WD 2004/ 111726 PCT/ US2004/ 017486 339. 7868 NOVEL
PHOTOSENSI Tl VE RESI N COVWPCOSI TIONS  Field of the
wo pwentizeer [ 0001] The present invention rel at eBCT/US2004/017486
3397%§8ative-morking phot osensitive resin conpositions.
: e specifically, the present invention relates to
negati ve-working, chemcally anplified, aqueous base
devel opabl e photosensitive pol ybenzoxazole (PBO
precursor conpositions that are suitable for
appl i catjoOVEL PHATOSENSITVE RESINNGOMIPOSITIONS
Background of the Invention [0002] In mcroelectronic
appl i cations, polyners that denonstrate high
tenperature resista rakly well known.
Precursors of such Bﬁ?@ﬁéﬁg&ﬁﬂgﬁghoés pol yi m de
precursor polynmers and pol ybenzoxazol e precursor
pol ymers can be made photoreactive with suitable .. .
[000Hddi t i V&e. prEsenbirventian relaigseta Bagalivasworking paotosensitive resin
desi red I r j : . :
comiiBargn P ePselivaly YRR AUEnuon 385 B RepHiRoyorking,
chenfiéalp' epdlifed’ atjaeduy ehdsay eeselopablel phbttgensifiee spolgbenzoxazole
relref structures of highly heat-resistant polyners. _
(PBQ)oprszHrasgaempesiiionri gt pist SYEaRIPt fre 2pBlIGFHIONEI Bndhe field of

. iJuNg high tenperature resistant polynmers have
mlcroéégée%}t%(%égl osed in, for exanple, DE-A- 2,308, 830;

DE- A- 2,437, 348; EP-A-0 119, 162, or EP-A-0 624, 826, US

5, 486, 447, US 5, 856, 065 and é{g 6,010, 825. The

pol yani de resist B gfqun??,fe laveptig®,res  cont ai ned

pendant ol efinic groups, which can be crosslinked upon

action of irradiation of suitable wavel ength, thus
[0002)or mi ndgn a nmiegeiectemat applicativhs) epolipses  thatt elesndnsdrate  high

ood i magin roperties (hi sensitiyit hi
tempBiITen SeSIS RGP, AEx BBbERIV AR KPGRT) | Fisfirsor® Besteh polymers,
58yifni ¢ rferd Sihd338lyb etz oaPoblSreblirsor Polymers can
such%?pﬂy@lé%i{rgz fogﬁ‘gpoyerd orjﬁ‘ﬁ?’c sol vents as poly
be madegihwperenctiviwith suitedleaddititemOTheowecusPes are converted to the
desirg rg/ 82886{, %Z)ﬁ/%ﬁ@pé%l%blggg%cﬁ%\g é)?pnoré%rrlcta ‘%cl) hlcg%nf:e%géc’ratures. The
polymer precursors are used to prepare protective layers, insulating layers, and

relief structures of highly heat-resistant polymers.

[0003] Negative-working photosensitive compositions  containing high
temperature resistant polymers have been disclosed in, for example, DE-A-
2,308,830; DE-A-2,437,348; EP-A-0 119,162, or EP-A-0 624,826, US 5,486,447,
US 5,856,065 and US 6,010,825. The polyamide resist resin in these disclosures
contained pendant olefinic groups, which can be crosslinked upon action of
irradiation of suitable wavelength, thus forming a negative pattern. While these
systems had good imaging properties (high sensitivity, high contrast, low unexposed
film loss), some of them (DE-A-2,308,830; DE-A-2,437,348; EP-A-0 119,162, or EP-

A-0 624,826) employed organic solvents as developers, which creates



[0004] Furthernore, the prior art photosensitive
conpositions containing high tenperature resistant
w@oioyirer7g6 used NVP (N- Met hyl - 2- pyrrol i done) asP@EI/US2004/017486
339 7gg[%vent. Since it has been established that NWP has
: rimental effects on the performance of chemcally
anplified 248 and 193 nm photoresists (U S. Patent No.
6,277,546 131; "Influence of Polyner Properties On
envirgimgpiah soasRIAE AHNNGHRVIGR MANUEIFIWR. Cheni cal | y
Amplified Resists", W D, H nsberg, S. A McDonal d,
N. J. Cecak, C D Snyder, and H Ito, SPIE vol.
[0004]925, plrthéBnbis, theFjor awsphmbséhﬂtlwnbmpusugms contammg high

tempe%?éwgiga'l%gﬁ# th rrggésb%w gh@ﬁg{fwi%néﬁg hefas a solvent.
Slnceaﬁmlahfﬂ{é‘?} ﬁél’?ecﬁtl‘%tmﬁ hasO8&rimeHIST &ddts diriEPb&formance

era ure of positive working photosensitive
of chémlaauyammhﬁled@%ﬂaghI193hﬂamhoimesnsm¢u BoPatent No. 6,277,546 B1,
precu ich con

“IfuBnge pf Ranaisrdrioperice 08 Aliren Chagicet sSiaggbasef of Byemicaly
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and Hnito, r&ihlnﬁsevmlangzmmm&sﬂhwg&)ouae |oﬁweml1bammgn¢mnp@$itions is

prohlhqt%cﬂ iB3 g%%rrélhgﬁfi@%gg]fa $Hgow Cg’g it %$ @Hgges osuc cthemically

amplh%&‘?@élb&”aﬂe%ééa provi de a negative worKking

otosensitive conposition suitable for making high
tenperature resistant patterns, which would have

IR R R L —
formfl%éﬂ% Sf‘ﬁlgﬁ ﬁ’@e\‘leﬂe%i&ént gragr Wdfs@?vhtdl*ﬁcdrﬁéﬁ?ﬂﬁd) NMP and

resent invention relates to a heat

developabka: imalkalitp cevelopsr (L Pplent N diDI4.ES05204IS o 584

s 185 GRS R A2 2161 T 21 AHBRIFOLHRIE igos, mrentons

addré¥s /fﬁé E'h'w%m%h?al ¥Eha&Rd/ ﬂiby7%@w%ﬁﬁé§2%bﬁlﬁﬁ&%r imaging

339. 7868 wherein x is an integer fromabout 10 to

propertiessutl@s lowy dontrast and sgenevthad high darksresion. 900 and
(x+y) is about less then 1000; Art is a tetraval ent
aromati c group, a

[0006] The purpose of this invention is to provide a negative working
photosensitive composition suitable for making high temperature resistant patterns,
which would have excellent imaging properties, contain no NMP and employ

environmentally acceptable aqueous base solutions as developer.
Brief Summary of the Invention
[0007] . The present invention relates to a heat resistant negative working

photosensitive composition that comprises

(a) one or more polybenzoxazole precursor polymers (1):

G—NH—e“3«|"‘f_l‘alH[:ﬂ Ard— NH_AH_NH')—LH*NG“W'NH“AF“NH;‘G




tetraval ent heterocyclic group, or m xtures thereof;
Ar2 is a divalent aromatic, a divalent heterocyclic,
wa2aiuaal7ent alicyclic, a divalent aliphatic grpepusivat/017486
339§§égcont ain silicon or mxtures thereof; Arais a
val ent aromatic group, a divalent aliphatic group,
a dival ent het erocycl i C group, or m xt ures thereof;
Ar4 can be Art or Are; is Hor an organic

Wheggip xgs ﬁ”h'ﬁtﬁgﬁg f'éPfH a’ﬂh%lhﬂp fom@ﬁwexy in andalegenyiiom 0 to about
h f_the
o00 ¥ BRSB8 ALY 1t 5B By B, arvm, <

tetrawaleaas’:mtancglchqogroun,r@drrﬁf(tums tHePees) ;A Gy DfvAIEnIMBFSmatic, a
ers each of which contains at | east

n cr o
d'Val?\Wéﬁ q(F’C)( Ivalant alicysiiera Aivalent aliphatig groups that may contain

s 8 e IR, R 22l bl Gy, o ot i

grouppal dlvelenmmeterbbyaclprgmupp of hﬂktdﬂ@@ﬁwérﬁ@f'ﬂﬁeﬁn be Ar' (OH). or

ﬁ;ro i nker is hlgg%%reactlve the dissolution rate
| U ARy QEIAN 6 1ITR YR ahaviea earprnyl, garkpryionper sulfonyl group

attacfh%gqmecﬁy i L@Fﬁ‘?naltﬂl‘lq df@N@EBQ%rCOWV i ses a met hod

use for suc osition _the articles of
rm(bomaetmrrmprqa@hbtccade gormbeuhd® ihicH pslésse %@F@ug&g irradiation
0

(PAC%%S' t he conbi nation of the conposition and the net
use according to the invention. The invention

CQBPbhesr Mobs 95@HE cf¥slihRLi é'é’crfonh‘i&{ %Sﬂteagg%a%g 1685t wo ~N-

substrate wherein a process for formn
(CHAd%)e uniss waterematyer 2Trandp IR)rsesbnearmmJTaﬁ@md 0e-Gd @mw group);

strate, (b) coating on said
sdﬂ%%@gﬁg{y‘%éag{gnﬁmﬁr ki ng phot osensitive
cqepasiehsp nor e pol ybenzoxazol e
pﬁ?éursorsﬁrﬁiﬁ'?r%"{*ﬁ*e’”%%ér’ﬁ?%dﬁ[eé (1), HG -Ard-1UH -
1-withathe Nproajs® thatAwhenx the datdrit Ntte'sSlinker) iSHhRhiY\Qeactive, the

dissofBH e ey ifi C%%o%%%%‘tﬂo% a7lﬁ806arb§X?§/ ic 7ac?olsgroups

[0008] Furthermore, the invention comprises a method of use for such
compositions and the articles of manufacture, particularly electronic parts, obtained
by the combination of the composition and the method of use according to the
invention. The invention comprises a process for forming a patterned image on a
substrate wherein a process for forming a negative tone relief image. The process
comprises the steps of:
(a) providing a substrate,
(b) coating on said substrate a negative-working photosensitive composition
comprising one or more polybenzoxazole precursors having the structure

" d 1T i

G—NH—Ar—NHT—Ar? NH"TH—NH :,'x [

(|)OH

A ﬁ NH—NZ'_NHJ;G



wherein Art, Ar2, Ara , and G are as defined above;
one or nore photo-active conpounds which rel ease acid
wapma/1ive@di ati on, one ore nore |atent crosslPCRESR04/017486
7% h of which contains at least two -'N-(CH2OR)n units
339. re n=1or 2, and Ris a linear or branched Cil-C8
al kyl group) at |east one solvent and at |east one

di ssolutiqn rate,nodifier (all as described above) .
winhereindAr pAsviAo, ARG @k Astdesined: aiave; 0HE<Ph MIkEs pheto-active

hi cti [ S ut. oditier. .do

nSBMEBHER, Wi, ofFadd S8 4 gl rifatidtE oheCiord Diore tatent

c epdslinksrgbeaciatof; witich contaias gt kchet twat-ed-(EHhOR)atumits where
~to actinic radiatjon; (d) post exposure baking the

c ot %8t Rds @ Igteaa@rarmwd%&wélﬁﬁm%@) e%(lsflst one solvent

d2%8 SPieadt he G3LRARAR Fildidl (N 40 ALARLS ahave) with the

devel oper, thereby ormng a reli I mage; and

bakoviso tihet whis thielatent crassiirikey ds dibHe rgeotiwepthe dissolution rate

thereby curing, the relief jnmage. Detail ed .

DEredifien deas dtotgantaiR e bPBAic| mgqrow% fhesely forming a coated

i%pgﬁé@n relates to a heat resistant negative worKking

photosensitive conmposition that conprises (a) one or

Mge ee g tiroseatet substraier toactinid sadtaition( ) : G NH

Ar4-NH Are NH Ar1 N Are NH Ar2 I OH wherein X

i $dlaROShexpRIure AN copted 6“&&5&? af eooeleyaied tgmperature;

i . o .
B PEleiopB, e RoafitP Subsdieh Wit ey lach BolE8lSIBger, thereby
t et rfovirent rekigfanmagechind group, or ni xtures thereof;

Ar?2 is a divalent aromatic, .a.,divalent heterqcyclic .
a (Qi Paking the $talgﬁémt%,a?§no¢'@\éatsﬂﬁem f"r'é}"'SF peunngoihe relief
may &in silicon or mxtures thereof; Ara is a

di val erit "aromatic group, - 4 WD 2004/111726

PCT/ US2004/ 017486 339. 7868 a di val ent aliphatic

?rhglrngf ? di Val[?gt%ilggt ersoc(i' p%}éncopilgéjpnve%tionﬂ xtures

[0009] The present invention relates to a heat resistant negative working

photosensitive composition that comprises
(a) one or more polybenzoxazole precursor polymers (l):

OH
. 2 E” H 1
G—NH—AM—NHT Ar? NH_»TM’_N ” A NH—ARZ—NH v G
OH 71 _

wherein x is an integer from about 10 to about 1000, y is an integer from 0 to

about 900 and (x+y) is less than about 1000; Ar' is a tetravalent aromatic
group, a tetravalent heterocyclic group, or mixtures thereof; A is a divalent
aromatic, a divalent heterocyclic, a divalent alicyclic, a divalent aliphatic group

that may contain silicon or mixtures thereof; Ar® is a divalent aromatic group,



Ar4 can be Art (OH)2 or Are; Gis Hor an organic
group J having a carbonyl, carbonyloxy or sulfonyl
w@e@yp1aeé ached directly to the term nal NH of P€T1ES2004/017486
339 7%5 ymer; (b) one or nore photo-active conpounds which
. ease acid upon irradiation (PAGs); (c) one or nore
Iatent crosslinkers each of which contains at Ieast
two -'N- (CH2OR)n units where n=1 or 2, and Ris
| Briéivalent aliphatichgeoug, acdivalery hetejpsyRiic: groYp, & m'é%fss thereof;

0 (e)aat Al e on

BT SRLKENM R AL CUEEH by Y oL L] Heol @ carbom
C eamtnyltgr of sulfooyll yroupaattasieed tdilectlydltssmwtemmnalat\&-l of the
nodi fi er does not contain carboxylic acid groups.

[ bolvD)erThe negati ve- wor ki ng phot osensi ti ve conposi tion

h r [

N5 G oPmdf" Sho tBOAaﬁ%WG% WHER feRAIs: %ﬁgﬁfﬁfoﬁ ifGdiation

apPAGs}0 to about 1000 y is an integer from about O

to about 900 and (x+y) is about |es hen 1000., The

p(@f@?@é’d mar@g@t%fr cs@s%nherr%rﬁag RftWhight eoniBig: at lgggt two ~N-
f ﬁ’%ﬂea o4t t 1 T, .

p@:y &y r ub@%g\;’?e rnxyiosr(? r%nn(?kpgllggogt ﬂ?eoart Jg,eg out egOC1 Cs alkyl

ageodp@r y |s from about 0 to about 5. [0011] In

Structure ' is atetravalent aromatic group or a

té‘ﬂ)r%ﬁ)ﬁ?@rﬂne ﬁ%’t’%\“%@?&'l ic group, or mixtures thereof.
E’g@l@cl I§§stc6 eAﬁlssbf?J‘ﬁbHQSte r?BH:ﬂ@fe n;)f: limted to, the

r uctur 5 WO
206 1Hel7p’tT6V|l§6T mﬁz@mehomsstensagogﬂmemm bighlyX reastive, the

dissolyfipndatmedTier ddesdintcantain carc 0] TouRs. or -

branched al kyl or €5-C8 cycl oal kyl group. Exan'pl es of
Rl include, but are not limted to, -CH3, -C2H5,

[0010} C3H7 The- ﬁagﬁtlvea—\/\mlleiag photoxe{%mm@ommwhmmas Ane or more
m xture of two or nore Art

d
POlybEIBRRAZAN REEFRSORS ccampriging Hhe 085 6, AR ol whgrein x an
integd ¥BhEAbohteIFtO Vel 4008, y is an integer from about 0 to about 900 and

(x+y) is about less then 1000. The preferred range for x is from about 10 to about
100 and for y is from about 0 to about 100. The most preferred range for x is from

about 10 to about 50 and for y is from about 0 to about 5.

[0011] In Structure I, Ar' is a tetravalent aromatic group or a tetravalent
heterocyclic group, or mixtures thereof. Examples of Ar' include, but are not limited

to, the following structures:



di valent alicyclic, or a divalent aliphatic group that
may contain silicon. Exanples of Are include but are
waoedo4iiimeé ed to Z Z H3C CH3 X2 - (CH2) pSi - O Si PCT/T5P4017486
339 H3C * CH3 H N wherein X1 is as defined before,
' is -0-, -5-, -C(CF3)2-, -CH2-, -SO2-, or -NHCO,

Z=H or Cl1-C8 linear, branched or cyclic alkyl and p is

an integer froml to 6. Exanples of suitable Z groups

i ncl ude, but are not limted to, nmethyl, ethyl,

her@ih%ws’ Sgpr )Z)'Fe -1 %l -SE£C- MED- dr iS'F?’L-' ind each R' is
y

éyclo enty cycl ohexy!l or cycl ooct
mdepan)dentlye af Civ@y dineapr @r Mm@an!umydmyorbecaemzl cyeldalkyl group.

Exanglpo bR, dicluie DUl Avarehimiea dpoGHs feHeboaH Gy 8,
C‘*ng%%&ﬁﬁ!i@%wp%r%%%004/%4'18'@8}‘%,%8‘. GBupfsy be enfloyed,

LO\N / c¢/( N wherein X2 is as defined previously.
0014] . In. Struct 4, Ard is Art 2 Are.. 1 .
10012100151 s SR v ol anilvalart arol ey i gt FfRypovelic, a
t
dlvalérﬁré?ﬁgér,’lhc%oglaoﬂ\ﬁéoﬁ %E%atlcg%r%%P tﬁ%l margélgngéi@ u?ht hgramples of

Ar? inelutet butarechdiyinoteldeo functl onal groups such as vinyl,
car bonyl, ether, ester, carboxylic acid. Exanples

J groups jnclude, byt are not dimted to, the
RS S S
z oz HeG -
HaC CHs

Z 4

de o O O

wherein X' is as defined before, X2 is -O-, -§-, -C(CF3)2-, -CH2-, -SO2-, or -NHCO-,
Z=H or C4-Cg linear, branched or cyclic alkyl and p is an integer from 1 to 6.

Examples of suitable Z groups include, but are not limited to, methyl, ethyl, propyl,
isopropyl, n-butyl, sec-butyl, t-butyl, n-octyl, cyclopentyl, cyclohexyl or cyclooctyl. A

mixture of two or more Ar® groups may be employed.

[0013] Ar is a divalent aromatic, a divalent alicyclic, or a divalent heterocyclic

group. Examples of Ar® include but are not limited to:

S o R e e
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wherein X? is as defined previously.

[0014]

[0015]

In Structure 1, Ar* is Ar' (OH)2 or AP

G is H or an organic group J having a carbonyl, carbonyloxy or sulfonyl

group attached directly to the terminal NH of the polymer, which may be further

substituted by other functional groups such as vinyl, carbonyl, ether, ester, or

carboxylic acid. Examples of J groups include, but are not limited to, the following

structures:

A A

T

O~
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CHs3

o
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X
F

CHsa

/\o/\/u‘%

H3
F



o

a one or two-step synthesis. In the first step,

nmononers having structures (1), (I11), ;o and (1V)
wae@4inedesé ed in the presence of a base to synth@ﬁnsnmammm6

pol ybenzoxazol e precursor base pol yner having

Structure V (Structure I, G=H. HHNQI-NLR
339|-We NH2 WAr3-W OH >5 (rey (rer)y (rv)

H'NH-Ard-NH Ara NH TAr N X Are NHArz NH/H 30 (V)

(OH) -8 WD 2004/111726 PCT/ US2004/ 017486 339. 7868

wherein Art, Are, Ara, X, and y are as previously

defined, and Wis C(O G _A

R2 is & kO C7 linear ¢

- C8

and Mis a reactHaﬁé gro to produce a polymer

having St¢ucture] where G =Chs jo [0017] Ememjes of
aving the Structurig (I1) conga
are ‘Et limtedjto

3,3 d|¢1ydroxyben2| dfne, 4, 6-di am noresor
i s|{ 3- am no- 4- hydr oxyph nyl)propane.

N patteq_pco(ayz)gt hydr oxy and two am no

t'he nonong ucture Il may be—a 31/
ssi bl e substitutiop patterns with /1 S0
g each amno group has an ortho re sHi p

with a pydroxyl grou
benzoxaxol e ring. Furt

pEeesur sor base poly
re of two or r
0

synt hesi zed using a
nmer s é%ki l@d by}r\uct@“e

a one or two-step synthesis. In the first step, monomers having structures (il), (1),
and (IV) are reacted in the presence of a base to synthesize a polybenzoxazole

rmore, the pol ybenzoxazol e

precursor base polymer having Structure V (Structure 1, G = H).

H
HzN—A[\r‘—NHz HyN—Ar*—NH, W—AS—W
OH
(IT) (ITI) (IV)

A T gl
H—NH—Ar*—NH A H—Ar‘—N AP H—ArZ_NHJ_H

V) (OH)
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20 [0018] Exanpl es of nonomers having the Structure

(I'11) containing Ar2 include, but are not limted to,
WG L@YAI7261 no- 1- (4- am nophenyl ) -1, 3, 3-t ri met hyPCTtis2004/017486

(DAPI'), m phenyl enedi am ne, p-phenyl enedi am ne,

2,2 -bis(trifluoronethyl)-4,4"- diamno-1,1'-biphenyl,
339.7868di am nodi phenyl ether, 3, 3'-diam nodi phenyl

ether, 2,4- tolylenediam ne, 3,3 -diam nodi phenyl

sul fone, 3,4'-di am nodi phenyl sulfone, 4,4 25

di arri nodi phenyl sul fone, 4,4'-diam nodi phenyl net hane,

ﬂlpg_g] nedi phenyl nmet hane 4, 4" -di am nodi p heny
wtp@gar.f\g A K Eﬂmmprﬁﬁemwloq{@y gﬁ@ned and W is C(O)Cl, COOH or

cci*)oaﬂe2 aﬂumé}@m Rh?%;lé' l‘et@ﬂﬁ%ea} b tg?a.g r{e‘ér éﬁﬂ}uf}_gsgk?%%yés ~Cs

benzene, 1,
cyclpalisyt grow- oﬁyaimp@sméﬁstlm;lﬂdﬂ bt m:maéhmﬁe@ & -GH3, -CoHs, n-C3Hy,

h
Gl PR LG R AR BRI She, B b LR BB P nePlerminai
antieo rmmnshyf thee polgbemmxapse tpaeceirsor! kasedpeipmee are $eac®fd with a

Hél-ﬁ&\z 2 Ii%gg ﬁga%%gs:gn%gg be%gr% ng Ei\/l is a reactive group, to

pradlfcech paiyingt haviagretroytuseghegige.J, 3- o
nmet hoxyhexanet hyl enedi am ne, hept anet hyl enedi am ne,
2, 5- di net hyl hept anet hyl enedi am ne,

[08t7Tet hy | BrirhpiEs oW oHeRttra ARy tHb Structure ﬂll) containing Ar' include
di met hyl hep tamat hyl enedi am ne, oct anmet hyl énedi amne,

buﬁoqung@myn'@tﬁgdtoa #rhis(Isamino-4- hydroxypheny hexafluoropropane, 3,3'-

dl@'eca)%e c?’l%rhg‘@?igfﬂ%g% r%?% )FXbenadlne 4,6-diaminoresorcinol,
aqslr%Qﬁl%&@lwmdr%yahthdwhpr oPye ewkstitutionregttern of the two

hy%i dnjxgm no ggg@;nr?é&oiﬂ&@tﬂgg %?\8%? of @tﬂu%ture Ihmfxy be any of the

i am nooctadecane
podsiblel sidstittionrpmtterns with the proviso that the each amino group has an

o b b Rt B PGB BOES  ppgmonac

nn@ 4 Fditasinierd] pthen\godibeassxazole ébrécur%ramagedlp@ty@rwl may be

syQ fS'llag(gH{:‘:lﬁQGa r%nflqrp]q % Igﬂu!gg%mawmglﬁiigs%ﬁggd l)y Structure 1.
2 5-di am no-1, 3, 4, - oxadi azol e, 1, 4-di am nocycl ohexane,

4' nethylenedlanlllne .
[OQ‘I&] met ﬁmrgﬁlgsbpg(raoqgmrgr%\ﬁngitﬁg) Structure (Ill) containing Ar?

i é} d’e Ly ' % | -
inCiu ta gﬂgm%cg 5& alﬁ%ﬁﬂ""ﬁle thifdbhenyl)-1,3,3-trimethylindane
(DA\PJI)' maplh@nyéerr@diﬁrwoer mhhrw@mﬂlamlne) 2,2"-bis(trifluoromethyl)-4,4’-
0 b 2=

dléﬂﬁsﬂ ﬁf)l[grle%]/kzi E’5dla|4i|n%ld gg\ étlzsu( 3%951%%Xc?d?bﬂén@?)ether 2,4-
tomenédlamxrm d3,3hdibmiredighefyk tsdJifomebl F4'tdamirtodiphanyll suifohe, 4,4'-

|o bi s- net hyoxyani | i,ne) . . ,
d'%fm'ﬂwdlp P b s- %ﬂ'f@?ﬁ sor oani | i n%)“.'g')ﬁt[}‘??%?'?%\ylé‘?e*{‘ﬁ%e’ 34
digminpbiphemimatiade, 4,4'-diaminodiphenyl ketone, 3,3-diaminodiphenyl ketone,
3,4’-diaminodiphenyl ketone, 1,3-bis (4-aminophenoxy) benzene, 1,3-bis(3-amino-
phenoxy) benzene, 1,4-bis (y-aminopropyl)tetramethyldisiloxane, 2,3,5,6-
tetramethyl-p-phenylenediamine, m-xylylenediamine, p- xylylenediamine,

methylenediamine, tetramethylenediamine, pentamethylenediamine,
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precursor base polynmer may be synthesized using a

m xture of two or nore nononers described by
w@eowataee 111, >. 0 [0019] Mnoners havi ng t hePCT/US2004/017486

Structure IV are diacids, diacid dichiorides and

di esters. Exanples of suitable dicarboxylic acids (W=
336@868 i nclude, but are not limted to,

4, 4" - di phenyl et herdi carboxylic acid, terephthalic

acid, isophthalic acid and m xtures thereof. Exanples

heaametmyte@bmemacu d chl o schimethidiiexSinbthyldrealandife, but 3-
mte i sopht hal oyl di chl ori de,

m%h?WQPBWe%VIEHP Pr%e t er pht hAFBEmedienesianiae, as 2,5-
dirflethyihepRhREyicidMirdinear bOX)@-r‘nSt@ﬁie?téi‘héimgQﬁéé’ idnd 44

m xt ures thereof. Exanp I car xyrl
dm%%lhgpf@wmy@mmmﬁm m&annﬁjhylam@dlmmet ingnagtiydenediamine,

i me
2 %Pﬁﬁtﬁ%bé%ﬁﬂé{w%@mw& etﬁ | SOpR@h@{llS{nme ethylenediamine,
prqnytqnequ@nmmal ate, d&étdnynbtmmwwlmwaﬁaemae,d m A11@dismino-1,10-

dl%\ﬁglﬁgéaneﬁo [Qq%é%larlnﬂ\totdsg% |r|s; 2 Eﬁ(de trblfmogﬁt;fggécanfo 2,17-

mers avi ng
dianin@€iodgahs 1726 PJB%B@@M-@WA%mG&ﬁh&%ﬁeﬂwbﬁé can  bis(4-

a5 heh el tiife. Aot R ORGP iebRGs 4-4rdngisdinngnyethane,

4 d’l—diﬁnlhb@ﬂjdhbﬁyl&ﬂﬂﬁﬂe@? a-diariiapytigne d2 5Qfiaflirdpl@dind¥ 4, 8L diamino-
as ne aromati ¢ and/ or heteroc clic

-‘fEJ Wﬁfﬂ?&h&y YAiNRe, 2aneiaiio-bad. wad'amlﬁ, ai 4-digminocysiehexane,

4 @nﬁ’éfhﬂ@ned@%ﬂud%e Maeﬁ}etmlﬁé (oYeh gﬁ&@aﬁﬁr@)t OB rﬁ%&le&e—bls(&.

diacids (W= C( carried out at

metiaylamMing). 30 c%rma l?ﬂef'ﬁli’t(a -eimdanilingd, hour 34 41fmeih§elene -bis(2-
f |

RGETGRE ' PSR 5 G BT o

Chlbl:ﬁandlné) not4Hhin-diediline, p¢adi-thiobjs-Rrmethiyianiliag), ne4,4'ithB-bis-(2-

| 9[,5
meh RGN SV2rle HsPiatadhit T Biigmor themgpenzoxazole
prapyrdodi besse  polgimeir nmatnyﬂaeiryryht\l;ieregea E?iﬁggﬁgﬁ?m or more
recur
m‘%‘f’glﬁr% ?y'gﬁigyﬁ%ﬁ&ﬁn}e recozered by filtration and

dried. Descriptions of suitable syntheses enploying
i be f d US Pat ent No us
106155 4 MoMariers s hers, SrBesareodads. dipgd sldfiorides and
didsFor PRambRE dPsui tSBI@rcﬁ@é?rsexﬁé acffd O(Peg)‘i’ﬂ%{,?lﬁ?\%cﬂ)ut are not

reaction solvents are N-methyl-2-pyrr

limijagnia-4.Hrstishesyistherdisarbonylic amd Netgiphhalio lacish ispphthalic acid and
mikttPE) thefdoft Examples of suitable diacid chlorides (W = COCI) include, but are

not limited to, isophthaloyl dichloride, phthaloyl dichloride, terphthaloy! dichloride,
4,4'-diphenyletherdicarboxylic acid dichloride, and mixtures thereof. Examples of
suitable dicarboxylic esters (W = COyR? include but are not limited to:
dimethylisophthalate, dimethylphthalate, dimethylterphthalate, diethylisophthalate,
diethylphthalate, diethylterphthalate and mixtures thereof.

[0020] In the first synthetic step, monomers having Structures (II) and (lll) and

- 10 -
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di met hyl acet am de (DMAc), di nethyl -2-pi peri done,

di net hyl sul foxi de (DVMBO, sulfolane, and diglyne. The
woreeb/1pr7ed erred sol vents are N et hyl - 2- pyr r ol PADTE2004/017486

(NMP) and gamma- butyrolactone (GBL). 20 [0022]

Mononers having structure Il, Il1, and IV are enpl oyed
339¢868& hat the ratio of [(I1) + (I1I]/(1V) is

generally fromabout 1 to about 1.2. Preferably, the

ratio of [(Il) + (111]/(1V) is generally from about 1
(IVp caboreactl td.. prabmmnmnzd)azolegpltebarsoﬁttfasét pogmiet |OV Any

b t 1 bout
ol b T By, A S R 00 Rl Ul o i with
aﬁmkwﬂjgdnmt Ticaélmﬁéb r Iﬁbtféﬂ)t @%lhﬁﬁO%@lﬁnlﬁegémﬂ S?Eb?alz";‘] with at
. Distri ion o meri ¢ uni
e S ABIE MR TP @enasaladia ragston Tos adids (Wi GIRICH is
carfby RN a0%Bse £&0PTC e bRt BETE P! R 6(BNIARYB héurs in the
brackets in Structures | and V), may be randomor In

PrESeRGesONRR BPRrOXIMatsly stoighiometric ampuat of aminedbaseyv, Examples of
siRbieNHRER béééé”i dlegu! b;ug]e_\@éjf ggpﬂg%&%gwgnéﬁnbstr etréﬁ]aml}%) 1,8-

2004/ 111726 PCT/ US2602 an i nt
dipzahrievglofté.Oundecabene @g0BUANd fé-ﬂla;pblcgclta[lécammbeésenmefDBN)

SRS QB A b IOROYHB, T2 I R Sory e

palymeib¥unap Be. isplatest by predigitatied intangatef,mecavered fyofiitration and

o bR b, A BB b7 GRS ey e

found dre US Patenk chs USom385a182, US 4,622/286] ahd UB @,006/85%, herein

. err r e for y is fromabout 0 to about 5.
m%ﬁﬁrzﬁteﬁﬁ%rezﬁgﬂﬁ? of (x+y) can be cal cul ated by
di vidi ng the nuneric average nolecul ar wei ght (l\/h) of

of S ructure | by the average nol ecul a
1982 RE ! oS LerSlanie Eanesion Aot S iR RIT BN ANMIP),
gdiningr ni lbaﬁirr&dctéh@h semEgar d NIRIdAEH ﬁ&n{é@rﬂ@é ane(DMF) N,N-

permeat | on _chr omat ogr aphy

d'@i’égb’ﬁos?én'géORD%@bnﬁ'@etWYhzmrﬂQB@k dimebsfsubienidal (DMSO),

d NS
oAUy NI Rkl B S i riors

gammiai Ryrolactprieni@ient vi scosity of the
pol yners and therefore, x and y at a constant
stoi chionetry, can have a w de range
[0022] Monomers having structure I, lll, and IV are employed such that the

ratio of [(Il) + (I/(IV) is generally from about 1 to about 1.2. Preferably, the ratio of
[(I1) + (IMy/(V) is generally from about 1 to about 1.1. The monomer having the
Structure (11) is employed from about 10 to about 100 mole % of [(Il) + (IIl)] and the
monomer having Structure ({ll) is employed from about 0 to about 90 mole % of [(I1)
+ (IN)]. Distribution of the polymeric units resulting from monomers having the
Structures Il and Hll in the polybenzoxazole precursor base polymer (enclosed in
brackets in Structures | and V), may be random or in blocks within it.

[0023] In Structure | and V, x is an integer from about 10 to about 1000, y is

- 11 -
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dependi ng on the reaction conditions such as the

purity of the solvent, the humdity, presence or
wab®encs260f a bl anket of nitrogen or argon gasPCT/US2004/017486

reaction tenperature, reaction tinme, and other

variables. [0026] In the second synthesis step,
339ag18pBenzoxazol e base polyner (V) is reacted with J-M

to produce the pol ybenzoxazol e precursor polyner (1)

where J is as described before and Mis a reactive

an |awg|engomranqut 0 3 abplite3004n @ypura?ou?@b? g'%n 1008¢ RpReferred
not I m rifla

rangRar %%fe'ai' %‘%ﬂ%gﬂ;}P 8&9‘“9?&9{@@ a prederted Eangston Wisdtpm about 0
to @bhDRB0.€ AJFV® PrefBiradhhise fir >§i¢' ﬁ'(?rﬁ'éboﬁ @é%&%g%t 406"and a

nds i ncludes but are not limt to car
mgrgn;?rg redJange 4| Yoisi feren abpwt 6 & abewt 10§u|ThQrm@stm$ferred range
forx Brﬂdi'ﬁﬁbout' fOet%rabi‘ﬁll@ 56 ¥R 'aCmGQrpki’é’lﬁrr@& qalfqg @%out 0 to
anhydri des, and koxy or aryloxy substitu

abgHi ®ri des. Exanpl es of suitable J-M conpounds i ncI ude
mel ei ¢ anhydride, succinic anhydride, acetic
anhydri de, propionic anhydride, 3o norbornene
[0Q2dlydr i dEhe amphal ofdxsy)oad biecs|cutatat bga divédihg thel mjrﬂéridlbverage

04/111726 / US2004/ 017486
NSt vy bE e 5Brieh ol ShHES) BV Hie Aol apieguier weignt of
thereapteahesitil ToeivaluecotiMandandre deterrpined @lyhtselgﬁ_%tddrfdﬁfu fethods as
g ERBS B BIeT a8l cBPlamiyBeAse, Shromalogriphy ‘3 described, for
exanapfel umUabtRaimks Experiental Mbtitstyir PélgmeaShkitlistry, John Wiley
chI gg hganesulfonyl chl ori de,
Sopre,,l ngrglg nesul fonyl chloride, benzoyl chloride;
norbornene carboxylic 5 acid chloride, di-t-butyl,

| carbonate, dimethyl dicarbonate, diethyldicar bonat e,
[0‘8'453 ut yI df EaPYe et Roted thafipleswrbWeioht ARd dnhesentyiscosity of the

polyfiePs ah@ iabRre, % A4d ¥|at %m&%@fn%f&'ﬂ{hf‘omdeetﬁ)g @aﬁ"ﬁ%@é( La wide range

chlorof ormate. Furthér exa es I nc
deﬁ%mm@ op e "%ﬁcﬂgfdpgﬂfégo@wmh asethepurity of the sollzenﬂ—m@ Bumidity,

pr&ren@é lor %en&:eggfé b1kt ogmtgd'e@%r%rg% gas, reaction temperature,

reaction time, and other variables.

[0026] Lln the second synthesis step, polybenzoxazole base polymer (V) is
reacted with J-M to produce the polybenzoxazole precursor polymer (1) where J is as
described before and M is a reactive leaving group. Examples of M groups include,
but are not limited to, Cl, Br, mesylate, triflate, substituted carbonyloxy groups, and
substituted carbonate groups. Examples of suitable classes of J-M compounds
includes but are not limited to carbon and sulfonic acid chlorides, carbon and
sulfonic acid bromides, linear and cyclic carbon and sulfonic acid anhydrides, and
alkoxy or aryloxy substituted acid chlorides. Examples of suitable J-M compounds
include maleic anhydride, succinic anhydride, acetic anhydride, propionic anhydride,
norbornene anhydride, phthalic anhydride, camphor sulfonic acid anhydride,

- 12 -
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OO0 150 H3C OSCH3 O OH3CCH3 Br OBr O 20 bBr
OFI OGCH3 | 25 H3C'-~CH3 [0027] The reaction
w@avdber7e@arried out in a suitable solvent by apdi/Usmn4/017486
of J-M to a dry solution of the pol ybenzoxazol e
precursor base polynmer at a tenperature from about
3302868 t 0 about 40 C. The nore preferred tenperature is
fromabout 0 30 C to about 25 C. The nost preferred
tenperature is fromabout 5 Cto about 10 C. The

trifl@@6inetHankl Bifbsic f a6im ahﬁyandé hasthah@s@fopid atll NeHhyaride, p-
ar ampunt of WO 2004/ 111726

tow{@ @4%4794@@%@%@% &mist Byfudride, Rutanegifonig acid
arhyafds rfé?ﬂ&r%blﬁfanéélﬁfoﬁiér@rdﬂf aﬁlﬂ%rr@@' Qéet?'ﬂ?ﬂﬁﬂo% ﬁfethanesulfonyl

nononer of structures Il and he nol ar anpunt
chigridep Hiflweroraethapeswulfenylechiogide, b@@ﬁqyl eifotide; o ngEerrengrcarboxylic

adré‘oérﬂgﬁﬁec Brﬁ-‘ﬁﬁut ﬂr@rﬁ&%@ SR le(hrc%ﬂ{%e e%ré{f\%lgrcarbonate

Ssui t am ne bases I n I ud
dibutyidicathonate, dyuityvd |chl9,rofprm@ehqthylacrhlcvreforme$ #1-butyl chloroformate,

) . ] o . .
aff AR KbRor! S Tafe SBRRR layce cgmpougs having the
stpgturess almqwrabellow nmet hyl ani | i ne. Exanpl es of ot her
sui tabl e bases include sodium hydroxide, sodi
carbonatg, and sodium ®ilicate. [0028] The pre erred i
reactionl|sol vents are propyl ene glycol et
.0 € BPGQVEA) 4 NeThYl - 2- pyrrol
gama- butyrol agCone (GBL), N, t hyl forrrarri de O
(DVF)ei N, Ngli met hyl acet am de¢ c), dinmethyl-

pi peri , di net hyl |.1I foxbde ( DVSO) tetrahydrof ur an
(THF), aretone, sulf
(0] 0]
0]
| I
HsC O—@—CHq
o}
HyC” &,
Br (9] Br O
Br O
CH
f G O ? o
H,C 0]
: "CH,
[0027] The reaction can be carried out in a suitable solvent by addition of J-M

to a dry solution of the polybenzoxazole precursor base polymer at a temperature
from about —25 °C to about 40 °C. The more preferred temperature is from about 0
°C to about 25 °C. The most preferred temperature is from about 5 °C to about 10
°C. The reactlon time is from about 1 hour to about 24 hours. The molar amount of

- 13 -



and diglyme. The nost preferred solvents are diglyne
and PGVEA. .5 [0029] The negati ve-working
wWEbetosersi ti ve conposition of the present i nRENUSIN4/017486
uses photoactive conmpounds that release acid upon
“irradiation. Such materials are comonly call ed
A 0-Acid Generators (PACs). PAGs of the present
invention are preferably active to the radiation
bet ween about 300 nmto about 460 rim They should

J-M Qﬁg\d}ea qg0gy %ﬂgﬁﬂ&s eRGag4l (306‘%9 D tthe P lgPSRBSbiaY amounts of

ition ~ roauce strong aci d upon
mon¢mardofa$tru@ture=Eklaaﬁﬂ 5§Ie§$ the elag @mesnt AL mmenwaaf §tjusture V.

Adtﬂt%ri gpérggﬁlc%r%%rﬁgﬂl'ccqa%‘é'rﬁay A_IES bel @rsieyedf E§§ﬁBle§%@%wtable

not o, oxi ne sul f onat es,
orgamc arnide hases andqde,nbwea@umtolnaltezds to cayrigines digthyh aspine, 1,8-

d |
+ oSN Bl Phoe GED)S, 25 IOty oM
dm@éﬁ%ﬂ: gyridine %gdjf/d{ﬁlieihylan‘ihnb EkaDiple©os ofhe3lithble Mases Relude
6 PCT/ US2004/ 017486 339. 7868 OR5
SOd?’T‘F'B@er\&BS@Od'WBCEéO ld%% f}'&ﬁ %nd R4 are each

i ndependently |inear, branched or cyclic alkyl or aryl

roup containin 1to 20 carb t -
[oog.palop, STgesgr@gqr?qanggpt&n solver?tg gfeog%p%ggexglycgl me81yP ether

o acetate (PGMEA), N-methyl-2-pyrrolidone (NMP), gamma- butyrolactone (GBL),
N,N-dimethylformamide  (DMF), N,N-dimethylacetamide (DMAc), dimethyl-2-
piperidone, dimethylsulfoxide (DMSO), tetrahydrofuran (THF), acetone, sulfolane,
and diglyme. The most preferred solvents are diglyme and PGMEA.

;5 [0029] The negative-working photosensitive composition of the present
invention uses photoactive compounds that release acid upon irradiation. Such
materials are commonly called Photc')-Acid Generators (PAGs). PAGs of the present
invention are preferably active to the radiation between about 300 nm to about 460
nm. They should form a homogeneous solution in the photosensitive composition

20 and produce strong acid upon irradiation. Examples of such acids include hydrogen
halides or a sulfonic acid. The classes of such PAGs include, but are not limited to,
oxime sulfonates, triazides, diazoquinone sulfonates, or sulfonium or iodonium salts

of sulfonic acids. Examples of suitable PAGs include but are not limited to:

25 CisC i
N2
O CoC
HiC / o\ Zz 7 cal, 0=9= R/?; X
30
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1o unsubstituted, l|inear, branched or cyclic Cl-C25

al kyl or a single or multinuclear aryl group having a
wao odoaliiiobe from 6 to 25 carbons; R5, R6, R7 andp@BUS2084/017486

i ndependently Iinear, branched or cyclic al kyl groups

and RO is a linear or branched Cl1-C8 al kyl, C5- C8
339yrdegal kyl , canmphoroyl or toluyl. L5 [0030]

Al ternatively, acid could be generated by a

conbi nation of a PAG and a sensitizer. In such

systens energy of _xadiation is absorbed by the
sensiti szRsandertted in some manner LeOL e PAG
The ed eQeFgy causes PAG deconpo [

& 8@t paci d. Any sui tak oJ-Yof

3 .
0 v may be used.
phot oaci ®@Rgener a generati ng
include, but arg/Ref linmited to, i odoni um
salts, oxim dosul fonates, bissulf@mylw'azonethane
conmpounds, and nitrobenzyl sulfonate “ edters. Suitable
phot oaci d generator conpounds are disclosed, for
example, in US- Patent Nos. 5,558,978 and 5, 468, 589,

whmg:Ri’ .?mda Rl;‘natzner paxta t tre:épbmtu@itw |bﬁear,eﬁrapamel or Ilhﬁ‘élkyl or aryl
| e, 03Gi enerators are, uor aal. _

ordif BERERITLT 1P e Carien Bt ek S bRy | (RO Gngubsituted or
unsubstiastedslindas, Brageied ér éﬁli@@-@}% ald§l & 551418@661' mufffddibar aryl

Sti}_‘l other suitable exanpl es of phqtoaci enerators
grapshaying greld) ot fremohite gpsadanse , Rt R pRe apd Kl arerindependently
g, Brercied of RO HOpPaa K115 S8 et or branched C+-Co allt, Cs-
Cetayrigakily Fampherayiantelexaf | uor oar senate, ;o

tri phenyl sul f oni um hexaf | uor oar senat e,

tri phenyl sul foniumtrifl uoronethanesul fonate, 15 WD
[0068)4/ 11 14EEn#TEIVSRIACLUN] Bd §Bnera82l FBa&ombination of a PAG and

a %%Tngﬁlggi : Igllt Qn}ébﬁsylsf;eﬁrns; %ﬂ%r@ﬂoﬁ F:ﬁlacggt,oa‘nés absorbed by the sensitizer and
traghmﬁ?dyinth sdsmehlntdmntiﬁrhﬁr?omee?ﬁm qhiepfrérﬁ&?nittﬁclj ene&gy causdes PAG
-nitr enac etra r i ophenjum _chl ori de, .an
deﬁgrﬂyﬁlﬁtﬁy_afg ?W?%@I'ﬁ%ﬁﬁ;r oé\w @H&;@lgjgimﬁtoamd generator
comipbond dﬁac?/ bel Gd232] Bdﬂéﬁléoélé’és_egxéfm&&a@é deretaBisegenerating

hqt oaci d generators for use int i nvention )
SUF‘P{&? LRAdS r'%ﬂH@?rylbé'thGnineﬁw lipeited dor sylfeniwas @rf insenim salts,
oxm?ﬁﬁiﬁgﬁéet%% gf&g%ﬁﬁﬁwdﬁd&%ﬁ%ﬁ CbAPBEHAL, %BKY Ritrobenzylsulfonate
es@rﬁ.f éu@%@hg@@gimge@ﬁmt@; compounds are disclosed, for example, in US-
| i QU erfl.
Paﬁé_ﬂrt] desﬂ?%b ggéﬁ?%ﬁéf?ﬁ% den{z% thc%rB&%EeaJ]ﬁérlélir{ By #tBrence.
Othen fsuitable bphetoacd| gemexaters 2ard, ferfluoroalkyl sulfonyl methides and

perfluoroalkyl sulfonyl imides as disclosed in US Patent US 5,554,664.

[0031] Still  other suitable examples of photoacid generators are
triphenylsulfonium bromide, triphenylsulfonium chloride, triphenylsulfonium iodide,
triphenylsulfonium hexafluorophosphate, triphenylsulfonium hexafluoroarsenate,
triphenylsulfonium hexafluoroarsenate, triphenylsuifonium trifluoromethanesulfonate,
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.0 trimethyl phenyl di phenyl sul foni um
per f | uor obut anesul f onate, 2,4, 6-

wao eoonit1gé phenyl di phenyl sul f oni um benzenesul f OPEIE/ES2004/017486
2,4,6- trinmethyl phenyl di phenyl sul foni um
2,4,6-triisopropyl benzenesul f onat e,

33 | t hi ophenyl di phenyl sul f oni um
4-dodecyl benzensul fonic acid, tris(-t-
butylphenyl)sulfoniun1perf|uorooctanesulfonate

dup@%@étﬂgl drﬁhe”ykﬂﬁ J@J Oni Ubhdrdcyldimethyisulfonium  chloride,

anesul ona
phénacy&ettaﬂydto]ﬂnpﬂmrythms ud:tﬂmdeu m4&nitrpphenacyltetrahydrothiopheniumn

r ben Ifon te
chioride, SR G RAE R e ed Aol BRY T SFIde: ang
pheplyl t hi ophenyl d: Phenyl sul nglgum I f o
er fl uorooct anesu 0 t .
[003Zion o AGHONS FEIMAGE d;eUtEPE Am%?ﬂr?aﬁﬁﬁ%&%ﬁ”ef Usg in this
mv@hﬂorﬁﬁﬁc]ﬁ’&g thbﬁ@ﬂyﬁﬁlfbﬁunﬂ'pléﬁﬁlib)’docté?ié@ﬂﬂfdﬂ‘ﬁte triphenylsulfonium
| uor obut anesul fonate, bis-(t- butyl phenyl)i odoni um

perﬂuembutﬁmﬁulfmunﬁwmhenylwpaefmatﬁewnb ﬁ@ﬁwpyq%tféﬁﬁu'mnate

nate, di ph -n-
meﬂgﬁpﬁ ugr oct nesu'%nat e, bis-(t- I%dreg&g%grwflog‘?tgdom um4 "
bumnymmgkilpwwmlau@nlms (t - butperf tqmeﬁuﬁﬁmatm 2,4,6- 246-

f
it RELOBENIBRERRRRHYL " L5 relfiiPuElERKIoRET LI 246
trinodth@phérajidiphertytsuifaniuch gener at ortenzenesufenate, t hi s 2,4,6-
gAY RTORBI eneoui f ony o SoHREPR RSN enesulfonate,
hérg)ﬁfy\liﬂphlerﬂdmhé lﬁlﬂf(bhh,?ﬁ ( 14-Hodéedyibenaghsulfonic  acid,  tris(-t-
sul f on azone
uBlRBeRYIRUIPRUThy | ceRRBPRBRSTYaNAS o et HEEDUtghenyb)sulfonium
peﬁlh%(dbu@{e%mf&’féié!' sul fonyl ir@(—ﬂb@tglphbﬁm%ulfomum 2,4,6-

i s(cycl ohexyl sul f on I azomet 16 WO
trns_mmqmt;em@eeadfma@o%w(wvwmenﬂﬁylf%@@ benzenesulfonate, and

b A

2- met hanesul f onyl - 2- net hyl - (4-

hyi t
[0 : i ?/ret Wﬁéﬁgﬁ%{?@ﬁﬂ%g SI% (l)ur%\/ ls?lr’gse E r ng.e in thlsllna/entlon Tclude

butreartey | satl fliotited- 4o phdiplyény?- hndbalunneperﬂuorobutanesulfonate bis-(t-

oulyiRtAROREIIEL 1 oRgiuaobyBrERUBYHER, oo myT s Rgontum

pefitucfbatighdsulfonate, dlphenyl lodonlum perfluorooctanesulfonate bis-(t-
-C clohexylsulfonyl -di net Qy ﬂ
bug)d;me@yalog Qigmy - benzenesulfonate bls-(t uty phenyl)lodonlum 2,4,6-

tru%ﬂggfé{?\%ﬁéﬁéﬁﬁﬂﬁa@&)ﬂnﬂ “dhrmdfidihiih 42néthbx?\jbéﬁ2en-sulfonate.

[0034] Further examples of suitable photoacid generators for use in this
invention are bis(p-toluenesulifonyl)diazomethane, methylsulfonyl p-
toluenesulfonyldiazomethane, 1-cyclo-hexylsulfonyl-1-(1,1-

dimethylethyisulfonyl)diazomethane, bis(1,1-dimethylethylsulfonyl)diazomethane,
bis(1-methylethylsulfonyl)diazomet'hane, bis(cyclohexylsulfonyl)diazomethane, 1-p-
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nmet hyl et hi yl sul f onyl ) di azonet hane,

1-di azo-1-(p-toluenesul fonyl)-3, 3-di net hyl -
whoeioanoreg 1-di azo-1 PCT/US2004/017486
" -benzenesul fonyl - 3, 3-di net hyl - 2- but anone, 1-di azo-1

-(p o tol uenesul fonyl) - 3-net hyl - 2- but anone, cycl ohexyl
3304g8gazo- 2- (p- toluenesul fonyl)acetate, tert-butyl

2-di azo- 2- benzenesul f onyl acet ate, isopropyl -

di azo- 2- net hanesul fonyl acetate, cycl ohexyl

toluangétﬁféﬁylz’r- RHIoRPYIa26RERERe, tert- butyl 2o methyl-2-(p-
di azo- 2 {99 o uenesulfonyl)acet ate, 2-nitrobenz

I
tolugnesyilfgayiBprapieniignene.2, 6- d| ni trober&methanesulfony 2-methy| (4-

Ry PSP AONEL 2.0 Bl A SRR, e

memglaslhnykéfmenmlez bd@nbm, are not |im t ed(ayolohexylcarbonyl-2~(p-

oA TR SR eroorpyiggpmtnans. -

diaigi-crdohébey&uﬁle&ﬁ,:pUmgthyl ﬂbmammmzofl uor ene. 01 -diefas6y1,1-
. e |ate C Lin this invention should
d'mgﬁweéh sxﬂ{onyli-gsif- U(‘%fﬁé‘ OR)n units (n=1 or'"&ey-i-(1-

meﬂ‘\?l@myfédﬂfbnﬂ)d‘ at@iiﬂHtﬁand“ er aﬁﬂlazd\ﬁ t(p-tenenssutfonyIp3rBdmethyl-2-
ter PAG. Irradiation, a carbocation. is belleved to

butgroneer medrdiade-Phersanesifonykd g- dAnzgshyl yRutaneng. R H “giazo-1-(p-
to|déhb%n§| §t}ﬁeﬁ®fﬁ’-ﬁﬁ%bﬁé‘ formed tyQBhde crosslinkgbo-2-(p-

an theh react "'wth an group inh a poI mer chain or
tolugnessigoyiageiatedeeridui & q@zacz benrenesuianylagetniat ieopropyl-2-
diaZd- Q—gn s 'If8ﬂ¥lﬁc9état%v‘@¥<9 2 (ﬁﬁ‘r?gzr-ﬁb feQneQEIch cetate tert-

Cr OSS alns re
butyln2cdlaze-IZ-(twthIL@ﬂe&Hbml)aQetatﬁ,e zsmlﬂ@wzwmwwe@esmfoaatee. 2,6-

ainlo B0 500, oIt dEss Lo | o2t Ul heray, P
triflaeromletniverandesuifenbtes the solubility differential with

the unexposed areas necessary for image formation.
Enough crosslinkers render it insoluble. H3Q/CH3 3

[0085] N HB&kafplesCH&¥ sensitizers include but are not limited to: 9-
methylanthracene, anthracenemethanol, -acenaththalene, thioxanthone, methyl-2-
naphthyl ketone, 4-acetylbiphenyl, 1,2-benzofluorene.

[0036] The latent crosslinker of this invention should contain at least two -N-
(CH,-OR), units (n=1 or 2). When such structure interacts with an acid, formed after
PAG irradiation, a carbocation is believed to be formed (US Patent US 5,512,422):

+

H
"™N—CH—O0—R ——»  “N—CH,
& &

The carbocation formed from the crosslinker can then react with an OH group in a
polymer chain or undergo a Friedel Crafts reaction with an aromatic ring. Reaction
of two or more such sites of the crosslinker with two or more polymer chains results
in crosslinks as shown in the scheme below for R = Me. The crosslinks render the
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H3C-0 CH3 HzCG-N CHz + ~N HzC~ + ~CHz N + H2C CHz

J\ 1l O-N/ 5 The latent crosslinker of this
wo pwentizoh nmay be a singl e conpound, an ol i gonRBCT/US2004/017486

pol ynmer, or mxtures thereof each containing at |east

two - N(CH2OR)" groups. Such crosslinking agents may
330788 epared by the reaction of a variety of polyam no

D conpounds with formal dehyde in the presence of

al cohol s such as nethanol or butanol or in other

polymey 48dsS sHIableOWE debopst %&%Féaftéﬁﬁé %Bwﬁhﬁpduf@é’r%'l SWith the

of suitable polyam no conpounds inclu
unexosee AEeas B@F@ﬁ?@%ﬁ@rﬁﬂ?@g fogmatiost ur Eneygh crosslinkers render it
insfiuglganam nes, as described in US Patent No. US
5,545, 702, and guani dines. - 18 WD 2004/111726
PCT/ US2004/ 017486 339. 7868 [ 0037] Exanpl es of
sui tabl e cl asses of such latent crosslinkers include
but are not limted to the al koxynet hyl mel am nes, the
al koxyanet hyl gl ycol uril s, Py et
al koxymet hyl benzoguanani n Xthe
al koxynet hyl di guanam nes d/d.Q ved from 5 di guanam nes
as described in US Pat ent w US 5, 545, 702, and
nmel am ne or benzog N‘JL\ ol/gcm@ﬁss as described in
US Patent No. US 6 Zrb8N SPeelfic exanpl es of
conpounds havi ng nul t| Ble -N(CHMOR) n units include
but- are not Ilimted to: ONNNOCHSC4H90 pOCAHO
CAHOO--HN N OCAH9  NYN Y N'CH30~ Y Il 1-OCH3 CAH9O-J N
N'-OC4H9 N N He Gy —CH; '

=9 PP e
g P~

0 R0

L~ —
WILN/*\TQ Y

The latent crosslinker of this invention may be a single compound, an oligomer, a
polymer, or mixtures thereof each containing at least two —N(CH20R), groups.
Such crosslinking agents may be prepared by the reaction of a variety of polyamino
compounds with formaldehyde in the presence of alcohols such as methanol or
butanol or in other solvents followed by an etherification step. Examples of suitable
polyamiho compounds include ureas, melamines, benzoguanamines, glycolurils,
diguanamines, as described in US Patent No. US 5,545,702, and guanidines.
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Il I NH OCH3 OCH3 C4HgO OCAH9 CAHO 0 CH3O-1 r OCH3
CAH90-1 ~OC4AHg CH3OCH2- N- CH2OCH3  CH3OCH2~1 CH2OCH3 N N
WO-20d4Mi17D6 /N~ N O NI ~O C4H90-1 ~'\ LOH ~-- N PCT/US2004/017486

N, ' -~N~CH2OCH3 CH2OCH3 CH3O -1 LOCHS N)--N 1~&

CH3OCH2., N \CH2OCH3 Materials having -N(CH2-OR) n
339868 are avail able comercially from Cytec

I ndustries, and Solutia as the Cynel, Powderlink, and

Resi nene series of products. .5 [0038] Wen the

| atent crosslinker is highly reactive, the dissolution

o§f e Giarhes BEYIE Hastragn sups BN Tossingar mslude but are
notinfiegéd eth cmessdrkda@memﬁmrbmwetshetﬁemérk&lyah@hﬁ/rdr;%olums he

renove solvent. This results in a di'ssol utio

a'h%r@erhrheﬁéowaﬁu%% arheasalreryn@mmguanmgeeprsreaved from
5 digUaPaRHRs"ds 36&099&5 o Umtgﬂt Ric? | nEL@fG 763 &fﬁ The amipe or

context, a highly reactive Cross 1s'd
bepreguaRBTne POYEIETNRS deAey ingia Idd-ﬂ$ igpteieNG.ny$ &), 52(4{;\108. t Specrfrc

oEIese e ISP IR BT RO Butae o

limeT te)S2004/ 017486 339. 7868 seconds on a hot pl ate.
Sonme nel am ne type crosslinkers e.g. Cynel 303 are
o %plcal exanpl es of highly reactive crosslinkers.
F Qt her*“enbodi FEtg of t he~PElent icmonay use __OC4Hs

cr opsb s of |ow Nty. To avoid pogf |
C%ﬁn‘%%pmdﬂitr@g@ﬂ ? ¢t es, hi gherN

terrper\qrfure are preferred vvever t hose skill in
t he g y will recogni Zp- PAGs of proper

t her oah, stgbility nust )p@)chqgefqbto avoi d degr adsd,ion
of the

CH;0CH;—N—CH,0CH;

CH3O—| [—OCH3 C4H90_] I—‘OC4H9
0=<NIN>=O c4H90—J l—OH >—N /kN/CHZOCX'h
CH3O—] LOCH3 "CHOCH,
CH;OCHz >—N
“CH,OCH;

Materials having -N-(CHz-OR), units are available commercially from Cytec
Industries, and Solutia as the Cymel, Powderlink, and Resimene series of products.

5 [0038] When the latent crosslinker is highly reactive, the dissolution rate
modifier should not contain carboxylic acid groups. The carboxylic acid groups help
catalyze undesired crosslinking during the initial bake to remove solvent. This
results in a low dissolution rate in the unexposed areas following lithographic
processing and poorer imaging properties. In this context, a highly reactive

0 crosslinker is defined as one which crosslinks enough during the intial bake to

decrease the dissolution rate to < 1 micron/minute when baked at 100 °C for 60
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l'i thographic properties caused by acid generation from

thermal deconposition of the PAG In a preferred
wepdsedirent , phot osensitive conpositions enpl oRCTYS10041017486

o reactivity crosslinkers also enploy a dissolution

rate nodifier which contains carboxylic acids.
339xeewl es of low reactivity crosslinkers in this

context include glyoluracils, e.g. Powderlink. [0040]

The dissolution nodifier is added to increase the

seddings oh & hdtﬁlate-?ltSomé mélamMRAPSS 8dsAMRES e.§ OFALE303 are typical
sl i_nkin i nprove the overall pertformance of

eX?WQF esah high! 'ie?‘ﬁﬁ‘]"e FResliBkedpl es of dissol ution
nodi fiers include, but are not limted to, polyols,
henol i ¢_conpounds with at |east two hydroxyl groups,
[005% com$¥herd mbegdimentai efgtheainyention anaiciuge. crosplnkeds of low

reaem.gol T ALl h&%@béefd %ﬂ%th%ﬁﬁmg J%QQH%E' fi igher bake

rials, whic ve nor e F'ou
temmtweoaresmreferm éﬂ¢\&¢\§r ctaﬂS%lBlgﬁed:mrthalam mlagtvweli cwbgmige that

c Y, r s, of I
PR SRR BA ERHE AR, AR sl YBlgmion o e
Iithog;rephilylpemmr@ﬁg/cmlslsdmyl qolai ggfrmfarlinr?ﬂrmn d)lherlnm dpydlmpeslltuon of the

y i pr.o ycpl, pol.ypro en ycol , .

PAg Y a8 prefsitn BBt BRntosBiRiNR' EBhaPolip Hribioying low
reacijityo besalired@islalso hemploy a dissolution rate 7n20d|1‘|e(;I which corzjtams
cargbgllglcgsg: gd[ﬁ%@%t \é ﬁﬁté:leq\%ltvhy (crosshnlke?s |n6 |seggnntgxta|rr]1clude
glyBurichyle-@-Rdwedmiy met hyl ) - 1, 3- propanedi ol . [0042]

Phenol i ¢ conpounds with at |east two hydroxyl groups

are materials containing at |east two hydroxyl groups

[OOEIDI aChed‘hbodléétﬂhtﬁﬁ”ﬁ]onfleFj'lsf E\Sﬂ@d“% PSR the Glséblﬂﬁtﬁ-n rate in

The aromatic rings can fused, connected direct
UNeXpRPRE: AteRSt mqugﬁ crossgmmg/@@@mmyg 1y gverall performance of the

forrﬁ@a_ﬁ&ﬁzqw %ﬁ?ﬁ?@s o?ﬁ%ﬁglgﬁ%xﬂfb‘alff%?s HeMfledbuf %F@ RBt limited to,

at ons. Itionto roups, these
POIWIﬁgBhenSmn doavapundh ewiths abﬁast l!wmhydmxyh gemipal Iaylti compounds

oups. The nol ecul ar wei ght of these
corﬁélpfﬁp Cg Og(ggcﬁécf'%ge from about 100 to 30, 000. Exanples

of such materials include but are not limted to:

t 4 5 hyd t .
ooBHF 22 EARRR ot iy B AOALE SRS SRR S neve
mof tha Wm&mvogmupm W hadtiitiony sty englerialkoeah 24180 contain

and, cal i xagrenes. [0043] The dissolution rate nodifier

hetﬁ%atcg%fsaﬁ: ag g, Qsnirgeeyi ﬁ@ples of polyols include, but are not
limited to, ethylene glycol, diethylene glycol, polyethylene glycol, propylene glycol,

tripropylene glycol, polypropylene glycol, glycerol, butane diol, hexane diol, sorbitol,
cyclohexanediol, 4,8-bis(hydroxymethyl)-tricyclo(5.2.1.0/2,6)decane and a 2-
oxepanone co-polymer with 2-ethyl-2-(hydroxymethyl)-1,3-propanediol.

[0042] Phenolic compounds with at least two hydroxyl groups are materials

containing at least two hydroxyl groups attached to the same or different aromatic
rings. The aromatic rings can be fused, connected directly or connected through
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carboxylic acid groups. Such conpounds can be

nmononeric or polyneric in nature o and contain
w@e@aati7es or al i phatic noieties. Exanpl es of SPEUS2004/017486

conmpounds include, but are not limted to the

follow ng structures: OHOH HOOOHO H O4 O HOO O
3308680 OH .5 OO OH HOOOHO O HOHO O AH - 21

WO 2004/ 111726 PCT/ US2004/ 017486 339.7868 O OH O OH

nNH OH OOHOHO OO0 CHHOOH HOOHOO

one or several carbon atoms. In addition to hydroxyl groups, these aromatic rings
can have other substituents such as alkyl, ether or ester groups. The molecular
weight of these materials can range from about 100 to 30,000. Examples of such
materials include but are not limited to: hydroquinone, 1,1,1-tris(4-
hydroxyphenyl)ethane, anthrarobin, 2,7-dihydroxynaphthalene, 4,4-biphenol, 3-
methoxycatéchol, poly(hydroxystyrene), novolacs, and calixarenes.

[0043] The dissolution rate modifier may contain compounds containing
carboxylic acid groups. Such compounds can be monomeric or polymeric in nature

and contain aromatic or aliphatic moieties. Examples of such compounds include,
but are not limited to the following structures:

o jf\/\/\/\(
OH
HO
OH

OH

O .
0 |
Hoj_@ @ OH HO OH

@) @) ZYOH
HO o OH . O
HO OH , /[L
O o) — OH
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15
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5 [0044] A preferred class of carboxylic acids in the

present invention is polyamc acids. A preferred
w@eiogam7es aci d has structure (VI1): LA OH 10 HEEFUS2004/017486
"NH-Ar-NFt 0 O VIl where n is an integer ranging from

about 5 to about 200, and Ar5 and Ars can 15
330/7degendent |y be aromatic or aliphatic, and preferably

Ars is a divalent aromatic group, a divalent

het erocyclic group, a divalent alicyclic group, a

di val ent aliphatic grougythat may contain silicon, or

m xturgs thereof, and Ar§l is a tetrayal en romatic

group, aval ent he Wclic grypup, et raval ent

cycl oal i phatic gr i j

group, i he proyj t hat each vale hag at | east

one of*the 20 other Val ences ortho to it: referred

range for n is fromabout 25 to about 175. A nost

preferred range for n is fromabout 50 to about 150.

Pol ymer VIl shoul dCbe conpatible)mﬁth otEpr

conponents of the @H’bve-v\or ki 19 phot osdnsitive
conmposition and_beg so | e i nghhe~aguequ Ml oper. -
22 WD 2004/ \ PCT/ 3)?5[%004/ 017486 BO. 7868 [ 0045]
Exanpl es a g structu | are prepared

by reacting OnononersQVIII|l and | X, whére Ar5 and Ar-6
can i ndependently be aromatic or aliphatic 5 5 O NH2
Ar6- NH2 OVIII O I X noieties with or w thout

er oat ons, i i val i.C_ .
‘°gﬁtér oup, a dl'ggll%é%&{]@% gér)%fchg* i é" 'é?@ﬂ%f" tgmejn:?é% ém‘r’%{"?" 1S
pobkinig atids. Hrpveferred poiyaalieacid dias sivattuce (Mihoup t hat may

contain silicon, or m xtures thereof, and Ar5 is a

tetraval ent aro I C ropip, a tetmaval ent
het erocyclic gr t et o?} ent cycl oal i phatic

group, or a tetjavale alicyclic group, with the
provi so that each | eice_h
ot her val ences ortho o if.

st one of the
of one type or a m xtore of

be a di anhydri de

Vi

where n is an integer ranging from about 5 to about 200, and Ar° and Ar® can
independently be aromatic or aliphatic, and preferably Ar® is a divalent aromatic
group, a divalent heterocyclic group, a divalent alicyclic group, a divalent aliphatic
group that may contain silicon, or mixtures thereof, and Ar® is a tetravalent aromatic
group, a tetravalent heterocyclic group, a tetravalent cycloaliphatic group, or a
tetravalent alicyclic group, with the proviso that each valence has at least one of the
other valences ortho to it. A preferred range for n is from about 25 to about 175. A
most preferred range for n is from about 50 to about 150. Polymer VII should be
compatible with other components of the negative-working photosensitive
composition and be soluble in the aqueous developer.
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30

.5 several dianhydrides, provided that the fina

polynmer is soluble in the photosensitive conposition
waelnant726 Exanpl es of VI include, but are noPCT/U8i00€0l7486
“to, the follow ng dianydrides:

3,3 ,4,4" -bi phenyl tetracarboxylic acid dianhydri de,
339378884, 4'  di phenyl sul fi detetracarboxylic acid

di anhydride, 3,3'4,4'-diphenyl sul fontetracarboxylic

aci d di anhydride, 3,3",4,4'-benzophenone
[OOHSI rac aER%Ele'sCofaﬁfblﬁngisaﬁMﬁ’d kfigeture I, é*e“prepé’red by reacting

| met hanet et ragar boxylic acid di anhydr
mOQO'EerS ﬂ and 1 Wh@'ﬁ)ﬁ"n@f‘ﬁ&ﬁe@é‘t'ﬂﬁ%ﬁ*@@%w’ P% aERf'ﬂ%F'C or aliphatic

dlanhydrl , 4' - bi phenyl tetracarboxylic acid
di anhydri d€ 3 , 4' - benzophenonet et racar boxylic
acid dlanhy r|d dlanhydrldes of oxydi phthalic

aci ds, 3,3',4,4‘-

dlphenyl ' rboxylic aci d dininfryoAitodH
(4,4 -oxydijpht h |c acid di anhydride), !5

2,3,6,7-na ﬁKFP| net et racar boxylic acid ﬂkanhydr|de
1,4,5,7- n & enet et racar boxyl i ¢ aci d“di anhydri de,

2, 2-bi s(3, 4-di car boxyphenyl ) propane di anhydri de,

moitigs ith( ar &lmbgahb@fwbmsylamrpr@ﬂﬂ@blgli mﬁhsoh idikalent aromatic
2,2-bis - di car box phenyk) hexaf | u rop 8
grogP o qr&@etqrosycdfppﬂﬁ i mEvaent gliopiog ivalent aliphatic

gro§ Qheﬂ flay 83ritainad] I%ﬁ%br‘ Pi@skd t@r@éﬂ"‘ﬁﬁé 'A@ls alte‘ﬂra5alént aromatic

apht hal’enet et racar lic 30 |anh dri de
grogpza tetravalgni hetejeeystie afammowmr@vad%tdcm%ﬁ%ﬂq geoup, or a
tetr% %er?t aélg%cheﬁr% gﬁtﬁ%ﬁg@g@@%& blégl‘?‘gigll@n@é _ﬁé@wl'ébgkeone of the
othgoaalanwg@hqpm/itusvtbbaamb¢4$elanbs@|dﬁee'80de émeyaf iadalxture of

sev% é d%n%gﬁ@tﬂ%é Ir%’an i ene r aca?%‘ghglr ?scécguﬂg%médﬁﬁdi@sensmve
cmmwmmmmEmmgmwmmmmwmwwmmmmmem
ey RRECT | 45 el s el ORS00
dipHémyidufitisieteacalosdylic asid dfanthydvidey Gm‘désdlpbermmtﬂsnﬂehasaboxylic
B A N ST T T
dipAahyirhblanbRYaBarborgicof t Aeidst r unianmyeisideX - XI 1)1 22,83 O -
diphoenylmethanetetracarboxylic acid dianhydride, 2,3,3'4"-biphenyltetracarboxylic
acid dianhydride, 2,3,3'4-benzophenonetetracarboxylic acid dianhydride,
dianhydrides of oxydiphthalic acids, particularly 3,3',4,4'-
diphenyloxidetetracarboxylic acid dianhydride (4,4'-oxydiphthalic acid dianhydride),
2,3,6,7-naphthalenetetracarboxylic acid dianhydride, 1,4,5,7-
naphtnalenetetracarboxylic acid dianhydride, 2,2-bis(3,4-dicarboxyphenyl)propane
dianhydride, 2,2-bis(2,3-dicarboxyphenyl)propane dianhydride, 2,2-bis(3,4-
dicarboxyphenyl)hexafluoropropane dianhydride, 1,3-diphenylhexafluoropropane-
3,3,4,4-tetracarboxylic acid dianhydride, 1,4,5,6- naphthalenetetracarboxylic
dianhydride,  2,2',3,3'-diphenyltetracarboxylic ~ acid  dianhydride,  3,4,9,10-
perylenetetracarboxylic acid dianhydride, 1,2,4,5 naphthalenetetracarboxylic acid

- 23 -



5

0

z Z- gO 0O0O00- 000 XXI Z- (40 0-, OOXI

.5 where Zz= -0-, -S, -C(CF3)2-, -CH2-, -S02-, -NHCO
wW@eo4/S1I(7RL1) 2- (R' is a linear branched or cyRCT/US2004/017486
“al kyl group containing up to 8 carbon atons) In

anot her preferred enbodinent, Z= -0-. [0047] In a
33978968 preferred enbodi nent, at | east 80% of the total

anmount of o dianhydride of Formula VIII conprises
anhydri des described by structures X -XII - 24 WO
duarﬂ@laﬁdé,ll72ﬁ4 BELhASIANENORTF4ERbO3RE . 681 ulaﬁh?erde— -1089 10-
referred enbodinents, the anhydrid

PheOPP r%neéetras?a oxylicy acicy AEN IS aétté%(?&c@raﬁwmtenae%ane
dlargiggﬂbé( dri de 1(gis(, 4-@?@1&% M@ny!)éthﬁﬁé d dij fdede, 1,234
m xture of 95- 859 ODPA and 5-15% of
benZeQetﬁtrﬁcarB@Wﬂ@@ﬁtdeﬁ%{Hﬁ[ﬂB@ﬁ(y Miduggsaiiephygdadesmyen asthose

narﬁé@%ya—l@@bgh@g&l ne nononer of structure | X can be a
singl e o|| amne or a mxture of two or nore di am nes
provided that the final polynmer is soluble in the

t ose
[002@0 ﬂ?%h e‘f@rrééd’gig\t% LR eogaihyaﬂa? f}\ﬁﬁ?%gﬁsé%f athébst one
matdarlaihawxgondnfdhesﬂuctbeasﬁ(e-ﬁ(ll) ndi vidually or as a part
of mxture: 5(6) lo
di am no- 1- (4- am nophenyl)-1, 3, 3-tri net hyl i ndane
(DAPI), m phenyl enedi am ne, p- phenyl enedi am ne,
2,2 -bis(trifluoronethyl)-4,4"-diam no-1, 1" -bi phenyl,
3,4' - di am nodi phenyl ether, 4,4'-diam nodi phenyl
et her, 3, 3'-di am nodi phenyl ether, 2, 4-
tol yl enedi am ne, 3, 3' -di am nodi phenyl sul fone,
3, 4" -di am noddpgieny=aul f one, 4,4' - di am nodi ph

sul fon , 3' - di)as nodi phenyl net ha 4, 4'
z
o
o o] o= 0
o
X Xl
Z
\ o
O
\
o)
Xl

where Z= -O-, -S-, -C(CF3)z-, -CHz-, -SO3-, -NHCO- or —Si(R")- (R" is a linear
branched or cyclic alkyl group containing up to 8 carbon atoms) In another preferred
embodiment, Z= -O-.

[0047] In a more preferred embodiment, at least 80% of the total amount of
dianhydride of Formula VIII comprises anhydrides described by structures X -XII
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15

20

25

30

15 di am nodi phenyl net hane,

3, 3' -di am nodi phenyl net hane, 3,4'-
wale@aitnoed phenyl net hane, 4, 4' -di am nodi phenyl RET/O8m®04/017486
- 3,3 -di am nodi phenyl ketone, 3,4'-diam nodi phenyl

ket one, 1, 3-bis (4-am nophenoxy) benzene,

339,78691 s(3-am no- phenoxy) benzene, 1,4-bis
(y-am nopropyl)tetranet hyl di sil oxane, 2, 3,5, 6-
t et ramet hyl - p- phenyl enedi am ne, m xyl yl enedi am ne,

where ¥ ¥l enediafidmose BretBirély lefibpdinfdts ethe dlanhydrlde of VIII are
t et ramet hyl enedi am ne, pentanet hyl enedi a

3%%@1%@@@9@9ﬂqﬁgrboxyhc acid dlanhydrlde (4 4'-oxyd|phthallc acid
d:a%n?ﬂ \dTEOPBANE KR TR L;eB?Obsa@% €of 20DPA and 5-15% of 1,2,4,5
0 ep

xyhexa thyI enedi am ne t amet hyl enedi am ne,
bepzenetetranarvopylie ginnhysdride| (BNEM)ani ne,
3- et hyl hept armet hyl enedi ani ne, 4, 4-
di met hyl hept anet hyl enedi am ne, oct anet hyl enedi am ne,
[oedB8]anet hithe diEmineimenon@dr of structure IX can be a single diamine or a

mlggg%%ﬁé%hﬂ%%gﬂgﬁ ese;erﬁgﬂdgﬁqéc atll?]e f|n,al polymer is soluble in the
phptaspyisitvee doraposition QoIQerttl rﬁtdn)ﬁlq&r opIN imciede abutngre not limited to,

the JATniNe dpdiesn nich cop be (et NGLplkaTana, pest gfmixure: 5(6)
dléihiﬁmﬁ@%l?ﬁ@Fﬁ@nyl) -1,3,3-trimethylindane (DAPI), m-phenylenediamine, p-
I.met hy

phgRylgBRYEMERexy | )%tt}ﬁ%‘ E?ugf%fﬁgﬁ%*m@tﬁgﬁﬁ Hy|°5°ﬁs9¥|ane 34

dlé’ml%odlﬁﬁeﬁk}l %Wd'@ﬁ%h@dlbﬁ@\w ether 3 3’-d|am|nod|phenyl ether, 2,4-
di am nodi henyl et hne, and 4 ~'di am nod ip

yl
toly@nﬁdla@me 28,3 wmmmmmm%ﬂmmmw “stlfone, 4.4-
dlagﬁ@ dBRend. O I amiRay ' | di ne, 3 ZigmbapheAieianes.  44-

|amno4t I'uor oret hyl pyridi ne,
dl@m@nﬁpbenylmethan@xadu azol 3,3 dlﬂﬂmcﬁiiﬁh%wflﬁtmane 3.4'-

' dlﬁh@ﬁaﬁé%ﬂapefha 4&%@&1 ou oanm kétbﬁk? 3,3"-diaminodiphenyl ketone,

ene- bi s(o-¢
3.4 - dlamimetiphepyl ekdiorg, 31,3 his N&hmdphﬁeyxy) benzene, 1,3-bis(3-amino-

phfhgxy)netqf%%%lﬂg g:@{g et h@ﬁﬂ“ rgal%etjamethyldlsnoxane 2,3,5,6-
teﬁameﬂwx,&pdeaylemedlmnmé 4' -owxﬁdyleneé(ﬂammehoxyarp-kylylet)edlamme
oro i 1ine -thig-dianiline, .
oD BRBEIIS 5. ( 2- nELATEUMTTREING, 4 -t nPBTBI ety Etiamine,
héi@Hé&f@ﬁf@ﬂidmlgé) I4 4' - p[§. dlrr@tlﬁrlfl’(e’&aﬁi&ilgdmidnhme,), ; 3-
sul fon i aniline, 3, 0 I api Jne an

methexyiiexa ﬁ’@'ﬂeé@ﬂ'anan? 0049] |n¥'§PW¥G‘éh¥J 2,5-
difBRfHepRMethfbAGIARINe! X) COSIﬁfelttWﬂfep@émétﬂ?léhedlamme 4,4-
cconpound wth the structure (XII'T) X'

dimethylheptamethylenediamine, octamethylenediamine, nonamethylenediamine,

2,5-dimethylnonamethylenediamine,  decamethylenediamine,  ethylenediamine,

propylenediamine, 2,2-dimethylpropylenediamine, 1,10-diamino-1,10-
dimethyldecane, 2,11-diaminidodecane, 1,12-diaminooctadecane, 2,17~
diaminoeicosane, 3,3'-dimethyl-4,4’-diaminodiphenylmethane, bis(4-
aminocyclohexyl)methane, bis(3-aminonorbornyl)methane, 3,3-

diaminodiphenylethne, 4,4-diaminodiphenylethne, and 4,4'-diaminodiphenyl sulfide,

¢ -
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- NH2 5 where E=-0-, -S, -C(CF3)2-, -CH2-, -SO2-,

-NHCO or -Si(R')2- (R'" is linear branched or cyclic
wa@bkdoghiige©up containing up to 8 carbon atons).P¢DOSHP4/#17486

di am ne described by structure X1l where Eis -0- is

a preferred o diamne. In a nore preferred enbodi nment
339t78k§ di am ne conprises nore than 80%of the total

anount of diamne I X. The nost preferred diamne IXis

4,4' - di am nodi phenyl ether. [0051] A preferred

- idffel MRS pyAbine! iHin ift@rathéthgipyddine, 2,5-
26 E%W'?%Brﬁ'd?% gilfﬁtelhesi ngga_lfnrébrgﬁl%&gi g]r?%/—g;fﬁjge or ?.lﬁy ,
dianginer k3 dr-oxaskiazele, st r uddodiamicocyglokgxarpl  andiBeragngni ne 44~

radl anl.r of, st ey ; ferg gd ' .
e O 4 e O D e PeRBLfis(3
metbylanilies), zed f4.4imrethyileneHyisiRreibylaniling)anhy dr4.demethyjene-bis(2-

e RHFINRE ¢ SheSpnibl, Y0PER, B RongRindih o6 P o

chigpoafilirre) e d 4pithioeianilote, t Hed'ghiodusi{2-methytaniline).ar 4,43thio-bis-(2-

oA S B AR 2 L e ange. ggsurony
diardiiHe4 Ahd FiRGredGhéerds2004/ 017486  339. 7868

di phenyl oxi det et racar boxylic acid di anhydri de

(4, 4" -oxydi phthalic acid dianhydride, ODPA) and a
[oo&s) yani f amhétenbisied eivbidi@shg @nin@iX) comprises at least one

4,°4' - di_am nodi phen& ether and a m xture of 95-85% of
congorAd A{th the shygtyre XI) 4 5- benzenet et racar boxyl i c

di anhydride (PVMDA). 5 [0052] Pol ynmers having structure
VI| are prepared by reacti nﬁ nmononers VIII and I X
The ratio of | XN N, may beXfkom about 0.90 to about 1.

A preferred ratio o VI | 3-fNam about 0.92 to
"‘o@ of IXNIIl is from
-98. The Teaction time is from

about 0.99. A nore p
wh@B%!= 3B.nQUr _EReaRoulodS RS NHBCR &Y SERRMSD (R is linear

about 0.95 to about
T on tie m a “hours to abo ours.

bradctiaa @ ¢ychid alkyleploup eardaining Up w8 ¢asbém sten®)hours to 20
hours. The reaction tenperature is fromabout - 20 C
to about 60 C. A preferred reaction tenperature is
[posopm ab@uiamife deberibed by structure Xl where E is -O- is a preferred

diamine. In a more preferred embodiment this diamine comprises more than 80% of
the total amount of diamine IX. The most preferred diamine IX is 4,4'-
diaminodiphenyl ether.

[0051] A preferred polyamic acid polymer of structure VIl comprises a polymer
synthesized from a dianhydride or dianhydrides of structure X, XI or Xil ,ar'ld a
diamine or diamines of structure IX. A more preferred polyamic acid polymer
comprises a polyamic acid polymer synthesized from a dianhydride or dianhydrides
of structure X, XI or XIl where Z = -O- and a diamine or diamines of structure IX
where E = -O-, Examples of preferred polymers of the present invention are
polyamic acid polymers synthesized from 4,4'-diaminodiphenyl ether and 3,3'4,4"-
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about 50 C. A nore preferred reaction tenperature is
fromabout 0 Cto about 45 C. The polyam c acid can
wheopnepas ed in situ and the sol uti on added torP€TES1084/017486
conposition or it can be first isolated by
precipitation into a non-solvent. Exanples of
33935% gabl e non-sol vents include de-ionized water or a
ure of de-ionized water and an al cohol such as
mat hanol or isopropyl alcohol. The ratio of de-ionized

dipﬂ%&@%i&%etré&eﬁg&%}h erreg ﬁir{)&"‘"}@@'%%yd%ﬂfhhhé Qac}ﬂp‘éliﬂnhydrlde

nor e pre de- i oni zed wat er
ODRAY Al a |®lyawmeplyg@r syothesizeth frgm gy ¢@mlm¢f@fﬂ%\yl ether

an@ B’@)&ﬁf?og{sg% ér})h‘é prf)o i\féim gheul of ¥ 22 St%rﬁgﬁé’ltetracarboxyhc

enzoxazole précurso
dlapbj/c;mier(PMDA)t he phot oact ive agent(s), the
crosslinker(s), and the dissolution rate nodifier(s)
are dissolved in a solvent(s) to prepare the negative
[0052] ki ng,Paymeeseavirid étmtwemmietprepared byhesctinguweondroers VI

ond 35 PO T B2 Gk LRSSl 155 AR R o o

IX/QOTPRSkbM kabiﬁht 1063 td @PoutsoVl A dioss (pk@ferradj Irattoo oH OGEHL & from
and shoul d cast ui ta | vent s

i Gl At e THESRTIRNERE s 3Lom, FPeift Sy i Bbout 48 hours.

;ﬁ'@fe‘t‘n%ﬁtréactlﬁulﬁﬁe ?Psgfr%rﬁﬁéubﬂ'mu@ 8Gbo0e24 GBls. A more preferred
propyl ene glycol meth

et her acetate GVEA) ,,
reaelioh Ge is(Topn 6d1quss tqié@ hayrss: Fhe geqqtign & perﬁﬁ.g%: is from about —

b 0
20885344 A0 A il jAEER Gpustarh i B 1
abauishiC.oh mwe efereddeattionjeeparatye '@6’9%@1? 410 °G fp alprut 45

'°Cptl‘i’1‘e°§&ga°1h§cr %8idC eWP%%' Bie&?g;?{ :ﬁ% FHn%Sﬁ{ét shIOHEHtddRBd to the

canr omaot 1 out 50 wt % of t ot al
compomtld)rabr iban be fistisaated rbsfqbr@qmtadbm;m a nonesalvet.dnanptes of

t 0L
Su{fé‘%? EPPEq Vgﬁ%‘gg?"ﬁéﬁ %é% COR e;btl'I '%Bd lma if o‘e[\?t?iggn@%ter and
anaélg%ﬁgl agir%wve%methahom |35pmp%ar::¢oftobt'léhe fadionof| det-iooized water to
e anoun t t i L .
o LB5E Sl e AR B oA SRR g o
lorﬂiéw\hatgr B 41608 igrdmbaatdoomo aorabaut 25/75. kemore preferred ratio is

pol ybenzoxazol e recursor polyner. A preferred
fro@bﬁ%‘éﬁt /P fé’r?t}oé'hééﬁéf PAG is from about 2 to about 15

wt % based on the anmount of pol ybenzoxazol e precursor
polynmer. A nore preferred concentration range of PAG

[0053]" ' OM FRO Wolyperzdz8RRAMecdiBoMbdfyRRRSY! tA8 photoactive agent(s),
the crosslinker(s), and the dissolution rate modifier(s) are dissolved in a solvent(s) to
prepare the negative working, photosensitive composition of this invention. The
solvent should not interfere with the photoacid generation from PAG or with the acid-
catalyzed crosslinking reaction, should dissolve all components and should cast a
good film. Suitable solvents include, but are not limited to, polar organic solvents,
such as gamma-butyrolactone (GBL), propylene glycol methyl ether acetate
(PGMEA), methoxy ethyl ether and mixtures thereof. The preferred solvent is
gamma—butyrolla‘ctone.
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t he anmobunt of pol ybenzoxazol e precursor polymer. A

nost preferred concentration range of PAGis from
wW@bauii1326 0 about 7 wt % based on the anount of PGI/US2004/017486

pol ybenzoxazol e precursor polynmer. The anmount of

optional sensitizer can be from about 0.1 to about 5
330 %8 gbased on the ampunt of pol ybenzoxazol e precursor

pol'ymer. [0056] The amount, of |atent crosslinker in

the photosensitive conposition of o the present

i nvention can be about 2 to about 35 wt % based on

anount of pol ybenzoxazol e precursor polyner
[0054] ef er rEie aamaunt o3 Qobdenzoneaele] sP"F%’PﬁrakRﬂNmerS @) in the

phoggg éltl\?esc% ﬁ?o?\egf tﬂ@ p'i'eleen?fm& o@éaﬂ%hﬁ@@ﬂ?o?ﬁé@é&'@ wi% to

ur sor pre erred concentration
aboubBQ) et ofcuotmmmmronu slnfa pmfermdmmgodlmemome canteit f (1) is

ronk 355 W By eSO SBIR, SHBBUERIE p onen
of (1§ Iscfgsrh iablset 28 wi% ito abaitd@f wiSe dibtose fermulesiont % based on

the anount of pol ybenzoxazol e precursor pol yner.
[ 0057] The anmpunt of dissolution rate nodifier can be

ooéspom lab'gh'é aho\mh?/clof PAGIDtHe rmbtménsmae @drrmmstthe afrtbepresent

pol ybenzoxazol e precur sor mer

invepap GagpeiTiora aorbn 1 20mick asedpreamantt of g PalfiiBtzole

pre (ET%r L? Z%}né‘:b%%re?é?red' c&\%ent\/@omﬁ d &fLPRG is from about 2 to about
/[ US2004/ 017486 339. 7868 Wt % based on t he anmpunt

15 piloybrsego2h ABe ARPWHLATSBRIVRRIZOXRF0e. RIGRHFSON PIYDFT-e ¢ A more
pre\%@%H%n@EntPéjfoﬁ%nﬁ@'H?W@ Sorh DBLERBUD dbotk H0twtoabassd on

based on t anmount of pol ybenzoxazol

the pmatint SbPolsymsAZOIR PFRSUISS PENEISF oA SRS MICTBTep spY@firation
rang%n&o%cb 8 Er[)gmpaﬁteﬁg% GoWhBBto 72t badedU SA btﬂéegm@ﬂnt of

e anmount o enzoxazol e precursor pol
polyquﬂzemzloile: pmnmu polyimerefing eyount of ommﬁbge@eﬁy Z@ﬁ@gmbe from

o BB St oty M ShkE P aaph B prooureo

polyrhiéf. erred anount of phenolic conpound is fromabout 5
wt % to about 15 wt % based on the anount of

poI ybenzoxazol e precursor polymer. A nost preferred
[0086PUNt  TheRimowiti of Iaent orosslinker irstrfermmtesmwitive congpasdion of

0 .
tneppeasen epieg en orabeig B i S TERE E Aot o
pol%ér&oxazole precursor polymer. A preferred amount of crosslinker is from about
5 to about 25 wit% based on the amount of polybenzoxazole precursor polymer. A
more preferred concentration range of crosslinker is from about 5 to about 20 wt%
based on the amount of polybenzoxazole precursor polymer. A most preferred
concentration range of crosslinker is from about 5 to about 15 wt% based on the
amount of polybenzoxazole precursor polymer.

[0057] The amount of dissolution rate modifier can be from about 1 wt% to

about 20 wt% based on the amount of polybenzoxazole precursor polymer. If a

polyol compound is employed, a preferred amount is from about 5 wt% to about 20
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groups is enployed, then a preferred anount is from

about 2 wt % to about 15 w % based on the anount of
w@olghernzoxazol e precursor polyner. A nore prePEr/USI04/017486

anmount of carboxylic acid conmpound is from about 2% to

about 10% based on the L5 anpunt of pol ybenzoxazol e
33pI7eegr sor pol ynmer. A nost preferred anount of

carboxylic acid conpound is form about 2 wt%to about

5 wt % based on the anobunt of pol ybenzoxazol e

W S58eidSEH theCAnBEt- of [p@%ghz%.@olélﬁéﬁlﬁs&fpcﬁﬁhéfremmb% ;Bﬂéférred
for mJI ation of the photosensitive =zo conpositio

amayat iof Pokyel GﬁmESH”%és frPEnRRet » Wik tﬂ:ta%l{td%‘BV&tba@?d van the
arr%dhf of Slybé’r‘iﬂixazdlé urscﬁ M&ﬁ@égf]f rﬁ%ﬁi‘%&rréé afrrfcﬁlﬁ‘t oté polyol

about 0"t o about he negatlve wor k

comweva@,elﬁswmv@b@@tnﬁoy% th a@p% H@ Wi%hs based oy &g |amount of
t di

PobARnAEBE RIS A £ 4 Shen S8R0 S bhplhge. <

prefared gt ifiomahed wtpr nahait 20 Yvﬂ@w]sedfon the amount of

oo BhAHEe! WiedPR"bofet e8! AP ERk Bl T EGE pherolc
coapound ief froml wbeulz Sx Wil & mbeuuriSomwt%pbbyercran Ahe amount of
a nt _ of he on t i.s fram abo | .

polpehgHegbienattetisd, RS, b SRR Fhis o TG & prenoiic

comployhe nis oftamo laboplr 8Cc wt%oto [EbloutTel2. wilombased 2fh thD amount of
gﬁgM 1117|26 PCT/ US2004/ 0174h86 339. 7%@8 B{ eferr % i id

POYREI*A6P'CaBIRENTSON RYSAH: er'" iBs CPPBAUL SAPISING | = ylic acl

greupsLib e*ﬂnpféyeo%ché?ﬁé pfcfofied AmoaRDidTror bl ¥ WenzeXxdool &5 wi%

precursor poly Sui t abl e adhesion pronoters

baﬁﬁ‘él%ndﬁ‘e P'@S‘PUE&QMRPB{be%ﬁXﬁ@'@l9r§%§°r BPIMET-x tAyraarepreferred

antbtint bﬁbbr‘b@%ﬁc‘&ﬁ@%mgo@@@ﬂr&ﬁ a‘BBufSQ%ttébéb%u@%%sbé’ééd on the
pronot ers | oyed in the invention

anjRupt Hef eely9¢nmz®§ BIEPUEPTRONRTEY. 13 /ropgt peeferred amount of

ca(tﬁ)ggﬂc a%e ﬁﬁpﬁggﬁ% |sq‘l&m %f%é(ﬁ)z % Ecg bg?tﬁ%:@tﬂéséé on the amount

of eykyb@quyzolg PERAMrsor polymer

[0058] The amount‘ of solvent in the formulation of the photosensitive
composition of the invention can be from about 45 wt % to about 87 wt % of the fotal
weight. A preferred amount is from about 50 to about 65 wt%.

[0059] The negative working photosensitive composition of the present
invention can also contain other additives. Examples of suitable additives include,
but are not limited to, dyes , surfactants and adhesion promoters.

[0060] If employed, the amount of adhesion promoter may range from about
0.1 wt. % to about 5 wt. % based on the amount of polybenzoxazole precursor
polymer. A preferred amount of adhesion promoter is from about 1 wt. % to about 5
wt. % based'qn the amount of polybenzoxazole precursor polymer. A more
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and each R12 is independently a Cl-C4 al kyl group, a
Cl-A4 al koxy group, a C5-C7 LO cycl oal kyl group or a
w@@i1oyel oal koxy group; d is an integer fronmPOI/U82084/017486
and nis an integer froml to about 6. R13 is one of
the following noieties: 0O w --NH NH Y NH2 O OH R14
339Y8680 O AMNO\ RI5 0OH SHrvwanN'N"""""N'C'"' OR16
L5 O wherein each R14 and R15 are independently a
substltut ed or unsubstituted Cl-C4 alkyl group or a

préfarréd a?ﬂdﬂr@&ifkédhegfoﬁuﬁ’ronﬁf& i&lforh Saoufl v ‘%' oY hoSUit W Rt %

and a - cl oal kyl group. Preferred adhesion
bagedh @t f@ﬁsa'apenf;/ AbBelybprzosAzZoIRPRequUrsorHEpImenH Suifaple @ihesion

prdTQ)tEFQnENHE' for ex%%p@’@n%ﬁ@%ﬁé‘rﬂey%ﬁd i u“é%zgpélé&}lﬁw@s(sthereof

More preferred adhesi oh rs are
EXQ@IPB?@t QdeLﬂﬁablﬂ adhesipnopriomeisTs Méhl¢hwg1ayfbe oBplayed ilthe invention

s may &destrib&by Stfnird kit  OFt OBt 5 10Rt HO OHt
R' (CH2) S\/(OR )d
R (3-d)'
(Xiv)

wherein each R"' is independently a C+—C4 alkyl group or a Cs—C7 cycloalkyl group

and each R"% is independently a C4-C4 alkyl group, a C+—C,4 alkoxy group, a Cs—Cy
1o cycloalkyl group or a Cs—C7 cycloalkoxy group; d is an integer from 0 to 3 and n is

an integer from 1 to about 6. R™ is one of the following moieties:

(0]
wwwaNH \ NK NH,
0 OH R4
o O
O

o H
O/\</ wwaSH wwwi——N "VW‘N
e C/O\R16

[
L5 O

wherein each R' and R are independently a substituted or unsubstituted C1~Cs4

alkyl group or a Cs—Cy cycloalkyl group, and R is a C+—Cj alkyl group and a Cs~C;
cycloalkyl group. Preferred adhesion promoters are those wherein R*are

H
O\_\Nm wwwoNE
o9 hig
O HO EtO—-NHw ©
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OO0i-Cet N ' S}-Cet OBt CEt 0 and HO [0061] In
addition, the present invention includes a process for
wo oroilng2@ negative tone relief image. The prPCEES2004/017486
conprises the steps of: 10 (a) providing a substrate,
(b) coating on said substrate, a negative-worKking
33pImMgeesensi ti ve conposition conprising one or nore
pol ybenzoxazol e precursors having the structure (1),
OHG-NHAr4-NH Ara H4r1 N ,per :HA"NH";" 151 /CH
(1) wherein Art, Are, Ar3, and G are as defined above;
one o re hoto actjve ounds mhlch rel ease acid
Margdue errggadatg?'eﬁ preetess afeiese selesied i dhe,geup AeBpisting of
each of which contains at least two -N-(CH2ZOR)n units
where n=1 or 2, and wherein Ris a linear or branched
Cl- C8 al kyl group) at Oggst one solvent and at | east

ogeﬁlés utio d| fier (al I descri be‘@')Et
abo NHhe pr oVi \Nqﬁﬁ gﬂl ?4\ D]
crosslinker is highly %ct ive 3 ol uti %‘noﬁﬁt e
nodi fi er does not cont carboxylic acid group&t
thereby 25 forming, a-coated substrate; - 31 WO
2004/ 111726 PCT/ US2004/ 017486 339. 7868 (c) exposing
t he ated sub ate to actyg c radiation, (d) post

exposfire bakj n he coated su rate at tel evat ed
te ¢ "Si€)Edevel opi ng t heNcOatrEug frate with
an a oper, thereby [form ng 33151 elief image;
and t ed

(f) baking the substrqf(g at an el
tenperature, thereby c@ffng e relief image-

[0061] In addition, the present invention includes a process for forming a
negative tone relief image. The process comprises the steps of:

(a) providing a substrate,

(b) coating on said substrate, a negative-working photosensitive composition

comprising one or more polybenzoxazole precursors having the structure

G“NH“AH“NH{‘E—Ax@j‘—NH"Ari“NHHﬁ‘A@LH“‘Aﬂ“MH}—G

)

wherein Ar', A%, Ar®, and G are as defined above; one or more photo-active
compounds which release acid upon irradiation, one or more latent
crosslinkers each of which contains at least two ~N-(CH2OR), units where
n=1 or 2, and wherein R is a linear or branched C¢-Cg alkyl group), at least
one solvent and at least one dissolution rate modifier (all as described
above), with the proviso that when the latent crosslinker is highly reactive, the
dissolution rate modifier does not contain carboxylic acid groups, thereby
forming-a-coated substrate;
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[0062] Exanples of suitable substrates include, but

are not limted to, silicon wafers, conpound
waesmaoridguctor (111-V) or (11-VI) wafers, gl asBCT/NzN04/a17486

or ceramc o0 substrates, or the like. Coating nethods

i nclude, but are not limted to, spray coating, spin
339casii Ng, offset printing, roller coating, screen

printing, extrusion coating, meniscus coating,

curtain coating, and i mersion coating. [0063] To

enq@r éxpkidghe a@étea isDBstfdte td\8ctiidizarfion; tive

nposition to the, 5 substrate the substraterm

opt(qi)o R PR EBRAKNSING cBslEd SHpFERReL AN £leVaistt BrTpargiure:

dheRdRIdMIRY T 'cod®id sBbdtRfe fw.frﬁtancaaaé&e %ﬁe%’lo@ér tthéreby
phOt osensitive COﬁ'pOSI t1on may en‘p oy an | nt er nal

adhesfoeningrevieieldmagangnd ui t abl e met hod of treatnent of

t h?) ﬁgQﬁ%rtﬁ%guH\étH?e %@Q@%iegﬁ%epggg@&étﬂlxénmmeﬁfc&@@a e relief

Skl e art m anples n
treatlmagle of the substrate w th adhesi on pronoter
vapors, o solutions or at 100% concentration. The tine
and tenperature of treatnment will depend on the

[Oopa]t [ cuEaanmldsscbfrsmtebleasﬂmetretes ilpxrlmlmtmlt arendt hmitéa €, silicon

watbft, SR tnd S e ED) RETPRD Vel Al it 30 loBramic

substrateis] oalthe likst eCoatingdhethods |rmﬂuﬂﬁ)tmn8arenﬁd>wﬁialt@wtto spray

coda6 it Goats RBserentiagafer S8R, sBaeR rpting. gtrusio coating,
meﬁi%btﬁp@déiméréurtaﬁw@éanr@p@?wmhl’ﬁ@?ékﬁi doting. and
gl yci doxyal koxysi | anes. Ami nosilanes ~and

gl yci doxysi |l anes are nore preferred. Prinary

[0088] noal *T%Xé(r%dré"b?épéﬂédﬁ&roﬁ of%%f;ﬁ{dté‘éensﬁ%érﬂ?ﬂnﬁ%sﬂﬁan to the

sul tabl e external adhesion pronoters include, but are

subsiate thensubsirateomgarheacriianatip Freaipd: befere: ¢ratipo Wit Ae (external)

adt%%mﬁaprgo%%fl&a ggf;&éér) gﬁ)&;iﬁléggz‘bﬁﬁgg b{@gl cgft?:% hdt?égeﬁvgltlve composition

may &mpdeynan memmiqmmmptﬁrnﬁnu@my@ble mﬁhod of treatment of the

%@@ﬁg%ﬁe%%%rq@tgﬂgﬁdﬁ% ?l‘%(% R (eH%‘% %4énr9 Ha%/go% employed.

OXYymet ane
Ex&mplﬁsheirmlqde)m;eptmptyﬂ of |thetshxbx§ratlel antb adhesion promoter vapors,

na- 5,0 tho | .ane nor e ref rre
solfR P 00 BB SRR Moo B RP s 0P of cfeffpgpt wi
depéhd’ &Itaeq)eﬁméﬁ agosﬁ@mtadhsdmrpramotal weddesthod, whth2may
Pl enum Pr c?
employ elevate temperatures Any suitable external adhesion promoter may be
employed. Classes of suitable external adhesion promoters include but are not
limited to vinylalkoxysilanes, methacryloxalkoxyysilanes, mercaptoalkoxysilanes,
aminoalkoxysilanes, epoxyalkoxysilanes and glycidoxyalkoxysilanes. Aminosilanes
and glycidoxysilanes are more preferred. Primary aminoalkoxysilanes are more
preferred. Examples of suitable external adhesion promoters include, but are not
limited to gamma-aminopropyltrimethoxy-silane, gamma-
glycidoxypropylmethyldimethoxysilane, gamma-glycidoxypropyl-
methyldiethoxysilane, gamma-mercaptopropylmethyldimethoxysilane, 3-methacryi-
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[0064] The resulting filmis optionally prebaked at an
el evated tenperature. The bake may be conpl eted at
wWor@401172®r € tenperatures within the tenperat UPET/URZRE017486
of fromabout 70 C to about 150 C for several m nutes
to half an hour, depending on the method, to
3307@pgrate the remaining solvent. Any suitable baking
i o neans nay be enpl oyed. Exanpl es of suitable baking
nmeans i nclude, but are not limted to, hot plates and

0 %Mﬂ@“&%@ﬁ%@yisnbﬁ@%] a‘ﬁdbse@ﬁ%ﬁHa\érylé@?rdpﬁi&%th&Qy&Iane

ilmis expose to actlnlcrasma erred
gagupa-apinapeRyitgmethoxysiane xis ay@re e|péf€w% bedditional  suitable

adtllaéu&ﬁ‘v RdrRbteFYsre \desbibedl  ihS Sl | C@[iﬁlu{gheAééﬂfe Ealin P.

e use as actinic rays. The nost preferable Tays are
Plyegslemann; 1982\Bleabarfyess.dfewi¥erkam (g-1ine) and 365 nm

(i-line). [0066] Follow ng exposure to actinic

radi ati on, the exposed and coated substrate is heated
[0@64]a t enfiee seauttingbfidinvie eoptiabaliy predakechdt abalevated Gmperature.

p a e b e.l 0. thi s
TR RR A GRS R, PEIE 6 TS Sl Bleimperature
baky pdfcfabrhyamv §0afC se@bods 150 °Cefoersaiveral minatesatodhaitipn hour,

be carr i.tabl e.heatin ans.. .
deppafiBh oadhs BHinsd. 8 Ryadihiaith s BBRRINt SV A Utehle paking
mEAVIRaYy lberemmeyad Thkamples of saitadleepakking emsamshslude, but are not

r.efer red 'Nia e arf a\@g\gst exposure baking. 25
""‘[”Géé‘?]h es§ CONVERYQNLOVEEG e | oped using an aqueous

devel oper and a relief pattern is fornmed. The aqueous

devel oper contai ns aqueous, base. Exanples of sujtable

[00G]es | nevRResUenilt heerorsiting fin da exposedofqyAcfipic rays in a
préfek@l patiefn %roumb%ﬁéwmx-ra\yérepébﬁ&q b%QFH Lunmcqé%yaev.s.bue

anmonia water), primary amnes (e.qg., hyl am ne,
light, @l therlile pan bedised asyactinioreys.( &hg. m‘éﬁté?trﬁfﬂ’%}lﬁf FyS are those

AR PR U5 AL 9200 112720

triethylam ne), alcohol am nes (e. g. triethanol am ne),

OB 2 oA S Sy BT oot
sumsmtenes\eatw 1204 terﬁpaaumememat Hloout 30" Godred ebqitolG8IC. The
valrl

exﬁBF?ﬁ@?d %p@tg&%gggtgﬁj lst ﬁeeatgg in. Sﬁet@%fplgg% 'unl'e! Fa¥198 fort Qghort period

of time, typically several seconds to several minutes and may be carried out using

any suitable heating means. Preferred means include baking on a hot plate orin a
convection oven. This process step is commonly referred to in the art as post
exposure baking.

[0067] Next, the film is developed using an aqueous developer and a relief
pattern is formed. The aqueous developer contains aqueous base. Examples of
suitable bases include, but are not limited to, inorganic alkalis (e.g., potassium
hydroxide, sodium hydroxide, ammonia water), primary amines (e.g., ethylamine, n-
propylamine), secondary amines (e.g. diethylamine, di-n-propylamine), tertiary

¢ -
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5 enpl oyed. The nost preferred devel opers are those

containing tetranethyl ammoni um hydroxi de (TMAH).
w@iotabl7es concentrati ons of TMAH range from aPOUS1094/017486

to about 5% In addition, an appropriate anmount of a

surfactant can be added to the devel oper. Devel opnent
330d868e carried out by neans of i nmersion, spray,

puddl i ng, or other simlar devel opi ng net hods at

tenperatures LO fromabout 10 Cto 40 C for about 30
antiesoN@sy. | arigpglimite) AbbiRslamine e{e.gdSVieinaRBBRine)! r‘kﬁJaternary

relief pattern nmay be oBtlonaIIy rtnsed usin

anyRoniyR; s wée-gr SeiRMefhylammenidpi myeieyidebate %r@gtmiananomum
hy&@kldﬁb adred nlikuAts PIERIbT, OThéJtcB?éerﬁ Bﬁmf%d@a&ﬁg#&?ﬁ%ﬂ vary

benzoxazol e ring is curil
deB‘PRﬂJ'PQed’”r Bei kase sojulpjliyt ef rthetnvlyjmraemptdyedfarmhthehspgimflc base

n{ﬂ,ﬁﬁ{e resis t er in or d baki n
oThe devel oggg mfﬂe regllé?ef %ebé‘f) g? arr‘re Svecorﬁammg
tettaﬁéetgyla@mqmtanéqumet @t eumblér@onéemmons of TMAH range

t bt the b
o LTS M AP A4, A R Bt con
bet edqm 40 ulrhes dampmrabdhave%@eﬁt acah Wwee@arriedr @ﬁﬁﬂﬁbhﬁéans of

iR o o o B Shner i (daRibRing, mefods: s temperajures
frombtagmétzmh‘lemrte d@rf’mdom @b@uﬁf 80 es%b%inﬂb Cle! fabouhtfgt hidites. After
0 e 0 nor e reterre range or ecurlng
doffiordnent, TR ilEbisteB o Geneins g sing oripBizehyeter and
driédey SPiRhing! l@él@i%@ﬂ'a%ﬁﬁﬁt@ﬁn SN BV dr'oﬂ’?er's%xt%ﬁl@ h&heut

30 mnutes to out 3 hours. Curing can be done in air
or preferably under a blanket of nitrogen and may be

[0068] i ed he Qélﬁo‘iﬂidlé‘bfng @Qﬁ%r# 'F&'frg@t?gw ch> ﬁ&f Fthé %ncx?red relief

means i ncl ude bak or convec

PaiiayR o objaim thefinal tigh altfﬁﬂﬁi%ntmt’(@fn p6U§nhgat$zpBrﬁmmbé by baking
e300 TP, RO LG
T ok {theephpwag@gtw?compmmmnmjobtam thmdbsmzoxazmelrm@emabpﬁowdes
R e R NN S -

Preferablyl werdiueésemmuamut 25m%m:lt<aab¢sm 400! ‘Tsar@ndpplied. The curing

{ I Th t
timB iﬁ/ﬁﬁ%nag)ﬁ)u? 18 'n%]lﬁt?tréls rt]g agoﬁs‘ml t'(n:ours"f1 %gégndmg gn E()I'KeeSaerrt}cular heating

method employed. A more preferred range for the curing time is from about 20

minutes to about 5 hours and the most preferred range of curing time is from about
30 minutes to about 3 hours. Curing can be done in air or preferably under a
blanket of nitrogen and may be carried by any suitable heating means. Preferred
means include baking on a hot plate or in a convection oven.

-4

H l Formation of polybenzoxazole ring

<
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includes articles of comerce. Exanples of articles of
comerce made using the io disclosed fornulati on and
woreaohadi7eécl ude, but not limted to nmenory devPCEES2004/017486
such as DRAMs, | ogic devices, such as m croprocessors
or mcrocontrollers, plating stencils, etc. [0070] To
339788t rate the present invention, the follow ng
exanples are 15 provided. It should be understood
that the present invention is not limted to the
exanpl es described. Synthetic Exanple 1. Preparation
of PBO Precursor Polynmer Wth Am no End G oups (Va).
20HNF3 2 HHNF3 NHOF3 NHHO 006" OH-~4tH4 O
OOHHOCRBOOHCF3 CF3 nm 25 [0071] To a 2 L,
t hr ee- necked, round bottom fl ask equi pped with a
mechani cal stirrer, nitrogen inlet and addition
nel )

O uor o > BPISeoq. B T JoR polyberpoxedle, rolief images in
semch{yc(oygndlgstmc udgf bupyare mqﬁénmltgddtoggzressgehﬁf coatmgs for
y I d T t
PR oDy ST pardeler B ipe.J eRye totics
Inmlatml filots and patemetoehgiteenngaplastice laygbs. \Whe present invention

méggegcé&u]fle%t%%g&rg%g? (A)%{(%Fig)ge of gli‘l%&% %\ﬁ}ﬁ%%&ebat& &éing the
disclogeht foerhylatiorn bod indkthod indludef bt @t(lwﬂﬁdmnhémofy devices, such
a3, BRAVY GlodE Aftibed B 55 raloTpaceitals! ph dMgacSnfolers, piaing
steoilp) etted, the resulting mxture was stirred at room

tenperature for 18 hours. The viscous sol ution was
precipitated in 10 liters 5 of vigorously stirred

[0070] ONi z§d VWRLRhte Tihe d;ﬂ@hé’rﬁ’fern\)éﬂﬁorﬁomécfoﬂé*w?ﬁb examples are
filtration and washe de-i oni zed water -and

proweed./ feehuHe be wesspodthat the pragent fepten is not limited to the

examples described.

Synthetic Example 1.
Preparation of PBO Precursor Polymer With Amino End Groups (Va).

Ot [ %O

[0071] To a 2 L, three-necked, round botiom flask equipped with a

mechanical stirrer, nitrogen inlet and addition funnel, 155.9 g (426.0 mmol) of
hexafluoro-2,2-bis(3-amino-4-hydroxyphenyl)propane, 64.3 g (794.9 mmol) of
pyridine, and 637.5 g of N-methyl-2-pyrrolidone (NMP) were added. The solution

-was stirred at room temperature until all solids dissolved and then cooled in an ice
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was dried under vacuum conditions at 105 C for 24

hours. The yield was al nost quantitative. .o [0072]
wab@4iintteés ent viscosity (1V) of the pol yner waBCOURID04/017486

dL/g nmeasured in NWMP at a concentration of 0.5 g/dL

at 25 C. The nunber average nol ecul ar wei ght () was
339l#868 m ned by gel perneati on chromatography using four

Phenogel 10 colums with pore sizes of 104 A 500 A,

100 A and 50 A and THE as an eluent. Polystyrene
water datteatd®50€r gouhiedolutions39.8ky @04 ammolf beisbyipthait cibride, and

50 b6 RN 5B BRa Bioliis gRRSYF 1,857 Bk Be b, were

addbti drobswisd0nftethB ,adﬁlmohhﬁasdmm@te@fthﬁ%sum’fg li‘lﬂdtur@fwas stirred

at ERAN oS BF dBATOHER-of ISR Tt ek PIoGIRIaIE Bi10 fters

of \ﬁgbﬂdﬁ%wréﬁrrﬁé o- bhlzéb tv@ét@ﬂt THE polyPitR4s E’éﬂe'cﬁad W)‘lltratmn and
To a 10 hr ee- necked round bottom f

wa@aﬁﬂ wﬁ@dﬁevwmﬁeqhwasarrﬁf@hamaé%dm@than@le@/ﬁ@o mlzggeeh Thqe dolymer
wagrbglfaéi f F%F QQCJME_SﬁdIHS’négt 905”("9 5734 holfs. hﬂ;%gliéa\‘b‘(’%s almost

- am no- roxyphenyl ) propane,
quanfdativeof pyri di ne and 15 g of N-nethyl-2-pyrrolidone
(NWP) were added. The solution was stirred at room
tenperature until all solids dissolved and then cool ed

07235" ' o FonbPPadly Ror3n eolFs 028 454 Fpegurea n
NI\/(FSamimbl)canitraﬁm af %.5@5@[d abesfanyThe h?mbied a\r/]e:ﬁags utjolaﬂllérmeight
0 of , N\VP adde wise. After, the i £jon
D wds Hediting(T By 8T peue i cbielidi (Sng 34, Phetogel 10
coluPBigpereddizéscof 00* A8500 A3600VM0238BH ALhE2BHF as an eluent.
PCT/ US2004/ 017486 339, 7868 hours. The visco

PolysivlRneoRiaRdardsr welepised &ef P& Toe Ypigak K/h”s fgf a polymer

preiobréd s;dtnéeabdvérbré@éw@ws 5, gdme wab Wﬁfag\é’&ﬁoléeulbﬁﬁlbgﬁt of the
Itration and washed with de-ionjzed water

renﬁat éwi iscalrnath 70 SoihsHedies pLPAYMeTiZatiop | (yik y=Qhwag detegmined
to @Qg&ut\qqcuum at 105 C for 24 hours. The yield was
nost quantitative and the inherent viscosity 5 of
t he polynmer was 0.36 dL/g neasured in NWMP at the

concentration of O. SS%ﬂJﬂi@tExample 2

Preparation of PBO Precursor Polymer of Structure Va with Alternative
Monomer Ratio (Vb)

[0073] To a 100 mL three-necked round bottom flask equipped with a
mechanical stirrer, nitrogen inlet and addition funnel, 3.66 g (10 mmol) of hexafluoro-
2,2-bis(3-amino-4-hydroxyphenyl)propane, 1.70 g (21 mmol) of pyridine and 15 g of
N-methyl-2-pyrrolidone (NMP) were added. The solution was stirred at room
temperature until all solids dissolved and then cooled in an ice water bath at 0 - 5 °C.
To this solution, 1.01 g (5 mmol) of isophthaloyl chloride and 1.477 g (5 mmol) of
1,4-oxydibenzoyl chloride dissolved in 10 g of NMP was added drop-wise. After the
addition was completed, the resulting mixture was stirred at room temperature for 18
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25 C. Synthetic Exanple 3. Preparation of PBO

Precursor Polynmer (la) with G = acetyl LOo O O O HF3
WORMA/11HD6 NH CF3 m CF3 In k [0074] The PBO pol BEEDS2004/017486
- obtained in Synthetic Exanple 2 (100g) was L5

di ssolved in 1000 g of Diglyne. Residual water was
338 ¢88yed as an azeotrope wth Diglyne using a rotary

evaporator at 65 C (10-12 torr). About 500 g of

solvent was renoved during the azeotropic

ho@r‘sst Thé aﬁs‘c@ﬁs sm:ﬁoﬁ st br@ﬁlpﬁéﬂeblt ihcgbore. &t ﬁ@@@u'&il?dé?i"rre@ de-
| anket . equi pped wth magnetic stirrer

|ong@g| watelisi h@ p(glyme,réuqedgcpueg@gnbx fitration and @asﬂggtvmh de-ionized
wafdH éjﬁlafe?’/n%tﬁénol 25@5@)) miﬁﬁﬁea%‘édpdwrﬁeﬁﬁéé Beéd uﬂ_é”é? vacuum

react i on was he i ce bath for about
at 19&nCtiee24 b@urEaifhe Wigtd weﬁ@{m@stmntﬂmver aa@tthemhemé VISCOSIty

r
of fHel [?M?fqers\gg% 3;1@' ﬁlg U saﬁ&f molgMg)%tntﬂtE hcéngéntragi'aﬁﬁ oL 4'8/dL at
25|5<}r| dine (3.7 m, 3. Gg) was added via syringe over the
period of 1 hr. The reacti on was kept on the ice bath
for -10 min following the pyridine addition, and then
was al | owed to war m$ynthetic ExbmpbeB8i od of 1 hr. 25

of  wei BISHrefiod of PRATbrocrfo BowRiof R Wil 65 ke

collected by filtration and air dried overn|ght Then
t he polyner was di ssolved in 500-600 g of acetone and

eci pi tat ed(ypnto BL of - 0 NH_?\
/uszoozP 89. 7868 WatEr / OWH
vvas adao-R(PelKEpted by filtrati on acd
8r several hdurs. The still 'manp pol ymer
cake vvas dissolved in a mixture of 700g of THE and 70
m of water. An ion exchange resin UP604 (40g),
avai l abl e from Rohm and Haas, was added and the
solution was rolled for 1 hr. The final product 5 was
[oor4Ci pi tEeePBO golymef owélﬁéd |h| Byethetc Biamgle i 2d(100g) was

overnight foll owed by 24 hr Vs;
dissolved in 1000 g of Diglyme. Residual wa er as removed as an azeotrope with

Diglyme using a rotary evaporator at 65 °C (10-12 torr). About 500 g of solvent was
removed during the azeotropic distillation. The reaction solution was placed under a

N2 blanket, equipped with a magnetic stirrer and cooled using an ice bath down to ™~

~5 °C. Acetyl chloride (3.3 ml, 3.6 g) was added via syringe. The reaction was held
on the ice bath for about 10 min. Then the ice bath was removed and the reaction
was allowed to warm up over the period of 1 hr. Then, the mixture was again cooled
to 5 °C on the ice bath. Pyridine (3.7 ml, 3.6g) was added via syringe over the
period of 1 hr. The reaction was kept on the ice bath for ~10 min following the
pyridine addition, and then was allowed to warm up over the period of 1 hr.

[0075] The reaction mixture was precipitated into 6 L of water with stirring.

The precipitated polymer was collected by filtration and air dried overnight. Then,
the polymer was dissolved in 500-600 g of acetone and precipitated into 6L of
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in vacuum oven at 90 C. Yield: 100g Synthetic Exanple

4. Preparation of 4,4'-oxydiphthalic anhydride (ODPA)I
wo@ooditaxteé i ne (ODA) o0 polyamic acid (Vila). CQ/UB2OH17486

OCNH-,/0~0-~O-NH 0 [0076] A 500 ni, three neck,

round bottom fl ask was equi pped with a nechani cal
33%s1868rer, tenperature controller and nitrogen inlet.

270g of gamma- s butyrol actone was added to this

reaction flask followed by addition of 31.022g (100
wawrmie)hambl {7,0430)o X pdiymnat was aghmoballdeted @yHiratiohhendCiiRdried

:
for SR Ol 1 o i el Bamb B Fies ol whiifoned ina raixtyre f 700
of BHF r;@nTo trﬁ"@fewatbtlr Arf h é)&:hﬁhgwfrﬁn mmhgngﬁtavéﬂablé $rom

Cuntil 4,4'- dlpht lic drid
Rolf 0 st WS AAACEANT DISIJan s Pleet 1o s iR fiaat product
wa%?ecgfﬁﬁle@qntPL Hﬁ&er ﬂlteTQ@ éiry-dnecpd\)éi‘h@hi foRbwéd bé 24 hr drying
anh i de was &artla Mrem pitated. 19.62g (98 mmol)
in V@P”“@W@Pé‘ﬁ?’?l e Yig¥: 38R&kd portion wise over the
period of an hour. The oxydianiline container was
rinsed with 13.3g ganma- but yrol act one, which was then
added to the reactigmts k one portion.. The
reactl on ten‘peraturegvv?\}as e%t&g 3245' C for anot her 15
e
ARG Bt b AmexpuBta HifGAREE (OBFRY Sxydidfiine 0DA
tenperature for 24 hwmlyamicTaadr®da).i on was conpl ete as
evi denced by tge absence of an anhydri de peak (1800
cm') fro he IRspectpneaﬁ the solution. The
Vi scosity, pt oduct was 1384 cSt.
2004/ 11

D
]
/]

, 4 xydi alic
| ne (ODA) | para-am

anhydr i de. (ODPA) / oxydi ani '
polyam c acid (VIlb). OH OH

phenol

[0076] A 500 mL, three neck, round bottom flask was equipped with a
mechanical stirrer, temperature controlier and nitrogen inlet. 270g of gamma-
butyrolactone was added to this reaction flask followed by addition of 31.022g (100
mmol) of 4,4-oxydiphthalic anhydride (ODPA). The ODPA charging funnel was

rinsed with 15g of gamma-butyrolactone. The reaction mixture was stirred at room

temperature for 15 minutes and then at 73 -75 °C until 4,4™-oxydiphthalic anhydride
was fully dissolved. The clear, pale yellow reaction solution was cooled to 15 °C.
The 4,4-oxydiphthalic anhydride was partially precipitated. 19.62g (98 mmol) of
oxydianiline was added portion wise over the period of an hour. The oxydianiline
container was rinsed with 13.3g gamma-butyrolactone, which was then added to the
reaction solution in one portion.. The reaction temperature was kept at 15 °C for
another 15 minutes and then slowly increased to 40 °C. The reaction mixture was
aliowed to stir at this temperature for 24 hours. The reaction was complete as
evidenced by the absence of an anhydride peak (1800 cm™) from the IR spectrum of
the solution. The viscosity of the final product was 1384 cSt.

- 38 -



10

15

20

000OO~NHO(-NH~ nHO~m O[0077] A 1000 ni,
three neck, round bottom flask was equipped with a io
wore@hani’e@al stirrer, tenperature controll er anBCT/US2004/017486
nitrogen inlet. 531.8 g of gamma- butyrol act one was
added to this reaction flask foll owed by addition of
332768 g (100 mmol) of 4, 4'-oxydi phthalic anhydride
(ODPA). The reaction mxture was stirred at room
tenperature for 15 mnutes and then at 73 -75 C until
4, 4" -oxydi phthalic anhydride was fully dissol ved.
Par a- am nophenol (0.437g) was added to' the flask is
and stirred for 6 hrs at 25 C. Then 19.62g (98 nmol)
of oxydianiline was added portion w se over the
course of an hour. The reaction tenperature was kept
at 15 C. for another SYBthﬂt'ﬁlﬁ’@é“la'ﬁ(??t hen sl owy
i ncr : ). . ;
o of eveatich 804i® ok ph&Ric Ahliite (ODPARBRIIINRS |
was conpl et ORA)para-avinophieng! polkyants agisk(Vilb).an
anhydri de peak (1800 cm1l) fromthe IR spectrumof 20
the solution. The viscosity of the final product was

1083 tO Synthetic Exanple 6 Preparatiqn of PBO
pol y d capped with Nadic Anhygdrd PB) -~
&) KOs Oy 0600wt
CF3 QO HF3 nfYCF3 n k - 39 'WMOudogal 191726 m

PCT/ US2004/ 017486 339. 7868 ©
[0077] A 1000 mL, three neck, round bottom flask was equipped with a

mechanical stirrer, temperature controller and nitrogen inlet. 531.8 g of gamma-
butyrolactone was added to this reaction flask followed by addition of 62.05 g (100
mmol) of 4,4’-oxydiphthalic anhydride (ODPA). The reaction mixture was stirred at
room temperature for 15 minutes and then at 73 -75 °C until 4,4-oxydiphthalic
anhydride was fully dissolved. Para-aminophenol (0.437g) was added to the flask
and stirred for 6 hrs at 25 °C. Then 19.62g (98 mmol) of oxydianiline was added
portion wise over the course of an hour. The reaction temperature was kept at 15 °C
for another 15 minutes and then slowly increased to 40 °C. The reaction mixture
was allowed to stir at this temperature for 24 hours. The reaction was complete as
evidenced by the absence of an anhydride peak (1800 cm'1) from the IR spectrum of

the solution. The viscosity of the final product was 1083 ¢St. |

Syntﬁetic Example 6
Preparation of PBO polymer end capped with Nadic Anhydride (Ib)
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[0078] A PBO polyner prepared in the same way as in

Exanple 2 (200g) was dissolved in a mxture of 600 g
wo@RooDiigl7gere and 300 g of propyl ene gl ycol net hpdT/US2004/017486

et her acetate (PGVEA). Residual water was renoved as

an azeotrope wth PGVEA and Di gl yne using a rotary
339v8pgrator at 65 C (10-12 torr). About 550 g of

solvents was renoved during the azeotropic

distillation. The reaction solution was placed under

a N2 bl anket and equi pped with a nmagnetic stirrer.

Nadi ¢ anhydride (7 g) was added followed by 10 g of

Pyridine. The reaction was stirred overnight at 50 C
0078] Then A PBG paiieP BréparddiinthdBsmeaiv, iV
[,tet]rah drof,urg%ZéTHE)épand_ preciérgi ta%%‘in\rﬁ%%ﬁgégogé)was
dissglved i MirdTe oY gnpikPighine and 308) g @& pramyiene glycol methyl

I [ at ' -

eﬂfﬁ’ gFS@E@(bGMEAf). ResRbbORate M fay ?@H’M’Edy ) hge{dl é;{jgetgﬁrgpg %}th I-J_;kgMEA

2l d was al nbSt quantitative.
anfbﬂ;@gmgtqsmg gfotary evaporator at 65 °C (10-12 torr). About 550 g of solvents

Prn . . n gy i .
welf o ftin W BRI (iRl rPanRBbR Siwton wep placed
ungdes a NR blanket aribeqripped with-a maglmet'(caetigbeCFadD]rc: lra:nhidridé (7 g) was
. ttaom flask .was o
2ot folloue 1810y o Dl The [205n Vel s Gt 8Fat 50 c.
Thenrthe aebetioramixtore mwagediluited elith aﬂﬁggobfet@afm@lf(uran (THF) and

. ded, t o thi ti f
ord LI 8258 S0 B8 ool GRS, Hhetohgher s coleced
by filtrtibh ahd vaduuin diieaabed YoheThd yibid vt wimiskt Riahtititivé T 1 U
oroet hane (6-FDA). The reaction m xture was stirred
at roomtenperature for 15 mnutes and then at 60 ,s C

until 6-FDA was ful | gysthetielexathpidize clear, pale
el l ow reaction solution was cooled to 15 C. 19. 629

ePariinn obt.dsilerallworeiseprenylidenelBisotRhthalicviphydride) (6-
wi thin an FEAIf oxydianiliagdODA polyareicacidd Viles kept at
15 C for another 15 mnutes and then slowy increased
to 40 C. The r@action i xture was allowed to stir at
this tenpgpagure for Z3 ppurs. The viscosity of the
final product was ¢

eBg0 €St. The—- 40, _\ID 2004/ 111726
PCT/ US2084+4 NH@— (O)-m
0 0

n

[0079] A 500 mL, three neck, round bottom flask was equipped with a
mechanical stirrer, temperature controller and nitrogen inlet. 256 g of gamma-
butyrolactone was added to this reaction flask followed by addition of 44.42 g (100
mmol) of 1,1-bis[4-(1,2-dicarboxyphenyl)]-1-phenyl-2,2,2-trifluoroethane (6-FDA).
The reaction mixture was stirred at room temperature for 15 minutes and then at 60
°C until 6-FDA was fully dissolved. The clear, pale yellow reaction solution was
cooled to 15 °C. 19.62g (98 mmol) of oxydianiline was added portion wise within an
hour. The reaction temperature was kept at 15 °C for another 15 minutes and then
slowly increased to 40 °C. The reaction mixture was allowed to stir at this
temperature for 24 hours. The viscosity of the final product was 4480 cSt. The
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339. 7868 solution was diluted with 75 g of GBL

yi el di ng 6- FDA/ ODA polyam c acid solution in GBL with
whevemat’e€ vi scosity of 1029 cSt. Lithographi cPERER0€017486

1. s DRM study of PBO polynmer (1) with different

di ssolution nodifiers. [0080] Photosensitive
39o0rgwgl ation (A) was prepared by m xing together 100

parts by weight of a PBO precursor polyner, . prepared

in the sane way as in Synthetic Exanple 3, 200 parts

soitiofas Siludsd (vith 75 d 6f BBLRNAIGIHG 'EMYAIYA Bolyantdladi@ solution in
t hi ophen-2-yl i deng)-2-net hyl phenyl -acetonitrile
G'?'a\\ﬂéiﬁlkﬁ}ﬂ"@t‘ﬁvbﬁ%@%%f e8GSA ty Chemicals), 31.25
parts of ODPA/ ODA pol yner prepared in Synthetic
Exanple 4 and 10 parts of Powderlink 1174, a
crosslinker avai | abl-éhographisyExampliritist ri es, whi ch

combieisthé) bPEBGMaERE (WP dibo B G,
was prepared by m xing together 100 parts by wei ght

PB L -

10g80r” " SpRbREHSls, RntEFn (R SRR, §epofte’ BE niRAG ¥GHper 100
payr by wdigh®Bhf, aSPPRar precafsof polyomerp prepdrédriy | tha ysameovely as in

H.t hi ophen-2-yl | - 2- h h | - tonitril 10
Syt ERaTR I, Hy 20 85115 ot G SR of: BERo R ifenyBsyno-st-
thRibﬁ?@@ﬁ&ﬁﬁe)@ﬁidﬁtﬂ{hﬂ%n%éﬁét@lﬁf@ ?éilailalﬂéStffdrﬁtS_Olbé Cl$pecialty

cont ai ps xamne 0Xx am ne as an actjve
GRS A1 25 PaTnIY PHBAISAAGE PePAET Sithefe Rxample 4
aritl 803pR BY PowdeRmkt POl e trok8fhkep adviaftathly frdth Ibjte®findustries,

PBO precursor p nmer , )E)repared in the sane way as in

ol
wiigh caiaing t@@'ﬁ@ﬂh&y@e ghyegiurihasarpactye cgmpPengtar t s
of GBL, 5 parts of (5 2s
propyl sul fonyl oxyi m no-5H-t hi ophen-2-yl i dene) - 2- met hyl
[08Bthy| - aPbotosensitives formulatignt(8) was prepared by mixing together 100

oo SRS DB S N B o o o
Syrehhetice kxempler Bubalt with KVB]J.Z&AQL@; eﬁﬁfﬂ' pdrtbyofnGBLNP parts of (5-
PrpBP SR BT Bt e PR e i Mot T ERLAGATR, 19 part

of V@@ RAhedyEd 2endPEThaAIE2 60 CYMEY 888, a338sdlidker Bvailapleefr@n Cytec
|n§§§’tﬁ$§%fcg‘£op%§ Ia%ﬁpn?éttﬁﬁ _n&jip?)f% raﬁlﬁlg“@ezgs an active component.

[0082] Photosensitive formulation (C) was prepared by mixing together 100
parts by weight of a PBO precursor polymer, prepared in the same way as in
Synthetic Example 3 but with IV=0.28 dL/g, 200 parts of GBL, 5 parts of (5-
propylsulfonyloxyimino-5H-thiophen-2-ylidene)-2-methylphenyl-acetonitrile, 10 parts
of 1,1,1-Tris(4-hydroxyphenyl)ethane, available from Aldrich Chemicals, and 5 parts
of Cymel 303.

[0083] Reference formulation (D) was prepared by mixing together 100 parts

by weight of a PBO precursor polymer, prepared in the same way as in Synthetic
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L5

20

yl i dene) - 2- net hyl phenyl -acetonitrile, and 5 parts of

Cynel 303. [0084] Reference fornulation (E) was
w@e@patygds by m xi ng together 100 parts 5 by we¢Tns2004/017486

a PBO precursor polyner, prepared in the same way as

in Synthetic Exanple 3 but with 1Vv=0.28 dL/g, 200
330386s of GBL, 5 parts of (5-

propyl sul f onyl oxyi mi no-5Ht hi ophen- 2-yl i dene) - 2- et hyl

phenyl -acetonitrile, and 5 parts of Cynel 303. LO
Exé@@%% fmd %n@fof@lglh praHQQﬁQSWIfbhﬁaﬁylm%H-thlophen 2-

fi)ﬁrﬂ%? red Iy sil'icon waf'ers
yli 'Rg’“%tHYBhﬂ'@)XlﬂcﬁtO@'tﬂ'éra@ %Pﬁm esCuneh3¢ET t o obt ain a
film of about 12 min thickness. To sinulate film
conditions and dissolution rates after post exposure
IOMe durRefgrenee fermuybhationdE3 wag prepacediay srixingwagetiea i €6 parts
I
Ht’ of"é ePg%g reguf's‘?J'i Péwme? hprg eff! "?@%u%é?%%wﬁg Q% @?SWﬁESﬂc
ExamtedB bet WItiEIVr—'@sEZ&dL/g; 20ﬁ partsmfZML\I @mrm)OfS(STMAH

' r Far tion
prS et B BB R 7 Fhte o ionyl 35 n e 2
patts of riGynsdl 808 scosity dUg)) Dissolution rate 7p/mn
9p/mn 10 p/mn 2/mn 5 p/mn (/mn) [0086] This
exanple illustrates that the addition of the

[06853s 0l utHilgs bReach Imdhéseebomﬁ@s”ﬁtﬁ%eﬁeieh9réi‘ia$éipbylts}pﬂﬂcoatlng
rate of the uncfﬁgosed phot osen itive conmpositio
& 4 o8

20
onig siieanata’s Pg 9 2 heRiakRn o 3 Minulerogk Rk o obtain a fim

of a¥edtuBt jufNn BhickiREsP rRESIrviRite APh MG@dltldﬁéaénd\’HfSE&Hﬁon rates after

di ssolution rate nodifier 42 WD 2004/1117
pogicepipasyiedepkg1uing nasmg! P@GQS?["GH)E!'?? “@&Fﬁdv%(ﬁ%ed again at 120

°c 503 e NFhé 'd}é%oﬁ%m%t@é Wéﬂ?] \éfrﬁmeg%%ﬁ‘ﬁé‘éisﬁ}ﬁg MetifE required

together 100 parts b recur
to dissgive the esisbitnedn DrZGeN@qygms WaAH solutlon and are summarized in

Table 1:

Formulation A B C D E
PBO precursor 0.37 0.28 0.28 0.37 0.28
(intrinsic viscosity

dl/g))

Dissolution rate 7 wmin | 9 w/min | 10 w/min | 2 w/min | 5 w/min
(1/min)

[0086] This example illustrates that the addition of the dissolution rate
modifier increases the dissolution rate of the unexposed photosensitive composition.

Comparative Lithographic Example 1

Lithographic evaluation of PBO precursor polymer (Va) without dissolution

rate modifier
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as in Synthetic Exanple 1, 160 parts of GBL, 5 parts

of (5-toluylsulfonyl oxyi m no-5H
wo bioaphsee 2- yl i dene) - 2- met hyl phenyl - acet oni t r i PET/ERINOL/D17486

parts of Powderlink 1174. 5 The fornul ati on was

filtered through a | mfilter. [0088] Conparative
33§fl7ﬁéépsen3| tive Formulation 1 was spin coated onto

II'rcon waf ers and baked on a hotplate for 3 minutes

at 110C to obtain a filmof about 10 min thickness.
[00B7§" Naldor@ N&bSEnsHe ﬁo'nﬂﬂfétu@ﬁ(@%%dpreﬁar%d K9 rhixihg

Suss broadban exposure tool using a varia
togethend AP parta hy rmght offa B peesetsor pelymesdrepared én thersame way

o B SRRE e 2RO L1 B BBy

thienhene- )dtdeoa)-Z-meihylalsenyuec@omtrﬂ@ dnd\1 0 giacts @f Rgwdhrink it il 74
' r exposed and
Th%ﬁﬁgﬁﬁ%ﬁe parftltlgﬁ:fqt%ﬁ&%% e g‘l(ft"{)e?cl ear. There was no
difference in dissolution rate in Ls exposed and

[0088PXPOS Sbrfis fa MBS VANE Form RO 2R Jih BGarbAbftel "

cases was about S ere

siliogrrswalereapbbalres ored Aotpipte farskmintese) 140°Ctopbtagos film of
DA T Aithfiood RIPhA i odlh e s fodd GRRIEARR Hicar

Sups bspadbarid eyposiitehioot using e yatable transinissionokagk. efhe exposed,

cogPNatery WIS bt oty B O Wit ATEHAE VB

imiABGed rirgo i & 2621 abjyecs, TIdAEsDitidni The mes«slamm vy wWas as

de%ﬁp%awe i |ngE§1aepn1ﬁllpft§35$XisSt?}} th\émtltmhe Ik t\c/)ok for expougd ang 0
unéxﬁdsyh pttiop e wansrorsledrHThBIeORES Ao Aifigrdritena disdol@émdte in
henyl -acetonitrile and 10 arts of E‘ owder | i nk %174
drapd Hnexpossd areas i ﬁhFélYaé st G digsolition faig;in paih cases
wa[s%@ggﬂ 8 f{PRRATAls éh%v@@%é’ts’tﬁé}%'vﬁés\/r% EQJoRUNAlel A6 ErodBiking at
spin coated onto o silicon wafers and baked on a
this, Begi|expesire pake #ﬁmmratur%t 110C to obtain a film of
about 10 min -thickness. Then half of each wafer was
fl ood exposed on a Karl - 43 WD 2004/111726
PCT/ US2004/ 017486ongswatiesBithograpbioExample 2xposur e

thrgggkaggﬁ& anlﬂay'@ﬁ o?lﬂ g) ag%?ﬁg&ﬂﬂgﬁéwflty}%émn rate

ers were arn
Then the wafers vvere modifier
[0089] Comparative Photosensitive Formulation 2 was prepared by mixing

together 100 parts by weight of a PBO precursor polymer, prepared in the same way
as in Synthesis Example 3 except with IV = 0.2 dL/g, 160 parts of GBL, 5 parts of (5-
toluylsulfonyloxyimino-5H-thiophen-2-ylidene)-2-methylphenyl-acetonitrile  and 10
parts of Powderlink 1174. The formulation was filtered through a 1 um filter.

[0090] Comparative Photosensitive Formulation 2 was spin coated onto
silicon wafers and baked on a hotplate for 3 minutes at 110°C to obtain a film of

about 10 um in thickness. Then half of each wafer was flood exposed on a Karl
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25

i mrersed into a 0.262N aqueous TMAH sol uti on. The
di ssolution rate was determ ned by dividing the
wo oot tieekness by the--tine it took for exposedI/aRIOE017486
unexposed part of the wafers to dissolve. There was no
difference in dissolution rate in exposed and
33ame68posed areas of the wafers. The dissolution rate in
both cases was about 8 p/mn. This showed that there
was no exposure related crosslinking at this post
Suwbmdbmd) ek;mmwm alsingea vaiiahié triaogmissiononastanphe exposed,

codfid 1FppavetoBaRes iR a6 120 BT PAC , ARERL R waldy were

imrhérsed | it can (waezmr aqus AWAH xsohgliono gEéh edissbltion Fate was

oo I, 56 i PRORE Bl I T Bt enc

unéposEilt ,paﬁ dFathb swarers( ﬁr OisSalve. Sl‘ﬂhéﬁmwbﬁxw differerizlHin dissolutlon
t hi ophen-2-ylidene) - neth % on trile

raite i e8pese @MWE@%@ME%@S @53 ; % ts04tiop ids ¥ both
cas@éaWBE%%@r@ ;J/Q]u’ﬁ)ar’fﬁsoéhoﬂ@&dﬂ{étltﬁérel% nd Néxdosure related

onposition was then spin coated onto a silicon wafer
croaslmkmkasdhlgmoatmunﬁt@kﬁdemeeliﬂwfet es at >. 0 120C to
obtain a filmof about 12 min thickness. This film

was exposed portion wi se using increnental exposures
on a Cannon 3000i 4 LithegsaphictExemple2rti ng at 50

ThiiEGsbiE SURaEA of RCBRISE 9 12 it g FA/ODA

3 mn, devel oped for 9pohmmindeidinder a conti nuous
spray of 0.262N aqueous TMAH sol ution, and rinsed with
de-ionized water to 25 provide a relief pattern. At
[0091§ engzsmtccbeaeutmé fd:&ﬁlulaﬁ!dmm&sg;m»arbdt b rhixingn tegsther 100
retained in_the exposed areas and ur es
paitS 131 BNt (G BRI GO VAP XS PREdal [ SATS: kg™ ™

Syﬁ!h%ﬁ@'%h% Batz@onp@kts‘ bEGBIO5 patty of i(Bpremssetfohylexyimino-5H-

di ssolution rate of the unexpgsed areas

thigphe 3 FHde NG Tethalphenb Ao e 3 ba5HeTe 0BT AP AcRolymer
pr ec? ﬁ%ﬁﬁﬁ%ﬁﬁé)&%l@q #id 4(9{3@{3 6f¢5m\ﬁfeﬂtdkrﬂ$4 TitHisS cdtBsition

econpose at higher bake tenperatures can
wagdhemrpploymted_pmu@c@slhgmﬂ watex arflbeked on a -hotplate for 3 minutes at

120°C to obtain a film of about 12 pm in thickness. This film was exposed portion
wise using incremental exposures on a Cannon 3000i4 exposure tool starting at 50
mJ/cm? incrementing the exposure dose by 50 mJ/icm?®. The coated, exposed wafer
was then baked at 120 °C for 3 min, developed for 95 seconds under a continuous

spray of 0.262N aqueous TMAH solution, and rinsed with de-ionized water to

provide a relief pattern. At the exposure dose of 100 md/cm? 97% of the film was
retained in the exposed areas and 10 pm features were resolved.

[0092] Adding the carboxylic acid containing dissolution rate modifier not only
increased the dissolution rate of the unexposed areas, it also catalyzed the
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5 Lithographi c eval uati on of PBO precursor polymner

(1a) with ODPAI ODA/ PAP polyam c acid. [0093] A
w@botoseesi tive fornul ati on was prepared by m RCTYS2004/017486

together 100 parts by wei ght of a PBO precursor

pol yner, prepared in the same way as in 10 Synthetic
330mgmgl e 3, 200 parts of GBL, 5 parts of

(5- propyl sul f onyl oxyi m no- 5H

t hi ophen-2-yl i dene) - 2- net hyl phenyl -acetonitrile, 31.25

cr@@eﬂlhﬁin fatnewuat‘@rﬁ étatufles. S Thus PRGN t!
e and 10p part sS of POV\UGHQI ﬁélzﬁ? d’éc&)ﬁgbft?ét Righer

ba% tg'g%rﬁﬂéf??tc?ﬁﬁem'?% spin coated onto a silicon
waf er and baked 15 on a hotplate for 3 mnutes at
120C to obtain a filmof about 12 min thickness.
This fil mwas exposkithpgraphimExampledi ng i ncrenent al

ENRETERAR a0 B PR TREL (AT L 1P RlnToeh dBapap
ml/ cn2. The coated, exppsigaminaeid. was t hen baked at

120 C for 3 mn, devel oped for 95 seconds under a

conti nuous spray of 0.262N aqueous TMAH sol uti on, and

[0098]r i nsed mhmtbsehsitivenfozmdlaﬁam avad tprqipamd dy mixiey itedether 100
t u epgaPaSUr & dos ml/ ¢ 97% of the
o] R wibio ot ARBO R BoL itk Henslet i o e wey as i
Syrﬂmtlur@eamp!eeS mimz phits bf ?@b Es Qtpfa@@r@'pmmoﬁxlauﬂfdn@loﬁwmo -5H-

val uati on o recursor pol ymer
e E RSB BTy atce R | o 25 [ rs) O Polyamie acid
sofltioh @sepiied in/SyrtREIBIEKMPIB 5VaR 10U SRY &dbcm/dénmﬂ M4,
together 100 30 parts by weight of a PBO precursor

pol yner prepared in the same way as in Synthesis

[obognp! e ?hls%ﬂ'lﬁ&ftxbﬁ s Bk s HP#' RRdPFoRb a silicon wafer and baked

(5-tol uyl sul fonyl oxyi m no-5

on jhgftiath-for g m@@te@) at212@8€Hg | qhrtainya filec ef aboutria pm in thickness.

AL P98 B el S poon

3q9@i4y@mo§uﬁﬁct0@| starting ah50 témie ihcferoentiBygrtha exposiEe almse ey 50

mfem2 19n8 %Bét%do{a )}%%\Q’g %va{f%ﬂé_sé%\éélb_aégd B4 °C%or% min, developed

- oxepanoné pb
fol 89 decondweuhger)a totinuoap apeayi oﬂ 0.262Ki dcpiebas fT\VKH Ablution, and

nn%& Wgﬁ% SI()E’I\P%% {vy]%%@t ﬁgr;’f}?ljejﬁ I,aor Q%w%aﬁiﬁm?ﬂ?éoosure dose of 50
md/eh 83 %00f the film was retained in the exposed areas and 10 um features were
resolved.

Lithographic Example 4.
Lithographic evaluation of PBO precursor polymer (Vb) with two dissolution

rate modifiers.

[0095] A photosensitive formulation was prepared by mixing together 100
parts by weight of a PBO precursor polymer prepared in the same way as in
Synthesis Example 2, 200 parts of GBL, 5 parts of (5-toluylsulfonyloxyimino-5H-
thiophen-2-ylidéne)-2-methylphenyl-acetonitrile  (available from Ciba Specialty
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5 pronoter). [0096] The photosensitive conposition was

then spin coated onto a silicon wafer and baked on a
whoedaophiatres for 3 mnutes at 110C to obtain a fiPeT/02004/017486

about 12 min thickness. This fil mwas exposed

portion w se using increnmental exposures .0 on a
33CApson 3000i 4 exposure tool starting at 50 mJ)/cn? and

i ncrenenting the exposure dose by 50 ml/cnR2. The

coat ed, exposed wafer was then baked at 120 C for 3

Ch(?g{éalts?i emes thﬂ@' oﬂp%lgiﬂn%d&ﬁﬂfblﬂwm&fmél{@ww synihefie Example 4,
on WO u e evel gpnen ste

10 BAHS 1ot TRrain 1420+ TRPASS G SroNeREnDRS PONEE Wi Pathyl-2-
(hyer’z%ﬁéﬁryl)ﬂta brtﬁaa%éefawé@and&éefr&ﬁ ARS @éﬁfé’al@%@f tﬂieherade

retained in the exposed areas and
name a’?QlV'érs 3@5} @nged opayteg of mrneFWgV%\prr@pmMﬂeéb@nate (adhesion

proHJtﬁ'?graph' c eval uation of PBO precursor polyner (la)
two dissolution rate nodifiers. 20 [0097] A
phot osensitive fornul ati on was prepared by m xi ng

[oobe et he"Thé e&‘ Bgéﬁsﬁlvpzcg\é@&nﬁ)n%aﬁtf @hecgdgtéd’ nto a silicon

yrrer
wafé,r ahﬂmakedtm afhoﬁ%le for pa'nmeteefat 110°C to obtain a film of about 12

D AT YO i e oo

on QDD@ﬁbn‘ 000 s&bmﬁure)rtooibﬁartngcbtl 50 25J/8yftdret incrementing the
exq:sg%ﬁg%hg %gdﬁ%:g} Q(‘Met foa S& le'xrﬁtzgséL \ZvAéferlv9a§ fHe ! Sbacf«ed at 120

°C ZoftKin Zdé\kér@bév()aemghw B2, b@@amAHouemobés‘ s@mucm (two

of trlethox Si | pr op arb 0098]
puie  velnamany cstes 1 HoPoRaGts o R it §oter o
provide & Pdlief ?Qttéﬁf eht HaloRRka %eaofhmmhﬂl?cﬁ?nq 97%%f the film was

m nutes at 110C to obtain a filmof about 12 - 46 WO
retaiped In the ExgosesAIess G0d /391 fenturgs verg BB Edn

t hi ckness. This fil mwas exposed portion w se using

i ncremental exposures on a Cannon 3000i 4 exposure

tool starting at 5OLitisegnaphiciexameletd ng t he exposure

g N of PR PERBSGELAIAG g ton

agqueous TMAH devel oper ratel modifers.t wo puddl e

[0097] A photosensitive formulation was prepared by mixing together 100
parts by weight of a PBO precursor polymer prepared in the same way as Synthetic
Example 3, 200 parts of GBL, 5 parts of (5-toluylsuifonyloxyimino-5H-thiophen-2-
ylidene)-2-methylphenyl-acetonitrile, 31.3 parts of polyamic acid solution obtained in
Synthetic Example 4, 10 parts of Powderlink 1174, 10 parts of 2-oxepanone polymer
with 2-ethyl-2-(hydroxymethyl)-1,3-propanediol and 3 parts of (triethoxysilyl)-
propylethylcarbamate. '

[0098] The photosensitive form‘ulation was then spin coated onto a silicon
wafer and baked on a hotplate for 3 minutes at 110°C to obtain a film of about 12
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5 devel opnment steps, 30 sec each), and rinsed with
de-ionized water to provide a relief pattern. At the

wepadur7ee dose of 100 md/cnR 97% of the fil m WasT/US2004/017486

retained in the exposed areas and 7 mfeatures were
resol ved. Lithographic Exanple 6 10 Lithographic

339vi@eBat i on of PBO precursor polynmer (la) with two

di ssolution rate nodifiers. [0099] A photosensitive
formul ati on was prepared by m xing together 100 parts

urvyn tckgess.ofThis MBOwAS lexpesedppation edsd asihg incrementahgxmisures

orlf CRERST Bhotia exPatiiE &R ittt 2 od Al ahergienting B &xbosure

do;sb:b;em)nﬂcmét ik poared, eatpossmhwateir s tﬂéﬂ Daped i 120 °C for 3
t het

mb, dEyologed cusing Rhaba | adigods THMALD deiibadto solitich ko pucdie

5 detvélopfr@aws@p@, goyse eaéhavahdi Hpked WithnydMdhizedNwater to provide a

10

1

ul

20

25

30

em cal s

re%%ﬂ@?ﬁbxé&t@y@"}’ﬁﬁ@ﬁﬂ@ﬂﬁﬂ1@9rfﬁé(ﬁﬁ't &7%20f the 1fihy) wasiedained in
th@@fe;ls&%%%éé 4fd ?%{J%%&Jrégwems&%@aspl n coated onto a

con wafer on a hotplate for 3 mnutes
at 120C to obtain a fil m of about 12 min thickness.

This filmwas exposgﬂhggéa@&@@E IéJ§' ng i ncrenent al

exposures on a Cannon exp sure tool starting
bithegraphicevaluatior ot RBOhprechiss anfialymer (lapwithdwodis solution

mJ/ cn2. The coat ed, was then baked at

115 C for 3 mn, deveﬁgg %‘o\éife% 0. 262N aqueous TNMAH

devel oper sol ution (tmo puddle developnent steps, 25
oni ze OVIde

h) . t

0888, 57T oh pAtPes TG rofmaags ey g by mhind joab 100

paﬁ&"/?@fwé@ﬂ 6 bnPBBs pbl?h‘@r n#epared mhmee%%rg?ﬁ?%?sam 8ntthetic
mrte wer e r ol ved

Em‘%%zg’@i/ e85 CBlad paie 08 (%w'alﬂﬁanxb@eamﬂ nghlophe"-Z-

ynaeﬁé)oz;fr@Mvweﬂyﬁéé&émme @H f&@t@éﬁ@dwaﬁm& akl su1Etion(dined in

dissolution rate nodifi

Synthetlc Example 4, 10 parts of Powderllnk 1174, 10 parts of tripropylene glycol
(available from Aldrich Chemicals) and 3 parts of
(triethoxysilyl)propylethylcarbamate.

[0100] This photosensitive composition was then spin coated onto a silicon
wafer and baked on a hotplate for 3 minutes at 120°C to obtain a film of about 12
pm in thickness. This film was exposed portion wise using incremental exposures
on a Cannon 3000i4 exposure tool starting at 50 mJ/cm? incrementing the exposure
dose by 50 mJicm®. The coated, exposed wafer was then baked at 115 °C for 3
min, developed using 0.262N aqueous TMAH developer solution (two puddle
development steps, 25 sec each), and rinsed with de-ionized water to provide a
relief pattern. At the exposure dose of 150 mJ/ecm? 65% of the film was retained in
the exposed areas and 4 um features were resolved.
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[0101] A photosensitive Formnul ation was prepared by
m xi ng together 100 parts by weight of the PBO

w@oiogirer72¢ r om Synt het i [ Exanpl e 6, 200 parts oPCTEBE2005017486
parts of
(5-tol uyl sul fonyl oxyi m no- 5H-t hi ophen-2-yl i dene) - 2- net
339lmgkghenyl - acetonitrile, - 10 parts of Powderlink
.1174, 10 parts of 2-oxepanone polymer with 2-
et hyl - 2- (hydroxynet hyl ) - 1, 3- propanedi ol and 3 parts of

(triethoxysilyl) pr Qﬁnbgtdpm@&kbmvéﬁ [0102] Thi s
Li50 0sj tion was in coated onto

'BBR&GV%%a%PmBFB? Rrecyrsof Hﬂ'\‘ﬂl%g théﬁ???' lon rate
obt ain.a filmof about 1godkfier t hi ckness. This film
was exposed portion wi se using increnmental exposures
on a Cannon 5 3000i 4 exposure tool starting at 50

/ cnR /
1010} 0RO TN EAMURRRIHAL pRARTd iy g 1Giner 100
parts hyi weiglleafdhe RO palymes frorpSuthetip foxaimple A2 Aepatopic@BL, 5
[ uti t I
par i feed YRS n YRR R ISR yione) 2 Bfybireny-
acefwmittile; 10 partst dfePowdgrtidutt €74 ddeparts dfoRrorgpanvedssiyroer with 2-
t fi.l mwa d h d 15
o AR A0 15 SRR ZLSF, BB M o
(triekhoxysig)propyietietedrbamiaten of PBO precursor pol ymer (1a)

with 6-FDA/ODA polyamc acid. 5 [0103] A
phot osensitive fornul ati on was prepared by m xi ng

[01 o;.qg et herrhfb%mmrtm wass theh @bin eatéd 61RO Psikean wafer and baked

on t@ for 328%&%%( Igtgﬂigp %eéﬁgﬁalpa%fllg} gt ago@/ {h gmolp Cthickness.

Thlé 5ﬂrﬁ°\lvé'y |e3<Bb§éH‘¥J|oPﬁ@h' (deOusing incremental exposures on a Cannon
hi ophen- ¥I i dene) - 2- net hiyl pheny| -acetonitrile

3009114 Q’Spq%ifft toohstagtingpay ophmd/cmamerapentingthe iexpogure dése by 50
mJ/EE ¥RE %E@i&{?&eﬁﬁgﬁﬁ $ 1Al nLKBE aPW?%%’rS ng) developed

ynt heti c rts of Powderl i nk
usingf 0 ZﬁﬁNmpyu@ﬁMPg'l 9@@!0@1@0@&19@(&1\@ psfddle development steps 30

sec( %5(%@; gﬂéyfﬂée}ﬁl ?Vor nu 15&%3 lﬁﬁepm cﬁnde %1%4119 é%ﬁem At the

ensi in coa
expssdmecdmse 6f @0 enl/end 96%kefdtherfila Wwas petaanedﬂorthe empmﬁthereas

andts St feORER sy M of about 12

‘ Lithographic Example 8.
Lithographic evaluation of PBO precursor polymer (la) with 6-FDA/ODA
polyamic acid.

[0103] A photosensitive formulation was prepared by mixing together 100
parts by weight of a PBO precursor polymer, prepared in the same way as in
Synthetic Example 3, 250 parts of ethyl lactate, 5 parts of (5-toluylsulfonyloxyimino-
5H-thiophen-2-ylidene)-2-methylphenyl-acetonitrile, 31.25 parts of 6-FDA/ODA

- 48 -



Lo

15

20

25

30

gmin thickness. This fil mwas exposed portion w se
usi ng increnental exposures on a Cannon 3000i 4
wez@aaur7es t ool starting at 50 mlJ/ cnR i ncr enent PEUS1DE4/017486
exposure dose by 50 ml/cnR. The coated, exposed wafer
was then baked at 120 C for 3 mn, devel oped for 95
336 fgeEds under a continuous spray of 0.262N aqueous
TMAH LO solution, and rinsed with de-ionized water to
provide a relief pattern. At the exposure dose of 150

polJheE fﬁ?ep%ﬂ&@ qﬁ S%ﬁhétﬁd ExHRBler B aonwhs of tFRvdexirks eld parts of
areas and eatures were |th raphi c
trippopyiasedieol EBd l§| Fﬁﬁ@gﬂf gﬂﬁﬁ“@"ﬂﬂhﬁﬁw'@ﬁwﬁ?r %r ecur sor
pol ymer (la) with two dissolution rate nodifiers

[0105] A photosensitive fornulation was prepared by
[0194ki ng (Thgephelpsamnitiveptermylation Weasgthenospin opgigd onto'a silicon

wa@r%‘hﬁe e @l ¥¢Fftpl§t%rfgggrrﬁﬂuie§ dthe 85@% oBBin ésfllin”of éH@)éJt 12

arts of acet one al cohol
unparthskoéss( 5TBiS. fnm meex@scﬁ rericDAVSBISRY eEaMmertalrpegures

on tn do‘f4 Ireeto%i t]aﬂln aft's J/chPW leh% th%(éxposure
ALY B4R sy MG

ri pr pylene g yCO
doéd b Sohmdicsial yThe Icoptyebeemdsedr\lhﬁﬁﬁwes ta@w pekexbpt TA@ °C for 3

i8] RRERE8 0 5 oL PN P B S D8 Rafl) 1 £ Ao e

soldtior); 2844 trinselit with de-fonizedolvatebdat prbidenai reliehpektenass At the
e bsd of TR0 BT b bt B o, AL bRl areas

anétz Lﬁﬁfé’@}ﬂ@g&vér@(ﬁéﬁf‘@ﬂl ng the exposure 3 o dose by 50

. The coated, exposed wafer was then baked at
120 C for 3 49 WD 2004/111726 PCT/ US2004/ 017486

339.7868 mn, develg gf%rgﬁlﬁ.c%(asﬁg@mjs under a

conti nuous spray of aqueous TNMAH sol utiopn

kithngraphic.avaeatiompt BBO pREHrS0s Polyverdalavith Fwefd'ssolugon

pattern. At the exposw@eﬁ,%ﬁlé}fs 150 mJ/cn2 60% of
the filmwas retained in the exposed areas and 3 m
features were resolved.

[0105] A photosensitive formulation was prepared by mixing together 100
parts by weight of a PBO precursor polymer, prepared in the same way as in
Synthetic Example 3, 250 parts of diacetone alcohol, 5 parts of (5-
toluyIsulfonyloxyimino-5H—thiophen-2-ylidene)—2-methylphenyl-acetonitriIe, 31.25
parts of 6-FDA/ODA polymer prepared in Synthetic Example 7, 10 parts of
Powderlink, 10 parts of fripropylene glycol and 3 parts of
(triethoxysilyl)propylethylcarbamate.

[0106] The photosensitive formulation was then spin coated onto a silicon
wafer and baked on a hotplate for 3 minutes at 120°C to obtain a film of about 12
pm in thickness. This film was exposed portion wise using incremental exposures
on a Cannon 3000i4 exposure tool starting at 50 mJ/cm? incrementing the exposure
dose by 50 mJd/cm?. The coated, exposed wafer was then baked at 120 °C for 3
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5 Lithographi c Exanpl e 10. Lithographic eval uation of

PBO precursor polyner (la) with two dissolution rate
wore@itfiisees Lo [ 0107] A photosensitive fornul at PONUSEE4/017486

"prepared by m xing together 100 parts by wei ght of

the PBO precursor polynmer of Synthetic Exanple 3, 200
33pages of GBL, 5 parts of

(5-tol uyl sul fonyl oxyi mi no-5Ht hi ophen-2-yli dene) - 2- net

hyl phenyl - acetonitrile, 63.6 parts of polyamc acid
mifOdélieldyedabi 95 BBEoAdY WY

E‘v\der(ﬁjlénk 1174, 10 partsa?fdngm?grggnone pglg pﬁ&gg?ﬁﬁ-MAH
soluligi., @nd orinssd( withr dsjanizady water to. pravisienedrelief apattesn. At the
ex?_@édré dose (drr1iset BQW' 60‘%)(9 rtﬁ@lﬁ‘n?tv@él @%Hé&“?ﬁ the e%&%%]areas

hot osensitive formul ation was then Spin coa

aner%wﬂée%tmeisme regalgd. and baked on a hot pI ate for 3

m nutes at 110C to obtain a filmof about 12 min

t hi ckness. This fil mwas exposed portion w se using

i ncrenment al exposurldthographic ExaGgpied0. 3000i 4 exposure

BRarabile s Vi lor O RO e bR BEibetfakyln TacTisngytion
baked at 120 C for 3 ndate mbelfédreped using 0. 262N -

aqueous TMAH devel oper solution (two puddl e
devel opnent steps, 30 sec each), and rinsed wth

[010¥]i oni z& photdsensitioe ﬁbﬂﬁuldﬁbrﬁwarseﬂ)ﬂeﬁérd@iab?emﬁdn@iodeﬂ?er 100
ﬁ go_sur t%ﬁ%h §E91100 ml/ c 97% of the filmwas

AL Rregises eelyRre akSwbetc ma@mateue300 parts of

GBIET§ péﬁep|dfe$$-tomgﬁﬂ¥8ﬁﬂ8>@uﬁ|n5w&)hyﬂa% H:déf%%%@fh&}lphenyl-

eval yation o recursor

acgtoaitde. 3-8 Rarts of eo G acd §olg;t»on olstalnevlm Syothetic Example 4, 10
paﬁ’QT 61“%9%4%748?4 3@9 géﬁg%i GLOY aﬁgn‘?@ Oé&ﬁﬁ%g \MﬂY “2-pthyl-2-

formul ati on was me|n get
(hysiyoxyenedim)-be- monr@@ IW#&PM&W@W@WSIlyhprqpatuﬁwlmybamate
in Synthesis Example 3, 200 parts of GBL, 5 parts of
(5-tol uyi sul fonyl oxyi m no-5H-t hi ophen- 2-
[01}18] dene)The nb@tbyemmtmeyformumhom\ms treen $pin6eogied tant®ta silicon

waR$ af M SkeChrH a TV h R r OHAUE at 110°C to obtain a film of about 12

pm in thickness. This film was exposed portion wise using incremental exposures

~on a Cannon 3000i4 exposure tool starting at 50 mJ/cm? incrementing the exposure

dose by 50 mJ/cm®. The coated, exposed wafer was then baked at 120 °C for 3
min, developed using 0.262N aqueous TMAH developer solution (two pUddle
development steps, 30 sec each), and rinsed with de-ionized water to provide a
relief pattern. At the exposure dose of 100 mJ/cm? 97% of the film was retained in
the exposed areas and 7 um features were resolved.

Lithographic Example 11.

Lithographic evaluation of PBO precursor polymer (la) with two dissolution
rate modifiers
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5 in Synthetic Exanple 4, 10 parts of Powderlink 1174,

10 parts of 2-oxepanone polynmer with
wQ2@uhyl72@- ( hydr oxynet hyl ) - 1, 3- pr opanedi ol andpPGI/ps2on$017486

of (triethoxysilyl)propylethylcarbanmate. [0110] The

phot osensitive fornulation was then spin coated onto a
33gvségon .o wafer and baked on a hotplate for 3

M nutes at 110C to obtain a filmof about 12 min

t hi ckness. This fil mwas exposed portion w se using

[01i00F I ememy ?ho@é@ﬁéimfeeﬁ)rm%létl@n Coraopregafedi By enmng Ltbgether 100
tool starting at 50 /cnR increnmenting the exposur

Paripdy Wgighb oA 1RO PRhEeoRfeRredelipBige BAMATRY WasMt ﬁgrp,’thesxs
Ex&ﬁbl%% at20§2&1r§ 50GBS, 5”&eﬂts (‘Setbﬁ‘?%dlf&%)lcﬁ@lnQné’—@@-I\lhlophen-Z-

gueous TMAH devel op er sol ution
ylldmeb%mthymhgméﬁgetoemlge& BA®Ryts O&rmmarm% agidygalyfion obtained

il
in SYeR Sant % A0RMSHL rpvRlerlrk, A £14,PR pBHE.or'S okdlfanone
polymeal neith i n2- ethyéZéhxdreadndhﬁhﬁ 3smclpaneﬂldleaam es3weparts  of
Ex le 12. Lith hi

(tné@%@lﬁl?ﬂﬂh@%ﬁ%@% egur sg:mpgl ymner ) ?I al) vvio?L(’iltowloC

di ssolution rate nodifiers [0111] A photosensitive

f | at d b t
O et grieoPPSCERIST R PhaiTh NeoieR S oaksbopia dion
wa'fdfﬁ? aﬂéjn?éli@ﬂl c|§h aﬁ;@t;ﬁa@mf e tﬁmuﬁég&tptﬁm’s tofob@ta fﬂmptafratmut 12

0 ol uyl sul fon t hj ophen
iy iEHESS SRSl SRRl RSP VIsg LS Bojspental grposures

on @b&m&smm eﬁ&is‘dﬁé 0l Qﬁﬁﬁf@%@ MJ/cAf Widiebatirfo e x@osure
4, parts of _Powder | i nk 74, 5 arts o[) %do quggg
do%|byn’§9rm (g’ The coated, exposed wafer as then bake for 3

mug QkMbp e&L (ayey @Xm hubods 3|'1\WAlqpéé\%‘Ib;ﬂ=Jr S8lGtioh Rﬁ\fot $uddle

tri oxysi ly -propyl ethyl carba nate. 30 -
devgopmeny atgms,zao m@n:/eafsmoamd)msm% with Fte-ipgizgd [V@)qtm]to ‘Pﬁ‘é/'de a

rel e? gggérﬂt 'C{Qrkgﬁ’ae}pﬁgﬁgl ek '?)ff grﬁégﬁﬂcrﬂh b?%aofsthé 'flﬁﬁ 'Wé%et%?dlned in

ake m nutes at 110C
thenbmesad ardasl ancdo? uatfeatureﬁwemel rasolidtkness.  Thi s f| I m
was exposed portion wi se using i ncrerrent al exposures

on a Cannon 3000i osyr.e tooI arti ng at 50
ml/ cn? i ncrement | ngtﬁﬂg @Lj}i‘éEﬁf ARPIR, {2 by 50
Lithographic evaluation of PBO precursor polymer (1a) with two dissolution

rate modifiers

[0111] A photosensitive formulation was prepared by mixing together 100
parts by weight of a PBO polymer prepared in the same way as in Synthesis
Example 3, 200 parts of GBL, 5 parts of (5-toluylsulfonyloxyimino-5H-thiophen-2-
ylidene)-2-methylphenyl-acetonitrile, 31.3 parts of polyamic acid solution obtained in
Synthetic Example 4, 10 parts of Powderlink 1174, 5 parts of 2-oxepanone polymer
with 2—ethyl-2-(hydroxymethyl)-1,3-propanediol and 3 parts of (triethoxysilyl)-
propylethylcarbamate.
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5 ml)/cn2. The coated, exposed wafer was then baked at

120 C for 3 mn, devel oped wusing 0.262N aqueous TNMAH
walewalioes sol ution (two puddl e devel opnent stREEDS2080017486

sec each), and rinsed with de-lonized water to provide

arelief pattern. At the exposure dose of 100 mJ/cnR
339.7868f the filmwas retained in the exposed areas and

7 mfeatures were resolved. .0 Lithographic Exanple

13. Lithographic eval uati on of PBO precursor polyner
[0112}) wi tThe fupmdiagionwiisi then spit €odid bhics Silieoh Whlet] arfd baked

ona ph@ %ZGP } | rt \A%Bl;tg%gfl k?abvé t%WStag? ggﬁ%gﬁdﬁ%@ ?g)rﬂn? ?n thickness.
Thisr fipames expdded §@ﬂ6n Wii¥e Qﬁndg”m%yé?ﬁ&ﬁél' Bxp&tREPLR 2 cannon

30(?@2 té%pé%{,?@&;?loﬁ%'mggﬁtrﬁormJlgm tlnq:rg[mghnggihe exposure dose by 50
MM TR caat® ldXpb e Rister Ha8tRdH Békéoeaé 1%hqe%t fof ﬁtlj__:imh%‘?veeloped

ol yam ¢ aci d sol uti on obtai ned
Usﬁ‘ é@%%lr@%le@ﬂs Addaidrdevalepen salutiars (tplarlvu.clctlﬂ development steps,

30 %egii%&ﬁ? I@g )angérééﬁﬁfth ;?jﬁvﬂﬂ)@ged g/aterr otg pravjde a relief galferp; At the
- expspure Apee RHAPYIm Bm ko pfy thet fdm was betairteel. in[ 10 lekpodéee areas

an@l??%??e%%]e&fv%?e Wéldatl on was then spin coated onto a

I con d 'baked on a hot plate for 3 m nutes
at 110C to obtaln a filmof about 12 5 pmin

t hi ckness. This fi was expased portion w se using

i ncr enent al exposuLgb"%WpE ﬁ?fBHPes{)%OM exposure tool
Lithagraptyc @vahiation sREBO peécureoF pag'nﬁéiq:aqmms Hi8 diskdttion
by 50 mJ/cnR2. The coat ed osed waf er was then baked

at 120 C for 3 nin, I'Bﬁg'&'eiﬁl ng 0.262N aqueous
TMAH devel oper sol ut| on (two puddl e devel opnent
ep 30 sec each), and rinsed with de-ionized water
[0133°P°

pr ovifu@hgtosensigve ygymptation 1was Decpared Usp 0UNNg tagetber 100
parfSBy 1BEEN 8f o PERSIcRiibr Hophidf, FXAREUARGA0EF Al il ninesis

7% of the ["m was eta| ne
Exaipplg 3, a 280 pavtst efGBLe§ nﬁéﬁSeOfr(6sioluylsdlfo@ldxyttimogﬁ&-bfhmphen-z

yhdgﬁ tl%f\pgrélw‘?ﬁéteﬂﬂ'h& ﬁ"é‘baﬂé of E?Iggm BB ESGHES Shtained in

Ssolutronr
Synthetlc Example 4, 10 parts of Powderlink 1174, 15 parts of 2-oxepanone polymer

with  2-ethyl-2-(hydroxymethyl)-1,3-propanediol and 3 parts of (triethoxysilyl)-
propylethylcarbamate.

[0114] The photosensitive formulation was then spin coated onto a silicon
wafer and baked on a hotplate for 3 minutes at 110°C to obtain a film of about 12
pm in thickness. This film was exposed portion wise using incremental exposures
on a Cannon 3000i4 exposure tool starting at 50 mJ/cm? incrementing the exposure
dose by 50 mJ/cm® The coated, exposed wafer was then baked at 120 °C for 3
min, developed using 0.262N aqueous TMAH developer solution (two puddle
development steps, 30 sec each), and rinsed with de-ionized water to provide a
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nodi fier [0115] A photosensitive fornulation was
prepared by m xing together 100 LO parts by wei ght of

W@ 2@BOLpeecur sor pol yner, prepared in the saneP@EYSHS4/017486
in Synthetic Exanmple 3, 200 parts of GBL, 5 parts of
(5- propyl sul fonyl oxyi m no- 5H

33§.I7§3§)5)hen- 2-ylidene) - 2-net hyl phenyl -acetonitrile, 10
parts of Cynel 303 and 10 parts of a 2-oxepanone
polymer with

reh%[] Eét}&ﬁh Aty %5( d??td'&éé bt Lo N GRReP4] &l the Fiftn [\A%%]r@%lned in

ot osen3|t ormulation was spin coated on
th@xnoe@%am%eand? Irmﬂe‘eetusa@deme@iv%s baked at 120 C
for 4 mnutes. The thickness of the filmthus
obt ai ned was about 10.3 m The coated silicon wafer
was then exposed patternw se to broadband radiation

Vit o for 5.5 sodliRerEERRIRe 18 ancxposure.
Litinegrgphicf e vilGation ofi2BOTrecursongotymenfalwithra di8Solution rate

seconds at 1200C and then %ﬁel oped in 0.262 N aqueous

TMAH using multiple i nrer8PHelevel oprment. The first

|nner5|on was for 100 seconds .and the second
i mrersion was for 250 seconds with a DI water, ri

[0 ween ArRhoigsensitiyd dogRNRlAs,p Wap dEPareHeDY dRING W@ether 100

paﬁé |HV W@th? & é”PB(b“;ﬁKCLﬂéérebolyﬂéw%r@ aRat invBfe same [y as in
| et ed. 200pm vias (square were resol ved

25
Symh@ @@@mnl% SpRpparts oF BAdrﬁee%ﬁ é§‘tp"ER)’isPPanWﬂ’é"m'“°'5H'
th.{; éﬁ-&-? -z%smggﬁgn%%cuohnmar?@Bbﬂs%mvmeesés and 10arts

exa wer e In coated Onto a
of a.zmmanom polymenwite 2satbyl- m@psymgml)ﬂa&ewp@ned@b 120
Cfor 3 mnutes. The thickness of the filns thus
obtained was 7 - 8 m The - 53 WD 2004/111726
[0AGT/ USZOU#I ﬁﬂ&éSﬁmtB/.é%oﬂﬁﬂStmeas$pWec@xated1@n the milicenl wafer.

att i se usin
TrBGb B MeEh S Bfad LA KRR TR, St o b B s
obthlﬂedﬁgvatsh@beupm eumt | MRe ovdtdd KallidonSuaserMes6then exposed
roadb exposu Ate t rid of nmm .
pallteapicathang BrialbnmessEn wifra Haf B 4 Allhenstt of
5.5 RV ferf20for 8418 Secdfds, Ted@ing iﬁré?deprsﬂre?@ﬁ’erby af|8e0®uR/cm2. The
t et ranet hyl anoni um hydr oxi de usi % 8 ?l
wafer baked for 180 seconds at 1200C and then developed in 0.262 N aqueous
TMAH using multiple immersion development. The first immersion was for 100
seconds and the second immersion was for 250 seconds with a DI water rinse
between and after the develop steps. The remaining film was 9.6 pm thick after

development was completed. 200um vias (square holes) were resolved.

Lithographic Examples 15
Adhesion test
[0117] The formulations prepared in lithographic example 4 and in lithographic
example 6 were spin coated onto a silicon wafer. The coated wafers were baked at

120 °C for 3 minutes. The thickness of the films thus obtained was 7 - 8 ym. The
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devel opnent (2 puddles, 25 sec each). The patterned

films were cured under N2 atnosphere at 350 C for 1
whown/1117he waf ers were then placed in a pressuPET/TAIRE017486

pot and were exposed to saturated steamat 121 C for

100 hrs. Then, the adhesion of the filns to the
330M8f68r s Was tested using a tape peel test using 3Mo

t ape#720 as described in ASTM D-3359-83. If no squares

of the grid were peeled off, then the formul ation

wafeﬁﬁﬁ&@ tﬁ&?ehﬁﬁs’éd pa@ehhisd U§n@ acbr@éub%@haeﬁmw 18mpeight for
fter 1000 hrs of the test. 1 Wiile t

10& 2 54andS fthe damp @uitp U ¥ 10984 @mé 4QP9™R dfl@ﬂe thg@gosyre
timd)ith Rar? BESES {x/lﬁA B’ﬁ%ﬁﬁbﬁﬁ@%ﬁpds‘ﬂj &R1.; Atén M kdn &% of 2 mm

appreci at ed es I cation and vari ations
squaEas wes g sredtedo lﬁheaetb@rwafﬁgweﬁf bakadyat &8 9G for 2rain and

o 0E0 P70 A LSO TSRS O

develogpnund (2 puddied, |Zﬁeseoc&achh dThveapatéarned §imsweref euréd under N

0585 R 85 Vo A Bl oo

potlagdtweare sexﬁdisadtto s abiedestenm ket 121 PO édroiOOtwst | Then, the
t co [

oS 5 SR O B e W
0 tapé#’l’ﬁl’ ds Bbstrib&HirAASTNWID 33561880 1M $quaks vhitieajrid werk pesdled

t eger from about 10 t b is.an i
of ftheshi fornulgins passed %ges 39*51 flgs Bge fio ads@Sioplsses atter
1006098;0f Me teks sel ect ed fromthe group consisting of a
tetraval ent aromatic group, a tetraval ent heterocyclic
group, or mxtures thereof; Ar2 is selected fromthe

[01 %f up ¢ Wﬁlesih'eniﬂv@ntﬁinvﬁése B%et?’ Qeé‘érﬁﬁﬁt h&elrﬁ‘wﬁh \fé\‘e?éﬁce to the

erocyclic, a divalent alicyclic, di val ent

5 sp@ificmmwd;megtsdbpreqﬁ,art witbhe @ame&late%that @bﬁngezsn anqdification and
r 0

varga?iéﬁg %:51‘? bferng%&é uﬁhglﬁt\/&’% ﬁtﬁ'@sfr&h ?s@mt %gﬁ @csgé gf the inventive

codmep’edlsclpsdzd bereg1 odgcordingiy, xttmrdenddcbtoeerhbra@ezlali such changes,

moa’}a“catlon anJ variat E)rqs? thit PRt ﬂ%'s%?rft 9dd 'g‘{:ct)peg Q_Pn% appended claims.
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or Are; G H or an organic group having a group
attached directly to the 20 term nal NH of the polyner

war@4mheei n sai d group attached directly to tPET/US2004/017486
termnal NH of the polymer is selected fromthe group
consisting of a carbonyl, a carbonyl oxy. and a

33§%§§n group; (b) one or nore photo-active conpounds

rel ease acid upon irradiation (PAGs); 25 (c)

one or nore |latent crosslinkers, each of which

Wé;@,gﬁﬁu ns at least two - N (CHZ(P) " units where n=1 or
2, and Ris a linear or branched C1-C8 al kyl group);
(d) at |east one solvent, and (e) at |east one

7. di Sﬁ‘?’n'eﬁ }calgfétérﬁ’bggr osivpérﬁ{ng Ip?\gto‘é'ﬁnQméqébrﬁﬁ&é(ﬁ&ﬂhbhﬁdmprises

aten y reactive

55 (a)memmmamalgsemameomospmewm%sﬁ) 7868
di ssol ution rat nDdlfler es not_ cont |n car boxylic
acid groups. 2.{IA he tant gat e wor ki ng
phot 18 : A, Mm}g; n

@Fﬁ§3&LA heat reS|s neg ve morkln% A ¥
photoreS|st conmposi tion a rdlng to claim 1, wherein
Gis an organic group J having a group attached
directly to the termnal NH of the polynmer and
wherein said group attached directly to the termna
NH of the polymer is selected fromthe group
consisting of a o carbonyl, a carbon

|
sul WoREIN ¥ i@ integer Arofe Aoyt torahetit ndodolser @%&%thﬁm Oto
PhOLEs &S  a og@ggistélﬂﬁlt L hEH 1800.0A¢ |igtisBleclediéh &hé group

t he di sso onoter 1s selected fromthe group
ongor§|$trmg affa tefsavajentaropainaroup. a drifRyalens hﬁlfecrqapygtlc group, or

| ea gL axylaBr; tRignh NGivalent
car E‘gxy%@lgc aCIcg gerl’ﬁ IQU&%ea%pﬁcreéa? r eswgnfaﬁé lve _Va er:‘
wor eromatishat divalent hetetonyolid, ta divalgot elieyichiy eroa clialent afiphatic

wherein the dis r €

gr ogbougo&@fg}qynéo‘?gé‘ ih! S@FCIQRI g\mfs {;%cg?é ?t]gl £ tlﬁéjpﬁcﬁ.@"&c;rl%?stmg a

gl y divalenp clryraatiy geoup, ¢ y!i:/alent ali pipaticegreup) ycdllvalent heterocyclic
group, or mixtures thereof, Art is selected from the group consisting Ar' (OH),

or A, G H or an organic group having a group attached directly to the
terminal NH of the polymer and wherein said group attached directly to the
terminal NH of the polymer is selected from the group consisting of a
carbonyl, a carbonyloxy and a sulfonyl group;

(b) one or more photo-active compounds which release acid upon irradiation
(PAGS);

(c) one or more latent crosslinkers, each of which contains at least two ~N-
(CH20R), units where n=1 or 2, and R is a linear or branched C+Cs alkyl
group);

(d) at least one solvent, and

(e) at least one dissolution rate modifier,

with the proviso that when the latent crosslinker is highly reactive, the
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tripropyl ene glycol, polypropylene glycol, glycerol,
but ane di ol, hexane diol, sorbitol, cyclohexanedi ol,

wad2@4bisehydr oxynmet hyl ) -tricycl o(5. 2. 1. 0/ 2, 6) dBCEHNB2004/617486
2- oxepanone co-polymer with

2- et hyl - 2- (hydr oxynet hyl ) - 1, 3- pr opanedi ol ,

339/ygggoqui none, 1,1, 1-tris(4-hydroxyphenyl)ethane,
ant hrarobin, 2,7- di hydroxynapht hal ene, 4, 4-bi phenol,
3-met hoxycat echol , 5 pol y(hydroxystyrene), novol acs,
c alissaluBHE fate Afudiified dpes NOScantdih @artiorgic avid groxps. ¢ aci d
groups selected fromthose of the fornulae OH OH HO O
OHO - 56 WD 2004/111726 PCT/ US2004/017486 339.7868

2. H Q‘hee@ ré@t@ngwéﬁ'étﬂv@v@rkmy ph@tc@aéﬂ:l dd@ip@s\tto@ accbrdiig @ Eaim

HO - OH
1 wherelnGlsH p OH 000O

3. A heat resistant negative working photoresist composition according to claim
1, wherein G is an organic group J having a group attached directly to the
terminal NH of the polymer and wherein said group attached directly to the
terminal NH of the polymer is selected from the group consisting of a
carbonyl, a carbonyloxy and a sulfonyl group.

4. A heat resistant negative working photoresist composition according to claim
1 wherein the dissolution promoter is selected from the group consisting of
polyols, phenolic compounds with at least two hydrdxyl groups and
compounds containing carboxylic acid groups.

5. A heat resistant negative working photoresist composition according to claim
4 wherein the dissolution promoter is selected from the group consisting of
ethylene glycol, diethylene glycol, polyethylene glycol, propylene glycol,
tripropylene glycol, polypropylene glycol, glycerol, butane diol, hexane diol,
sorbitol, cyclohexanediol, 4,8-bis(hydroxymethyl)-tricyclo(5.2.1.0/2,8)decane,
a 2-oxepanone co-polymer with 2-ethyl-2-(hydroxymethyl)-1,3-propanediol,
hydroquinone, 1,1,1-tris(4-hydroxyphenyl)ethane,  anthrarobin, 2,7-
dihydroxynaphthalene, 4 ,4-biphenol, 3-methoxycatechol,
poly(hydroxystyrene), novolacs, calixarenes, and compounds containing
carboxylic acid groups selected from those of the formulae

/ o:H HOL\/WOH

O
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OH HO OH BDD OH 0O O and .0 6. A heat resistant

negati ve wor ki ng photoresi st conposition according to
w@b@im1726 wherei n the di ssolution pronoter i s BCT/US2004/017486

pol yam c acid of the structure (VIl): OH5 HO7 W-~

o OVIIl n - 57 WD 2004/111726 PCT/US2004/ 017486
3393868868 where n is an integer ranging fromabout 5 to

about 200, and Ar6 is selected fromthe group

consi sting of a divalent aromatic group, a divalent

heterocyclic group, a divalent alicyclic group

di val ent aliphatic group that may contain §

m xtures thereof, and Ar5 is selected from

pdroup, ate
orffa tetraval

20 T\ eacglﬂ p
| east one of the other va ces ho to it.
resi stant negative working photoresist conmposition
according to claim o 1 wherein the one or nore |atent
crosslinkers are selected fromthe group consisting
of al koxynetdyl mel amyes, al koxynet hyl %I])fco' urils,
al koxynet hyl pbenzoguarjam nes, al koxy yI"di guanam nes

deri ved ¥ 9 Q&6 and fel anfyne or
benzoguanam ne \pol yners. 5 8. Aﬁat resi st ant

negati ve wor ki ot oresi st konpesi@i on according to
claim 1 ' H or nor Mt crosslinkers
romtpHe group co %Hof conpounds

are sel ected
of the formulae CH3O N N N OCH3 CgH'N OC4H9 CAO - Hy
OCA CH3O-1 Y N LoCH3 C4AHOO-J Y NN Y LOCAHO N~ N1 Y
I T

0O

0 0 0
OH
HO OH
HO OH
O O and

6. A heat resistant negative working photoresist composition according to claim
1 wherein the dissolution promoter is a polyamic acid of the structure (VII):

1.
(et

t o O
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IN N OCH3 OCH3 C4H9O OCAH9 OCAH9 CH30CH 2N~- CHyOCHS3
CH30O~ FOCH3 C4H jO-, FOCA N N NI YNYN CH30CH2~
WO SHA@OH36 N' "N N o=< J >-. C4HO0-' N N LOH ~-P@I/US2004/017486
N~, CH2OCH3 NN 1111 CH2OCH3 CH30J LOCHS M\ N
CH3O0CH2~, N and \CH2OCH3 610~ 0 - 58 WD 2004/111726
339°78BBUS2004/ 017486 339'.7%' 63 9. A heat resistant
negati ve wor ki ng photoresi st conposition according to
claim | additionally conprising an adhesi on pronoter.
10 whardiads an éségdraahging fratn at LIt aboutidoot ane shiSis selected

congposjtion accordi ng . to,clai ein_the adhesion
o 081 e FEuB RO g e A RS Bromaliy oty 2 SV BIAR R eroccli
negpdup) @ divel&mnt2gicyde lgpsuRs anivaI@ﬂmphétic@o@ﬁ et fhaycohtain
claim 9 wherein the _adhesison ter |'S conpound

of SlifenQniLgeeh ﬁre@f,@dﬂ? aefi (remzwﬁgs?umcq@stmg ofa

( Xdfravardre Eaﬁirﬁ‘atﬁﬁ@rbuﬁjélte'trévéléﬁ'ﬁRﬁ&@%{/ﬂhE)gr&ﬂi %Ctbﬁ'gvaflérﬂm
th%ygrou consisting o Kyl group

oghrhaga orgpP: gf e@etraa/ﬁlfnéamycmgroua, wutm&@g@ﬁuémnay each
sehgrhed hbt 2MehBfor StRe okt valehBss SfthGtoTt- C4 al kyl

group, a

7. A heat resistant negative working photoresist composition according to claim
1 wherein the one or more latent crosslinkers are selected from the group
consisting of alkoxymethylmelamines, alkoxymethyliglycolurils,
alkoxymethylbenzoguanamines, alkoxymethyldiguanamines derived from

diguanamines and melamine or benzoguanamine polymers.

8. A heat resistant negative working photoresist composition according to claim
1 wherein the one or more latent crosslinkers are selected from the group
consisting of compounds of the formulae

|
cmso—| - I I—OCH3 C4H90—| \(/ T |—OC4I—19 NN
e e &
N N
OCH; OCH; CH0  OCsHy OC4Hy

o il CH3OCH2——N—CH20CH3
CH;0 OCH; 4 O |
—I r— CH3OCH2\ /CHzocH;; x N

-
Ne N N N
o= I H=0 CiH0— \r Y |—0H >_N )\N/cmocm

\
CH30—| I._ocn3 CHOCH >_N CH,0CH;
N

and NCH,0CH;
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Cl- 4 al koxy group, a C5-C7 cycloal kyl group or a
C5-C7 cycl oal koxy group, dis an integer fromO to 3
w@p@4n1i7g6 an i nteger from 1l to about 6 and R13PCEHUS2UE4/017486
3397888 the follow ng noieties selected fromthe group
consisting of : ONH ,nw~nnnNH NH2 CH 14 p OO/R O
NNRI5 OMMO ASH "'-NH ", wNCORL6 | I O
wherei n each R14 and R15 are independently a
substituted or unsubstituted - 59 WD 2004/111726
9. ACHealSGstant ITegHtive380rkitgh phalbrezishcdmpogitionmasording to claim

-C/l.C oal kyl .group, ,and R16 is a Cl1-C4 al kyl group
?n%&it"?%aﬁ 'Fofﬂ‘érl'%rgﬁ’ RP1AEs a8 prfﬂ?ostﬁr'heat resi st ant
negati ve wor ki ng photoresi st conposition according to

claim 5 11 wherein the adhesion pronoter is selected )
10. A beat tesisjaniupegativei wotkig phoferesist campositien-accordipy to claim

b B oG a8 . ©

11. A heat resistant negative working photoresist composition according to claim
9 wherein the adhesion promoter is a compound of the structure XIV
11
_AORM)q
R} (CHy),—Si
- \R12 ‘
(3-d)

(XIV)
wherein each R is independently selected from the group consisting of a
C1—Cs alkyl group and a Cs—Cs cybloalkyl group and each R is
independently selected from the group consisting of a C4+—C4 alkyl group, a
C1—C4 alkoxy group, a Cs—C7 cycloalkyl group or a Cs—C~ cycloalkoxy group,
d is an integer from 0 to 3 and n is an integer from 1 to about 6 and R"™ is one

of the following moieties selected from the group consisting of :

O
wwwwNH
NH
MNHMOH \n/ 2 ”
O R
o) © -~
(0]

WN\R15

0
vwvmo/\</ wwSH www——=-N H
’

WA N\C/O\ R1 6

I
O

wherein eéch R* and R'" are independently a substituted or unsubstituted
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.0 13. A heat resistant negative working photoresi st
conposition according to claim 1 wherein the

wale@solreé on rate nodifier is a conmpound cont aP@i/m§2004/017486

carboxylic acid groups and the crosslinker is a
glycoluril. .5 14. A heat resistant negative working

33@headr esi st conposition according to claim 1 wherein

12.

13.

14.

15.

the dissolution rate nodifier is a polyol conpound and
the crosslinker is a nelamne. 15. A process for

i orcm-m; akypgidupr bed Osﬂe%ydmn@l groRp! &rid RT® i RRC IO &G/ group

0 conprisi gthe ste of : (a) prowdlng a substrate;

( b)ANGA Lty BFlealiNi 9Bt r at e’ a negat i ve- wor ki ng

phot osensitive conposition of claim1; (c) exposing

the coated substrate to actinic radi atlon 5 (d) post
expddapkrasislan Jlagative warking Bheseresist somposifiors pesasdiag to claim

te /
339 stz‘%“é{@hedagﬁ@'gs.\é%%?\%e R TR SR iR or
aqueous veI oper, thegypy fornmng a relief image;
and (f kin e blstrate at an evat ed

M r@Ethe_re ef }J@g&l Ef 4
A process for form ng pat t er nB#mab¥l ona §1’0Et
substrate, the proces onprising the steps @Et (a)
provi ding a substrate; (b) coating on said substrate a
negati ve-wor ki ng photosensitive 10 conposition of

claim?2; (c) e osi ng the ted substrate to actinic
radi gtion; ‘bst exposu aki ng the @E@t ed
suba p()gjtevat ed tenper §\} p eveI opi ng
t he ]s,j rate with an ajrueous de oper
t her @by

and HO

A heat resistant negative working photoresist composition according to claim
1 wherein the dissolution rate modifier is a compound containing carboxylic
acid groups and the crosslinker is a glycoluril.

A heat resistant negative working photoresist composition according to claim
1 wherein the dissolution rate modifier is a polyol compound and the
crosslinker is a melamine.

A process for forming a patterned image on a substrate, the process

comprising the steps of:

(a) providing a substrate;

(b) coating on said substrate a negative-working photosensitive
composition of claim 1;

(c)  exposing the coated substrate to actinic radiation;

(d)  post exposure baking the coated substrate at an elevated temperature;
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10

15

20

25

30

formng a relief imge; and 15 (f) baking the
substrate at an el evated tenperature, thereby curing

wo b@4/118Ré ef i mage. 17. A process for form ng BCT/US2004/017486

patterned image on a substrate, the process
conprising the steps of: 20 (a) providing a substrate;

33¢B6goat i ng on sai d substrate a negative-worKking

phot osensitive conposition of claim3; (c) exposing

the coated substrate to actinic radiation; (d) post
exp@gur edebaiopm@ theecaatad edbstrales ivitatam aqUarusede\xem;md, thereby
t enper at ure,; Eéf %I devel Opl ng the coated substrate

with an '9UwWRYALelRN'EPEHA t hereby forming a relief

i mage;  apfirg thebalishatd Beaf Weatéd teraperature) teréigdcuring the
tenperature thereby curing the relief inage. 30 18.

A procedsligfdnageys ni ng a patterned i mage on a

substrate, the process 61 WD 2004/111726

PCT/ US2004/ 017486 339. 7868 conprising the steps of:

16( a) Appogeas rfgr fowningt a patternas) IVage i ¢y qbrptg)g’(rgte the process

Swé&%?‘{'. o t”%?&%?é ye- wor ki ng photosensitive

conpos N alm4; 5 (c) exposing the coated
sub@)ratmotndlngcetsubwat%dl ation; (d) post exposure

E{@r at&%ﬂﬁg atoq,) SQIQStéLﬁ’)Eﬁat%t an g%ﬁ\?# Working _ photosensitive

ure,; evel opi ng the codted e Wt
an aqueommnmtrsvt&incrpfe:talmtmer eby formng a relief inmge;

f)_ bak h
R ot orpasEiine BFY ARbSBNE IEbeti BURIBHT oe 10, A
pr oHss ﬁdﬁt efq@tﬁsmr@ Dalﬁn@&tetwaﬂaﬂsumw atraraelsvdited terhperature;

t he proc
«5 3 veloplng e coaqu substra’tc(ae I[\)/\TQi’(h .'Zm aqueous developer, thereby

forming a relief image; and
(f)  baking the substrate at an elevated temperature, thereby curing the
relief image.

17. A process for forming a patterned image on a subsirate, the process

comprising the steps of:

(a) providing a substrate;

(b) coating on said substrate a negative-working photosensitive
composition of claim 3;

(¢)  exposing the coated substrate to actinic radiation;

(d) post exposure baking the coated substrate at an elevated temperature;

(e) developing the coated substrate with an aqueous developer, thereby
forming a relief image; and

(f) baking the substrate at an elevated temperature, thereby curing the
relief image.

18. A process for forming a patterned image on a substrate, the process
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(a) providing a substrate; 5 (b) coating on said
substrate a negative-working photosensitive

w@ooposi7eé on of claimb5; (c) exposing the coatPdI/US2004/017486

substrate to actinic radiation; (d) post exposure
baki ng the coated substrate at an el evated

33d.m8g®rature; (e) developing the coated substrate with

19

20.

an aqueous devel oper, thereby o formng a relief

i mage; and (f) baking the substrate at an el evated

tem@mpaitsmgqhet;twsehy curing the relief image. 20. A
rocess for form 3 patterned i mrage on a substrate,

é br oPEVdiINg a SYRBHAtI ng the steps of: (a) providing

a pst "c@étﬁtq((@)t coid | Bobsiatsaid fEgshvealdking photosensrtrve
negati ve- wo ot osensitive conposition of claim

6; (c) é‘Q'E)‘BQﬁ'H@"PE@'a@bét ed substrate to actinic
raggpt i @Rpoding the pate'ts 2t rr‘&jréﬂﬁr coal ed

substrate at an e evat enperature; - WO
2oc(d) 11p¢2tee>rpg$m@3mbrwtquated sgesiratg @ an @)eva@rﬂetlewierajure

t her eb H@?elﬁ%hﬁtthétc%a}&dt %@ﬁg%ﬂ“ﬂ? lég %fl;/e%gg poeervelopﬁré thereby

substrat‘wrrmgamelafenageeandenperature thereby curing

Lgf‘({)er n!gaﬁflﬁatgggsg{psgatéu%t %} %e&g%[ds h 5%@ tﬂgre%y curing the

conpri skeligf imagest eps of: (a) provi d| ng a substrate;
(b) coating on said substrate a negati ve-working
phot osensitive .0 conposition of claim?7 (c) exposing

then gnatsd sotbsdrie d Pattbinedi Fndgddiont kOBubstrate, the process

comprising the steps of:

(@) providing a subsirate;

(b) coating on said substrate a negative-working photosensitive
composition of claim 5;

(c) exposing the coated substrate to actinic radiation;

(d)  post exposure baking the coated substrate at an elevated temperature;

(e) developing the coated substrate with an aqueous developer, thereby

‘ forming a relief image; and

() baking the substrate at an elevated temperature, thereby curing the
relief image.

A process for forming a patterned image on a substrate, the process

comprising the steps of:

(a) providing a substrate;

(b) coating on said substrate a negative-working photosensitive
composition of claim 6;

(c) exposing the coated substrate to actinic radiation;

(d) post exposure baking the coated substrate at an elevated temperature;
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30

(d) post exposure baking the coated substrate at an
el evated tenperature; (e) devel oping the coated

waegtiteee Wit h an aqueous devel oper, thereby PEDURING017486

arelief imge; and _5 (f) baking the substrate at an
el evated tenperature, thereby curing the relief

339.7888c. 22. A process for formng a patterned inmage on

a substrate, the process conprising the steps of: >.0
(a) providing a substrate; (b) coating on said :
sulyg) r adeveloping ahé \toaiar sibgraehaite senagidoue developer, thereby
conposition of claim38; (c¢) exposing the coated

subst r af@miRg acelishimagei@dt i on: (d) post exposure

bakihng bBRING ARk RIbSHAR! 4P4F efivafll RInfehRfe, thereby curing the
tenperature; >.5 (e) devel opi ng the coat ed substrate

wi t h anreligfibea@e.devel oper, thereby forming a relief

i mge; and (f) baking the substrate at an el evated
tenperature, thereby curing the relief inage. 30 23.

21.A ph dueessst r fapih@ Pagatnedr iapd mige@ subsgirate, the process

22.

23.

su ess 63 WD 2004/111726 .

Pﬁb@%@?ﬁﬁﬁ*&i@%%ssg. 7868 conprising the steps of:

(a)(apr opraliding a ssibbisateat e; (b) coating on said

subgtira egati ve- | phot L Ye. "

co E@)s i :Cls%@r@f %gl a%la(jrq \S%LF%tfaq%x Baos ?‘%QQ@{?@"’%’%}E{% dphotosensmve

subst r aicempositioh iofclaint Zdi at i on; (d) post exposure

baki g t he coated substrate at an el evated

{ enfpbr aEAPRSIG (1) QLT LAY PReUREPURTStbst r at e wi t h

an (@yuepost eiposlirnsiking thelcebied substratettanreidvatéd tenm@eature;

and (f) bakin tetpe substr t? ﬁ?te a%E el evat ed

t erfbr ad§VEoPNgdne fpatash ?‘ﬂb’* AWt N 8augqygdeveloper, thereby
forming a relief image; and

i) baking the substrate at an elevated temperature, thereby curing the

relief image.

A process for forming a patterned image on a substrate, the process

comprising the steps of:

(a) providing a substrate;

(b) coating on said substrate a negative-working photosensitive
composition of claim 8,

(c) exposing the coated substrate to actinic radiation;

(d) post exposure baking the coated substrate at an elevated temperature;

(e) developing the coated substrate with an aqueous developer, thereby
forming a relief image; and

1] baking the substrate at an elevated temperature, thereby curing the
relief image.

A process for forming a patterned image on a substrate, the process
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24. A process for formng a patterned i mage on a
substrate, the process conprising the steps of: (a)

w@e@nilti7ag a substrate; (b) coating on said sSuPSTL/DS1004/617486

negati ve- wor ki ng phot osensitive conposition of claim
10; (c) exposing the coated substrate to actinic

3397@@ggat i on; (d) post exposure baking the coated

24.

25.

substrate at an el evated tenperature; (e) devel oping
the coated substrate with an aqueous devel oper,
t heomblising theostebsef:a rel i ef image; and (f) baking the
substrate at an el evated tenperature, thereby curing
th rePrioéfd'rP%ﬁlé[?St@g‘?; A process for formng a

pafs)er neshtingBoen Olkail SHAISGR, €a t AEyUVESRTRINg® photosensitive
conprising the steps of: (a) providing a subStrate;

(b) coaf9ABotosaf digLYst rate a negati ve- wor ki ng

pheatyos epshddk ARSI ey i (C) exposing
thgé)coa?)g%dsléu g?rccgt e fégtbgﬁ)[?gﬁ; S&ﬂ#'g%faé’ﬂ’%‘{%‘f o (d) post

ex (s ur pogexpagurethakingdoecoaiet subsitaie at amalevateddemgerature;

350 acneeoping Ui codRl SHRAAG it ALY SHpRer rereby

el opin su
aqueousformire @ pdief image; e forming a relief imge;

FeMber wodfS e el BafAE i SR BeMeBI A RS duoreby spring the
pr ocessrdlief iMlageri ng a patterned i mage on a substrate,

the process conprising the steps of: (a) providing a
substrate; (b) coating on said substrate a

negabprosyOfdti RPMINYOLOPatshéd Vithage on a substrate, the process

comprising the steps of:

(&) providing a substrate;

(b) coating on said substrate a negative-working photosensitive
composition of claim 10;

(c)  exposing the coated substrate to actinic radiation;

(d) post exposure baking the coated substrate at an elevated temperature;

() developing the coated substrate with an aqueous developer, thereby
forming a relief image; and

) baking the substrate at an elevated temperature, thereby curing the
relief image.

A process for forming a patterned image on a substrate, the process

comprising the steps of:

(@) providing a substrate;

(b) coating on said substrate a negative-working photosensitive
composition of claim 11;

(c) exposing the coated substrate to actinic radiation;

(d) post exposure baking the coated substrate at an elevated temperature;
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o

.0 conposition of claim12; (c) exposing the coated

subst

rate to actinic radiation; (d) post exposure

whalisngl7ehe coated substrate at an el evated  PCT/US2004/017486
tenperature; (e) developing the coated substrate with

an aqueous devel oper, thereby formng a relief inmage;
3328685 (f) baking the substrate at an el evated
tenperature, thereby curing the relief inage. 27. A
process for formng a patterned i nage on a substrate,

t he(epr oateyelopngnihei wiatayl Sitwstrates pathadn aqudalls dev@lopdr, tBereby

a substr, . (b).coatin n said substrate a

negat i VJS{@PQ%HE"%HB?%%%H itive conposition of claim
13;(fX c) bakimgsihegsubstrateoat al efduatdd tdrRpdrat@é thekdby curing the
radi ati on. sgéﬂgost exposure baking the coated

substr atrglieg

el evated tenperature; 5 (e)

devel opi ng the coated substrate with an aqueous
devel oper, thereby formng a relief inmge; and gf)
26 a1k ngfocsss Jomderming ataiiamede agel e &kbstate, the process

27.

28.

t hegdRprising thBGtddacor: rel ief imge. o 28. A process for
formng a patterned i nage on a substrate, the process

65 (@0 Huoviding ampbsirete; US2004/ 017486 339. 7868

con@l i sidagdiitde oat epsy Ofq; providi 3 Imﬁfr ; .
(b;YB?:oat({&%téﬁ noéai %?%ut?gP %@tg aé)nengg?ﬁ(/ezwam ngﬁcﬁosensmve
phot osereompogition obalpis i on of claim 14; (c) exposing

exiS

o € haRhRRe defed QB ol AR L', B¢ oo

t enf@r atpostexposale latdreg thpicogtedhstibstrateed anidisiated @mpietdture;

22 0(%9 ue %%el%%i\ﬁsl tﬂg ecro’atetdhglfb%Prgte f/v% rgnn gql?eorugl cllgvfechngri,gcﬁ;ereby

®

forming a relief image; and
baking the substrate at an elevated temperature, thereby curing the
relief image.

A process for forming a patterned image on a substrate, the process

comprising the steps of:

(@)
(b)

(c)
(d)
(e)

()

providing a substrate;

coating on said substrate a negative-working photosensitive
composition of claim 13;

exposing the coated substrate to actinic radiation;

post exposure baking the coated substrate at an elevated temperature;
developing the coated substrate with an aqueous developer, thereby
forming a relief image; and

baking the substrate at an élevated temperature, thereby curing the
relief image.

A process for forming a patterned image on a substrate, the process

¢ -
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(f) baking the substrate at an el evated tenperature,
thereby curing the relief imge. 29. A process for
wo corilngg2@ patterned i nage on a substrate accoPdi/n§200017486
claim15 wherein the substrate of step (a) is treated
wi th an adhesi on pronoter before coating step (b). 5
339.2868 A process for fornmng a patterned substrate
according to claim?29 wherein the substrate is
treated with an adhesion pronoter selected fromthe
gr corpprisiegthesstepeyofof  vi nyl al koxysi | anes,
mef hacryl axyal ko anes, mercaptoal koxysi | anes,
a q%oal 83’(@%9@?@% poxyal koxysi | anes, and o
gl i docostihgoxsi baidessubsitateA ar amgativeé-working mphgtoaensitive
patter ned subst régt %&%caprdi ng to claim30 wherein the
subst r 2FENRASIUCALA € th an adhesi on pronoter

seldgCt eskpoigthd Bodlea glbstere & adtinfuradfation;

g?g”ﬁé?dia”%ﬁ@%%%ﬁé%%é?n‘%&%&%%sgﬁ@ AT Poidvated tomperature;

EE Odleldpihg HeOBYdted BBbEHALE vtthha ¥gue e developer, thereby
mer capt opr opyl met hy| di met hoxysi | ane, 3-

mat hacr fprmisg\giedehimage; a3t hoxym et hyl si | ane, and 3-
tf}‘a”e!é meoeuﬁ taltd Bk *éﬂxaaévétaa %er?a@ureAﬂ%i‘QW cafify the

ng a terned 1 nage produced t he process of
cI aim 1&hef imagé. WD 2004/ 111726 PCT/ US2004/ 017486
339. 7868 33 A substrate having a patterned inage
produced by the process of claim16. 34. A substrate

29| hi’iw m'gc@sspfat formirera patieyeeqiraye enl alpubstiatemosorling fofclaim 15
or oWtz e RSreiP STSED GFisdiead Hfh AnBRhbSBA BforhBP Betore

hav&;mmgswqb@r ned i mage produced by the process of
claim19. o0 37. A substrate having a patterned i nage
produced by the process of claim20. 38. A substrate

30 hay\ MC@ssP@F tRmitRfa baRaed saiskieRs abyording to b@ﬂﬁQS viferein the
claim?2 . A substrate havi n%{% attern

pr @gbgtéajeb1§ t[epfgeg,r\wgb@g aghesiof ter selec ed frongﬁhe group
consisting of vinylalkoxysilanes, methacryloxyalkoxysilanes,

mercaptoalkoxysilanes, aminoalkoxysilanes, epoxyalkoxysilanes, and
glycidoxyalkoxysilanes.

31. A process for forming a patterned substrate according to claim 30 wherein the
substrate is freated with an adhesion promoter selected from the group
consisting of gamma-aminopropyltrimethoxy-silane, gamma-
glycidoxypropylmethyldimethoxysilane, gamma-glycidoxypropyl-
methyldiethoxysilane, gamma-mercaptopropylmethyldimethoxysilane,  3-
methacryl-oxypropyldimethoxymethylsilane, and 3-
methacryloxypropyltrimethoxysilane.

32. A substrate having a patterned image produced by the process of claim 15.
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5 40; A substrate having a patterned i nage produced by

the process of claim23. 41. A substrate having a
w@adouatriedl i nage produced by the process of clBCTUS004/017486

0 42. A substrate having a patterned i nage produced by

the process of claim25. 43. A substrate having a
33986Ber ned i mage produced by the process of claim 26.

44. A substrate having a patterned i mage produced by

the process of claim27. 5 45. A substrate having a

patterned i mage produced by the process of claim28.

33 { s SRR At BélBe RN Brofiked B I BoRGi el 1o

patterned i nmage produced by the process of clainB0.

67 004/ 111726 PCT/ US2004/ 017486 339, 7868 48. A
3 su &%/‘Eéfrép%éﬂ)’l'%a Bag%ff‘f*gf'ﬂ@%e PFPé’@'&e‘g PY ﬁl?c%ré?cﬁiﬁ Qffdaim 17.

process of claim31l. 49. An article of conmerce

havi ng i ncorporated therein a patterned ima%e of .
35..1 & atespaving,a peiterned Iage. B Fed by g prgtess of claim 18.

i ncorporated therein a patterned i mage of claim43.

51. An article of commerce having incorporated therein
36. a pPetubsiratadhavirgye patterned imagelprodgged hy ther progess effclaim 19.
commerce of claim49 wherein the itemof comerce is
selected fromthe group consisting of nenory devices,
37.1 odi substrateckavingha ppitemed dmage prasiuced bg e process of claim 20.

38. A substrate having a patterned image produced by the process of claim 21

39. A substrate having a patterned image produced by the process of claim 22.
40: A substrate having a patterned image produced by the process of claim 23.
41. A substrate having a patterned image produced by the process of claim 24.
42. A substrate having a patterned image produced by the process of claim 25.
43. A substrate having a patterned image produced by the process of claim 26.
44. A substrate having a patterned image produced by the process of claim 27.
45. A substrate having a patterned image produced by the process of claim 28.
46. A substrate having a patterned image produced by the process of claim29.

47. A substrate having a patterned image produced by the process of claim30.
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48. A substrate having a patterned image produced by the process of claim 31.

49. An article of commerce having incorporated therein a patterned image of
claim 32.

50. An article of commerce having incorporated therein a patterned image of
claim 43.

51. An article of commerce having incorporated therein a patterned image of
claim 46.

52. An article of commerce of claim 49 wherein the item of commerce is selected
from the group consisting of memory devices, logic devices and plating
stencils.
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