enbodi ments such re-introduction occurs during a workup procedure.
Exenpl ary bl ocking or protecting groups are generally one of a tertiary
butyl group, a tertiarybutoxycarbony| group tet ydr. -2-yi group,
a trialkylsiIgmy@ﬁﬁé@“§u@ﬁ”ﬁ@gé”“¥@P%@gHﬁ?QFF&&qnghgﬁ%gggﬁyé%$nulae 6 and
6a) or the |ikesio8ed IFRINBOXYARIINEIOb0RPIyTer tSrtsdek sonCHYibYyE S9NS 0033]
Appropriate catalysts for the vinyl-addition polynerization of nononers of
the present ihueWi® 3988te coordination pol ynerization catalysts such as

ni ckel or Egb%‘ﬁdl lgnn%?gﬁ?ﬁqﬁ% a?rifjg%gi!%t;ed RelyEidatiahii@Briphdddat or s such

as 2,2'-az sobue[y 0 (A benzoyl, per?m cle, ItEur yl peroxi de,
azobi si socapriteitmordser(shanbrsidtewpeenitsseved it AR FNIPde or the

| i ke. Advant ' I sadiibmi€ adigdy sbm speudiostd ased in U. S.
Pat ent No. 63’%@@#33@%%2%5 “E\Jmé(.jrﬁ)%atenti N(]) 6‘190317_1 B2.. Adv rilét%?eous r adi cal

13 pol yneri zaah@d 1591 (G apdmaiRaneddbam UL B MEEH PP yitER Y5t ons are

di scl osed i e cl i ; LRG]S a3 vRNaMili®y & Sons, 13,
708 (1988) _[8?%%3450%5%%@%%?0 %?@%‘%”&?%Z? iniatila ed F;(I)LFYJ;E” zation is
enpl oyed,  t hpolpmwoimetigrs patandt.avchmionpand iaoenaraydepsFentfh%ol vent and
t he terrperathure Lﬂg }xze nmononer solution is raised fromabout 50 Cto
about 150 C ahd 'haj r%t i ned there until polynerization is conpleted. [0035]

Where a nickel conpound is enpl.oyg s, a vinyl-addition polynmnerization
catal yst, such conpound is gengféﬁ&faf’%pr ese%t)ed by

[0036] wheren'is1or2 andEisa ligand that donates two electrons.
If 0’ is 1, E is generally a w arene ligand such as toluene, benzene,
mesitylene or the like. [f n’ 2, E is selected from THF
(tetrahydrofuran), ethyl acetate (EtOAC) or dioxane. Exemplary nickel
compounds that can be used include, but are not limited to,
(to1uene)bis(perﬂuoropheny|)nicke!, (mesitylene)bis-
(perfluorophenylnickel, (benzene)bis(perfluorophenyl) nickel,
bis(tetrahydro)bis(perfluorophenyl)nickel, bis(ethylacetate)bis
{perfluorophenyljnickel, bis(dioxane)bis(perﬂuorophenyl)nickei or the
like.

[0037] The vinyi-addition polymerization of monomers in accordance

with the present invention is generally carried out by forming a solution
of such monomers in a hydrocarbon or aromatic solvent at a first
temperature and then adding an appropriate amount of a desired nickel
or palladium based catalyst. Optionally the solution may then be
raised to a second temperature, higher than the first temperature to
cause the polymerization to begin.  Generally for palladium based
catalysts the first temperature ranges from about 0°C to 120°C with a
second temperature ranging from 80°C to 120°C, and typically from
70°C to 90°C. For nickel based catalysts the analogous first and

14



Formula (A): En N (C6F5)2 (A) [0036] where n' is 1 or 2, and Eis a |igand
that donates two electrons. If n'" is 1, Eis generally a it arene |ligand
such as tol uene, benzene, nesitylene or the like. If n' 2, Eis selected
fromTHE (tetrahydrofuran), ethyl acetate (Et OAc) or dioxane. Exenplary
ni ckel conmpounds that can be used include, but are not |limted to,

(tol uene) bi s(perfl uorophenyl)nickel, (nesitylene)bis-

(perfluor 0phen?%c%&ﬁ%ﬁ%ﬁ#erét@%‘ﬁaiﬂﬁs@ré GRGS fé%ﬁg@g{lﬁ@y'@)’c% S8k rand

bi s(tetrahydro s(perfluorop ) ni ckel , 'acetate)bi’s

(per f 1 uor opheny®hicck@®IC, respddivelyane) bi s( per f 1 uor ophenyl ) ni ckel or the

l'i ke. [0037] The vinyl-addition polynerization of nononers in accordance
with the prddesl iﬁ@ﬁﬁ@iuahpr%cag%h%ﬁép@bl@d@rrir@cpqﬂmeﬂgfatfm@ﬁtﬁg a sol ution

of such monoMBhsnbMes BYHEQFBEAANNPENRNATRY bE r8Qlc¥BRted®y el I T ST
tenperature and then adding an appropriate anount of a Je5| red nickel or

pal | adi um baséd@!'e%ingIRMulaRf onal Iy the sol ution may then be raised to a
second tenperature, higher than the first tenperature to cause the

pol ymeri zation to begin. GeffdyAPK{PEOI3)pal | adi um(Bhsed catal ysts the first
tenperature es fromabout 0OCto 120C with a second tenperature ranging
from 60C tol %8% HHES Ppilt 8P IPGeA e 1sRREeRY gy chbiexul @RdlL based

catal ysts the snalteg@um friflustosuetatdarsaeanschepeigdonaltsanges are from
-25C to 700C, i

procat al ysts 5&%[‘3;% 2&%8%”3?%‘&3 %gl é{ﬁﬁﬁ?ﬁggﬁ {:gﬁ%gﬁ%%@' X?ﬁ?[ﬁg%‘gge]swggl ltﬁce]II o

present i nventsuoh formyulbencieps eaaniretobimitbe tof ol | owi ng Fornmul a (B):

(A Tyl Pd(P( R>f?al:tk’y)lfplzallI?adi(;%?—(tricyclohexyiphospl'nnr~;~)triflatc—3,
(allyl)palladium(triisopropylphosphinetrifiate,
(allyl)-pailadium{tricyclohexylphosphine)trifiuoroacetate, and
(altyhypalladium (triisopropyl-phosphine)trifluoroacetate.

[0040]  Other suitable procatalysts are described in the aforementioned
“171 patent and still others encompass a palladium metal cation and a
weakly coordinating anion as represented by Formuta C shown below:

[(E(R)3)aPd(Q)(LB)e][WCA] (<)

[0041] where E(R)s represents a Group 15 neutral electron donor ligand
where k is selected from a Group 15 element of the Periodic Table of
the Elements, and R independently represents hydrogen (or one of its
isctopes), or an anionic hydrocarbyl {and its deutero versions)
containing moiety; Q is an anionic ligand selected from a carboxylate,
thiocarboxylate, and dithiocarboxylate group; LB is a Lewis base; WCA
represents a weakly coordinating anion; a represents an integer of 1 or
2; and b represents an integer of 1 or 2 where the sum of a + b is 3.

{0042] Representative cocatalyst compounds include, among others,
lithium tetrakis(pentafluorophenyl)borate (LiIFABA) and
N,N-dimethylaniliniumtetrakis-(pentafluorophenyl)borate
(DANFABA). Other suitable activator compounds are also described in
the aforementioned ‘171 patent.
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[ 0039] where Rx is selected fromisopropyl and cyclohexyl; and L' is
selected fromtrifluoroacetate and trifluoronethanesul fonate (triflate).
Representati ve procatal yst conpounds in accordance with such formula
include, but are not limted to,

(all'yl')pall adium (tricycl ohexyl phosphine)triflate, (al

yl ) pal I adi un{triisopropyl phosphine)triflate.

(all'yl)-pal¥ @11'3?(:]”( Fr(é&c)é%é}&@%tm@:%@@rﬁ'@é&aﬁfe LLOr PRGRESE R in@dilion
(all'yl)pall'adi u triisopropyl - phosphi ne)trlfluoroacetate [ 0040] O her

suitabl e pr oc:ﬁ’f‘?ﬂ%ﬁ@%t @r@%&%bﬁﬁﬁ@'af rgfiosHengeoeetert @eaed!- 119 2boght ent and

still others I ordi nati ng
ani on as repr 22%?2@%”1%%?%@?%% rggl&ﬁ m&?F fﬂ%sfegg(fﬂ))m \)ég%gﬂ(%{)) q@B) b] [ WCA] r

(O [0041] whénb@UE(ﬁ)anaéﬁ)p&@éww@ewﬁr%aiv@u A togatastt leh dlonor | i gand
where E is selsgglgthd f ﬁm@ﬁ%‘é’t é'%r@br‘?é‘f@%o!@? rdthe ﬁfﬁ”a‘?ﬂh@p&?&?h& of the

El enents, and R I ndegend represents drogen one
i sot opes), or aAWENtBAT Ef"fl‘ﬁﬁdroﬂdaﬁtﬂ‘ﬁltw'@aﬁﬂa |Pﬁ§’¢(§'éﬁjtfe?f‘@iY%fe?Y§’f%ﬁs§qecont ai ni ng

moiety: Qis ag@Riporthd MaRBMe? 8bREI&H rhéieBuE: %rgb%y 1o Bsulting
t hi ocar boxyl ate, and dithj ocarboxyl ate group, LB is a Lew s base;

represents a REHRISF tE%’o‘ﬁ&eﬁé{?ﬂﬁ@déH?@ﬁmrﬁ qfé’b? E3ENLs ArSPRt eger of 1 or 2

and b represe@t@s@bd ntwe@eéfoeé whit@lexdmnay @ah §es ﬁ#rpr@éatauyttb) is 3 [0042]
Representative coc npounds i ncl ude, it

t et r aki s( pent 8??%8@8@?\&@/0)(‘:’51&%? e(L?WAﬁ"'aé{rPﬁr%”ﬂd advantageous after

N, N- di net hyl arddtiriei &Hﬁe@h‘fa‘kat%r( pentrafd siohoghenydngeeraat evith{iDANFABA) . Ot her
sui tabl e acti vat or e afprenentioned '171

ngo.gngs %r%. al S9 gﬁicrl bed in tgo €

patent. 15 [Oﬁﬁ?ﬁe T”rll SRLSPHERES AT RS SONE BHSGHT ALY FRk pr esent
invention, pereapll yétere a sngatcahmyminenbtatelysatydsncigrusedngemer om about 1:1
to about  1:10mphRirSOHTE P HLRHITRAL frveRHER ) At b BRlignbf om about 1:1

to
cocatalyst.

[0044] Generally, a solvent represents from about 50 to about 80
percent of a polymerization reaction medium, although other amounts
are also found suitable. Suitable polymerization solvents for the
addition polymerization reactions include hydrocarbon and aromatic
solvents. Exemplary hydrocarbon solvents include, but are not limited
ta, alkanes and/or cycloalkanes such as pentane, hexane, heptane and
cyclohexane. Exemplary aromatic solvents include, but are not limited
to, henzene, hexene, toluene, xylene and mesitylene. Other
appropriate solvents include halogenated atkane solvents such as
dichloromethane, chioroform, carbon tetrachloride, ethylchloride,
1,1-dichloroethane, 1,2-dichloroethane, 1-chloropropane,
2-chloropropane, 1-chlorobutane, 2-chlorobutane,
1-chloro-2-methylpropane, and 1-chioropentane; esters such as
ethylacetate, i-amylacetate,; ethers such as THF, 1,4-dioxane, and
diethylether; aromatic solvents such as benzene, xylene, toluene,
mesitylene, chlorobenzene, and o-dichlorcbenzene, Freon® 112
halocarbon solvent. Mixtures of one or more of the aferementioned

solvents can also be useful.

16



about 1:7, and in other enbodi ments fromabout 1:2 to about 1:4. It should
be recogni zed that appropriate nolar ratios will vary dependi ng, anong
other things, on the activity of a particular catalyst system the
reactivity of the nononmer sel ected, nolecular weight of the resulting
polymer that is desired and the nature of the catal ysts system enpl oyed.
Therefore whil e exenplary ranges for procatalyst to cocatalyst are

provi ded, o range be found advant f routine

experi ment aﬁégrﬁ] aﬁ?aﬁgﬁégﬁﬁu%mﬁr rﬁgﬁgé@%g}%g%\?\ﬁt?ﬁ?tﬁ% rﬁ'eC%“llsd(:rope and spirit
of enbodi nent paldditiinecapalgsieistiranmaenti H0N0FbOro absanid): & whileegeseaallyi ngl e
conmponent cat al yst .system.i e _ | of . 1 resent

i nvention mayar%f'o é‘}?ﬁl 890%@0;6i%0ﬂ%ﬂ §8(ﬁ%§ﬁﬁ%&%@%ﬁpe§e}ﬁgpﬁl ly, a

sol vent repr epaiddiufraatalabtoudlzs0atias cngeatir@0 10080 dent58E 1 avipdiomeri zat i on
reacti on nedi al.t , her u .ar i e. Suitable
pol yneri zati OEH@%IQ\}(%ﬂ%@gpogéipﬁetyaggld%b?Sﬁéﬁgf:%r&r@%t E%Hggrﬁﬁggg@}tﬂ# ons i ncl ude
hydr ocar bon aado@rtonet 1 evithsfodm ell®Dst tdEx@rpdeanmy tipyai.ocar bon sol vent s i ncl ude,
but are not Ilinmted to, al kanes and/or l,(ézﬁ%'/cl oal kanes such agggent ane,

hexane, hepPaA8! anld'e RY¥MERERARNESIIERE DHIRF GTRPBIMENE 'S BFVRARLS ncl ude, but

are not |im tggn the prdRNE eRRntibRXRREaretsRl BRNEhest)H BRep@pdreesy tyl ene. Ot her
appropriate solvents "ncl ude hal ogenat ed al Ifgane ol ventﬁ sucr&ngat
! :

di chl or omet haRedIIeR PNERGFZAICRAR Hih PESSERSE 9T Gri S P& I &R

1, 1- di chl or oethewev!iLirdnsitiohInestaptdtanet. Suchlmuléproopgaoment catagtstor opr opane,
LS o opant it 5otk Pk RO B RSBGPS 2" e sucn
as THF, 1, 4- deoxaalgst @nactidatet)hyltee ipeeseraratabe mcemmﬂffﬂ)gosmch as benzene,
ot 21 BRursTERkL Bt PHUPATRRER s Al epttigeapenzene
af or ement i oneGroup VIl transition metal, generally palladium, containing compound

that is converted to an active catalyst by a reaction with a cocatalyst or

activator compound.  Single component catalysts, on the other hand,

are generally prepared by admixing appropriate catalyst precursors in

an appropriate solvent, allowing the reaction to proceed under

appropriate temperature conditions, and isolating the catalyst product.

For example, a Group 10 metal procatalyst can be admixed with a

Group 15 electron donor compound and/or a iabile neutral electron

donor compound, and a salt of a weakly coordinating anion in an

appropriate solvent to yield a preformed catalyst complex. In some

embodiments in accordance with the present invention it has been

found advantageous to employ a single component catalyst with the

addition of excess cocatalyst to enhance reactivity and yields. The

description and synthesis of representative procatalysts and

cocatalysts, as well as cationic Pd(l1) catalysts formed thereusing, are

known from at least the aforementioned U.S. Patent No. 6903171 BZ.

Polymerization

[0047] Polymer compositions in accordance with embodiments of the

present invention are carried using either a batch polymerization
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sol vents can al so be useful. 16 [0045] An advantageous nol ar ratio of
nmononmer to either nickel or palladiumcatalyst is fromabout 50000:1 to
about 10:1 while generally a ratio fromabout 20000:1 to 20:1 is enpl oyed.
More specifically, palladiumcatalyst nolar ratios range from 10000:1 to
500:1 with from 3000:1 to 1000:1 being typical, and nickel catalyst ratios
range from 500:1 to 10:1 wth from100:1 to 20:1 being typical. [0046] The

pol ymer conposjt, t toToleNn: I 0 - i resent
Prventi on t pattrara gufitee d fpRTBRNEL 1o LBIA RS SR chkbihpbbing
pol yneri zat i ot matengseyenteteard @odinmylzetion predess-(esepeirrad t)@vup VI | |
transition m?s%'mi&%‘téﬂ())%ﬁer.e%’r%'oﬁ?ﬁb?é 9%@99&%}{:%&%@'%%% are generally
prepared in situ by conbining a procafalyst w a cocatalyst (or
activator) inreheliqriegetereatogiretibinetoradeer (s) to be polynerized. The term

rocatal yst wi )l be understood to nmean oup VIIl transition netal,
general I § pécmalz?(lli uﬁ{heéﬁﬁt'ﬁp‘ﬁ?'%ﬁségr?ﬁg%ﬁ SY%&%%@“B‘S%%?‘E%‘&M 0 an active
cat al yst by aplro%aﬁériimmowe’f]mb@diﬁmaiaé%@theononmbwa}emixm'rrpa)und. Singl e
conponent catal ysts,_ on.the qother hand, .are gener r by adm xin
appropr 1 at o caey BB isi RS erart A rous Gy HEBEAel e LR F B Bond ng the
reaction to prodeddauratetyst apppopentate atsethperatithe nodidinenehsre and
Solating Lhe fiidhysa R MR coaf BanFERARL o HBUR o fhdlilrs g 00aL A1 Vst

can be adm xed W ectron donor compoun or alabile
neutral el ect berpolgioatre¢anpona, tranmsderaageitfCof).a Weeikd gmbedintiMat i ng ani on

A PP OPHA Y BBl ENolk o bk Ao PECL AR GRAlRG Aol ex. |1 some

enbodi nents in accor ce w resent 1nvention it has been found
advant ageous tenapeiey Cd AseirdyPecataliporiedtivataral Y enANen efmedinadidhi tion of
excess cocat akysbrdatfPNeRieidLRGS bYdhikeaRHtyingl @Ratalif ordRE¢stbPt1 0N and
synt hesi s of rePr.esent ative procatal ysts and

solution before introducing into"a solution of monomer and CTA.  In

some embadiments, the amount of monomer dissoived in the solvent

ranges from about 5 to about 50 weight percent (wt%), and in ather

embodiments from about 10 to about 30 wt%, and in still other

embodiments from about 10 to about 20 wt%. After the preformed

catalyst or catalyst components are added to the monomer solution, the

reaction medium is agitated (e.q. stirred) to ensure complete mixing of

catalyst and monomer components and is generally heated for a period

of time adequate for the polymerization.

[0049] In a batch type solution polymerization, a mixture of the
monomers, CTA and the solvent of choice is combined together in a
single pot.  To this mixture, the activator and procatalyst solutions are
introduced together or separately.

[0050] Alternatively, the solution polymerization process can be carried
out as a semi-batch process. In this process, one of the monomers or
a partial mixture of the monomers is present in the reaction pot along
with the CTA, procatalyst and activator solutions, at temperature. The
remainder of the monomer mixture is then introduced into the reaction

pot (using syringe pumps) over a period of time.  In another
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cocatal ysts, as well as cationic Pd(I1) catalysts formed thereusing, are
known fromat |east the aforenentioned U. S. Patent No. 6903171 B2.

Pol yneri zation [0047] Pol yner conpositions in accordance wth enbodi nents
of the present invention are carried using either a batch polynerization
17 process where a reaction initiator is added to a sol ution enconpassi ng
the nononers or a netered pol ynerization process (also referred to as

serm - bat ch) Wiel e S840 BREn 3 A0S Snal e AAEHelirdy,depact | on

initiator at pre ere a nickel based catalyst system
i s enpl oyed, hafocthe rp@d:tmmotmler ameeiwbadltimaf@ﬂbm@ HeeMADAHOREPS prem xed
in a solution and t out by adding a solution of the preforned catal yst
or i ndividual™¢ rﬁl%/gi rE)(%‘?J%nents to a solution of the norbornene-type

mononer s al gfgs i Tl eabBridRINGERTS, ﬁrgaeﬂ’kheQiftrlS@ m&mrdaenm rarrcgmrfmra tto be
pol ymeri zed a J

chain transfer agent I n one ? %rrelt{] Outhe
procat al yst sdﬁ@ﬂt&ﬂ%%d&féﬂﬂ%%”@ eur %deér@ﬁg ro%ae B pnoner s,
CTA and cocat %W%thd?frs%%E':N%hl%the'r@nﬂﬂﬁﬁrﬁ@ﬁtsefrbﬁﬂamnm hotrsec 8 ocat al yst
solution was prem xed with the cocatal yst or activator solution before

i ntroduci ng |ri10®if%1 sol uti on of monomer and CTA. In sone enbodi ments, the

anount of 1,.SS0l Ln Qe id to about 50
wei ght pergg g()d §r9ta§89u§|¥) th@%&@%%gfvﬁ%%h?ggﬁfeoﬁsg?oﬁf (gk;to about 30

W% and in stadcbrdﬂnltterwﬂfem@ddlmﬁtgof Henpres etk nyeni. %02 W% After

the preformed . calaby St ek AlRLYSL p&%@’ﬂﬂﬁ%@hﬁm@h@s agddechdioyddhé ispnoner
solution, the Treaction nediumis agitated ﬁ?ﬁstl red to ensure

conpl et e ni xi rfgued thagshangeg rafe Oﬁﬁﬁt@w\@ ‘%6}’?&8 t°§”aeilufi|° gV§eferal I'y heat ed
for a period @bl m@@gqm@t;g%q;mbmumlwu zah iaddition0@4eh @ n a bat ch

type solution F;)gllewé%{a{lgsaﬁe Bged it hagbeen fo%fndttnat the use of a chain
transfer agent, such as is disclosed in U. S. Patent No. 6,136,499,
incorporated herein by reference, is effective in controiting the
molecuiar weight of the resulting resin.  Exemplary chain transfer
agents encompasses generally simple a—olefins such as 1-hexene, or
the like, as well as non-olefinic materials, hydrogen, alkylsilanes such
as triethylsilane, alkylalkoxysilanes and the like, such as are disclosed
in U.S. Published Patent Application No. 20040229157, the pertinent
parts of which are incorporated herein by reference.

[0053] It is advantageous for the molecular weight of polymers (resins)
in accordance with embodiments of the present invention to generaily
be from about 5,000 to about 100,000, although other ranges such as
from about 6,000 to about 80,000, and from about 8,000 to about
60,000 are advantageous. It will be understood that while these
ranges of maolecular weights have been determined to be advantageous
by experimentation and resins in accordance with the present invention
have been found to have an acceptabte balance of the optical
processing thereof {photoimagability), and form films with desirable
physical and mechanical properties, other ranges of molecular weight

may also be found to be advantageous upon further experimentation.
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mononers, CTA and the solvent of choice is conbined together in a single
pot. To this m xture, the activator and procatal yst solutions are

i ntroduced together or separately. [0050] Alternatively, the solution

pol ymeri zati on process can be carried out as a sem -batch process. In this
process, one of the nonomers or a partial mxture of the nononers is
present in the reacti on pot along with the CTA, procatal yst and acti vator

sol uti ons, th%ﬁor?esgéﬁio r ran@g%%w\gfﬁﬁm(me slagpg%%'%mtrﬂf?ﬁé” e is then

|ntroduced |nt sing syri a period of
time. In anot hmneséﬂt ierbotithmenthe wejght bvenagefandheurT¥ areradé of the CTA can

be introduced p tc@lafglt\]:\?enéﬁl%&s' BQltf)rgsggi}é% yn‘?ergearré (e?rﬁ%a%f réc’i u@ﬁn‘@ng with the

nonomer or n some s the time of
the intr oduct i gal-preamgesion rcbmrﬂatogranﬂyd&% d&/@redzcm h@w@r%ﬂ@dﬂﬁﬁd@tdﬁer

enbodi nent s, @ﬁg?e%i)eoqéd %Jtéon {O(fé%gﬁ/‘ 5568 @dnéﬂ»%rglw ecf(rrbodl ments,

from about 4 h vant a eous ecul ar wei ght
of the resins f\owivkd, kiso rab&rmcdfamﬁepwl tdf teerpotyirmaratin agtorgdRaCH el ent

| nvention, are %Eb?g%éry in é)r{ﬁtorrﬁg &fera Wpeo{(?r l@% kel eno? oP A dsH LM Lpmpounds ar e

enpl oyed, it |s |ng atro o catalyst to nononer can also
serve to contembodlh@MQQIﬂrtww resin's m)l ecular weight. In addition, when

a nickel used, it has been found that ,the.u of .chai n
P ansror acdhobde ettt & wemaiteaponuEr ST At R B Thaly
i ncor por at ed heseheerbyomplets®oge beiascefmbisttéw iy bnexdstredal meghedse

I I ht of th f
enconpasses. gaRGPRIT 5MCPHE &M brerT Ren St iR abe PringRRRARARRLCT | FO°TES

wel | as non-ol mremtcn amtie;lonaiosm is yerayge iy sadr Ibyla;idlirygqglgcguehetlfa@md

triethylsil anehyda Ky perog(xc}/eS'aln%r}?lswgtggté Q%o%ie@pol?M%Hzé‘ﬁor@F@%cﬂbﬁC| osed
mixture. This mixture s then agitated for several hours, the aqueous
layer removed and the solvent layer, containing the polymer, washed
with an excess of deionized water (DI water) until the pH of the washes
is about 7. The polymer product is then precipitated by adding the
solvent phase to an excess of hexanes, isolated by filtration and dried.
in other embodiments, after the in situ peracetic acid treatment and
water washes, excess amount of hexanes along with a certain amount
of methanol and water are introduced into the toluene polymer solution.
The polymer is now in methanol/water phase. By adding polymer
solution into agitating DI water drop wise, polymer is precipitated,
filtered, and dried in a vacuum oven.

[0055] In some embodiments where a Pd initiated polymerization is
performed an optional quenching step is employed. Thus, at the end
of a predetermined reaction time, a large excess of a phosphine
complexing agent, non-limiting examples of which include
bis(2-diphenylphosphino ethyl) phenyl phosphine (TRIPHOS) and
tricctyl phosphine, is introduced into the reaction mixture, generally at
the reaction temperature, to quench the catalyst. Generally, after the
phosphine addition, the reaction mixture is maintained at the reaction
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in US. Published Patent Application No. 20040229157, the pertinent parts
of which are incorporated herein by reference. [0053] It is advantageous
for the nol ecul ar weight of polyners (resins) in accordance with

enbodi ments of the present invention to generally be fromabout 5,000 to
about 100, 000, al though other ranges such as from about 6,000 to about

80, 000, and from about 8,000 to about 60,000 are advantageous. It wll be

under st ood t hafenyhurheirk k}ﬁﬁxeagtfa%ﬁﬁef& gfpeﬂeb%wh@rraw@nr%wwm%\b@t Been
determ ned to be advant ageous by experinentation and resins in accordance

with the presefinNylasénebem 4 Ravs. BlarHIoRtAE" EBPTIRRVEIRIMEREENESIEE bal ance

of the optical be@%@@e@abf@gpﬂoﬁeé@ﬂp v&aﬂh@tregsm@%bétbuhyboiym greqaatf i 1 ms with
desirabl e physical and nmechani call properties, other ranges of nol ecul ar

wei ght may al 88 PbHRIMEY BederfiRRC7088s upon further experimentation.
19 Thereforeapgagh q ui(ﬁ ﬁ@9§§hzaerdeth§’l fh@'ré‘a?@ﬁg%&op%%s%néjn?e%&?stfo?f the

present inv ntlon ecul ar wei ghts
(in Daltons) dﬁomhgﬁm @%{freerrma@wtefd thy e abiodgnenjelin |§é¢¢féaﬂf$©w=fh

chr omat ogr aphygnk @emﬁ@&t% Bﬁglfﬁét%é%‘ieﬁltp?ﬂ'g%gﬁodé Bhlwiﬁé@ﬁéf%% in
relation to ASTMDS3536-91) ispersity | also referred to

as PDI, of t heafﬁdn}r‘r‘ﬁ"r'ﬁng n %@@@f trvcrreviirerided ps E;erté‘?s“‘@rl‘%ff"l rAVRYHOr 8RS

general |y 5 orod &8Bin tﬂtetaento&jeﬁérmésaramprb?n§m§ola96®%tﬁ@@rf&a2 or |ess.
(0054] Isolation of the polynmer product er the | ymeri zation reaction

has been conpl R&HICRAYBEr BE%’(S‘I‘?{)I i YRR @INYGHE S %K?Q?blw%‘t'?\ods In some
enbodi ment s i npragesy. @@m@wwrbfbrtdwopé@mttresmem1 Oifccinp REFRARRgac d

solution i breealed 0 Jhiley, 0000 AR uRLlc dRiq oy ogen
m xture is thenoagtiti@tedofshiers eved predieinsinet iencagueats pré@stermineaoved and
the solvent |ayet e SOM & MRS, b8 PY MR Ing 8 e e of acetic acid and

hydrogen peroxide with such treatment. An exemplary time and

temperature are about one hour and about 80 °C; other times and

temperatures are also appropriate and readily determined by routine

experimentation. Following this treatment, the liguid phases are

allowed to separate and the polymer phase is filtered and the filtrate

further treated with hexanes, methanol and water as described above.

[0057] As previously mentioned, a photosensitive material is
incorperated in the photosensitive resin compositions of the present
invention. Generally such materials encompass a
1,2-naphthoquinonediazide-5-sulfonylic structure and/or a
1,2-naphthoquinonediazide-4-sulfonylic structure represented in
structural Formulae (la) and (ib), respectively:

No N3
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w th an excess of deionized water (D water) until the pH of the washes is
about 7. The pol yner product is then precipitated by adding the sol vent
phase to an excess of hexanes, isolated by filtration and dried. 1n other
enbodi ments, after the in situ peracetic acid treatnment and water washes,
excess anmount of hexanes along with a certain anount of nmethanol and water
are introduced into the toluene polyner solution. The polyner is nowin
met hanol / vat er phasg,, By, AdHN 9Dy TRteriaR! Ukl Riprésireddht sfrictgrdd  wat er
drop wi se, polymrer IS prC|p|tated, filtered, and dried in a vacuum oven.

[ 0055) In sone émbmdien@eits where a Pd initiated polynerization is

performed an optional quenching step is enployed. Thus, at the end of a
predeternmined reaction tinme, a |arge$excess of a phosphine conplexing
agent, non-limting exanples of whigh\nclyde bis(2-diphenylphosphino

et hyl ) phenyl phosphi ne ( TRI PHOS) FToctyl phosphine, is introduced
into the reaction m xture, general the reaction tenperature, to
guench the catal yst. Generally, af /’;- phosphi ne addition, the reaction
m xture i s maintained at the reacti o020 tenperature with agitation for a
period of time ranging fromabout 30  m nutes to about 4 hours, although

ot her appropriate tine periods can ﬂezused, before proceeding wth steps
to isolate the pol yner product, such as by the nethod descri bed above.

[0056] It should be realized that th i ods for

i sol ating t P35I y Peiﬁ"ééﬁ%ﬁ¥r8$‘“{%%8éﬁ%®ﬁd@ﬁérﬁ%' @%’s%@dgéfﬂg%% with the
present I nventihaypomitel trhathd peotoxengilive gompohidas geravededie’icin - are not
limting. Rather _ they.,are praovid U ' i fapieone of skill
inthe art to pﬂ%‘ihé‘?r#ﬁ ° 5?15%5%%\?%%&% éelhls()'é‘:dgﬁf)g%Fhﬁé?ﬁ%%tvforﬁélg%speci fic
pol yner producind ©neeralicaragmogs sUopesemel oF Mekefphe P EEEdRY general Iy

referred to as, /OO LEILIRALNtedBHONPATRES, AR FBHE NG any mixture of two

or more of such esterification products are combined with the resin in

forming the photosensitive resin compositions of the present invention.
in each of Formulae (9), Q represents any of the structures of Formulae
la, ib or Ic. Advantageously, when a portion of a film or a layer of the
photosensitive composition is exposed to appropriate electromagnetic
radiation, these esterification products generate a carboxylic acid which
enhances the solubility of such exposed portion in an aqueous alkali
solution as compared to any unexposed portions of such film.
Generally such photosensitive materials are incorporated into the
composition in an amount from 1 to 50 parts by weight material to 100
parts by weight resin. Where the specific ratio of the photosensitive
material to resin is a function of the dissoiution rate of exposed portions
as compared to unexposed portions and the amount of radiation
required to achieve a desired dissolution rate differential.
Advantageous photosensitive materials useful in some embodiments in
accordance with the present invention are shown in Formulae 9a-9d
below: additional useful photosensitive materials are shown in
Farmulae 9e-9n below: and still other useful photosensitive materials

are shown collectively as Formulae 9x, 9y and 9z:
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a polynmer solution, e.g., a toluene and THE sol ution, under a carbon
nonoxi de at nosphere for a predetermned tine and at a predeterm ned
tenperature, a further option is including a m xture of acetic acid and
hydr ogen peroxide with such treatnent. An exenplary tine and tenperature
are about one hour and about 80 C, other tines and tenperatures are al so
appropriate and readily determ ned by routine experinentation. Follow ng
this treatnent, the liquid phases are allowed to separate and the pol ynmer
phase is filtered and the filtrate further treated with hexanes, nethanol
and water as described above. [0057] As previously nentioned, a

phot osensitive material is ncorporated i n tpe: phdt osensitive resin
conposi ti ons ofolp ores&n nent i oo Ce 8rial s enconpass
a 1, 2-napht hoqui Jongdi-az1 J-sulfonyllc

1, 2- naphthqu|noneo|a2| e- 4 sulfonyll in structural
Formul ae (la) and (IDb) specti vel g 02 21 and
benzoqui none di azi de ials as rep Formula (lc):

O N Ic 102 [0058] GCererally the structuses o o(gylae (Ia), (I'b) and/or
(1c) are incorporat&difm<: t he photosensitive conposition as an

esterification produc a{ the respective sul fonydy,chloride (or other
reactive noiety) and @

enoff c conpound ch as on e of the

»

HaC CHs
9a-9d
Cily,  Hst
{8]e]
CH
CH, oG
9h
Cily HaC,
ao 0Q (o0]
CH
o0
CH, @/
9f
CHy HyC
ao OQ
CH
CHy
9g
fo%s} 9e-9i
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conpounds represented bel ow Thus, any one, or any m xture of two or nore
of such esterification products are conbined with the resinin formng the
phot osensitive resin conpositions of the present invention. |In each of
Forrmul ae (9), Qrepresents any of the structures of Fornulae la, |b or Ic.
Advant ageousl y, when a portion of a filmor a |layer of the photosensitive
conposition is exposed to appropriate el ectromagnetic radiation, these
esterification products generate a carboxylic acid shich enhances the
sol ubility of such exp&Sel* Nein an agugoys~s( kal i dcon as
conpared to any“ ) pns of such filN ‘-n%f such
phot osensiti ve natkt - i AtQ e cgnposition in an
anount from 1l 'o 100 arts by weight resin.
4

Where t he sped rati t he photosensi Miterial to resinis a
function of the dis8olu rate of exposed portiQns as conpared to
unexposed portions and the anount of radiation ui red to achieve a
desired dissolution rate differential. Advantageous photosensitive

invention are sho = Fornmu d bel ow, addiyi on ef ul

phot osensitive mat&riz wn in Forml ae<Qe-Qn . and stil

ot her useful p ensi ticve mat e are shown icol I'ectively as Formnul ae
9x, 9y and 9z: QL OQ / CCH 9b OQ H3C C CH3

OHB\?QQ QO
9a CH OQ ok CHy

H5C \
CHs CH
Qo oa
cH, QO
Qo D,OQ
9n

9

materials useful in sormg, gubodi ments in accgrdance mﬁth;:he pr esent

9i-9n
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cod /I V'V / OQH3CCH3 QO H3C OQ CH3 9C 9a-9d CH3
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CH3 HBC CH3 OQ QO pQQ@CH3 CH\ 9ImC'3 rl, 9) CH3 H3C pp QO/ OQ or \ \
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[0059] Compositions of the present invention also include materials that

are advantageously capable of bonding with the pendant acidic group
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of the resin.  Such materials include, but are not limited to, epoxy
graups such as glycidyl group or the like, an epoxycyclohexy! group or
the like; an oxazoline group such as 2-oxazoline-2-yl group or the like,
a methylol group such as a N-hydroxy methylaminocarbonyl group or
the like, or an alkoxymethyl group such as a N-methoxy
methylaminocarbonyl group or the like. Generally, the aforementioned
bonding with the pendant acid group of the resin is a cross-linking
reaction that is initiated by heating to a temperature above 130°C but
generatly less than 300°C.

[0060] Other exemplary materials capable of cross-linking
(cross-linkable) with the pendant acidic group include bisphenol A
epoxy resin, bisphenol F epoxy resin, silicone containing epoxy resins
or the like, propylene glycol diglycidy! ether, polypropylene glycol
diglycidyl ether, glycidyloxypropyltrimethoxy silane, polymethyl
(glycidyloxypropyl) cyclohexane or the like; polymers containing
oxazoline rings such as 2-methyl-2-oxazoline, 2-ethyl-2-oxazoline,
1,3-bis(2-oxazoline- 2-yl)benzene, 1,4-bis(2-oxazoline-2-yl)benzene,
2,2'-bis (2-oxazoline), 2,6-bis(4-isopropyl-2-oxazoline-2-yl)pyridine,
2,6-bis(4-phenyl-2-oxazoline-2-yl)pyridine, 2,2'-isopropylidenebis
(4-phenyl-2-oxazoline), (S,8)-(-)-2,2'-isopropylidenebis
{4-tert-butyl-2-oxazoline), poly(2-propenyl-2-oxazoline) or the like;
N-methylolacrylamide, N-methylol methacrylamide, furfury! alcoho!,
benzyl alcohol, salicyl alcohol, 1,2-benzene dimethanol, 1,3-benzene
dimethanol, 1,4-benzene dimethanol, resole type phenol resin or the
like. Additionally, such materials can be employed singly or as a

mixture of chemically compatible materials.

[0061] The amount of such cross-linkable compounds incorporated into
compositions in accordance with the present invention is generally from
1 to 50 parts by weight of the alkali soluble cyclic olefin based resin,
and typically from 5 to 35 parts by weight, although other advantageous
amounts of such materials are also appropriate and within the scope of

the present invention.
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Conpositions of the present invention also include materials that are
advant ageousl y capabl e of bonding with the pendant acidic group 27 of the
resin. Such materials include, but are not limted to, epoxy groups such
as glycidyl group or the |ike, an epoxycycl ohexyl group or the like; an
oxazol i ne group such as 2-oxazoline-2-yl group or the like, a nethylol

group such asoez] N-AWAr SMMbRBIHMG HHSRARAERRNYE M S idhOh adcBRidricke, or an
al koxynmet hyl r_?hu&)]ﬁsuch as a N-methoxy nmethylam nocarbonyl group or the
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surfactant such as TSF4452 (Toshiba Silicone Co., Ltd), a silane

coupling agent such as y-aminopropyl triethoxysitane, a leveling agent,

such as y-(methacryloyloxy propyl) trimethoxysilane, antioxidants such

as frganox® 1035 and 1076 (Ciba Specialty Chemicals), a fire retardant

such as a trialkyl phosphate or other organic phosphoric compound, a

plasticizer such as, poly(propylene glycol} and a crosslinking agent

such as a multifunctional epoxy compound.

[06063] In the embodiments of the present invention, these components
are generally dissoived in a solvent and prepared into a varnish form to
be used. As a solvent, there may be used N- methyl-2-pyrrolidone,
y-butyrolactone, N,N-dimethylacetamide, dimethylsulfoxide,
diethyleneglycol dimethylether, diethyleneglycol diethylether,
diethyleneglycol dibutylether, propyleneglycol monomethylether,
dipropylene glyco manomethylether, propyleneglycol monomethylether
acstate, methyl lactate, ethyl lactate, buty! lactate, methylethyl ketone,
cyclohexanone, tetrahydrofuran, methyl-1,3-butyleneglycolacetate,
1,3-butyleneglycol-3-monomethylether, methyl pyruvate, ethyl pyruvate,
methyl-3-methoxypropionate or the like. They may be used solely or
mixed by optionally selecting two or more kinds.

[6CB4] Among them, in view of high polymer sofubility and solvent
removability after curing due to volatilization, propyleneglycol mono
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(4- phenyl - 2-oxazoline), (S,S)-(-)-2,2"-isopropylidenebis
(4-tert-butyl -2-oxazoline), poly(2-propenyl-2-oxazoline) or the |ike;

N- net hyl ol acryl am de, N-nethylol nethacrylam de, furfuryl alcohol, benzyl
al cohol, salicyl alcohol, 1,2-benzene dinmethanol, 1,3-benzene dinethanol,
1, 4- benzene di net hanol, resole type phenol resin or the |Iike,

Additionally, such materials can be enployed singly or as a m xture of
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exposure radiation,  es o t1ronal conponents |nclude vari ous
addi ti ves suctP¥d %P%%E@P%PBW'”‘B@@W%W“”& KUPPACAarAre a#nsTalline coupl i ng

agent, a Ievelsh@@d@cggmteueman?m@fﬂaﬂw%ar%;%@o %br&ow/oeé?{héamymér pl astici zer,
a crosslinki n%é?{%ent or the i Ke. Such additives inclu but are not
bi

linmted to, cthsriligalin guchs lsyglsierRifestive 11 Hiec@nes:af 110¢naldh & as a
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ot her organic
photodefinable layers and cured layers derived therefrom.

[0066]  Such polymer embodiments have excellent physical properties,
particularly for use in photodefinable compositions for electrical,
electronic or optoelectronic devices. Exemplary physical properties
inctude, but are not limited to, iow moisture absorption (less than 2
weight percent), low dielectric constant (less than 3.9), and low
modulus {less than 3 Giga Pascal (GPa)).

[0067] The photosensitive polymer composition embodiments, in
accordance with the present invention,are first applied to a desired
substrate to orm a film.  Such a substrate includes any appropriate
substrate as is or may be used for electrical, electronic or
optoelectronic devices, for example, a semiconductor substrate, a
ceramic substrate, a glass substrate or the like; any appropriate coating
method can be empioyed.

[0068] Next, the coated substrate is heated to remove excess solvent,
for example to from 70 °C to 130 °C for about from 1 to 30 minutes,
although other appropriate teperatures and times can be used. After
the heating, the film is generally imagewise exposed to an active
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pl asticizer such as, poly(propylene glycol) and a crosslinking agent such
as a nultifunctional epoxy conpound. [0063] In the enbodi nents of the
present invention, these conponents are generally dissolved in a solvent
and prepared into a varnish formto be used. As a solvent, there may be
used N- nethyl -2-pyrrolidone, y-butyrolactone, N, N-dinethylacetam de,

di nmet hyl sul f oxi de, di et hyl enegl ycol dinethylether, diethyleneglycol

di et hyl et her, edémgybgaenediorcohbatimenyd eftﬂmerpre@érﬁpy\b@nﬁglmg%rm
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nononet hyl et her” " acet g | act at e,
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-1, 3- but vyl t. 1, 3-butyl enegl ycol nononet hyl et her, net hyl
oy ovate ot ot BEEhE Renad 2B SRR K ins SHHRROT At MsHERe. They may
be used sol el yligt or Iafhx@rd_zilng repim'tionaalrluye Hled. epHnwgvéN\@eaéramprtﬁoge nds. [0064]
Armong them T 68001, 01-00. pOLYITR o&%’gw ty lnjgglrégﬁﬁg%ﬁlgéﬁgg{v bi l'i ty

after curing due to vo i za | et her,
propyl enegl ycaddvaniageasuhy | Ebhemmaceemtalchmeyl%dammqrmh@mmlea@xpoaim@ is

cycl ohexanone gk g.RhiehEL ! \K’x utﬁ?cﬁ;agnh[ Q%@a@kwﬂ#‘el@ eni,)ﬁ)gtl TeRt Selen

present invention, cross eve t he |ncorporaE|on of
nor bor nene r egBat hamserge “?91963 Mﬁé bl gy b;n@é:reatmafmbom@,chwgt thedpoxand

group- cont ai nldagerp@@dﬁﬁtmgféaw&a@me bddth So RRREPAE Y FADPRUGRGAL &kl ¥ reduce
and/or elimnate the need for an npound added to the conposition

such as di scué@é&eé’ég‘\%maSgﬂérﬁlgﬁéﬁeb%‘ﬁ@li@”’&%trhﬁhﬁlfﬂl@ gftasemnt units, if

used, are are @RBRIPAMLN prodesludegs Rtink8WRIsw ranging from5 ml % to 50 nol %
of the polynmer. More specifically such levels are effective in the range

of 10 nol % tWEU0 Avlevswmadant pserassdnbtivi enprisedleawizddimients bfetheange of 15
mol % to 25 mygeLAMREiBH LPGHLYE a ILLIPHAH S B diGH, Z8HeldIgtarn

appropriate
aqueous alkali solution.  Such solution acts by dissolving essentially

all of those regions blocked from the beam while leaving exposed
regions essentially unchanged. In this manner a positive image of the
making fayer is formed on the substrate. Suitable liquid developers,
include but are not limited to, aqueous solutions of inorganic alkalis
such as sodium hydroxide, potassium hydroxide, sodium carbonate,
ammonia water or the like; and aqueous solutions of organic alkalis
such as 0.26N tetramethylammonium hydroxide (TMAH), ethylamine,
triethylamine, triethanolamine or the like. Where an organic alkali is
used, generally an organic solvent essentially fully miscible with water
is used to provide adequate solubility for the organic alkali. Agueous
solutions of TMAH are well known developer solutions in the
semiconductor industry.  After the image is developed, the substrate is
rinsed to remove excess developer solution, typical rinse agents are
water or appropriate alcohols and mixtures thereof.

[007Q]  After rinsing, the substrate is dried and the imaged film finally
cured. Thatis to say, the image is fixed by causing a reaction within
the imaged material. Such reaction is generally a cross-linking
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| evel of epoxy group-containing repeat units is a function of, anong other
t hi ngs, the physical properties desired in the polyner and/or
phot odef i nabl e | ayers and cured | ayers derived therefrom [0066] Such

pol ymer enbodi nents have excellent physical properties, particularly for
use i n photodefinable conpositions for electrical, electronic or

opt oel ectroni ¢ devi ces. Exenpl ary physical properties include, but are not
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dielectric congt aB ‘7% ess fal Hi"’] ow nmodulus (less than 3 G ga
Pascal (GPa)). 1006 Xpﬁ?@repﬂ 'th(?sfg ”ﬂ’f‘@é”%‘Sf‘ I@d BeRPuLi 13U enbodi nent s,
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devi ces, for esgnples isgeerribopeictaid sslhgttm@ts@meaene@gyaame%bstrate a
gl ass substrat 8{%%5 mtl ke: ar‘}% apg r| aai% coatin net hod can be

enpl oyed. [006 %f e MARREEE SEBet 5 A NPLTR 2BY SRPIRPT1AFr506 W cess
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although ot her,, rat.res n be use After the
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wave- | i ke proper |es |ve
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the like. Howeygsy, tegﬁﬁ%tﬁkéé’aﬁﬁgﬁﬁa s QRATE, @V%Pg)go&rmveﬁgﬂgwher gm 200 to
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That is an el e@by device in one instance, and as an interlayer insulation film for a
semiconductor device in another instance, different temperatures and
times for the instances may be found appropriate.

[0071] In some embodiments of the present invention, a semiconductor
device is formed which encompasses an insulation and/or protection
tayer having a predetermined pattern. In these embodiments, such
insutation and/or protection layer is formed from a cured product of the
photosensitive resin composition accarding to the present invention
described above.

[0072]  Such semiconductor devices are produced by using
embodiments of the alkali soluble photosensitive resin composition of
the present invention to form layers which are characterized as having
high heat resistance, low water absorption rate or the like, high
transparency, and excellent property of low permittivity.  In addition,
such layers generally have an advantageous coefficient of elasticity
after curing, 0.1 kg/mm? to 200 kg/mm? being typical.

[0073] In some embodiments of the present invention, a display device
is formed which encompasses an insulation and/or protection layer
having a predetermined pattern. (n these embodiments, such
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t hat has some regions that block the beamfromreaching the filmand other
regions that allow the beamto reach the filmcan result in an inmage of

t he masking elenent being formed in the filmafter a devel opnent process
as described below.. [0069] A devel opnent process for the exposed

enbodi nents of the present invention provides a |iquid devel oper solution,
generally an aqueous al kali solution. Such solution acts by dissol ving
essential |y anbulafion kodérmegieotisn Hyec ketbrinedmdrhe dueadpydddlce of eavi ng

the. ki ng | ore T eat i REE R 2er eld &R dbreet B Bevel opers.
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adequat e sol ubow iviatef AsdrpRo®Ffadrehakikal high AAHEPASnce And Esieaf TMAH are
wel | known devy em conductor 1ndustry. After the
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imge is develpg%%%,?y ?ﬁ(@ws%g{‘?'éﬂ% i BW”H %ﬁéﬁﬁ’eﬁfo?%ﬁﬁ%th@%’é@@gﬁvel oper
sol uti on, L ypiimm:rdmaredfag?rmsczafreeaymtcﬁrtﬂ@rpr@e%mlt Mvlehabe fcgﬂ @;@ﬂg@ysdanﬁ
m xtures ther N 7 ter rinsin t he substrate is dried and the
i mged film f?i%gﬁcre%%%gg;}aé@_!sfﬁg?mpﬁsqegj RAYTSLERRIMGAGRY S Oft i xed by causing a
reaction w t hphotaskesitivegesn wetrrdsitlon Guoly diepiay isabsirstegpagedliny a
that can be ipitlated by

-1 i nki ti . i d
non magewt oo B VBT R ot BE NGRS ARBC Bk Riprtrer 20 Gl heat i no.
Such exposuréhealadehwachtal kigh thespareepar tenis epsiret coonpi ned as is found
appropriate fQmbdieiReFhd)dts WitsdthichP§u LRSI dd IMs AR 2 Apdced

for high transparency, such as in dispiay devices, a final curing
temperature of less than about 200°C is generally desirable.

[0075] As previously mentioned, exemplary applications for
embodiments of the photosensitive resin compositions in accordance
with the present invention inctude insulation films (interlayer dielectric
layers), protecting films (passivation layers), mechanical buffer films
(stress buffer layers) or flattening films for a variety of display devices,
semiconductor devices, printing wiring boards or the like. Specific
applications of such embodiments encompass a passivation film which
is formed on a semiconductor device; a buffer coat film which is formed
on the passivation film; an interlayer insulation film which is formed

over a circuit formed on a semiconductor device; or the like.

[0076] Upon using the photosensitive resin composition of the invention
for these applications, the coefficient of elasticity of the resin
composition after curing is generally from 0.1 kg/mm? to 200 kg/mm?,
and often from 0.1kg/mm?® to 100 kg/mm?.  Further, in such
semiconductor applications, a thickness of the layer of the
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exposure is generally perfornmed using the sanme energy source as enployed
in the i magew se exposure although any appropriate energy source can be
enpl oyed. The heating is generally carried out at a tenperature from about
130C to about 300C for fromseveral mnutes to one or nore hours. However,
as in addition to the conposition of the photosensitive -resin conposition
used the heating tenperature and tinme can also be a function of the type
of device bei ngh¢topemdlive msirecompnpitoataticesuamglist geresaltamoml Go e

appropriate. Th ﬁ-]r Eaéoftgﬂlfyd?ﬁro Fgm)t%siéd qu is enployed as a |leveling or

flattening filmfor device I n one"inhstance, and as an interl ayer

i nsul ation floomif 0rAsaexa‘h%ﬂb@@ﬂdp@ﬁ@lloﬁQM'&ﬁ)iéWd%@é *‘tﬁéré getance, different
t enper at ures a%{@g i nstances may be found appropri ate. [00711
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protection |a erg%tt'é’efegﬁqfé’(ﬁjefpraémq' OBt EL FMERe  phot osensiti ve
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[0072] Such sem conductor devices are produced rments of the
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kg/ b |
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protection | ayeth thieansensf the phethakesiiveedsipaloherasitidn t hese enbodi nent s,

such 32 _
[0079] In applying the photosensitive resin compaosition to the display

device, especially an interlayer insulation film and a flattening film, high
transparency is required. Advantageously, polymers in accordance
with embodiments of the present invention are especially exceflent in
transparency and such excellent transparency is at least maintained by
introducing the aforementioned post-exposure process upon forming
the photosensitive resin composition layer.

[0080] Embodiments in accordance with the present invention therefore
provide a photosensitive polymer compasition which exhibits enhanced
Characteristics with respect to one or more of mechanical properties
(such as low-stress) and at least equivalent chemical resistance and
low water absorption rates, as compared to alternate materials such as
polyimides. In addition such embodiments provide generally excellient
electrical insulation, adhesion to the substrate, and the like. Thus
semicanductor devices, device packages and display devices are
provided that incorporate embodiments in accordance with the present
invention.
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i nsul ation and/or protection |ayer is formed froma cured product of the
phot osensitive resin conposition according to the present invention

descri bed above. [0074] Such di splay devices are produced by using

enbodi nents of the alkali soluble photosensitive resin conposition of the
present invention to formlayers which are characterized as having high

heat resistance, |ow water absorption rate or the |ike, high transparency,
and excellent property of |ow perm E}é—%‘é&'ﬁ&it wi || be understood, that
the formng of insulation and/or pr t ayers of the present
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resin conposi V64 Wga‘%é%trtﬁmatw Ph12RE pradendrvingy &if vessalnandde

i nsul ation filsting afRirbapareditesdibicdy trhA¥RRSY to RF QLEELbRG LGS

(passi vation Iﬂgeraét mecFanl al buffer filns (stress buffer |ayers) or
flattening fi MRS Y PRPFER &Oﬂ?’naﬁwsﬁﬁgfp%%ycgé’é‘,a”dsé?r%@n'd%@l@F devi ces,
printing w ri sgolaatodsmblent kempérkere. Spacidivénts apipidgaft peigoof such

enbodi nents e a passivation filmwhich s fornmed. on a

sem conduct or Bg@\%eggz?t@n BT F SPLS5at Fof &t [Ha\ﬁb?gﬂ'“‘ti io PYIHEY W’tg'ndrﬁ/he

passi vati on f initgearbdfateendaay ekll solgupatymens fridt wenbiishates ereneitkd over a
circuit forne ] ar, device:; _or the like. [0076] Upon using
t he phot osensﬂ??@e&%@?ﬂnggg%p%grt%ﬁﬁo%F%teﬁ ei#ﬁ}%rm'f"gﬁ m%i&gu ese

appl i cati ons, wefght ¢blef dnat M tanafthe lpastdi sidryivied irtdes (PES) By Graposi tion after

curing is gengrallya LoR e de KBTLR 18 1279 k@él{?‘nﬁ%’r compaosition was

determined by 'H NMR analysis.

Synthesis Example 1
HFANB / Acetic acid NB

[0083] In the glove box, a 2L Wheaton bottle containing a magnetic
stirrer bar was charged with 700mL of the toluene,
hydroxyhexafluoroisopropyl norbornene (HFANB, 169.55g, 0.62 moles),
norborene acetic acid trimethylsilylester (NBCH,COOTMS, 30.45g,
0.14 moles), dimethylanalinium tetrakis (pentafiucrophenyl) borate
(DANFABA, 0.36g, 0.454 mmoles) and triethyi silane (3.186g,

27.2 mmoles) and sealed with a crimp cap lid. Also in the glove box, a
catalyst solution of dif(tri-isopropylphosphine)
palladium{acetonitrite)acetate] tetrapentaflucrophenylborate (Pd-12086,
0.61g, 0.506 mmoles) in 10 mL of anhydrous toluene was prepared in a
30mL crimp bottle. The crimped bottles were moved to a fume hood.

[0084]  3mL of the catalyst solution (0.183g, 0.152 mmoles) was
removed from the crimp bottle and injected into the Wheaton bottle.

After the injection, the Wheaton bottle was then placed into an 80°C ail
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and often fromO.1kg/mMm®2 to 100 kg/m®. Further, in such sem conductor
applications, a thickness of the layer of the 33 photosensitive resin
conposition after curing is generally from0.1 pm to 200 pm and often
fromO0.1 pmto 100 pm [0077] As exanples of application to display device,
there are an interlayer insulation filmfor TFT, TFT elenent flatting
film color filter flatting film a projection for an MA type |iquid

crystal displ apatﬂweaﬁd:ma:raa|naegtaériei/refoel180ww§l&af{bawﬂiéﬁ e b&tleWr<O gani ¢ EL
di rents of the photosensitive

| t 0078 ti f enbo
?egimrsln cogrpom %elng(ﬁ? éggﬂé ﬁ'ﬂ 5833‘3&3&*’?560 £8P/ tgiapris)t BTG aWreéan be
anal ogous t qobdsse ;ﬂ%‘é%bm‘%‘gﬂ tﬁ@%oﬁﬁéﬂvﬁ%ﬁgﬁé%n&g‘éb?m of‘?’ﬂi%rgdcfet  pol ymer

(resin) layer |sforrre trate a etermned rn formed
in such |ayer. %9@%%@%%@9%&1&%@ fiﬁaﬁrﬂlfmﬁir@ﬁeraper@ixw (éiy‘BOdeku ce or

color filter, 3¢ weidrt «PgoundRtSHRR H?.%H ‘gﬁ?#{ém&g 'Mer he pfﬁge use of

t he photosen5|t|ve resin conposition appl'yi ng tosensitive

resin conposi tY&h% 3¢ adHe tge %Ftbﬁya”‘élé\ﬁl cesUitegpedytin stiread vigoeushyfor
insulation filfg ﬁ&ﬁ*sa frh@trﬁ&YUr@QVJé 41wy Q)h:h ﬁaﬁ%@i%rﬁpﬁéf%#@ﬁ]equ' red.

Advant ageousl y, I mers in accordance wt nts e present

i nvention ar e RIGFEAN 3 Oenl Plagite after whighdhmpewesusaplassues excel | ent

transparency irgniiveli€ashe @?éﬁ:é‘pﬁ@ge as Wﬁﬂe‘&%’ﬁh@g Willea&bALeEENt i oned
ormn otosensitive resin conposition

post - exposure process u
| ayer. [0080] Vﬁ%bgﬁsmﬁéa%f%bm%&ﬁé@t% PHretRey prapeeation. nvRely nen

therefore prMs(?k@rea:pﬁlhtﬁdo@)eﬁ§urﬁmg/ﬂweo@dr}6§ﬂfram§ﬂléd P @Qb&é’é exhi bits
enhanced characteri nmechani cal

oroper ties  (SGERTES I SR L TR ST AR S i
resi stance andgieldood avahie pabm@rp.tasmbté@tws Mil@ c@pzs: adn =05 gt eppat e

materials such f8o. PP ERNE' Th I8 O S SRyt ment s provide

general |y excel I'ent
Synthesis Examples 2-5
HFANB/NBCH,COOH
[C086]  According to the method described in Example 1, a series of
polymers of HFANB and NBCH,CQOH with different molar ratios were
prepared. The monomer loading, anount of chain transfer agent

employed, percent recovery, and polymer characterization are fisted in
following table.
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el ectrical insu
senm conduct or
t hat
EXAMPLES
det ai |

For the Synthes

performed using appropriate sized vessels and

devi ces,
i ncor porate enbodi nents in accordance with the present
invention wll
by way of the follow ng Synthesis and Resin Layer
unl ess ot herw se not ed,
stirring apparatus that were

[0081] Next,

| ation,

i s Exanpl es,

t he present

adhesion to the substrate,
devi ce packages and di splay devices are
i nvention.
be explained in nore

and

al

the like.

Exanpl
|  prepar

Thus
provi ded
34

es. [0082]
ations were

dried for at |epgt—l2-hoursia—a—torged-alr oven having a set tenperature
of 120C. After ving, the vyéssels. an stirding apparétus were i nmedi ately
transferred to aH'aT e box having a |nitrogen atnosphgre (nomnally <10 ppm
oxygen and <5 ppmardd®O) for {emebing {osswsthi entz benpertiusgs Al l |sol vents
enpl oyed prior I e.mddal ynerizagd on wer gysparged: for at jl.east abgut 30
mnutes with dry-=#itraegen-betor ~—ALL solid polygers that jwere
i solated were dri ecﬁ?' unde? acuum at | 75C for |24 hours |before determ ning
mol ecul ar  wei g]htgff“l\ﬁv and Mh)7-&nd t he3h#l ydi spé2si vitysinidex (PDI) by GPC,
agai nst a pol yst yrmeiee st andargly i n THERs5. 7ol ypep conposizeion was determ ned
by 'H NMR anal ySiginyiSiaat hesis—Exanptg—1—HFANB---Acetig—aci-d-NBj[ 0083] In
the glove box, fa 2L _Weaton P%tle copiat?i ning_a magnetic stirfger bar was
charged with 700 of the tpluene, hy oxyhe?(é?l uor oi QJBropyI nor bor nene
(HFANB, 169.55d, "8l es)’* norborene aceff€ acid tFimet hyl $ilyl ester
(NBCH2COOTMS, 30i«dbg, 0.14 ma%es), diest hyl ahad% ni um § eexaki s
(pent af | uor ophgmyd”) borate | {(ENFABA 7095300, | fis494 mmdlrgsps and | tri et hyl
silane (3.169, Ivq 5878 5060 5586 5846

PDI 1.92 2.00 1.80 1.69

NBCH,COOH 55 moi% 25 moi% | 29 moi% 25 mol%

HFANB 45 mol% 75 mol% 71 mol% 75 mol%

Synthesis Example 6
HFANB/NBCH,COOH
[0087] In the glove box a 500 mL Wheaton bottle was charged with,

HFANB (39.28g, 143.0 mmoles), NBCH.COOTMS (2.62g,

11.7 mmoles), triethyisilane (0.8 g, 6.9 mmoles), DANFABA (0.255g,
0.3 mmoles), and 140 mL of toluene and then sealed with a crimp cap
Also in the glove box, a catalyst solution of Pd-1206 (0.128g, 0.1

lid.

mmol) in 4mL of anhydrous dichioromethane was prepared in a 10mL
crimp bottle and a feed solution of NBCH,COQTMS (9.64g, 43.0 mmol)
in toluene (7.72g) was formulated in a 20mL crimp vial,

solution was transferred into a 25mL Hamilton sure-seal syringe.

The feed

two bottles and syringe were then transferred to a fume hood

[0088]
with agitation, to 80°C in an oil bath.

The

In the fume hood, the solution in the Wheaton bottle was heated,

4mlL of the catalyst solution was

added to the Wheaton bottle and then the addition of the feed soclution
started using a KDS syringe pump programmed to complete the
addition in 12.5hr.

After completing the addition of the feed solution
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27.2 mol es) and sealed with a crinp cap lid. Also in the glove box, a
catal yst solution of di[(tri-isopropyl phosphine)

pal | adi um{acetonitrile)acetate] tetrapentafl uorophenyl borate (Pd-1206,
0.61g, 0.506 mMmoles) in 10 nL of anhydrous toluene was prepared in a 30nL
crinp bottle. The crinped bottles were noved to a fune hood. [0084] 3nL of
the catal yst solution (0.183g, 0.152 mmol es) was renoved fromthe crinp
bottl e and i njresttiad dfnhe rédwionheaton et tdinuclffber? hhayridineat i on, the

Wheat on bottISa,m}sedttg %Pﬂagmﬁleé‘ﬁt“%ﬁﬁgr ‘?rtce:l gi Lvag)S bat h and nai nt ai ne_d

therein for hour's renoved fromthe oil bath

and al | oved [8@s00htep adhkEP behIBRACA U & mkﬁ;ﬁ)&%ne@% dils (59R4E NG, the

bottl e was opeped and THE added. I'al acetic acid (140
nL, Fisher), W&PBB%W%&%Q?%@ E(XEHU”‘?IL (aPB@m@iﬁgh@lu%%onl on in water,

Fi sher) and deingnbied, water (4 4@4’39efﬂ-))of Ahte BEARE Lastbigfoy !l e and the

resul ting sol ytion stirre or ous| m xture was
all owed to sepa¥at@’ ﬁﬁtM“a”nG bl = bﬁése”\éﬁé@%“@ﬁ@@rﬂtfﬁt@lﬂase after which

the aqueous phRaswedammyRNVES.thd PR 1SRRI e PRBSAo MRS WRSREH ARt NS with
dei oni zed vva g h&?? r}l%é g then ‘concentrated by rotary evaporation.

Pol yrer ? et ot %s G- ng the concentrated solution into excess
hexanes (4L) and recovered by filtration. After dryl ng, 139g (70.0% vyield)

of a white powder was obtai nedsyMéhesidGoadfpieM = 5, 586; PDI = 1.89; 71
nmol % HFANB and 29 nmol % Aceti c ampmmbgﬁ;geﬂqs Exanpl es 2-5

HFANB/ NBCH2 " to the hod SCI’I bed in Exanple 1, a
series of p@%%ﬁ rs oE?Sth%I%% %& PJ%E WSJP ‘?‘%‘?%ﬁfc‘?ﬂﬂ”&?t rati os were
prepared. The/7B6nok236. 6 sadongf F‘eﬁﬁd\hﬁim Gfl cciminpl)tof vt iesC@@amMs, enpl oyed,
percent  recovgfafny @ithdR) ¥RhmaNRLAGENFREAD Ag2 0l d a8 Whre

dissolved in 2809 of anhydrous toluene and 20g of decane; and for the

feed solution, 1.2g of triethylsilane, 16.69g of NBCH,COOTMS were

dissolved in 18.5g of toluene in a 60mL crimped bottle and transferred

to a 50mL Hamilton syringe.

[0091]  After a workup perpformed in a manner analogous to that
described for Sythesis Example 1 (appropriate volumes were
employed), 61.4 g (65.9%) of a white powder was obtained.
Mw=13820; Mn=7250; PDI=1.91. A carboxylic acid titration showed
composition of the polymer to be 70.7% HFANB and 29.3%
NBCH>COOH.

Synthesis Example 8
HFANB/NBCH,COQH

[0092] In the glove box a 125mL. Wheaton bottle was charged with
HFANB (15.71g, 57.31 mmol) and NBCH,COOTMS (4.29g, 19.10
mmol) and 60g of anhydrous toluene. A solution of NiARF (0.74g,
1.8mmol) in 5 g of anhydrous EtOAc was prepared in a crimp vial.
After sealing the bottle and vial, both were transferred to a fume hood
where the bottle was heated to 50°C in an oil bath for 1 hour. The
NIARF solution was then injected into the bottie and the reaction
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following table. 36 Exanple 2 3 4 5 HFANB granms 32.35 169.55 42. 28 43. 69
mmol es 119.8 618.3 154.2 159.3 NBCH7000TMS grans 17.65 30.45 1.82 6.31
nmoles 78.7 135.7 8.2 28.1 Tri ethy -1 s-- i la--- n-e----- grans 0. 86
3.16 0.48 0.76 moles 7.4 27.2 4.0 6.5 Yield 42% 76% 70% 52% Mwv 11261
10100 10528 11025 W~h 5878 5060 5586 5846 PDI 1,92 2.00 1.80 1.89
NBCH2000H 55 nol % 25 nol % 29 nmol % 25 mol % HFANB 45 nol % 75 nol % 71 nol % 75

| % Synt hesi E 0] t 500 nL
heat on bott1 &l SHAHAT il PR T Jectsag i3 5 B R olet 2oooThe
(2.62g, 11.7 nimathesfier whicktthy beitleames (Onevey 86d ail el é%)?ooltbANFABA (0. 255g,
n oo Th o Paeknl @ g UaRe B RS S ER By IsAR IR LML

Also in the glove box 0.128 nmol )
in 4L of anhyﬁﬂﬁwddrftﬂimf)mhfm hrextg ranafs? . ﬁﬂé.p@fr/é@{)ﬁMéml@ﬁﬁzOcran@p bottle

and & 1 eed Solul i GoNGEERCOYBAS: BB 43Ol of Bohebyene, (7. 720)

was fornmulated’in a V|a ol u s transferred
into a 25nmL Hawhaaeonasmree\s@aan@waoﬁmt pThge washed with 40me of DI

water. 60mL of MeOH and 250mL of hexane were added to the
washed solvent phase and again after phase separation an alcohol
phase was saved, washed with 200mL of hexane and then added into
1.2L of agitating DI water to cause precipitation of the polymer. After
drying, 17.2g (90%) of a white powder was obtained. Mw=22477;
Mn=12368, and PDi=1.82. Carboxylic acid titration showed 75.0%
HFANB and 25.0% NBCH2COOH.

Synthesis Example 9
HFANB / NBCOOH

[0083] The process of Synthetic Exampte 1 was folfowed except that a
500 mlL Wheaton bottle was charged with toluene (178 mL), HFANB
(46.88g, 0.171 maoles), NBCOOTMS (3.12g, 14.85 mmoles), DANFABA
(0.445g, 0.556 mmoles) and triethylsilane (0.73g, 6.3 mmoles); and
0.448g, 0.371 mmoles of Pd-1206 in 20 mi. of anhydrous toluene was

used to prepare the catalyst solution.

[0094] 10 ml of the catalyst solution (0.2245g, 0.186 mmoles) was
added to the 500 mL Wheaton bottle containing the monomer solution.
After a workup perpformed in a manner analogous to that described
for Sythesis Example 1 (appropriate volumes were employed), 25.04g
(50% vield) of a white powder were obtained. Mw = 10,067;

Mn = 6,990; PDI = 1.68; 92 mol% HFANB and 8 mol% NBCOOH.

Synthesis Example 10
HFANB/NBCOOH

[0095] The process of Sythesis Exampie 6 was followed except that the
Wheaton bottie was charged with 39.82 of HFANB, 3.28g of
NBCOOTMS, 0.6g of triethyisilane, 0.47g of DANFABA, 140g of
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two bottles and syringe were then transferred to a fume hood [0088] In the
fume hood, the solution in the Wieaton bottle was heated, wth agitation,
to 80C in an oil bath. 4nm. of the catal yst solution was added to the
Wheat on bottle and then the addition of the feed solution started using a
KDS syringe punp programred to conplete the addition in- 12.5hr. After
conpleting the addition of the feed solution 37 heating of the reaction

{nxturet was CFﬁkﬁnm@@s foder? akd 10@@@'&98% a#&arot%deé@s&%bnt@saa%‘?' e“t hat
enperat ure. r _a orned in a manner anal ogous 0 a
deggrl bed for @gﬁ?@@sﬁsﬁ%érﬁﬂ@‘ﬁgﬁgﬁ?‘ Bre 4there grdeR i weme boétl‘ﬁjg@)@'ed)

22.3g (48% vyi etlrahsfeffreaw\/@lfﬂﬁnmel\éﬁﬁiﬁor\/\@yﬁr a'A}ﬂﬂEhe MiaigsOsahddon M = 6, 062
PDI —151Acar21? éﬁ‘:lcg hltratlon owed 03|t|on of the polyner
to be 71.6 mol Rt VREAN 8’0 QW'WU%PB/{?%?T“"P@@MPI Synt hesis Exanpie 7

HFANB{ N{Bﬁ]—ltZOgmdce{OQQH%])aJétheWeﬂ@ﬁi?%pHeg&?\lfgyérgS@éﬁy Eé@n@kﬁd Gs@%so bol | O‘A'ewg
exce a 0

tri e!tohyl si | angj ?ﬂ)% 'erﬂﬁﬂ m&%&j IGhAMERESAD @102 5‘1@%@“«629%% ) were dissol ved
in 2809 of asuedr ouget ﬂléJ%té@rﬁ‘g a@cﬁém%emu@;&{swtap%d f.ged sol uti on

1.2g of triethylsilane, NBCH I'n 18.5g o

tol uene in a 6URLacts %ééh%{'@laédéhﬂﬂ guansifest peddding a 501 Hami | t on
syringe. (009%YsAidisk PnoO@trh A to that
descri bed for Sy(t elglL?:»‘IWE‘:{'%i:}f)lﬁ S; ?I arﬁbes%&or}fé]gggpv\er e% %Poyed), 61. 4
g (65.9% of éO\% P%T*ﬁBRAﬂ%'P s obt ai ned My=13820; Mh=7250; PDI=1.91. A

carboxylic tihy 0s] f th ol r.to be 70. 7%
e Yy zgﬁgoq/] t8F 5 Wb RO RED 1o MPIPOR & oot andfpgBs Y Hat

described for Sythesis Example 6 (appropriate volumes were

employed), 24.79 (53.7%) of a white powder was obtained.

Mw=13460; Mn=8280; PDI=1.63. A carboxylic acid titration showed

composition of the polymer to be 71.4 mol% of HFANB and 28 moi% of
NBCOOH.

Synthesis Example 11
HFANB/NBCOOH

[0102] The process of Sythesis Example 6 was followed except that a 5
gallon teflon lined reactor was charged with a soultion of HFANB
(2551.3g, 9.30 moles), NBCOOTMS (255.3g, 1.21 mot) in toluene
(8640g). A solution of triethylsilane (1.7 g, 14.6 mmol} in toluene
(304g) was then added to the reactor.

[0103] In a nitrogen purged glove box, separate solutions of DANFABA
(31.36g, 39.1 mmol) in 4579 of dichloromethane, Pd-1394 (18.112g,

13mmol) in 240g of toluene and a feed solution of NBCOOTMS
(685.3g, 3.26 mol} in toluene (1570g) were formulated in pressure
containers and sealed.

[0104]  The solution of DANFABA was added to the reactor by a nitrogen
presurized feed and the resulting mixture heated to 90°C with agitation.
Upon reaching the desired temperature, the solution of Pd-1394 was
added to the reactor by a nitogen presurized feed and the metered-fed
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NBCH2COOH. Synt hesi s Exanple 8 HFANB/ NBCH2OOCH [0092] In the gl ove box a
125m. Wheaton bottl e was charged with HFANB (15.71g, 57.31 mmol) and
NBCH2COOTMS (4.29g, 19.10 mmol) and 60g of anhydrous toluene. A solution
of Ni ARF (0.74g, 1.5mmol) in 5 g of anhydrous Et OAc was prepared in a
crinp vial. After sealing the bottle and vial, both were transferred to a
fume hood where the bottle was heated to 50C in an oil bath for 1 hour.

The Ni ARF sol ut {reNBBDO Tia8 febii @cheidni piardmedaobt bemandiohhe sreaet i on 38
m xture stirred for 4(£ours while the bottle remained In the heated oil
bath, after whi"éh ¥#&¥%ottl e was renpved and all owed to cool to anbient

t enperat ure.;gfhg r i ] | | : and treated
with a m xt u[re o]f ?ﬁgﬁﬁgfﬂﬁéwﬁlﬁpig*écﬂ?ggog‘ﬂxéﬁh%ﬁhgffr%ﬁ wat er .
After allow ngSPHHg®R iIrsepRw af laweneanaagddet endphasexiwes sticediednand a

sol vent phase : 1 of Helto STk 250nL of
hexane were ad%@%ntsﬂa!m&gh a\ﬁggtcm'd é@%@%‘?@@ﬁ%é‘e anratqugg%%%—{g@gar phase
separation an WPEGRAPEPIESE iAS Baveer anweded s that dommbedifohexane and

t hen added i ntQyihésidleim@aid &bl Fea%@ 404 i of the
pol ymer. After ydr)sli ng, ml@ Zg@%gg%orgé?\oghﬁﬁhﬁgepo g‘ro%\g’s: 10%% gér?gg.
Mv=22477: MhB8E8!0T8HA popieEvagLoliegtelox MW & U dVirit p&%6 P lshowed 75. 0%

HFANB and 25. OPsNBCHaBER: Sydtitess sFs@BBkge SombEANSA MBGFRBLIVE@P93] The
process of Synth %I\%IEXQ. le 1 was followed except that a 500 mL Wheat on
bottlo was che%et i TH % BT HEANE 476 2h MAEANBNEGAEOHBg. 0. 171 ol 69) .
NBCOOTMS (3, 12g, 14.85 mmol es), DANFABA

Synthesis Exampie 12
HFANB/NBCOOH

[0106] In a dry box, HFANB (15.93g, 58.09 mmol) and NBCOQTMS
(4.07g, 19.36 mmol) were dissolved in 60g of anhydrous toluene in a
125mL crimp bottle. NIARF {0.75g, 1.5mmol) was dissolved in 5 g of
anhydrous EtOAc.  The monomer solution was transferred from the
dry box to an exhaust hood and heated at 50°C in an oil bath for 1
hour. The NIARF solution was injected into the monomer solution.
The solution was stirred at 50°C for 4 hours and then removed from the
oil bath to cool to room temperature. The polymer solution was diluted
with 15mL of THF, and treated with peracetic acid: 7.5mL of AcOH,
15mLb of H202; and 22.5mL of DI water. An aqueous phase was
formed and removed. 40mL of DI water were added to wash the
polymer. 60mLlL of MeOH and 250ml of hexane were added, and an
alcohol phase that contained the polymer was formed. The polymer
solution in MeOH was washed with 200mL of hexane. Polymer was
precipitated into 1.2L of agitating DI water and filtered to recover the
precipitated polymer. The polymer was dried under vacuum at 80°C.
The yield was 17.2g (90%). GPC indicated that the polymer had an
Mw=20338, Mn=10591, and PDI=1.92. Carboxylic acid titration
showed HFANB / NBCOOH=75 5/24.5.
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(0.445g, 0.556 mmol es) and triethylsilane (0.73g, 6.3 mmles); and 0.448q,
0. 371 mmol es of Pd-1206 in 20 nL of anhydrous toluene was used to prepare
the catal yst solution. [0094] 10 niL of the catalyst solution (0.2245qg,
0.186 mml es) was added to the 500 nL Wheaton bottle containing the
nmononer solution. After a workup perpfornmed in a manner anal ogous to that
described for Sythesis Exanple 1 (appropriate volunes were enpl oyed),
25.04g (50%yield) of a whitespomisis BRa@pIOHAI ned. Mv = 10, 067; M =
5,990; PDI = 1.68; 92 nDI@6FHANBmedB&canQ@mEEnE}I Synthesis Exanpl e 10

HFANB/ NB 95] The QGes oI | owed except
that the e[é)'?g % r%g'{/\% Jﬁ%@ g}é\éﬁM%f@n&‘I gﬁﬁ%& 28g of
NBCOOTMS, 0. G@Omomenet(,hw[%smBanmictﬁ)x%rk@r@a‘enMNEﬁBAfmmmO’gﬁ m‘rasSQ anhydr ous
tol uene and 1 ecan For the feed solution, 6.9g of NBCH2Q00TMS and
10. 8g of tol ugﬁee&I gr&%'a}r E%%%I to 30nL bottle and transferred to a 50nL
Ham | ton syringe. And the catal solution used was

Bi s(di cycl ohexyl t but yl phosphi n | adium (acetonitrile)acetate

t et raki s(pent af | uor opheny) bor at Pd-1394, 0.278, 0.94 mmoles) in 4nL of
di chl oronethane in a 101 bottle. ¢©100] After the addition of the

catal yst, the feed solution was a d_over a 12 hr. schedul e and then
guenched by addi ng bis(2-di phenyl phOS%I no efhyl) phenyl phosphine
(TRIPHCS 0.44g in 10nL of THF) sol ution. 6 (}1] After a workup per pfornmed
in a rranner{oaoaLogwa mpwm@ton ﬁ@ﬂl‘é&da@&ﬁeb@ﬁed%@h%kzﬁn apleeb

obt ai ned. - w3 ulFees NREEa0e e Eabisne A5l e énéﬁfﬁ“aU?.Q{?% on Shoved
HFANB (1.92g, 7 mmoles), NBCOOTMS (0.32g, 1.5 mmoles) and
AGENB (0.27g, 1.5 mmoles) and sealed with a crimp cép lid. The
bottle was then removed from the glove box and the solution was
sparged with dry nitrogen for 30 minutes to remove any dissolved

oxygen.

{0109] In a separate 10 mL. Wheaton vial, prepared as above,
bis(toluene)bis (perfluorophenyl) nickel (NIARF 0.097g, 0.20 mmoles)
was dissolved in anhydrous ethy! acetate (3 mL, Aldrich) and the
solution added into the 50 mL bottle. The reaction mixture was stirred
on a mechanical stirring plate at ambient temperature for 18 hours.

[0110] The bottle was then opened and glacial acetic acid (2 mL,
Fisher), hydrogen peroxide (4 mL, 30 weight % solution in water,
Aldrich) and deionized water (2 mL) added. The resulting solution was
stirred vigorously for 30 minutes and then ethyl ether (5 mL, Aldrich)
was added. The aqueous phase was allowed to separate and then
decanted. The arganic phase was washed 3 times with deionized
water (5 mL) to remove any residual acid and then poured into excess
hexane (50 mL) to precipitate the polymer. Solid polymer was
recovered by filtration and dried under vacuum at 50°C for 8 hours to
recover 1.88qg (78% yield) of a white powder. Mw = 50,5650
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conposi tion of the polynmer to be 71.4 nol % of HFANB and 28 nol % of NBCOCH.
Synthesis Exanple 11 HFANB/ NBCOOH [01021 The process of Sythesis Exanple
6 was followed except that a 5 gallon teflon lined reactor was charged with
a soultion of HFANB (2551.3g, 9.30 noles), NBCOOTM5 (255.3g, 1.21 nol) in
toluene (8640g). A solution of triethylsilane (1.7 g, 14.6 mmol) in

tol uene (304g) was then added to the reactor. [0103] In a nitrogen purged

O O o ot ha B 2 o e o o) nehen and_af ot
) nd a feed
sol ution of NBCOOMETO 'éé’gcpﬁ‘éa aﬁgﬂé 'ﬁﬁm%céglkﬁ ? (;b%%ﬁhf f or mul at ed

in pressure containers and seal ed. [01041 The sol ution of DANFABA was
added to the reactor by a nitrogeihesiy BRBMpIEd4f eed and the resulting

m xture heated to 90C with agH{:p‘nganC].Hmﬂcr@@ghl ng the desired
tenperature, the solution of Pd-1394 was g to the reactor by a nitogen

presurized t&dd]anfl PohEnreRfei NG &fd MBQ’SP"E‘PQ NBER5PREE f eed sol uti on,

programed for éNB@mt%C@DH wﬁs%r&ﬁared\ma‘oﬁéﬁéte}dFA[\JBJ(OE]T%f Bér25 he meter
feed conplete

was added and ”'t”ﬁgl Mni@?tgﬁréeggp)?& gg"g%’: ngmeigzﬂlst@%%}rl ﬁgulr nat5088C0f A1E ?Llrjene
;:80![ |h2? égsgp?pggggtﬁ tg?{gg@@tulse;,(a Q1gWD:B lé,lpmﬁxﬂr pfrmm‘ﬂ(tnane&o Bdgner anal ogous
el oyed) 1. BHUETGH) D ABGREAL8I eR ponate Tveers o et BBt wn
5656; PDI = %5@.@ @@b@%/)éligr@daﬁtdﬂa HoDmMAthae aha\mtdogmed[yowmom tion of t he
pol ymer  as 7 Betore removmg H Ale%tlea?r%m theSerrg%)x(y(ﬂ?ef bgﬁ% crimp

capped to maintain an inert atmosphere. The bottle was then placed

in an oil bath maintained at 90 °C. After 30 minutes, once the reaction

mixture had reached an equilibrium temperature, the catalyst solution

was injected into the reaction fiask. The catalyst solution consisted of

Pd-1206 (0.09g, 0.07 mmol.) dissolved in 1 mL of dichloromethane.

The reaction was allowed to proceed at temperature for 15 minutes,

following which the reaction was terminated using 0.2g of trioctyi

phosphine (TOP).

[0112] The above mentioned polymer solution, was mixed with 48 mL of

methanol, 180 mL of hexanes and 2.4 m! of distilled water. The

mixture was shaken in a separatory funnel. The polymer-methanal

jayer separated from the hexanes-toluene fayer. The

polymer-methanol layer was collected and washed with 300 mL of

hexanes an additional two times. The polymer-methanot solution was

then precipitated into 700 mL of deionized water. The precipitates

were collected by filtration, air dried at room temperature for an hour

and then resdissolved in a mixture of toluene/THF (90mL/12mL).  This

solution was transferred to a glass reactor, along with 0.9mt of acetic

acid, 1.8 mL of H,O2. The sealed glass reactor was charged up with

carbon monoxide (80 psi) and heated to 80 °C for a period of 6 hours.
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Synt hesi s Exanple 12 HFANB/ NBCOOH [0106] In a dry box, HFANB (15.93g,
58.09 mmol ) and NBCOOTMS (4.07g, 19.36 mmpl) were dissolved in 60g of
anhydrous toluene in a 125nL crinp bottle. N ARF (0.75g, 1.5mml) was

di ssolved in 5 g of anhydrous Et QAc. The nononer sol ution was transferred
fromthe dry box to an exhaust hood and heated at 50C in an-o0il bath for 1
hour. The N ARF solution was injected into the nononer solution. The

sol ution wag13kirrese %luﬁ@ﬁ\mfs&rthénhmw&i &m&gmg@ 2@%&&6 Tfeﬂ@mfsttbe oi | bath
to cool to rogmtenpera a@ mer solution was luted with 15nL of
|

THF, and treat'88 fﬁP‘E’H“%é‘F%%tﬂi'@f ”BW cplapivagrexiaeigd Wtﬁ%rﬁ? Bk °fp02; and

22.5nL of DI WaltBsnol AMGRBERAUS! ﬁ@?@%smihefréémﬁ%%ﬁnﬁ@@vﬁdm #onL of DI
wat er were added to wash the gesdemmar 60nmL of and 250nL hexane

vere added, aAtFBaNClASHECIAYA thdeiongRay #Ea (1 HeMbol yhes S f or med.

The polyner gelatiitorRd ot Me@Hav@asm wrhed au (0@ ok hexane. Pol yner was
precipitated into 1 .2L of agitating DI water and filtered to recover the

preci pi t at el@1pdl yrieelymBheighd mareh3. vgd68P4) ed Tomdemppstigarasat 80C.  The yiel d
was 17.29 (90&terrﬁﬁ% Wb&@trﬁﬁ?lﬁéﬁhratu%ﬁ Q%}Wﬁcﬁ'f\lé)ﬁgcﬂ‘z F%W@ﬁg’& M=10591,

and PDI =1. 92. |c aci tration owed HFANB / NBCOOH=75. 5/ 24. 5.
41 Synthesis Eﬁéﬁ%ﬂ 8 ”1(24% HAANE) NBRERENAGENB ¢fBESA] A pol yner of HFANB,
NBCOOTMS and al lyl glycidyl ether norbornene (AGE NB), which is

represented by Fornula 16, WaSSyrRBEB%rEQa:ﬂBIJ @kl ows: e CH2
TFSNB/NBCH,CH,COOH

{0115] A polymer TFSNB and proprionic acid NB was prepared as
follows. TFSNB 11.44g, 45mmol, proprionic acid NB
(NBCH,CH>COOH) 3.56g, 15mmol. and dry toluene (45q) were
combined into a glass bottle equipped with a stir bar in a nitrogen
atmosphere dry box. The bottle was sealed using a crimp cap in the
dry box. In another bottle NiArF was weighed out {1.12g, 2.4 mmol.)
and dissolved into 10 mL of dry toluene. The bottle containing the
monomers was placed on a stir plate.  With vigorous agitation, the
NiArF solution was added into the monomer solution.  The reaction
was allowed to stir for 30 minutes at room temperature, following which
the reaction was terminated using 20 mt of THF.  The solution was
then treated with 20 g of IRC-718 resin overnight. The solution was
diluted further with THF and the resin material filtered off. The
polymer was isolated by precipitation into a large excess of hexanes.

[0116] A white polymer was isolated by filtration and drying at 80 °C
under vacuum for 12 h.  Polymer obtained was 6g (40% yield).
Composition of polymer was found to be TFSNB/NBCH>CHCOOH
67/33. Mw of 26,123 and a Mn of 16,298.

Example 16
NBCOOH/NBamidophenol

[0117} A copolymer of norbarnene carboxylic amidopheno! and
norbornene carbocylic acid was prepared as below. To a
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O O (16) [0108] A 50 nmL Wheaton bottlewas prepared as in Exanple 2. The
bottle was then charged with toluene (8 nL, Al drich Anhydrous grade),

HFANB (1.92g, 7 mmol es), NBCOOTMsS (0.32g, 1.5 nmoles) and AGENB (0. 27g,
1.5 mmol es) and sealed with a crinp cap lid. The bottle was then renoved
fromthe glove box and the solution was sparged with dry nitrogen for 30
m nutes to renove any dissolved oxygen. [0109] In a separate 10 nL Weaton

vial, prepare i bé® if reafdruem QhﬁrsyTl)lFlm ekel (N ARF
0.097g. 0.20 bR Ene BIBLYRL dereltg hielld ot Bl (3 i,

t
Al drich) and t2%@mls %ﬁ@%e%dhé‘&l’qen?@ht e o %8"%." %PE‘H%W%%%& ?%%Ctl on

mxture was stibhRe iR AMTEGTRNIIGA|IceSHAER W2 r@hﬂiv%dathear@alc&m t enperature
for 18 hours. [0110] The bottle was then o ene%e r}ﬁgg] Cll aIt tic acid (2
nL, Fisher), MyBr8yed JEFeska@omiaipergBiradoy w4 wat er,

Al drich) and dgicgss éﬁéﬁyv\aﬁlsﬁdé %eﬁé)erﬂ@@kﬁﬂun&ékevermm t Ingeerda uti on was
stirred vigorously for 30 m nutes an A|dI’ICh) was

added. The aqmrb%@s@é‘e\ﬁﬁd éh’PBQ%(?’ScS(S’R’?@dHrQ)%}Q Ogr?ﬁ‘tyﬁe%s Ganted. The
organic phase BNVRSg w&%ﬁnapﬁérﬁmw w7 t9y @I‘ei])raﬁnzeaddem:b ¢ine Blymegr to renove any

residual acid and then poured into ex t recipitate
the pol ymer. SSIY ool VREFIGRRD fré?:ecf@ %{}ﬁ ﬁl%'??& éﬁ16g)r1cd gh:ged under

vacuum at 50Crkattich ulmuuﬁe Was tiacstiresd at &&ge(rﬂ:@%tylr@fai)%m Thewhi t e powder .
= 50, 550 42

found to be #° 3}5?@%@%@5&” nag%’ﬁ rtC]:@ﬁ%and {g'n‘i’Q @EREEQOMUWH e

Synt hesi s ExampiMe(@ ddeANBIrMBGHPIGEIZG@CEipitate polymer.  After filtered and
dried, the polymer was collected in a yield of 7.5 g. Mw=20525
Mn=9940 PDI=2.07. The polymer composition was found to be NB
amidophenol = 89 mol%, and NBCOOH = 31 mol%

Resin Layer Examples 1-32
[0118] In the following Resin Layer Examples 1-32 photosensitive resin
compositions were prepared, using the following photosensitive

materials:

CH3 CHs

e
) . pSM-1
CHs
Qo QQ oQ
CHa4 CHs
‘ PSM-2
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[0111] A polynmer of HFANB and propionic acid norbornene (NBCH2CH2O0O0H) was
prepared as follows. HFANB (16.79g, 61.25 nmmol.), norbornene propionic
acid trinethylsilylester (NBCH2CH20OOOTMS) (3.21g, 13.45mmol.), triethyl
silane (0.31g, 2.69mvl.), DANFABA (0.18g, 0.22 mmol.), decane (4.0g) and
toluene (56.0g) were weighed into a 100nL bottle in a nitrogen dry box.
Before renoving the bottle fromthe dry box, the bottle was crinp capped
to maintain an inert atnosphere. Thg lopttle was then placed in an oil bath
mai ntai ned at 90 C. After 30 \ once the reaction mxture had
reached an equilibriumtengera @

into the reaction flask. The cats

(0.09g, 0.07 mol .) dissol ved
al l owed to proceed at tenpe ytes, follow ng which the
reaction was term nated usi | PNtBsphi ne (TOP). [0112] The
above nentioned pol yner solution, was m xed with 48 nL of nethanol, 180 nL
of hexanes and 2.4 nml of distilftgd water. The mixture was shaken in a
separatory funnel. The pol ynpemeCHapnal, | ayer separated fromthe
hexanes-t ol uene | ayer. The A haoal | ayer was col |l ected and washed
with 300 nL of hexanes an ag opaM—two tines. The pol ymer - net hanol
solution was then precipirtdted into 700 nlL of delonlzed wat er. The
precipitates were colleé by filtration, zyém rleg roomtenperature
for an hour and then resdissolved in a mxture o | uene/ THF (90OL/ 12nL).
This solution was transferred to a gl ass reactor, along with 0.9nL of
acetic acid, 1.8 nL of H202. TH& Hed gl ass reactor was charged up with
car bon nonoxi de (80 psi) and heated|to 80 C for a period of 6 hours. 43

[0113] The sol ution was tega a 0.22 nmicorn Teflon filter.

H/

CHs PSM-5

ajoyst solution was injected
tion consisted of Pd-1206
ichl oronet hane, The reacti on was

where in each of PSM-1 to PSM-5, Q is a hydrogen atom or
0

08

72

with the proviso that at no more than 10% of all Q are a hydrogen atom.

[0119] For the Resin Layer Examples, unless otherwise noted, all
preparations and subesuent application to a substrate were performed
under yellow light.

[0120] in each of Resin Layer Examples 1-4, after formulating the
photosensitive compositions, each was applied to a glass substrate by
spin coating. The substrate was then placed on a 100 °C hot plate for
1 minute (min) and a resulting resin layer, nominally 2 um thick
obtained. Each substrate supported layer was imagewise exposed
through a masking element for 10 seconds (sec) using a CANON
PLA-800 mask aligner and an exposure intensity of 26 mW/cm2. The
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The resulting filtrate (light yellow color) was extracted with 48 nL of

nmet hanol and 180nmL of hexanes. The resulting polynmer solution in nethanol
was precipitated into deionized water (700 nL). The solids were filtered
of f and vacuumdried at 80 C for 16 hours. [0114] Polyner yield was 13.2 g
(66% . The conposition as determ ned by acid nunber titration.was

HFANB/ NBCH2CH2COOH  79. 2/ 20. 8 nol % Mwv of 11258 and a M of 6804. Synthesis

Exanpl ¢ 15 TESNYNBCHRGHACORT (L LISk Rabyrsis ahByapd proprion c acid

NB was prepared as follows proprionic acid NB

(NBc:Hzmzcom}etsans%fgy*aﬂyﬁ%uumryﬁaoﬂw(T@ﬁﬁ@@@ue%@y ip@ OB hEd i nto a

gl ass bottle ﬁélﬁb&@@%)d!éd"p@rtiéhé bfbﬂilay@r én@'férhpg%ﬁsm% magber eedry box.
The bottle was seal ed using a crinp cap i dry box. In another bottle

Ni ArF was wei @Wéﬂ'”@ﬁ’ef(”f”hgqﬂel dL[yrﬁﬁDthgpatgq{ae@,Iey%qs wege f'ﬁ?% 10 mL of dry

toluene. The bRiddeRs KUK @k;ﬁbé’u@e‘iﬂ'&@nm@mfrﬁfvm P avektceRdgafli r plate.
Wth vigorous ”F%l tation, Ni ArFE sol ution was added into the nonomner

sol ution. Thef ﬁ’c‘i’”‘?ﬂ‘fcw\%§oéﬂlr@w§@ft & 3tPICeAG T BYFCHAR Q¥R NAYIBEm
tenperature, &gkt mmpgurdbepoothe reaction was ternmnated using 20 ni of
THF. The solution was then treated with 20 g of I RC-718 resin overnight.
The sol uti dA1ddk IQicleghad theRessy Layer ExERPan8-3he phrdpdefinabds ial filtered

of f. The pol i 0 ss of
nexancs. [ D114 CunPy oo Hap PR RiloR! Do e e T g at 80

C under vacuiimi ?6@11201Wetfl¥éﬁf}ﬂ’rb¢m©tﬁf@| T%IOT\/\H@PBGU(E&U%)M eld). Conposition

of pol ymer \A@%oﬁ@h&%@#g}n@m@? aI&% gd%@bm@%'boﬁ?e! was sMeRfafnd23 and a Mh
of 16, 298. Exanple henol
polymer was uniformly d:spersed by an appropriate means 20.0g of

polymer sclution was weighed into a 50mL amber polyethylene bottle
and appropriate additives, identified in the specific Resin Layer
Examples that follow, were added. After this addition, the solution was
mixed for 5 hours to dissolve the additives in the polymer solution and
then fiitered through a 0.2um Teflon® filter..

{0122] Each photodefinable composition of Resin Layer Examples 5-33
was imaged and cured, unless otherwise noted, in a class 1000 ctean
room as follows: a 2.5¢g aliquot of the composition was applied to a
4-inch silicon wafer, pretreated by 02 plasma, and spread thereon by
spin coating. The coated wafer was placed on a hot plate, set at
110°C, for 3 minutes to flash off the residual solvent. After cooling to
ambient temperature, the resultant film thickness was measured.
Each coated wafer was then imagewise exposed, through a masking
element, for 10 seconds using a CANON PLA-600 Mask Aligner having
an an exposure intensity of 25 mW/cm2. The pattern was developed
by dipping the wafer into aqueous tetramethylammonium hydroxide
(TMAH) to remove exposed portions of the layer and form a positive
image of the masking element. After the TMAH solution each wafer
was rinsed by dipping it into deionized water for 10 seconds and then
dried by spinning at 3000 rpm for 15 seconds. Thereafter, the
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[0117] A copol ymer of norbornene carboxylic am dophenol and norbornene
carbocylic acid was prepared as below. To a 44 pol ynorbornene carboxylic
acid (7.5g9) in 75g of anhydrous THE in a 250nL flask cooled in an ice
bath, 9g of oxalyl chloride was a dded dropwise in 3 mn. After the ice
batch was renoved, the reaction mxture was stirred at roomtenperature
for 3h. Then solvent and excess oxalyl chloride were renoved under vacuum

After the polrmgL penf‘on%ccsfqhgbéé? Dl\%_}%r‘ile?@%h @!téd"'tolé)ﬂgo@f anhydrous THF,
6. 75g of o-am nopheno . is ad e r . solution.

The reaction t&apawgtafras @Véi%osﬂiﬁ%ﬁ“ﬁ?%ﬁgﬁt%t’@v\é’é@z f"i’ﬁéO Sreéﬁ%qsi BHOR xture was
then stirred g, %B@Yé QERSHRIIEsE ligddt- meﬁlt aQﬁQé RodveRr sabption eas

then pour into a solvent m xture of” 1600 and O{Q&@f H20 to
preci pi tate pdh§iteed experireithe waERIs arfde “Eﬁ"ieé’dmct ﬁ&%(‘il@’%& col | ect ed
in avyield of ;fzn &e%ﬁ@?@md\@?ﬁ%%‘@f E@i"‘@ aQwZI mEiﬂﬁalﬁ@b yiereinclorposi ti on

was found to be NB am dophenol = and NBCOOH = 31 npol % Resi n Layer
Exanpl es 1- 32hpgnigfnally @w@s%ﬂ%mrﬁ@nm@s@%ﬂ%&/@?t“@xréﬁm lagen 32

phot osensi ti vendr@gshn conpositions were prepared, using the follow ng
phot osensitive materials: CH3 CH3 QO OQ OQ PSM1 CH3 CH3 oQ QO #rCH3

PSM 2 Resin Layer Example 1

[0123] 5g of the polymer resin of Synthesis Example 1, 15g of
propyleneglycol monoethylether acetate (PGMEA}, 1.5g of silicone type
epoxy resin BY 16-115 (Dow Corning Toray Silicone Co., Ltd.), 0.8g of
PSM-1 and 0.5g of silane coupling agent A-15689 (Nippon Unicar Co.,
Ltd.) were mixed to obtain homogeneous photosensitive resin
composition (1).

[0124] Composition (1) was applied to a glass substrate, exposed,
developed and cured as described above to form a positive image of

the masking element employed.

Resin Layer Example 2
[0125] Photosensitive resin composition (2) was prepared in the manner
of Resin Example 1 except that 5g of the polymer resin of Synthesis
Example 2 was used.
[0126] Composition (1) was applied to a glass substrate, exposed,
developed by dipping in a 1.19 % TMAH aqueous solution for
10 seconds, and cured as described above to form a positive image of

the masking element employed.

Resin Layer Example 3

[0127] Photosensitive resin composition (3) was prepared in the manner
of Resin Example 1 except that 5g of the polymer resin of Synthesis
Example 9 was used.
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45 CH3 CH3 QO OQ OQ PSM3 CH3 CH3 @/ \ /| OQ CH3 PSM4; and H3 CH3
CH3 PSM5 where in each of PSM1 to PSM5, Qis a hydrogen atomor 0 N2
02 with the proviso that at no nore than 10% of all Q are a hydrogen atom
[01191 For the Resin Layer Exanples, unless otherw se noted, all
preparations and subesuent application to a substrate were perfornmed under
yellow light. [01201 In each of Resin Layer Exanples 1-4, after formulating

the phot OSW I VEq asintda @Fh@%ﬂg?%% A E&kitAe 2o ARy, substrate by

spi n coating. e substrate wa aced on a 100 C hot plate for 1
mnute (mn) dfyewpeddy dippgoriedi h1PaydMARGsURAYS poRtigmiPhsek obt ai ned.

cach substral &cByRROTd Rl @Y ols fRR:ibEBRIBY S & RS BASILETANGE oyfERSKI NG

el ement for 10 secon (sec) using a mask al i'gner and an
exposur e interﬁ%@fwﬂg)ﬁ'%ﬂhﬂmyeeghe 46 substrate supported | ayers were
then imersed in a 2.38 %

Resin Layer Example 4

[0129] Photosensitive resin composition (4) was prepared in the manner
of Resin Example 1 except that 5g of the polymer resin of Synthesis
Example 13 and 0.075g of PSM-1 were used and no silane coupling
agent was added,

[0130] Composition (4) was applied to a glass substrate, exposed,
developed by dipping in a 1.19 % TMAH aqueous solution for 30
seconds, and cured as described above to form a positive image of the

masking element employed.

Determination of Properties
[0131] For each of Resin Layer Examples 1, 2, 3 and 4, values for
transmittance, water absorption, dielectric constant, and an initial
thermo-degradation temperature of the resin layer were determined as
described below. These values are disclosed in Table 1.

[0132] Transmittance: as an indication of transparency, transmittance
of beam at wavelength of 400 nm in the above mentioned giass
substrate having the resin layer was measured (unit, %) using a
spectrometer (UV-160 type, manufactured by Shimadzu Corporation).
As a resin layer shows larger value of transmittance, it has better
transparency.

{0133] Water absorption: the resin layer which was peeled from a glass
substrate having the resin layer was soaked under the water at 23°C
for 24 hours to measure a rate of change in weight (unit, %) before and
after soaking.

[0134] Dielectric constant: Dielectric constant of the obtained resin

layer was measured according to MIL-P-55617.
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t et ramet hyl anmoni umhydr oxi de (TMAH) aqueous sol ution for 25 sec to renove
exposed portions of the layer and forma positive imge of the masking

el enent. After drying, the patterned |layers were flood exposed at an
exposure intensity of 25 mWcnR2 for 40 seconds and finally dried/cured for
1 hour (hr) in a forced air convection oven having a set tenperure of 200
C [0121] In each of the Resin Layer Exanples 5-33, a photodefinable resin
conposi t | on[m@%}prﬁﬁaéﬁmeam ale %t.cﬁpw &%Jtmeranwﬁﬁ.apl aced in a 25 nL
pol yet hyl ene bottle and 18g o ropyl enegl monomnet hyl et her acetate was
added. The boﬁ@?%ﬁ%@@g@ﬁﬁpéﬂt@ﬁéeﬁﬁ@?‘ﬁ@$9ﬁ%@umﬁkﬂﬁﬁbf@)ﬁiy dlspersed by an
appropri at e m?@fﬂ?er%@ur@?né?iﬁ PRI OFTRS - SRh LU fbr MRS SR hBtOL§ngOL anber

pol yet hyl ene bot ppropri ate addltlves iIdentified in the specific
Resin Layer BxARPTeGraviaeiry fiTergntiakihermalenely et 86/PHA $288dYRG.on, t he
sol ution was pHntesctliid By BRIKOSINERuMleasOly&).the additives in the polyner
solution and then filtered through a 0.2pm Teflon(r) filter.. [0122] Each
phot odef i nabl e conposition of Resin Layer Exanples 5-33 was |naged and
cured, unless otherw se noted, in a class 1000 clean roomas follows: a
2.5g aliquot of the conposition was applied to a 4-inch silicon wafer,
pretreated by 02 plasma, and spread thereon by spin coating. The coated
waf er was placed on a hot plate, set at 110C, for 3 mnutes to flash off
the residual solvent. After cooling to anbient tenperature, the resultant
filmthi ckness was neasured. Each coated wafer was then i nagew se exposed,
t hrough a masking elenent, for 10 seconds using a CANON PLA-600 Mask
Aligner having an an exposure intensity of 25 nmWcnR. The pattern was
devel oped by dipping the wafer into aqueous tetranethyl ammoni um hydr oxi de
(TMAH) to renove exposed portions of the layer and forma positive inmge
of the masking elenent. After the TMAH sol uti on each wafer
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was rinsed by dipping it
dried by spinning at 3000 rpm for
portions of the resin |ayer were subjected to a flood
exposure intensity of 25 nWcnR for 40 seconds using

mask aligner w thout a masking el enent.
wafers were noved into a Koyo CKO-18CD cl ean oven set at a tenperature of
1 hour to finally dry/cure the remaining

200 C and mumi ntai ned therein for

Af

into dei oni zed water for
15 seconds.

ter

10 seconds and then

Thereafter,

the 47 remai ni ng
exposure at an

t he above descri bed

the fl ood exposures the

portions of the resin layer thereon!@¥din Layer Exanple 1 [0123] 5g of

t he pol yner resi

nonoet hyl et her

acetate (PQVEA),
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1.5
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A photosensitive composition for coating a silicon wafer was

prepared, as described generally above, from 3g of the polymer

obtained in Synthesis Example 16, 4.3 g of bisphenol A type epoxy
resin YD-816 (Tohto Kasei Co., Ltd.}), 1.0 gram of PSM-2 and 0.5¢g of
silane coupling agent KBM-503 (Shin-Etsu Chemical Co., Ltd.).

[0137]

The pattern was developed by dippingin a 1.19 % TMAH aqueous

sotution for 20 seconds.

space were formed.

(0138]

Exanpl e 3

The film thickness of the coated wafer was found to be 5.6 uym.

Patterns as fine as 1.8 microns width line and

Resin Layer Example 6

A photosensitive composition for coating a silicon wafer was

prepared as described for Resin Layer Example 5, except that 4.9 g of
bisphenol A type epoxy resin EP-4010S (Asahi Denka Co., Ltd.) was
used.

[0139]
except that the dipping time was for 25 sec.

microns width line and space were formed.

[0140]

Resin Layer Example 7

The coated wafer was treated as in Resin Layer Example 5,

A photosensitive composition for coating a silicon wafer was

prepared, as described generally above, from 6g of the polymer
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[0127] Photosensitive resin conposition (3) was prepared in the manner of
Resin Exanple 1 except that 5g of the polyner resin of Synthesis Exanple 9
was used. 48 [0128] Conposition (3) was applied to a glass substrate,
exposed, developed by dipping in a 1.19 % TMAH aqueous sol ution for 35
seconds, and cured as described above to forma positive inmage of the
maski ng el enment enpl oyed. Resin Layer Exanple 4 [0129] Photosensitive resin

conposi tion (%btéﬂ’ﬁédR{SPﬁ‘trh%Qm'Ekatnlﬁ'&e%n@e& %?YBe§ﬂ®(@?ﬁ8Wa§eﬂC§XC€pt t hat
5g of the polyner resin of Synthesis ? 0.075g of PSM1 were

used and no silt&hel- 8B GRfi SHFCnadune eRaxy m@Y‘T%ié@ID%rﬁfBﬁI%@r‘iaXM was
appl i ed 1o a giasresudsiIe] © o xR Gy deuel omeciviadRaLOmg n 3 119 %

TMAH aqueous sol ution Seconds cure descri bed above to
form a positi @8enhagessrl Qerﬁ’@fafrﬁgkﬁ”ﬁgc@ﬁmdt enpl oyed. Deternination of

P t R g! d 4, I
For' 11 anemd aheel et o Catiuar Bararere ap I FRE S 2ar™i 8%y an initial
t her no- degr adakcem the!nqb\erfmitmaeofasm foes0erd ayethawme tetted maﬁed as
described bel Q%mEFbestﬁe LSS <Al gs il 8529 WlmT 2eGnd gipd

T
Transmittance: as an ﬁcatl on of transpar en@m transmtt % of beam at
wavel engt h of W@@Cﬁﬁﬁwq i 4 H@%J\D@Mﬁﬁ’tﬁ“@l’ledpgﬁa@@ assibs 8f é*t'éJfﬂaW ng the

resin layer WasyABRSWRAsddHl Werebrigh rmmaa f.ﬁaef%rmmh@gs oiY-oleP type,
manuf act ured by Shi madzu Corporation). a resin |ayer shows | arger val ue

of transmttance, it has better transparency [0133] Water absorption: the
resin layer which was peel ed ResindayepExample 8

[0142] A photosensitive compasition for coating a silicon wafer was
prepared as for Resin Layer Example 7 except that 0.52 g of
cyclohexylene bisglycidyl ether epoxy resin ZX-1658 (Tohto Kasei Co.,
Ltd.} was used in place of the BY-16-115.

[0143] The coated wafer was treated as in Resin Layer Example 7
except that the film thickness was measured to be 4.0 microns, and the
dipping time was 30 seconds. Patterns as fine as 3.9 microns width
line and space were formed and a final film thickness was measured to

be 3.€ microns.

Resin Layer Example 9

[0144} A photosensitive composition for coating a silicon wafer was
prepared as for Resin Layer Example 7 except that 0.74 g of
hydrogenized bisphenol F type epoxy resin YL-6753 (Japan Epoxy
Resins Co., Ltd.) was used in place of the BY-16-115.

[01458] The coated wafer was treated as in Resin Layer Example 7 the
film thickness was measured to be 4.1 microns. Patterns as fine as
3.9 microns width line and space were formed and the final film
thickness was measured to be 3.8 microns.
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substrate having the resin | ayer was soaked under the water at 23C for 24
hours to neasure a rate of change in weight (unit, % before and after
soaking. [0134] Dielectric constant: Dielectric constant of the obtained
resin |ayer was nmeasured according to ML-P-55617. 49 (0135) Initial

t her no- degradati on tenperature: an Initial therno-degradation tenperature
was neasured (unit, C) at tenperature rising rate of 10 C /m n under
nitrogen atnosphere using a ReeinpgyevERBMpYe Adifferential thernal

anal yzer (T 620 e, ... manuf actured by Seiko.lnstr nts, Inc.). 50
Tabl o 1 R A Mpolgd e RN RS Er 20 250 AT Wy e
absorption % Qré&pd&red, 8s GeScrbedy@iaaly disownhisinast o .the Bo@nikr8 2.9 Initial
t her no- degr adat i on t enperature_ 282 290 4 291 .Resin Layer Exanple 5
[0136] A phot GBUREPY (/8 BB GaR{ATON® For S8EThg! ATEPTY BUR GRAY: nas
prepared, as desiormidiedogemer abdhybaboicenes) om Janobs Pises-padnd®s  obtained in
Synt hesi s Exa e A A of bisphenal A type epoxy . resin YD 816 (Tohto
Kasei Co., Lt gp%‘m o%%?%?%Hg%@erggbfe%tr%g0@_p§8¥g§flar% ?%'ngﬁﬁlnf'ng agent
[014] SUTROBHAR R waiRr wakltfeaked sifCaydrHRAmMMiEIGNESS OT T he
KBM 503 (' Sh By h lwdter waklifbated E9 I8 Rk sih€ayfdrIeMdiiis l f th
coated wafer was found to be The pattern was devel oped by di ppi ng

5.6 pm >
in a 1.19 % TRERPRIGIBGIIE Waisr wasdiiggast o thashelriate 2 patviesnth e ™ i ne as 1.8
m crons wi dt htitkiResalas measured to be 4.0 microns and the dipping time was 5

seconds. Patterns as fine as 3.9 microns width line and space were
formed and the final film thickness was measured to be 2.3 microns.

Resin Layer Example 11
[0148] A photosensitive compaosition for coating a silicon wafer was
prepared as for Resin Layer Example 10 except that 1.4 grams of
BY-16-115 was substituted for the TS51.8906.

[0148] The coated wafer was treated as in Resin Layer Example 5
except that the film thickness was measured to be 4.5 microns and the
dipping time was 35 seconds. Patierns as fine as 4.4 microns width
tine and space were formed and the final film thickness was measured

to be 3.6 microns.

Resin Layer Exampie 12
[0150] A photosensitive composition for coating a silicon wafer was
prepared as for Resin Layer Example 10 except that 2.2 grams of
YD-816 was substituted for the TSLI9086.

[0161] The coated wafer was treated as in Resin Layer Example 10
except that the film thickness was measured to be 3.5 micrens and the
dipping time was 25 seconds. Patterns as fine as 4.4 microns width
line and space were formed and the final film thickness was measured
to be 2.7 microns.
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space were fornmed. Resin Layer Exanple 6 [0138] A photosensitive
conposition for coating a silicon wafer was prepared as descri bed for
Resin Layer Exanple 5, except that 4.9 g of bisphenol A type epoxy resin
EP-4010S (Asahi Denka Co., Ltd.) was wused. [0139] The coated wafer was
treated as in Resin Layer Exanple 5, except that the dipping tinme was for
25 sec. Patterns as fine as 3.5 mcrons width |Iine and space were forned.

Resin Layer Exanple 7 [0140] ,ﬁegh,cp %?gpglxramﬁqunpom tion for coating a
silicon vvafe was prepared, as desc enerallze/ above, from 6g of the

pol yner 51 [@bt4i né@h%owtwgsq%ﬂmw oregatind ARG WIS 888 (Toht o Kasei

Co., Ltd.), Qarééar@dotas%@btmgé.y@@u@@@we rfesrh 2. ﬁgYoﬂ@we]{i@yl(n@ﬁW Cor ni ng
Toray Silicone Co. d.), 8”gram of PSM 3 and 0 %ﬂg{qéaghﬁ?ne coupl i ng

agent A-1589 (@ﬁ@?ﬁlfmﬁl‘ §éff‘me@’ YHER) 1 ane £439 O

treated as in ﬁ@ﬁhéb[é—ﬁ)@ﬁﬂpfé‘@”@%egr@ms SXTERE. {1%dpdxiyaebPt O gteen vRS set for
100C and the ti'me heated m nute; the thickness was found to be

4. 4pm and t h& &Y phidnd @ ?r@éa”\/ﬁéj%BetE%‘bb??Pdas@”@S@%uﬁUﬂﬁas%f‘ht| on. Patterns
as fine as 3. kgpmoon @iq@elelsnm@pd space were forned with a final film

thi ckness of 4.Opm Resin Layer Exanple 8 [0142] A photosensitive

conposi ti on[363] cohbhe rgakedsyvies sraswat @pdwasn Raséhaperl Bxarele Resin Layer

Exanmpl e 7 exceptebh@bt %éﬁﬂth‘?&kne%%%é%%@ tQ'b%gi E%i@}’dnsettlﬁ*@r epoxy
resin ZX-1658 (Tohto Kasei . % was used in g ace of the BY- 16- 115.

[01431 The co@ﬂ@d”%f@rwﬁﬁgotﬁ%ﬁf‘@& aRattenRasi fineLas e BIGADS W except
that the fil mhBigkngseWasreBAREA @AdIAe BRaliR Hickn@BS 3. RRflclons.

Resin Layer Example 14
[0154] A photosensitive composition for coating a silicon wafer was
prepared as for Resin Layer Example 13 except that 0.5 gram of
tetraethyl orthosilicate silane coupling agent (Tokyo Kasei Kogyo Co.,
Ltd.) was used,

[0155] The coated wafer was treated as in Resin Layer Example 10
except that the film thickness was measured to be 3.6 microns.
Patterns as fine as 5.6 microns width line and space were formed and
the final film thickness was 3.1 microns.

Resin Layer Example 15

[0156] A photosensitive composition for coating a silicon wafer was
prepared as for Resin Layer Example 13 except that the silane
coupling agent was 0.5 gram of A-1589.

[01567] The coated wafer was treated as in Resin Layer Example 10
except that the film thickness was measured to be 4.4 microns.
Patterns as fine as 4.4 microns width line and space were formed and
the final film thickness was 3.5 microns.
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di pping tine was 30 seconds. Patterns as fine as 3.9 mcrons width Iline
and space were forned and a final filmthickness was neasured to be 3.9
m crons. Resin Layer Exanple 9 [0144] A photosensitive conposition for
coating a silicon wafer was prepared as for Resin Layer Exanple 7 except
that 0.74 g of hydrogeni zed bi sphenol F type epoxy resin YL-6753 (Japan
Epoxy Resins Co., Ltd.) was used in place of the BY-16-115. [0145] The
coated wafer was treated as i RFEQAIImyledanpiamsl e 7 the filmthickness

was ”easurﬁggﬁe jpe 4 d%'oatﬁ%ecrﬁi@e% cﬁ%%%f}{}rﬁnfoarfﬁaigﬂﬁ 2Slicoh Waflr GQns width |ine

and space or i na €ss Wwas neasured to be 3.8
m crons. 52 Rewepateayss fobRagdh €ajér EodMple 5 glospoderidhe epexcorguosi tion for

coating a silico r ) repar.ed, .as cribed ral l bove, from
6g of the pol y%$1Woér%g?s\g@%drpﬁeggﬁgf%ssplhgngﬂgi;bqeee%?xy%%gi g\?%'r?éogf silicone
type epoxy rgdapad Ep8P&ecESE JbsbndgoSilidgones), 0.8 gram of PSM 3 and 0.5

gram of A-1289 (General Electric Conpany) silane coupl i%ga%er&]. [0147] The
coat ed waf edfC1R t FB§OGILWRIP ERT e RigY & IBbaamt 628 BXREBPE that the wafer
\Qlas pl aced on é)&@@ph@ffﬁt pid@inm thitRrygsesas h&anééédfbgtdﬂﬂdQKQQﬁ;ﬁpiM\@ﬁnféFasur ed to
e 4.0 mcrons and_the dipping tipe was 5 .secon Patterns as fine as 3.9
m crons w dth »yziasth 3R S%g@%m%&seﬁ% )¢ %ﬁdmé‘?{an? H’édstpi"ﬂgla”fdi ¥97€hi ckness was
measured to bev&eJFormed and the Raai filnldyenebx argsl 25 blicfdb48] A phot osensiti ve
conposition for coating a silicon.wafer was prepared as for Resin Layer
Exanpl e 10 except that 1.4 gr .of BY-16-115 S substituted for the
05 P a2y 7

TSL9906. [0149] The coated wa BF EXAMWI&d /iy Resin Layer Exanple 5
[0160] A photosensitive composition for coating a silicon wafer was

prepared as for Resin Layer Example 15 except that the epoxy resin
was 1.5 grams of bipheny! type epoxy resin YX-4G00 (Japan Epoxy
Resins Co., Ltd.).

[0161] The coated wafer was treated as in Resin Layer Example 10
except that the film thickness was measured to be 3.3 microns and the
dipping time was 60 sec.  Patterns as fine as 3.5 microns width line
and space were formed and the final film thickness was 3.2 microns.

Resin Layer Example 18

{0162] A photosensitive composition for coating a silicon wafer was
prepared as for Resin Layer Example 15 except that the epoxy resin
was 1.5 grams of bisphenol A type epoxy resin YD-825 (Tohto Kasei
Co., Ltd.).

[0163] The coated wafer was treated as in Resin L.ayer Exampte 10
except that the film thickness was measured to be 4.0 microns and the
dipping time was 30 sec. Patterns as fine as 3.1 micrans width {ine
and space were formed and the final film thickness was 3.7 microns.

Resin Layer Example 19
[0164] A photosensitive composition for coating a silicon wafer was
prepared as for Resin Layer Example 15 except that the epoxy resin

55



except that the filmthickness was neasured to be 4.5 mcrons and the

di pping tinme was 35 seconds. Patterns as fine as 4.4 mcrons wwdth 1|ine
and space were fornmed and the final filmthickness was neasured to be 3.6
m crons. Resin Layer Exanple 12 [0150] A photosensitive conposition for
coating a silicon wafer was prepared as for Resin Layer Exanple 10 except
that 2.2 grans of YD 816 was substituted for the TSL9906. [0151] The

coated wafer wass i @i ﬁ%@fswdaog@rﬁkéu mﬁén@@w@% BYRepLevbat the film
t hi ckness was neasured to m crons and I pping tine was 25

seconds. Patt drRRAHEPPKNEBESNSAL A, MElons width |ine and space were forned

and the fin i | i cr 53 Resin
Layer Exanp?égé% %Eﬂgfﬁg%%;ﬁgfggzﬂéégﬁ ?#sg%édh% §QE%¥|@H%)§ r@@gt1| ng a silicon
waf er was pr ggaepdhabthaiistifitedsgeves mbbyuralidv e 3. oncinsgaraf thehe pol ymer
Synihesi s Bxaara e w38 - Py 9uR gb 3 R 8B Gl of "

PSM 3, and 0. Bngrspacefwerelfganédanbdsengl filanbickoups ivag Bgemtrons! B- 0992. 0
(Celest Inc.). [0153] The coated wafer was treated as in Resin Layer

Exanpl e 10 except that the fhl m t 'CknEﬁngEes asured to be 3.8 mcrons,

the dippi ng)dtl me was 20 secondg " PaYt'e ne as 5.0 mcrons width
line and sp&d@6her& phetaredsiing conedfsitival fof chatincha skisessvaedwaberons.  Resin

Layer Exanple Mpa{rQ&%‘é]f P‘R@Qﬁti?aﬁ%’?a er%qgrggggqghgp”{eo%p@ﬁ 8‘9 a silicon

waf er was pr e ar ed or Res exce 5 gram of
tetraethyl or M@@s"i 15|9(E%1‘F‘é 4 MHAR85 @@Gdhf—’ rﬁ’@%&f@ﬁﬁitl@ﬂ'@W©ﬂKh\e!@$ GIﬁ)gly?tm Co.

of PSM-4.

[0167] The coated wafer was treated as in Resin Layer Example 10
except that the film thickness was measured to be 4.2 microns and the
dipping time was 40 sec. Patterns as fine as 3.9 microns width line

and space were formed and the film thickness was measured to be 4.0
microns.

Resin Layer Example 21
[0168] A photosensitive composition for coating a silicon wafer was
prepared as for Resin Layer Example 20 except that the photosensitive
material was 0.8 gram of PSM-5.

[0169] The coated wafer was treated as in Resin Layer Example 10
except that the film thickness was measured to be 4.3 microns and the
dipping time was 35 sec. Patterns as fine as 3.5 microns width line

and space were formed and the film thickness was measured to be 4.1
microns.

Resin Layer Example 22
[0170] A photosensitive composition for coating a silicon wafer was
prepared as for Resin Layer Example 19 except that the epoxy resin

was 1.3 grams of bisoxetane compound OXT-121 (TOAGQOSEI Co.,
Ltd.}.
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Ltd.) was used. (0155] The coated wafer was treated as in Resin Layer
Exanpl e 10 except that the filmthickness was neasured to be 3.6 m crons.
Patterns as fine as 5.6 mcrons width line and space were forned and the
final filmthickness was 3.1 mcrons. Resin Layer Exanple 15 [0156] A

phot osensitive conposition for coating a silicon wafer was prepared as for
Resin Layer Exanple 13 except that the silane coupling agent was 0.5 gram
of A-1589. [[01B7]] Tihe watiedavaiess westetirahabss LapeResimplkayer Exanple 10

except that the fi i ckness was neasured to be 4.4 mcrons. Patterns as
fine as 4.4 m%(rcgﬁim\ﬁtt@?%him ﬁl—:lc‘én?cfss"b%ﬁc@@\ﬂéﬁ’r@dffaﬁ%?eﬂ%m@m%%”qVWa| film
tﬂi ckness was @ppingitoronas 1]?43éﬁesimtt|e&y£és FarBl 24 Jq?cr[di%%&&atrﬁme g f
phot osensi tive itlo or .coating a silicon wafer was prepared as for
Resi n Layer BlpheravafdonRer AR thRA A giksSorRS mras et hnd

hydr ogeni zed birspdtenol A type epoxy resin YX-8000 (Japan Epoxy Resins
Silicone Co., Ltd.). . [0159] The coated wafer was treated as in Resin
Layer Exanple 10 except that _t he ngl m thi ckness was not mneasured and the

dipping tinme was 25 sec. Pat F&FHEA%eF FXBMRLe €31 nicrons width |ine and
space wer e[FioiZedAametadse sitivealonipdsiticnhfioc knatisy wasdicdnSvarec wvags. Resin

Layer Exanple 14 to AR osition.for coating a silicon
waf er was prgpaeierg&gagjf%) ﬁ\ﬁgg@slra f@y’}é’é"‘ @g%pr%g(geﬁégh&&%ep?p?’ﬁ'a‘ies%e epoxy
resin was 1.3a&r hAgramsf pheoxgtane/penppoxd/ Eteasaco YOXBBQObeJapan Epoxy
Resins Co., Ligh)strid QL@ The coated wafer was treated as in Resin Layer
Exanpl e 10 '

[0173] The coated wafer was treated as in Resin Layer Example 10
except that the film thickness was measured to be 4.2 microns and the
dipping time was 35 sec. Patterns as fine as 3.5 microns width line

and space were formed and the film thickness was measured to be 3.4
microns.

Resin Layer Example 24

[0174] A photosensitive compaosition for coating a silicon wafer was
prepared, as described generally above, from 2.7g of the polymer
obtained from Synthesis Example 1 and 3.3g of the polymer obtained in
Synthesis Example 3; 0.76 g of N, N, N’, N’, N”,
N"-(hexamethoxymethyl) melamine (MW-390, Sanwa Chemical Co.,
Ltd.); 0.8 g of a photosensitive material PSM-3; 0.25g of
trifluoromethanesulfonate compound (NAI-105, Midori Kagaku Co., Ltd)
as a thermal acid generator; and 0.2g of silane coupling agent A-1589.

[0175] The coated wafer was treated as in Resin Layer Example 10
except that hot plate was set for 90°C and the wafer heated for 2 min,
the film thickness was measured to be 3.1 microns and the dipping

time was 13 sec. Patterns as fine as 3.1 microns width line and space
were formed and the final film thickness was 2.8 microns.
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except that the filmthickness was neasured to be 3.3 mcrons and the

di pping tinme was 60 sec. Patterns as fine as 3.5 mcrons wdth line and
space were forned and the final filmthickness was 3.2 mcrons. Resin Layer
Exanpl e 18 [0162] A photosensitive conposition for coating a silicon wafer
was prepared as for Resin Layer Exanple 15 except that the epoxy resin
was 1.5 granms of bisphenol A type epoxy resin YD 825 (Tohto Kasei Co.,
Ltd.). [0163] The coated V\IafeIRe\Mﬁ{_hy@ﬁEanﬁﬁelzB Resin Layer Exanple 10

except that fil neasu ons and the

i ng oWl 50 gl HRRE e Lo Sob 8 shRa R BB e and
space were forpzreplafadchstﬂmeHasnaLaﬁerl&nauﬁplelQnmemﬂmasms giot Noms,. NResi n Layer
Exanple 19 [0 t 0 n S|I|con waf er
was prepar edjr\gs Pr%e& L%t;r/]g‘l) g@x Wgﬁ&ﬁ&gcgeapr{w% ﬁﬁ%h %e%epoxy resin 55
was 1.5 grans Lod.) M@adrua@@nl zed bi sphenol F type epoxy resin YL-6753 (Japan
Epoxy Resin , Ltd.). [0165] The coated eat ed s in Resin
Coyer Examp b EREeheteriibe et HEsrITates AP i RESE Vaer At Bk o be 39

m crons and thaace;ﬁtitppin@fﬁlhﬂm:m%QEJa&eﬁeaﬁabﬁ% he A3 riit@samddh8 m crons
width [ine and s ?e wer e gorrre gdthe i nal dslmth is was 3.0

M crons. Res; MHAYGIMERSIS 228, | BARETeAHi BsarsrEy vBs SABITA Ton T or
coating a siliacdrspaat everadermen epditiesfilas tHicknaResvas tapeurelidars 2015 except
that the epOXé1 ér%%l n was 1.5 granms of YD-825 and the photosensitive

mat eri al was gram of PSM4. [0167] The coated wafer was treated as in
Resin Layer Exanple 10 except that the filmthickness was neasured to be
4.2 mcrons and the Resin Layer Example 26

[0178] A photosensitive composition for coating a silicon wafer was
prepared as for Resin Layer Example 24 except that the polymer
obtained in Synthesis Example 7 was used.

[6179] The coated wafer was treated as in Resin Layer Example 24
except that the film thickness was measured to be 3.5 microns and the
dipping time was 25 sec. Fine patterns were formed.

Resin Layer Example 27
[0180] A photosensitive composition for coating a silicon wafer was
prepared as for Resin Layer Example 24 except that MX-270 was used.

[0181] The coated wafer was treated as in Resin Layer Example 24
except that the film thickness was measured to be 3.6 microns and the
dipping time was 15 sec. Fine patterns were formed.

Resin Layer Example 28
[0182} A photosensitive compasition for coating a silicon wafer was
prepared, as described generally above, from 6g of the polymer
obtained in Synthesis Example 4; 1.4 g of BY-16-115; 0.8 g of
photosensitive material PSM-3; 0.5qg of 5-norbornene 2,3-dicarboxylic
acid (Sigma-Aldrich Co.); and 0.4g of silane coupling agent A-1289.
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di pping tinme was 40 sec. Patterns as fine as 3.9 mcrons width Iine and
space were forned and the filmthickness was neasured to be 4.0 mcrons.
Resin Layer Exanple 21 [0168] A photosensitive conposition for coating a
silicon wafer was prepared as for Resin Layer Exanple 20 except that the
phot osensitive material was 0.8 gramof PSM5. [0169] The coated wafer was
treated as in Resin Layer Exanple 10 except that the filmthickness was

neasur ed to caj BT%C&&%ﬁ @Q% the BRI, tH o\rl'\%g%ﬁéa}%ﬁgh e fiptterns as

fine a535m ons W Ine and space were | e film
t hi ckness was @x¢aRUhed theofilgethicknesaiveasonsasresita beay.érmiexagpind 2 [ 0170] A

phot osensi Ui e ABaR|d 198 doecOORLHBM L Shhd 891 YATELNATAIERAr od as for

Resin Layer xcept th € epoxy resin rans of
bi soxet ane COWWC@WFEZQFWWG@E figal. film fhigknpss E@S[®§mpr0me coat ed
wafer was treated as in Resin Layer Exarrpl e 10 except that the film

t hi ckness was neasured to be di pping tinme was 18 sec.
Patterns as fine as 4.4 mcro ﬁegv(ﬂifq%gpéxm%é ggspace were formed and the

filmthi ckné¥$4hasArbataresditive aeem@sitionfog ceakNg RedicenLwsier Weganpl e 23

[0172] A phot gsenskhi é{@dﬁé’ém%éér%rﬂafﬁﬁéb&&atf#dhgs@ o'?'tl‘ué‘ﬁel}rﬂ@f €r was
prepared as for Resin Layer |l e 19 excep hat the epoxy resin was 1.7

grams of bi sox&fained %ﬁtﬂ%@ﬁé'slﬁmﬁ@dl‘f" @)@39 @Ulbé 01 {83 OrFRa99sed. ). [0173]
The coated wafmN; oag ¢ eRssasitive Resiral Payes: e Eoll-1289.

[0185] The coated wafer was treated as in Resin Layer Example 10
except that the film thickness was measured to be 3.7 microns and the
dipping time was 40 sec. Patterns as fine as 3.5 microns width line
and space were formed and the final film thickness was 3.6 microns.

Resin Layer Example 30
[0186] A photosensitive composition for coating a silicon wafer was
prepared, as described generally above, from 8 grams of the polymer
obtained in Synthesis Example 15; 1.25 g of bisphenot A type epoxy
resin LX-01 (DAISO Co., Ltd.); 0.25 g of glycidylether Epogose EN
(Yokkaichi Chemical Co., Ltd.); 0.8 g of photosensitive material PSM-3,;
and 0.5g of A-1289.

[0187] The coated wafer was treated as in Resin Layer Example 10
except that the film thickness was measured to be 4.5 microns and the
dipping time was 7 sec. Patterns as fine as 18 microns width line and
space were formed.

Resin Layer Example 31
f0188] A photosensitive composition for coating a silicon wafer was
prepared as for Resin Layer Example 30 except that 8g of the polymer
obtained in Synthesis Example 7 was used.
[0189] The coated wafer was treated as in Resin Layer Example 10

except that the fiim thickness was measured to be 4.0 microns and the
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except that the filmthickness was neasured to be 4.2 mcrons and the

di pping tinme was 35 sec. Patterns as fine as 3.5 mcrons wdth line and
space were forned and the filmthickness was neasured to be 3.4 mcrons.
Resi n Layer Exanple 24 [0174] A photosensitive conposition for coating a
silicon wafer was prepared, as described generally above, from2.7g of the
pol ymer obtained from Synthesis Exanple 1 and 3. 3g of the pol yner obtained

in Synthesis &xpipltndiwdd bsér. Ode\J&erﬁk ab‘ﬂne'\és 5 ¥'microns width line
N'- (hexamet hoxyrret Ayl ) el am ne (MM

of a phot osens?i§ §AGfYEr BIrmpagg: th@ f@%f'ﬁ? th'P}F”qﬁ%Sdﬁ?%ﬁg’ﬁ&ﬁ%@%l f onat e
conpound (NAI-105, Mdori Kagaku Co., Ltd) as a thernmal acid generator;

and 0.2g of silane coupling ag@ﬁ[gi A- ExanPdiéod2 The coat ed waf er was
treated as in Resin Layer Exanp enloajy%exceh?ait hat hot was set for 90C

and the waf dP1¥dat cdPRGPSSNSHVYE COPRRSHIPT ﬁ‘?rt‘?ﬁaé'lﬁﬁé’s@“ s““ﬂﬁ%d to be 3.1

m crons and t egbﬁh@ @QfortRéB‘?n Yﬂ@?erlﬁxaﬁﬂﬁie ﬂﬁbk@ém?ehﬁtssd bﬂ%eq:&)lﬁﬂér m crons
width Iine and space  were fornmed and final ilmthi ckness was 2.8

mcrons. 57 Re%t?tﬁm@ay@ﬁyeﬂw Bxampleniy Bﬂask‘sﬁﬁot osenS| tive composition for
coating a Sg¢1iﬁnN%%%oaY@tﬁP~afH %P@gﬁg &% 4Oh @ﬁarmagaye&aﬁis b e 24 except

0.8 g

that 0.8 g ) tetrarret hoxymet coluril (MX-270,
Sanwa Cheni calex@gp! thatttie Jilmdtckissg. W@@W]SUTﬁﬁfetoc% MigEeRs 20R4Ne r eat ed as
in Resin Layer gquﬁe aﬁ,s £xeept that the filmthickness was neasured to
be 3.3 mcrons an ipping time was 15 sec. Patterns as fine as 3.9
mcrons wdth line and space were fornmed and the filmthickness was
measured to be 3.0 microns. Resin Layer Example 33

[0192] A photosensitive composition for coating a silicon wafer was
prepared as for Resin Layer Example 30 except that 12g of the
polymer obtained in Synthesis Example 11 was used and the amounts
of LX-01, Epogose EN, PSM-3 and A-1589 changed to 2.5g, 0.5g, 1.69
and 1.0g, respectively.

[0193] The coated wafer was placed on a hot plate heated at 95°C for
2 minute to flash off the residuat salvent. The film thickness was
measured to be 4.4 microns. The wafer was imagewise exposed to
G-line (A=436nm) light through a patterned chrome plated glass reticle
on a NIKON NSR-G3A G-line stepper. The pattern was developed by
dipping the wafer in 2.38% aqueous tetramethylammonium hydroxide
for 45 seconds final film thickness was measured to be 4.2 microns..

[0194] Embodiments in accordance with the present invention have been
described that are useful in the manufacture of a variety of electrical,
microelectronic and optoelectronic devices such as semiconductor
devices, printed wiring boards and display devices. Some of such
embodiments are photosensitive resin compositions that encompass
an alkali soluble polymer material having one or more types of
repeating units represented by structural Formula 1, where at least
one of the types of repeating units includes a pendant group having
acidic functionality; a moiety containing a functional group capable of
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Resin Layer Exanple 26 [0178] A photosensitive conposition for coating a
silicon wafer was prepared as for Resin Layer Exanple 24 except that the
pol ymer obtained in Synthesis Exanple 7 was used. [0179] The coated wafer
was treated as in Resin Layer Exanple 24 except that the filmthickness
was neasured to be 3.5 mcrons and the dipping time was 25 sec. Fine
patterns were fornmed. Resin Layer Exanple 27 [0180] A photosensitive

conposi tion fopos@ialivith mééfbi@rﬁ@nwe%rpé/@%m F@._Flitﬁhé?\dn §siclans Resi n Layer
Exanpl e 24 excagtgitﬁnat MX- 270 was used er was

treated as in By &N e AR Oéeﬁﬂt‘}é%Eb'J&?r'%’hafrh?ﬁ%efrﬁlﬁoﬁimﬁ 'ékness was

measured to beegdedm %%eaeﬂ%rbhﬁe nﬁ?bl@ig iRBluties® ospdimas @epafateie patterns
were fornmed. Resin Layer nple 28 [01 phot osensi tive conposition for

coating a siliE8A RERAYYRES CaB?EH@aneC&OS%E']”%@W i®§ RFEWErLEI3FPabove, from
6g of the polyRBYingQRidé ﬂ%tﬂoﬁa%rﬁsh%m 8o PNADh et k. rﬂo@tpn‘s Bipd6- 115; 0.8

g of photosensitive materi al norbor % 3- dl ar boxylic
aci d (Si gma- Al 8f 79(9‘?3%9)”””&?\60@0%961*”@ %ﬁ@'y@beﬂp%‘?{ﬁ (H é'Amf 9. 58
[0183] The coatseasmépablw dr@wn@dn@w:mnhg@@mahamrupwm gcid@ except
that the film h| knea Cﬂgasure %&) f3t m crons .and top]e di ppi ng
time was 40 sefNCPRRIEYnsNARFYHE o4 Tems? RE RPEEH 'TYHH O and space were
formed and t heirfiual filfris! fmmbi:i(frlomm waseBedtionat phstos&estive Layer Exanpl e 29

01847 A phot osenshLles GATPOSLLL ik 8Ln 6931008, 5| hicakeler ves

prepared, as d o yher ~ obtained in
Synt hesi s Exarrmlaﬁufg4sucheﬂ'5regnethtad_r%d)‘ﬂmso. EﬂrtgeEmlﬂmbmeEN ofdhg8 g of

phot osensi tive, MALE | 3bnfaMeRcoRPYs O mlo8lectiohr®Revices such as

semiconductor devices or multichip modules or the like, electro-optical
devices such as display devices and the like that incorporate such

films as well as methods used for make such devices,

[0195] The present invention has been described with reference to specific
details of particular embodiments thereof. [t is not intended that such
details be regarded as limitations upon the scope of the invention
except insofar as and to the extent that they are included in the
accompanying claims.
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[0185] The coated wafer was treated as in Resin Layer Exanple 10 except
that the filmthickness was neasured to be 3.7 mcrons and the dipping
time was 40 sec. Patterns as fine as 3.5 microns wdth line and space were
formed and the final filmthickness was 3.6 mcrons. Resin Layer Exanple
30 [0186] A photosensitive conposition for coating a silicon wafer was
prepared, as described generally above, from6 granms of the polyner
obtained in Synthesis Exanple 15; 1.25 g of bisphenol A type epoxy resin

LX-01 (DAISO Co., Ltd 0. 25 of glycidyl ether Epogose EN (Yokkaich
Chem cal Co., Eﬂﬂ&lT_ﬂﬁ&&ﬂEﬂlighotosen5|tlve material PSM 3; and 0.5g of
A-1289. [0187],The coa was treated.as i.n_ Resin Ie 10
except that thé 11 A SHELIRABLES REEASAOHE (or HESURTE foBrUeVRRATE he

di ppi ng tine wapeatisgunitPasd@r mpréserfteddy Frd@laicrons width line and
space were forned. Resin Layer Exanpl- 31 [.0188], A photosensitive
conposition for coating a silY i s pared as for Resin Layer
Exanpl e 30 except that 6g of the d in Synthesis Exanple 7
was used. [0189] The coated waf| b as in Resin Layer Exanple 10
except that the filmthickness 4.0 mcrons and the 59

di pping tinme was 22 sec. Pat 2 : 6 mcrons width [ine and
space were forned and the final fi I mit hi ck P&S fi/vas m crons. Resin

Cover Sl & 52 G0l A phglessnsit g comon Lol o Goat g, 1 1 con
pol yner obt aitaedoi p, 8yt hesi 64 EX@rrphes &EZ nwageusenh 0 [cD&iQéh}d gheh coat ed waf er
was treated asoécﬁrrlg%scie%f ngyﬁ& IL«:“Q( % FS‘* is mdependently a hydrogen, a linear
or branched (C; to Cys) hydracarbyl, a linear or branched (C4 to Cys)
halohydrocarby! a linear or branched (Cy to Cys) perhalocarbyl, or one
~(CH2)n~C{OH)~(CF3)2, «{CH2)a~N{H)-5(0)2—CF3, —(CH2)a~C(O)-OH,
m(CHz)nmC(O)-R“, —(CH2)n—O—-C(0)~R?2, ~(CHz)-0~R*, and
~(CHa2)a—0O-CHR®.CHR®-R*" where n is an integer from 0 to 8, R*' is
one of a mono- or multi-functional phenoi of Formula AA where A is

optional and if present an oxygen,

RS R®

R? R

AA

R% R® R7 R?® and R® independently represent hydrogen, a linear
or branched {Cq to Cas) alkyl, alinear or branched (Cy to Cas)
halohydrocarbyl, a linear or branched (C, to Czs) hydrocarbyl; and
—(CH2),—0O-R*, where nis an integer from 0 to 25, R* is H or a linear or
branched hydrocarbyl or a halohydrocarbyl, with the proviso that for a
mono-functional phenol only one of R to R® is —OH and for a muiti-
functional phenol more than one of R® to R¥ is —OH.
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except that the filmthickness was neasured to be 3.7 mcrons and the

di pping tinme was 41 sec. Resin Layer Exanple 33 [0192] A photosensitive
conposition for coating a silicon wafer was prepared as for Resin Layer
Exanpl e 30 except that 12g of the polymer obtained in Synthesis Exanple 11
was used and the amounts of LX-01, Epogose EN, PSM 3 and A-1589 changed to
2.59, 0.5g, 1.6g and 1.0g, respectively. [0193] The coated wafer was

pl aced on a hot plate heated at 95C for 2 mnute to flash off the residual
sol vent. The film ti{ HNRSBNYRS of TRASUIELEBt 0 be 4.4 nicrons. The wafer was
i magewi se exposed to G line (A=436nm) |ight through a patterned chrone

pl ated glass reticle on a NIKON NSR:t G3A & |ine stepper. The pattern was
devel oped by dipping the wafer in 2. paqueous tetranet hyl anmoni um
hydroxi de for 45 seconds final fljl ness was nmeasured to be 4.2
mcrons.. [0194] Enbodi ments in acco & Wi'th the present invention have
been described that are useful int mnuf acture of a variety of
electrical, mcroelectronic and opkbel eckrFonic d@gi ces such as

sem conduct or devi nt e daar ds di s i Some of
such enbodi nents df eBH@FSé’@H%% % g%m %o &I a&ﬁés g gﬁ orrpass an
al kali sol ubl GFWMWA wehené @Foxhﬁ)/mw a@l”@smnamfe?5tclyp€3130f0H,rep$at |hng
units represent t Formula 1 efe a ast one of the types
of repeating urﬁqg% (E@ Hé‘ WeHadRds §rd tﬁgﬁéffloﬁb]i t%gi dic functionality;, a
noi ety cont ai m@g?%i G(l@'fft)t (@R wQewB”capa@éreorotﬁraﬁ@h@@ﬁdimg)sveillm the
aforerrentioned WP hayang, f a \V

phot osensi tive rrgterl al™ he(SJZ“ )eénbo ﬁ%ﬁ?% Oszcghb;ﬁ;sk%ﬂ asn@ aothert he

noi ety i ncl udes Ca te Ghypaikyidhr bodpaf RE ancu Réhatens; poﬁﬁ%rs Réépa@eén@ﬂ

cross-linking H\ér&@ 5rh~§)(@ﬁﬁgaﬂ?tR 8i9%Re of a mono- or muiti-functional phenol of
Formula AA where A is not present, —(CH2)—C(0)-OH,
R>-C(OH)~(CF3)2; with the proviso that for at least one type of repeat
unit within the polymer backbone, at feast one of R' to R* is a pendent

group comprising one of —~C({OH)~(CF3)2,
~N(H)-S(0),~CF3;, a mono- or multi-functional phenol, an amino-phenol

or a carboxylic acid.

2 The polymer of Claim 1 where for the first type of repeating unit,
at least one of R' to R* comprises ~C(QH)—(CF3)2 and for the second
type of repeating unit, at least one of R' to R* comprises a mono- or
multi-functional phenol, an amino-phenol or a carboxylic acid.

3. The polymer of Claim 1 where for the first type of repeating unit,
at least one of R to R comprises —N(H)-S(0)-CF3, and for the second
type of repeating unit, at least one of R to R* comprises a mono- or
multi-functional phenol, an amino-phenol or a carboxylic acid.
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having acidic functionality as well as those where the noiety is a type of
repeating unit incorporated into the polynmer where this other noiety is

al so capabl e of cross-linking with the pendant group having acidic
functionality. In addition, enbodinents of the present invention include
films formed fromthe aforenmenti oned photosensitive conpositions where
such filnms can be patterned or not; nethods of nmaking such aforenentioned
films. Further, enbodinments of the present invention enconpass

mi croel ectroni g devige oi?H@F oagla.ﬁﬁmwwtﬁé 98551 RS ieli p modul oS

or the |like, electro- o evli ces such di s devi ces and the |ike
t hat i ncor por aglegatcene pf Rm§0 &S CRENArisgs -I%QFH‘BUQCEQEEW R thakeceeh devi ces.

[0195] The  pr egeptod BYSIAPannas DRIR ARG Bad wbifrised ganssylo speci fic

details of par |msnts ereof. It is not intended that such
details be rega¢ided as Ilmtatl ons upon the scope of the invention except
insofar as and to the extent that they are included in the acconpanying
claims. 61 WHAT IS CLAIMED IS 1. An alkali sol uble polynmer conprising a
first and a segond ﬁnep@olwfnerloéﬁw‘m heg/heng tag thedicst tyepoésmeadadbypitFor mul a 1:

R R XXR3 ﬁg?%tl ne o?ée t{@% ﬁ%{%ﬁge%bri-ﬁ"wlg_‘%ﬁd FPRIQR oYl fur, or

NR', pis equa? mis an 1 nteger fromOto
5, and each otyperafespeatofg ®iif, fR2eaRIneai® 'Re R5compeprendent |y a hydr ogen,
a linear or br h Cld o0 C25) hydrocarbyl, a linear or branched (C to
25 Apghadol Chry

6. The polymer of Claim 1 where for the first type of repeating unit,
at least one of R' to R* comprises —~C(OH)—(CFs)z and for the second
type of repeating unit, R** of at least one of R' to R* comprises an

amino-phenol.

7. The polymer of Claim 1 where for the first type of repeating unit,
at least one of R' to R* comprises —N({H)~5(0)>—~CF3, and for the second
type of repeating unit, at least one of R! to R* comprises a carboxyiic

acid.

8. The polymer of Claim 1 where X is ~CHy—, m is 0, and for the first
type of repeating unit three of R! to R* are hydrogen and the other is
~CHa=C(OH)(CF3)2 or —CHa=N(H) ~5(0).~-CF3, and for the second type
of repeating unit, three of R' to R* are hydrogen and the other is an

epoxy containing-group.

9. The polymer of Ciaim 1 where X is =CH,~, m is 0, and for the first
type of repeating unit, three of R’ to R* are hydrogen and the other is
—CH>-N(H)~S(0)2—CF3, and for the second type of repeating unit, three
of R' to R* are hydrogen and the other comprises a mono- or muiti-

functional phenol, an amino-phenol or a carboxylic acid.
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hal ohydrocarbyl, a linear or branched (C to C25) perhal ocarbyl, or one of
-(CH2)Nn-C(OH) - (CF3) 2, -(CH2)n-N(H)-S(0)2-CF3, -(CH2)n-C(O) - CH,
-(CH2),-C(O-R3", -(CH2)n OC(O-R32, -(CH2)~-OR32, and
-(CH2),- O CHR33-CHR33-R41, where n is an integer fromO to 8 R31 is one
of a nmono- or multi-functional phenol of Formula AA where Ais optional
and if present an oxygen, Rs R6 A\ / R RO Re A A R5 R6, R7, R3, and RO
i ndependently represent hydrogen, a linear or branched (C to C25) alkyl,

a linear or branched ( ¥axogahyl, masld, %e@rfo@rhebrrranched (a
to C25) hydr oc::fl(?bylercﬂle &Ayﬂh@r @ggaimhﬁhﬂg E\?\,{;jere ll’%%l smasqm{) fromO to 25,

R is Hor a |ﬁyn@a>rf r@@eatma#mh%ewa%é%ﬁbweSﬁ'd%?gﬁa ?'b&ﬂ with the

proviso that fok lihPRBBOhd BHeYoraBBesfin énﬂtomt% bs - OH and
for a multi- funcf @mﬂcﬁeno%hﬁo@e han ongﬁggfO R5s is -OH 62 an

ami no- phenol oR' @Rmr@hmogﬁgwthﬂother\l% ‘F@er{éY’ﬁea% where in Fornul a
BB, R5, R6, R, R8, and RO are as defined for Formula AA with the proviso
that at least one of RS or RO is -OH O (CH2)mC(O-OCH where mis an

i nteger from 111.0 She @/R38F 6{ OHim(CWBE R Mtier-€ Ha33mais|q. rsalfopthelicghched C,

to & al kyl, of 40; 4R gt 9f 2RAGnabthd4d is H and
t he ot her d!PFé’Qégﬁl?% or’l%%Toe?h&:)F?%A%h e?u%j‘?garg H and R42 is R 32
as defined —CHo~C(OH)(CFa)2, and for the second type of repeating unit, three of

R! to R are hydrogen and the other comprises an amino- phenol.

12.  The polymer of Claim 1 where X is ~CHz~, mis 0, and for the first
type of repeating unit, three of R' to R* are hydrogen and the other is
~CHo—N(H) =8(0),~CFa, and for the second type of repeating unit, three
of R! to R* are hydrogen and the other is carboxylic acid.

13.  The polymer of Claim 1 where X is ~CiHp—, m is 0, and for the first
type of repeating unit, three of R' to R? are hydrogen and the other is
—CH~C{OH){CF3)2, and for the second type of repeating unit, three of
R to R? are hydrogen and the other is acetic acid.

14.  The polymer of Claim 1 where X is —CHz—, m is 0, and for the first
type of repeating unit, three of R' to R* are hydrogen and the otheris
~CHa—C(OH)(CF3)z, and for the second type of repeating unit, three of
R to R* are hydrogen and the other is propionic acid.
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below or -C(O-R 32; R 32 is one of a nono- or nulti-functional phenol of
Formul a AA where A is not present, -(CH2)mC(O-0OH, R33-C(OH)-(CF3)2; with
the proviso that for at |east one type of repeat unit within the pol yner
backbone, at |east one of RL to R4 is a pendent group conprising one of
-C(OH)-(CF3)2, -N(H-S(0O 2-CF3, a nono- or nulti-functional phenol, an

am no- phenol or a carboxylic acid. 2. The polyner of Cdaim1l where for the
first type of repeating unit, at Ieast one of RL to R4 conpri ses

-C(OH) - (CF3) 2 apd f@Qfe n%&gm%?r%?@ Rﬁe?é x'i€Rea JNeh 1N tandfor kieastst one of

Rl to R4 conprises a unctl onal ‘phenol, an ami no-phenol or
a carboxylic abipé. OfEGPQWé‘QJ@F'yﬁBfeeo‘ff i R @f%wr@QPBﬁnﬁﬁﬁeﬁtn%rt'stype of

repeating unit, atc{@ﬁﬁmnea%fﬁkh@%e%ngwbﬁ%ea%@m&(@ee@Fs and

for the second y%u hr epeating unit |'east one of to R4 conprises
FEE i

a nono- or muRf{ i@ gHEAgepHERbING %he%?ﬁ"’HBE'%@r%ﬁ%rlb°6Y"caa‘89rW@xyl ic acid.

63 4. The pol Y Sdor rﬂfty%%'f%ﬂeé’m%r@mf@ém R rilbé $lont Ml@ﬁbd?iﬁerﬁé?@@@bkﬂgs uni t,
at | east one of Rl nprises - second type

of repeating uffid, 'f“@le”lyé%{’é’ﬂe%?fe nafbme@%apéﬂ%% tf‘@@éhyis'ﬁ';‘?sg‘%x% ic acid.

5. The pol yrrern@rfboﬂeﬁde"fbr%p‘v’bi’!ﬁé@cﬂchthn'féﬂ@ﬂ@Cgﬂééteﬁype of repeating unit, at
| east one of R to R4 conprises - 3)2 and for the second type of

repeating unit, at |east one of Rl to R4 corrprises N(H)-S(0O2-CF3. 6. The

polyner of d a I e t at | east
one of R to Réncorr%% é@@%&%ﬁ@&?@é@% c?% 5§ﬁ§%§g@gtﬁys§ e of
repeating unitrepRatingfunits aredstiven&oof hRiroxhRAflerm)s PRIERY PO aMERS- phenol .
7. The pol yner ,0f (i fkhe WBYSyhObcitiNBrtyidiiioRer, Pésgpealyl ng unit,

17.  The polymer of Claim 1 where the first and second types of
repeating units are derived from hydroxyhexafluoroisopropyi norbornene
and norbornene acetic acid trimethylsilylester, respectively.

18. The polymer of Claim 1 where the first and second types of
repeating units are derived from hydroxyhexafluoroisopropyl norbernene
and norbornene propionic acid trimethyisilylester, respectively.

19.  The polymer of Claim 1 where the first and second types of
repeating units are derived from hydroxyhexafluoroisopropyl
norbarnene, and norbornene methylene trifluoromethane sutfonamide,

respectivaly.
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at least one of R to R4 conprises -N(H)-S(0)2-CF3, and for the second
type of repeating unit, at least one of R to R4 conprises a carboxylic
acid. 8. The polynmer of Cdaiml where Xis -CH2-, mis 0, and for the first
type of repeating unit three of R to R4 are hydrogen and the other is
-CH2-C(OH) (CF3)2 or -CH2-N(H) -S(O 2-CF3, and for the second type of
repeating unit, three of R to R4 are hydrogen and the other is an epoxy
cont ai ni ng-group 9 The polyner of daiml where Xis -CH-, mis 0, and
for the first ¥dy ogen and
the other is - k% 6;2?%?%% %WBE@ ?%Fr?dtj gpg@égﬂ%ﬁéﬁﬁﬁr epeati ng
unit, three ofhifﬁtyp@ORileinélﬂI@Wb@elﬁhé?ﬂidj tyine Atrpeeati eyt PP HBRo- or
mul ti- functio 99#% I g 64 10, The
pol ymer of C a?&Ffﬂn\Aﬁere |s%-, 'ngs rg,epg)r?g ?@?*ﬁ{h%ggﬁfp‘st type of
repeating unit three of RL to R4 are hydrggen and the other is

-CH2-C(OH) (CF3) 2, and for the second type af repeating unit, three of R
to R4 are hydrogen and the ot hért ar boxylic acid. 11. The pol ymer of
Caiml where Xis -CH2-, mis O, qr the first type of repeating
unit, three of StRctucal Rer@pE Bydr ogen aﬁd t he (8 métere & s adigking B¥94Pcr3) 2,

and for the Se§é1@€'te‘&:MRﬁnQ‘f1 thqpaei%éd?gbﬂéﬂbhedtéﬂcﬁ@ydﬁfz al@lert@aﬁmé? antiydr ogen
and t he ot her 8 prises an amno%( 12. heg é %E im1l where X
is -CH2-, misR0O,agdadersndalyrsel tedf%?ﬁéHof“qI@He B g‘Eyun(l anter?roéé of RL to
R4 are hydr ogeaoragm,ﬁ@gr&jtpr@rsu@tura%nhmw)a S(O 2-CF3, and for the second

type of repeatin un|t three to R4 are hydrogen and the other is
carboxylic acid. j1 Th@ pF{S)ZI3 rrer gglml where X is -CH2-, mis 0, and
for the first —Je-;z hree of RL to R4 are hydrogen and

the other is -CH2- )2, for the second type of repeating unit,
three of O-M 15 amzd (3) where p is a%pmteger from oo Y

6. and R?*® and R?* are as defined above; (¢) any combination of two of
R' R2 R®and R” linked together by a linking group selected from Cq to
Cas linear, branched, and cyclic alkylene and alkylene aryl, with the
proviso that at least one of R', R? R® and R*is terminated with the
epoxy containing group of structural Formula 2; and (d) an aromatic,
linear or branched hydrocarbyl, halohydrocarby! or perhalocarby! moiety

terminated by one of 0 , —QO, and ~R%~CH,-0-R? where R
is arylene or —-N{R?"), where R*' is a hydrogen, a linear or branched (Cs
to C4) hydrocarbyl, and R?® is a hydrogen, a linear or branched (C+ to

C) hydrocarbyl, with the proviso that at least one of R, R?, R® and R*

1 o
is terminated with one of 5 , Q  and ~R*-CH,—0-R*;

where those of R', R2 R?, and R* not selected from the groups of (a),
(b), {¢) or {d) are independently a hydrogen or a linear or branched
(C1 to Cazs) hydrocarbyl, with the proviso that one of the first or second

type of repeat units comprises a carboxylic acid pendent group.
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R to R4 are hydrogen and the other is acetic acid. 14. The pol yner of
Caiml where Xis -CH2-, mis 0, and for the first type of repeating
unit, three of R to R4 are hydrogen and the other is -CH2-C(OH)(CF3)2,
and for the second type of repeating unit, three of R to R4 are hydrogen
and the other is propionic acid. 65 15. The polyner of Claim1l where X is
-CH2-, mis O, and for the first type of repeating unit, three of RL to R4
are hydrogen and the other is -CH2-C(OH)(CF3)2, and for the second type of
repeating uni t§1t hr g Béayrd%% otf@:ié% .@ow@@wmﬁpge e IR HRBY i Ses

car boxylic aci the Second &c repeating unit being der| ved from

nor bor nene car BERYE§ Fompgn é“‘WHJ @Vh?ihﬁrlnﬂ@gf‘@"r‘e nor bor nene acetic acid
trimethyl silylester or norbornene propionic acid trimethyl silylester.
16. The polyner of Claim1l1 where the first and second types of repeating
units are deri2ad fTionpdlydeoxyésial POereirs tpr Hisyisatonb@ndehid typas of
nor bor nene car r ly. 17. The

pol ymer of C aFér)f%%QnWﬁ Lﬁ'?ts%ng dfegegp¥andhz&r%§&uﬁé>§afl %%?&?&Jopzlpeatl ng units are
derived from hydmymafdrbl@menemrwﬂc@@mwmhﬁsiiﬂﬁ@ehmmé ¥ acetic
acid trinethyl i The polyner of Caim1l where
the first and é’é’g %{h%m&ﬁﬂgﬁée’pﬁgg ?%tb nits. are derived from

hydr oxyhexaf | uor oi sopropyl norbornene and norbornene propionic acid
trimethylsilyl ter respecti Th I L y@tﬁ.r t he
first and seco ep%igmelré%gé% é uhrﬁr?zhéD%OY f'@edaeﬂgﬁt}e mS

hydr oxyhexaf | utyrpel mipmmzlsecnod bepewimg, typadnitos bomtemaegaémdwlaénet
trifluoromnetha respectively. 66 20, The polynmer of Claiml
where t he pol yrgre%r‘r)sgur%ﬁelr%g%rrprl ses a third type of repeating unit, such
third type of repeating unit represented

24. A process for making the polymer of Claim 1 comprising
polymerizing at least two monomers represented by structural Formula

(2).

R‘!

\L.R2
/T'R:3

R4
L (2)

where X, p, m and each occurrence of R', R? R® and R* are as

defined for Formuta (1).

25. The process of Claim 24 where the monomers are polymerized in
a vinyl-addition polymerization process in the presence of a nickel

compound or a palladium compound.

26. The process of Claim 25 where the catalyst is represented by

Formuta (A):
Ea-Ni{CeFs)2 (A)

where n'is 1 or 2, and E is a ligand that donates two electrons.
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by Fornmula 1 further conprising: (a) an epoxy containing group of 0 A/O
structural Fornmula 2: R24 R23 (2), where Ais a linking group selected
fromC, to C5 linear, branched, and cyclic alkylene and R23 and R24 are

i ndependently selected fromH, nethyl, and ethyl; (b) an epoxy containing
group of structural Fornmula 3: p-1- RR3 Rz3 RR3 O R24 Rz4 P R 24 (3)
where p is an integer from0O to 6, and R23 and R24 are as defined above;
(c) any conmbination of two of R, R2, R3 and R4 |inked together by a

| i nki ng group |l e r LI , : AN Sysid ©
al kyl ene and a?ﬁ'yl gt]rged%rio??,%\%f Fhﬁphgélg?t%ﬁ?% 1t ac?@gggl%egst Oql’:l% of R, Rz,
R3 and R4 is termnated with the epoxy containing group of structural

Formula 2; and (d) .an aromati linear or hbranched hydrqcarhyl
hal ohydr ocar by?gor B@W&CSE%PE{}I@'WD?%W'”G{ @r’ﬁ%n%ﬁcgg %%;eq&aﬂ-g%é&ﬁ@q, Do, and
- R25- CH2- O R25¢wyenectBbor dioxane/l ene or -N(R27), where R27 is a hydrogen, a

| inear or branched (C, to C4) hydrocarbyl, and R26 is a hydrogen, a |inear
or branched (C, to C4) hydrocarbyl, with the proviso that at |east one of

R, R2, R3, andsR4 0 i ) f - EH-Onf?e;, where
those of R, Rgg g HepieRRgd gg?%@#g%?@%@rh%rﬁﬁ@Qgrsoaiﬁggof (a), (b)), (c)
or (d) are i ndepepaest Groaphydrtedesiiay mgtalicg&dystor branched (C, to C25)
hydrocarbyl, with the proviso that one of the first or second type of
repeat units conprises a carboxylic acid pendent group. 67 21. The pol yner
of Claim 20 whate tThe prioicess biyPinf2T wpees thegcaialy st is Myl-CeBACREHM an

al kyl gl yci dyl . - I fos gl i@ the
first. “second %%%nggpfbgaa?%&pgﬁﬁg* b tombfin® Q! rBBAtaRfst WAl A itd8l
the presence of the monomers to be polymerized,

31. The process of Claim 30 where the procatalyst is a Group Vi
transition metal containing compound that is converted to an active

catalyst by reaction with the cocatalyst.

32.  The process of Claim 30 where the procatalyst'is a compound
represented by the following Formula (B):
(AllyYPA{P(R3(L") (B}
where R¥ is isopropyi or cyclohexyl; and L’ is trifluoroacetate or

trifluoromethanssuifonate.

33, The process of Claim 30 where the procatalyst is one or more of
(allyl)palladium-(tricyclohexylphosphine)triflate, (allyl)palladium
(triisopropylphosphine)triflate,
(allyh-palladium(tricyclohexylphosphine)triflucroacetate, or
(allyl)palladium (triisopropyl-phosphine)trifluorcacetate.
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repeating units are derived from hydroxyhexaf!| uoroi sopropyl norbornene,
nor bornene carboxylic acid trinethylsilylester, and an al kyl gl yci dyl

et her norbornene, respectively. 23. The polynmer of Caim1 where the nolar
ratio of the first repeating type unit to the second repeating type unit
is in the range fromabout 5:95 to about 95:5. 24. A process for making
the polyner of daim1l conprising polynerizing at |east two nononers
represented by structural Formula (2): R R2 11 ax lax RB R4 m(2)

where X, p, mand ch occurr qdefined for
Formula (1). ﬁ ed?FBE%%SSOfe(S‘ %Oﬁf’%ﬁre\ﬁ'grpéo??\%ﬂ%%ﬁoangé'?pgge pol yneri zed
Icgrrpg Vldnyl adadzl r?@gﬂmbym@;ﬁﬂesemedmyp?maﬂa (Chshiven eésence of a ni ckel
und or a pall adi rocess of d aim25 whe th
catal yst is represent :ﬂkgéw%h@{ég 1;RJPCELﬂ Ni ( C6F5) 2 (A)(Qc’l ere nrel S Ie or
é and Eis a Ilgandqetréla(quao@@tmnt:wa (erioeapt'lrfonmtral@&czmn doreorgiceodss  of
aim 26 V\/nere erelfgIszag'ﬂgu%ffeig@ze}gﬁ@g} Nepl) a0ty p 0o thg'ﬁ?rﬂéﬂf%ess of

d ai m 26 where” ofuran et'hyl ‘acetate or di oxane.
29. The processndR nﬂjabemc%]tIWmepr@sehts medragigs or vge af ﬁs meflteped. o aful ti -

conponent G oup VIl hydr(%]ca?b)td | QR TR mERWAY $E an anionic ligand selected

from a carboxylate, thiocarboxylate, and dithiocarboxylate group; LBisa
Lewis base; WCA represents a weakly coordinating anion; a represents
an integer of 1 or 2; and b represents an integer of 1 or 2 where the sum

ofa+bis 3.

35. The process of Claim 30 where the cocatalyst comprises fithium
tetrakis(pentafiuorophenyl)borate, N, N-dimethytaniliniumtetrakis-
(pentafluocrophenyl)borate, or a combination thereof.

36. The process of Claim 30 where the procataiyst to cocatalyst molar

ratios are in the range from about 1:1 to about 1:10.

37. The process of Claim 24 where the polymerization is conducted in
the presence of a soivent, the solvent comprising an aliphatic sofvent,

an aromatic solvent, or a mixture thereof,

38. The process of Claim 37 where the solvent is an alkane, a

cycloalkane, or a mixture thereof.

39. The process of Claim 37 where the solvent is pentane, hexane,
heptane, cyclohexane, benzene, toluene, xylene, mesitylene, diethyl
ether, tetrahydrofuran, acetate, ethyl acetate, an ester, a lactone, a
ketone, an amide, or a mixture of two or more thereof.
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30. The process of Caim25 where the catalyst is a nmulti-conponent

catal yst prepared in situ by conmbining a procatalyst with a cocatalyst in
the presence of the nononers to be polynerized, 31. The process of C aim 30
where the procatalyst is a Goup VIII transition netal containing conmpound
that is converted to an active catalyst by reaction with the cocatal yst.
32. The process of Claim30 where the procatalyst is a conpound

represented by the following Formula (B): (A lyl)Pd(P(Rx)3(L') (B) where Rx

is isopropyl ofncC nﬁ%y : L4 | £ r

trifl ugr olror)ét haﬁn%sﬁﬁipg at e&]erégﬁé%hg fp?;g%ée!s@eg%%%gﬁtrrn%gg@ho&tgetpﬁg/mer

procat al yst i sisoméheorangerfeorofabout 5,000 to about 100,000,

(allyl)palladium (tricycl ohexyl phosphine)triflate, (allyl) palladium

(triisopropyl phosphine)triflate, (allyl)-pall

?fli um(tri cyc: ohﬁxyhﬁbq:&:w@fe?ﬁ@iaimmoivataﬁeemgtmme@n%w;gml Jfpaé Ipfangm -
rii sopropyl -phosphi ne)tri or pac e. : e process o aim

wher e tﬁe B?odgf%ﬁ{}s&a”ﬁg fﬂ)@@#ﬁﬁhﬁ@%orgﬁ%’é‘zﬁaé@oby rgpresent ed by Formul a

(© shown below [(E(R)3)aPd(Q (LB)b][WCA]IT (C where E(R)3 represents a

G oup 15 neutral electron donor ligand where Eis a Goup 15 el enent of
the Periodic Tebl eTBf POHE T ¥rfeldig T wherg tReimeleprirasmigt ¢ dpp esbvme

hydrogen or ongipfnd f=hgkIIRROS Ut 80080 ABLEBD@ObYdr ocar byl cont ai ni ng
noiety; Qis an anionic ligand selected froma carboxyl ate,

t hi ocarboxyl ate, and dithiocarboxylate group; LBis a Lew s base; WA

represents a Kl i i A AN 0. ; I r of 1 or 2
and b represe\rll%gl aﬁ“,?%t%@g‘he‘?a%ﬁ@‘%“@? \gﬂ?}\ﬁgp%%ﬁh)gﬁ%ﬁ'%ng?fgg?s 3. 35. The
process of Cl &oMBer iftfepeleshe cocatal yst conprises |ithium

44 The polymer of Claim 1 where the polymer is an essentially

random copoilymer.

45,  The polymer of Claim 1 where the polymer comprises a mixture of
essentially random copolymers and block copolymers.

46. The process of Claim 24 where the polymerization process is a
solution polymerization process.

47. The process of Claim 46 where the polymerization process is
conducted by adding a solution comprising a preformed catalyst or a
solution comprising catalyst components {o a solution comprising the
monomer and a chain transfer agent.

48, The process of Claim 46 where a solution comprising a
procatalyst is added to a solution comprising the monomers, a chain
transfer agent and a cocatalyst.
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tetra ki s(pentafluorophenyl)borate, N, N-dinethylaniliniuntetrakis-

(pent af | uor ophenyl )borate, or a conbination thereof. 36. The process of
Claim 30 where the procatal yst to cocatalyst nolar ratios are in the range
fromabout 1:1 to about 1:10. 37. The process of Caim 24 where the

pol yneri zation is conducted in the presence of a solvent, the sol vent
conprising an aliphatic solvent, an aronmatic solvent, or a m xture
thereof. 38. The process of Caim37 where the solvent is an al kane, a

cycl oal kane, oxga nind Ho@ebIBF @@gfm @@whgrk[e RHE)%SCO(M rglr?de? 37 where the

sol vent is pentane, hexane, heptane ohexane t ol uene,
xyl ene, mesi tyP@r@é{a’fﬁté*@ ﬁ&ﬂmixéﬂ Wé?rh aﬁ@tbﬂ@ﬁy@mrwwa cacateitse angtthgn

acetate, an esi@iod @ 4 A6KABR coforkH LR mAMoR} ding Acrilrkhifee of tvo or

nore thereof. 70 40. The po ymer |m1 wher e e nol ecul'ar wei ght of
the polyner (89§M- the range from about 5,000 to about 100, 000. 41. The
pol ynmer of Claim1 where the nol ecular weight of the polynmer 1is in the
range from about 6,000 to about 80,000. 42. The polymer of Claim1 where
the nol ecul ar %&i gifheqfrotdss pot livards ‘ivse;iemrﬂehﬁot@éhg:e a‘mﬁfhab@uéss& 000 to

about 60, 000. The .pol of Caiml ersity index of
the pol ymer éﬁ ° 41%‘)513”'5&/%{}118 HQO'BSW@E‘\?W%@ ?r@ng‘%ﬁ]adge 3? & 58V %BI ynmer is
an essenti al | yis coabdoad topotaater ands sdhtopobypeisingfa ébmtahyit aihe¢re the

pol yrner corrprl (ﬁ%h &fﬁm'ﬁggpr&?i@fp{%}ﬁﬁé?g@tﬁ%m rC%%pmymsrs and bl ock

copol yners. process” of e po ymeri zation process is
a solution poI ynmerization process. 47. The process of Caim46 where the

pol ymeri zati on proggss LS. << of Claim 46 where the process is a semi-batch
process where a solution comprising one of the monomers or a partial
mixture of the monomers, a chain transfer agent, a procatalyst and a
cocatalyst are in a reactor, and the other monomer or the remainder of
the monomer mixture is added to the reactor over a period of time in the
range from 1 minute to 24 hours.

52. The process of Claim 46 where the process is a semi-batch
process where a reaction mixture is in a reactor, and part or all of a
chain fransfer agent and one or both monomers are added to the reactor
over a period of time.

53.  The process of Claim 46 where the solvent for the polymerization
process comprises one or more aliphatic hydrocarbons.
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conducted by adding a solution conprising a prefornmed catalyst or a

sol ution conprising catal yst conponents to a solution conprising the
nononer and a chain transfer agent. 48. The process of Caim46 where a
solution conprising a procatalyst is added to a solution conprising the
nononers, a chain transfer agent and a cocatalyst. 71 49. The process of
Claim 46 where a solution conprising a procatalyst is premxed with a
sol ution conprising a cocatalyst and then added to a solution conprising

the nononers agg aﬂ@b%c%§§6$&%1m £96Rkre B soléntRbOGRSSoIPhefkaidn 46 where
the process is a batch process where a mxture of the nmononers, a chain

transfer agent PERSGSE CEBINSRE PENEEoRBI AR haRlang. O5ENG: CYERASX ut i on

conprising a Ce&ﬁro%m?ha’ﬁ%dcﬁ;or@@lmt L&D oRAEREERbAEE tRyIeARtALY S -ar e added
to the reactor. 51. process of C'aim 46 where the process is a

seni - bat ch pr@’@@%o‘%ﬁéf@ h2drieramh o FRIPFRPrepRN O 2 -t MERIRBAMS s or a

partial ~ mxt Uﬁ%h%rob@@n@@@ﬁﬁf@bu@n@h@ldﬂlctrb@ﬁ]fe@{y{@@%@he @ procatal yst and
a cocatalyst are in a reactor, and t r emai nder of

the monomer ni KRlGFePEN&ang delgalisiretvean. ehé?%?xaé\?eﬂ'eéhlﬂ@meéobwzef‘ﬁrre in the

range from 1 mybke tbme%é itglen82ehibRsb Piz@R6 S6-dhidsbBemzdfe, wher e t he
process is a sem -batc Pprocess V\,here a reaction mxture is in a reactor,

and part or al mQIBFa%’O”cHé?ﬁ“’f‘PLﬁﬁsolfé‘?’OéP@g?ﬁreétﬁ%feBﬁe or both nononers are
added to the reactor over a period of time. 53. The process of Caim 46

where the solvent for the p ynerlzatlon process conpri ses one or nore
al i phatic hydr®%ar ch‘ﬁispro?»‘ﬁs%ﬂ Cleia 45 whessthefsaty st ipub ety @etip@i®ol vent

for the pol ymegizakd @mprises benzene, fluorobenzene, o-difluorobenzene, p-
difluorobenzene, pentafluorobenzene, hexafluorohenzene, o-
dichlorobenzene, chlorbenzene, toluene, o-, m- or p-xylene,
cyclohexane, mesitylene, dichloromethane, 1,2-dichloroethane, or a
mixture of two or more thereof.

56. The process of Claim 24 where at least one of the monomers is
an acidic group-containing monomer and the acidic group is protected.

57. The process of Claim 24 where after the polymerization is

complete any protected acidic group is unprotected.

58. The process of Claim 56 where the protecting group is a tertiary
buty! group.

59. The process of Claim 56 where the protecting group is a
tertiarybutoxycarbony! group, a tetrahydropyran-2-yl group, a
methoxymethyl group, or a combination of two or more thereof.

50. The process of Claim 56 where the protecting group is a

trialkylsilyl group.
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process conprises pentane, hexane, heptane, octane, cycl ohexane,

di chl oronet hane, chloroform carbon tetrachloride, ethylchloride, 1, 1-

di chl oroet hane, 1, 2-di chl oroet hane, 1-chl oropropane, 2-chl oropropane,

1- chl or obut ane, 2-chl orobut ane, 1-chloro-2-m ethyl propane, 1-

chl oropent ane, tetrahydrofuran, 1, 4-dioxane, diethylether, benzene,

xyl ene, toluene, nesitylene, chlorobenzene, o-dichlorobenzene, a

hal ocarbon, or a mixture of two or nore thereof. 55. The process of Caim
46 where the s hve ' : id §es benzene,

fl uor obenzene, go dP?F%@?%%gﬁgggkyﬁpgé3@%#%@?6 gﬁ%%ﬁgfﬁggﬁt%.Iuorobenzene,
hexafluorobenzéﬁ%ﬁmbbﬂﬂﬂﬂﬁuérobenzene chl orbenzene, toluene, o-, m or

p- xyl ene, cycl ohexane, nesitylene, dichloronethane, 1,2-dichloroethane, or
a mxture of two or nore thereof. 56. The process of C aim 24 where at

| east one of téz rmﬁnpn@tosemmwaremi:;din@ogmoumoamtsaigﬁitmamamcymnbland t he

acidic group i Th cess 4 where after the
pol yneri zat i ong?’gm% gﬁ%?aépe a\?‘l@erﬁr t'gﬁ th?? % %l?ése{@”ﬁir%?%? 8Et ed. 58.
The process of rePeating beitsdcemprishe aprmmctglrmga gamqﬂossnsau\z@rrtatmal but yl
group. 59. The, 0 t i
tertiarybut oxycrg&r go ty éon%rﬂ‘r@ %? r\r'(\%ﬁ)hgl @J&%P ?)%Sf:e 5&90%!%2919 with

met hoxynet hyl @ﬁcﬂﬁéﬁic@mla)(ébﬁbﬁi r@ﬂp@rratme m\me oamgﬂ)‘t’remt‘riﬁ} é:otb 3OC6’0 The
process of Claim56 where the protecting group is a trialkylsilyl group.
73 61. The process of Claimb56 where the protecting group is a
trimethylsilyl group. 62. A photosensitive resin conposition conprising:
the alkali soluble polymer of Claiml, where at |east one of the first and
second types of
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repeating unit

a noiety containing a functional

s conprises an acidic group; a photosensitive material; and

acidic group(s) at a tenperature in the range from 130C to 300C.

The conposition of Caim62 where the photosensitive materi al

1, 2- napht hoqui

napht hoqui nonedi azi de-4-sul fonylic structure and/ or a benzoqui none

nonedi azi de-5-sul fonylic structure, a 1, 2-

group capable of crosslinking wwth the

74 63.

conprises a

di azi de

structure as represented by forrrul ae (la), (Ib) and (lc), respectively, O

58 ! Or08,m 00 MRon bE cicf@oPina 16 CHTROSI AL mfaﬁammesz

0 N2 N2 S02
where the phot

I ve one or

COmpr 158

osensitive
mat eri al s PSM dompriRSVe S, 2- n\apbm;;umlmo'edsaerm 51swéomsltca1rtmturpsm1121 S

I L

phot osensi t i vedimaider stalcti?8MSreipse seape @ be vl by (Ehelhloamli(la), CH3 CH3

respectively,

No N2

S0,

S0,

64. The composition of Claim 62 where the photosensitive material
comprises one or more of photosensitive materials PSM-1 to PSM-5,

where: photosensitive material PSM-1 is represented by the formula
CHsz CHs

slehe

photosensitive material PSM-2 is represented by the formula
CHa4 CH3
Q0 ‘ ‘ oQ ' oQ
CHs ‘ CHa
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Q OQ ( OQ photosensitive material PSM4 is represented by the formul a

CH3 CH3 QO OQ CH3 photosensitive material PSM5 is represented by the
formula HBC CH3 Q/ \ OQ ICH3 and where in each of the fornmulae PSM1 to
PSM5, Qis a 0 N2 S02 hydrogen atomor | with the proviso that no nore
than 10% of all Q are a hydrogen atom 65. The conposition of C aim62
where the noiety containing a functional group capable of bonding with the
acidic group conprises a repeating unit of the alkali soluble polymer. 66.
The conposition of wh , t . and al kal i
sol ubl e pol yner \Pgogasegg%wetﬁét%ﬂ%gﬁ§mr]§t?og%?k‘%’]}%rﬁn h%tfbﬁﬁwioo to 1:2.
76 67. The corrp05| tion of Claim62 wheilst Aigs gr oup capabl e of bonding wth
the acidic group of the alkali sol ubf® FER, CONpri ses an epoxy group,
an epoxycycl ohexyl group, an oxa2® 5 et hyl ol group, ~an

al koxynmet hyl group, or a conbinatio nore thereof, and where the
bonding is a crosslinking reacti

photosensitive material PSM-4 is represented by the formula

CHs
CHy

o~ ) ros

photosensitive material PSM-5 is represented by the formula
HaC._.CHj

L
QO@'\I@“OQ

CHs
and where in each of the formulae PSM-1 to PSM-5, Q is a
0

T

SO
hydrogen atom or | : , with the proviso that no more than

10% of all Q are a hydrogen atom.

65. The composition of Claim 62 where the moiety containing a
functional group capable of bonding with the acidic group comprises a
repeating unit of the alkali soluble polymer.

66. The composition of Claim 62 where the photosensitive material
and atkali solubie polymer have a parts by weight ratio of from about
1:100 to 1:2.
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68. The conposition of Caim62 where the group capable of bonding wth
the acidic group of the al kali soluble polynmer conprises a glycidyl group,
a 2-oxazoline-2-yl group, a N hydroxymnethyl am nocarbonyl group a

N- net hoxynet hyl am nocar bonyl group, or a conbination of two or nore

t hereof, and where the bonding is a crosslinking reaction. 69. The
conposition of Claim62 where the noiety containing the functional group
capabl e of bonding with the acidic group of the alkali soluble polyner

conprises a bigphergl A tYonrtﬁséI%fm%Z%ﬁ%eﬂH@lgrEup QQQMer&%bﬂdln@ silicone

cont ai ni ng epoxy resin, propylene gly y et her, ropyl ene
gl ycol digl ycndm thest iglic QFQUQ@I‘H]FI @&19br56b‘ﬂ]% PPYYETER &QVI%IS%@@ e&%&ymet hyl
(gl ycidyl oxyp é) thyl, | @8lLHea methylol grou

N- net hyl ol et ar gé&ﬁ? V %Hﬁcgﬁo?éﬂg{% @P g aé(r)neo y s%l i (F:)yl

al cohol , 1, 2- baarnaleneyrdemt gmm or 2, camipeatehel Wnet marbihereol apdnzene

di rrethanol a I o) m xture of two or nore
WFe8 tﬁ%tg\é@ r@i %érosé!ﬁ*ﬁ& t:%E

t her eof , and wher e ng 1s a cros Ing reaction. 77 70. The
conposition of CI aim 62 where the noiety containing the functional group

capabl e of bo TWEtcggiPEJ It?o%'cgf'@aﬂ'{w pwgére tﬂgﬁbbﬁhépﬁtﬁglo'f@oﬁgﬂﬁl ymer

conprises 2-ne I"IMe oxaz oxazol i ne-
2-yl)benzene, vsmmvta a(idicaraaplof ties akgli )sbmwieenelymez CQmFtﬁiS§S(329’&SSZE§2bI i ne),

2,6-bis(4-1so I I I

bi s(4|- ;S)élenlyls ; Qézo% ne- é%% ?g&?ﬁgua R %&Sxyrgetﬁglamzpacéanrggpgl c%rguphen | -
2- oxazol i ne), a( B; rﬁ)atrtoxym@t@lammadmﬂw JeNEnIos a(m@ﬁ@UWUPQIWGZOE)xazoI i ne),
pol y(2- pr openy ofe EAEs! éﬁcﬂfvhe cf(ﬁ?e %MIH??S chréé@m%rng%é&lérher eof, and

where the bonding s a crosslinking reaction. . Thé conposition of Claim
62 where the conposition further conprises one or nore of a dissolution

promoter, a si anegﬁ é%lfriﬂ%%g cmalnﬁﬁlzexﬁeﬂentﬂqug%’ el Gl dant, a

fire retardanty
functional group capable of bonding with the acidic group of the alkali

soluble polymer comprises a bisphenol A epoxy resin, a bisphenol F
epoxy resin, a silicone containing epoxy resin, propylene glycol
diglycidyl ether, palypropylene glycol diglycidyl ether,
glycidyloxypropyltrimethoxy silane, polymethyl (giycidyloxypropyt)
cyclohexane, N-methylolacrylamide, N-methyloimethacrylamide, furfuryl
alcohol, benzyl alcohol, salicy! alcohol, 1,2-benzene dimethanal, 1,3-
benzene dimethano!, 1,4-benzene dimethanol, a resole type phenol
resin, or a mixture of two or more thereof, and where the bonding is a

crosslinking reaction.
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crosslinking agent. 72. A sem conductor device conprising a cured |ayer of
the conposition of Caim62. 73. The sem conductor device of Claim?72,
where the cured layer is an insulation and/or protection |ayer overlying

t he sem conductor device. 74. The sem conductor device of Caim72, where
the cured layer is patterned prior to curing. 75. The sem conductor device
of Claim?74, where curing conprises heating the device to a tenperature in
the range from 1300 to 300C after patterning. 78 76. A display device

conprising an on_and/ o oL e jon | et er mi ned
patr? elrflI agd I ajf Icé)”&‘i’?Sé{J?r{ O ar‘r@?éowﬂgrea% BLPY gyk&g\/\ﬁeﬁﬁ%
i nsul ati on andﬁ’utnl::nma)tgecmp oapahtay@n‘ boodigi wids thee acidicantopp of thet albah t he

hot it ! Hpe ¢
Beni conduct or Hugr e aTRE Al 2 il i eading, & AP FREer g Cane T Ve
resin conposi ti,6rief2-Ctaolin 622- ydbenzw%Lﬂbéibnﬂﬁe)XIaavﬁm@;%ﬂl)@@ﬂ?Wﬁ c circuitry
thereon:  patt e 5i.pg b LBKED, 20f pRIRLOREHSI KEJARED PRIPERIA 08 and

curing the |ayei o tive'resin conp rocess for

form ng a di sphiagd- plleemdé -OXAOPNE SA-NgR Y T3t i AR HQOHODVWD@F (q‘ﬁ@enyl—
phot osensi tive,r, ?éi&m%i”@ﬁéi—&-&-‘%”z 960 o kmé}?eb‘?é’@rte"f‘t Qbﬁpb%&az&%‘# rate

havi ng di spl ay el enent patte the | ayer phot osenS| tive
resin conposi tP@2- ar@@e@mlngazqﬂm a¥ed “bi‘tufﬁh@f B‘é‘éﬁ%mﬂ%g‘er?%ﬁs@ﬁ

conposi tion. 7@hd @ mé\d%fwrfgsa%rasxcftds\é@nw'@@lréb&@ﬁpos' tion conprising an alkali
sol uble polymer, a photosensitive material and a npoiety containing a

functional group capable of cross-linking wth an acidic group of the
al kali sol ubl 1. The composition of Claim 62 where the composition further

comprises one or more of a dissolution promoter, a silane coupling

agent, a leveling agent, an antioxidant, a fire retardant, a plasticizer or a

crosslinking agent.

72. A semiconductor device comprising a cured layer of the
composition of Claim 62.

73. The semiconductor device of Claim 72, where the cured layer is
an insulation and/or protection layer overlying the semiconductor device.

74. The semiconductor device of Claim 72, where the cured layer is

patterned prior to curing.
75. The semiconductor device of Claim 74, where curing comprises

heating the device to a temperature in the range from 130°C to 300°C

after patterning.
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pol ynmer at the tenperature from 130C to 300C, where the alkali soluble

pol ymer conprises repeating units, as represented by structural Formula 1,
aRLR Xix RB MR4 (1) where X is selected from (CH2)p, oxygen, sulfur,
or NR', pisequal tolor 2, RRis C to C3 alkyl; mis an integer fromO
to 5, and each occurrence of R, R2, R3, and R4 is independently a
hydrogen, a linear or branched (O to C25) hydrocarbyl, a linear or
branched (O to C25) haI ohydrocar byl, a linear or branched (C to C25)

per hal ocar byl ,_ or one - CF3,
“(CH2) n- (O - G A(Cbﬁﬁ?y dé{“@f C)r%?pqs"l “@%H‘é gng') pro’\%‘&é‘)%@%sz, and
-(CH2) n- O C"'W?f&blemmw@amens and la:dtoegea Cfrpb!mf@rft@ 82 3R31 is one
of a nono- or multi- nal ol é/mcg][ an oxygen,
RSR6 A\ /| REOREAE W P%é’ %‘#’O@%@gt%n%\/ epende S?lat ly represent
hydrogen, a |idueed pr(ﬁiudt)l‘oamdﬂﬁldot(aﬁenSam%)n abrkpbsition of féaiMm ©¢- br anched (C,

to C25) hal ohydrocarbyl, a linear or branched (C, to Cgs) hydrocarbyl; and
-(CH2)o-O-R*, where n is an integer fromO to 25, R* is Hor a |linear or

branched hydr ogar by rB&e%f@)@'f&*ﬂﬁ/ﬁ?%cs?érb%bnddiﬂtbhdéhee proorvwrwn@ hat for a
nono- f uncti onal pherP only one o

S - tl
functi onal phmﬁgvidm@15%34%rﬁ’f&%PB@"ORS”%BVW%‘%Corﬁglos'é{ﬂn ﬁicrjl%'-"vﬁgnol of

Formul a BB,  ,yer a substrate having electronic circuitry thereon; patterning the layer
of photosensitive resin composition; and curing the layer of
photosensitive resin compaosition.

78. A process for forming a display device, comprising: providing a
layer of the photosensitive resin composition of Claim 62 over a dispiay
substrate having dispiay elements thereon, patterning the layer of
photosensitive resin composition; and curing the layer of photosensitive

resin compaosition.
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RS Rs 1 _ -1 \/ R RO Re BB where in Formula BB, R5, R6, R7, R8, and R9
are as defined for Fornmula AA with the proviso that at | east one of R5 or
ROis -OH -O0(CHR2)mC(O-0H where mis an integer from1l to 5,
-OR33-C(OH)-(CF3)2 where R33 a linear or branched C, to C6 al kyl, or

-0- (CHR40- CHRA1- O m R42 where one of R4 and R41 is Hand the other a C to
C3 al kyl or both of RAO and R41 are H, and R42 is R 32 as defined below or
-C(O-R 32; R32is one of a nmono- or nulti-functional phenol of Fornula
AA where A is not present, -(CH2)11-C(O-OH, R33- O—I)-wga(‘:lFBC)I@é[ewith t he
proviso that 78r atPhewsengtee r§He comPesBRatcoRIY WAt A the pol ymer
backbone, at b@@%er%‘%h@fos@ﬂasﬁi@eRﬁ’atbﬁalaarp:ea\(&&ﬂéty @maeaipingoarprictong one of
-C(OH)-(CF3)2, -“N(H)-S(O 2-CF3, a. nono- or Iti-fur%cqqi o “%)J'&g\gl, an

ani no- phenol Q&UPaCQfé}bgﬁ)Qﬁ/F‘iO@Sé'@f"H‘;g %‘Hﬂaﬁﬁ&ﬁcghoéjpp%o gsensitive materi al
conprises a  hoRnRNthe thponesicarimastc ub BOOYT | wheter thetalk®| a

1, 2- napht hoqui nonedi azi de- 4-sul fonylic structure / i none
di azi de str uclSQ‘rU@'ea@O'V@ﬁFégmﬁ’f‘éﬁsB%thc%qﬁﬁsaﬁsf%&%gﬁgﬂgd?x& gﬂ#(lj 2¢c,

respectively: p8ImQiadi, N2 N2 '02 la Ib 102 0 N2 tc
i T R

s
L R3
o

L e B

where X is selected from (CHa)p, oxygen, suifur, or NR", p is equal
to 1 or 2, R"is Cy to Cs alkyl, m is an integer from 0 to 5, and each
occurrence of R', R?, R%, and R* is independently a hydrogen, a linear
or branched (Cq to Cas) hydrocarbyi, a linear or branched (Cq to Czs)
halohydrocarbyl, a linear or branched (Cy to Czs) perhalocarbyl, or one
of =(CH2)n-C(OH)}~(CF3)2, w(CH2)n=N(H)=S(0)2—CF3, ~(CH2)n—C(0)-OH,
~(CH2)n~C(0)-RY, ~(CH2)a~0-C(0)-R¥, —~(CHy)n~0~R*, and
~(CHa)—O-CHR*-CHR¥-R*, where n is an integer from 0 to 8, R s

one of a mono- or multi-functional phenol of Formula AA where Alis an

oxygen,

RS R®

AA
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S02 80. The photosensitive resin conposition of Claim?79, where the
contai ning a functional group capable of bonding with an acidic

the al kali sol ubl e polynmer conprises a repeating unit of the
sol ubl e pol yner.

noi ety

group of
al kal i
81. The photosensitive resin conposition of Caim?79,

where the al kali soluble polynmer conprises a first type of repeat unit
where at least one of R to R4 conprises -C(OH)-(CF3)2 or -N(H)-S(O 2-CF3
type of repeat unit where at |east one of RL to R4 conprises

. 6 hot AR i Cs fri . 81,
where the fi ?;f“pt@,ﬁa O%hreggeaj}doﬁequdeiﬁaéxgcéﬁtﬁﬁe&rgérgﬁ?%tjﬁdgﬁh, affineai m

and a second
a car boxyl

uni

nore_of the al kali

sol ubl e pol yner bréi@hedhie  phaLgseigi & iinear eshianeoppdsi 19 ) of 4 ai m 79,

PP TS Bt utel o oal Wphocasbrana have a part

where the ph
ra

by wei ght

—(CH2),—0-R*, where n is an integer from O to 25, R* is H or & linear or
branched hydrocarbyl or a halohydrocarbyl, with the proviso that for a
mono-functional phenot only one of R% to R® is —~QH and for a multi-
functional phenol more than one of R® to R® is ~OH.

an amino-phenol of Formula BB,

RS RS

Re RS BB

where in Formula BB, R®, R, R7, R®, and R® are as defined for
Formula AA with the proviso that at least one of RS or RY is ~OH;
~O—(CH2)m—C(0)-OH where m is an integer from 1t0 5,
~O-R¥*-C{OH)-(CF3); where R*® a linear or branched Cs to Cs alkyl, or
—0-(CHR*®-CHR*"-0)n-R* where one of R and R is H and the other
a C; to Cs alkyl or both of R* and R* are H; and R*? is R *? as defined
below or —C(0)-R 32 R ¥ is one of a mono- or multi-functional phenol of
Formula AA where A is not present, —{(CH2)m—C(0)-OH,
R32.C(OH)—(CFa)z; with the proviso that for at least one type of repeat
unit within the polymer backbone, at least one of R' to R* is a pendent
group comprising one of ~C(OH)~(CFa)z,
~N{H)~S$(0)2~CF3, @a mono- or multi-functional phenol, an amino-phenaol
or a carboxylic acid; and

where the photosensitive material comprises a
1,2-naphthoquinonediazide-ﬁ-suifonylic structure, a
1 2.naphthoquinonediazide-4-sulfonylic structure and/or a benzoquinone
diazide structure as represented by structural formulae 2a, 2b and 2¢,

respectively:
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80. The photosensitive resin composition of Claim 79, where the
moiety containing a functional group capable of bonding with an acidic
group of the alkali soluble polymer comprises a repeating unit of the

alkali soluble polymer.

81. The photosensitive resin composition of Claim 79, where the alkali
soluble polymer comprises a first type of repeat unit where at least one
of R to R* comprises ~C{OH)~(CFz)2 or ~N(H)~S(0)2—CF3 and a second
type of repeat unit where at least one of R' to R* comprises a carboxyl

group.

82. The photosensitive resin composition of Claim 81, where the first
type of repeat unit is 50 mol% or more of the alkali soiuble polymer.

83. The photosensitive resin composition of Claim 79, where the
photosensitive material and alkali soluble polymer have a parts by

weight ratio of from 1:100 to 1.2.
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