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 claimed 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
nmore parti cul RHOYOSENSITIME THEREC TIRIGNRESIN B QMMRPSITHONSSFIAMS t 0

sem conduct or FORMEDsTH EREGRQ N AN D ISEMICGORDRSCIOR AN DISPRAY DETAI LED
DESCRI PTI ON [ 0003] Ger{&EWIGES ENCOMBASENGCBYCSUERMS thin-fil mtransistor
type liquid crystal displays o},;FT LCD) or Oganic Electro Lum nescence
(CEL) devi0883] haRréorily it berebyi mﬁidltﬁanS Peatisiagaldiriicatien §¢Ea! el enents or

Wi ring. Suchngrgbegel e, fﬁléd‘(’ﬁ;l??r ¥604 0 Tﬁ%lﬂrﬁ)ﬁ'%pbh&at@nqgents or wiring

and/or to planarlze device surfaces, and in sone cases serve as an
interlayer i MOQIRATAY Herpim byeraferencein itp enttRlY.ed wirings. Also, such fil ns

can be us ctions over the electrode surface for orientation
control eﬂ?{:gﬁ{lgl\é‘r@ﬁ nol ecul es in LCD devices or as spacers between
el ect r odes[00N2PELTrenprels€Ot idgentimsrelFesigeoeialky tofa phagogensitiveso useful in
mount i ng Senhfe?%kg}f%‘é«?%i\% gﬁ?ﬁ?&gﬁoﬂg aﬂﬁ'nﬁ'{)ﬁgpar%lf PR IR MR8 Ruch fil s

serve to insu e sem con ce and the circuit of the
boar d. [0004}sud?®cmpe$ltlen§ age to pamegangustor @ﬂdsiﬁmabﬂ@t/@@% thad/ i nsul ati ve
films nust c@rﬂk?sé gf(yH fifst and subsequent. processing while maintaining
their protectivel/insulative properties during the useful life of device
W t hin WhDErrAllI:ED DESCRITIOPDr at ed. Where such materials are used in

e e i g S LR

wavel engt hs ofystal 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
and/or to planarize device surfaces, and in some cases serve as an
interlayer insulation film between multi-layered wirings‘. Also, such
films can be used to form projections over the electrode surface for
orientation control of liquid crystal molecules in LCD devices or as
spacers between electrodes in OEL and LCD devices. Protective
films are also 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 protectivefinsulative films must
be able to withstand subsequent processing 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. That is to say, they must be capable of being photo



light. In addition, for sone applications, the materials nust also be
photosensitive. That is to say, they nmust be capable of being photo 1
patterned without the need of a distinct patterning |ayer being applied

t hereover. [0005] While in the past various materials have been found
useful for sonme of the applications described above, the higher
integration and/or mniaturization of displays, sem conductor devices and

printed wiriggterheamihobamestiusot daistinbiepatterhingueykrusingapgliech previ ously
known naterjals will be problematic and/or limting. For exanple, while

currently kn%‘\%e%’@lryl m de resins generally have adequate high tenperature

per f or manGgooNeYyffs Adhe AP yarib P AABINEGE BubA fotiridude fBe ef fective in

hi ghly int egr laturi ze eV| ces havin i ncreased wirin
density and $ﬂ>rgﬁ Oéﬁwwplwééﬂs depcripd above, typhigha( gvéegrpggn ABdQF e not °

transparent ﬁﬂg&@rﬁzéﬁ’én épﬂ@g%%' S&thicBRalidteAHEABSs aﬁ@%rlnﬁé&hmhgom pol yi ni de

material is t positive hot osensitive resin encorrgasm ng

pol yi mi de preeandshasHhgwa t ?h&i@q@ﬂﬂﬂ‘@ﬁédﬂ'ﬁéﬁ SHERPERMURYY KaP¥ed | n Japanese
Patent No. 3n26« dalé’@wu &&Bﬁﬁiler%h@%nemrimlﬁm of FGLE@IE ywhiown mat eri al s

that are believe lematic or limti are the acryl b
radi ati on- seﬁ@f$ntWé<n%T@@¥i“?'p6ﬁeﬁP§Qﬁﬂg@dllyl VEﬁd@qHﬁ@?]r"éép:aﬁeggs:DQt e(ralltSEd

Appl i cation fgnpdigiure péﬁ%%én@é‘dhémo rn@@'hat/e @nowmugh\p@rmﬂﬁww toonposi ti on
enconpassi ng an alicyclic olefin resin dis en Japanese

Pat ent Appl i aeffeativein gy intggmiad apgfay ’H‘&f%\"”%ﬁéde%ﬁ RAVARSi bi ti ng

adequate tra h
Therefore i tﬂ%&s@@ﬁgngg dankityane h@ﬁﬁ%ﬁhﬁ‘spd@d eah ati@RioA] palgienidg 0007]

conposi tion &S e@m%ér%fggégﬁgggaéﬁ\fﬁ@"? PBH‘?%'%%% ?l%thiﬂvghI@‘eSI "

transparent, ku@W@%Qﬁﬁnﬂbtrﬁawmws the gfosaﬁneltyp@bbbmspaskltlmmssm e and has

hi gh heat remgtanceI I n agy‘ (%en o us\‘.vou d 8 &ylﬁ&t‘ us for such a

phot osensi t i §RCIBEAFFIRG APOM I EHPIESUERET SSH %a? erna usi ng an
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
photosensitive resin composition to be phota 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. It



aqueous based devel oper such as an aqueous al kali sol ution. [0008]

Exenpl ary enbodi nents in accordance with the present invention will be
descri bed. Various nodifications, adaptations or variations of such

exenpl ary enbodi nents descri bed herein may becone apparent to those
skilled in the art as such are disclosed. It 2 wll be understood that al
such nodifications, adaptations or variations that rely upon the teachings

of the presepfii HeWRd¥rs©@dd tnatdan bu@ﬂ@bdlﬂdéh@ﬂis tdma@mtma@nivagstldmve advanced
the art, are considered to ean S@?ét r\?f t he present

i nvention. [HBbHY URPRLRE tﬁ%gmss% tﬁ“ﬁ&f‘iﬁ&f‘i eqfien. al ues and/ or

expressi ons wm‘cﬁrtmmteta@hm@aniavblmanéed trwmll aetconsidesed toome condi ti ons,
etc., used herein are to as, nodified in all instances by the

t erm "about W‘th‘ﬂq%la??‘?%ﬁngfﬁ}r&é’u %Brr?éfep’i:'glve?té%es are disclosed in this
pat ent apﬁb(b(?‘@t ! ‘Pj?ﬂeévégtﬁﬁ@r&@ é@t@geﬁl ﬁﬂf?lb‘é%“vbﬁ}é%%d/émey i ncl ude the

i ni mum a xi mum val ues o range as wel every val ue between
such m ni murexiessiens rafemringl th%*an\?m% af ngéed‘?fé\tﬁgé%acﬁ'eﬂ EPNgigopsit egers; such

ranges incluge %‘é@B HEH S TG BE L RXBRY PR IBMREhcEBbyger bet ween
such m ni num and maxi num val ues. Unl ess expressly i ndi cat ed ot herw se, the

various nuriBEitern “akgifes 18dditqrs yariqus ﬁP%‘eé'Eé' PESArSASERESY n the cl ai ms

are approxijHBhisqitent pneé@ori efwpekd wResefrah @smaarwumuunwhéw nties of
nmeasur enent encountered in obtainin such va 0010 ﬁﬁused her ei n,

the terms " ﬂﬂFWﬁﬁﬁheﬁﬂﬁ'm%@ﬁ"mé’F'@ éﬁ'“e?ﬁf d are neant to

i ncl ude a SYéVéF?%bK:%%ét@bMﬁTéhch%nuﬂtﬁh|anaSnéﬂﬁuﬂM9§luiaEONh«bn&ItheatOrS,
catal ysts, and other elenments attendant to. the SM hesi s @f t he pol yner,

wher e such ‘@808 EYeRIQINGRRIFsIHI2Rges iRFIUdRSIE CWYRUEKENY i ncor por at ed
thereto. SuchakiffundlVaRie8HhdOsVERY lntéb@w%en@ﬁﬁlrﬁiarrmdnmdpart of the
Fglngrr}[e(r) rg:rgﬂ‘% \%Lfnﬂlvlpﬁgm X%qﬂgss expressly %decat ome;[nr/]v?sep?h Ugrrnoussmh that they
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
elements, considered as part of the polymer, are typicaily 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. {n embodiments of the present invention, such
resin is aqueous alkali 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 composition,”
“photosensitive polymer composition,” “alkali soluble photosensitive



polymer when it is transferred between vessels or between solvents or

di spersion nedia. In enbodi nents of the present invention, such resinis
aqueous al kali sol ubl e and enconpasses repeat units having pendant acidic
groups for providing such aqueous alkali solubility. Such repeat units are
represented by structural Fornula (1) shown be|OML (0011] As used herein,
the terns "photosensitive resin conposition,"” "photosensitive polyner

conposi ti on, B su@h%kbsuﬁ%’u@ﬂ g‘mBYHHe%%B@ dibMetricdnRsddMiSiPEIe Bski O or

"phot odef i na ectric ¢ osition” are used i nt er changeabl y and
enconpass a {nderghengeably And ﬁ%@@@ﬁé&ﬁd@mﬁ“@wes@rﬁﬁcﬁﬁ d'? R he” present

i nvention asgwehlindshtsRt fd ﬁ#e%eﬁfjﬂ%gnﬁéﬁ §§ well rﬁﬁ@ri@@s%&dé@f afsdfch pol yner

resin. Such conpositions are capabl forming an insul ative or
di el ectric | theesyntisesiHpesich polwmes f%%lﬂi eﬁycla)pomepéwpr‘ﬁ @5% CaraRIRt r oni ¢ and

opt o- el ectrogy f)ar&g?ﬁ Qr?ﬁ}s]gé?w@ d?'Qf'éllebtmctléw usABIh& wideCharledess | ncl ude a

stress buffer coatings, interlayer dielectric |ayers,

passi vati on elecical. cdestrapnic apeopto- P@P@Pf‘ﬁgd%’l‘cesf I &%%ﬁpﬂdm]"én&r s and

redistributi Qﬁ?ﬁwabéegécﬂ Osés NcilRievakireby baffer I&?éﬁ eaffduedatingdevi ces, devi ce
packages, dis devi ces, u‘frl nted W ri i ke. [0012] Such

added nat eri mt@r'amﬂwéctﬂﬁ eé§,epq-ﬁ§qutlﬂﬁ10?é)60tp8tlng E?d&{%g%%eé‘f‘me material s

capabl e of baadéhag Mylers bhe r@@i@ﬁlmhoﬁ%ﬂjr@ in emdl@vafettyhﬁ resin. Exenplary
phot osensitive materials inc

ted to terlals
enconpassi ngsam'cpnéuw&bﬁ?w&aa.g@ﬁ%f)ﬁ%%&% Qﬂﬁ%o%fqecs gf'? ture and/or a
1, 2- napht hoqwm}gq]@@raglad,g-tﬁewéfonyl I c structure as represented by
structural For la) and (lb), respectively, as well as a benzoqui none

di azi de sti00d2Lr ES@ a@*ﬁde@éfﬁftﬂﬂs ingluster Gt areMottMRA . (1¢c), shown and
di scussed bebifosbhsitile lnaﬁ 418¢apabiRQs dohaingaviah nerpsiashriiagicRsensi ti ve
material s provi 8e ot osensitive polyne

group of the resm Exemplary photosensmve materials include, but

are not limited to materials encompassing a
1,2-naphthoquinonediazide-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 Formula

(Ic), 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 uitraviolet

(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-yl group or the like, a methylol group such as a
N-hydroxy methylaminocarbonyl group or the like, or an alkoxymethyl



conposition that can interact with a variety of types of el ectfomagneti o
radi ation, including but not limted to, ultra-violet (W), deep
ultraviolet (DW), X-ray or electron beamradiation, upon exposure
thereto. [0013] Advantageous added materials can also include

non- phot osensitive materials that are capable of inducing crosslinking to
bot h quench unreacted acidic groups and for curing the resin. Exenplary
non- phot Oser@bUp\sacmts@r Nahsthlony:Imﬁieylabuthoca!rmmgrdunmtdad like, materials

enconpaSS|ng QupsS suc ci.d [ l.i.ke, an
epoxycycl oheXy! er Y&% orteﬁbethodi%éi S(S'QKE'S f’%ééwo I 8&6 Ugt&ghd as
2- oxazol i ne-RFedtinggbuentperatuee in e, raageets Ifryohoiabtgltohm °s§11t§habm1ta N- hydr oxy

met hyl am noc ?:nyl group or the like, or an al koxymethyl 4 group such as a
N- net hoxy ne am nocar bonyl group or the like. Generally, the

af or ement igges) CAAARGHEr B8, RARTHORUI® (bhidyriagads tendentd rger 0 a

t enperature e range of from about about [ 0014] As used

herein, the tpe& malcfaa@ﬂor(@frcomm%s pf V’@ ?W%?ﬁ!l‘é‘ﬂ‘st'ﬂ arcgp ncgo a final

reaction of CONRANERIENCHhvERFOrE ONDREH &LhrmgSrdsoltgqcaérdamﬁg thavi th the present
i nvention. Such curing results in achlo%rw na Qg si.red fin physi cal and
FOies Athe

cheni cal pr o¥RsifaddnabPhy figalians cherpies Fe%%Fﬂ@pPaﬁﬂ@d into a
L In Llrenr g{ Oggyﬁfgﬁ}ﬁwwmg .m&srmbe:wovehyzlhgacmfusnacb ahd will be
si.ngl.e st I I

processi ng tRfet Bﬁ’@f‘Bﬁgfl ﬁéﬂﬁggﬁr%ars(t88?§'?ﬁ§r“)%"5'88r$8§§|q ?’ésgl (I[:)ureeSt °ps. Vhen
Spggrergglsibngs.ﬁylbtst@ﬂ) er ﬁ{uﬂnﬂe (smpest gaﬂvt\erﬁbkqpesemg thh@hﬁ&ldelﬂngd résina first
B ep. Ao i Hpoheteig compRslSRo <arq arrmparly Piddle RBREIC PLOFET ! st ep
;ﬁ{j} (r)\? ﬁggt : ﬂg}@k@%ﬁ@:@l t%d;iﬁ]tenalanh a Boqnpsm}feessm sieleanddmrg’mnnietleadl ation

G b0 th oo e SEAIR PSR! SUIheRRICHbES ridh! ude 2 | ow

dielectric ct e properties, appropriate nodul us,
coefficient fllyberwyadingle step or multiple step curing can include an additional

exposure to electromagnetic radiation and/or heating. Non-limiting
examples of such properties include a low dielectric constant, low
moisture uptake properties, appropriate modulus, coefficient of thermal
expansion (CTE) and resistance to chemicals.

[0015] As used herein, the terms “low dielectric constant” or “low
permittivity” refer to dielectric constant or permittivity values less than
those of thermally formed silicon 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 “low 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 uniess otherwise indicated refers to the
Young’'s Modulus or Tensile Modulus measured in the linear elastic
region of the stress-strain curve. Modulus values are measured in
accordance with ASTM method D1708-95.



expansi on (CTE) and resistance to chemicals. [0015] As used herein, the
terms "low dielectric constant™ or "low permttivity" refer to diélectric
constant or permittivity values less than those of thermally forned
silicon dioxide and in particular to materials wth dielectric constant or
permttivity val ues of Iess than about 3.9. The terns "low dielectric
constant conpositions” or "low K conpositions” refer to conpositions

having a Low-Ai el QIsreh%e?QiHStrﬁ@% [
tUPE abB8fptioht IsVdétléFm ea As used h
the term [rmcﬂ A% 'S understood to msarﬁﬂrlo aél lhgf bgress tg stre;ielnnénd

unl ess ot hermeaairmwwel@héﬂa!ﬂeqfé’{fﬁ"'l{ GUEWePh%Eﬁ{bs UGS or Tensile

MDdul us - Measty fighdifiort faddo i
| P(fa?{cee«ln%F\BQ”M pegows. of the stress-strain ,
Mbodul us val ués gore rreasure accordance with ASTM net hod D1708- 95?ugve

[0017] As used herein, "noi st ure absorption” i i i
ption" is determned b measurin
wei ght gal':;j lymers ) | y cured photosensitive polynmer conposi %/i on in o

accordanc %‘Mé]r e?\ u“ée@ﬁ?é}eﬁsdhfd?bdféfﬁw refePDiBd rddicalsdd dreupitinat

"hydr ocar ers to a radical
nydrogen,  nosorltEmSIEMGCRRaRARESISERaRy 2Ry Mng ArpmPRRIRGT ol X ar vl " and

| k Y
?eag?ylone-rﬂea ?ré?}alkglalamé)‘ﬂr@ﬁ@éik\éh yl. rerﬁ%rtérmOhalahm@cadufbyfergﬁ@up wher e at

refers to a amg@@aft&sm?cgquwég ql,@a]tgg%stéf/ eQ*J}%%ﬁﬁ%;%grgﬁ%&é%ﬁgrgglnocar by
replaced by halpgens. TheQésh phealsestblieeadrs to aatydybCarbfgrospto a |inear or

branched acycllc or cyclic, saturated h d ocar,bo
chai n, | engtwhete all phihedysliegens havgheen ‘%é(? g.byl\lgar%gé?ﬁn‘glpt Pﬁ\él ggaﬁpfggbgp

sui tabl e ahfy i 6L 8 PYb e & BRhehi o7 BraHchel acydibdy 3CH3,
(0 2) 4030011 FEE hpldofiytre g chéd acydiby
"al kyl ol " reéil&%idumtkyﬁgféﬁéoﬂépriﬁféggéﬁé’an%ar%f ﬂ1 t‘loxyThe term

for example, from Cq to Cas. Non-limiting examples of suitable alkyl
groups include, but are not limited to, -(CH2)3CHs, ~(CH2)4CHa,
-(CH2)sCHs, -(CH2)10CHs, -(CHa2)23CHs and cyclohexyl.  The term
“alkylol” refers to alkyl 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, furyi, thienyl and the
like.

[0021] As used herein, “atkaryl” refers to a linear or branched acyclic
alky! group substituted with at least one afyl group, for example, phenyl,
and having an alkyl carbon chain length of C,oto Cps. The aryl group
can be further substituted, if desired. Non-limiting examples of
suitable substituent groups for the aryl group include, among others,
hydroxyl groups, benzyl groups, carboxylic acid groups and aliphatic
hydrocarbon groups. o

[0022] As used herein, “aralkyl” refers to an aryl group substituted with
at least one linear or branched acyclic alky! group, for example, phenyl



groups. [0020] As used herein the term"aryl"” refers to aromatic groups:
that include, without |imtation, groups such as phenyl, biphenyl, xylyl,
napht hyl, anthryl and the like, as well as heterocyclic aronmatic groups
that include, without |imtation, pyridinyl, pyrrolyl, furyl, thienyl and
the Ilike. [0021] As used herein, "alkaryl" refers to a |inear or branched
acyclic alkyl group substituted with at |east one aryl group, for exanple,
phenyl , ang Hm?rmg@ amyatduﬁ_titmngmup?\hgh a d2bgh bhaﬁlléﬁgth@fc&&o Thle ar y:c
group can urther substituted, i esired. -l.imting exanples o

sui t abl e subst®t ugﬁ? a@ﬁ&ﬁ%’ Fa7 %?ﬁ‘é’t%‘?rﬁ&ﬁi'ﬁgﬁd'h?&ﬂﬁe@' among ot hers,

hydr oxyl gr owh-lilRimgydxaeimeP st suaibiosybsteuarti glogsopshaad! aroyphat i ¢

hydr ocar bon ?rquges. 0022] As used herein, "arzill k%' " refers.to .an aryl
group substi tREEdEAPNT gihers JWArBNLIIqURSaPeRFY Fr AR E8TOR2VHS PEYal Ky |
group, for expowps .anahgipybtic Aydrecamdnajroapky! Tiselbikyi groeiptcagrmaip Wi th a

carbon chain | engt f 0 C25. The aryl group can be further
substituted, St S@‘@E‘?‘f‘gﬁ%a{%ﬁpﬁi mting exanpl es of suitable substituent

groups for dggpar kb (SeQWRreih MAIKENGI” 8BRS & BlINBES or BLACAEY begdirups, benzyl
groups, carboxylic acid roups, and al |(§hat| C hlégégcar bonggr oups. The

g !
al kyl group CHAIIGHBYIQEHHONQTPERINAYING ORGIFJRAEE dq PNag and BaViRGy i n,
"al kenyl " refgr Sikédyi @atddrecHaiR lertRBEDSE 8GY Cl Exerdplanciirbhyd diygsocar bon

group having _one or nore doubl e bonds_and hawui > an al kgenyl; carbon chain
length of C2iRGudaputgienpt ipged 9 eryiR QI’"G&%SSIQHCW%%, b&% &e not linited
to, -C(R10)=§'RinadgbAdbeterdptoserithy@fogen] @ linedepepaichky (Cepr €sHnt
hydr ogen, a Ilnﬁar or branchei% (% t?:zgﬁgl al kﬁli’ | inear or branched (d
to C23) hal oM. lingarior bragehed (G dg BRYTe a&WFaf‘% IRSANOThy dr ocar byl .
[0024) As usefahetesi (T, to @ Kympdrocdrbflers to a-linear or branched acyclic or
[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 C, to Cs. Exemplary alkynyl groups
include, but are not limited to, -C=C-R"'* where R'? independently
represent hydrogen, a linear or branched (C¢ to Cz3) alkyi, a linear or
branched (C; to C,3) halohydrocarbyl, and a linear or branched (C to
C23) hydrocarbyl.
[0025] As used here and throughout the specification, mono- and
multi-functional phenolics refer to the following:

RS RS

9 8
R R AA

where in Formula AA, A is optional and if present is an oxygen, R®, R®,
R’, R®, and R? independently represent hydrogen, a linear or branched
(C1 to Cys) alkyl, a linear or branched (C to Czs) halohydrocarbyl, a
linear or branched (C4 to Czs) hydrocarbyl; and —(CHz)o—0-R*, where n



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

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

i nclude, but are not limted to, -C=C-R13 where R13 i ndependently

represent hydrogen, a linear or branched (O to C23) alkyl, a linear or
branched (Cl to C23) hal ohydrocarbyl, and a linear or branched (ClL to C23)
hydr ocar byl . [0025] As used here and throughout the specification, nono-

and rmulti-functj ECR* ddrorpbhend dr&&arbgl orA © / R7 RO
R8 AA wher e'si%ﬁ nb%e‘r@;%ﬁ:frgﬂh&?& 5i§ (')|§;Piecf)rnéalfpn and rif _gredg%lt i oxygen, R5

is a :
R6, R7, RSa haldy&®caryépeittie prpvissghatona@ myaedyastions! Pﬁ%ogr or branched
(CL to C25) gl kyl, casl ! Eluddtiorabphdiad odorditoamr byl , a

| i near or b?'ﬁﬁiéﬁgé)f?%ltb?gqézgiﬂ %{/‘gﬁgﬂgﬁg}b@l; an'g -(%:HZ),-OR*, where n 7 is
an integer émeooi R%toR3% -@H.is H or a |inear or branched hydr ocarbyl or a

hal ohydrocarbyl, with the proviso t ADROS | 1 henol  onl
one of R5[QQ?6§29 fig “—sﬁlﬁ‘&ﬁedg?‘gxhrguﬁ'ﬁ?@itp%%hce:?‘iﬁoné 'pﬁ@ﬁglﬁﬁglrjgpt han one gf
R5 to RO i s refdrito H¥fBdwhm: used here and throughout the specification,

am no-phenols refer to the following: RS Ra H-N _OR Ra Ra BB where in
Formul a BB, R5, R6, R7, R8, anet RO apre as defined for Fornmula AA For sone
am no- phenol enbodi nents i nyaccardaice wth the present invention at | east

one of R5 or RO is -OH, whille f4 o{ her, embodi nents at [.east one of R5 to
RO is -OH -

RY RS BB

where in Formula BB, R, R® R’, 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 least 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):

R1

/o
NN

m R (1

where X is selected from (CHz),, oxygen, sulfur, or NR", pis equal to 1 or
2, R"is C¢ to C; alkyl; m is an integer from O to 5, and each occurrence of
R! R?, R? and R*is independently a hydrogen, a linear or branched (C1
to Cas) hydrocarbyl, a linear or branched (C1 to Czs) halohydrocarbyl, a
linear or branched (C to Czs) perhalocarbyl, or one of
—(CH2)a~C(OH)—(CF3)2, =(CH2)a ~N(H)=S(0)2~CF3, —=(CH2)a~C(0)-OH,
~(CH2)a—C(0)-R*, ~(CH2)a—0-C(0)-R*? —=(CHz2)a~0O- R 32 and
—(CH2)a—O-CHR¥-CHR®-R*!, where n is an integer from 0to 8, R* is one
of a mono- or multi-functional phenol of Formula AA where A is an oxygen,
an amino-phenol of Formual BB, -O—(CH2)m—C(0)-OH where m is an

8



[0027] Synthesized polyners or resins in accordance with enbodi nents of
the present invention enconpass a polyner backbone having repeat wunits in
accordance with structural Fornmula (1): RL RZ X Il:ix RBL j MR4 (1)
where X is selected from (CH2)p, oxygen, sulfur, or NR', pis equal to |l or
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

(C, to %@eg%g&%%g%llé)_fgﬁgﬂ@ﬁ (CF hrangb &} GdinesooCBinchabohydr ocar byl ,

a |linear ranc 5 hal , byl foat1
2 (D) @ O RS o ~OCEBS-CNRA o 5 best one S naed 5 5

-01(433@ h&%n%g%ﬁlmé%@’ 16 3 dtkfPor Bdth of REBINRG aré B2andR ‘(3@‘% , ~ O CHR33,

re n 1s an inte fromO to 8, R31 i nono- or
mul ti - f ured defired pHewar OB GR TR ARORR S @ TMOT %{ﬁ%@%%@“ain

am no- phenol of I G O CHLWhE(@)-AH.s an 8 integer from
T to 5|,O _%ﬁﬂggpbfwg(@??%r%(%@ esbhOH{CHY) g

ere 3 a linear_ or 1l to C6
al kyl , orR¥C(WHR4OFEpRaith tharpravisaiel IrGtde St %%dygéﬁp%%%tg and t he
other a CL t : ol dddastoeeldf Ritd RR48 & s R 32 a
def i ned b%?cé’\%“gégr%s?&%hfghséz)?&'g"@ btk . >

32 i n f n I | tdef Yncti onal
phenol of péiatent Igaomveéa‘i@"i'gsoﬂ%P? 5&&@5{%@% -3?2‘()]?%%&?((8?2- 8—?3 .
R33- C( OH) - %ﬁg@b?@uﬁ_tuﬁ\cﬁbfal%r@ﬁ&,%d haind-pherat! of @asarbexiciagie of repeat
W thin

unit enconpasse he pol ymer backbone, at |east o %\ Rl to R4 is
a  pendenfoogepupF @nsmme aekey W@menngCpm,Wl%é}gf boor3, a

mono- or milti 'uncigﬁggﬁh%@gf@énc&ﬁpﬂ%ﬂ%mermllea:st oaecdRIdR\R ¢ aci d.
F enbo

[ 0028] For S '881 Iments |1 n accordance g“;eg t;éil&”present '

i nventi on, Iiepeaapouymtgxa{t@eélﬁtcéi"?ﬁa%’%ﬂ%'é?é FERTPEAST one of Rl to R4 is
an epoxy ?é) O;;(naé&l))% cf;gnqgitn%n%ngr%ruglﬂ? sNehirasréeRiigsent ed bel ow.

O
NPAA

R (2)

where A is a linking group selected from C, to Ce linear, branched, and
cyclic alkylene and R and R2* are independently selected from H,

methyl, and ethyl;
(b) an epoxy containing group of structural Formula 3:
0 R2' R2! rR2 S
)
-g_{o_g‘;_é VAN

R22 R22 p Ra4

(3)
where p is an integer from 0 to 6, R23 and R24 are as defined above, and
each occurrence of R?' and R?? is independently selected from H, methyl,
and ethyl,

(c) any combination of two of R' R2 R? and R*linked together by a
linking group selected from C1 to Czs 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. in the



(a) an epoxy containing group of structural Fornula 2: 0 0 X ~ R24 R23 (2)
where Ais a linking group selected fromCl to C6 |inear, branched, and
cyclic al kyl ene and R23 and R24 are independently sel ect ed from H,  methyl,
and ethyl; (b) an epoxy containing group of structural Fornula 3: O R21
R21 RR3 0 --Co-CCOCR2 R2 P R24 (3) where pis an integer fromO to
6, R23 and R24 are as defined above, and each occurrence of R21 and R22 is
i ndependerinvgntswel eapodydnén; emdﬂtiomretmel repeahdnids hgving Gryctang! conbi nati on of

two of RL,p88 153 o?\?gn%f'déds@léﬁg etp%%?tﬂr?r? t‘i?pr}él ﬁencﬂ r5'|]99< fup selected from

Cl to C25 linear, Branche yl'ene aryl; wherein

nis an inEegeh @Bmfah@nnrﬂeatr@r%nmderwacar@wnhandmw@darw@rof struct ur al
Formul a 2 as defined above. In the 9 inventive cﬁ:ymar a portion of the

repeat units having structural Formula 1 contai _%j“;fne epoxy
ar orghbt gpghed

functi onal &ﬁg%@ﬁ{% yté‘t’?ﬂna(e%)b)ﬂe @%Prr_at%z

hydr ocar bﬁ al o E hal ocarp,yl noi ety term nat ed
by one of -tR*°-ChiadO-R \S!h@HZR 'R%Y'ﬁﬁ@toé-lf& )sWHEIA BneSér - N(R27), where

R27 is a eﬁ%ﬁiéé’&’?r‘amf’eér'd?‘%ﬁén&fedb(r@%@ﬁ hgroda@bﬁéncfm@q@c@r byl, and R26 is

a hydrog a l'i'near or branch arbyl, with the provi so

that at | dHrogen alingar orRyanghed %dOF@B) hgdf%aﬁtm'a‘ﬁ’%t P¥PVE%e of 0o, o ND

that at least one of R', R%, R®, and R* is terminated with one of % ,

L -4
o— and -RB-CH—-0~R?®: where those of R', R?, R3, and

R_‘" not selected from the groups of (a), (b), (c) or (d) are independently a
hydrogen or a linear or branched (C4 to C2s) 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.

10



0 and - R25-CH2- O R26; where those of R, R2, R3, and R4 not selected from
the groups of (a), (b), (c) or (d) are independently a hydrogen or a

| i near or branched (C, to C25) hydrocarbyl, with the proviso that where

t he polyner 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 enconpassing a carboxylic acid group. 10

[ 0029] Sonsggﬁﬁ{@(},ﬁéé%gﬁ@ﬁg&%&ﬂﬂEn@Jf@élkalsgcblubllee'esiﬂsiiﬂns in accordance

with the [8 an enconpass a pol yner coogt@api ng 5-95 nol % of
a first repaatordante aithdhe peesandinvesitinlIcEN €NCOPEPE APBHE of R1, R2, R3 and

R4 is one of -(CH2)1,5 - : Octy 1CF3, the others
being H and°® .'%“&rér%%cé‘% di b erep¥at unit S )ractydt)FoShO)2 Cor e ot

Second, repeat. unit. o a
wher ei N onewolfer&h onBXf A3 R°aRd ard R4sls§é‘|ee?ft“é9*“?}“6&n(§h§)%&§i:g’:ﬁ jJrgr oup

enconpassi ng NQ7, 110 Ul - ' in§ M 2RI, 9528 naattinal-gphenol  or
-(CHz),-qor@ﬁ%’ﬁ@@‘%?%%@é%gﬁ%ﬂ?s can encoppassqthy ee or nore

types of repeabnd tarieas unhof struptiral farpulg d. WBEEHYOPESedt Uni'ts are as
defined above:, o SMGIY QL EoRITRREHhEBAL Sroupasmcempaspiags monepeat uni t having

an epoxy 0P '0Xaz0l € pendent group as_ detjne v no [ 00301
Pol ynmer s encauifiderétinnal ppengl. ahi ”‘?'ﬂ?h%B{)‘?rdg(Ezg?'Wé{% opﬁfj a1 are

general ly ref t imRAtdesmencorhypss’ thoee ONBorg types P6eReair s, where
t he abbrevi %X?é{ﬁ?g%g?m?idmsed to refer t

_ 0 _narharnena. Desynt hesi zed
pol ymers or unilsiwieraitiee fesi@nd sapop Fﬁ%ﬁatbﬂp'tsva:%%ﬁ@-%g@ie??g% Dol yreri zati on
Of one or g oy G AR badimaved. eayodricommicsa repeBhaniNSVISAER as ar e
represent ed ep%xys/torr%():(g%lglpeli\%régylg%u§>4gs dcle:illnéézabcgvé( l1x R3

Monomers

[0030] Polymers encompassing repeat units in accordance with
Formula 1 are generally referred to as “norbornene-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

/o
N

R4

m (4)

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

Formula (1).

11



R4 (4) where X, p, mand each occurrence of R, R2, R3, and R4 are as
defined in Fornula (1). 11 [0031] In sone advantageous enbodi nents of the
present invention, the synthesized resin is a vinyl-addition polyner
derived froma nonomer represented by Formula (5) and a nononer sel ected
from one or nore of Formulae (6), (7) or (8 shown below -(s) OH (6) CF3
CF3 g_(CH2)n n(HZC)---C Csi(CH3)3 (7) (8 RIS RI50 /O/ \ R4 /OIH
1C " R14  ~[6b%H OIrCs@riedeaRﬁade@u& ehfbounaeetsiofitse predent agentibmom 0 to 10,

respectively; R15 optjonal. an ected froma |inear
or branched ¢fe SM"%%"I{W'” 'éch'Bﬁra?éﬂet'orpﬁ‘?'K@ﬁglPer"é\?‘ibﬂma aryl or aral kyl
grfJUDt \Mdt]t] thﬂﬂﬁd(ijm\ér %pré@@ite@@bf@mé@ts)%anm{nohmr&eSmwnl kfr?mnd R|14 :i .
sel ecte rom ro ear ra to al ky cycl oal ky

al kenyl, alk or %?g °B€° ‘QPQW) §F o &gﬁgo‘é{”g?'ov‘(o Cl2 nonoval ent organic
noi ety havi ng an_aci d| c group therein. It wll be understood that when
such nononers A Nsed t50 form pol yner accordance w th enbodi nents of

the present i bn, suclPthononers Gecoms eat Wnits of the pol ynmer
(Formul ae 5a i a a 2, ai nrrentam#m 12

CFy
(CHa)n (H2y C=0si(CHy);

()
)/R14 ﬂ_\ 1
4
/ CH/ N / CH/ NG ,)' R

I "

O R15

where n is an integer from 0 to 10, respectively; RS is optional and where
present is selected from a linear or branched C; to Czs alkyl, cycloalkyl,
alkenyl, alkynyl, aryl or aralkyl group with the proviso that only one of R'®
can be present, and R'* is selected from hydrogen, a linear or branched
C, to Cas alkyl, cycloalkyl, alkenyl, alkynyl, ary! or aralky! group and a C,
to C12 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) via a 2,3
enchainment mechanism.

12



P ke G (T8 R TR T obed 4 P
/ ~ . ~On | | RI5 0 0 [0032] Al i
be pointed out that the various carbo i i ] orers ot
xylic acid norbornene nono
represented by Fornula 4 can be polynerized i i di ol
_ b t hout providin [
or bl ocking group for the acidic h o it Sraify et
ydrogen. However it is gene

2gzﬁnpaggouz to enploy a nonomer having a bl ocking group gubsi?it?ed for

i oni zabl e hydrogen atomto inproye polyner yield. Such a protected

acid is generg readi |y hydrol [ [
, , _ rol ysed o\r e-i ntroduce the ioni
hydr ogen aft pol¥tegj,zation is et e, | nesone enbodi Irréﬁ?!sesuch

re-introductyen—-egcurs dufing a worRUp Ocedu i
( re. Exenpl ary bl ocki
protecting g f1y one ert“i ary butyl grgup, a 9o

Fs a tetrahy prmn-(%fél,j{ group, a

khas a trimethyl 81Vl groufc() (%’ee, Formul ae 6 and
tmet hoxymet hyl group ot the like. Catalysts [0033]
_soﬁ,agtr)re 1(::he \é! nyl onegpol yneri zation of nonomers of
ool o oa Qor di nat yneri zagison &gatal ysts such as

. N adi ym conpoufids, or r pol ymefi zatilpn initi
5 S e o B S B
_ , soca - [ ’
azobi si socal ageous"ni Ckébs 87 proni tefl e, cétt:s but'® _ peroxi de or the
o}

trial kylsilyl
6a) or the Ili

[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 yield. Such a protected acid is generally, readily hydrolysed
to re-introduce the ionizable hydrogen after the polymerization is -
complete, Insome embodiments such re-introduction occurs during a
workup procedure. Exemplary blocking or protecting groups are
generally one of a tertiary butyl group, a tertiarybutoxycarbonyi group,
a tetrahydropyran-2-yl group, a trialkylsilyl group such as a
trimethyisilyl group (see, Formulae 6 and 6a) or the like, a

methoxymethyl group or the like.

Catalysts

[0033] Appropriate catalysts for 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),
benzoyl 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 radical

13



and pal |l adium catal ysts are disclosed in U'S
. S. Patent No. 6790579 Bl
U S. Patent No. 6903171 B2. Advantageous radical 13 pol ynerization and

di sclosed in the

initiators and techni ques of such pol i i
_ ( ynerizations are
Encycl opedi a of Pol ymer Science, John Wley & Sons,

13, 708 (

1988). [0034]

Generally, where a radical initiated polynerization is enployed t he

nmononer (s) and an initiator are dissolved in a solvent and the

onon itiator a
i nt i ned BAKRENEAIS AR gICT T erBRES o Sus Bolieza8]

t enperature

As'brel50 C and
51 Where a ni ckel

conpound i syRERIsEY &S RS EacHiiopEciadtPblyarer Srienaee JPRAMVIERY & ROAP
conpound i s general |l X i Yo [00s
g‘ 53 &gséhrepresent ed by Formula (A): EnN (C6FS)2 (A) [0036]

where n' ist

d Eis a ligand that donates two electrons. If n' is

1, Eis genenal | ¥ A Si ARS8 d Fafad i ieation ibenzHo¥s i

g(r:et he | i@@S"'ff éne ; rl)éa{’s seﬁ ‘*e.ct ed @?ﬁtﬁd%ﬁ)g@%??ﬂr@ﬂ ‘5 n?adr,l) mszlt Ly: °ne
acetate (Et GRcinoopmeirc and. aNERERITATG TR 'ncaof‘ré%%a%{{{?gt car f
i ncl ude, bu§%rlgé€ra§§g Jrithd tfFhonter sofitRintie nelskd Siope abbucs@pBidny| ) ni ckel

(mesityl ene
ni ckel , bi sbput t

<

Sreoanaizaned s gauhoryRECEATaT s

an be used

{elépr ophenyl)
yl acetate) bis

(perfluor g%t&%glﬁle%%%Fq{é%ﬁlpltclgéﬁbgé?m@gpﬂp&{y@@réé alQrgphadiibhni ckel or the

like. [00
with the pr erizatientdataly $ts s | a
with th mmﬁym s SYEheeapPeyne i 9§85

yneri zation oﬁ}mrg)pggane‘{;é%bg
g

a hydrocarbon or aromatic solvent at a first

accordance
a sol ution

LS, i
t enperat ure She H}Q\H addi ng an appropriate anount of a desired nickel or

pal | adi um based cat al yst . Cpt%hq@?#gysﬁ he S?A}Jti on nmay

second tenperature, higher th I rst tehperature

t hen be
to

[0036] wheren'is1or 2. and E is a ligand that donates two electrons.

If n’is 1, E is generally a w arene ligand such as toluene,

mesitylene or the like. Ifn"2, Eis selected from THF

benzene,

raised to a

(tetrahydrofuran), ethyl acetate (EtOAc) or dioxane. Exemplary nickel
compounds that can be used include, but are not limited to,

(toluene)bis(perﬂuorophenyl)nicke!, (mesitylene)bis-

(perfluorophenyl)nickel, (benzene)bis(perﬂuorophenyl) nickel,
bis(tetrahydro)bis(perﬂuorophenyl)nickel, bis(ethylacetate)bis

(perfluorophenyl)nickel, bis(dioxane)bis(perﬂuorophenyl)nickel or the

like.

[0037] The vinyl-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 60°C to 120°C, and typicaily from
70°C to 90°C. For nickel based catalysts the analogous first and

14



cause the polynerization to begin. Cenerally for palladiumbased catalysts
the first tenperature ranges fromabout 0OCto 120C with a second
tenperature ranging from60C to 120C, and typically from 70C to 90C. For

ni ckel based catal ysts the anal ogous first and 14 second tenperature ranges
are from-25Cto 70C, 0OCto 60C and 20C to 50C, respectively. [0038]

Pal | adi um procatal ysts suitable for the polynerization of the nononers of

the present ikay&eH i e?rﬂbé?ﬁ%r@?ar‘é@%rﬁ%%&ﬁdzﬁ td"eood, @°Lavietgchidrul a (B):
(Al'lyl)Pd(P(R") 3) (L' wher e is selected fromisopropyl and

cycl ohexyl ; &RC o 5D‘§3 f§éP©@t\@éV fromtrifluoroacetate and
trifluoronethanesul fonate (trif]| at e‘l) Repr esent ati ve ‘F Hf t al yst conpounds

i n accor dak%988 tFallagilim progataly sts sbtebleelor the Poly@erzati d to,
(all'yl') pal I agioen{drs o€ wid preesi pkestdn Ar)ytud deppdsnted by the

(allyl)palla nﬁé i sopropyl phosphine)trifl ate,

(allyl)-pall gcﬁ'i OWRY P'Efg}‘é’ﬁcfﬁixyl phosphi ne)trifl uoroacetate, and
(allyl)palladium (trii soproE ci)hos phine)trifluoroacetate. [0040] O her
sui tabl e procat al ysts ar e (QBENYBEY PHLYhe af or@entioned 171 patent and

still othe co pal I adi um net al | weakl.y coordinating
ani on as r@??ggen‘ﬁg By 'ﬁc?FLﬁﬁ?%é Ogh‘SRBm;S’é’FS\}é)CY‘[E}%ﬁ ﬁ'}i{gd( (LB) b] [ WCA] r
\(MC1:) [ 0041] V\/eelreeteE(fR)rﬁ triftyoreaestate andriflyordihethenesaforadtect ron donor |i gand
ereElss d froma 15 . el ement of th ble of the
Elenent s, - andBtehadienaEAREy v BireaedrsCioettingk if ebforgRbE M <
i sot opes), osuemf(nmutmurmlumdbutanrehycbt l(namﬁ fai s deutero versions) containing
noiety;, Qis car boxyl at e,
t hi ocar boxyl g%&l)%gfh%d?ﬁrﬁt(kﬁ%%&%%i*pﬁ%%éﬂ ﬁg%tgLB is a Lew s base; WCA
represents a(a/lma)paIyachmm(tdlsmaromg)tmapbme)mﬂla@r esents an integer of 1 or
(allyl)-palladium(tricyclohexylphosphine)trifluoroacetate, and
(allyl)palladium (triisopropyi-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 Formula C shown below:

[(E(R)s)aPd(Q)(LB)s][WCA]: (C)

[0041] where E(R); represents a Group 15 neutral electron donor ligand
where E is selected from a Group 15 element of the Periodic Table of
the Elements, and R independently represents hydrogen (or one of its
isotopes), 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 (LiFABA) and
N, N-dimethylaniliniumtetrakis-(pentafluorophenyl)borate
(DANFABA). Other suitable activator compounds are also described in
the aforementioned ‘171 patent.
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2, and b represents an integer of 1 or 2 where the sumof a + b is 3.

[ 0042] Representative cocatal yst conpounds include, anong others, [|ithium
t etraki s(pent af |l uorophenyl ) borate (Li FABA) and N,

N-di met hyl ani | i ni unt etraki s- (pent af | uorophenyl ) borate (DANFABA). O her

sui tabl e activator conmpounds are al so described in the aforenentioned " 171
patent. 15 [0043] In accordance with sone enbodi nents of the present

'nven“on{oo JOC‘M atysibah& @ﬂﬁ%bﬁtevéﬁwbaaineéntgattr@Spr%@entruaogeud‘rf om about 1:1
t o about I'n sone enbodi nents, such nolar ratios ?re from about 1 1

to about 1 .procalaly st fo eegataly shHSHAT FalR S Coh FRRISIEYM aPost { J QAU 1 4.

shoul d be feP@Gn'ﬁ%fbrﬁétéﬁxbeem&ﬂélﬁm wBlatiraticy areSrovhldbovien » @ependi ng
anong ot her things, he activity of a particular cat alﬁst system the

reactivity oabquﬁé Wrtﬁrot@%ﬂ eabedimanty érem apoutdi gk abeutthd rlesul ting

pol ynmer that [ Tte) &L 1Y enpl oyed.
Therefore V\/m Ozlkgggrrr%fgbry rattr?gggga orr”%lt' Oinggé;ﬁa{g?ét@i ﬁ%:rg(?g?gf‘?g? a?g g

provi ded, otaeeng gHpsshingg e ﬂ"t&dﬁérﬂad@@ﬁﬁ%c%?ﬁtyéf syt thfe
exper i ment atﬁe%etuﬁ{}doftthe%mﬁer%éi&teaaﬁtgfe%ueerravétgﬁtttsfrtné tﬂ@sulﬁ»ﬁg)pe and spirit

of enbodi nent present invention. For exagg where a single

conponent caﬁQiY'i@f ﬂ'@ﬁ degired gndthe ayHee OEWﬁcﬁﬁt‘T’h‘é SYSPM he present

i nvention MaympR e@”pﬂ'ﬁé‘re?&tél\&mw”'éiemﬂ@ﬁai §tfor ;Br@@él‘hlys@@@era| ly, a
sol vent represents from ahou t o about Qggﬁ @{gf Lg ?/gerlzatlon
Sui t abl e

reaction nmedfQnRtel é?ttq{ﬁlﬁ)@?lwg?(ﬁ?é}th%hﬁﬂ%§ may e
pol yneri zat lr@ﬂttﬁ@b&(péﬁmeﬁmlohmd taddisticio ot rgnges aa{wmtmnnbact i ons include

hydr ocar b d a h d b I | ud

it e E&” %%ﬁeteégtwmegfaizg%ﬁ@egtsﬁ&ec@;sr%rg HSRER R e pentane,
exane, heptaaengladwhe simgleacam panempiadaly stesystat isused, vsomes | ncl ude, but

are not lim tegodtme’nts Spt?\% resgﬁ)ﬁﬁ\'?gnttotnotjnwrﬁ%t e?%llcﬁﬁgd&p&téfes' tylene. Qher

cocatalyst.

[0044] Generally, a solvent represents from about 50 to about 90
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
to, alkanes and/or cycloalkanes such as pentane, hexane, heptane and
cyclohexane. Exemplary aromatic solvents include, but are not limited
to, benzene, hexene, toluene, xylene and mesitylene. Other
appropriate solvents include halogenated alkane solvents such as
dichloromethane, chloroform, carbon tetrachloride, ethylichloride,
1,1-dichloroethane, 1,2-dichloroethane, 1-chloropropane,
2-chloropropane, 1-chlorobutane, 2-chlorobutane,
1-chloro-2-methylpropane, and 1-chloropentane; 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-dichlorobenzene, Freon® 112
halocarbon solvent. Mixtures of one or more of the aforementioned

solvents can also be useful.
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appropriate solvents include hal ogenated al kane sol vents such as
di chl oromet hane, chloroform carbon tetrachloride, ethylchloride
1, 1-di chl or oet hane, 1, 2-di chl or oet hane, 1-chl oropropane, 2-ch|o}opropane
1-chl or obut ane, 2-chl orobutane, 1-chl oro-2-nethyl propane, and ’
1-chl oropentane; esters such as ethylacetate, i-anylacetate; ethers such
as THF, 1, 4-dioxane, and diethylether; aromatic solvents such as benzene,

xyl ene, t@f%%ﬁ'haf\ocar TRShhH0E8 sn?d?érorfﬁ%ed?mm@rﬁé Sndi Blker ebenzene,

Freon(r) on sol vent res of one or nore o

af or enent i opetiadisinl catatyst isdfromiabeub809REf P abeyt P@é@"eﬁ?%ﬁ?}'&nt ageous

nolar ratio ‘f kel
ti Hﬁqr% >&b3d ¢ o PHCKR | Il st is from
about 5000021'%'0 oug)o%g qdva:? 92 g‘n‘ereﬁgy&ﬁ rggré(;g%f%ﬁn?g out 20000:1 to

20:1 i s enplpajlediunvbatalyspawilar f@élw yangqoﬁpmabﬂ%t& GIWVIRIP ratio
f r om 10000: L5 50 dodth bRirlg GRleaP U lickdl chdifstralied Ahdesrirhal and ni kel

catal yst rath0s range 10:1 wth from 100:1 to 20:1 being
typical . [0G06}1 EheO:povimEsomctifhdde 20ohieiog tyRiedlerbodi nent's in accor dance

wth the B}ﬂesent IQ%%%B} | %&c{r&ég%forégseiﬁb forboduggﬁfé iA a%Egr#E\SQar ed by

addi tion si ngle or I - conmponent
Goup VI twighgie dpr@@eﬁtﬁhaéntmtmlayate sﬁdofthrmmlnampp@&ﬁﬁ@ bgat al ysts are

general ly pr i.n_si.t
Cor “act 1 vat tian Rofimareaus i GF HrRedtbs o Pgle Ml dnbpdher 002 2 Yo e
tgr m plr Iocat €(|3r|30$1b Wil tharsitionnadeta catalysto  ecmmalti-cproppnentiqatalygasi ti on net al ,
Sotal ost” b Hre Hendfuy P Al A G ATPnird Fbrd Pttt &7 10 an A e

n
conponent  catomhtalyst (oactivadordirhtire W@ﬁdnce af theganeemer(s) ﬁS’r@par ed byI ggmem ng
appropriate C?%rﬁ@’%éd pr éJ{e?&r&ontalfé?vﬁiPBé%lab?st@oéﬁi Meah.a al l owi ng the.

reaction topp under propriate tenperature conditions
isolating t Iﬁrq;@t\dllly@angﬁrqmm\@ta! generally palrlrapdlum containing compound and

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 labile 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(il) catalysts formed thereusing, are
known from at least the aforementioned U.S. Patent No. 6903171 B2.

Polymerization

{0047] Polymer compasitions in accordance with embodiments of the

present invention are carried using either a batch polymerization
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For exanple, a Goup 10 netal procatalyst can be adm xed with a Goup 15
el ectron donor conpound and/or a labile neutral electron donor conpound,
and a salt of a weakly coordinating anion in an appropriate solvent to
yield a preformed catal yst conplex. In sone enbodiments in accordance with
the present invention it has been found advantageous to enploy a single
conponent catalyst with the addition of excess cocatalyst to enhance

react i vity aphotkelditre MSactismniiandd Qucied 1§ ¥¥oaRSeronigtasmpent at | ve

procat al ysts cocatal ysts, as well as cationic Pd(l]1) catal sts fornmed
t her eusi ng, HIEeMORABEFS @rr@meé@rqde%féymﬁﬂéata%rwr@ﬁ%%ﬁ {abtroepfefred @t ent No.

0903171 B2 <G| yaRh) el Bin B0 e P RloneERSSH bk foy accor dance wi th

enbodi nents o resent 1nvention are carried usi ng either a batch
pol yner i zat i tgaclign jnitielos at pradeingdralgétion initiator is added to a sol ution

enconpassi h none t |
Sl PRV O RS Wy A VA i b
ga{ S?Sts![ ogyls?olyn‘lietgagtla’lt gmb@deﬁemtedharvattbs mdroo7s$ pw¥ixedan @i ckel hbased

h
nmonomnmers pr eﬁﬁ?lgh the §8PB¥ g?ﬁ@m%h@'ﬁé &%f r8g>rﬁ]'ér9%'t§g%\uc%?l oﬁvgf t t ﬁe
pr ef or ned catmiivy@.ual@ataiystdnompnmhta:@t?alsytltloﬁ@ﬁﬁm@‘?ﬁ)@fﬁ%\eatya@l ution of the
nor bor nene- { ¥RGonEPo By SRt draich b ARRLRIs SUBaMErsToxt LI es of

nmononers to yrrerlze aln transfer a (CTA). In one
embodi nent, be nvelypmermtdaaqxt@ha;onr@msfm agest deddied t@oaemttﬂq"@ﬁ”bonm sting of

Lhe OO e §HRaRifk SORAGAIW adiedeld ¥allon cbis@ie) Bemoerbodl ment, the

procat al yst rem xed e cocatal yst or activator
sol uti on bef momomers, o@ﬁélaﬁ@ gasetalystas|agtivaler of'"rﬁﬂ%’f‘r%fre'%%d'@?ﬁl' In sone

enbodi nent s, @o@m s@futﬁﬁ%@ﬁre%lﬁé@w{tﬂ%é Rotdtalysob attivatéranges from
about 5 to a 50 wel dpercent wt9% , and in other

solutlon before mtro ucing into a solution of monomer and CTA.  In
some embodiments, the amount of monomer dissolved in the solvent
ranges from about 5 to about 50 weight percent (wt%), and in other
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.g. 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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enbodi ments from about 10 to about 30 wt% and in still other enbodinents
fromabout 10 to about 20 wt% After the preforned catalyst or catal yst
conponents are added to the mononer solution, the reaction nmediumi sy
agitated (e.g. stirred) to ensure conplete mxing of catalyst and monomer
conponents and is generally heated for a period of time adequate for the
pol ynmeri zation. [0049] In a batch type solution polynerization, a m xture

o e oon R b3dimEr & orb%rRe XA ocd 6iLQeTA Baf ORlINMEGUdeTget her i n a

si ngl e pot the activator and pr
ocat al yst sol ution
i nt roduced tipgetheereaotiors pptao\drel @eﬂqd)@ﬂﬂ]‘eﬂqu@r‘ﬁ‘éﬁ f'?f’ei“?}/‘ tE %ol ut | znare
pol yneri zatlon pro ess ¢ be carried out as a sem -batch process. In this
process, one™ MNRE s or  a partial m xture of the nononers is

pr esent ob@ reagb PerfiBbailenng thuditre dfftae G
sol uti onsq ﬂ[ erg?ure i l?\*germgfe t L{o;tlonaa@gqusﬁf:ang ?gt It \rllgtnor
i ntroduced mmrwtem@ord@fa%‘i hgws %'n?‘ﬁ Prg RO s. ]t 8ve)rﬁ gF period of

1‘3' ne. | ndanogh 3§rseéﬂhoﬂ'émrlitheraerﬁbﬁdhmmffrdmlabﬁﬂm d)puwtlo ©f the CTA can
e introduce Into the reaction pot over a period of time along with the
mononer or hosiSure of nononers. [0051] In sone enbodi nents, the time of

the int r°d®8t5?fo,é<§}é%f9 %(n the Foldtubariveigvest tRé r8€iHs Soramad inn ot her

enbodi nent to 16 hours and
from about 4abcardan¢eowih enmmsmepmﬁzpe RERRGR H@’@bﬂgﬂyérlel rﬁgﬁ eIr egm) g?l V\nglntgﬁt

of the resing, for, \Whe @GR Ok R panddium esvhpolinenare ah
pnohed ptesent
I nvention, are rez;m(ii:fj control |l ed. Where ni ckel %{F af%%l% {yn conpounds are

enpl oyed, it found mébﬁ‘@ﬁft%f& f%l?a?fg‘?%@‘y?tatf)l BORMELERN §ST To
serve to Co%f\f?bl thB®e& 868y Fedigs mestecular welghe.ul mra@%itghtwhqnngg gg‘daurtucgg a\l/\;gn

2 nickel Catn?ck%lsgatlaisysyusseusedl t|t hré\as ebe%eounglt"r[n]é{tﬁg%getd?% 4 of a chain
transfer agent, such as is disclosed in U. S. Patent No. 6,136,499,
incorporated herein by reference, is effective in controliing the
molecular 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] lItis advantageous for the molecular weight of polymers (resins)
in accordance with embodiments of the present invention to generally
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 molecular weights have been determined to be advantageous
by experimentation and resins in accordance with the present invention
have been found to have an acceptable 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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transfer agent, such as is disclosed in U S. Paten

i ncorporated herein by reference, is effective in cgn??blfiﬁSGiﬁgg1

nol ecul ar wei ght of the resulting resin. Exenplary chain transfer agents
enconpasses generally sinple a-olefins such as 1-hexene, or the |ike, as
wel | as non-olefinic materials, hydrogen, alkylsilanes éuch as ’
triethylsilane, alkylal koxysilanes and the |Iike, such as are disclosed in

U S. Publi Sh‘ig?P%r% AR C3h 89 aP%wnﬁM@?s%%%éﬁndtMmﬂRhe nent parts of

which are in orate her ei n erence is adv
ant ageo f
t he nol ecul apranengmveoﬁorpollﬁm%W@s‘(h’(@é!P@)e an ”%E%‘r%l‘éf‘rf@%ew th emg)odrjfren?;

of the present I R&PIr
100, 000" ar ¢ MG eBfs h BERGHS, Srponfers gt 6388‘“?%??“80 000,
Bt

an(cji fr ;)m gbogél -Be0Gativo @mato%@m&%@bbﬁ%ﬁﬂaﬂ‘ﬁ 98%%9“‘? ?T

under st ood t hat

det er m ned té)mk?éwrﬁ%{]/tgﬁt'g(?égﬂgﬁ %Zﬂ§%f?gﬂ[ ?g%d‘gﬁgb%rgg?ﬁgﬁxgezgcor dance
with the pr e$MMMnh\B¢m laﬁwretha&/és E&noﬁ@em‘xfﬁeﬁdf)é’c&ﬂr%eﬁﬁ‘f' | e bal ance

of the opticyl o pRSBAE rf]ﬁeqe?%fralypﬁgﬁés@%ﬁ@hbldr}{éssérﬁldilrfﬁdin‘mfI | ms with

desirable p ys cal properties, other r
: anges of nol ecul ar
wei ght may ahﬂmdbaemtel,’m@rlless be advant ageous upon further experinentation.

19 Therefore such of her es_are
present i nlR9§AI onlsotpfan Bl %PO‘XU@(é’mééé"%%ﬂw%oe?&g@eeﬁggté&m ﬂ&elgﬁf a'; h\iel ght's
(in Daltons) hak u&@hwwmetauecamac@nmm;shasmgoneg@ﬂ sqyefatenetngds.

chr omat ogr d
rel ation tgp/!é’fﬁﬁgé%@%o@e n?qr;;g iageicgﬂ?'tﬁf@d%sgﬁt m(lémrpgllegf)e(rje:‘grred to

as PDI, of ttp@mndt}n%tci;smlatlmcsop@@ao@ Wl&lhl byt ﬁ@dlﬁ{d&%fm" qu&rﬂcldon is
generally o Ol °f>t<|§ gné’blbﬁa? @@c?&eé%@%m&@%@h%@ét&)@ or |ess.
P RARXIZS) e pol

[ 0054] Isola
has been conphigtueel. cﬁhxsbmx&nrmmﬁqr‘sa@tatwf@rf@vgfalggyé?ygﬁé Iﬁéﬁ%@g reaction

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 @ 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) phenyi phosphine (TRIPHOS) and
triocty! 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 some enbodi ments in accordance with the present invention a peracetic
acid solution is prepared in situ by adding glacial acetic acid, hydrogen
peroxide, and DI water to a cooled polynerization reaction mxture. This
m xture is then agitated for several hours, the aqueous |ayer renoved and
the solvent |ayer, containing the polynmer, washed wth an excess of

dei oni zed water (DI water) until the pH of the washes is about 7. The

pol ymer prOd%%ér%tGrggﬂtrpéﬁabﬂnthf§ eﬁ%d@‘i‘ihﬂﬂratn@ é;ﬁ&anéHHthbase to an

excess of hexan 'S ation and drie I n ot her enbodi nents,
after the inmingtespengoet 4 BOH@ altbeegh ader apAPPrR EMeRiNdS Ca8xcess anount

of hexanes abggﬁfﬁ‘éib%'fofeu gﬁféeﬁb[h)gw feps Qb |§métQEtH8|poW?\‘i'eﬁ’ﬁb§ﬂctare

i ntroduced in mer  Sorution, The "pol yner is now in
met hanol / wat eucrplaaw thB}méU@I‘ii ﬁgsgm%@ovesm ution into agitating DI water

drop w se, rec fil t

100551 1 EBRe! ertbshrwlireeRliet iat merp g it PSR afnbds o em oven
perLO{ nmed anisadtingntak mﬂme@mgustta‘phesanmmlmyeﬁ mmgrda@petvhér end of a
preeermne eactl Lg f I i

agent, non- I| Pfer?ﬁn 3’(‘%(%% fa aa}\‘d t\?\‘,ﬁ |nc %& m%‘”%?gs'@?‘ﬁ gcr’\hlgp osg)r(\: 23

et Pyl % hphenylarqnhoslphltmg ( Rty amjprqudeibasja ‘s pffi peint fos angt r oduced
into the rea 1 t t

quench the c %é? é'ﬁqﬁ%(%ﬁg Ef‘é?ﬁ‘r?%% ﬁ{)%ogtrﬂ?«?]fs%@ﬁohgﬁg@????ﬂéﬁ u[ ﬁe rgactl on
mxture is mspad;lﬁcpetynmr nrh@uqttea&neoaﬂmtagﬁﬁp@r QPU?Q?IWVPWUEgl tation for a
peri od of 1 BrodohafbriiprRraRayto 30 -c1 RUfifero ABBMbadsdoliEsing! ¢ hough

ot her appropri s can be use ef ore proceeding wth steps
to isolate tlaepqdmymlumrmmgt a toliger ans BF sekitiont Haeefo%gefrq ed above.

[0056] 1t Sh%rg)x% étﬁﬂls'gﬁ@% Fd?aat pr’eﬂ@fe@mﬁ{éﬁ {RBYanRCRH Pledictaridiests for

i solating the polyner nmbodi nents in accordance with the

present invet@mper 8tlérﬁdatfhfé'ﬂe't¢f§'°ébdém“a¢'99r?e'?‘ﬁ%‘éf@ Hrasetig &g hrdi n

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 liquid 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
incorporated 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-suifonylic structure represented in

structural Formulae (1a) and (Ib), respectively:
0 e}

N» N,
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g;e Epflliniting. Rat her they are provided as a "junp-off" point for one
0 s.;. in the art to determ ne an appropriate isolation nethod for a

peci fic polynmer product. One advantageous, optional, workup process
gererally referred to as "CO treatnment,” enconpasses treating a polyﬁer
s? ution, e.g., a toluene and THE solution, under a carbon nonoxide
?ur?ﬁgregetrga a predFtern1ned time and at a predeterm ned tenperature, a
W th such tr edibRENZ gt g B L Sbout one. hour

enperature are about one h

and about 80 Gknnumﬁﬂcylnes and tenperatures are also appropriate and o

readily determ ned by routine experinmentation. Follow ng this treatnent

the liquid phases are allowed to sgparat .
filtered and the filtrate further [ ¥ eat ad and the pol ymer phase is

_ eatQd wi th hexanes, nethanol an
as descri bed above. [0057] As preViou ?rentioned, a phot osensitiveOI nater

material is 1incorporated in thel photos$ensiti ' I ti
i . ; tive resin conpo
present invention. Generally sugh maigrials enconpass aer sttions of the
i,g-zapﬂiﬂoqu!noneg|a2|de-5-sulfo ~/’g structure and/or a
, 2-nap oqui nonedi azi de- 4-sul fony}jc skructure repr [
1 esented in
Eornulag (la) and (Ib), respectivel 620 0 Nz Nz Og la I b SO2 Zit;ggtural
enzoqui none di azide materials as r-presented in structural Formula (lc):

O N Ic 02 [0058] Generally th
(1c) are [0058] Gt]enerany the st)r/uctur%ssc;[fr o?rtnld ae (lg)f (1%?%% Oq?ksla?é (1) and/ or

incorporated into the photosensitive composition as an esterification
product of the respective sulfonyl chloride (or other reactive moiety)
and a phenolic compound, such as one or more of the exemplary
compounds represented below. Thus, any one, or 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
fa, 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 dissolution 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
Formulae 9e-9n below; and still other useful photosensitive materials

are shown collectively as Formulae 9x, 9y and 9z:
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incorporated into the photosensitive conposition as an esterification
product of the respective sulfonyl chloride (or other reactive noiety) and
a phenolic conmpound, such as one or nore of the exenplary conpounds
represented bel ow. Thus, any one, or any mxture of two or nore of such
esterification products are conbined with the resin in 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 ageously, when a portion of a filmor a |layer of the photosensitive
conposition is exposed to appropriate electromagnetic radiation, these
esterification products generate -a carboxyl j@s aetd mhlch enhances the
solubility of,s 3 i-0asol ution as
conpared to any vrally such

phot osensi tive
anount from1l to 50

by wei ght resin.
: resinis a
function of the dissolyition rate of expoggd ns  as conpared to
unexposed portionsugrec-tde anount of radiation required to achieve a
desired dissolution ragte differential. Advantageous photosensitive
materials useful in gong entvedi nents in _accordé i{h the present
invention are shown RQ_4 usef ul

phot osensitive materials are shown in 3 : | ow; and stil

ot her useful photosenéFtlve mat gei al s wr-col | ectively as Formnul ae
9x, 9y and 9z: 2F'eH3 H3C \ / C\WCH\ | oQ ~~ CE CH¥\ 9b 00
H3C- G - CH3
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.. oQ
QO
9a-9d
CH; HiC
oQ
CH
b, Iole
9h
CHs H,C
oa
Qo oQ
CH
oa
cm@/
of
CH; HsC
Qo oQ
CH
CH,
99
oa 9e-9i

23



9a CH3 0Q QO / OQ CH3 H3C 9d H3C CH3 Q0 OQ H3C OQ CH3 9c 9a-9d CH3 OQ
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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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00 OQ AQ OQ AQ QR OQ O L R R OQ QO QO QQ OQ [0059] Conpositions of

the present invention also include materials that are advantageously
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 theof inceresmn eexymyErialexygludgr buparernottingtddi tseepay oxazol i ne

G EUP SHoh B SR A el BE L B S BB o P oiioh 2
group such athedlike; aRtdxaxylinagidupl uchrcabRarvlined?-gugrowp drike likke.
General ly, tQ%&L%?H%%i s?ﬂ;ﬁdas 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

generally 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 diglycidyl ether, polypropylene glycol
diglycidy! 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,S)-(-)-2,2'-isopropylidenebis
(4-tert-butyl-2-oxazoline), poly(2-propenyl-2-oxazoline) or the like;
N-methylolacrylamide, N-methylol methacrylamide, furfuryl alcohol,
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
compasitions in accordance with the present invention is generally from
1 to 50 parts by weight of the alkali soluble cyclic olefin based resin,
énd 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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bonding with the pendant acid group of the resin is a cross-Iinking
reaction that is initiated by heating to a tenperature above 130C but
generally less than 300C. [0060] O her exenplary naterials capable of
cross-linking (cross-linkable) with the pendant acidic group include

bi sphenol A epoxy resin, bisphenol F epoxy resin, silicone containing
epoxy resins or the like, propylene glycol diglycidyl ether, polypropyl ene
glycol dijgbexi datkaesbeblie ;ghotcs@wmr@mpydmpmmminyamrMe poI ynet hyl
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and wi thin rerRfy BREAPSRes BERRbToB EFRAEISHE. ByBudlR et 200 Uh ' ©
phot osensi t |whr&v-(rnetjtapqdwlbmsrqml)aﬂcl@tfttaqyééan%anhoxlﬁénii@r%@ént i nvention
may cont ain é@ﬁ?%’ﬁlﬁ!@ ?Qﬁ%gﬁﬁ%%?é:%p@&attf&%hﬂmélé}r alfl?€ r@idrpRe of

I mprovi ng properties o he ‘co
such as a trialky! phosphate or other organic phosphoric compound, a
plasticizer such as, poly(propylene glycol) and a crosslinking agent

such as a multifunctional epoxy compound.

[0063] In the embodiments of the present invention, these components
are generally dissolved 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, dimethylisulfoxide,
diethyleneglycol dimethylether, diethyleneglycol diethylether,
diethyleneglycol dibutylether, propyleneglycol monomethylether,
dipropylene glyco monomethylether, propyleneglycol monomethylether
acetate, methyl lactate, ethyl lactate, butyl 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.

[0064] Among them, in view of high polymer solubility and solvent
removability after curing due to volatilization, propyleneglycol mono
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and the resulting layer, for exanple the sensitivity of the conposition to
a desired wavel ength of exposure radiation. Exanples of such optional
conponents include various additives such as a dissolution pronoter, a
surfactant, a silane coupling agent, a leveling agent, an antioxidant, a
fire retardant, a plasticizer, a crosslinking agent or the |I|ike. Such
additives include, but are not limted to, bisphenol A and

5- nor bor nenerestiyidier F&@égieln@g@ebﬂnaﬁoaemyﬁﬁéwda&epwmyr%rac@esI licone
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Anmong them in view o solubility and sol vent rem)vabl lity

after curing©H\ge tRIBISINGH Iyﬁ@él Pr(ﬂﬁ’e“tﬁsoqﬁﬁ'réﬁéﬁlt%BP'yﬁ’(%@”d% met hyl et her,
propyl enegl yparbtodfeifame My} <t ARt caeed Riyers deliddytheletedrane,

[0066] Such polymer embodiments have excellent physical properties,
particularly for use in photodefinable compositions for electrical,
electronic or optoelectronic devices. Exemplary physical properties
include, but are not limited to, low 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 employed.

[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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and cycl ohexanone are preferably used. [0065] In sonme enbodi nents of the
present invention, crosslinking can be achieved by the incorporation of
nor bornene repeat units, into the polyner backbone, wi th epoxy
group-cont ai ni ng pendent groups.. This approach can potentially reduce
and/or elimnate the need for an epoxy conpound added to.the conposition
such as di scussed above. Such epoxy group-containing repeat units, if

used, are are@n8Rjyiedn.y Fomehbegithetits bEWR Sreb@mdhvghtioroteder®| % to 50 ol %
of the polyner. More sgemflcall such | evel ?re effective in the range
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phot odef i nablight @YAY Bnait EdiRbA dyvBedikder Houdvenajeieraliyp thb8§66] Such

pol ymer enbodl nents have excel |l ent physic ties, ticylarly f
use in phot o8@?'i“ﬁaﬂﬂ"@%Wﬁ&%‘iepgghgo‘?‘oélooeﬁog}cq(ﬂ"g'gﬁer,g deZ‘ISGéﬂVPtgf%irlﬁg%r Ay e

opt oel ect r onagvalRuheass. BorEohts ¥mpbymians, heopegbvi® exposursls, but are not
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Pascal (GPa)}hat[ha8&dme regiunspthat bisekshid bgampfodm reachingrtfesiitm and enbodi nent s,

in accordangge with th I [ i e ki | 0 a desired
substrate to° eH?;\g'f’?? ﬁ}eﬁ) ﬁ%ﬁqéeg%gp{roa%%bmﬁ tE" e?ggﬁgﬂa{%@%&%ri ate
substrat e asimageof theynasking etenient belirg farinedlin tie¢ 6w afiar 8 or opt oel ectroni c

devi i : . .
evi ces ordgaf&gwn?ﬂtegﬁoi%gg%gg%ggﬁ@éd E&Q@t_rate, a ceranm c substrate, a

gl ass substrate any appropriate coating nethod can be
enpl oyed. [0086B] Alasielophentpaiceds sariatlexposés ehwadients of eiove excess

P hench o nerSBTPB G b S a i Bl SauTRE bal Al 5, " e
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 layer 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 agueous 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. Aqueous
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.

[0070] 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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the heating, the filmis generally imgew se exposed to an active 30 energy
beam For enbodi nents of the present invention the term "active energy
bean is used as a general termfor an energy beam having el ectronagnetic
wave-|i ke properties. Exenplary active energy beans include, X-rays,

el ectron beans, ultraviolet or visible light or an i.onizing radiation or
the Ii ke. However, generally those beans having a wavel ength from 200 to
700 nm are gesastivh| ¥s diveusded abowl AhbiagaODS iniffated byMreirze@dwidnds, the
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excess devel oper ution, typical rinse agents are
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
layer having a predetermined pattern. In these embodiments, such
insulation and/or protection layer is formed from a cured product of the
photosensitive resin compaosition according to the present invention
described above.

[0072] Such semiconductor devices are produced by using
embodiments of the alkali soluble photosensitive resin compaosition of
the present invention to form fayers 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. In these embodiments, such
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wat er or appropriate alcohols and m xtures thereof. [0070] After rinsing,
the substrate is dried and the inaged filmfinally cured. That is to say,
the image is fixed by causing a reaction within the inaged material. Such
reaction is generally a cross-linking 31 reaction, as discussed above, that
can be initiated by non-imagewi se or bl anket exposure of the remaining
material and heating. Such exposure and heating can be in separte steps or
conmbi ned as NSulBggR@NIPRTeiRGtiandayesds faimeshisemnfa eurad @reduat wétheraged film
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composi {1 0N @npekfiar@bPRGEEs o S8Rt RBIs R Bshighhs Bed e,
characterized as havi ng
for high transparency, such as in display 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 include 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

33



hi gh heat resistance, |ow water absorption rate or the |ike, high
transparency, and excellent property of low permttivity. In addition,

such | ayers generally have an advant ageous coefficient of elasticity after
curing, 0.1 kg/m®2 to 200 kg/ mm®2 being typical. [0073] In sone enbodi nents
of the present invention, a display device is fornmed which enconpasses an
insul ation and/or protection |ayer having a predeterm ned pattern. In
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device, especially an interlayer insulation film and a flattening film, high
transparehcy is required. Advantageously, polymers in accordance
with embodiments of the present invention are especially excellent 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 composition 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 excellent
electrical insulation, adhesion to the substrate, and the like. Thus
semiconductor devices, device packages and display devices are
provided that incorporate embodiments in accordance with the present
invention.
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applications of such enbodi nents enconpass a passivation filmwhich 1is
formed on a sem conductor device; a buffer coat filmwhich is fornmed on
the passivation film an interlayer insulation filmwhich is formed over a
circuit fornmed on a sem conductor device; or the like. [0076] Upon using

t he photosensitive resin conposition of the invention for these
applications, the coefficient of elasticity of the resin conposition after
curing is generally fromO0.1 kg/ m2 g/ m2, and often fromO0.1

kg/ m®2 to 100 kg/ m®. Further, in s fconductor applications, a

t hi ckness [008the Neagteﬁheqfresdm B rpivot il desexplaieed esmore defaidiyt i on after

curing 1 s el Ain. 8 3 Abs e A HBIERLbERST rom 0. 1 pm to 100

pm [0077] As 5 es 0 ionto I'Ce, there are an

i nterlayerobgsul aiertﬁle Byhthelsy EXdmpies Rlnieb & BB{drwideatdtédaalf i | m color filter
flatting f|| ection for an WA éﬁ/rge | iquid crystal display device,

a negative %reg@fe;) wWeltRerfosmedstsingharprgrrnte %EG%V% ang 0078] Specific

applicati Onssti}ﬁnﬁfé?ﬁgkdmé‘ﬂ%t(%\ferbhﬁleﬂf’f@? a61east 12 WBufsShidfor€@ipsi tion of the
present invention di devi ces can be analogous to those described

for sem conm%?a‘d@ﬂ'?csééte%@f@éurﬁ of d0ybrer Aftessryind.thgeessals@pdned on a

substrate anéiurﬁn@ a?ﬁﬁ?a@u@h@?@nm&%ﬁia@él? tifa(?xrsf@ged 133) §Bme|6%)‘:!@{awﬁ@f‘§r e the
substrate is a I on of d%"t/rﬁ evice or color filter, it wll be

under st ood t’HE{PgEG@H“P%pWe(S? ragmi ORPI L2y SN BRE <|§PRR”6§%F?§| i ve resin

gorrplos' ti gn cdcﬁmg% ahﬁbtélrﬁltﬂbvﬁri&@t_ufré\e m@bw&ﬁfmmpmea@slbmcﬁorrpom tion to the
I spl ay evi ¢

eci a an inter er. in tion filmand a flattening
fiim b gh ReiepEREL yerdsrgan e gttt eluerie e AB s n
accor dance Nmbbenelhibm‘emset sAmfsdlibG;)qu&éxtsrthal wemnisblatedinveredpedi al |y
excellent in rans are t, trans is at |east
mai nt ai ned by" qrﬁ/talp (o (Vios} %5 ﬁ}gf 233\% OB%BSteﬁ@éqmggbOg%ﬂﬁ% process upon
form ng thewpigat paengid Mmaanesm@pc@meréwmnbaxepm) by GPC,
against a polystyrene standard, in THF. Polymer composition 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,
hydroxyhexafluoroisopropy! norbornene (HFANB, 169.55g, 0.62 moles),
norborene acetic acid trimethylsilylester (NBCH,COOTMS, 30.45q,
0.14 moles), dimethylanalinium tetrakis (pentafluorophenyl) borate
(DANFABA, 0.36g, 0.454 mmoles) and triethyl silane (3.16g,

27.2 mmoles) and sealed with a crimp cap lid. Also in the glove box, a
catalyst solution of di[(tri-isopropylphosphine)
palladium(acetonitrile)acetate] tetrapentafiuorophenylborate (Pd-1206,
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 oil
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[ 0080] Enbodi nents in accordance with the present invention therefore
provi de a photosensitive polynmer conposition which exhibits enhanced
characteristics with.respect to one or nore of nechanical properties (such
as lowstress) and at | east equival ent chem cal resistance and |ow water
absorption rates, as conpared to alternate materials such as polyim des.
In addition such enbodi nents provide generally excellent electrical

i nsul ation, adireandmdintainee thelsh (@ts haund, sfter Wikl thd battle wasr conduct or

devi- , d | d d d i
orpod ment o rRoRas KA el bath R HihEh B SR EamBlRt WP es kL Ea O Bos a1
Next, the gry ® ntAftéW@dHthnth‘é‘Mtﬂ@‘?va@b?e?a'eaea‘?\d'f{bd‘iﬂ[%f‘iﬂ@bﬁd@d’ way of the

fol |l ow ng esi s and Reésin For the Synthesis
Exanpl es, unNex$ dadialagedie asid 60 @l FbeﬁepaMpg@wem%e % ®tned usi ng

appropriate spzesdg me%ss%'m@m wteh rﬁ:éﬁ&e/éﬁ@%ﬁ}nh‘fed\%{er‘(‘@é@nﬁ” ed for at

| east 12 hours |n a forced air oven a set tenperature’of 120C
After dryi ngWergadged ixthe bettle agdithe |rwllm)§@latld@ stiged vigareushafen v
transferred 48 ryugd. OVﬁwé’ﬁ%xtDPé/WHQaﬁo\{vgagé Q64 atd (S BRSS c@eGUQm nal I'y <10 ppm

oxygen and <5 ppm H20) for coolin nbi ent tenpert sol vents
enpl oyed pri BRaseanganyiganicahiasn ajier whighaihgeadueors ahapeads about 30

m nut es V"'thrélﬁb!ved"” tfms&;a*a?é Ph&seAnss w%%hecwlﬂrﬁemtthfefo%uié@t wer e

i solated were dri e under  vacuum at 7 hour's fore determ ning
mol ecul ar  WORERHtOPPLARN AN GoRCceRisated | By dos K eypRPRlioNnd ERIYMMEY ) by GPC,

agai nst a pObv)é%bc‘é@Bi@at%HWxﬂmg‘ tﬂe%ﬁceﬁ%tﬁ&%l&@ﬁﬂﬁﬁi éiceRswas determ ned
by 1H NWVR anal ysi s. 4w<nt esi s Exa HFANB / Aceti ¢ aC| d NB [0083] In

the gl ove boReXanes (4ihand secasred g? 6‘5Fﬁt‘é’i“n| Aytes drpael 399 (70.0%
yield) of a white powder was obtained. Mw = 10,528; Mn = §,586; PDI

= 1.89; 71 mol% HFANB and 29 mol% Acetic acid NB.

Synthesis Examples 2-5
HFANB/NBCH,COOH

[0086] According to the method described in Example 1, a series of
polymers of HFANB and NBCH,COOH with different molar ratios were
prepared. The monomer loading, anount of chain transfer agent
employed, percent recovery, and polymer characterization are listed in
following table.
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[0087]

Synthesis Example 6
HFANB/NBCH,COOH

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), triethylsilane (0.8 g, 6.9 mmoles), DANFABA (0.255q,
0.3 mmoles), and 140 mL of toluene and then sealed with a crimp cap

lid.

to anbi ent
500 nL of THE
per oxi de (280
er (420 nli)

i gorously for

phase and an

or gani ¢ phase
oncentrated by
concentrat ed
n. After

‘N = 10,528; M
t8%cid NB. Synthesis

Also in the glove box, a catalyst solution of Pd-1206 (0.128g, 0.1

mmol) in 4mL of anhydrous dichloromethane was prepared in a 10mL
crimp bottle and a feed solution of NBCH,COOTMS (9.649g, 43.0 mmol)

in toluene (7.72g) was formulated in a 20mL crimp vial.

solution was transferred into a 26mL 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,
4mL of the catalyst solution was

added to the Wheaton bottle and then the addition of the feed solution
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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[ 0086] According to the nethod described in Exanple 1, a series of polyners
of HFANB and NBCH2OOOH with different nolar ratios were prepared. The
nononer | oadi ng, anount of chain transfer agent enployed, percent

recovery, and polyner characterization are listed in following table. 36
Example 2 3 4 5 HFANB grans 32.35 169.55 42.28 43.69 mmoles 119.8 618.3
154.2 159.3 NBCH2COOTMS grans 17.65 30.45 1.82 6.31 nmoles 78.7 135.7 8.2
28.1 Tri et hipestirgaofethg raastidh B6tGrelwad cd@irdieddor Atreand’then27.2 4.0 6.5

Yield 42% 76 0528 11025 Mh 5878 5060 5586 5846
PDl 1.92 2. o@gﬁsg%é’zg%oéwﬁﬁééﬁi’%g‘“m % 25 mol % 29 mol % 25 ol % HEANB
45 i % 7300044 Htarl Ko kap TR pIGRBKNoR SriBKABPalBgo 19 a1 BCH2OTDH

0087] In th e bo Wheat on bottl e was charged wi th, HFANB
E39 28g, 143%%&%696@&%8@1&2@%‘?%Y@P@Q@f'aﬂ\/?‘%‘@!@ﬁe triethylsilane

(0.8 9. 6 9 employel, IO, (L1aP6Ga wilo DoERN 4 oifiifled 40 . of ol uene
and then se &ed W so in gl ove box, a catal yst

a
sol ution of Wi 1((5"'1259386%) ‘%?D' T‘r‘r’rtfﬂ) f\rP34PrP_x)6’P %9’(&?% di chl or onet hane
was prepar edshidwed déMposition of the polymer to be 71.6 mol% of HFANB and

28.4 mol% of NBCH,COOH.

Synthesis Example 7
HFANB/NBCH,COOQH

[0090] The process of Sythesis Example 6 was followed except that
78.6 g (286.6 mmol) of HFANB, 4.71 g (mmol) of NBCH,COOTMS,
triethylsilane (0.4g, mmol), and DANFABA (0.51g, 0.64mmol) were
dissolved in 280g of anhydrous toluene and 20g of decane; and for the
feed solution, 1.2g of triethylsilane, 16.69g of NBCH,COOTMS were
dissalved in 18.5¢g 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;COOH

[0092] In the glove box a 125mL Wheaton bottle was charged with
HFANB (156.71g, 57.31 mmol) and NBCH,COOTMS (4.29g, 19.10
mmol) and 60g of anhydrous toluene. A solution of NIARF (0.74g,
1.5mmol) 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 bottle and the reaction
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crinp bottle and a feed solution of NBCH2COOTMS (9.64g, 43.0 mmol) in
toluene (7.72g) was fornulated in a 20nL crinp vial. The feed solution was
transferred into a 25nL Hami I ton sure-seal syringe. The two bottles and
syringe were then transferred to a fume hood [0088] In the fume hood, the
solution in the Weaton bottle was heated, wth agitation, to 80C in an
oil bath. 4nlL of the catalyst solution was added to the Wheaton bottle and

t hen the additi,on
o e L gg%ﬁg{éé“ﬁg HSlucS Q' B pofiifenRalnie terirmmgghnpe‘élas%l by 647 i nge punp

addition of bat, faﬁedwbtmhuhemtﬂ%waﬁéamplﬂad and @Hewpd 4R POHni xt ure was

continued for _?27? |
blarltemPaitd r'e%%&h fixtGROWab @ma@al»ﬁm 16@URAT at ur e,
[0089] After 28 msper lJTgorma manner anal o ous g t hat, descri bed

for Sythesi sTHFfaarp Eeaie(iapmemlxwéoflélﬁj"h’egf&é@é’ 28h 3 (48%

yield) of a =
A car boxyl i C&2§nﬁ_ EfW\?/F}e\gﬁsA‘?ﬁ%%gg\ﬁc H(\)Asgleﬁe?ﬁ;%%nt %agué%gﬁf tEDIbe 7% gl

mol % of HFANBhaselwag8ermoned @ndfa m@mme veyshed e 4@
HFANB/ NBCHZC?A€=6r 5%%3’@5“ dagop_[ €ﬁg?§?_@& oPHERE velr& aBke t&mws fol | oned

except that of NBCH2COOTMsS,
triethyl sil anashéd 4glventphase and apaANFEiEA R'@szQPa@t'Qﬁr%’o? re dissolved

I n_280g of a”ﬁég Qi3 sta% %@ﬁ&dﬁﬂ, @%Ld&q%nem the atihed ifteed sol uti on,

1.2g of tri ePR§PEIMEENE, were dissolved in 18.5g of
tol uene in a1611nufagltah1pgd3|bmtteré0 QWQP'@@@F@F'P%&“"I%%{Y%‘GHL & lton 0

syringe. [00 f
descri bed for%ké @h{eﬁ %%%Tjg vt p&?%%ﬁy%?o&eomgnemﬁmmgusl g;eé;}at 61. 4
g (65.9% of Wmilﬁg poshEEN= q,\,gg oltasheaic acid t|trat|on 'Stowed 75.0%'P :

HFANB and 25.0% NBCHCOOH.

Synthesis Example 9
HFANB / NBCOOH

[0093] The process of Synthetic Example 1 was followed except that a
500 mL Wheaton bottle was charged with toluene (178 mL), HFANB
(46.88g, 0.171 moles), NBCOOTMS (3.12g, 14.85 mmoles), DANFABA
(0.445¢g, 0.556 mmoles) and triethylsilane (0.73g, 6.3 mmoles); and
0.448g, 0.371 mmoles of Pd-1206 in 20 mL of anhydrous toluene was
used to prepare the catalyst solution.

[0094] 10 mL of the catalyst solution (0.2245¢g, 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% yield) of a white powder were obtained. Mw = 10,067;

Mn = 5.990: PDI = 1.68; 92 mol% HFANB and 8 mol% NBCOOH.

Synthesis Example 10
HFANB/NBCOOH

[0095] The process of Sythesis Example 6 was followed except that the
Wheaton bottle was charged with 39.82 of HFANB, 3.28g of
NBCOOTMS, 0.6g of triethylsilane, 0.47g of DANFABA, 140g of
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Mv=13820; M=7250; PDI =1.91. A carboxylic acid titration showed
conposition of the polyner to be 70. 7% HFANB and 29. 3% NBCH2COCH.

Synt hesi s Exanpl e 8 HFANB/ NBCH2000OH [0092] In the gl ove box a 125nL
Wheat on bottle was charged with HFANB (15.71g, 57.31 mmol) and NBCH2COOTMS
(4.29g, 19.10 mmol) and 60g of anhydrous toluene. A solution of N ARF
(0.74g, 1.5mmvol) in 5 g of anhydrous Et OAc was prepared in a crinp vial.
After seal i nanhjdrobstdilen@nddviogl of dmtahevveFer {Hecfesli ablaidn! .99 dfune hood

where the bo ed,t 0 bat,h for, .1 hoyr. The N ARF
sol ution was%@ﬁ\,&ﬁ?il&fée ?ﬂgossgtﬁemﬁ‘@{'f’l ﬁd’%fjﬁg 9 38%%03{'%“31 xture
stirred for #rahsferedibid 80mbeHdmiltbhayriagai nadd itine bianely%sea@ledo@i | bath,
after which the, bottl.e was t o cool ambi ent

t enper at ur e. USRA Was ?%WCMWM&%‘W@&&&"U?B’&%W 15n1_ of THE and treat ed
Wi th a m xtuiscetdnittilepcetite fetfdis(pntafiabropRery poeate 4Rd5189400 20, wat er .

After all ow phas e n,.an a ous S s renoved and a
sol vent phas@%ﬁa g‘ﬂ% {‘)%"ﬁoﬂ{ 'Stﬁlofﬁm fign aG&?‘LL 8PMG0H and 250nL of
hexane wer[m@gpeqqﬁ(g th@%ddmf’tﬁ%é%gﬁfkﬁ \Atgn@aféSd%B tiBHNIL fdderf Phase

separation an al cohol phase was sav sh w th 200nL of hexane and
then added i AY®S a 123y sshesyle and Mignmuenshed bycddiide precipitation of the

pol ymer. Aft ned.
22477 " RE(3Sitiongionbiptilo B ployd pHsb B TR HOI0 8 B Cued 75. 0%

HFANB and 25100418 éh'f@@@w '°9ynt hesis Exanple 9 HFANB / NBCOOH [0093] The
ot t1 o wadOTELt g BT hetfiol” th R0 dd 10thaP 00 M Theaton
descnbed for Sythesus Example 6 (appropriate volumes were
employed), 24.7g (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 mol% of
NBCOOH.

Synthesis Example 11
HFANB/NBCOOH

[0102] The process of Sythesis Example 6 was followed except thata 5
gallon teflon lined reactor was charged with a soultion of HFANB
(2551.3g, 9.30 moles), NBCOOTMS (255.3g, 1.21 mol) 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
(31.369, 39.1 mmol) in 4579 of dichloromethane, Pd-1394 (18.112q,
13mmol) in 240g of toluene and a feed solution of NBCOOTMS
(685.34, 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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(46.88g, 0.171 noles), NBCOOTMS (3.12g, 14.85 nmmol es), DANFABA (0. 445q,
0.556 mmpl es) and triethylsilane (0.73g, 6.3 mples); and 0.448g, 0.371
mmol es of Pd-1206 in 20 nL of anhydrous tol uene was used to prepare the
catal yst solution. [0094] 10 nL of the catal yst solution (0.2245g, 0.186
mmol es) was added to the 500 nL Weaton bottle containing the nononer
solution. After a workup perpfornmed in a manner anal ogous to that

descri bed f of ttf8yNBEOGQT BGafeptesolutioap prapemaiez foolcampsetivarie 8e3rpt, oyed) ,

25. 049 (SO%VyiseI d,)t (gf a white powder were obtained. Mwv = 10, 067; M =
5,990: PDI ="£%¥"'®> nol % HFANB and 8 mpl % NBOOOH.  Synt hesi s Exanpl e 10

HFANB/ NBCO@ﬂoB 09%forTihE ERE 2663 BmBIEKIES] BoBRBRbSpInes0. f ol oved except
that the eaton bottl e was charge?ém th 39. ZBgfngFAN , 3.28¢g of

NBCOOTMS, 0. 8glugipntin 5806w {9luane wag addgdandiihrmaxiire s406d §¢r &9 anhydr ous
t ol uene and o i NBCH2 COOT M5 d
u LaRioRk ?@9333?3 dEth A'ftB?cB@ﬁﬁ ﬁ%ce%wéugﬁf‘ttenﬁpe‘?gtu?é, a an

10. 88 of tol uene e ~to 30nmL an ransferred to a 50nL
Hami | t on syr eGP peferRed ainad anngprOakogaus ixsthgt Wasgcribed for

Bi s(di cycl oheydspExhmpRS® (hpisbpadleartiuits %?@bﬁiﬁl%’éd'),e‘).égﬁtg%f%
tetraki s(pentaf!l uor ophenyg borate de- 1394, 0.279g, 0.94 nmmples) in 4nL of
di chl or omet hRAK §HORd RIS 39S eollgaterhoMwr: 8111 M 396961 BRI 5f ¢ he

cat al Ksé , bt hqdéﬁe(téﬂgﬂxw(ié a&gWﬁﬁati@flcwx@weﬁwﬁé o@tm#%shron &the@dh@e’iﬂd t hen
quenched by addjn [ - nyl phosphi ng e enyl phosphi ne

( TRI PHOS 0. 483 izn% TO%O%J%M)%Q&%S?M'%[QH%%#6&%& a wor kup per pf or med
in a manner anal ogous to that described for Sythesis Exanple 6

(appropriate vol unes were enpymnedls EX4mple 123. 799 of a white powder was
obt ai ned. Man=13460; Mh=8280; -ANBINBCAO@Ar boxylic acid titration showed

[0106] In a dry box, HFANB (15.93g, 58.09 mmol) and NBCOOTMS
(4.07¢g, 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;
15mL of H2O2; and 22.5mL of DI water. An aqueous phase was
formed and removed. 40mL of DI water were added to wash the
polymer. 60mL 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 fiitered 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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conposi tion of the polynmer to be 71.4 nol % of HFANB and 28 nol % of NBCOCH.
Synthesis Exanple 11 HFANB/ N BCOCOH [ 0102] 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), NBCOOTMS (255.3¢g, 1.21
mol) in toluene (8640g). A solution of triethylsilane (1.7 g, 14.6 nmol)
in toluene (304g) was then added to the reactor. [0103] In a nitrogen
purged gl ove box, separate s@yuthésis BEXanrpAbASBA (31.36g, 39.1 mmol) in
457g of dichl oromet hane, PerhpiH/ NBCOORY, AGERBOI ) in 2409 of tol uene and

a feed sol ytjion of NBCOOT L)ool 0l 1570

f or mul at ecigiwlﬂpr 2%%‘%’@” 8&5#@&%&%8%&@3%5@g)lpﬂ&@ylﬁ@@rsgl uti 821 \gfr ©
DANFiA{BA vvas_@(\ti}ded\etr@(wizENm,cwn‘rchby represemteddry Frmedaibzedsf eed and t he
resulting mxture hea to 90C with agitation. Upon reaching the desired
t enper at ur e, PERET ‘I’ﬁh?'(?wsof Pd- 1394 was added topt he react 0? by a nitogen
presurized feed and the netered-fed 40 of the NBCOOTMS feed sol ution,
programed for conpletion in hr, was started. [0105] After the neter
feed conpleted, a trioctyl ph ine (30.72g) solution in 5009 of toluene
was added and the mxture stirregHfor an additional hour at 90C. After
cooling to anbient tenperature, @. workup perpforned in a nmanner anal ogous
to that described for Sythesis Exa 6 ((1@5)propri ate vol unmes were

enpl oyed), 1.83 kg of a pale colored powder was collected. Mv = 9111; M =

5656; PDI (510dy &b sEAIONNkborP6ttlokiat bddnBd sRaivetalipte gompns! Ui on of the
2(2) Yt > got'tléel%vansotlhé)nchhangFeAan%itr?rtlglugné 87 mT?'A(K‘irPJh A\Irﬁ'iy rous gséérclitesl,eS' s Exanpl e
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 (perfluoropheny!) nickel (NIARF 0.097g, 0.20 mmoles)
was dissolved in anhydrous ethyl 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 % sotution in water,
Aldrich) and deionized water (2 mL) added. The resuiting 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 organic 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 1.88g (78% yield) of a white powder. Mw = 50,550
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HFANB/ NBCOOH [0106] Ina d_ry' box, HFANB (15.93g, 58.09 mmol) and NBCOOTM5
(4.07g, 19.36 nmml ) were dissolved in 60g of anhydrous toluene in a 125nL
crinp bottle. Ni ARF (0.75g, 1.5mol) was dissolved in 5 g of anhydrous

Et CAc_ The nononer solution was transferred fromthe

dry box to an exhaust

hood and heated at 50C in an oi! bath for 1 hour. The N ARF sol uti on was
o the nmononer solution. The solution was stirred at 50C for 4

hours and thgp + eBYE@dHI=0Mgbhe THY torpéditibroortthel pdl eurpk
pol ymer solution was diluted with Y pq me;;igt tLafogigcet ic
acid: 7.5nm tofbe%mm%lmf\lBfanﬂztﬁszigh“‘géog?féB? %I igﬁ aqueous

phase was fornmed and renoved. 40nL of DI water were added to wash the

I njected int

pol ymer. 60nL of MeCH and 25
that contained the polymer pg

washed wi th 200nL of hexane
agi t at i ng [0111at évpaiyaes pf HEANS "L"dj PERHIYE

nmer was recipjtated into 1.2L of
 BERIITS

pol ymer was @L{g@%@ﬁ&@nﬁw@ba%s foTba/syl BFANBRGIELTOR P 1(ZDY) . GPC

indicated th

MA=203 0591, and PDI
Car boxyl i ¢ amimply)i m@@fﬂﬁﬁ‘e RIABIABIS RRARENEL %&%@5 5/24.5. 41 éygfhem S

Exanpl e 13
allyl glycid

W%ﬁ‘r&%ﬁ'\é@ i@l%lw%mei y,MR6thef sitdRaNB, 3 T¢BCO0TMVS and

The

Q S,Q@ﬁnepmeme added, and an al cohol phase
4 (pguyrrer sol ution in MeOH was

Pé@"ﬁi tated polynmer. The

b AGE
16, was pr e@@eeunds) 934?{%%‘\“ (e({];ﬂeﬁ%g %2%%8'21‘8‘)%'6%%# fﬁbeggﬁie%ga g% For mul a
bottlewas preapagQdvés wélghé@ b @ foombeottle in a nitrogen dry box.

[01

Before removing the bottle from the dry box, the bottle was 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 flask. 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 16 minutes,
following which the reaction was terminated using 0.2g of trioctyl
phosphine (TOP).

12] The above mentioned polymer solution, was mixed with 48 mL of
methanol, 180 mL of hexanes and 2.4 ml of distilled water. The
mixture was shaken in a separatory funnel. The polymer-methanol
layer separated from the hexanes-toluene layer. The
polymer-methanol layer was collected and washed with 300 mL of
hexanes an additional two times. The polymer-methanol 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 0.9mL of acetic
acid, 1.8 mL of H,02. 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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bottl e was then charged with toluene (8 nL, Al drich Anhydrous grade),

HFANB (1.92g, 7 moles), NBCOOTMs (0.32g, 1.5 mmoles) 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
mnutes to renove any dissolved oxygen. [0109] In a separate-10 nL Wieaton
vial, prepared as above, bis(toluene)bis (perfluorophenyl) nickel (N ARF

0. 0979, O;@0 IMOTREkolutivh wisERhVR@réd byt a@s2 efitorh Tetiehditer. (3 nL,
Aldrich) and the solution a into the 5 reaction

ol ut dded h 0 ottle. ~Th
m xture was €9 fesutingditrateflightysliow caler) r"Yq%%fmﬁC ?iwétﬁ 4§n‘ﬁﬁé3tfut t enper at ur e
Iﬂ(zr 1|8:i gﬁg;)ﬁneﬂ%}sggp;}ndm@o,hgbynggﬁésh{_h&igor@semﬁg p@lrydneﬂl satutidn mcetic acid (2
, , rogen peroxide. - 0 j i
Al drich) andn@@ape W%pmf@&atw"}(&eﬂ%m. v“!%i??%fmil ‘n‘é*\%%f)lﬁ‘ﬁ gﬁt nas
stirred vi gQyarasliterd®bif FAdUdeUli@Sdrigtfat $®PC @by heddser (5 nL, Aldrich) was
added. The aqueous phase was allowed to separate and then decanted. The

or gani ¢ plekiet| waBolyasttetield wantd 2 (86 %lei JeROMPARHIAY 335 nl) to remove any
residual acidl, aidnLag) RAFAEHLERaFHERRS HIBRBARIICOOHD preci pitate

t he pol ynmer. Sol'id pofymer was recovered P/ filtration and dried under
vacuum at 500©.2/80.8miat¥ar sMmoof HizbSvand a Mgt 69®bs yi el d) of a white powder.
Mv = 50,550 42 Wn = 25,840 PDI = 1.96. The conposition of the pol yner was
found to be 70 nol % HFANB a 1 and 15 nol % AGE NB.

Synt hesi s Exanpl e 14 HFANBI % f A polyner of HFANB and
propi oni ¢ aci d norbornene ared as foll ows. HFANB

(16 70g, 62118  Arasiymer FGBNBrancheropr opIcvHRa NELIVAS PFORRIERSS] | yI est er

( NBCH2CH2 COFEMRY s ( 3ri2diin 14344 WBRImal, pkdpriiniyhcigiNgne (0. 31g,
(NBCH.CH>COOH) 3.569.,. 15mmol. and dry toluene (45g) 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 mL 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/NBCH2CH,COOH
67/33. Mw of 26,123 and a Mn of 16,298.

Example 16
NBCOOH/NBamidophenol

[0117] A copolymer of norbornene carboxylic amidophenol and

norbornene carbocylic acid was prepared as below. To a
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2.69mvol . ), DANFABA (0.18g, 0.22 mmol.), decane (4.0g) and toluene (56.00Q)
were weighed into a 100nL bottle in a nitrogen dry box. Before renoving the
bottle fromthe dry box, the bottle was crinp capped to nmaintain an inert
at nosphere. The bottle was then placed in an oil bath maintained at 90 C
After 30 mnutes, once the reaction mxture had reached an equilibrium
tenperature, the catalyst solution was injected into the reaction fl ask.
The catal ystp &ghmmmbskm afid (Pog)lLin0ssg Of @gydrauTHMmiBlR. ) di ssol ved

in 1 nmL of dichioronmeth The eed at

tenper at ure £HMEE3RK 0P 89 N andee hﬁﬁhégvﬁlo\é\%ﬁd %‘éﬁoﬂgggﬁsﬁ)ﬁa\%g t er mi nat ed
usi n? 0.2g oardpw;s%tnyis miphosfud the i¢d BRjch »{/mnsﬂ\]é%\?ﬁm t@?me@tmnu ongdzpzl 3r/ﬂmer
sol ution, was m xe 0 s an

of distill ed"\%t’@rwa?ﬁh"e&aﬂ%?"@ tg\g\gSéaRgr% flﬁr Pirll‘ angg%gr W ﬁfr(y unnel . The

po: yner - rre: Eé{tsélss d)@yﬁrch&)ﬁﬂar\mlt:edeﬁfdmutdnﬂeheaam tbdf;glsshﬁlé I a]}/er ] The

pol yner - met hanol | ayer colle 0 exanes an
addi ti onal tRRYPPY ne%gmﬁ&?\\ﬂ%f %?ﬂg%%m%ﬁ?f\%iﬂms mhgn precipitated
:cnlto 700 nL eﬁs@émfoﬂammbpmnehn 4hég pf M pis added twtéﬁé)%g‘?feﬁgéed by
iltration, aif, dri n

r esdi ssol vedSPHig- eﬁq%feacggﬂlt%ﬁggﬁéetﬁfﬁh@ g%ﬂ_?% QLP{O %ﬁls T-sol ution was
transferred temctioglmigstire sasttoen siirredgatine terop@@t_Ufofob%@t|Ehe acid, 1.8 nL of
H202. The seal I eg.h&? ,Qq;ﬁmmm{_ i de (80
psi) and heaf’%@gfj% g%&%fr§°g§t(g{e¥e\€?10 &q%gﬁdrsé‘ﬂvéﬁt?) gg%lS The sol ution was
then filteredf Memﬂ@hdezoomzofriﬂ&tmpmm@ﬁeﬂplyﬂ@f efiltesedidfdng filtrate

(ITght yel | o8l @k)ng e%&é%ﬁ&ﬁemﬁaﬁeﬂd@ﬁmg etwr@0sksand 180mt of

hexanes. The'rasul timy 7)Fmsr solution’in nmethanol V\€§ E ?\&%pltat ed into
dei oni zed mws@wm%)zo h&hepglgaer Gemaositiod XasfoURe 'AR8 Nicuum dried at
80 C for 16 Bodtsondndti4e RelyNEhd WEldomas3idndlug (66% . The conposition
as

Resin Layer Examplés 1-32
[0118] In the following Resin Layer Examples 1-32 photosensitive resin

compositions were prepared, using the following photosensitive

materials:

CH; CHs

0Q

o
n
=

PSM-2



determ ned by acid nunber titration was HFANB/ NBCH2CH2COOH 79. 2/20.8 nol %
Mv of 11258 and a Wh of 6804. Synthesis Exanple 15 TESNB/ NBCH2CH2OOCH
[0115] A polyner TFSNB and proprionic acid NB was prepared as foll ows.
TFSNB 11. 449, 45mmol, proprionic acid NB (NBCH2CH2COOH) 3.56g, 15nmmol. and
dry toluene (45g) were conbined into a glass bottle equipped with a stir
bar in a nitrogen atnosphere dry box. The bottle was sealed using a crinp
cap in the dry box. In another Gt tGHy Ni ArF was wei ghed out (1.12g, 2.4
mmol .) and dissolved into 10— eyt ol uene. The bottl e containing the
nononers was placed on aQgt Q@Qgorous agitation, the N ArF
sol ution was added into the tion. The reaction was allowed to
stir for 30 mnutes at room ] ol  owi ng which the reaction was
term nated using 20 nL of was then treated with 20 g of
| RC-718 resin overnight. : dif®Med further with THE and the
resin material filtered off. The polyner was isolated by precipitation
into a | arge excess of hexanegH;[ 0116] A white pol yner was isol ated by
filtration and drying at 80=8 vacuum for 12 h. Pol ymer obtai ned was
6g (40%yield). Conposia- ov pr-Ofas found to be TFSNB/ NBCH2CH2OOCOH
67/ 33. Mwv of 26,123 and a , . Exanpl e 16 N BCOOH N Bam dophenol
[0117] A copol yner of ngrtQrnene carboxylic am dophenol and norbornene
carbocylic acid was preargd as below. To apgﬁ,tp.o+l¥dwor bor nene carboxylic
acid (7.59) in 75g of anfniydrous THE in a 25 flask cooled in an ice
bath, 9g of oxalyl chloride was dgﬁd dropwise in 3 mn. After the ice
batch was renpved, the reactio 3

m@“\) o

CHs PSM-5

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

"

1
with the proviso that at no more than 10% of all Q are a hydrogen atom.

[0119] For the Resin Layer Examples, uniess 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 pm thick
obtained. Each substrate supported layer was imagewise exposed
through a masking element for 10 seconds (sec) using a CANON
PLA-600 mask aligner and an exposure intensity of 25 mW/cm2. The

46



m xture was stirred at roomtenperature for 3h. Then sol vent and excess
oxalyl chloride were renpved under vacuum After the polynorbornene acid
chloride dissolved in 100g of anhydrous THF, 6.75g of o-am nophenol in
47.5g of DVF is added to the polynmer solution. The reaction tenperature
was then brought to 60C. The reaction mxture was then stirred at the
tenperature for 2h. The cooled polyner solution eas then pour into a

sol vent m xUpstrate sLePOrtkd l@}er%\,@feaﬁéh aﬁﬁ@tse@meZ@?,BC%pr eci pi t at e poI ymer

After filtered and dried, the s collecte

My=20525  Mietormet Wtﬁm@%fr‘mhm&’ég’ﬁﬂ%/mr‘\vp@cﬂ%'SgP? P8‘h‘q%2°ﬁ°a%%ﬁ%° Eo be NB
am dophenol rem69e '@Rb%ecﬁg tiRSQPhelayér aﬁh%rﬁesmsuwemagaaﬂrﬂms 1- 32
[0118] In the follow ng Resin Laye Ies sitive resin

conposi t i on§NaRENG %‘P@}?&\ted”‘ﬂ%{s‘?rﬁé‘% te PB i@yeﬁﬁ 6§g'ﬂ§ tive materials:

g;& 3?4308?? %o% BShh Expbitte Gi2nSY) bf 25 IVENR REMO-secofiis@dd CH3 Q0 OQ OQ
finally dried/cured for 1 hour (hr) in a forced air convection oven having

a set temperure of 200 °C

[0121] In each of the Resin Layer Examples 5-33, a photodefinabte
resin composition was prepared as follows. Solid polymer was placed
in a 25 mL polyethylene bottle and 18g of propyleneglycol
monomethylether acetate was added. The bottle was sealed and the
polymer was uniformly dispersed by an appropriate means 20.0g of
polymer solution 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 filtered 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 clean
room as follows: a 2.5g aliquot of the composition was applied to a
4-inch silicon wafer, pretreated by O2 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 26 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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Q O0Q CH3 PSM4; and CH3 / \ OQ Y CH3 PSM5 where in each of PSM1 to
PSM5, Qis a hydrogen atomor O N2 02 with the proviso that at no nore
than 10% of all Q are a hydrogen atom [0119] For the Resin Layer

Exanpl es, unl ess otherwi se noted, all preparations and subesuent
application to a substrate were perforned under yellow-light. [0120] In
each of Resin Layer Exanples 1-4, after fornulating the photosensitive

CONPOSi t i ONSye ARG WGP B rbSindaghrass ssmaateaeob x

substrate was theln ;@Zéed on ar108 %gir o YOOSSI% {ioaﬁll) ngndTge
resul ti ng lre%?fnﬂsvéfi/éwn ﬁéﬁ?ﬂéﬁl'?‘eﬂs%?{)%?glﬁ gb{{; 4¢9dse ﬁ %1 SWstrate
supporte r Peftm

el (Sech%uasaléﬁfé dﬁb&%ﬁé&ﬁ%ﬁﬁ;@gﬁ@ﬂwmbmmgiasmngeeikmﬂgt el nt for 10

00 k al d
of 250mNcnethem@dmp@asgqsftaemaﬁpw?@%wa Sy PR i RO TR e TR
rzefrgvg) e;gg;@g@ﬁ WE@@BPB!&'%’MH&%@%KZEM and| vexntaireal taeiaim fdrok 25 sec to

portions of the |ayer .and form oSl t. I_mage of the
maski ng el ener. toAnaly day/guiggther RAHIPY BPHITS| 3&‘5‘? §e%}é¥a§’ fl ogd exposed at
an exposure jnar&gisity of 25 mMcn2 for 40 seconds and finally dried/ cured
for 1 hour (hr) in a forced air convection oven having a set tenperure of

200 C Resin Layer Example 1

[0123] 59 of the polymer resin of Synthesis Example 1, 15g of
propyleneglycol monoethylether acetate (PGMEA), 1.5g of silicone type
epoxy resin BY16-115 (Dow Corning Toray Silicone Co., Ltd.), 0.8g of
PSM-1 and 0.5g of silane coupling agent A-1589 (Nippon Unicar Co.,
Ltd.) were mixed to obtain homogeneous photosensitive resin
composition (1).

[0124] Compasition (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] Photosens_itive resin composition (2) was prepared in the mannef
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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[0121] In each of the Resin Layer Exanples 5-33, a photodefinable resin
conposition was prepared as follows. Solid polyner was placed in a 25 nL
pol yet hyl ene bottle and 18g of propyl eneglycol nononethyl ether acetate was
added. The bottle was sealed and the polynmer was uniformy dispersed by an
appropriate neans 20. Qg of polyner solution was wei ghed into~a 50nL anber
pol yet hyl ene bottle and appropriate additives, identified in the specific

Resi n Layqo12é&xamnesoditiat () avdsoapplieelrte sagidss subétrate, expasedddi tion, the
solution was, mxed for. 5 hours_t (giﬁaxljve t he ad?ittoinvfgf 'én t he pol yner
sol uti on anddeYaieped by HioPKY i &fgh ool MASFURSES SR T #3r . . [0122] Each
phot odef i nabi&:gpaBPasd tired & d&Rsibedlaboee tEXemphensiivaImagasfitmaged and
cured, unless otherwi se noted, in a class 1000 clean roomas follows: a

2.5g al i quot M@FKIPESIXBAHRATPI¥Rdwas 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 pResdn laaterdExample4for 3 minutes to flash of f

the residual solvent. After cooling to. anhient t resul t ant
filmthi cKHR&ZY wWAdOMRSeisHYG resipg oosétfoe'}j&ﬁ/a‘ﬁ!%sr pf\tﬁggp ﬁ@nm%qrrg%&e%?se exposed,
t hrough a neskRaegn Bxdaaipat,except that Sgadies polymey resiCANOY NEesi$00 Mask

Al'i gner havi a e el i C tern was
devel oped bgg%ﬁ‘BG’l %a %@%Irge?f ﬁ'ﬁgﬂé’%ﬁ%%??g%nﬁ%ﬂ?%m um hydr oxi de
(TVMAH) to reagare veaspaddsd. portions of the layer and forma positive inmage
of the maski ng el enent. After the T quce)lqg?t%i on _each wafer . was rinsed by

di ppi ng i tIO3%h JAQreRRSIRD (Hwas Frpll §SUBREEER &P ed by spi nni ng
at 3000 rpm §&yeldfedBy alpping ilhen e %eTMAHhequBbusesahitiimigr 80r ti ons of the
resin |ayer were subjected to,a flood K exposure e u pntensity of
25 mV cn® fo?e%m%ee{s‘ﬁ&gf%’sﬁaeswgda‘??aysqaﬁw Fggeofﬂ%s'épagﬂ%l %fﬁré% without a
maski ng el engiaskindfdi@nent édrapfdyedd exposures the wafers were noved into a
Koyo CKO 18CD
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 glass
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 abtained resin

layer was measured according to MIL-P-55617.
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cl ean oven set at a tenperature of 200 C and mai ntained therein for 1 hour
to finally dry/cure the remaining portions of the resin |ayer thereon.
Resin Layer Exanple 1 [0123] 5g of the polymer resin of Synthesis Exanple
1, 15g of propyl enegl ycol nonoethyl et her acetate (PGVEA), 1.5g of silicone
type epoxy resin BY16-115 (Dow Corning Toray Silicone Co., Ltd.), 0.8g of
PSM 1 and 0.5g of silane coupling agent A-1589 (N ppon Unicar Co., Ltd.)

were ni xedoi3s)obigitial erRosaegrsdaion esmpeirdtuve drewittal conposi tion (1).
[0124] Conposition gé%d was aﬁ‘%l ied to a Iass%&zbstrn §et exposed,

devel oped arfBeElPE$IERINOEPMPEEAHIRVESITEEIBYHT SiBbs? e i nage of the
maski n'gt el e'"f(@gipeﬁémf@ﬁgﬂg rB?bﬁ(%—ﬁ&&ﬁﬂrE&ﬁ@@'l rﬁ%ragé@_éﬂﬁbsﬁﬂwiéﬂsgmﬁ ti v;a :ﬁsi n
conposi tion was prepared_in manner o e 1 excep a
59 of the pd 9‘{%?109 Nimely ’@Q‘ﬁf%@f@e@?gﬁﬁﬁwzﬁfmgmw%]

Conposi ti on fhihuteREurd®BliSikd hstruaaifts, Ipghstrate, exposed, devel oped by
dipping in a 1.19 % TMAH aqueous solution for 10 seconds, and cured as
descri bed above to forma positive inage of the nmasking el enent enpl oyed.
Resin Layer Exanple 3 [0127] Photosensitive resin conmposition (3) was
prepared in the manner of Resin Exanple 1 except that 5g of the pol yner
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 descri bed above to form
a positive inmage of the masking el ement enpl oyed.
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Resin Layer Exanple 4 [0129] Photosensitive resin conposition (4) was
prepared in the manner of Resin Exanple 1 except that 5g of the pol yner
resin of Synthesis Exanple 13 and 0.075g of PSM1 were used and no sil ane
coupling agent was added. [0130] Conposition (4) was applied to a gl ass
substrate, exposed, developed by dipping in a 1.19 % TMAH aqueous sol ution
for 30 seconds, and cured as. described above to forma positive inmage of
t he maski ng el enent enpl oyed. Det efgnél'n tion of Properties [01311 For each
of Resin Layer Exanples 1, 2, 3 an al ues for transm ttance, water
absorption, deleetr+e—eonstant—apd—annttia—therno=degradati on
tenperature of the resin |ayer we g"ﬁ@fserm ned as describedjbel ow. These
val ues are dijsclosed in Table 1. [§132] T’Zansmt:i ance:4as an|indication of
t ranspar ency, (-t+ransm-ttance—of—beam-at eRgth—of1480-—nm in the above
ment i oned gl 4s8anSAB@NESt e havi ng| PAS r ek %gl ay ggvas ok ur bd (unit, %9
using a spedt T 160 tTyp¢ nu ture y Shinadzuj Cor poration).
[ Peﬁg’\ﬁgr(q%f] 18 of tr'g ' %Q o

As aresin |4 8r val nsm tijt ance, |t has|better

tr anspar ency. | §@f&flc YRE@PSOr pl 5on: {[wor esi [ bayer| 201 ch|was peel ed
froma glass | substrate having thé resinllayer was-sodked—unfler the water

at 23C for 24niighrtermp-Aeg@dation|rate of chanje in wdight (Yinit, % before

and after soqgh{bg,rat[jgél34] Di el ecfpgg copsg@nt :| dJ4el eqagiic constant of the
obt ai ned resiin ayer was neasured nppnrding to ML-Pi55617 149 [0135]

Initial therno- degr adati on tﬁr’rger at ur an L?p'%ti al therno-degradation
tenperature was neasured (unfesindaygr EX ture rising rate of 10 C/mn
under nit (O8] alwsRpdOSsBItig cagnposition 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 0.5g of
silane coupling agent KBM-503 (Shin-Etsu Chemical Co., Ltd.).

[0137] The film thickness of the coated wafer was found to be 5.6 um.
The pattern was developed by dipping in a 1.19 % TMAH aqueous
solution for 20 seconds. Patterns as fine as 1.8 microns width line and

space were formed.

Resin Layer Example 6

[0138] 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] The coated wafer was treated as in Resin Layer Example 5,
except that the dipping time was for 25 sec. Patterns as fine as 3.5
microns width line and space were formed.

Resin Layer Example 7
[0140] A photosensitive composition for coating a silicon wafer was
prepared, as described generally above, from 6g of the polymer
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a thernogravinetry /differential thermal analyzer (TG DTA 6200 type,

manuf actured by Sei ko Instruments, Inc.). 50 Table 1 Exanple 1 2 3 4
Transmttance 94.3 98.6 99.0 96.1 Water absorption %0.9 0.7 0.9 0.8
Dielectric constant 3.4 3.0 2.8 2.9 Initial therno-degradation tenperature
282 290 284 291 Resin Layer Exanple 5 [0136] A photosensitive conposition
for coating a silicon wafer was prepared, as described generally above,

from 3g of thiRaiRel YAy ntHekiAERatp |Ien1<ﬁmilg%fsrt£8m’rcﬁwta6<aséu Bog of
bi sphenol A type epoxy resin YD816 (TohtQ Kas 0 gram of

PSM 2 and O. LSQ )o@ 85§3 P%ﬁ&c%tﬁpﬁr?@"ébé‘?ﬁm @M%ﬂgségai"’nc‘ﬁf‘%) E?r{@?‘n cal Co.,

Ltd.). [0134j;ddie Ebl Mud hicknpes cﬁf €3 SARD Rhewspfiggnd to be 5.6
pm The pattlérn vvgs devz op Qﬁ ’% Pon g Ian; (?LpéliQ &TI\/]&H‘W&queous

sol ution foragiﬁm\téelﬁﬁrﬁj@@ew{ﬂk%‘ﬁﬁé‘%@ompﬁ@’)as 1.8 microns width line and
space wer rmed, Resin t
e oat! TN MR albe Ul R TRAEA AR R CaPOLBRAE'S, VO CDTPOST LI on
Exanpl e 5, eamepttrtamme Holoplgteolvas lsetsmnéﬁorc,anﬁytb@ tl@}ﬁ)b@eteéyvaﬁ EP- 4010S

(Asahi Denka, Co teer%I% thg\mgss H/EE%L{ f(;g%]ﬂgﬁ“c%@g iAg thes treated as

I n Resin Layer , exce Ing tinme was for 25 sec.
Patterns as Wwane5secH B 2. %%rWéHvﬁQ!'ﬂthﬂ i ﬁ@t@ﬁ'éﬁ §§)§88 a%et &M%or med. Resi n

Layer Exanpl\Gigh line and space were formed with a final film thickness of 4.0um.

Resin Layer Example 8
[0142] A photosensitive composition 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 3.9 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.

[0145] 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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[ 0140] A photosensitive conposition for coating a silicon wafer was
prepared, as described generally above, from6g of the polyner 51 obtained
in Synthesis Exanple 10, 0.72 g of YD-816 (Tohto Kasei Co., Ltd.), 0.85 g
of silicone type epoxy resin BY-16-115 (Dow Corning Toray Silicone Co.,
Ltd.), 0.8 gramof PSM 3 and 0.5g of silane coupling agent A-1589 (General
El ectric Conpany). [0141] The coated wafer was treated as in Resin Layer
Exanpl e 5 except that the ResinplayeeExampdet!Of or 100C and the tine heated

was L?B] tg\e%;g#/b%ﬁ R Wf&r%ogﬁnéa%monaﬁgfe? Qﬁésd' pping tine

was 65 se I n-a tlon Patterns”as fine as 3.1 pm wdth line
and space weprepamadrad deisctibed gemerally abave HroRHasef the P@‘Y@)‘ﬁﬁ“ﬁ Resin Layer

D e o L ptaef ARSI ELANBIE PO T g b Shkofig g Gpgas ! | con el er

was prepare esin Layer except t
cycl ohexyl ermestu E@&@Qﬂﬁj@E dosliba §ilivopespdl. & gram KE FHN -TomndO0asei Co. ,

Ltd.) was u I f Cjc%ijp P@aé twaf er was
treated as |9e1rgf5|e8”p é%eg}%ﬁﬁ El%(dég ex epr{y(fjs‘}%%etﬁ?p "l |ckness was
gea?ur ed t[m3 4Tﬂemo@EéH1$/at;]eﬁrW|dasIfm@atedlasphﬂ§e§im IIEyMaExaBﬁplset'conds. Patt erns
s fine as 0 t |ne C formed .an final film
t hi ckness ngq&eaﬁlﬂ@bewa erygas;plge c}ﬁg%oggg%ﬂgﬂﬂvé'?gﬁgﬁg‘@ 9 [0144] A
phot osensi tltﬁ&kﬁé@@w&s&hmdred to:bat4| mm:aosslarmahe\mmng\tm wps 8par ed as for

Resin Layer %3 %ggptdthat hcgofgjw'aﬁ%gga%@gso%q:e%dé_ghenol F type

epoxy resin %ﬂ?oﬁ 33 used 'n place of
t he BY-16-1}ormgd k4B]thd ieacfiat mm{sewamaseasle’&ﬂéd b&SZ BmiReisn Layer
]ICE_xarrpI e 73t he filmthickness was neasured to be 4.1 mcrons. Patterns as
ine a
S 9 mcrons width lliesmq_ayer%a%%%rﬁ formed and the final film
[0148] A photosensitive composition 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 TSL9906.

[0149] The coated wafer was treated as in Resin Layer Example §
except that the film thickness was measured to be 4.5 microns and the
dipping time was 35 seconds. Patterns as fine as 4.4 microns width
line and space were formed and the final film thickness was measured

to be 3.6 microns.

Resin Layer Example 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 TSL9906.

[0151] The coated wafer was treated as in Resin Layer Example 10
except that the film thickness was measured to be 3.5 microns 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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t hi ckness was nmeasured to be 3.8 mcrons. 52 Resin Layer Exanple 10 [0146]
A phot osensitive conposition for coating a silicon wafer was prepared, as
descri bed generally above, from 6g of the polynmer obtained in Synthesis
Exanple 5, 1.2 grans of silicone type epoxy resin TSL9906 (CGE Toshi ba
Silicones), 0.8 gramof PSM3 and 0.5 gramof A-1289 (Ceneral Electric
Conpany) silane coupling agent. [0147] The coated wafer was treated as in

Resin Layer Exanple 5 excegﬁ&,hq_ﬁé;q,ymﬁgre wﬁs pI aced on the hot plate 2
m nutes, the film thickness was ne ans S'and t he di ppi ng

time was 5[01§8b0rﬁs|§h°tpﬁ??%4p¥%C%’é‘pf’?ﬁQ"égr %"%”ﬁl%?'&ﬁ%ﬂ W9 ne and space

were forned ?é]féré@easfaébﬂrnbéulg@nbmlwkém Wom Mg&lirtmlpbkyntm! 2.3 microns.
Resin Layer Ex

npl 11 [0148 hot t t
Si i con waf epbwasedefm@ rioss BOMAES A hobof BaRay e BB 0T ar 91 %
grams of g ﬂ-%%é E@aﬁnﬁﬂébﬁtﬂ & gt &ds fof’BYW&ﬁ@'e@BQﬁres[u@Iﬂ&]gré’rhe)fcoat ed
te

waf er vvastre as in Resin La except that the film

t hi ckness wab®SM3sané§-& erase oipg Yﬁf’t?ftﬁ%egrﬂaf‘ﬁé?ouﬁlp%?%ed’ttl me was 35
seconds. Pat tesR99ad fdd8stahcsd. 4 microns width |ine and space were formed
and the final filmthickness was neasured to be 3.6 mcrons. Resin Layer
Exanpl e 12[0[16350] The ptated veafer wagdreatnthasin Refintlaryel &xBMRE A0si | i con waf er

was prepare 8013.4 RisdroRs 2har ans of
YD- 816 was sgééefsqt %t tﬁ@%hrﬂ th%ﬁ%%{ggggﬁ@i%ﬁgwﬁe coatrgdsmaf r was treated

as in Resin Uipping namae2q secendseptPatieans ?ﬁ@nﬁlqsnﬁ P MiciaNs ¥ dtlhs measur ed

to be 3.5 m & FhPRd nd HHEBANATIRTNRRAGSYIS.1 Makémg.ns as fine as
4.4 m crons \ﬁmﬁg? d%lgﬁew;erge space were forned and the final filmthickness

was measured
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
[0166] 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.
[0157] 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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to be 2.7 mcrons. 53 Resin Layer Exanple 13 [0152] A photosensitive
conposition for coating a silicon wafer was prepared, as descri bed
general ly above, from 2.7g of the polyner obtained from Synthesis Exanple
1 and 3.3g of the polymer obtained in Synthesis Exanple 3; 1.5 grans of
BY- 16- 115 epoxy resin, 0.8 gramof PSM3, and 0.5 gram of polyet her-based
silane coupling agent SIB-0992.0 (Gelest Inc.). [0153] The coated wafer .
was treated as in Resin LayeRegixadnqyer Bxampbectpt that the fil mthickness

vas Ueasur[%gsgf) 9@Pﬁo@s%%ii@é‘%om&l;%moﬁif@rp&cminbié@m&\@ﬁw%@brwnd& Pat t erns
as fine as 5.0 mcrons wdth Tine and space were forned and the final film
t hi ckness 3. prepiacedas forrBesin Laype Examaimpll e exaeqidhsuthe £ponhIeERnsi ti ve
conposi tion C i [ ; f esi n Layer
8 18 B TR, M i Ay e R O e
)

Exanpl e 13 eXcept a . . et raet
coupl i ng agettapandigaxykResins BdippoeCm., Ltdik d.) was used. [0155] The coat ed

wafer was tr ed_as i Resi.n Layer le10. except that.the film

t hi ckness [\%Sginsa %%Fqﬁg v@éegwggﬁﬁegf%cﬂggm B&YP VS gé(a'in?%é %s 5.6 mcrons
vvi dth |ine asdceanpacat therfigmfthickedssawds nbhendfaisnedd and thet dippkgdsse was 3. 1

m crons. Resin er I . . ' Lt osition for
coating a si Yviaéé?{’y%cf 3%&%5& éggbg%gg‘]é?\;?@%&&@gﬁf‘ﬁ{éﬁﬁdﬁ anpl e 13 except
that the sil weee farowgd anthythegfinel filmmshiokme sy wias 8f5 Micre@®. [ 0157] The coat ed
wafer was treated as in Resin Layer Exanple 10 except that the film

t hi ckness was neasured to be 4.4 nmcr erns as fine as 4.4 mcrons
width |ine and space were follgﬁﬁ'&' Ig]?]\ﬁerof?%aem*)!%ﬁ"{a filmthickness was 3.5

m crons. [0160] A photosensitive compaosition for coating a silicon wafer was
prepared as for Resin Layer Example 15 except that the epoxy resin
was 1.5 grams of biphenyl type epoxy resin YX-4000 (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 Layer Example 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 microns width line
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
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54 Resin Layer Exanple 16 [0158] 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 hydrogeni zed bi sphenol 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 the filmthickness
was not neasured and the dipping tine was 25 sec. Patterns as fine as 3.1
m crons w dtWaBHr@ga&rmls sphgdrogerized fodsphedobif dy gehepdyn@isirf YL46768i ckness was

3.5 microns. I [0160] A photosensitive conposition for
! (BpSh Ry Hedn@eBl 9.4 !

coating a 5| r-Was “piepared as for Resin Layer Exanple 15 except

that the qmw] ramerboaa@@wa& Wasreattid & plreesih LbyecEfaape 1@si n YX- 4000
(Japan Epoxy Resi [01611 The coated wafer was treated as in

oD an EPOXY excar it 06 Tl GURK435a% MEaRH o TSR B IR NG ed (o be

3.3 nicrons @&p xrfghﬁner%pZ51§eé| %tt’@ﬁs éeﬂaec‘as Pothiefdrs gt lime as 3.5
m crons vmdth i ne space were forned t he flnal filmthickness was

3.2 mcrons. a%§?ﬁ‘f’q_‘é{9%erf°@5¥‘§ﬁrﬁ’}é’ g fingd i th'ﬁ}?@'Fdé%sn% tMFEOonposi ti on for

coating a silicon wafer was prepared as for Resin Layer Exanple 15 except

that the epoxy resin was l.gedhaye?Exahifl@enol A type epoxy resin YD-825
(Tohto Ka 0163 T e coated wafer was treated as in Resin

)
Layer @?%6]10"\%'9&?8%‘%“96 it CRRROSIPRTQIfOBK A8 SsSilield WA Yasd t o be 4.0
m crons and preparedi @spfdirgaésmrw@cse%}n C15 B@detp@ltmﬂ thé epbRereéxin 3. 1 mi crons
width |ine and ace wer %e %dﬁ& final L IIICk ss was 3.7
mcrons. ResV#® ;i;%rra"?%argpe ane ¥esp ofﬁfbst'tb"see'ﬁ‘é‘ 2 &8EohPF53Ti on for
coating a sidfiRrdM-4af er was
[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 mi‘crons 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 (TOAGOSEI Co.,
Ltd.).
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prepared as for Resin Layer Exanple 15 except that the epoxy resin 55 was
1.5 grans of hydrogeni zed bi sphenol F type epoxy resin YL-6753 (Japan
Epoxy Resins Co., Ltd.). [0165] The coated wafer was treated as in Resin
Layer Exanple 10 except that the filmthickness was neasured to be 3.9

m crons and the dipping tine was 25 sec. Patterns as fine'as 3.9 mcrons
width line and space were forned and the final filmthickness was 3.0

m crons. HO3VH Layercaatediplaéerngas 0ee®ld s inhidewis éaget Examplentibsi tion for
coating a sili f s : i e 15 except
that the epo%&gj{géﬁ{% tﬁ%ﬁﬁiﬁ;g%@{%ﬁé&%@éj gé'éj'a gélédmtohg%g 5 o@dgﬁlsﬁ tive

mat eri al wasdppgggiraenwasf 188a¢.4.P4tEred ps Tine asohd avicwalsewiditaling r eat ed as i n

Resin Layer Jazﬁf@gp%]cge \;vgre frelladd Rk fﬁrtﬂjsféghgéé %%gm%w& pEasured to be

4.2 mcrons and I ppi ng t1ne was terns as frne as 3.9
m crons w dtfmi¢rong and space were formed and the filmthickness was
nmeasured to be 4.0 mcrons. Resin Layer Exanple 21 [0168] A photosensitive

conposition for coating a sidj repared as for Resin Layer
Exanpl e 20 except that the &éosﬁgg‘ea&%;ngag@aﬁa erial was 0.8 gram of PSM 5.

[0169] ThdOtbak edh PRatesensmlive earppesition farcoatisg @ silgar waleawsise 10 except

that the fil } 1.G1 : di ppi ng

time was 35 @g@?f%ﬁfﬁ?%&z@ ﬁﬂejé)gég“é@;%%?‘%ﬁgﬂ aﬁvi@?%p?%reégﬂgnd space were

formed and tWasflif gfans ekbisexetane camwounddtemase! @XBP (dbsr ons. Resin Layer

Exanpl e 22 [@%{9%kied LAt Osensitive conposition for coating a silicon wafer

was prepared as for Resin Layer Exanple 19 except that the epoxy resin
[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 composition 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; 0.25¢g of
triffuoromethanesulfonate 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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was 1.3 grans of bisoxetane conpound OXT-121 (TOAGOSEI Co., Ltd.). 56
[0171] The coated wafer was treated as in Resin Layer Exanple 10 except
that the filmthickness was neasured to be 4.0 mcrons and the dipping
time was 18 sec. Patterns as fine as 4.4 mcrons width line and space were
formed and the filmthickness was neasured to be 3.1 microns. Resin Layer
Exanpl e 23 [01721 . A photosensitive conposition for coating a silicon wafer
was prepared as for Resin LRSWP L3y@fmfx@mpled&ept that the epoxy resin

\[Ngi?él?Tﬁr @mzs{)f d/bbﬁ?%@éﬁ@ﬁv&@é?ﬁﬁugidoﬂ‘@ﬁémmb HREdA Waker wa"wlustrl es Ltd.).
e coated wafer was treat as esin Lay 0 except
that the fil H{ec%f%q(ﬁﬁz‘l’ Resin he%el é@l‘“?'@g eﬁcezptm%trq)ég%ﬂ\& é\’l di ppi ng
time was 35 Ne’C(%tetP@hb@fo&Em@ﬂ\yﬁ dPcABriBNX 70! saAwIGHdmitaIngo., and space were
formed and the fil mthickness was nmeasured to be 3.4 mcrons. Resin Layer

Exanpl e 24 [b‘ﬁm‘}’aﬁuﬁ%t osensitive conposition for coating a silicon wafer
nas  Prepgpesy) as eédéfté%%f&%é’é %ggedaé)@*ﬁeae;.ﬁ%yzr Eda@bid 3¢ pol ymer

obt ai ned from ynt esl s | ymer obtained in
Synt hesi s Exaxgirs tzat the fign ghlélsnws was meaSMred i'be 31@ m{RRABARY My net hyl )
mel am ne ( MM%%Q@ tﬁﬁ@‘()@asq’?%&alPa@féms ablifte)ss §ofnidrds widBRREOSENSi ti ve

mat eri al PSM of trifluoromethanesul fonate conpound (NAI-105,

M dor i Kagakﬁ“@épacq_WGP fogmed arsbihed]imdBikngas wRarmerasusrdioPeg-bf sil ane
coupl i ng agepficrbnd589. [0175] The coated wafer was treated as in Resin
Layer Exanple 10 except that hot plate was set for 90C and the wafer

heated for 2 mn, the filmthickness was neasured to be 3.1 mcrons and
t he di ppi ng _ 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.

[0179] 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 composition 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; 0.5g of 5-norbornene 2,3-dicarboxylic
acid (Sigma-Aldrich Co.); and 0.4g of silane coupling agent A-1289.
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time was 13 sec. Patterns as fine as 3.1 mcrons wdth |ine and space were
formed and the final filmthickness was 2.8 mcrons. 57 Resin Layer Exanple
25 [0176] A photosensitive conposition for coating a silicon wafer was
prepared-as for Resin Layer Exanple 24 except that 0.8 g of N, N, N,
N''-(tetramet hoxymethyl) glycoluril (MX-270, Sanwa Chem cal Co., Ltd.) was
used. [0177] The coated wafer was treated as in Resin Layer Exanple 24

except thghisde fﬁHe%&ahé@m%&vé(@ﬁe@ﬂé%SéﬁlﬁCRéQn |D.@y3r §xéﬂ1preo’m6 and t he
di ppi ng t| me was sec. Patterns as fine as m_cr ons dé | ine and

space were f@¥GaPd ”é?ﬁdh? filn thickAass; wah BSastEed tﬁ%%@e’ﬂ"’[%nsb@” ni crons.

Resin Layer Exaimy |tﬁn8§«afsclﬂc7§&c.Am@-@§a§$mbla\ses ¢Qm@ﬂﬁ1stw|@m fig¢ coating a
silicon wafer was prepared as for Resin a er n%)l e 24 except that the

pol yner  obt @thepashwelimionaedanddhgfing! #l C'ﬂ”@é& D3 PINICFHE- coat ed waf er

was treated as in Resin Layer Exanple 24 except that the filmthickness

was neasured to be 3.5 m Cr%.ﬁﬁ%&ah‘f:’xa@iﬁ]@'m tinme vvas 25 sec. Fine
patterns were formed. Resin Layer le 27 é0180 glgetosensmlve

conposi ti dA184k FoRliotagensitivy ?%ﬂo%‘% °rv6€9§t'“ PP UHWEETMAS Resi n Layer
Exampl e 24 exepBted, Ratad\¥rigdd éﬁéraw%oveméﬁldg Jhaeqswrﬁdr waf er was
treated as in Resin Layer Exa r}ﬁb \/\g Emthl ckness was
neasured to pRiamed 'mQYPHP?SS'Sdﬁd ’F‘H? 1‘&| b%gﬂg"fﬁ ?51% 888%°%i ne patterns
were formed. EResigg lopy photosantitite atitéAdiFEIMAB; pimat mSgsiAL12@9. conposi tion for

coating a silicon wafer was prepared, as described general Ia/ above, from
6g of t he [B6B§herTheqinaehwalervay ieniesas meyin dayer Examglesilgy. 16-115: 0. 8

g of 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 6 grams of the polymer
obtained in Synthesis Example 15; 1.25 g of bisphenol 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
[0188] A photosensitive composition for coating a silicon wafer was
prepared as for Resin Layer Example 30 except that 6g 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 film thickness was measured to be 4.0 microns and the
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photosensitive material PSM3; 0.5g of 5-norbornene 2, 3-dicarboxylic acid
(Sigma-Aldrich Co.); and 0.4g of silane coupling agent A-1289. 58 [0183]

The coated wafer was treated as in Resin Layer Exanple 10 except that the
filmthi ckness was neasured to be 3.3 microns and the dipping tine was 40
sec. Patterns as fine as 3.1 mcrons width line and space were formed and
the final filmthickness was 3.3 mcrons. Resin Layer Exanple 29 [0184] A 1

phot osensi ti Hﬁ)p‘?ﬁ*ﬁ%i\bé@mfs@b cpattéing & firid s 66 midrens wakth lipeepar ed, as
erally

descri bed gen above, from of t lymer 0 b n ' nt hesi s
Exanpl e 14, @!‘QE?P@C%WVQE%@I’?‘B%?Q@&& E}fdB@QR'%WS%YvéQé?%f"?%ﬁhgoinsi tive
material PSM 3; and 0.5g of A-1289. [0185] The coated wafer was treated as

in Resin Layer Exanple 10 exgsht Liv @t ekdifpid B t hi ckness was neasured to
be 3.7 microns and the dip Rn ti M Patter %}%%Ffine as 3.5

. _ _ ppI ne. was 40 sec.
microns wi 1901 nd PhaiRsespitive Sfte?ﬁ‘@acaﬁ%ﬂq ASiceRAYe t hi ckness was
3.6 mcrons. Ipf@&dr@d'e%%@l‘ REX®yRr BXah(Ppl86h ecappthas 69sif thie/polyoreposi ti on for
coating a silicon wafer was e%(raﬁe are as de%(zri bed generally above, from 6

%r?m of the OpHAGERIN SHRNEFS leylgt WBS F8SExanmpl e 15; 1.25 g of bi sphenol
ype epo es - i R ey

Epogose El\lia‘l(g\}ikkgﬁ% h&%ﬁe&%ﬁﬁg&%ati%gg)@ R(Sag 'Sr]zga%‘rc%(rﬁmoggggi '? |t C:r

mat eri al PSMeZceptahdt heSgmothicknesge/as[roeasyretria beoht dHCRSAINEE treated as

in Resin Layer, k Swads1e6eept that the filmthickness was neasured to
be 4.5 mcronsp‘gﬁfg“me dipping time was 7 sec. Patterns as fine as 18

mcrons width line and space were formed. Resin Layer Exanple 31 [0188] A
phot osensitive conposition fB&espohayeyExample38n waf er was prepared as for

Resin Layefq{g63MPh§rdthhSRE dofffoshibrofor Batifg bYsiion 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, 1.69g
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 residual solvent. 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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obtained in Synthesis Exanple 7 was used. [0189] The coated wafer was
treated as in Resin Layer Exanple 10 except that the filmthickness was
measured to be 4.0 microns and the 59 dipping tine was 22 sec. Patterns as
fine as 5.6 mcrons width line and space were forned and the final film

t hi ckness was 3.8 mcrons. Resin Layer Exanple 32 [0190] A photosensitive
conposition for coating a silicon wafer was prepared as for Resin Layer

Exanpl e 30 exgp@ing Wah 168 affreinationdy pendarahyjraim bdving a8jdit hesi s Exanpl e 12

was used. [01911 The coated wafer was treated i . er Exanple 10
except that tHRCHANHY 3 ﬂr?é‘ggom't%dgﬁﬁegaﬁt ﬁge%&&r‘ﬁ'@?}dﬁg and the

di ppi ng ti e giesnfphss Brosd WAk hayaoiebxmenldes3Bcdpo2)d, Aepacitesensi tive
conposition for coating a silicon vvafer.Hgas iﬁgﬁ)?ar ed f(%)r Resi n Layer
Exanpl e 30 eXexpthe RalyMesqcapabi¢,gf Clossy ity 'i‘qﬁ‘i\% ‘esis Exanple 11
was used and Hdyth@aadidtianctidndity 84 weliReaasse RiNer£Hié otatgl isha 1O changed to
2.5g, 0.5¢g, 1.6g9 a_nd| 1._80, nre?éect,i ve{ny.pfl 0193%V Thet co§é%g rr}'éﬁét&r was

pl aced on a HEIeRPNG YRIGIEATRAT tgidnio,ie pOIYMRGIVECIS YT SIT Ol he resi dual
sol vent. The§ 'alslo’clﬂ ?dya@glei_séro\é@ﬁgkm‘@aﬁll A imﬂlda_ pb@wd}tgmt@r@mhavmgamdl'medwaaer was
i magew se expose ine. (, k= | . erned chrone

pl ated gl ass HREHQURALY. off ﬁgﬁllt'&b\le'ﬂ &Q@%tﬁgﬁr}%@é@ gﬁg‘@?’?gﬁi pattern was
ﬁe\ée| Opgd b]}’ indgg@iﬁnﬂs fczme}mfrer:n th_elaZO_r:éa% mmuedmotcmemamswél arrml;ni l‘im2
ydroxi de for secon i nal, £ e 4.
mcrons. . [OISHPIENE \ﬁ@%rtessﬁcﬁ f&@é@%ﬁﬁ%éﬁ%ﬁ%ﬁ@ggﬁ Sitoﬁventi on have
been descri hedkihgauchméoresedntioned filrhe. nfurtiierc embedighents pathet y of

electrical, mcroelectroni ?15}93 o L HeURUEGESh S4Ch as
sem conduct orpreaé%\}i'g‘zes%t(og'rérﬁ P rr?'fr?fg&%%tétrrr%‘s]band éi spl ay devices. Sone of
such 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. It 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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enbodi nents are photosensitive resin conpositions that enconpass an al kal
sol ubl e polyner material having one or nore types of repeating units
represented by structural Fornmula 1, where at |east one of the types of
repeating units includes a pendant group having acidic functionality; a
noi ety containing a functional group capable of 60 bonding with the

af orenenti oned pendant group having acidic functionality and a

phot osensitive material. These enbodi ments enconpass those where the

noi ety includes a conpound, separate fromthe polyner, capable of
cross-linking with the pendant group having acidic functionality as well
as those where the noiety is a type of repeating unit incorporated into
t he pol ynerLwheieMt Bi s other noiety is also capable of cross-linking with

t he pendant grou di tion, enbodi nents of
the pr esent | nveﬁtqrh?\rﬁ ?'715(! V%t&f'f'l r,]ﬁé%éﬁﬁ% #é(mf#i@w "af or enent i oned
photosensi tive §W9§L®&D® ‘é*}%lwmrﬁprfmgm herm&hbsenpﬁe or not;

met hods of naking suc forenentioned nts of the

present i nveereainguaidspdede @t doaxt eng PBFHCE“QB?%X%% r§ﬁ%§f'"§s""%@ﬁ1%onduct or
devi ces or Pghhhﬁpgat ??;gﬁ"ﬂé or the like, electro-optical devices such as

di spl ay devices an that incorporate such filns as well as
met hods used f or aptiotosenditiveniatesal; [a(mi%] The present invention has been

described with reference to specjfic particul ar ment s
thereof. It is n@tmﬂﬁ'@r‘lGéBaPﬁ’a‘Pé “s"ﬁéﬁ‘" W'tah {95 eéb&(fr'ﬁ ddgré}??‘gét ations
upon the scope o fi extent that
tﬁey are incloudeh"q Hgﬁ?gxgacc ﬁ%r%& Q?&ﬁﬁ%ﬁQEBQd% 1. A

phot osensi t strectwrai Rooantaod) ti on, corrprl sing: a norbornene-type pol yner
conpri sing only norbornene-type - .] R!

Ny L.RZ
’ R3
.

L de R

where X is selected from (CHz)p, oxygen, sulfur, or NR", p is equal
totor2, R"isCito C3 alkw; m is an integer from O to 5, and each
occurrence of R, R2, R?, and R* is independently a hydrogen, a linear
or branched (C+ to Czs) hydrocarbyl, a linear or branched (C1 to Cas)
halohydrocarbyl, a linear or branched (C4 to Czs) perhalocarbyl, or one
of =(CHz)n—C(OH)—(CF3)z, =(CH2)n—N(H)—S(0)2—CFs, ~(CH_2)~C(0)-OH,
~(CH2)a=C(0)-R?*, ~(CH2)a—0-C(O)-R%2, ~(CH2)—O-R*, and
—~(CH2):—0-CHR®-CHR¥-R*!, where n is an integer from 0 to 8, R is
one of a mono- or multi-functional phenol of Formuta AA where A is an

oxygen,

X X

RS RS
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repeating units where at | east one norbornene-type repeating unit has a
pendant acidic group; a photosensitive material; and a nmaterial capable of
cross-linking with the pendant acidic group; the norbornene-type repeating
units being represented by structural Formula 1, RIT R2 x x RB MR4 (1)
where X is selected from (CH2)p, oxygen, sulfur, or NR', pis equal tol
or 2, RRis C, to C3 alkyl; mis an integer fromO to 5, and-each.

e P RERIR, éﬁ@d‘%nuépbaaeﬁapqswé@enwm%am liaeht near  or

branched (C1 t r'ocarb branch to C25)
hal ohydr oeabpghched I(meCz@)ralthra:h@da( or branahes (Gne Whgrlzi)car byl , or one of

e ik O 0 3 sl

- (CH2) n- O Riﬁ‘-@iﬂsﬁ -WHdre nfieaa intégerainomnd é@&ﬁ Rdmibor® Bneatar i s one
Rs R A branened pydraray §5e dRTGRGrRar S, Wi e brtURcPuon Br g1 oxvoen
represent Jyssggectiorallpheaal onty oheafaRttb Reiis +-@OHogwd tarlaymullir | i near or

branched (€] Lo FHend) oy Hat 840 Y R RORPLRE df anched (01 to C3e)

an amino-phenol of Formula BB,

RO RS

Zvowe L

RY

_R? " RS BB
where in Formula BB, R%, R®, R’, R®, and R® are as defined for Formula
AA with the proviso that at least one of R® or R? is —~OH;
-O—(CH3)m—C(0)-OH where m is an integer from 1 to 5,
—O-R?-C(OH)-(CFa), where R*® a linear or branched C, to Ce alkyl, or
~O-(CHR*- CHR*'-0)m-R*? where one of R*® and R*' is H and the other a
C1 to Cs alkyl or both of R*® and R*! are H; and R* is R * as defined
below or —C(0)-R *%; R *? is one of a mono- or multi-functional phenol of
Formula AA where A is not present, —(CHz)m-C(0)-OH,
R*3-C(OH)~(CF3)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)—~CF3)2,
~N(H)-S(0)2~-CF3, a mono- or multi-functional phenol, an amino-phenol

or a carboxylic acid,
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-(CH2)"-OR', where nis an integer fromO to 25, R* is Hor a linear or
branched hydrocarbyl or a hal ohydrocarbyl, with the proviso that for a
nono- f uncti onal phenol only one of R5 to RO is -OH and for a nulti-
functional phenol nore than one of R5 to RO Is -OH or an am no-phenol of
Formula BB, RD R H RD R BB where in Formula BB, R5, W R7, RB, and RO are
as defined for Forrula AA with the proviso that at |east one of R5 or R9
is -OH, -O(CH2)M C(O-CH where mis an integer from1l to 5, I

- 0- R33- -(CF3)z wh R33 | | iy !,
0. (CHRAO- CLRAL. O m Ri2 wher o oRABFER, o dRRRRREGrolidD FRBUEY | 2 ¢

G3 al kyl ogoﬁq,ggegfa RIS tiRéduinbaediazide-SRedfonylie Spuctyraiad Ik bel ow or
-C(O-R 32; I's ohe of a nono-. or._ %t-fugg ' b %J;ug inofe Formul a
AA wher e Anaphtimquinesediazide-drpulfRrylts) SIHICIUES -W-Edﬁgg: with the
proviso th A Seite @by opeataal(la), (Ib) ahd flc)he pol yner '
backbone. aiaﬁf"géss?'luglrtg%z%s%ﬁ%% R4 ?s'y; penden'? group conprising one of

- C( OH) - ( CFpgshectiNelly,- S(O) 2- CF3, a nono- or nulti-functional phenol, an

am no- phenol or a carboxylic acid, 63 wherein the photosensitive materi al
conprises a 1, 2- napht hoqui nonedi azi de-5-sul fonylic structure, a 1, 2-

napht hoqui nonedi azi de-4-sul fonylic structure and/ or benzoqui none di azi de
structure as represented by - nespectively, 0 0
"~ NZ N 10=1la Ib

Ic

and wherein . the
material capable of cross-linking with the pendant acidic group
comprises an epoxy group, an epoxycyclohexyl group, an oxazoline
group, a méthylol group, an alkoxymethyl! group, or a combination of fwo

or more thereof.

2. The composition of Claim 1 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
CHy CHj3

Qo oo
- U0
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N2 1c S02 and herein the material capable of cross-linking with the
pendant acidic group conprises an epoxy group, an epoxycycl ohexyl group,
an oxazoline group, a nethylol group, an al koxymethyl group, or a
conbination of two or nore thereof. 2. The conposition of Claim1l where
t he photosensitive nmaterial conprises one or nore of photosensitive
materials PSM1 to PSM5. where: photosensitive material PSM1 is

represented by the formla 4 %g 44 ve materi al
PSM2 |Is repr eebﬁt@ensywma%iﬁg”%%%g&%d q“%@%ﬁ!ﬁ osensitive
material PSM3 is represented lkguyt he fornul acHH3 CH3 QO OQ OQ

phot osensitive material PSM 4 iJs

OQ photosensitive materi al
QO

photosensitive material PSM-4 is represented by the formula

. CHy
Hj

Qo O oQ
CHj
photosensitive material PSM-5 Is represented by the formula
‘Q—\g@m
CHj

and where in each of the formulae PSM-1 to PSM-5, Q is a
o}

"

SO, )
hydrogen atom or | , with the proviso that no more than

Qo

10% of ali Q are a hydrogen atom.

3. The composition of any one of the preceding claims where the
material capable of cross-linking with the pendant acidic group
comprises a repeating unit of the norbornene-type polymer.
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Q@ , oQ CH3 and where in each of the formulae PSM1 to PSM5. Qis a O
N2 P:!x SO02 hydrogen atomor | , with the proviso that no nore than 10%
of all Q are a hydrogen atom 3. The conposition of any one of the
preceding clains where the material capable of cross-linking with the
pendant acidic group conprises a repeating unit of the norbornene-type
polynmer. 65 4. The conposition of any one of the preceding clains where the
phot osensitive material and norbornenée-type pol ynmer have a parts by weight
ratio of fromabout 1:100 to 1:2. 5.. The conposition of any one of the
preceding clains where the material capable of cross-linking with the

pendant acjdi ¢ 4qi OHQmp%‘QFIFHnLE%ny%GJeVGfM giceding 8laimexwliels the 2-y| group,
a N hydroxynethyl a m nocarbonyi” g

I roup a nmet h xr}/\mabh | am n c%r bonyl
group, or pamownsiﬁvema@lalmdmorwgeaﬁéveemogv ¢h a%ﬁr?pB@&f’i ¥n of any
one of the %rggﬁfg‘i&gf?‘l"% HofS-fod f§ 1;Fmteri al capable of cross-Iinking

with the p% cirdic group conprises a bisphenol A epoxy 'resin, a
bi sphenol F epoxy resin, a silicone containing epoxy resin, propylene
gl ycol diglycidyl ether, polypropylene glycol diglycidyl ether,

gl yci dyl oxypr opyhé ot d¥itivn 9f laayeone poilyenpragediaglofaims wheye thpy | )
cycl ohexane, N-nethyl ol acg{l am,dﬁ. N- . mehhyl ol t&a"q‘?,%lﬂg\,{ge’ furfuryl
al cohol , bmatstialcanatie of ipssinking with the nendaNt #RA% YCREt hanol |

r1e§| 26nérencgo%:’:gi?&rggé"gpcg%%ggﬂﬁé??dxdkmml groap; asidt e type phenol.
, hydroxymethylaminocarbonyl group a N-methoxymethylaminocarbonyl

group, or a combination of two or more thereof.

6. The composition of any one of the preceding claims where the
material capable of cross-linking with the pendant acidic ‘group
comprises a bisphenol A epoxy resin, a bisphenol F epoxy resin, a
silicone containing epoxy resin, propylene glycol diglycidyl ether, |
polypropylene glycol diglycidyl ether, glycidyloxypropyitrimethoxy silane,
polymethyl (glycidyloxypropyl) cyclohexane, N-methylolacrylamide, N-

. methylolmethacrylamide, furfuryl alcohol, benzyl alcohol, salicyl alcohol,
1,2-benzene dimethanol, 1,3-benzene dimethanol, 1,4-benzene
dimethanol, a resole type phenol resin, or a mixture of two or more

thereof.
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thereof. 66 7. The conposition of any one of the preceding clains where the
mat eri al capable of cross-linking with the pendant acidic group conprises
2- met hyl - 2- oxazol i ne, 2-ethyl-2-oxazoline, 1,3-bis(2- oxazoline-
2-yl)benzene, 1, 4-bis(2-oxazoline-2-yi)benzene, 2,2'-bis (2- oxazoline),

2, 6- bi s(4-isopropyl - 2-oxazol i ne-2-yl)pyridine, 2.6-bis(4-

phenyl - 2- oxazol i ne-2-yl ) pyridine, 2,2'-isopropylidenebis (4-phenyl-2-
oxazoline), (S.S)-(-)-2,2"-isopropylidenebis (4-tent-hutyl-2-0xazoline).
poly (2-pr-ope hhp-cRraResten r?é)a,nyo&}/%‘J Bfeé:eg’f"g ;ms%%reezm]%r eof . 8.
The. compasisb el 9paBiBYofXi8s&inkity WitAQRgigehdaheaedivigeoept he  conposi ti on
further conprises one or nore of a disso] ution Prorrgt_eé 2?1 sil ane coupling
agent, a temgrises 2xgeethyl-2roxazoling; d:athyl-2-axazeling, 1, 3481%(2- 2 pl asti ci zer
~or a crosglibki : CHis¢2as hiihe 2eVi) bonZesridr2, 21-pg @-cured | ayer
of the cg%gétl' O%‘%@@Egﬁéngﬁ‘éﬁﬁﬂsghe precedi nyc_l ai s, ;é) Thg

seni conduokazolinea), 86-bis(@risparanyldnexazaline-eulpyrdiRe, 2.6zbistdr i nsul ati on

and/ or praotectign / -0t SR i i -41- The

e conauBrervhEPERIhey pYHERS A2 eOhEYMEnSoIs QubReny A i s

pat t er ned oxazoline)o (818)-0-2,2 AsoptapWidenebiti{tctest- byl 20xaToM39) m 11, where
curing conpri,ses _heatin i p t r i range from
130C to 3@Gbééﬁ'P@Png([i?f‘%ér#ﬁa.gﬁgf{i‘&%ﬁgicgp ay@%@&?%gn%%r?%ri sing an

I nsul ation and/or protection layer having a predeterm ned pattern and laid
over a circuit formed on a substrate, where the insul ation and/or

prot ect i ord 1 ay@hecenmpppaitionof any ene of 4bg Pfecs 'f‘ﬁé‘l?fﬂbst WOER WP ve resin
conposi ti o3 o Hi¥n ANEN & cofrpAsEE ohe &r mbfe of aldigsekRiohOfrontster,ny a
e

sem conductor vice, conpriSi nq; .
silane coupling agent, a leveling agent, an antioxidant, a fire retardant, a

plasticizer or a crosslinking agent.

9. A semiconductor device comprising a cured layer of the
composition of any one of the preceding claims.

10. The semiconductor device of Claim 9. where the cured layeris
an insulation and/or protection layer overlying the semiconductor device.

11. The semiconductor device of Claim 9 or Claim 10, where the
cured layer is patterned prior to curing.

12. The semiconductor device of Claim 11,where curing comprises

heating the device ta a temperature in the range from 130°C to 300°C

after patterning.
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providing a | ayer of the photosensitive resin conposition of any one of
Clains 1- 8 over a substrate " having electronic circuitry thereon;
patterning the | ayer of photosensitive resin conposition; and curing the

| ayer of photosensitive resin conposition. 15. A process for formng a

di spl ay device, conprising: providing a |ayer of the photosensitive resin
conposition of any one of Clains 1- 8 over a display substrate having

Conp ey FoRBe0 o Wi eyt cohphsthd 46 ind@4fibn UndPOPPRREBAGA lfFer €Si N

conposition; an e | aye otosensitive resin conposition. 16.
The phot osdwwiing \apredeterminedopatiennand laidyovara gircait fprmed o awhere t he

nor bor nene- t ol ' ' £l | wher e at

| east one oﬁl}ﬁr#& ﬁgsg%% | éeﬁgﬁﬁﬁﬂéwgsgﬁlﬁ%ﬂ%és EFS and a
second typecuredrgpdatt ofifite phetosenisitivearisincomposition of aRy aapfi ses a

car boxyl gr’tgu 17 . ,The photosensitive resin conposition of C aim 16, where
the first Sot- repeat unit is 50 nol % or nore of the norbornene-type
polymer. 68 1.8. The photosensitive resin conposition of any one of C ains
1-8 or 16-17 where the conposition further conprises at |east one

monof uncti ddal chppetess fosfatminge sespigendugiardeviee.LaMPESHG U of  the
nor bor nene- I G e Bei r o 300C.
19, "The. phot'SuEiR </ (Fer 8 tfle pRERGS Gsitite IsihytorhBogRon oenkyahe dr

r monof unct i Olminscbnpoved & subisleateghpuingyelestmaic ciiodity\thgrged.dyl ether, or
a mxture tg‘ﬂgr%fingeawe layer of photosensitive resin composition; and curing the

layer of photosensitive resin composition.

15. A process for forming a display device, comprising: providing a
layer of the photosensitive resin composition of any one of Claims 1-8
over a display substrate having display elements thereon; patterning the
layer of photosensitive resin c_ompbsition; and curing the layer of
photosensitive resin composition. '

16. The photosensitive resin composition of any one of Claims 1-8
where the norbornene-type polymer comprises a first type of repeat unit
where at least one of R! to R* comprises ~C(OH)—(CF3)2 or —N(H)—
S(0)—CF3 and a second type of repeat unit where at least one of R' to
R* comprises a carboxyl group.

17. The photosensitive resin composition of Claim 16 ,where the first
type of repeat unit is 50 mol% or more of the norbornene-type polymer.
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8. The photosensitive resin composition of any one of Claims 1-8 or
16-17 where the composition further comprises at least one

monofunctional compound capable of bonding with the acidic group of

the norbornene-type polymer at a temperature in the range from 130°C

to 300°C.
19. The photosensitive resin composition of Claim 18 where the

manofunctional compound is decylglycidyl ether, dodecylglycidyl ether,
or a mixture thereof. ‘
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