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Field of the Invention [0001] The present invention relates to
negat i ve- wor ki ng phot osensitive resin conpositions. Mre specifically, the
pr esent invg@tion relates to negative-working, chemcally anplified,
aqueous base YEVUNIIAbl e phot osensitive pol ybenzoxazol e P%?@%;”ﬂ?@@ﬁrsor
conpositions that are suitable for applications in the field of

m croel ectroni cs. Background of the Invention [0002] In mcroelectronic
applications, polynmers that denonstrate high tenperature resistance are
generally well known. Precursors of such polyners, such as polyimde

precursor polyners a I I an be nade
phot oreactive with s%%%@%%@f'ﬁgggﬁ'i%@@@&@ onverted to the
desired pol yner by known techni ques such as exposure to high tenperatures.
The polyner precursors are used to prepare protective |ayers, insulating
| ayers, and relief structures dfield ofithg Ineentionsi st ant pol yners. [0003]
Negat i ve- wor ki ng phot osensitive conpositions containing high tenperature
resi stant pol yners have been disclosed in, for exanple, DE-A- 2,308, 830;
DE- A- 2, 43T00043; EP-Thé pidstnt GRention FélatesGobixgalivé-wddking , pHifosthéitive Wssin

5, 856, 065 and US 6, 010, 825. The polyam de resist resin in these di s¢l osures
contal nod CABRISTENS | SOTR: SPeseahl hETEsnt dvasion, BEPS (R LGSR REHWRTNTGY of

i rradi at i @ReRfcaliy!i driRifiRdNaiRie8n8 thhset aé:@elé;sabge %cﬁom%}/?glpﬁéﬁﬂxazolwi l'e
i ,

these systens had good imaging properties i gh sensitivi hi gh contrast,
| ow unexpdBBE) RrecyrsPosomMpasiiansothat are § %pecmpdmigonaamim Aigid 3fs;
EP-A-0 11§ﬂé%%bcﬂéni - A-0 624, 826) enpl oyed organi c sol vents as devel opers,
whi ch creatés - 2004/ 111726 PCT/ US2004/ 017486 environnental concerns
during devi ce manufacture.

Background of the Invention

[0002] In microelectronic applications, polymers that demonstrate high
temperature resistance are generally well known. Precursors of such polymers,
such as polyimide precursor polymers and polybenzoxazole precursor polymers can
be made photoreactive with suitable additives. The precursors are converted to the
desired polyn;1er by known techniques such as exposure to high temperatures. The
polymer precursors are used to prepare protectivé 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
hi gh tenperature resistant polynmers used NW (N Met hyl -2-pyrrolidone) as a
solvent. Since it has been established that NMP has detrinental effects on

t he perforrrgm; f.chemcally anplified 248 and 193 nm resists (U S
Pat ent No. ,2%’9?@1%2%131; "I nfluence of Polyner Propertpgg}[@?ﬁ%\?]ﬁﬁsgr ne
Chem cal Contam nation of Chemcally Amlified Resists", W D, Hinsberg, S
A. MacDonald, N. J. Clecak, C D. Snyder, and H Ito, SPIE vol. 1925, pp.
43-52, 1993), use of NMP-containing conpositions is prohibited in nmany

sen conduenvrormdntaloedncems during dévice maaufackueh chemically anplified
resists are used. [0005] There are exanples in the literature of positive
wor ki ng phot osensitive formulations of highly heat-resistant pol yner

precur sor 9004 ch cmy ﬁgﬁldp@, Ny G 6 ' ; ' r
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sui table for naki I gh tenperature resistant patterns, which would have
excel | ent |phqu¢90r}8:’rqll)ﬁgﬂ \Bwemaaiﬁﬂrbﬁmq\&be@m' Eeptarpination of Gheevisady| y
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| nventi on 7] The present invention relates td a heat resistant n%rgative
wor ki ng  phdt-bdtenSPIE vel. d82p opp t43hH2 1 1RA3) cunepofi NP -¢ertainirg compaesitions is
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amplified resists are used.

[0005] There are examples in the literature of positive working photosensitive
formulations of highly heat-resistant polymer precursors, which contain no NMP and
developable in alkaline developer (U.S. Patent Nos. US 4,339,521, US 5,449,584,
US 6,127,086, US 6,177,225 B1, US 6,214,516 B1). While these inventions
address the environmental concems they sometimes exhibit inferior imaging
properties such as low contrast and somewhat high dark erosion.

[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):
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wherein x is an integer fromabout 10 to about 1000, y is an integer fromO
to about 900 and (x+y) is about |less then 1000; Art is a tetraval ent
aromatic group, a tetravalent heterocyclic group, or m xtures thereof; Ar2
is a divalent aromatic, a divalent heterocyclic, a div lic, a
di val ent aMQHR#IY ¥ oup that may contain silicon or n?&?ﬁ%ggﬁ? é&éof Ara
Is a divalent aromatic group, a divalent aliphatic group, a divalent

het erocyclic group, or mxtures thereof; Ar4 can be Ar' (OH)2 or Are; Gis
H or an organic group J having a carbonyl, carbonyl oxy or sul fonyl group

attached dihessit iyis &a mtleget ﬂ'bm alboutNio t@fatidmewom WY an (rhég@nmomro feasout
phot o- active coppounds wh rel ease acid ypon irradiation (PAGs); (c) one

or more | PEMNG (684 'ﬁnﬁlé‘Plét @&éht 6f 196G HAC st & tetrayalent asemetie griup, (8HZOR) n
uni ts whergnibicat h%ter@@ﬂ%@ %r%ug [ fRfurd tRBBE NN | 2CRialdntl aBirai) . (0
at | east one sol vent t n rate rmc{

east one dissolutio
t he provi slwatetm:hhetﬂnemycdm,ea Idmamm ad:cyrénsl a akalent aliphatic graupstbiat wey ¢dntain

dissolution rate mo et co n carbo lic acid,.grou )008]
Fur t ner opledt 68 et Thefef i ds & AAlen OB rbdy & SR RIRELRT | ons
and the agidupl @sdivhleBRB{crsEyHiC grow, tomixnrréytleér@@i rAficanpse g (ORiAigred by
the conbination of the conposition and the method of use accordi ng to the

i nvent i onArTH2 is Rv@an SFIaIeEFILRed havingdt sadonyl caghaRyiRyyLipeHifoayhgreup mge
on a sub s mlgwt férn‘?ﬁ'%?ﬂl—{ Bftpggbrog)n%} a negative tone relief inmage.
a

The process™ "conpris st eps roviding a substrate, (b) coating

on sai d substr éf)one oremate pbeumdtwe@ommlodemmmn veleaswTpcigi apamirradiatipni si ng
one or @& | ybenzoxazol e precursors having the structure (1) GH
G NH- Ar d- BhONH i r~-N X Ara NHArz-NHG (1) OH

(c) one or more latent crosslinkers each of which contains at least two ~N-
(CH20R)n units wheren=1 or 2, and R is a linear or branched C4-Cg alky! 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
dissolution rate modifier does not contain carboxylic acid groups.

[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

a, | |
G‘NH—Ar“"'l"slH{'ﬁ‘}‘«.r3 NH"Tr"‘NHJ—ax 1‘!&1’3 NH—ArZ_NH};G

(|)OH



3 WD 2004/111726 PCT/ US2004/017486 wherein Arl, Are, W and G are as
defi ned above; one or nore photo-active conpounds which rel ease acid upon
i rradiation, one ore nore |atent crosslinkers each of which contains at

| east two - MQ2OPFORJ24 units where n=1 or 2, and R is a PCHEs004017886anched
C -C8 al kyl group) at |east one solvent and at |east one dissolution rate
nodi fier (all as described above) with the proviso that when the | atent
crosslinker is highly reactive, the dissolution rate nodifier does not

exposi g the. cHBPEIR B A AL pobRE Bt s CBINRE Bofy e g 6L Y BhBBLSR e bk ng
the coated subsérpbends whickl esleasel doidrpepart Urrediation) ahevedrepivitget fatertoat ed
substrate with an aqueous devel o her e

per, formn | ief inage; and
(f) baking t heCgsliikess £ag QJnWBFE\/%PP ng %%t%e?ﬁt(%é{%n St Srehe
relief inmage. nDeppbl add RERH limddr&? binchBE d1%?9ﬁ<y%}o(1899ﬁﬂea§ﬂﬁ1é3§&§€rﬂt
invention relates to a heat resistant negative wo ng ° photosensitive
conposi ti on t hand @rigastsee dispolitien catenmodifieo|(glbaszdessribed ahove)imdtbrthe

| 1Y: T G NH, Ar 4- NH NH Art-NH Ara. Are-NH JG ,OH i i
D e teer 1 omeispudnat yEhl s Jatbht flsbsef s hubhly neSeiVE. 52 alsBoliSh BB oo
and (x+y) i's | piifidnaipeabiot ol ceboniic atid BoupenkivIELRToMIhG @ coatedp,

tetraval ent heterocyclic group, or mxtures thereof; A? Is a divalent
aromatic, a di $4psdidtehet erocyclic, a divalent alicyclic, a divalent

al'iphatic grou )etxgééin Me 641! dubStrhietB Achhic Tadibtibss thereof: Ar 3 is a
di val ent aromatic roug‘,:‘l ’
(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.
Detailed Description of the Invention

[0009] The present invention relates to a heat resistant negative working
photosensitive composition that comprises
(a) one or more polybenzoxazole precursor polymers (1):

G“NH—Aﬁ—NH{iAr3 NH—.JIM'1 ~NH7; A NH"Arz_NH}yTG
OH 1 ‘

wherein x is an integer from about 10 to about 1000, y is an integer from 0 to
about 900 and (xty) 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,



- 4 WD 2004/111726 PCT/US2004/017486 a dival ent aliphatic group, a divalent
het erocyclic group, or m xtures thereof; - Ar can be Art (OH)2 or Are; Gis H
or an organic group J having a carbonyl, carbonyloxy or sulfonyl group
attached di the termnal NH of the polyner; (b [ nore
photo-activgﬁg%%%gﬁﬂﬁs whi ch rel ease acid upon irradiati%ﬁ?ﬂﬁﬁﬁﬁyf@G(c) one
or nore |atent crosslinkers each of which contains at least two -N- (CH2OR) n
units where n=1 or 2, and Ris a linear or branched G -C8 al kyl group); (d)
at | east one solvent, and (e) at |east one dissolution rate nodifier with

I:I he plrovi SO thahivdlmnfd_libhaii@gmp,cerdivalbhnhetemcgcﬁ& lg_hiup, r@gﬂbdurés tﬁér[é?)fé)lo]

i ssolution ratq nodifier daes not, contain carboxylic acid groups.

The negati ve- VAF k‘ﬁ‘i‘é’ﬁ)f%t (fg'g)?s?rtﬁ?ﬁé&dﬁ 85 AR 0592 Qr%JdTa_VfﬁQr% carbonyl,.

pol ybenzoxazol g;Bb@Askyp OF SsutfeRpr bﬁid%%&&%e’ﬂ.t GIEdt & IROWBrrhiRal m\lﬁﬁg&' n x

an integer from about” 10 to gigout 000, y is an’integer from to
about 900 and p@lymel, is about |ess then 1000. The preferred range for x is

or of er red rang AP & mat P ackBh ripbuhOg MR Bedse So i #8etin coout

0 to about 5. (FE@g) In Structure I, Art is a tetravalent aromatic group or
a tetraval ent heterocyclic group, m xtures thereof. Exanples of Art

or ! :
i ncl ude, but afG ORELON NRTY datent grosplinkers pagieh Whigh geptginssat least-twa ~N-| ~ -
~~ [off 5 WO 1 2004/ ; j kSO~ r5-
o 2. VG R R RIU SR I S by Y i
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
dissolution rate modifier does not contain carboxylic acid groups.

[0010] The negative-working photosensitive composition has one or more
polybenzoxazole precursors comprising the structure shown in (I) wherein x an
integer from about 10 to about 1000, 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 O 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 |, 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:

A oo XXX XX L



I ndependently a Cl-C7 |inear or branched al kyl or C5-C6 cycl oal kyl group.
Exanpl es of Rl include, but are not limted to, -CHs, -C21-15, n-C31-17,

i -C3H7, n-C4Hg, t- C4H9, and cycl ohexyl. A mixture of two or m)re Art groups
may be enpl 2] In Structure I, Are is a dival ent_aronat

di val ent he%r%’g‘yiﬁ% a divalent alicyclic, or a dival EHF’UQ%‘%‘%‘&H% gr oup
that nmay contain silicon. Exanples of Arz |ncI ude but are not limted to
-Xi ? H3C CH3k~ VJ ~"(CH2)pSI-0-3i-(CHp)p~ 1 2 HBCCH2 HH N wherein X1 is
as defined before, X2 is -0-, -5-, -C(CF3)2-, -CH2-, -S02-, or -NHCO, Z=H
or Cl1-C8 linear, branched or cyclic alkyl and p is an integer froml to 6.

Exanpl es of sw bI e o] te,d to, neth

et hyl, pr s'gppg'p%' 9(?'&# Lag% '%gﬁﬁ ﬁ"{b(é'u 'Rﬂb@f‘?leaCh F\}/1 is

cycl opent Wdepepgéstieaylc2c cmﬁgla(pog,tblr d r _t groups
may be enpl oﬁd gGIS 1AI‘;. s a di vaa"é’ﬁ? g?%?rgt ?)(r:oés %)cglﬁlé)%?&gl clic, or
a dival entEXﬁé'tplﬁsonﬁl 'ﬂ@'UdgrMrﬂrem&hlﬂilt%@tmf@ﬂaa-(}zhleI Illr@esl'bult-cﬂ'llﬁnrmﬂ-lgl kni t ed

to: 6 WO / 8 Ca N H vvherelnXZ

| s as def |02ﬁ198% F’@gw %&@%ﬁdé 8%@,[0?&@?!%&#9%&3%% bﬁrem?la(ﬁdz or

[0015] Gis Hor an organic group J having a carbonyl, carbonyl oxy or

sul f onyl att ached directly to the term nal, NH of t he polyner, which

may beyf ul (?(F]@hj P g?ructure Ary is a d|va|en{a aromatic, a divalent hgtergcychc a
divalent alicyclic, or a divalent aliphatic group that may contain silicon. Examples of

A include but are not limited to

z oz HaC CH
| | 3 3
"(CHJp$i=0—Si-(CHp)p X X! ,@_Q...

z z HaC CHa

wherein X' is as defined before, X? is -O-, -S-, -C(CF3)2-, -CH2-, -SO2-, or -NHCO-,
Z=H or C4-Cs 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:

P9 O o



substituted by other functional groups such as vinyl, carbonyl, ether,
ester, or carboxylic acid. Exanples of J groups Include, but are not
limted to, the following structures: 0 H3CFaC OO0 OH3 EIF CH3 CH3 7
WO 2004/ 111 2(jgg{1£2004/017486 OO0 OCH3 FI3CO CHB3OHO0O O HO\ O
HO\ 0001 C-(CH2)p-11 o0 O Il cri O ems O O BCT/US2004/017486

OO =D QO

: H
N N
wherein X? is as defined previously.

[0014] in Structure 1, Ar' is Ar' (OH). or AP

[0015] 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:
o}
Hac—l Fac/_j"'* /\o/\/u“‘m
k3
—0 H__ 0 O o
0 Ha(u\/u‘m
[ A
% / .=
O~

CHs



0. 0 O---- a one or two-step synthesis. In the first step, nononmers having
structures (11), (Ili), and (1V) are reacted in the presence of a base to
synt hesi ze a pol ybenzoxazol e precursor base pol yner having Structure V
(Structure T H H2N-tr'-NH2 H2N-Are-NH2 WM W LI}y (1V)
| H N+ AY EW|\(|)H|ﬁ°‘371A1r1 NHi r'-Nk -Ar' NH-Are-NH H  (OH) ?Et&/"]s%f@’é‘dﬂﬁl 111726
PCT/ US2004/ 017486 wherein Ar', Arz, Ara, X, and y are as previously
defined, and Wis C(OCI, COOH or COOR2 and wherein R is a C, - C7 linear
or branched al kyl group or a C5 - C8 cycloal kyl group. Exanples of R2
include, but are not limted to, -CH3, -C2H5, n-C3H7, i-C31-17, n-C4H9,
t-C4H9, and cycl ohexyl. In the second synthesis step, the termnal amno
groups of the pol ybenzoxazol e prect sgo base polyner are reacted with a

conmpound J-M wheréyJ i as descri bgd before and MIs a Qpactive group, to

produce a polyner haying Structure -|l where G = J. [0017]\Exanpl es of
X i ncl ude Y are not
anyl ) hexaf | uor opropane, 3, 3'-

hydr ox ) propane. The
> ] the twp hydroxy and two am no=gtdups in the nononer
of Structure Ii may be any ofHs¢he pmnssible substitution patterns with the
provi so that the each®anino group has art's ortho relatiomship with a hydroxyl
group in orgder to be gble to formthe begnzoxaxol ey Ling. rthernore, the
pol ybenzoxaz p r$aer basgepol r y be
X
o)
0 o
o)
OH HaC—(CHz)p*ls‘M”W* o
o 5 @ I.
I
o}

\ o) 0]
<C::? 0 s 0 /:><T/ ~\
- c¢9§b Q‘_HWMW O_“HWMW

a one or two-step synthesis. In the first step, monomers having structures (ll), (HI),

and (IV) are reacted in the presence of a base to synthesize a polybenzoxazole
precursor base polymer having Structure V (Structure 1, G = H).

H
HN—Ar—NH  BN—ACTNE W—AS—W
OH
(I11) (IIT) (IV)

ﬂ ﬁ WH) H ﬁ
H™NH—AA—NHT —Ar NH—?H“N < AP NH—AF-me;H

M oHy
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synt hesi zed using a m xture of two or nore nononers described by Structure
1. [0018] Exanples of nononers having the Structure (liil) containing Are
i nclude, but are not limted to,

5(6)-di am n 20644}11?\;516n0phenyl) 1, 3, 3-trinethyl i ndane Dﬁ%\‘éﬁ?"ﬁ"}”ﬂ% ]

m phenyl ene |an1ne phenylenedlan1ne 2,2" -bis(trifluor

di am no-1, 1 blphenyl 3,4"- dlan1nod|phenyl et her, 3, 3'-di am nodi phenyl
et her, 2,4- tonIenedIanine, 3, 3' -di am nodi phenyl sutfone,

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

4, 4" - di am nodi phenyl net hane, 3, 4'- di am nodi phenyl net hane,

4, 4" -di am nodi phenyl ketone, 3, 3'-diam nodi phenyl Kketone,

3, 4' -di am nodi phenyl ketone, 1,3-bis (4-am nophenoxy) benzene,

1, 3- bi s( 3- anihetein AHeAGXAY, heardenare a pleviiusly defined, and W is C(O)CI, COOH or
(y am nopro

® sl l.oxan

t et r anet hyl %d%e%@qagﬁé%l},rh%& fed % ifﬁﬁ)ﬁé’ﬂ%aﬁ‘ grl‘ﬁ"ﬁ'ée,d BlkyLgrPYp Oh8dFamiGee,
rzret h}/l enedi amloa/&kyl gmupalﬁahnplesmﬁm'zmdude bu!eréd Aotdintited @6 eOHa FChi, n-CsHY, WO

004/ 111726, 4 486 e nedi a
25 di et hy FRERATECA Bk AP FOORE0) ol R AreRih avityesis slpafeddgminal
hept arr:e]t Eyl aendnt groups of Zhépo@baﬁohaidlwpte@mbhbhﬁlﬁdlyﬁm @fs reacted with a
oct ot hyl oETPAH SN WASRCY 191450 CefeHih Betors ‘and i 15/ Tacie Group, t
2, 5- di net hy pregoesraipblyhen édviagiStractussiassrs By gnedi ani ne, et hyl enedi ani ne,
propyl enedi am ne, 2, 2-di nmet hyl propyl enedi am ne, 1, 10-di am no-1, 10-
di met hyl decane, 2, 11-di am nododecane, 1, 12-di am nooct adecane, 2,17-
di ami noei cogeoig] 3, BExdhm%Tshmeersiha’vmg’lﬂdlSQhu@ﬂWé (mtobmamindoAﬁGrfbtude

LTS o A g, 25

2, 6-dl am nOI@IWydld)kijl&A-asaﬁmﬁbdkﬁﬁéml@ﬁer(ﬁMI g&so&ylﬁbrﬁiﬂﬁ@4 ,6-diaminoresorcinol,
4-trifluoronet %E‘%@I di ne, - di am B oxag
1, 4- di ani no@?g r@ninozﬁ Izly rwpmny H@H‘T“%l T hResuU stltutlon pattern of the two

4,4' -net hyl ﬁp@ow élﬁ@t\ﬁdﬂ@hﬂrﬁ@gfb sme}he ﬂioﬁoméﬁthir@dl@rehl a{asr be any of the
met hyl ani | i ne qe hyl ene- é Efx’ ani | j r}?) - met hyl ene bi s(2-
met hoxyani | iPR 'b'e 45”23‘ A pRtiarns P’VH th?lp isgxtpah fhe. gach n%’PH‘GxS}TSHIPI aH ey

4,4' - oxy-bi %rtﬁ@'relatlonshlp with a hydroxyl group in order to be able to form the benzoxaxole
ring. Furthermore, the polybenzoxazole precursor base polymer may be
synthesized using a mixture of two or more monomers described by Structure Il.

[oo1s] Examples of monomers having the Structure (lI) containing Ar?
include, but are not limited to, 5(6)-diamino-1-(4-aminophenyl)-1,3,3-trimethylindane
(DAPI), m-phenylenediamine, p-phenylenediamine, 2,2'-bis(trifluoromethyl)-4,4'-
diamino-1,1"-biphenyl, 3,4’-diaminodiphenyl ether, 3,3'-diaminodiphenyl ether, 2,4~
tolylenediamine, 3,3-diaminodiphenyl sulfone, 3,4'-diaminodiphenyl sulfone, 4,4'-
diaminodiphenyl sulfone, 4,4'-diaminodiphenylmethane, 3.4'-
diaminodiphenylmethane, 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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chloroaniline), 4,4 -thio-dianiline, 4,4 -thio-bis-(2-nethylaniline),

4, 4" -thio-bis-(2- nmethyoxyaniline), 4,4"-thio-bis-(2-chloroaniline).

Furt hernore, the pol ybenzoxazole precursor base polyner nay be synthesized
using a mxture of two or nmore nononers described by St [ 0019]
Mononer s héWPﬂﬂOlﬂEnﬁtructure |V are diacids, diacid dic #ﬁ?#@@@h%hﬁ

di esters. Exanples of suitable dicarboxylic acids (W= COCH) include, but
are not limted to, 4,4'-diphenyletherdicarboxylic acid, terephthalic acid,
i sophthalic acid and m xtures thereof. Exanples of suitable diacid
chlorides (W= COCl) include, but are not limted to, isophthal oyl

di chl ori de, Pt%nrﬁ]kqlll ' oride, t I ' ik
4, 4" - di phen9 e er)g%(rlgg%b‘(ﬁ)ﬁ%ll i c aci ﬁéﬁ%‘%‘@ﬁ%}g"ﬂg%n%d!aﬂﬁ?%s thereo%'.
:E;(a_rrpl gs of methexyhexamethyteaetiamjne, c gjster sheptametayl@m)iarnine) uﬂeI but Zﬁazﬁ Inot
Imted to: g , di et thylter al at e,
di et hyi i sopﬁﬁwﬁéﬁﬁﬁﬁéﬁﬁﬁal at g,g %@ﬁ%?%&bﬁ?ﬂ%l%@eand max ur es
t hgr (e:nl‘ I ) [ Odimb]hwheptametlhylermdlaminegebbﬁarrmtrm;,ngdljagﬁnaeméoda?\dtmprféﬂlwﬂrwr es (I1)
an a .= 7 P 74 I can.react to
produce pol %’édrI’E‘Si‘gE‘SI@‘%‘Bg@ﬁ%‘ﬁ%T“%as g‘%}%&fﬂﬁer{e@f q'l?ry e&ﬂ%ﬁfﬁ"ﬁ!’ﬁ%l met hod
for reacti pgroayldheﬂiaming,yl ic aci ﬂ.ZEjlilimhémylpnﬁpglbhecﬁardmepr ddi1el$l-cﬁamﬁot1h1 0-at hI east
one aromati g, r ter C . di roxydi n and optionally, ith at
| east one dﬁﬁﬁrﬁﬂé&cﬁ&% beaaﬁé‘ﬂ%'%@@ﬂg%%ﬁﬁ?, tﬁngcﬁirg{nio%ta GG acizdﬁ,'\n(W:
rC]:(O) cl) itshdmirrde&xdsmﬂ, ?t ab&Bt—dimbﬂwym,m?diabmw_ ipﬁ_@nﬁ‘mtbﬂ'_ran’ebout ?btsg-abput 48
ours in e .presence, of  an r pxi.mat.e oi C tric anmou of am ne
base. Exanpf®& °8¥°‘W!%%P§n%%?ﬂﬁ%g§%épq%yﬂ e ‘Iyggg'aw%g’ﬂ*e q?ﬁhf“é%l to
?yg i gi ne, b_t r4,'€¢dianh4in6dﬁ>h‘w,yl éu{slﬂde,dlaa[;gmimwrgméi.zas-&hmm fyridine, EE6-daRibo-
, 5-di azabi ¢ycl o[ 4. non- 5- . i me pyridine, a
di net hyl ani ?%W@P[%Qh%’@mnz?gﬂ'%wwﬂvééu??&ﬁa%@s e¥v$@ﬁvav Nge
IDZ ol at efl_ by 4W-]§fe'tl1yle:nagilehé,n?ﬁl'-vmmenertﬁqwblﬁfbahginéj, I a,nagjemmegedls(sir ibed.
scriptions Suyj es eses e n i esters or, di acjds e
found in US"Iggly@r?H'"Rgs. Ug'g,'@giyﬁgggg?ﬁféxh‘,ygﬂgf@%, an 4U§e§1}’%§%‘}’ ., herein
methoxyaniline), 4,4'-oxy-dianiline, 4,4'-oxy-bis-(2-methoxyaniline), 4,4'-oxy-bis-(2-
chloroaniline), 4,4'-thio-dianiline, 4,4'-thio-bis-(2-methylaniline), 4,4'-thio-bis-(2-
methyoxyaniline), 4,4'-thio-bis-(2-chloroaniline). Furthermore, the polybenzoxazole
precursor base polymer may be synthesized using a mixture of two or more
monomers described by Structure I,

[0019] Monomers having the Structure IV are diacids, diacid dichlorides and
diesters. Examples of suitable dicarboxylic acids (W = COOH) include, but are not
limited to, 4,4’-diphenyletherdicarboxylic acid, terephthalic acld, isophthalic acid and
mixtures thereof. Examples of suitable diacid chlorides (W = COCI) include, but are
not limited to, isophthaloyl dichloride, phthaloyl dichloride, terphthaloyl dichloride,
4,4'-diphenyletherdicarboxylic acid dichloride, and mixtures thereof. Examples of
suitable dicarboxylic esters (W = COsz) include but are not limited to:
dimethylisophthalate, dimethylphthalate, dimethyiterphthalate, diethylisophthalate,
diethylphthalate, diethylterphthalate and mixtures thereof.

 [0020] In the first synthetic step, monomers having Structures (Il) and (lll) and
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I ncorporated by reference. [0021] The preferred reaction solvents are
N- et hyl - 2- pyrroli done (NWP), ganma- butyrol actone (GBL),
N, N- di et hyI formam de (DVF), N N dinethyl acetanm de (DVAc),

di met hyl - ‘8#’8&{ glo, di met hyl sul f oxi de (DVBO), sul folmﬁd&ﬁégwl yne.

The nost preférre sol vents are N nethyl-2-pyrrolidone ganma-
butyrol actone (GBL). [0022] Mnoners having structure I, 111, and IV are
enpl oyed such that the ratio of [(II) + (I1I1]/(1V) is generally from about
1 to about 1.2. Preferably, the ratio of [(Il) + (I1I]/(1V) is generally
fromabout 1 to about 1.1. The nononer having the Structure (I1) is

enpl oyed fr Qi adi@UteatP td Predidt &Q&ﬁfﬁkéiofé’ ?ﬂﬁec[n(sblL )baée(bdlilﬁ\]ar Al LA

nmononer having Structure qq(l 1) rom about to about 90 'nole %

of (1) ophyenfionai mpath tsutrqeasaqn@ﬁrﬁpwgmmja@e o tg diohlorida<ai dkastas Wiorm
mononer s hav st e aldniaietaHdfst Heterdéydlid hlhydraxwyﬁniﬁelam \g@f@ﬁpl»ﬂtmétecursor

base pol yner (enclosed In brackets in Structures e random or
in bl ocks wi'9ast ene diamingg iz berisedy Gangraly. the rraction ;pr,d@cgh; (W'lféé@b Ch isom about

10 to about c3RRA.ouf at %bout -3133 °CW8 aQ&fllablqd?& atfelit @S@%u@k@%rs fHent eger

fromabout 0 to about i/m | s about less then 10 A preferred
range for x Presepggaf a'b@GPVOI@qt@JY ehiomeftc aruat ﬁr%’f"@ﬁr@ﬁfer dngEnias ofy | s

from about Qyitdeie @RiME bgﬂg m@luﬂ@rﬁ’utpér@flﬁi rll?rfﬁeﬂ %Qﬁnaiﬁé ﬁle‘ttg/l lahfie, apgut 10 to
about 100 and a nore preferred rangerla 6 is from about to abouf 100.
m

The nost pré’faéﬁh'éwlq{éﬂ&&mdﬁéﬂ'%ei s( rﬂﬂza!!m@@ﬂéiﬂmné@n&ndDg%st
preferred r%ﬂﬁ&h&lof)yr)ﬂlﬂes éﬁd)railﬁgﬂﬂ\wanmné O TROOMSIybenzbL8rH pTéﬁréH?Db'ége of

(x+y) can be calcu é di vidi hg the nuneric’ average | ecul ar wei ght
(M) of a pdolymer Vomayihe,lsplatad by pledinifation bt yatefpieseygrad %ﬁlg@ﬁonoand t he

repeat unit grgfe U@écHﬁtId?lfs s idBlebsyritRlsBs r&ﬁiﬂ’&hﬂb’d@ﬂfét‘b oF msdma?tdaods as
menbr ane osrmrretry or (t; erneati on chromat %%rzﬂ% y as descri bed, "for
exanpl e, i nfoud iRdbRiPa QE&FB‘E’IG Went.805.482.Hé2 4.6 l?ﬁéﬂs{:ﬁé}%tﬁﬁﬁyhe@%n Wl ey

incorporated by reference.

[0021] The preferred reaction solvents are N-methyl-2-pyrrolidone (NMP),
gamma-  butyrolactone  (GBL), N,N-dimethylformamide @ (DMF),  N,N-
dimethylacetamlde (DMAc), dimethyl-2-piperidone, dimethylsulfoxide (DMSO),
sulfolane, and diglyme. The most preferred solvents are N-methyl-2-pyrrolidone
(NMP) and gamma- butyrolactone (GBL).

[0022] Monomers having structure Il, lll, and IV are employed such that the
ratio of [(Il) + (I11}/(IV) is generally from about 1 to about 1.2. Preferably, the ratio of
[(n + (/Qv) is generally from about 1 to about 1.1. The monomer having the
Structure (1l) is employed from about 10 to about 100 mole % of [(Ii) + (lll)] and the
monomer having Structure (Ill) is employed from about 0 to about 90 mole % of [(Il)
+ (lll)]. Distribution of the polymeric units resulting from monomers having the
Structures 1l and Ill in the polybenzoxazole precursor base polymer (enclosed in
brackets in Structures | and V), may be random or in blocks within it.

)y [0023] In Structure | and V, x is an integer from about 10 to about 1000, y is
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Sons, New York, 1983. [0025] It should be noted that nolecul ar weight and

I nherent viscosity of the polyners and therefore, x and y at a constant
stoichionetry, can have a wi de range depending on the reaction conditions
such as the_purit of the solvent, the humdity, prese e of a
bl anket of‘ﬁsﬁ?él 2%r argon gas, reaction tenperature, qgﬁé%%?l@ﬁﬁ | me, and
ot her variables. [0026] In the second synthesis step, polybenzoxazol e base
polymer (V) is reacted with J-Mto produce the pol ybenzoxazol e precursor
polymer (1) where J is as described before and Mis a reactive Ieaving
group. Exanples of Mgroups include, but are not limted to,

nesyl ate, t Q t

car bonat e gé%[ﬂ'&)%%?gx&%%u 63‘# g@?}ﬁtg g@%ﬁgé’ﬁ*ﬁ'§%§°§ﬁaﬁs ﬁe&ﬂg@uﬁ‘o‘é’ P gl udes
but are notrangedareds fromeaboubh0 émabait BO®aNd a posferrexhiange fery, is frambahbuaﬁd

sul foni c acj e | J f I.C,xCLd

anhydri des, da P?T;(goxﬁym(())lr'é1 rg%(b‘;raglﬁgééﬁ il}f{é%ﬂ%g?gpﬁu Pﬁ@gg%%dnﬁl es of
sui tabl e J- mwommdgangmtqrwdeﬁnm ghaut SrtbypboutdtH0. The onost prederrgdirande, acetic
camsnor sul PoR i eh a8 e aBGu s REOHGHTS ARG WS PR TRA BRI Tieo
trifluoroneahoah®. sul foni c aci d anhydri de, nethanesul fonl acid anhydride, p-

t ol uenesul foni ¢ aci d anhydri de, ethanesul fonic acid anhydri de,

but anesul fonl c acid anhydride, perfluorobutanesul fonic add anhydri de,
acetyl chl of0i024] rretﬁlwamoumtcnfjwy)cm be caleylated Ibly Idividingrthe ranesiclaverage

i car bonat o TOgCHar FRREMAS or 8 BOBAEF BPSGRiRETSL e B oBEUEGhaBb b onat
t-butyl chl thecréma’rmhé Tehspluectdfl Mn oﬁmbm_dletqrmmeblnyﬁucb Istamdafdometiiods asand
TR s BRI RarfoHihr SO TR RO, GO ARND 5 PARBed."For
example, in Jan Rabek, Experimental Methods in Polymer Chemistry, John Wiley
Sons, New York, 1983.

[0025] It should be noted that molecular weight and inherent viscosity of the
polymers and therefore, x and y at a constant stoichiometry, can have a wide range
depending on the reaction conditions such as the purity of the solvent, the humidity,
presence or absence of a blanket of nitrogen or argon gas, reaction temperature,
reaction time, and other variables.

[0026] In the second synthesis step, polybenzoxazole base polymer (V) is
reacted with J-M to produce the polybenzoxazole precursor polymer (I) 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,
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FSC~-00 G OHCOA 0OO11 \' C O-CH3 / / H3 O3 0 H3C CH3 Br

Br O/ I \

| 11CH3 OO H O CH3 [0027] The reaction can be carried

in a suitable solvent by addition of J-M to a dry solution of the

pol ybenzoxa&$ﬁgo4ﬁbﬁgyr sor base polymer at a tenperat ure , /8%})@@?@4%0“25 Cto

about 40

preferred tenperature is from about®

The nost preferred tenperature is fromabout 5 Cto about 10 C The

reaction ti

me is fromabout 1 hour to about 24 hours. The nol ar anount

0 Br
out

of

13 WD 2004/111726 PCT/ US2004/ 017486 J-M enployed is a slightly excess

(3-699 of the sum of the rml ar anounts of nononer of structures 11 and |11

less the molar a 'ﬂ{%n éld 0 Jt@&lﬁ(&(:t ofhan sulfon |d0 rénﬂ% drffed 3R C

i nor gani c base’ may a

es of sul anl t ‘am

e enp oye

bases i ncl ud:tﬂuerbamlfoanioeacldtanhydndeeethanestﬂfpmcobdtbanhydnée hlwtalaeaulimlc acid-

di azabi cycl

(DBN),

AhRydiad] pMESoB RS acia By B2 ARGV HIHAE; ietahaSimngine

chloride, trifluoromethanesulfonyl chloride, benzoyl chloride; norbornene carboxylic
acid chloride, di-t-butyl dicarbonate, dimethyl dicarbonate, diethyldicarbonate,
dibutyldicérbonate, t-butyl chloroformate, ethyl chloroformate, n-butyl chloroformate,
and methyl chloroformate. Further examples include compounds having the
structures shown below.

l O
@
1]
[~]
QO
LO
T
o=c1)=0
b

HaC
Cl O
Cl 0
i
O—§—CHy
S 0
e

Br. O

@
: ;o‘
-
' ;g?‘
o
o
\
Q
xI
w

O
s b

[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
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di met hyl pyridine, and di nethylaniline. Exanples of other suitable bases

I ncl ude sodi um hydroxi de, sodium carbonate, and sodiumsilicate. [0028] The
preferred reaction solvents are propyl ene glycol nethyl ether acetate
(PGVEA) , N-WReMH1I26yrrol i done (NVP), ganma- but yr ol actramessz@Blo) 7486

N, N- di et hyl f ormam de (DMF), N, N-di net hyl acet am de (DVAc), dinethyl -2-

pi peri done, dinethyl sul foxide (DVBO), tetrahydrofuran (THF), acetone,

sul fol ane, and diglyne. The nost preferred solvents are diglynme and PGVEA.
[ 0029] The negati ve-wor ki ng photosensitive conposition of the present

I nventi on uses photoactive conpounds that rel ease acid upon irradiation.
Such nat ediMilemplayed do ravstighfly cencess! (BA%) ©f Abe sutepé the snalar Bmouhts ¢TAGs of

500 P+ o menbERf ey BET IS e fitldr hickfit b ohdbeLf dRudeé frer, about
phot osensi Additiorcoihgroaiic iobinorganic bassdmey alse berempieyed. upxamples afisuitablen.

ol asbes of SaHE Huft Bases e, B SRARR I, B Byfiing, FRMMPBMRGHLE:  00°
triazi des, diazabieygo{néAkindet-7emet (OBWr +Gidiazabiayalaj4.3.QJuembeme s DBY), of .
Si3c0 n- SHFT PN sl bRt  TEFmOBE b SRl e HiBks dldese

PCT/ US2004 s¢didm &gdrarige Fsodiuin earbondte, and sodBinpsilicatd?d CRS CH3

[0028] The preferred reaction solvents are propylene glycol methyl ether
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.

[0029] The negative-working photosensitive composition of the present
invention uses photoactive compounds that release acld upon irradiation. Such
materials are commonly called Photo-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 compaosition
and produce strong acid upon irradiation. Examples of such acids include hydrogen
halides or a suifonic acld. 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:

(o]

o O ooC
w7 N e 5 X
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N where R3
or aryl gr
substit ut ed

single or
R5, R6, R7
and RO is a
toluyl. [00
PAG and a
the sensiti
energy caus
phot oaci d g

generators
sul fonium o
conpounds,
conmpounds a

5,468,589, which are I|ncor pg,

phot oacid g
per fl uor oal
[0031] Stil
tri phenyl su
| odi de, tr
hexaf | uor oa
tri phenyl su
PCT/ US20041

and R4 are each independently |inear, branched or cyclic alkyl
oup containing | to 20 carbon atons and )Cis RIOSB (R10 is a

or unsubstituted, linear, branched or cyclic Cl-C25 al kyl

or a

héh%ﬂg?gr aryl group having a total of frop6, 904%§T4§@r bons;
e [

I ndependently linear, branched or cyclic a

yl

groups

| i near or branched O -C8 al kyl, C5- C8 cycl oal kyl, canphoroyl or
30] Alternatively, acid could be generated by a conbination of a
sensitizer. In such systens energy of radiation is absorbed by
zer and transmtted in some manner to the PAG The transmtted
es PAG deconpositign and generation of photoacid. Any suitable

ener at or (hgnpo%n Yy be used. Suitable cl
|l ToR
NN

. ® . .
gener ati ng acids include, but ar

My
and nl\t esbe#

re discl ogwd, for

Pt hi des and

enerators are perfluoroal kyl sulfopgyl nf

kyl sul fonyl imdes as disclosed in Us
| other suitable exanples of photoacid '&;enerators are

Pat ent US 5, 554, 664.

ey of photoacid
nopPNipted to,
amy! di azonet hane
bt oadd gener at or
5, 558, 978 and
O her suitable

| f oni um brom de, triphenyl sul foniumchloride, triphenylsulfonium

imhbrenRf and fRA areneacx mdeperdentip sindea} branthéd be mybiudlkg roruaryl

RER R 18 edthon 2Ban B C e HOSEE' RS Sowinttytpgeer

Odstb3tituted [iremybrandchedsorl dyolid O¥Cgseliy brla single or multinuclear aryl

e R M P 25 SRS R DBl o
4- hydr oxy - 2 fimeeir, bramdhed \or legolieraigt grobpoand RP ismineal o brdachd 038} algdct-i onal

exanpl es of

Cﬁté)l/é'&myf cgrq‘%g%c glrtglg{’\.erat ors for use in this

[0030] Alternatively, acid could be generated by a combination of a PAG and
a sensitizer. In such systems energy of radiation is absorbed by the sensitizer and
transmitted in some manner to the PAG. The transmitted energy causes PAG
decomposition and generation of photoacid. Any suitable photoacid generator
compound may be used. Suitable classes of photoacid generators generating
sulfonic acids include, but are not limited to, sulfonium or iodonium salts,
oximidosulfonates, blssulfonyldiazomethane compounds, and nitrobenzylsulfonate
esters. Suitable photoacid generator compounds are disclosed, for example, in US-
Patent Nos. 5,558,978 and 5,468,589, which are incorporated herein by reference.
Other suitable photoacid generators are perfluoroalkyl 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, triphenyisulfonium iodide,
triphenylsulfonium hexafluorophosphate, triphenylsulfonium hexafluoroarsenate,
triphenylsulfonium hexafluoroarsenate, triphenylsuifonium trifluoromethanesulfonate,
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I nvention include triphenyl sul fbnium perfl uorooctanesul fonate,

tri phenyl sul fonium perfl uorobutanesul fonate, nethyl phenyl di phenyl sul foni um
per fl uorooct anesul fonate, nethyl phenyl di phenysul f oni um

perfl uor ooc{yR ate, 4-n- butoxyphenyl di phenyl sul f op

per f | uor obut anegﬁillgl%ﬁat e, 2,4,6- trinethyl phenyl di phenyl sﬁf’?%zr?”ﬁ%”“
per fl uor obut anesul fonate, 2,4,6- trimethyl phenyl di phenyl sul foni um
benzenesul fonate, 2,4, 6- trimet hyl phenyl di phenyl sul f oni um
2,4,6-triisopropyl benzenesul fonate, phenylthi ophenyl di phenyl sul f oni um
4- dodecyl benzensul fonic acid, tris(-t- butyl phenyl)sulfonium

per fl uor ooct.gnesul.f onat tris(qt-butyl phenyl)sulfonium, ,

per f | uor Oblﬁ'&?@gt%hyg%@?@?mt ri s&“?r—' tyl #@H%M@UP&'XGPHLRH'WA - Chloride,

t ri i sopr opypHeaacyttetahdrethiapheniiimi Séhidrideyt winitfophghacstetrahyidrgthiopheniumn

benzenesul f hen henyl di | sul f oni

per f | uor ooc&%@gu?'?(g%éw éﬁ%‘%bﬁw &h@afPﬂﬁQﬂ MHW”TQ{@Gm umsalts for use
In this invention incl ude but are not limted to, diphenyl iodonium

Dot {1 uor DU RESY! ! OR8h one5 o AHUALE Pt hRtrs for uso it

perfl uor ooqhmaul ahelnaé etri Hewrwmuudnogemuuabﬁeméduu@mecttm shIRRIng

bis-(t- but he i odgni um bepze fonat e t-buty ﬂ' I)|odon|um
> a6 tri iR %’&?H&W@gﬁl FERSPRST Y SIS RToLRAFENSSonale

4- et hOXyb&ﬁétﬁyléﬁéﬁ)ﬂmaﬁé?}ysulfdhﬂﬁﬂ] FU” her P¥AINBIoBEtafbs ffehkfeb! € phatpaci d
generators for use in i nventi

bi s(p-tol ueWé%’iYPh%’MW Wﬁnaf&m%’liwane rret H?'IﬂEQIPP‘é}ﬁWS'-JHQnate 2,4.6-
t ol uenesul f gty h@fmsulfénigwpl 0- hexpdrfubrésutanesbifériatd,- 2,4,6-
dlnethylethylsul on zonet hane,

bi s( 1, 1- di s MY@@h?MfPBIP@ZOﬁEt hane benzenesulfonate, 24,6-

bl s( 1- net h h b i th
bl ;( _n§6 yﬁlﬁfeh%/iovh@hgla@gga@g%ﬂg% 03?817452(2% AlzeptdpymehLansklifinato et hane,

t ol uenesul fRIRAYEhioRREEVIdIRBRYYIBYIoRAY | di4rdesiacyiPenrensyifonia nyackl, ( p- tris(+t-

tol uenesul f Qyibherif) Qﬂfdhﬂmnonﬁeﬁl&ra@ét&%%ﬁﬁdﬂaf@nw trig -ﬁB&tP?Shelﬁﬂ)sulfomum
met hyi t hl opr rﬁl ophenone 2, 4- et hyl - t ol uenesul onyl) pent*- 3- one
1-di azo-1- pe trlsp ~t-butylphenyl)sulfonium 2,4,6-

triisopropylbenzenesulfonate, tris(-t-butylphenyl)sulfonium benzenesulfonate, and

uorobutanesulfonate,
phenyithiophenylidiphenylsulfonium perfluorooctanesuifonate.

[0033] Examples of suitable iodonium salts for use in this invention include,
but are not limited to, diphenyl iodonium perfluorobutanesulfonate, bis-(t-
butylphenyl)iodonium perfluorobutanesulfonate, bis-(t-butylphenyl)iodonium
perfluorooctanesulfonate, diphenyl iodonium perfluorooctanesulfonate, bis-(t-
butylphenyl)iodonium  benzenesulfonate,  bis-(t-butylphenyl)iodonium  2,4,6-
triisopropylbenzenesulfonate, and diphenyliodonium 4-methoxybenzensulfonate.

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

dimethylethylsulfonyl)diazomethane,  bis(1,1-dimethylethylsulfonyl)diazomethane,
bls(1-methylethylsuIfonyl)diazomefhane, bis(cyclohexylsulfonyl)diazomethane, 1-p-
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met hyl sul f onyl - 4- phenyl - 2- but anone, 2-(cycl ohexyl carbonyl - 2- ( p-

t ol uenesul f onyl ) pr opane,

1- cycl ohexyl sul fonyl -1 cycl ohexyl car bonyl dl azonmet hane, 1-

di azo-1-cyc fonyl - 3, 3-di net hyl - 2- but anone, 1-diazo-1-(1, 1-
di net hyl et h;k/‘ﬁgﬁm//%ﬁy $13, 3-di net hyl - 2- but anone, 1-acet yl - PCF/ES2004/017486
nmet hyl et hyl sul fonyl ) di azonet hane, 1 -diazo-1

-(p-tol uenesul fonyl) - 3, 3-di net hyl - 2- but anone,

1-di azo- 1- benzenesuf f onyl - 3, 3- di net hyl - 2- but anone, 1 -diazo-1 -(p-

t ol uenesul fonyl ) - 3- net hyl - 2- but anone, cycl ohexyl 2-di azo-2-(p-

t ol uenesul f rt-butyl 2-dl 3zo-2-benzenesul f onyl acet at e,

i sopropyl - 28'n%’ﬂe)e?gg%?&r’g:yﬂéﬁ%lfp#b(?ﬁvfj@é%?‘%@e'cycl ohexyl  2"methyl-2-(p-

2- di azo- 2- Helneresakoriyfl jprypiapinehe, tert- butyl 2-methanesulfonyl-2-methyl-(4-

i i 07 apendyTIRRB RO b ey oo benenomBisgr p0e. Tadzon =
trifluor mewlm;amephéﬁypmuanouhw%] Exanpl es Qi(cmém{;ésérﬁa-bw ude but
are not i

lt ed t|?: B nmet hyian‘%@{ acqu’, antar acenenet hanol ,

- acenat ht haP'BAESUINYERRARYN EevqihiaxyiputienylrleyelonsyicrEopyidiazamathang: bi pheny!
conta ot L eaat v Ry OB er 2). When e LT

i nteracts \dirp%ﬁgﬁth\g@pI&qny{:)%},%@@%yﬂ-@%utqﬁg@,| rradiation, a cdrasgditm is

bel i eved t andtrylétRylsEfbnyhiatimétiand)S 5 .13dlakodRB-foludNeSdionih 3, 3-GmethlE-

car bocatiog‘ukormed fromthe crosslinker can then react Wth an group in a

pol yner ch&Ungre.unddryezosl penzanesulionyrd Sdimetay2dnitanong. an tdigred i@ ri ng.

Reaction  aqfluéneulSnylf-RetiytPbiiahese,0f the chepRbiyiker wit hzldu‘g?cr-ﬂ-r(p-m“e
pol ymer chai ns resul I n“crosslinks as shown in the schenme below for R =

t.s
Me.” The cr dQlupnegkiionyarertate; niert-buyl fdjazodhenzanesslfenyizoetatecdspionytd pol yner
less sol Ub|o%zb@-nﬂ8th§h@§l%n?\8@et§té,eé‘§'cﬂ’dhe§ﬁQ—&igidlblﬂehié/rheghffé@ﬁ Bldelied th the
unexposed areas necessar or Image formation. Enough crosslinkers render it
i nsol ubl e. butyl 2 diazo-2-(p-foluenesulfonyl)acetate, 2-nitrobenzyl p-toluenesulfonate, 2,6-
dinitrobenzyl p-toluenesulfonate, and 2,4-dinitrobenzyl p-

trifluoromethylbenzenesulfonate.

[0035] Examples of sensitizers include but are not limited to: ©-
methylanthracene, anthracenemethanol, -acenaththalene, thloxanthone, methyl-2-
naphthyl ketone, 4-acetylbiphenyl, 1,2-benzofluorene.

[0036] The latent crosslinker of this invention should contain at least two -N-
(CH2-OR), units (n=1 or 2). When such sfructure interacts with an acid, formed after
PAG Irradiation, a carbocation is believed to be formed (US Patent US 5,512,422):

+

" H u, +
N—CH;—0—-R ——p N—CH,
,r"' 2 ,r" 2
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 resuits
in crosslinks as shown in the scheme below for R = Me. The crosslinks render the
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Has CW0O C N. I \ off 114; r FhCH ~ 1 a The latent crosslinker of this
i nvention may be a single conpound, an oligoner, a polynmer, or mxtures

t hereof each containing at |east two - N(CH2ZOR)n groups. Such crosslinking
agents may r d by the reaction of a variety of ] npounds
with for ml\ﬂ@ﬁ@é@&%ﬁet he presence of al cohols such as rreg’glﬁgﬁg}oq@w&gut anol

or in other solvents followed by an etherification step. Exanples of

sui tabl e pol yam no conmpounds incl ude ureas, nelam nes, benzoguanam nes,

gl ycolurils, diguanam nes, as described in US Patent No. US 5,545, 702, and
guani dines. - 18 WO 2004/111726 PCT/ US2004/ 017486 [0037] Exanpl es of

sui tabl e cl | at r i S Jdnclu b ar not limted to
he. al koxyRODR e, ShiEe. 7 FRleidHel 304, T i) Solibfin divelinlel Wik e
al koxynet hyinbxposed ameasThecessatyhfer ithagexfonmation. di Encughnirossiinkensi readerfit om
di guanam nq&o%ledescri bed in US Patent No. US 5,545,702, and nel am ne or
benzoguanam ne pol ynmers as described in US Patent No. US 6,524, 708. Specific
exanpl es of conpounds having multiple -N-(CH2-OR)n units include but are not
limted to: CH30-1 FOCH3 C4HgO | POCAHg CH 1Y/ 4 qO HNYNI /OC4Hg CH3QJ N N
N LOCH, C4HgO~N N Il N~-OC4Hg N. N \(hNI‘/H N

Cth

The latent crosslinker of this invention may be a single compound, an oligomer, a
polymer, or mixtures thereof each containing at least two —N(CH2OR), 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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N] OCH3 CH3 C4H9O ~OCAH9 OCAH9 CH30-1 1- OCH3 C4H9O-1 r-OC4AHq
CH30CH, - N-CHZOCH3 N N NI NY I N CH3OCH~-N_CH=0CH3 N N O= INN C4HOQJ N, N LCOH
~NT,l ~kN CH20CH3 CH30J ~-OCH3 CH30CH N N \CHyOCH3 ~N ' CHZOCH3

Mat eri al s hayi - CHrOR)n units are avail able comrerc tec
Industries,agﬁﬁg%%Pﬁﬁla as the Cynel, Powderlink, and F2%¢%%%%&@g?hgy
products. [0038] Wen the | atent crossllnker is highly reactive, the

di ssolution rate nodifier should not contain carboxylic acid groups. The
carboxylic acid groups help catalyze undesired crosslinking during the
initial bake to renove solvent. This results in a |low dissolution rate in
t he unexposed areas follow ng |ithographic processing and poorer imaging
properties. In this context, a highly reactive crosslinker is defined as
one whi ch ci®8Z]i nks Exavolgs Otﬂauitab@ ¢lapse of $uch latekicrosslinkkrs inchsle buhare

di ssol ution 18 1y C b d 19 WO
Sooay 111 7oamRefied 3o, t1E, AW HeRtinfbicifies D ?'ﬂ{”@'m%”ﬁeé"%é’l‘ﬁ% net ype

cr ossl i nker slkexymetiaylivarizog@namires, yrih@alalkomﬂﬂ)yldsuamammghl yeriesaict from
crosslinker h t € kN i e crosslinkers
of |ow rea§ ugﬁ%?(ﬁésrgs E’ésc?HQ(gg,l} r@%o%éés%eeg L@a{ﬁdyﬁ%mgr g@%i"@?{?'ﬂﬁ&rti es,

hi gher bakebemzagpamamme qaob/nerspaefdesmbdd lrh-lhmemﬁent Nbode 65%44,708d $pecifise art

avoi d degr aGRTRS of PhnectiE n8yp8 s, SIERFR: 2l it Bk 88g8erati on
from t her nalimdettonposi ti on of the PAG I n a preferred enbodi nent,
phot osensitive conpositions enploying | ow

wem C“H9O—I|\I y TL—OC"H‘? CaHO HN NI 0C
=z Z I
CHSOJ Y T LOCH3 C4HgO—l \r T L—OC4Hg N\ N
Ne N Ne _N Y
T Y N
] we )
OCH3 OCH3 C4H90 OC4H9 OC4H9
3 ——TL TL_ 3 ) [_ o CH30CH2\ _CH,0CH; N NN
O=<NIN>=O C H90—J L—OH >—N )\N,CHZOCH,
\
CH;;O—I I—-—OCH3 CH30CH2\ >—N CH,0OCH;

“CH,0CH;

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

[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
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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reactivity crosslinkers also enploy a dissolution rate nodifier which
contains carboxylic acids. Exanples of |ow reactivity crosslinkers In this
context include glyoluracils, e.g. Powdertink. [0040] The dissolution
nodifier is_added to increase the dissolution rate in reas,

pr onot e crd??ﬂ”ﬁ?ﬂﬁaﬁand | nprove the overall perfornancéﬁggagﬁgﬂnﬁwg
formul ati on. The exanpl es of dissolution nodifiers include, but are not
limted to, polyols, phenolic conpounds with at |east two hydroxyl groups,
and conpounds contai ning carboxylic acids. [0041] Polyols are linear,
cyclic or alicyclic aliphatic naterials whi ch have nore than one hydroxy

. [ 1] h I
oxygon or mrEslen & BBl Séraf miue BoP Aeeaiiere: GrBe B o Ly o
et hyl ene gl mnlemfdﬂg‘rw mactivgl grosdlinkgrml yet hyl ene gl ycol , propyl ene glycol,

tripropyl ene glycol, polypropylene glycol, glycerol, butane di ol , hexane
diol, sorbitol, cyclohexanedl ol,

4, 8- bi s( hydoasg] rret hyOthet rei'rtbpdlnme(rﬁs f Jih@/ idvenlide aame t&@dcmsﬂmkéﬁseﬁﬁwe
co- pol ymer w th. hyI ro ay%_@p ro aned| 2 henol i c
conpounds PV '&f I e%ﬁvoﬁ\/\é BIP%§ éthggrg t%rPPS 'ES E@ﬁ? Lﬂ'lfo‘?lg at
| east two Hygmiperature greopreferidt &@d\m!/et thdseeskitiadrin e =i dbgweintecagimrathat ri ngs.
The aromati i ngs_can be fused onnected, dire connected_t hrough
20 WO 2004?”1‘%?%@’%/%% da5 By ERSEhe SPS%’bs%r%{P%chgr@Ha%‘{"oHEt
addition t oitr’mgda“pmcybrogerﬂesaeausfebe@@cmrgmatatmn frbmgaernﬁamebmposmdm&ff the
substi tuent uch as_al k her r oups nol ec Iar wei ght of
t hese naterpl?'%{:?‘s E]aﬁ Pfﬁ"dﬁedf PBW%&H&"E R s[egggma GBWPOEgﬁrﬁ)Ie@? ngs {AY
hnraéI erial ?‘ iraisdtwml,ﬁ dmﬁsllﬂteish rdi§o Ibemlplcb;eCh msolhg@ﬁ Qe nmwh hnelrlwfhucﬂ édritﬁnﬁﬁh |
ydr oxyphen et han a rarobi 2, 7-di, ro t ene enol ,
37 ot oy AR S5 JoRYTHIR 9E 1YY asRe GhEHRES o s Bt ired [ 0oa3)
The di ssol yjyolradile} €gnhPewderirik. may contai n conpounds containing car boxyl iC
acid groups. Such compounds can be nononeric or polyneric in nature
[0040] The dissolution modifier is added to increase the dissolution rate in
unexposed areas, promote crosslinking and improve the overall performance of the
formulation. The examples of dissolution modifiers include, but are not limited to,
polyols, phenolic compounds with at least two hydroxyl groups, and compounds
containing carboxylic acids.

[0041] Polyols are linear, cyclic or alicyclic aliphatic materials, which have
more than one hydroxy group. In addition such materials can also contain
heteroatoms such as oxygen or nitrogen. Examples 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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and contain aromatic or aliphatic noieties. Exanples of such conpounds
I nclude, but are not limted to the followng structures: OH 1~ OHH O CH
O HH OHAOHHOH OH BOOOHOO HOOHOOOH - 21 WD 2004/111726

PCT/ US2004/ Qb7 4864 n BIDOH OOHQIHOH O O oH OO
(0044] A preferr‘gdlgrass of carboxylic acids in the preglégﬁUlg:?/“éd:ﬂsg: S
pol yam ¢ acids. A preferred polyam c acid has structure (VI1):

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:

OH on
HO
oZ OH o)
H
OH
0
()
LO~O-

HO OH HO OH

\H/OH
o)
~ 0

OH

&
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~OH HO~( NHAO-Np On VII where nis an integer ranging from about 5
to about 200, and Art and Are can independently be aromatic or aliphatic,
and preferably Are is a divalent aromatic group, a divalent heterocyclic

group, a diyalen |icyclic group, a divalent aliphatic [ t hat may
contain si IW@&ﬁ‘f“}%ﬁz?ﬁ xtures thereof, and Ae is a tetra\}'aﬁgréﬁéjzg%@é?’ﬂ?i o
group, a tetravalent heterocyclic group, a tetraval ent cycl oali phatic group,
or a tetravalent alicyclic group, with the proviso that each val ence has at
| east one of the other valences ortho to it. A preferred range for nis
from about 25 to about 175. A nost preferred range for n is from about 50

to about 150. Polynmer VII should be .conpatible with other conponents of the
negat i ve- wor ki ng phpt osgnsitive conposition and be soluble in the aqueous

devel oper. 22 WD 1726 PCT/ US20944 0174860 [ 00 Exanpl es of polyners
having structure VI ard prep y reacti g and | X, where
Ar5 and Are can ind ?_ﬁntly e omatic or aliphhatic [INHZ Are-NH2 50 0O
"VII IX Ormieti@sva or wi iout heteroatons, @Ad fPeferably Are is a

di valent aromatic group, a divalent heterocyclic group, a divalent
allcyclic group, a divalent aliphatic group that may contain silicon, or

m xtures thereof, and Ar5 is aptetraval ent omatic roup, a tetraval ent

het erocyclic group, a tetraval ﬁycl oal i phptic gro@p, or a tetraval ent
alicyclic group, with the hat efg I e gt least one of the

HO

[0044] A preferred class of carboxylic acids in the present invention is
polyamic acids. A preferred polyamic acid has structure (VII):

Lo
B

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 A 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 éhould be
compatible with other components of the negative-working photosensitive
composition and be soluble in the aqueous developer.
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ot her valences ortho to it. VIII can be a dianhydride of one type or a

m xture of several dianhydrides, provided that the final polyner is soluble
in the photosensitive conposition solvent. Exanples of VIII include, but
are not |im he follow ng dianydrides:

3,3 ,4,4 -bip eﬁgﬁ%g%racarboxylic aci d di anhydrl de, 3,3'?%?28ﬂmm“”““

di phenyl sul fi detetracarboxylic acid dianhydri de,

3,3 4,4 -di phenyl sul fontetracarboxylic acid dianhydri de,

3,3 ,4,4" -benzophenone tetracarboxylic acid dianhydride, 3,3 ,4,4" -

di phenyl net hanet etracar boxylic acid dianhydride, 2,2',3,3 -

di phenyl net tetr ' ' | Anh ' .
2,3,3,4" - d:lap nyl t%@Eﬁ%@x%@ﬁégaﬁvﬂﬁ%@§;Vi"dgr,e prepared by reacting
2,3,3", 4" - eenooyeheMbirarndd; whenebXaihd Araan thdépemdently bd @aromaticeorlajishatides  of
oxydi phthalic acids, papticularly 3,3 ,4,4" - diphenyl oxi detetracarboxylic
aci d di anhydri de (4,4'-fxydi ht hal i ¢ aci d di anhydrl de),

2,3,6,7-naphthalenetetr!car xylic acid dianhydride, 1,4,5,7-
napht nal enet et racar bo

achd di anhydri de,
2, 2- bi s( 3, 4- di car boxyphey¥] pr8pane di anhydr i dRH,—Ar*—NH,
2, 2-bi s(2, 3-di car boxyphgnyl )Jpr opane di anhydri de, 2, 2-bis(3, 4-
dicarboxyphenyl)hexafluuvﬂp ppane di anhydri de, IX
1, 3- di phenyl hexaf | uor opPoparf®- 3, 3, 4, 4-tetracarboxylc acid di anhydri de,
1, 4,5, 6- naphthal enetetracarboxylic dianhydride,
2,2", 3, 3" - dnglétimsyWite tor axithionbhygtareatans,dad prefy@biydas® i8, # daldht aromatic

peryi enetetracarbaxyl i ci d di anhydri de , 2, 4.5 napht hal enet et ar boxyiic
et o 53 98, 20DESA R ORCH G 8 Do TGS g, (g velent alphalc

1,h4, 5, 8;] na[ymdmﬂwmaﬁbomai@rémmy{j d:rgni&ttjrr]ékdtd@@bﬁ)add iAtRis dltefrabaldft-aromatic

phenant hr enet et r acar bo ic, acid di anhydride e

s (2. ARt & SRR NEIESaEIE SRHPa mRValent cycoaliphatc group, or a

1, 1- bi s( 3, 4etthvaienbalicyplivegrglip, etithathe pebvisolthistrdadh valknde Baglat least one of the

e e R BN GBS S LIRSS oA B B e o " oS

di anhydr i dese¢afal diantdrigiss, pesviddd thetiae finalgolymedras salliblb av tHeopHotasenditiieh e

structures cg))r%p_oéliclar? :solgent. Examples of Vi include, but are not limited to, the following
dianydrides:  3,3'4,4-biphenyltetracarboxylic = acid  dianhydride, 3,3'4,4'
diphenylsulfidetetracarboxylic acid dianhydride, 3,3'4,4'-diphenylsulfontetracarboxylic

acid dianhydride, 3,3',4,4'-benzophenone tetracarboxylic acid dianhydride, 3,3',4,4'-
diphenylmethanetetracarboxylic acid dianhydride, 2,233 -
diphenylmethanetetracarboxylic acid dianhydride, 2,3,3',4"-biphenyltetracarboxylic
acid dianhydride, 2,3,3'.4-benzophenonetetracarboxylic acid dianhydride,
dianhydrides of oxydiphthalic acids, particularly 3,344
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-
3,3,44-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
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0 =R278~0 Zz- 0 R(IOO O X XI \ Z\ 00O xii where Z=-0-, -5-,
-C(CF3)z-, -CH2-, -502-, -NHCO or -5i(R')2- (R11 is a linear branched or
cyclic alkyl group containing up to 8 carbon atons) In another preferred

enbodi nent, 7= -0- 0047] In a nore preferred enbodi ne 80% of
the total a 112?1?4916%721;& anhydride of Formula VIII conpri %%T’Qé%ﬁé‘@??‘égs

descri bed by structures X -XIl - 24 WD 2004/111726 PCT/ US2004/ 017486
where Z = -0-. In the nost preferred enbodi nents, the dianhydride of VI
are 3,3 ,4,4 - diphenyl oxidetetracarboxylic acid dianhydride

(4,4 -oxydi phthalic acid dianhydride, ODPA) or m xture of 95-85% of ODPA

and 5- 15% /) 2 LG di ' VD 048] The
di am ne n%ﬁ%r?é*f&gg " st rﬁ%@ﬁf@%@%@ﬁ%&m’é@‘ﬂ'& e&yé%lr’]‘g?%'gﬁa %)ﬁ?('%l g'r e I)f t wo
or nore di heranthrpneletratadoaxiylin aclde dianhydrideo1ylntis(2iBdisatbokyphenpl)dthane

hot osensi t 0Si i fol Xl , b not
Ioi mted tlofd’ia\ﬁf1 %dgﬂ bl gwﬁgsﬁiaﬁﬁﬁ@gﬁﬁ%ﬂ%gg be)ﬂaé@#@ig’i Vi ghﬁ% or as a
part of m beorepetedaéarboxiillaacido-dlanhydride Ndixtuses,of) dianty/diides,i sush lagl thostane

(DAPI), m I L.au.n p- phenyl enedi am ne,
2. 2" -bis(t &?ﬁ%b’ﬁgﬁg}sﬁ%)"?i‘?n' -di am no-1, | ' - bi phenyl , 3, 4'- di ani nodi pheny!
et her, 4,4'-di am nodi phenyl ether, 3,3 -dl am nodi phenyl ether, 2, 4-

1 Se R 2,y s ShAEATHHIBAR, Sk oo ARALGRY <! one

material having one of the structures (X -Xil):

0.
O 0]
gz
o
O o
o

X X
] \;:) z < §< Yo
O
0
X
where Z= -O-, -8-, -C(CF3)z-, -CHa-, -80,-, -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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di am nodi phenyl net hane, 3, 3'-di am nodi phenyl net hane, 3, 4' -

di am nodi phenyl net hane, 4, 4'-di am nodi phenyl ketone, 3, 3'-di am nodi phenyl
ket one, 3, 4'-diam nodi phenyl ketone, 1, 3-bis (4-am nophenoxy) benzene,
1, 3-bi s(3-ay oxy) benzene, 1,4-bis

(y-am nopr og]yl ?“é{i???ret hyl di si | oxane, 2, 3,5, 6- PCT/US2004/017486
t et ranet hyl - p- phenyl enedi am ne, m xyl yl enedi am ne, p-xylyl enedi am ne,

nmet hyl enedi am ne, tetranethyl enedi am ne, pentanet hyl enedi am ne,

hexanet hyl enedi am ne, 2, 5-di nmet hyl hexanet hyl enedi am ne, 3-

met hoxyhexanet hyl enedi am ne, hept anet hyl enedi am ne, 2, 5-

di et hyi hep{,a w enedi yi

di et hyi hep tamatlg I ged "g@&n@%?g{% IJ':BdhgﬁlBJJ gﬁi n@”&%gﬁ}?nﬁéghofﬁ\gﬂ T ani ne,
2, 5-di net hyBr%ﬁ,& dinyewk@dneietracerboetﬂ@amtdhﬁa@hwwm(ﬁé'—omdm&muedadm ne,

propyl enedi thy y e [ 3

di net hyl decgﬁgﬂfdfd%%dﬁpﬂfrﬁ?dod%@g bﬁ%%cggnd&a%%ﬁ%tngdgcmgﬁg &2?'%745'5

di am noei cobamrenet@tracarbioxylic H?hhmﬂdBJ(BMEﬁq) nodi phenyl met hane, bi s(4-

am nocycl ohexyl ) met hane, bi s(3-am nonor bornyl ) net hane, 3, 3'-

di am nodi phenyl et hne, 4, 4'-di am nodi phenyl et hne, and 4, 4' -di am nodi phenyl
sul fide, - [G®8] WO 20be/diaming aneromearSFobuconsy P86an deca gingld diapyne di ae,

2, 5-diam noﬂiﬁhl‘é' 0%ord mgl'eaghﬁlﬁ\e% rérBMBédJﬁ{aﬁ o ﬁ?@l%}’ﬂ%ﬂg soﬁlb% 4inthe

di am no-1, 3 - oxadi azol exane, per az

met hyl enedi ahotbsemsytlva campnemwys@mtbfs@mpbh(ﬂf@xmmes het) are not limited to,
44 ot ny1 SRoREbg welihqbl WAt usbefnaitey of A€ hart o Rbilkergte)! 1)
4, 4' - oxy- bi dmﬂnmﬁ(ﬁemmhenyi)ew Mrimeﬂwwwabes([m’l) cm-mdlenedtam)ne. p-
4,4'-thio-d' t | |ob 2-
met hyoxyani I'i'n én'égrazﬁr]q[,h h%? d?él@'ﬂ("ﬁm%w dli%nﬂﬁ%q ‘/'bh]g ?gnl(l i ne,
3, 3' sul f ony diaminagiphenylesthemd wmm@hphermlr@ber 3[3Odla91mod1pmenwbefberpr2e4-er red

erbodl ment . GHsebfifnibd,, 088RMGRReR L8RS, SRS HORRHBRY "4fin g 421 ruct ur e

diaminodiphenyl sulfone, 3,3'-diaminodiphenyimethane, 4,4'-
diaminodiphenylmethane, 3,3'-diaminodiphenylmethane, ‘ 34'-
diaminodiphenylmethane, 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, 14-bis (y-aminopropyl)tetramethyldisiloxane, 2,3,5,6-
tetramethyl-p-phenylenediamine, m-xylylenediarhine, p-xylylenediamine,
methylenediamine, tetramethylenediamine, pentamethylenediamine,
hexamethylenediamine, 2,5-dimethyihexamethylenediamine, 3-
methoxyhexamethyienediamine, heptamethylenediamine, 2,5-
dimethylheptamethylenediamine, 3-methylheptamethylenediamine, 4,4-
dimethylheptamethylenediamine, octamethylenediamine, nonamethylenediamine,
2,5-dimethylnonamethylenediamine, decamethylenediamine, ethylenediamine,

propylenediamine, 2,2-dimethylpropylenediamine, 1,10-diamino-1,10-
dimethyldecane, 2,11-diaminidodecane, 1,12-diaminooctadecane, 217-
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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N~b XI I'IV/ NFIZ where E=-0-, -S, -C(CF3)2-, -CH2-, -SO2-, -NHCO or
-Si (R11)r (R11 is linear branched or cyclic al kyl group containing up to 8
carbon atons). [0060] A diam ne described by structure X11li where E is -0-

is a pref erwquoogh%ne. In a nore preferred enbodi ment ?E(,l_/%%o%l):gﬁ‘%gs?

conprises nore than 80% of the total anmount of diam ne

preferred diamine I X is 4,4 - diam nodi phenyl ether. [0051] A preferred

pol yam ¢ acid pol yner of structure VII conprises a polymer synthesized from
a di anhydride or dianhydrides of structure X, X1 or XIl and a diamne or

di am nes of structure I X. A nore preferred polyam c acid polynmer conprises

a pol yani c,aci. 5 ' . i de i aph L des of
S Puctur e REdgmEBbyHite, DPUREHATHahe b A AT AN mBEBVRRN A0 U
| X where Hamindi,3,40aadibzade,of pr didiamiedeyeiwhexares of piperapinesent 4j4wenti on
are ol yam i.d. eI 48 | 4.4' ~di ap nodj nyl et her and
35 oY MetnRelARghd ™ 44 SHBIER BRI IS Thanithe) " 2P RRIBIRE
gl phﬁnél p)é mediianiliaehr boxy #idcmelhiytendibis{2pthylaniing)), 4' - o&.ﬂalinpthy]lcmbmds(aci d
i an ri n 2 i [ hzed.,fr
o oo eopErineR 8 AoRPUNATRE, 25 SoRA AR LA RRAFE-3 o o1
1, 2, 4, 5- benlleraniiine)ac d4dhigidianiling] adid-thic-tis-(2-Rdi)lanifir@)524,4Rthiobis+(2- havi ng
t t ¢ ' l1] ..and | X...T ti f
Py SRl E R o S S hoRAnTRER 55 BptirikeiaPlfe o Savs B | ©; o
f rom about dianii@e,tamdabizturesthe@of.A nore preferred ratio of IXNIIIl is from
about 0.95 to about 0.98. The reaction tine is from about an hour to about

48 hours. A preferred reaction tine is fromabout 2 hours to about 24
hours. A mieC49pr ef elnm adnoreqaeferred embodiment,fdiaming (Rwoosnpirisef @t leastrene The

reaction t%gr’ﬂgéﬁ'{d%ﬁnf ﬁsir[l(%}e t - 20 Cto about 60 C. A preferred
mper S

reaction te ature | romabout -10 Cto

where E = -O-, -S-, -C(CF3)z-, -CHz-, -8O05-, NHCO- or -Si(R'")- (R"" is linear
branched or cyclic alkyl group containing up to 8 carbon atoms).

[0050] A diamine described by structure Xlli 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, Xl or XIl and 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, Xl 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'-

- 26 -



about 50 C. A nore preferred reaction tenperature is fromabout 0 C to about
45 C. The polyamic acid can be prepared in situ and the solution added to
the conposition or it can be first isolated by precipitation into a

non- sol vent o &xanpl es of  suitabl e non-solvents include de-lonized water or
a mxture of dectoniZed water and an al cohol such as mePRENSIOOEPI7#0pr opy |
al cohol. The ratio of de-ionized water to alcohol can vary from about 99/1
to about 10/90. A nore preferred ratio of de- ionized water to al cohol is
from about 90/ 10 to about 25/75. A nore preferred ratio is fromabout 75/25
to about 25/75. [0053] The pol ybenzoxazol e precursor polyner(s), the

odi 11 er (o) TR EbleraEaoPE 23 dlenydide, B grefptalR et Bt kR uor ki ng,
ph?te ??ﬁr”i | tODE‘A%ﬁg@GﬁpdalyargtcoécM Ipbtymen\syzlithesmw fidme 4, $'€d|atlﬁ|h?dlﬁl?a;1yi dthegfle Cal vred
lzpossl i nki \rll\%'"f@a'eﬁ & otféb?.? %ﬁiagcg”@é%{\ %f‘g‘g]o?ﬁ? rﬁ" e%?&eg’ﬁﬁ °’%’5%t a g

good film Ganhydhde(PMDXENtS i nclude, but are not limted to, polar organic
solvents, such as gamma- butyrol actone (GBL), propylene glycol nethyl ether
acetate (PGQVEA), nethoxy ethyl ether and m xtures thereof. The preferred
sol vent i s [0g&2ina- buPglymkechavirey struclire VINAre Ppafti1n 26 aBtnly miSiaders ¥y 486

[ 0054] The of _pol oxazol recu 0 r{l).nth
0] e BB TR e Rob R W74 FoBotl 80 PR, A latod Bnetoout 10
w % to aboixyViQds fofb athout .2 td abasmlcmg OA.mobre preferetiqatiedf ¢OUNdisMm , the
content of % .0 abput 40 wt% In a r referred
enbodi rent , b5 to BRFUEFE! s Tedkiph e T oM Bulinfous o Aot B4Biiies of
total for nuAaptefemad fea6txdn tnﬁﬁb@s ﬁmmtabbum hétaéstd ébddﬁQ4lthtsOA&ﬁ6rbt[irdferred based
conposition o ent. invention r e aou Owt% ase
on anount _oreatias ok D S0er B 20 Py U5 epeiopemporRtsp & Gpapou
concentr at i 20 °C angbootf 66°AC, | & préferred psuctior? tdntperdtQrd is fidm \dbYubas®eC e t he
amount - of pé’t':&ﬁ?%B Z8?(%2:1(1)!)% &ef%(r:rléa Srgéctlgn lté’m”;?érétué irsn?rro?n about 0 °C to about 45

°C. The polyamic acid can be prepared in situ and the solution added to the

composition or it can be first isolated by precipitation into a non-solvent. Examples of

suitable non-solvents include de-ionized water or a mixture of de-ionized water and

an alcohol such as methanol or isopropyl alcohol. The ratio of de-ionized water to

alcohol can vary from about 99/1 to about 10/90. A more preferred ratio of de-

ionized water to alcohol is from about 90/10 to about 25/75. A more preferred ratio is

from about 75/25 to about 25/75.

[0053] The polybenzoxazole precursor polymer(s), the 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-butyrolactone.
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preferred concentration range of PAGIls fromabout 2.5 to about 10 wt % based
on the anount of pol ybenzoxazol e precursor polynmer. A nost preferred
concentration range of PAGIs fromabout 3 to about 7 wt % based on the

amount of R Ylegn@esazol e precursor polynmer. The anount ti onal
sensitizer can be from about 0.1 to about 5 wt % based oﬁeﬁﬁg%g#gUﬁ% of

pol ybenzoxazol e precursor polyner. [0056] The amount. of |atent crosslinker
in the photosensitive conposition of the present invention can be about 2
to about 35 wt % based on ampbunt of pol ybenzoxazol e precursor polyner. A
preferred anmount of crosslinker is fromabout 5 to about 25 w % based on

t he anobunt of pol ybenzoxazol e precursor polyner. A nore preferred
concentration range of crosslinker Is fromabout 5 to about 20 wt % based on
t he anmount [@#54pol ybdheoxaxunt ef gmiybenzoxpzdly nprecursonopelymeef @) rind the

concentrati ' r % based on
the- - anounPiapedife 2orbbaiah bMElorsseal HOEHEN Bh rehdsthed Whue B Wbl ’C:

di ssol ut i ormbouttS® williof tadal formulatiort rlora pietamed lemtiiciment, tHeoctnt@d oft(Bdhased on
t he anmount rSor, Y f 0, nd is
el oyed. 400 St 2% R B0 i s i byey sribodfentphe LSRR T
20041111726f ()05 frospatut 23 WiBado aboghIdalcofdotat foemulatiomt of pol ybenzoxazol e
precursor polyner. A nore preferred anount of polyol conpound is from about

5 wmt%to about 15 wt % based on the anount of pol ybenzoxazol e precursor
pol yrmer. A[MSS] pr efléeramountoliMAGin thel photoseasitiveocampasitionr afrthalpoesenB wt % t o

about 12 wt?$ I e r. If a
phenol i o cSNSRETANGSt il SBEREES (8 20 wp ARET SR BBt g B ARz oRRONTE S, |
about 20 wiptéduesoe golymet. eprafertat cancentratibly bange®f RAG is frone aboutd topabloyhrer . A
nore prefertged, f | 1.C ﬂng ' b wt % about 15
wt % based (;r? M%g%%ir? t(r)'? hﬁﬁgﬁ"vbcgn‘gog&rya%go ezef)lée%é&s%(rﬂ g@&vg{er AA}“ﬁtr)est
preferred pnefemed cdngehteativini range of PAG is from about 2.5 to about 10 wt% based on

the amount of polybenzoxazole precursor polymer. A most preferred concentration

range of PAG is from about 3 to about 7 wt% based on the amount of

polybenzoxazole precursor polymer. The amount of optional sensitizer can be from

about 0.1 to about 5 wt% based on the amount of polybenzoxazole precursor

polymer.

[0056] The amount of latent crosslinker in the photosensitive composition of
the present invention can be about 2 to about 35 wt% based on amount of
polybenzoxazole precursor polymer. A preferred amount of crosslinker is from about
5 to about 25 wt% based on the amount of polybenzoxazole precursor polymer. A
more preferred concentration range of crosslinker is from about & to about 20 wit%
based on the amount of polybenzoxazole precursor polymer. A most preferred
concentration range of crosslinker is from about 5 to about 15 wi% based on the
amount of polybenzoxazole precursor polymer.

0057 The amount of dissolution rate modifier can be from abou b to
[ ] f dissoluti t odifi be f bout 1 wt% t

about 20 wt% based on the amount of polybenzoxazole precursor polymer. If a
polyol compound is employed, a preferred amount is from about 5 wi% to about 20
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conpound is fromabout 8 ww%to about 12 wt % based on the anmount of

pol ybenzoxazol e precursor polymer. |f a conpound containing carboxylic acid
groups is enployed, then a preferred anount is fromabout 2 wt%to about 15
wt % based WO 20pg11aT6unt of pol ybenzoxazol e precursor poPGHEB200401/7486 e
preferred anount of carboxylic acid conpound is from about 2% to about 10%
based on the amount of pol ybenzoxazol e precursor polynmer. A nost preferred
anount of carboxylic acid conmpound is formabout 2 wt%to about 5 wt % based
on the anobunt of pol ybenzoxazol e precursor polyner. [0058] The anount of
solvent in the formul ation of the photosensitive conposition of the

i nventi on cwitebased emthehamountzf\polypenzexazaia pregursol PolyBer. Aaoteraferredei ght . A

preferred agpnht dSpdiyd Boftothd @frsm mys it% W 2boltOP o, kel bve

wor ki ng phot osensi ti ve composition of present invention can a
contain ot hamoaermftnou@gnzmaﬁlsl%@cmorwlwm A magsti prefegred jamound of POlmIt are

not |im tedcd@pothiess frofH bt 3Nvissafd aBsless QP rﬂaggr &rs thé Q.Qﬁ&]m | &

enpl oyed, the anmount of adhesion pronoter may range om about 1 w. %to
about 5 wt. PoRRIZEXRSIE tRRCUZSASUPRIYBET- pdf Yo ehenolia zearepqyndcisr gmploymbl gmer. A

preferred a eooémaelmé'fra?n %BQU’TDé Wt%'t% dooBim& et bése\aton %ﬁet QmGGﬁlLBf S W

% based on the anount of polybenzoxazol e precursor polyne 29 WO
2004/ 111726 Pelgienaszaroly (reageor pplafrr@fred\ mgnpre&rr%mqmﬁ @fr @hgm@lp is from

bout 2 wt. ) h | |
abou (ﬂqh@uﬁb&“ tgh"&bouf’os Qe ABolthes %ﬁi%‘%s@é &pm@egmamza e

precur sor | e adhesion pronoters | e, for exanple, am no
si | anes, anl?o NP?@IZQK%?@'Q)rPFG@lFrﬁWatPPlYE@Tt he dB0st preferrasl esnaimt sofi PhBN@licadhesi on

pronoters w’ea:a?ow @?roﬁm%{b%)g' £ wr%ttbeabamemﬁ'm BER¥d béh dRe Arhdigd &Y
Structure XV 2) ~ S

polybenzoxazole precursor polymer If a compound containing carboxylic acid
groups is employed, then a preferred amount is from about 2 wt% to about 15 wt%
based on the amount of polybenzoxazole precursor polymer. A more preferred
amount of carboxylic acid compound is from about 2% to about 10% based on the
amount of polybenzoxazole precursor polymer. A most preferred amount of
carboxylic acid compound is form about 2 wt% to about 5 wt% based on the amount
of polybenzoxazole precursor 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 total
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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(3 d1' (XIV) wherein each R11 Is independently a Cl-C4 al kyl group or a
C5-C7 cycloal kyl group and each R72 is independently a Cl-C4 al kyl group, a
Cl-C4 al koxy group, a Cs-C7 cycloal kyl group or a C5-C7 cycl oal koxy group;

dis an int [ Oto3 and nis an integer from1l R13 is
one of the \?ﬁﬁﬁ%&lﬁ? moieties: 0 +wW'NN..N\ NH2 OH 14 5%“?5%9%1%{% OH /
~VI +w. u.SH w'.w=-N C wherein each R14 and R15 are independently a
substituted or unsubstituted C1-C4 al kyl group or a C5-C7 cycl oal kyl group,

and R16 Is a Cl-C4 al kyl group and a Cs-C7 cycloal kyl group. Preferred
adhesi on pronoters are those wherein R13 are 9 HO HO'" N BtG3-NH'"N 01 NHZ -

30 WO 2004 6 7 r r e esi.on. pro ers are

t hose sel ecé%%ﬁ;ao%ﬁ%%grzao%ﬁgé'%ﬁi‘?@?tﬁﬂ% o?rR ?e@i ZE%%% ?D-O&? ‘f'@}f

NHANH , ~ YbaSEd onCitie @¥fountl GEpolyben@bXazole precursor polymer. Suitable adhesion
promoters include, for example, amino silanes, and mixtures or derivatives thereof.

Examples of suaitable adhesion promoters which may be employed in the invention
may be described by Structure XIV

(OR"")q
R13(CH2),,—S{/

12
R (3-4)

XIv)
wherein each R'' is independently a C+—C4 alkyl group or a Cs—C;7 cycloalkyl group
and each R" is independently a C,~C4 alkyl group, a C~C, alkoxy group, a Cs—C7
cycloalkyl group or a Cs—C7 cycloalkoxy group; d is an integer from O to 3 and n is
an integer from 1 to about 6. R'? is one of the following moieties:

0}
wwwwwwNH
wwwaNH \ NH;
OH R™
o} o N
@)

o] /H
mo/\</ wwaSH www——N WN\C/O\R1 6

wherein each R™ and R'® are independently a substituted or unsubstituted C1~Cy4
alky!l group or a Cs—C- cycloalkyl group, and R"%isa C-C4 alkyl group and a Cs—Cy
cycloalkyl group.  Preferred adhesion promoters are those wherein R" are

H
O?Nm 9 TN
0 HO EtO——NH~ ©
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~i-OEt W~Sj-Cet Oet | CEt 0 and HO [0061] In addition, the present

i nvention includes a process for formng a negative tone relief imge. The
process conprises the steps of: (a) providing a substrate, (b) coating on
sai d substr ative-worki ng photosensitive conp05|t|on conpri sing
one or nor e%tﬁ)o’f %’éﬁﬁgxazol e precursors having the str uct BYEUS 2(0 70 n%‘
GNHAti-NH-Are HK"-NH -A? Arz-NH-G OH (I) wherein Ar', Ar2, Ara , and
G are as defined above; one or nore photo-active conpounds whi ch rel ease
acid upon irradiation, one or nore latent crosslinkers each of which
contains at least two -N-(CH2ZOR)n units where n=1 or 2, and wherein Ris a
| i near or branched Cl1-C8 al kyl group), at |east one solvent and at | east
one dissolution rate nodifier (all as described above), with the proviso
that when t Meré ptefertedcadhesionrptemotets iredhdse sefeatdd frem thé grougi coRSIEiHg gIn rat e
nodi fier does not contain carboxylic acid groups, thereby formng -a-coated
substrate; - 31 WD 2004/111726 PCT/U82004/017486 (c) exposing the coated
substrate to actinic xadiation; X%ERSt exposure baking the coated
substrate at an el evaged te r (e) devel opi ng the ated substrate
with an aqueous Hg NHt hereb r#@ﬂ@tng a.égglef and (f) baking
the substrate at an eIevated t enpe %hure ﬁ@ telief image.

et e

Si-OEt N/\/\SrOEt
OEt j OFEt
@) and HO
[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—A&—NHMLH"T‘“NHJ;{H—M—E—NH*M—NH);G
OH

)
wherein Ar', A%, A, 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 C4-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] Exanpl es of suitable substrates include, but are not limted to,
silicon wafers, conpound sem conductor (Il11-V) or (Il-VI) wafers, glass,
quartz or ceram c substrates, or the like. Coating nethods include, but are
not |imtedyto coating, spin coating, offset prinfin roller
coating, sc‘r”tgezr(lm‘%{rqigﬁ I ng, extrusion coating, nmeniscus c%‘é\vpg@?‘“@ﬂ‘?‘sfai n
coating, and Inmmersion coating. [0063] To ensure proper adhesion of the

phot osensitive conposition to the substrate the substrate may be optionally
treated before coating with an (external) adhesion pronoter before the
first coating step or the photosensitive conposition may enploy an internal
adhesi on pr onot Qﬂ |t abl hod, of ..t.rea nt of the substrate with
adhesi on prom)t@ﬁe no%ﬁstﬁécsﬁgggngﬁﬁ%t&fcf'wcﬁf@%f’t may be enpl oyed.

Exanpl es i ncl ud@) tpostexpestredfakingdhes adetéd substrafetdt aadievatenntemperatires vapors,
solutions or at 0 ration. The ti and tenperature of, treatnent
will depend oned ﬁ%@n‘f@i?ﬁ% Pateth sybsitate Wil iaaHe%oﬁsvépeeraﬁaerw hod,

whi ch may enpl oyfasinihga etletievager aridur es. Any sui t abl e external adhesi on

ol ude but ar ethalRr i sugp B8 G af piefilhd pehderile” Wefen  CLIRG e rdf ™" 1 ©

met hacr yl oxal koxyimadeanes, nercaptoal koxysi |l anes, am noal koxysi | anes,
epoxyal koxysi | anes and gl yci doxyal koxysi | anes. Am nosil anes and

gl yci doxysil anes are nore preferred. Primary am noal koxysil anes are nore
preferred. [@82pl es Exanmplast cfbduitabletsabstedtesaiiblede Obut Ere@mot Bhited tockillcen but are

[im - am j h -S| , mra- ,
70 o Sk, SR RSk A RS s BBz o coramic
iy o Rty o e o
- me - . . o . .
oxypr opyl éicﬁﬁ?%ﬁ‘yﬂ%ﬂm% Pffﬁ?]\t@,"nﬁ%%@ﬁ%ﬁ%%'riﬂ%"ﬁPBWIet’ﬁtrf"ﬂﬁ? ﬁ?ﬁwgi | ane.
ganmma- Ami noywengeus coatingt burkais coating, ard imbieesion edatinged. Addi tional suitable

adhesi on pronoters are described In "Silane Coupling Agent" Edwi n P.
Pl ueddemann, 1982 Pl enum Press, New York.

[0063] To ensure proper adhesion of the photosensitive composition to the

substrate the substrate may be optionally treated before coating with an (external)
adhesion promoter before the first coating step or the photosensitive composition
may employ an internal adhesion promoter. Any suitable method of treatment of the
substrate with adhesion promoter known to those skilled in the art may be employed.
Examples include treatment of the substrate with adhesion promoter vapors,
solutions or at 100% concentration. The time and temperature of treatment will
depend on the particular substrate, adhesion promoter, and method, which may
employ elevated temperatures. Any suitable external adhesion promoter may be
employed. Classes of suitable extemal 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-methacryl-
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(0064] The resulting filmis optionally prebaked at an el evated tenperature.
The bake may be conpleted at one or nore tenperatures within the tenperature
bake of from about 70 C to about 150 C for several mnutes to half an hour,

dependi ng ogvd%g“ HE%OOI to evaporate the renaining sol Vﬁg%%gﬁ}é%%}#&t 335

baki ng neans may be enpl oyed. Exanpl es of suitable baki

but are not |imted to, hot plates and convection ovens. [0065]
Subsequently, the resulting filmis exposed to actinic rays in a preferred
pattern through a nmask. X-rays, electron beam ultraviolet rays, visible
light, and the |ike can be used as actini c rays. The nost preferable rays

are those ] f 436 nm_(g- 365 nm I ne 0066]
Fol | owi ng e%@&%’ﬁ%ﬁ‘g’g{r&%ﬁgsvﬁﬁi at iag'ﬁ, ﬁé')'eéﬁg 85”5?%’ @Wﬁt"?&yﬁlg?}%st rate

i s heated tgammad-krplaombpyleinwnowsilanabwtmaféc mafdredout Akﬁiﬂﬁnal‘l'fwltaméposed
and coated a ang shord period
of tine, ty%w%wy rgrg(pétregf é o‘%e%gﬁ@gs g$ %PS‘ %@PL‘ ﬁger%ygg\g rried out
usi ng any PBlieddérnanhd882 Plprumdtress, Nesf ¥orked neans i ncl ude baki ng on a hot
plate or in a convection oven. This process step is commonly referred to In

the art as post exposure baking. [0067] Next, the filmis devel oped using
an aqueous [06d] oper Thedesulting filmf is qpeibhally rpretraked ratemh. elEMedtqemperatuehavel oper

cont ai ns aq f suitable bas but are not
limted to, Hlﬁ%%?’é%ﬁfa? %‘%‘2’%‘8‘%{* at ne %'omg@sﬁem‘?ﬁraﬁ@fw&{hﬁbﬁ‘ SRS dr oxi de,
ammoni a wat baBe op fromaaloud MMN&S tg eabgut, 180 A@ famseveral rminntesptyl aalf am)hougecondar y
amnes (e.g 0 tert 004/ 111726
PCT/ US2004/ Si'gé@w’y Mﬁggetf‘gd g0 ev¢ 0oV ‘?%‘Fﬂ@% 5%)‘?{'2-:'5‘9 s VSB‘K d‘l"&'n?‘HtSB'WB@%
tri et hanot ameas$ mayust enplayed. Examplesiof suithble baking.mednstineiogd, iyt aremuati um
hydr oxi de, o and m xtures thereof. The
concentrati 6’ﬁh%$%bn§4ﬁ£l§%?3€g%v\ﬁ%ﬁ 6’38? dependi ng on the base solubility
of the polymer enployed and the specific base

[0065] Subsequently, the resulting film is exposed to actinic rays in a

preferred pattern through a mask. X-rays, electron beam, ultraviolet rays, visible

light, and the like can be used as actinic rays. The most preferable rays are those

with wavelength of 436 nm (g-line) and 365 nm (i-line).

[0066] Following exposure to actinic radiation, the exposed and coated
substrate is heated to a temperature between about 70°C and about 150°C. The
exposed and coated substrate is heated in this temperature range for a short 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 or in 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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enpl oyed. The nost preferred devel opers are those contai ning

t et ranet hyl ammoni um hydr oxi de (THAN). Suitabl e concentrations of TMAH range
fromabout 1 %to about 5% In addition, an appropriate anount of a
surfactant can be added to the devel oper. Devel opnent l.ed out by
neans of i WRPYAW26spray, puddling, or other simlar &%&gﬁgg%ﬁgaﬁgthods at
tenperatures fromabout 10 Cto 40 C for about 30 seconds to about 5

m nutes. After developnent, the relief pattern nay be optionally rinsed
usi ng de-ionized water and dried by spinning, baking on a hot plate, in an
oven, or other suitable neans. [0068] The benzoxazole ring is then fornmed by

curing of the.uncured relief . pattern tqQ obtain the final high heat

r esi stg'.J ant pa?‘F‘SFn.e-%(Jr{f'ﬁ@YﬁE"'be@r f%?%@mgﬁ%éﬁigng&'eﬁﬁmgmr}og’é'&,erwur ed

rﬁl i ef pat t ammoalum osalsbde.g,, tétgn@étﬂﬁa?]mb%iumi tnyammp_eembmgamﬁmmﬁdt he
otosensitjve ¢ ositi.on to, obtain.the benzoxazote rin a ovi des

Ei gh heat rh)éqer%)gtgeﬁggpd TURiuEes there 'enn—‘ﬂ'@r‘éqr\??'étéa %o?éb%oﬁ%p&’ﬁ?ﬁ (@méy@'y used.

Pref er abl y, dépemgiagadn thes béseo solathilitytof 26 pBlyiner @apidyedOshdCtry speeifiplbaed. The

curing tine il?; from at}ﬁut 15 Finuth &o abo t 24 hours degendi ng on the

particul ar FZR Y‘h‘{; met'h8d 8195t oyRECMRY ho %V%Péf%rraéa r 1058 £ SANEIABYIcur i ng

t} me is fro_tatram_emy:camnomimu:yaméade @MAH t ). Estuueurg&c;wagntaéﬂnienmtrwm famgéedbrange

of curing tinme is from about.. m es to abqu ouyrs. ring can be

done In gi rh%'P abpgtf {eg%ﬁgoﬁnﬁfé‘r ?rbadcﬂ 'oéhﬁgtapBerﬁ?tFraé%Wl{lQﬁﬂ S%?Ft?fg CB3rried by

any suit abl be heided np trearieveldpal erDedlopnieat ah Nisé Usdriddlout byomean$asf pl at e

or in a conyection oven

.. 0, ftNHJ OH | O Formation Q ol ybenzoxazol e rin
34 WO 2004F1MASI98, BRERYRUGHAG I GHET s'f’b'%%éf"%”%ﬂb‘?t{‘%‘gﬁ P%%"Iﬂef%ﬂféssai g
DOLYPQH_Z?Xgﬂiﬁheam{dtiﬂf °crr}atgafe Q0 f?l_SQBblﬂ]?B@wébéﬁdksl lttsigmbwsi Fritutste , Aflit ?rﬁ
no Iimte 0, Sstres r Ler, coatl S 1.0r acC egd sen) condauciors, a a
particl e baffelpTIaribe it BpHeEl anmiicprBppnbdised Uag deonBad wete?any ' P

dried by spinning, baking on a hot plate, in an oven, or other suitable means.

[0068] The benzoxazole ring is then formed by curing of the uncured relief
pattern to obtain the final high heat resistant pattern. Curing is performed by baking
the developed, uncured relief pattem at, or above, the glass transition temperature
Tg4 of the photosensitive composition to obtain the benzoxazole ring that provides
high heat resistance. Typically, temperatures above about 200 C are used.
Preferably, temperatures from about 250 °C to about 400 °C are applied. The curing
time is from about 15 minutes to about 24 hours depending on the particular 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.

et

l A Formation of polybenzoxazole ring

-G
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insulating filns and patterned engineering plastic |ayers. The present
invention includes articles of commerce. Exanples of articles of comrerce
made using the disclosed formulation and nethod include, but not limted to
menory deviWOIMEEERS as DRAMs, |ogic devices, such as BT EPPYOLYESr s or

m crocontrol lers, plating stenci | s, etc. [0070] To illustrate the present

I nvention, the foI | om ng exanples are provided. It should be understood
that the present invention is not limted to the exanples described.
Synthetic Exanple 1. Preparation of PBO Precursor Polymer Wth Am no End
Goups (Va). (~OHNFN HQOOKHHHNP-~-HOaOHF, HOtH/b F~ Fa
k [0071] To a 2 L, three-necked, round bottom flask equi pped with a
mechani cal stirrer, nitrogen inlet and addition funnel, 155.9 g (426.0 nmol)
of hexafi uoro-2, 2-bi s(3-am no-4-hydroxyphenyl ) propane, 64.3 g (794.9 mol)
of pyridine, and 637.5 g of N-nmethyl-2-pyrrolidone (NW) were added. The
solution was stirred at room tenperature until all solids dissolved and

t hen cool ed 200 1111726 PCT/ US2004/ 017486 water bath at
05 To L Moo ¢ o, aBBloatin (dodhemenis BevEaBRRRAH N TBRRe M and
56.9 ¢ g éggsambd hdlmiorhnéuwyyﬁicﬁeé,zﬁuéﬂ ar@hharur@t@ddtosssﬂe\éederdi (ﬂﬁﬁnéfsl forof NWP,
were adde ro er the itio S.CO ete esul.ting

m xture was pgqlﬁaB?&AdseralporI) rﬁer‘?ﬁ%\aatpﬁft@% Y)& 66 éﬁﬁﬁtgc%ol ution
Wais preci pi tnaulaldng filndg) ahdtp%iﬂ%rneaf englr@@flﬁglfiﬂ%tlstlaydfﬁd Thir presemeidvaiber . The
POl ymer vas m%ﬁ’:de rt%ﬂesbc}/f commérgél %?(ar%;r)]lgs of articles of commerce made using the

disclosed formulation and method include, but not limited to memory devices, such

as DRAMs, logic devices, such as microprocessors or microcontrollers, plating

stencils, etc.
[0070] To illustrate the present invention, the following examples are
provided. It should be understood that the present invention is not limited to the

exampies described.

Synthetic Example 1.

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

[0071] To a 2 L, three-necked, round bottom flask equipped with a
mechanical stirrer, nitrogen inlet and addition funnel, 1565.9 g (426.0 mmol) of
hexafluoro-2,2-bis(3-amino—4-hydroxyphenyl)propane, 64.3 g (7949 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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washed with de-ionized water and a water/methanol (50/50) m xture. The
pol ymer was dried under vacuum conditions at 105 C for 24 hours. The yield
was al nost quantitative [0072] The inherent viscosity (IV) of the polyner

was 0.20 d ur NMP at a concentration of 0.5 at 25 C. The
nunber averLgé)e2 ?%Zliltaﬁgl ar weight (M) was determ ned by 4/{’éz‘t8fon
chromat ogr aphy using four Phenogel 10 columms with pore si zes of 104 A, 500
A, 100 A and 50 A and THE as an eluent. Polystyrene standards were used for

calibration. The typical W for a polyner prepared by the above procedure
was 5,800. The average nol ecul ar weight of the repeat unit |Is about 540, SO

Synt het o ey BRSEE, 1inis bokio 33 4 Trod HilGh B REphuma HioritClly o1
with Alter 9 gd194/omnikef mtoxmdlb&nz)ayl(cbﬂmep_dtasobteqmp4al5tgmfeNMﬁ’emmd r ound
20 o1 SRR BB ogBmpbl B rodl S U il

2, 2-bi s(3- atironm mmgﬁlawr@/f@héﬁ)hb)lﬁr oherMscous 3giutipn was presipjtated ipy0 littrsne and 15

g of N-net Pﬂ}/ﬁ) aéjcq,@.q | 4 red at
room terrpe(;r?atgur?%% tﬁl%ed ‘Sm(z at%‘esso ‘ggﬁeﬁéﬁctggo etdm‘?t?\on;%\ﬂ(l{ ce water
bath at 0 -wa;hexd withide-inized matﬂrlamd,a Wa@ﬂn'@tf(&BOMWIS)O) arfixtueso plibeh polgper chl or i de

and 1.477 dﬁgdouddeg}v?céum HQMfgda'E?%lzl%b CCTB 94 r[}‘éﬁ .Q%O&'%Faq?’% alh%sg of NVP

was added op W'se er t i on was Co

m xt ur e wagquahtitetieed at room tenperature for 18 - 36 WD 2004/111726

PCT/ US2004/ 017486 hours. The viscous solution was precipitated in 800 nL of
vigorously stirred de- ionized water. The polynmer was coll ected by

oL o A ) o AT a0
yield was aNMBat aqmac&ntrtaaom ok0.51g/dlt 4te25’ Bh dhermumbies @veragg molecular weight
(Mn) was determined by gel permeation chromatography using four Phenogel 10
columns with pore sizes of 10* A, 500 A, 100 A and 50 A and THF as an eluent.
Polystyrene standards were used for calibration. The typical Mn for a polymer
prepared by the above procedure was 5,800. The average molecular weight of the
repeat unit is about 540, so the degree of polymerization (x+y, y=0) was determined

to be about 11.

Synthetic Example 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 (56 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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of the polyner was 0.36 dUg nmeasured in NVP at the concentration of 0.5 g/dL
at 25 C. Synthetic Exanple 3. Preparation of PBO Precursor Polyner (la)
with G=acetyl OOOHNOSONIiHHOF50H HOOHCFy F3 Kk [0074] The
PBO polymsr,,‘%bg0 1§8ei N Synthetic Exanple 2 (100g) was 1000 g
of Diglyne. es%{}aﬂ wat er was renoved as an azeotrope wﬁﬁ%}‘@fh% using a
rotary evaporator at 65 C (10-12 torr). About 500 g of solvent was renoved
during the azeotropic distillation. The reaction solution was placed under a
N2 bl anket, equi pped with a magnetic stirrer and cool ed using an ice bath
down to -5 C. Acetyl chloride (3.3 nl, 3.6 g) was added via syringe. The
reacti on wWagq gl n at h was
renoved and tLﬁg ﬁ'gaeg\?slégng éoﬁﬁoﬁ%véﬁ&?lf‘a@d‘ﬁn 8% W(')Iilg]; v@ﬁﬁ)uglg St'trgs c@ 1 hr.
Then, the niPRized waigis Thgapalyreerorasdcoliected b&fdiratlbheandoreas%bad PWIthR;H-lodlzeda (3.7
m, 3.6Q9) on was
kept on th\é‘@?tgggﬂ‘g &hﬁéiﬁ%m?sd??@ rPlgcgt\t/']'\fen ?ﬁ‘{]e&%% ‘INéI ﬁée%g@?etr Vgﬁ‘?'}"ind t hen
was al | omedatttpﬁ/\/&f@f% houesr The giesewasdimeist quantitative @ng jthe inbereativiscasity ni xt ur e
was precipi I | pol yrmer
was col | ectéﬁhg%olfyﬁ‘h ?’%ts rﬂofﬁgdn t"g%ars (ftd g\i%l%/g#ﬂ%?ﬁnw&ﬁaﬁﬁ fphées}gg%}rrer was
di ssol ved i 26 % 0 600 g of acetone and precipitat ed into 6L of - 37 WO
2004/ 111726 PCT/ US2004/ 017486 wat er| met hanol (70/30). The pol ynmer was again
collected by filtration and air-dried for several hours. The still danp

pol ymer cake was dissolved in a SintheticExdampledy of THE and 70 nl of water.

An ion exchange resprg?é@ﬁgﬂ ?ﬁ%w&ﬁ?&ﬁ%ﬁ] @%]Wigﬁg*[n Myll—laas was added

and the sol uti on was

[0074] The PBO polymer obtained in Synthetic Example 2 (100g) was
dissolved in 1000 g of Diglyme. Residual water was 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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was precipitated In 7 L of water, filtered, air-dried overnight followed by
24 hr drying in vacuumoven at 90 C. Yield: 100g Synthetic Exanple 4.
Preparation of 4,4'-oxydiphthalic anhydride (ODPA)! oxydl aniline (ODA)

pol yam c acWP0W/113326 H CH O O O O [0076] A 500 ni, t hrerer/memh4/01748and
bottom fl ask was equi pped with a nechanical stirrer, tenperature controller
and nitrogen inlet. 270g of gamma- butyrol actone was added to this reaction
flask foll owed by addition of 31.022g (100 mol) of 4,4 -oxydiphthalic
anhydri de (ODPA) The ODPA charging funnel was rinsed with 15g of

ganma- butyrola 'M}EOe reaction mxture was stirred at room tenperature

for 15 ni nd’(aé ?f I39)- 78he pajyrper wes agaln gollested by filiratian andindird de  was

fully di SS(?br‘\/:f.ia@era'|'l|i6'7ur§I eThe sfbEMY PblyRiar &ﬁ@%@&s&ﬂ%&lh%}ﬁ(ﬁﬁe ﬁf)?d)(gij to 15
C. The 4,4 31xFy cf)ht hal i ¢ anhydri de was artla\}ég ({)r eci gl tated 629 (98
mmol ) of (ﬂff 7Heml/\ﬂfswﬁt?&ed\rbi9f’th6??ﬂﬂ9§§s'6 6 r3vgliatle fram hour .

The oxydi arrdinand Haas Al ALAddeRSerd tné@alumﬁ Wad-Rli3d iy ’PMI Wit lpfsdugre. whi ch
was then added to reaction solution in one port The reactlon

t enper at ur é”?ﬁd%’e%@fﬁtedal“ 7 5 of watgr, fillered, ipisydried °H¢'ﬁlﬂhé§9"8‘ﬂﬁd bred hsdeing

I ncr eased t.@vé&,ufﬁov'gh%uggagtmammqogjre was allowed to stir at this
tenperature for 24 hours. The reaction was conplete as evidenced by the

absence of an anhydride peak (1800 cm) fromthe IR spectrumof the
solution. The viscosity of the f}] na}mé{‘):r duct was 1384 cSt. - 38 WO
2004/ 111726 PCT/ US2004/ 017486 ie 5. Prepar ation of

4, 4" -oxydi pht hai i ¢ _anhydri de d| anl ﬁ) ra- am nophenol
pol yani ¢ aci d Rreparation pfbAd’ "Pxﬁd'B}‘“B"ﬁIH"éydr@Q-(qDPA)’ oxydlan Ine (ODA)

polyamic acid (Viia).

@fm@m@m%

[0076] A 500 mL, three neck, round bottom flask was equipped with a
mechanical stirrer, temperature controller 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
allowed 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.
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p O((W)(~"O0O HO [0077] A 1000 m., three neck, round bottom flask was
equi pped with a nechanical stirrer, tenperature controller and nitrogen
inlet. 531.8 g of ganma- butyroiactone was added to this reaction flask

fol | oned bywadp4/11a7260f 62.05 g (100 mmol) of 4, 4' - oxydP@hubabé/@174sahydri de
(CDPA). The reaction mxture was stirred at roomtenperature for 15 m nutes
and then at 73 -75 Cuntil 4,4'-oxydiphthalic anhydride was fully

di ssol ved. Para-am nophenol (0.437g) was added to-the flask and stirred for
6 hrs at 25 C. Then 19.62g (98 nmmol) of oxydianiline was added portion w se
over the course of an hour. The reaction tenperature was kept at 15 C for
another 15 mnutes and then slowy increased to 40 C. The reaction m xture
was allowed to stir at this tenperature for 24 hours. The reaction was
conplete as evidenced by the absence of an anhydride peak (1800 cm 1) from
the IR spectrumof the solution. The viscosity of the final product was
1083 cSt. Synthetic Exanple 6 Pr ggﬂ{,@hbmamplfgo pol ynmer end capped with
Nadi ¢ Anhydride (Ib) x OHx OO M X FOH'" HMF, n - 39
WO 2004/ 111726 Pd’rﬁmyenp@fmdlpbmf anhmep@%)l ogvélpamee in the same
vay as in Bxanple 2 (20QgbApBara-shimahyRs dolydnEiatidvi 600 g of Diglyne
and 300 g of propyl ene glycol nethyl  ether "acetate Resi dual wat er
was renoved as an azeotrope wth PGVEA

D Q
HO— OH

7 O~-OrpuO-o-Orrmf

[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™) from the IR spectrum of
the solution. The viscosity of the final product was 1083 cSt.

Synthetic Exampie 6

Preparation of PBO polymer end capped with Nadic Anhydride (ib)
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and Diglyme using a rotary evaporator 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 nagnetic
stirrer. ' ide (7 g was added followed by 1 ne. The
reaction aggbgwﬁap%%{overnlght at 50 C. Then the reactﬁgﬁﬂﬁ?%fﬁﬁggtas
diluted with 500 g of tetrahydrofuran (THF) and precipitated into 8 L of a
50: 50 net hanol : water m xture. The polynmer was collected by filtration and
vacuumdried at 80 C. The yield was al nost quantitative. Synthetic Exanple
7. Preparation of 4,4'-(Hexafl uorol sopropylidene)-Bis-(Phthalic Anhydride)
(6- FDA)I oxydianillne (ODA) polyamc acid (Mlc). OH F3a-CG )- OCF3 On
[0079] A 500 ni, three neck, round bottomflask was equi pped with a
mechani cal stirrer, tenperature controller and nitrogen inlet. 256 g of
gama- buty, ctone dition
of 44,42 g @%@ mmﬁ\%i% BAGREr bphrdth h83EHe Wy 4R 'Ex%ﬂpﬁ@é‘%OBYwQQ

1, 1- bi s[ 4- (dlssgl\@ﬂdara)mogtmﬁeefyﬁqq 9 pfrni@wye -apd 802- g of prapylenet giyaek nethyFDA) .

The reacti fyétn@ and t hen
at 60 C u(rjlétqp{p%tegﬁ)&( %ﬁj Féggﬁ‘ sso QlaééS;%rPa{eB e WmIow react I on
sol ution weand Q‘QUU‘GdJS!ﬂQ a ptay ey@qﬁ@r @tﬁﬁ ﬁwﬁp)12dbffb>¢‘}hntﬁﬁﬁﬂ¥9rﬂésowtadded

portion W Sg,dMdnilivad rthQHé az{e@t\fg;ﬁ@ﬁ&ﬁlia‘ﬂ@n ?EB%%M& s&@%nk\%’é Rled ® C for

anot her 15 m nutes an I NCrease reac I on m xture
was al | oweunder atNZ blanket and eqtnan?xbw&h amaghetic stirenoladic amhydride{¢ gtway of t he

final pr odu&& gljow%%gbyggzgcﬁkﬁyndfn Thé?fgacéi% QIY Q‘r&éﬁ'&@rrﬁ@ﬁ diispwced Wi th

75 g of GBL Yy ani ¢ acl th ki nematic
vi scosity oThe]_'oQ@ tﬁ@ptlon_mlxtggar wpmdﬂUMaWtﬂ‘l 80Q g of tetrahydrofuran (T HF) and

precipitated into 8 L of a 50:50 methanol:water mixture. The polymer was collected
by filtration and vacuum dried at 80 °C. The yield was almost quantitative.

Synthetic Example 7.

Preparation of 4,4’-(Hexafluoroisopropylidene)-Bis-(Phthaiic Anhydride) (6-
FDA)/ oxydianillne (ODA) poilyamic acid (Vlic).

H OH
o EZ\@} peO-o-Or

[0079] A 500 mL, three neck, round bottom flask was equipped with a
mechanical stirrer, temperature controlleryand 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-dicarboxyphenyi)]-1-phenyi-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 aliowed to stir at this
temperature for 24 hours. The viscosity of the final product was 4480 ¢St. The
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DRM st udy of PBO polyner (1) with different dissolution nodifiers. [0080]
Phot osensitive fornulation (A was prepared by m xi ng together 100 parts by
wei ght of a PBO precursor polymer, prepared in the sane way as in Synthetic
Exanple 3, 200 parts of GBL, 5 parts of (5-propyl sulfonyl oxyim no-5H

t hi ophen-2-yl i dene) - 2-net hyl phenyl -acetonitrile (available from C ba
Specialty Chemcals), 31.25 parts of ODPAI ODA pol yner prepared in Synthetic
Exanple 4 and 10 parts of Powderlink 1174, a crosslinker available from
Cytec | ndust3894868 which contains tetranethyl nethoxy giycoluril as an
active conmponent. [0081] Photosensitive fornulation (B) was prepared by

m xi ng together 100 arts wei of a PBO precursor polynmer, prepared in
the sane vvafO'éfﬁorP Has §@+?§Mtﬁﬁ5&aﬁ§ébm'm GXEPNPIPQ"—F@?Y? i¢1eg)d solgtiomisy t s of
GBL, 5 part ©BYwiftbkinematic viscosity of 1029 cSt.

propyl sul f onyl oxyi m no- 5H-t hi ophen- 2-yl i dene) - 2- net hyl phenyl -acetonitrile,
10 part of diethyleneglycol and 5 parts of Cynel 303, a crosslinker

avail able from Cytec Industri egithbgraphie Examplé 1hexanet hyl met hoxy mel am ne

as an active co t. 2] Phot psepsitive fornmul ati on (C) was prepared

by mi xi ng toget Hﬁ&ﬁﬁ%ﬁdyﬂgggg’ %‘Z)VWST h‘ﬂ"tgp'fée’PB'CS"ﬁF%'é'ﬂPEdmélﬁ%’frrer, Ioprgpar ed

in the sane way as in Synthetic Exanple 3 but with |1Vv=0.28 dUg, 200 parts

of GBL, 5p of (5 o . s

pr opy! sul fow@lw m %6'933595'?!1'%??&??9'21'% (v prenamchy prikiRg itogetarciG r i | e,

10 parts ofpaits bylwdights 6f+-ahpB00 &agreayicglggbgrmepaéaiihathbesafnfeDWa&\Iéyirph
L

Cheni cal s, and. 5. part 303. 3] . Ref f | ati D
or epar o by SHpid EraBatens, 240 parns ol GBlpd aisAl oproaviSHErBIRAmNs ool yoror

prepar ed in tiGshehaRideny)-2metiyiphayiptdeionfrile - (4Vailabl® A/ i’ 28pecialty

PCT/ US2004/ Q17486 le 3, .200 rts of GBL, 5 parts of .

(5- propy! suléﬁma@%ﬁ\gﬁ@ﬂgﬂq }nglaﬁ@rlpﬁz polymer preparepd in Synthetic Example 4

>F/e| }dene) - 2]; raaah?d ?_5@3’%\‘ -Eambﬂmktﬁim,ead@rg@buﬁmaé&aﬂ?mé ﬁfﬁ%y{%&é%du&?@gﬂ})

ef erence fornul atjon s prepared by m xi ng. together parts by

wei ght of a cﬁF?HlﬁtéEﬁ)’m%@b’vgﬁtﬁPXypﬁ'@&hﬂs P'F‘lagtﬁ’@ COHIONGAY as In Synthetic

[0081] Photosensitive formulation (B) 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 1V=0.28 dL/g, 200 parts of GBL, 5 parts of (5-
propylsulfonyloxyimino-5H-thiophen-2-ylidene)-2-methylphenyl-acetonitrile, 10 part
of diethyleneglycol and 5 parts of Cymel 303, a crosslinker available from Cytec
Industries which contains hexamethyl methoxy melamine as 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 IvV=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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Exanple 3 but with 1Vv=0.28 dUg, 200 parts of GBL, 5 parts of (5

pr opyl sul f onyi oxyi m no- 5H-t hi ophen- 2-yl i dene) - 2- net hyl phenyl - acetonitrile,
and 5 parts of Cynel 303. [0085] Filnms of each of these conpositions were
prepared by._spi ing onto silicon wafers and bakin t te for 3
m nut es at ‘f;@&&flg%%%t ain a film of about 12 min thi c%‘g‘g‘éﬁ"%"lgs | ate
filmconditions and dissolution rates after post exposure bake during
normal processing, the wafers were baked again at 120 C for 3 mn. The

di ssolution rates were determ ned by neasuring the tinme required to
di ssolve the resist filmin 0.262N aqueous TMAH sol ution and are sunmmari zed

i Table 1. F | gt A D B .37 0. .28 0. 37 0.28
I(innt r?ns?c %’l‘ag'?:ogér:ét gb(?i%g?? O?Iﬁls 045 B?'Jf:;oﬂ &'&‘ﬁggy&%’?ﬁﬁpﬂo’@mﬁﬁ‘ﬁiﬁ'@@%ﬁﬂ#ﬁ 2p/ mn
5 p/ mn (pylideng)-2-ebgbhahylacetonitrié,cand|s pitsioh Comet 368. t he addition of the

di ssolution rate nodifier increases the dissolution rate of the unexposed
phot osensitive conposition. Conparative Lithographic Exanple | Lithographic

elelzua'{/\i‘D ogoigglaﬂB%perfﬁ; ;qggiirljat?r; A(f%)%:(eés %ngmé;edlg%diiﬁﬁ@tng'tm r110(9 pags nodi f i er

- arativ t gsensitive

For wul ot anPAneIg B PR preeiEor botiher Brepatatid e saay a¥ fy SR "ot 'L Feo

pr ecur s](c)r Gg?*annpieSthwiﬂ?hbm.zmtliu/ngO@ﬂaHSbfiﬁBLgﬁpénns ?ﬁm hetic Exanple 1, 160
t rts of. (5t ol sul f.on i m no- p

Pl brhon- 2 PpdafiEhiSoRtink iRt 2hifei 2 Sl Rontapitie. adSonder | 1 ni

1174. The partsofl @mel308as filtered through a 1 mfilter.

[0085] Films of each of these compositions were prepared by spin coating
onto silicon wafers and baking on a hotplate for 3 minutes at 120°C to obtain a film
of about 12 um in thickness. To simulate film conditions and dissolution rates after
post exposure bake during normal processing, the wafers were baked again at 120
°C for 3 min. The dissolution rates were determined by measuring the time required
to dissolve the resist film in 0.262N aqueous TMAH solution and are summarized in

Table 1:

Formulation A B Cc D E

PBO precursor 0.37 0.28 0.28 0.37 0.28

(intrinsic viscosity

dL/g))

Dissolution rate 7 Wmin | 9 wWmin | 10 wmin | 2 wW/min | 5 w/min

(W/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 modifler
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[ 0088] Conparative Photosensitive Fornulation 1 was spin coated onto

silicon wafers and baked on a hotplate for 3 mnutes at 110C to obtain a
filmof about 10 min thickness. Then half of each wafer was fl ood exposed
on a Karl Swsmobrioadband exposure tool using a vari abl epcraRzni/eFisan nask
The exposed, coated wafers were baked again at 120 C for 3 mn. Then the
wafers were imersed into a 0.262N aqueous TMAH sol ution. The dissol ution
rate was determned by dividing the filmthickness by the tinme it took for
exposed and unexposed part of the wafers to clear. There was no difference
in dissolution rate in exposed and unexposed areas of the wafers. The

di ssol uti on[008Tk i n OompaitieeBhotosensitive FormiulationN. wddpepakavigdnikingt there was

no exposure, rel at crosslinki.n t hi s post exposure hake tenperature.
Cormarat | vel P rR AR Yendlenied 350 biasi Bperar, BeRARCdR o S2PBOYE cour Sor
E) ﬁl yner (| aps ini sFynﬂmti? Eix_smplbgt HO0 paRs of Gmncﬁbﬁair&_rof (4-(NBAulforyImFinho-BR- o

ot osensitjve, Fo ati.qn repar ed in et he parts by
wei ght of a{hpgae%'?g@ﬁ?%%%"BB‘PWH@?'?VI'SE%B@E‘?dqur?q(%gs‘g:?%%(ﬁt&amkéy 'n Synt hesi s
Exanpl e 3 eXheformulatidn wis filtdbed thiddyh al6Ammitet.s of GBL, 5 parts of (5-
t ol uyl sul f onyl oxyi m no-5H-t hl ophen- 2-yl i dene) - 2- net hyl phenyl - acetonitrile

and 10 parts of Powderlink 1174. The fornulation was filtered through a 1m
filter. [00B9B8IConparampaiativBheotosensitive Fernmdatian lawaspin caatedopion coat ed onto

o1 1 con vl Glicn3Rferd@hbapé on AR forsfincted M BE BloptdPbrinPorltain a

filmof about 10 min -thickness each watrer was flood exposed
on a Karl abaut 10w ipdhighness.7Peerpf eisaol waler wes foodexposed @adbiéatt exposur e

tool using Qué’%rbééﬂa‘ﬁgtoe?(ﬁ%ﬁﬂf% ngsmabw?ammmasﬁomee BaLLr s were

baked again at 120 C . e wafers were 1nmersed Into a 0.262N
aqueous TMAspaled wefermwerpthaked agajn gt 12h’G fer 8 mias Therctherwafersavedg di vi di ng t he
Film thi cknisRelyd infPa 01269R dgliedb@PTMARToRMBLSHE diidiution rate was

determined by dividing the film thickness by the time it took for exposed and

unexposed part of the wafers to clear. There was no difference in dissolution rate in

exposed and unexposed areas of the wafers. The dissolution rate in both cases

was about 8 yw/min. This showed that there was no exposure related crosslinking at

this post exposure bake temperature.

Comparative Lithographic Example 2
Lithographic evaluation of PBO precursor polymer (la) without dissoiution rate
modifier

[0089] Comparatlve 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-thlophen-2-ylidene)-2-methylphenyl-acetonitrile  and 10
parts of Powderlink 1174. The formulation was filtered through a 1 pm 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 fim of
about 10 pum in -thickness. Then half of each wafer was flood exposed on a Karl
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unexposed part of the wafers to dissolve. There was no difference in
dissolution rate in exposed and unexposed areas of the wafers. The
dissolution rate in both cases was about 8 p/mn. This showed that there

was no expogwy fRod/fhaked crosslinking at this post expos Kk
tenperature. Lit og?zgphl c Exanple 2. Lithographic eval uap{:@ﬂg%’f"?/%‘s

precursor polynmer (la) with ODPA/ ODA polyam c acid. [0091] A photosensitive
formul ati on was prepared by m xi ng together 100 parts by weight of a PBO
precursor polyner, prepared in the same way as in Synthetic Exanple 3, 200
parts of GBL, 5 parts of (5-propylsulfonyl oxyi m no-5H

t hi ophen- 2-gildsdsbgdbaid X bédreh&nxdsmg@vénabrertrér@mié’sioﬂﬁaglar tmecefo%N GDA
pol ymer prepared jn Syn het|$ rrg g snd 10F{?art of Powderlink 1174.
Thi s conpos§oafeshwalgss P9EBaek 42Q ntofon 3sMiR-c oHheRaths: Wafeis ated on
?thL plate .wer%qlmut asoaelea dus8 PRIAN BoRtidr.! Thef dlﬁé&bﬂonlt?atl@ s

i ckness. is fi S .exp Wi se using. i pcrenent al . exposur es
on & CannoreRITRes By RHRG D8 me TuEkDpRy Dk ek loRB Toh Go@RGR ARG he
exposur e dagRxpysedChdi bEHe wdiers ROdIESle. CXIIE WhsWid Gffferaite lhhﬁ%oﬁﬁihﬁd at 120
C for 3 mn, devel og?pd for 95 seconds under a conti nyous  spray  of 0.262N

aqueous TvARtestH) exPPeefl and 4nexResed afgas-ofdBe Waars.e d hredigsolytion rﬁFeblF'i '?R! a relief

pattern. AtcdsBe @épeﬁéﬁtesd@/ﬁ'ﬁh of THi® Ghawéee rtﬂat9ﬁ1°ér@fwéshﬁofé>&paslsms relat8fai ned in
the exposed areas and 10 pmfeatures were resolved. [0092] Adding the

car boxylic ‘Eﬁfrﬁﬂ“'ﬂ%?'a‘hﬁlﬂ?@t ePosye iake lemraraluidodi f i er not only increased the

di ssolution rate of the unexposed areas, it also catalyzed the - 44 WO
2004/ 111726 PCT/ US2004/ 017486 crossl i nki ng at | ower tenperatures. Thus PAGs
that might deconmpose at hi gher LithO@ERRNGEXAMPI®%s can be enpl oyed.

Li t hogr aphi ¢ j ol ymer
8 \9/1“ tﬁ ODP%%II@A@ eValuBfgh aphszyﬁ?jf::l penEr (RPWith GOPAFODAPO! Y

[0091] _ 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 Exampie 3, 200 parts of GBL, 5 parts of (5-propylsulfonyloxyimino-5H-
thiophen-2-ylidene)-2-methyiphenyl-acetonitrile, 31.25 parts of ODPA/ODA polymer
prepared in Synthetic Example 4 and 10 pads of Powderlink 1174. This 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 mJ/cm®. 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 mJ/cm? 97% of the film was
retained in the exposed areas and 10 um 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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poi yam c acid. [0093] A photosensitive fornulation was prepared by m xing
together 100 parts by weight of a PBO precursor polyner, prepared In the
same way as in Synthetic Exanple 3, 200 parts of GBL, SCparts of
(5- propyl SLNVPQWIIWW m no- 5H- T/US2004/017486
t hi ophen-2-ylidene)-2-net hyl phenyl -acetonitriie, 31.25 parts of polyamc
acid solution prepared In Synthetic Exanple, 5 and 10 parts of Powderli nk
1174. (0094] This conposition was then spin coated onto a silicon wafer and
baked on a hotpl ate for 3 rrinutes at 120C to obtain a filmof about 12 gm
i n thickness. s film %é%osed _gﬁ)l‘tl n wseu g I ncr enent al

c

exposur es oﬁmés R At lowen HESur Gg thgt m| YpPess/ ikigher

i ncrenent i ngakd‘@n@gmgeaﬁgg@nmbﬁa mlJcn2. The coat ed, exposed wafer was
t hen baked at 120 C for 3 mn, developed for 95 seconds under a conti nuous

spray of 0.262N aqueous TMAH sol ution, and rinsed with de-ionized water to
provide a relief pattern. At thgtmg}ggmagxaﬁﬁﬂegf 50 ml/ cn2 97% of the film
was retai nedLEE t he ex osed arefgg and were resolved.

Li t hogr aphi ¢ {HR3g3PE! q_ﬁ’? ? p%?(?’%??lra??'mebﬂabﬂ@[QWCNPQ&/P%I ynmer

(Vb) with two dissolution rate nogidiyaie acid)095] A photosensitive

formul ati on was prepared by m xi ng together 100 parts by weight of a PSO
precursor polyner prepared in the sane way as in Synthesis Exanple 2, 200

parts of GBigog3) part 9ﬁot6§ertsﬂiv§WoﬁhlulétWhYWQ§>ﬁrébd?éU wmmng tofgether 1oo
avai | able from G

t hi ophen- 2- I|t|e\r}«% %éhenl-acetonltrlleé

Speci al ty a'ﬁ% y B9 sPreeurseispRlneth Prerased dmdhe csame)waxafsanparts of
pol yam ¢ aci tﬁ@tidJEkQﬁp@bQ azcmegaf&é @rne%{.n%hsértmﬂsaﬁsb?saf nyl%%rlﬁﬁabtﬁ-l-()f
Powderlink 1174, 10 parts oxepanone yl - 2-

(hydr oxymet HWB“GT'%Y"HPB?)a%EI?"'MPh@H%ﬁCP@BF@e'f r%%r:?%r partchefy E‘HY%"'EmGS'P t he
trade nameshigfiofr prepated imSehtBetRAiatnpl 5 Ghd 18 bhRX¥EPdWderHiOP4et hyl car bamat e

(adhesi on

[0094] This 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 um 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
mJdiem?. 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 50
mJlcm? 97% of 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-ylidene)-2-methylphenyl-acetonitrile  (available from Ciba Specialty
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pronoter). [0096] The photosensitive conmposition was then spin coated onto a
silicon wafer and baked on a hotplate for 3 mnutes at 110C to obtain a
filmof about 12 m i n thickness. This filmwas exposed portion w se usi ng

I ncr enment alw%ng on a Cannon 300014 exposure tool startin

ml/ cn2 and |ncrerren |ng the exposure dose by 50 mi/cne. PGHES %"g‘fléﬁ‘“ exposed
waf er was then baked at 120 C for 3 mn, devel oped using 0.262N aqueous
TMAH devel oper solution (two puddle devel oprment steps, 30 sec each), and
rinsed with de-ionized water to provide a relief pattern. At the exposure
dose of 100 mi/cnR 97% of the filmwas retained in the exposed areas and 30

B0 pr ecur SSETIS el Bty of pORRHERRIToRABTBpGire try STRARH Exip oo, " a”
phot osensi t'i Waartsoofrerwderbmk vdg4,pt@ parte df lay2-nkepangné qupdyininagr withid @-etind2t s by

VE\ﬁi'a?rBIt eog a(%g% BN ES! wné%f (R §m At SretIBad DhadS 1) BhiSt ! ©

(5-tol uyl smafrmij’ptyx'lguaﬁﬁh@nﬁl—@tWartsphé(tnethoxysnyl)propylethylcarbamate (adhesion

yl i dene) - 2- g%bphenyl -acetonitrile, 31.3 parts of polyam c acid solution
obt ai ned i ynt'heti c Exarrple 4, 10 parts of Powderlink 1174, 10 parts of
2- oxepanone polynmer wth 2-ethyl-2-(hydroxynethyl)-1, 3-propanedi ol and 3

part s of <tr;aba§hoxysmev4,aom@g Qlb S GG RBE Fon LRSI de Bgsspsi i ve

formul ati o t hen n coa er a
hot pl at e f owafér andwbalﬁd ant al‘(bml}atedoro&mmutesatﬂm‘mdb abtainta fllth of-aboGt 12/\0

por 1 on i o8 TLNAARRS: THE T el Blodspd bGMaT ke G oms i o BBRERT G (oo

pOI’t ion w S}‘l using 1 ncrenen sure on a
starting atorb@ @annon23000% emnurmgoal retartingpab 5aenJ/¢u§eartwlr@temnmogahe The

GOSN o RBBBAARESE pYAD IERZ B bl Bbofed ot wil renikelh i sT S

0. 262N aqueg oper sol ution
°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 30 um features were resolved.

Lithographic Example 5
Lithographlc evaluation of PBO precursor polymer (la) with two dissolution
rate modifiers.

[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-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, 10 parts of 2-oxepanone polymer
with 2-ethyl-2-(hydroxymethyl)-1,3-propanediol and 3 parts of (trlethoxysilyl)-
propylethylcarbamate.

[0098] 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
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devel opment steps, 30 sec each), and rinsed wth de-ionized water to provide
a relief pattern. At the exposure dose of 100 mi/cn2 97% of the filmwas
retained In the exposed areas and 7 m features were resol ved. Lithographic

Exanpl e 6 Liilossapnkc eval uation of PBO precursor poly | t wo
dissolution rate nodifiers. [0099] A photosensitive fo[rFrr(lEJ /{]a%il%é"r/\%v\?gsg

prepared by m xing together 100 parts by weight of a PBO polynmer prepared
in the sane way as in Synthetic Exanple 3, 200 parts of GBL, 5 parts of
(5-tol uyl sul fonyl oxyi m no- 5Ht hi ophen- 2-

yl i dene) - 2- met hyl phenyl -acetonitdle, 31.3 parts of polyamc acid solution

obt ai ned i npmSyinhieRidss. EPrAeAIhEwAs ekfosea Portion§ wik® \WEiRG ihdHsmbataf expbduredr t s of
tripropyl ene gl ycol % i%llable fr %Al rich C‘:ﬂerq_cals and 3 parts of
(triet hoxysiof‘%l (}{?5}”8[3371 §¥ VIXPaTWie fen! staring A8 6P mdiera” ipAk Re the SOWRposi ti on
vas :hen fp?g%eéap?e%a?m& ahsidob@anfxu@%éemmwmd tﬁl}ea ENQQPQEI_fﬁ_rBO][_l?’

m nutes a obtai.n a m of abo min i ckness. is film
was exposed or g?‘(???%ﬂs@'ﬁ%i%é&%cﬁ%’ﬁ%’i‘ﬁ gf“”é’iﬂ?@ﬁ'f"@%’ sglytign dfvm evddigooi 4
exposur e t ogbveldphhdrit e, 300sdt)640K5, ARC HRSBRINWItH AelibifizAX MAHTE préligeaby 50
ml/ cn2. The éﬁgt ed, eﬁ)osed waf er was aked at 115 C for

h 3 ,
devel oped u§lgLPefiesy Q&J@@%u’?mqe@éb@q?g}ﬁ S‘Qﬂ‘ymf’fmﬁ’f{"ﬂlbﬁa%’@éﬁﬂg in

devel opment tiid &pesed?areas En® Auf foalliték WerdF8sbivedt h de-ioni zed water to provide
a relief pattern. At the exposure dose of 150 mJ/cnR 65% of the fil mwas

retained in the exposed areas and 4 pmfeatures were resolved. 47 WO
2004/ 111726 PCT/ US2004/ 017486 Lithb@gf;ﬁnr&,@nﬁmaspl e 7 Lithographic
b

| uat i f PBO .pol i th di ' t yodi fi
(0101} A photdhaRethtic svaisei at PER AiaurspEpelinst i) Witk doeeler 100

rate modifiers.

[0099] A photosensitive formulation was prepared by mixing together 100
parts by weight of a PBO polymer prepared in the same way as in Synthetic
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, 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
pum 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 mJdicm?. 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 mJlcm? 65% of the film was retained in
the exposed areas and 4 pm features were resolved.
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parts by weight of the PBO polyner from Synthetic Exanple 6, 200 parts of
&BL, 5 parts of

(5-tol uyl sul fonyl oxyi mi no-5Ht hi ophen- 2-yi i dene) - 2- net hyl phenyl -
acetonitrile, -10 parts of Powderlink 1174, 10 parts of 2-oxepanone pol yner
with 2- et hYPBMUWAP oxynet hyl ) - 1, 3- propanedi ol and 3 paf§YUH04/017486
(triethoxysilyl)propylethyl carbamate. [0102] This conposition was then spin
coated onto a silicon wafer and baked on a hotplate for 3 mnutes at 120C
to obtain a filmof about 10 pmin thickness. This filmwas exposed portion
W se using increnental exposures on a Cannon 3000i 4 exposure tool starting
at 50 mlJ/cnR increnenting the ﬁgﬁosureﬁ ﬁserﬁg 50 mJ/cnR. The coated,
exposed wafer was then baked a qgra l,c am Z devel oped wusing 0.262N
aqueous TNAHitHeymphicevaloatidn ohPBO\wrecurddi polgeiee (Ibpwithtdissslption 8dte Sec

each), and rinsed with de-ionized vvatetr’. to provide a relief pattern. At the
exposure dose of 100 mJ/cnR 95% of t"AR 'fiﬂmwas retained in the exposed
areas and 15 pmfeatures were resolved. Lithographic Exanple 8.

Lith hi I [ f PBO | I .t h,6- EDA/ QDA
ol yam o aligfl [o1 0% BetFreriive HaFPHbIEH ol AEEHaf BATIG (CHP PO xi ng
t oget her 1férts paweighbyf theiRBQ polimer RBO Synthetic Example|6y 200, pgrtsagfa@Big 5i n t he

Syqnt het i Q f ethyl \l.actat 5 t f
?g[rf o}Nﬁgl gﬁ?l':&%nyl g yi ?ri Kg-jtﬁéy%mgoﬁylg)tylr%lﬁo-SpEtHo%hgn-z-%ﬁ|d ne)-2(3‘r(r:1ef’f‘lly"f’;henyl-par 50

5H t hi opheaeetenjitrile] elidepard- ofeedwdeplinkmyli74a¢@ parts bf 2dogepahibna pobmidrawithl 2-6- FDA/ CDA
- 48 WO 2004 1726 PCI/ 04/ 017486 pol r prepared I n,Synthetjc

Exanpl e 7, G%ML%QTYPQXXP%%%PPHET‘% partsakl'g:ca t rieagr opyl At gl yco‘? and 3
parts of ({tietabxyaiypropsietipyiepyamatey| car bamate. [0104] The photosensitive
formul ati on was then spin coated onto a silicon wafer and baked on a

hotplate for 3 mnutes at 120C to obtain a filmof about 12 min thickness.
This fil m {e92pxpos Fdispepmpositionives ther spin coated ortot @ukiliconpafer asd baked

on a hotplate for 3 minutes at 120°C to obtain a film of about 10 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
mJdlcm?. 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, 30
sec each), and rinsed with de-ionized water to provide a relief pattern. At the
exposure dose of 100 mdJ/cm? 95% of the film was retained in the exposed areas
and 15 pum features were resolved.

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

[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
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on a Cannon 3000i 4 exposure tool starting at 50 mJ/cnR i ncrenenting the
exposure dose by 50 ml/cnR. The coated, exposed wafer was then baked at 120
Cfor 3 mn, developed for 95 seconds under a continuous spray of 0.262N
aqueous TI\/AI;&, 5&[‘)11{{7%, and rinsed with de-lonized water to provide a relief
pattern. At E: exposure dose of 150 m)/cn2 50% of the PCTHR40 86| ned i n
the exposed areas and 2 mfeatures were resolved. Lithographic Exanple 9.

Li t hographi ¢ eval uati on of PBO precursor polynmer (la) with two di ssol ution
rate nodifiers [0105] A photosensitive fornul ati on was prepared by m xing
together 100 parts by weight of a PBO precursor polyner, prepared in the

SpT e 2 pbifnerbURRd o SIAMRNS Ekamid’7. 76 'parl of PONESARG 1 BANS'sr © PO

t ol uyl sul f otriprapyienerglyoel=rdt hparfshafiitridthpkysily)pegpyRetipidanlydrpdteny| - acetonitril e,
31.25 parts of 6-FDA/ ODA polyner prepared in Synthetic Exanple 7, 10 parts
of Powderlink, 10 parts of tripropylene glycol and 3 parts of

(tri e':] hoxys[a194) pr opyhetﬂmptasen‘lsiﬁueafoernmb?&o&]as Then pbmtmmiﬁhtovie dileorul at i on
was then spjn t Il icon, wafer ed.on a_hot pl at or 3
m nut es at &'ﬁ%&gﬁ%%gﬁd;?ﬁ aghéstplﬁtﬁ %’f 3JnByes gqg%% %’@'Hi%ﬂlﬁbgﬂgﬁ'b"f’ﬁﬂé film
was exposedpman tthicknesas s dhissfilmgwas exposed (paition yyiss usiag incpemantGbenposurd®00i 4
exposure to ' / incre ti 4 he expasure dose by 50
mol o, - Theot33ehbh 380k ciBodie SO sl &l B0 . pereBisRERd e axbSiiag v
2004/ 111726d6§é’mw51f2mn¢rﬁi7zra6 coated, exfmeed waeedl vy theh Me@mdsguﬁdefﬂr a

conti nuous spr 0, 26 aquepus - TMAH .sol ution, nsed w

Gort oni sed T Bbvecpest B0 Bh s3EHER apr BeaniBials sfay af0 2N BoMs A o 150
ml/ cn@2 60% sflutidng dnidl rimseals witht @é-oatted rwatére te ppovidd aaraties pattad. 3 Antheat ur es
were resol Vg)gposﬁrlet@o%%rgfpmocmﬁi&?nﬁ%ogk %P the film was retained in the exposed areas

and 2 um features were resolved.

Lithographic Example 9.
Lithographic evaluation of PBO precursor polymer (1a) with two dissolution
rate modifiers

[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-
toluylsulfonyloxyimino-5H-thiophen-2-ylidene)-2-methylphenyl-acetonitrile, 31.25
paris of 6-FDA/ODA polymer prepared in Synthetic Example 7, 10 parts of
Powderlink, 10 parts of ftrpropylene glycol and 3 parts of
(triethoxysilyl)propylethyicarbamate.

[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
um in thickness. This film was exposed portion wise using incremental exposures
on a Cannon 3000i4 exposure tool starting at 50 mJd/cm? incrementing the exposure
dose by 50 mdicm®. The coated, exposed wafer was then baked at 120 °C for 3
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Li t hographi c eval uati on of PBO precursor polyner (la) with two di ssol ution
rate nodifiers [0107] A photosensitive fornulation was prepared by m xi ng
together 100 parts by wei ght of the PBO precursor polynmer of Synthetic
Example 3, 200 parts of GBL, 5 parts of
(5-to|uylsd’]"?aﬂgﬂg%‘imno-SH-thiophen-Z-yIidene}2-nethylp|5:rr1[‘é'ﬁ%m-4mm86
acetonitrile, 63.6 parts of polyamc acid solution obtained in Synthetic
Exanple 4, 10 parts of Powderlink 1174, 10 parts of 2-oxepanone pol ymer
with 2-ethyl-2- (hydroxynethyi)-1, 3-propanedi ol and 3 parts of
(triethoxysilyl)propylethyl carbamate. [0108] The photosensitive formnul ation

was then spin goated qQnto_a silicon wafer and bake hot pl for 3

m nutes at Tm@e\feioqsagﬁaﬁ %—’ aeqqqdﬁ]uaaeraq)&rgmli S SHRRY ﬂfdQ-ﬁB@ﬁﬁggg_U%{ﬁéHfi | m was
exposed poricillﬁbny\/iaa_d m@eag\ggmde/emné@lwmrpwpr@we ﬁnr@ieﬁaﬂl’t@m 3090t'héb 50
exposure tool starfin fo i ncrepenting, the. exposure ose by

) o, - The PORB HosBys o0 MW e 0tk of i thas-tained e sxposed Sraes

devel oped usnd®ub.feaidhesampre oesolvBAH devel oper sol ution (two puddle

devel opment steps, 30 sec each), and rinsed with de-ionized water to provide
a relief pattern. At the exposure dose of 100 mJ/cnR 97% of the fil mwas
retained in the exposed areasLiR8graphid Bxingieaoner e resol ved. Lithographic

Exanpl e 11. Li.thographic. eval uati of PBO pr.ecur sor lynmer, (la) with two
di ssol uti on lLftﬁ? I 9valyation afto'!‘é) regyissgrinolymer flanwita e Missolu [0109] A
phot osensitive fornul ati on was prepateqfodifiesd Xi ng toget her 100 parts by

wei ght of a PBO pol yner prepared In the sane way as in Synthesis Exanple 3,
200 parts of GBL, 5 parts of (5-toluyisulfonyl oxylm no-5Hthi ophen-2-

yli dene) - 2- paYMY | phepyphoiesdngifivé rfofntulatibh . Was f&gﬁaﬁe@by%iﬁ@ﬂd}eﬁ@idwm ution
obtained in Synthetjc Egpaggl e 4, 10 rts q%waer ink 117 10 parts of
2- oxepanonePa I} Weight gf -QW?PU@Q'(FR@W%@I%F olig Example 3, n2000arts ofand 3
parts of GBL, 5 parts of (5-toluylsulfonyloxyimino-5H-thiophen-2-ylidene)-2-methyiphenyl-
acetonitrile, 63.6 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.

[0108] 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
um 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
min, developed using 0.262N aqueous TMAH developer solution (two pﬁddle
development steps, 30 sec each), and rinsed with de-ionized water to provide a
relief pattern. At the exposure dose of 100 mJd/em? 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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(triethoxysilyl)propyl ethyl carbamate. [0110] The photosensitive fornul ation
was then spin coated onto a silicon wafer and baked on a hotplate for 3

m nutes at 110C to obtain a filmof about 12 min thickness. This filmwas
exposed por{j ' using increnental exposures on a Cannon 300014

exposur e togrpg?giﬁﬁﬁg at 50 mll cn? Increnenting the expBSUE200YHIWoLy 50
mJ/ cn2. The coated, exposed wafer was then baked at 120 C for 3 mn,

devel oped usi ng 0. 262N aqueous TMAH devel oper solution (two puddle

devel opment steps, 30 sec each), and rinsed with de-lonized water to provide
a relief pattern. At the exposure dose of 100 mJ/cnR 97% of the filmwas

retained i e exp reas apd 7 mfeatures we resol ved. Lithographic
Exanpl e 12&0E¥’§jhogr aﬁf{)ﬁ@@\?ﬁf'ﬁ‘ﬁ F°6W”HF'°’?>5E’?%P&%H?F%‘%§Y JBDEtPaRthan H% th two
di ssol ut i onpartsaby weight faf ca PHD Jpblyimeh prépdred dmdhd isamefl wayndsaini Syntivesis pr epar ed
by mxing t r% |_ght PB | r ared i.n the
sgme mygasg)%gﬁ‘g%r?t hesi ggﬁ%&§@e%&dﬁ%’é@?@s@Pgﬁﬁgogﬁ ﬁé‘)pﬁf“"'b'
(5- t ol uyl suylifiems)tmethyiphenBtdcelonitnidett.@2 parts of polyamic acid solution obtained
yl i dene) - 2-, | -gcef oy tril 1.3 ..par. of . paol.yam £ acid sol ution
obt ai ned i n'neés’ﬁ%%f’%"@ér#m@ hamigf F§W9§’"§'¥ 1&’2%&9 |piaﬁt§ 0?112'3’,‘9‘@"3%?ts of
2- oxepanonepgighememwithwi Rietidd-2(hydrexdmietyyi)rio3-propahedidl- 1 afd pr 8paparts olof and 3
parts of (tgl ' I&%‘ r | et hyl carbamate. - 51 WO 2004/ 111726
PCT/ USZOO4/@%§KP®]?§ th?‘ﬁg% | ation was then spin coated onto a
silicon wafer and baked on a hotplate for 3 mnutes at 110C to obtain a
filmof abo 2 mifp thickness. This filmwas exposed rtjion W se using
i ncrenment al fdg;é?;osur e eoﬁhgéfﬁqﬁslltgﬁ fo @f)tﬂ' ‘gﬁ%@l%nr 3&[10 ggqugpmon% S\Q\A‘f’o%o ml/ cnR
i ncr enent i ngafehane bakesliore actatislate)fo58 mintés a1 10PBeowbddie d, filxgfabedt Y&.f er was
Cmen: ot ek TPy BB S, Al FRARIRS S b,

on a Cannon 3000i4 exposure tool starting at 50 mJ/em? 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 eéch), and rinsed with de-ionized water to provide a
relief pattem. At the exposure dose of 100 mJdlcm? 97% of the film was retained in
the exposed areas and 7 um features were resolved.

Lithographic Example 12.
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-gthyl-2-(hydroxymethyl)-1,3-propanediol and 3 parts of (triethoxysilyl)-
propylethylcarbamate.
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30 sec each), and rinsed with de-lonized water to provide a relief pattern.
At the exposure dose of 100 mJ/cnR 97% of the filmwas retained In the
exposed areas and 7 mfeatures were resol ved. Lithographic Exanple 13.

Li t hogr aphi val i on of PBO precursor polymer (la) Wplhys¥haseliraso! ution
rate nodif ivgqgoo?/blii A photosensitive fornul ati on was 5Feg§r e(ﬂby m xi ng

together 100 parts by weight of a PBO polyner prepared in the sane way as
in Synthesis Exanple 3, 200 parts of GBL, 5 parts of

(5-tof uyl sul fonyl oxyi m no- 5H t hi ophen- 2-

yl i dene) - 2- met hyl phenyl -acetonitrile, 31.3 parts of polyam c add sol ution

obt ai ned i nt hetyt ; rts of
2- oxepanongogo ymer w(/%/i th 2- gﬁﬁ?? gg?@m%%&Eﬁﬁglk@g%géﬁ%é%ﬁand 3
parts of (©niaheiplaiefard minutesopl1 WG e obtaimadine of abeul]2 rmeinghiskresensi ti ve
formul atio | W kol d Kk a

hot pl at e fgp‘%ﬁlnﬁ %?e%wggeq 0C towggﬁgﬁ?n gicjf.l %t%l}ﬂ@{ziﬁ%ﬂ‘%gﬁ'p%melgﬂﬁ I ckness.

Thi s fil m #880ié expesie feolstasting\ats0 nulfany ingrementing tie exposwierdase byrb& Cannon
300014 exp t ' t LiCir to] dose
by 50 0/ np s et oS eBlritl VL, (R kel TR0, L i SRRSO
devel oped mmoaﬁzwzawqu%ﬁ%ﬁmwmgpbﬁ@n (two! puddiendevelapnand steps,

devel opnent : | i de-i oni t qn rovi de
2 SO T R R Al AR Y 38R, 1 droyee o Rl Rl B i T
dose of 10@xpIsuEerEoss 9§ 3P0 mmbicmn| BHo\aidhe Blimwae detainediindhe epposed ateams and 7

pm f eat ure%nw(rﬁ.n Eﬁ%g%ﬁ }(:S'Sgllgggraphi c Exanpl e 14 Lithographic eval uation

of PBO precurs yner wth a dissolution rate nodifier [0115] A
phot osensitive fornul ati on was prepared by m xi ng together 100

Lithographic Example 13.
Lithographic evaluation of PBO precursor polymer (la) with two dissolution
rate modifiers

[0113] 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 Powderlinkyy1 174, 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 md/ecm?. 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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parts by weight of a PBO precursor polyner, prepared In the sane way as in
Synthetic Exanple 3, 200 parts of GBL, 5 parts of
(5-propyl sul fonyl oxyi m no- 5H

t hi ophen- 2- - met hyl phenyl -acetonitrile, 10 part

10 parts w g oxepanone pol ymer with Bofosdobilress
2-et hyl - 2- (hydroxynet hyl )-1, 3-propanediol. [0116] The photosensitive

formul ati on was spin coated on the silicon wafer. The coated wafer was
baked at 120 C for 4 m nutes. The thickness of the filmthus obtained was
about 10.3 m The coated silicon wafer was then exposed pattemm se to

br oadband r agdi.at ured with a 400 nm at ntenS|t of 5.5

M o 1 or | BerdatE, hahe, eatrs AgSe i 9 BLBEE 67% WP G WesIHeTRg R o The
waf er bakedthé expds8 aseasoaris7 ain féA0rS werglrdsbiwad.devel oped in 0.262 N aqueous
TMAH using multiple imersion devel opnment. The first imersion was for 100
seconds and the second i mmersion was for 250 seconds with a DI water rinse
bet ween and after the devel op steps. The remaining filmwas 9.6 pmthick
after devel opnent was conpl et S'fdt 2005 | es %sﬁuare hol es) were resol ved.
Li t hogr aphi ¢ Exanpl es 15 Adhedf®BR9aR {c%/ he fornul ations prepared in
| i t hogr aphi dithsgraphic évalaatiomof PBOqurecurbocpolgimerflapwith sedissolition fatat ed ont o
a silicon wafer. The coated wafers were. baked at 120 C for 3 mnutes. The
t hi ckness of the filns thus obtained 8 8 m The - 53 WD 2004/111726
PCT/ US2004/ 017456 wafers were t hen exposed pattemm se using a broadband

mercury |l a | l.ght for econd the | anp out put was 1000 cn2 Q
400nm durin 1?$’e expg %m%ﬂg@ rYasspepagd. g% RixiRg fieasther rTi?)(bsure
tool. A terpdns bpmeggﬂtcbfoé RBonvremwrpbWSptépuEedcrreﬁteedamEhm a$ e waf er

Lot r anot hyl SYTRRSEATENG 3 AR0LERIs;oLGHE & Paie el Gremte S NEReR s sec

each). The mbhar-a@ddénd)xzanwmh@rwl%ebt@mﬁw 1N:bartatolmﬁieeaes ahd 36Qafts for 1

hour. The wgf eé—oxza\’!pealhce)né polymer it g-ethylg - hydroxymethyf)-T, PS5 -propanediol.

303 and

[0116] The photosensitive formulation was spin coated on the silicon wafer.
The coated wafer was baked at 120 °C for 4 minutes. The thickness of the film thus
obtained was about 10.3 um. The coated silicon wafer was then exposed
patternwise to broadband radiation measured with a 400 nm probe at an intensity of
5.6 MW/cm2 for 54.5 seconds, resulting in an exposure energy of 300 mJ/cm2. The
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 um 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 um. The
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pot and were exposed to saturated steamat 121 C for 100 hrs. Then, the
adhesion of the filnms to the wafers was tested using a tape peel test using
3M o tape#720 as described in ASTM D-3359-83. If no squares of the grid were
peel ed off formul ati on passed the test. Both

adhesi on I02§E§&g¥%2§ 1000 hrs of the test. [0118] V%ilé##ﬂ%mpﬁggﬁ ion has
been described herein with reference to the 5 specific enbodi nents thereof,
It will be appreciated that changes, nodification and variations can be
made wi t hout departing fromthe spirit and scope of the inventive concept

di scl osed herein. Accordingly, it is intended to enbrace all such changes,

appended cf B welehbToy RS pafemigusiid g AR ho R IaR%er] "% ea
resi stant r18§disependsdthe Ia@Psnus wer d P00 d/con @ d9Prmatvring she epapUreses  ( a)
one or rmr%w:e?whkaﬁ@h@éﬂip@s@bﬁ%ﬂb&fae@%dm .Of&gté%?ttég‘rgr@{)&' A3 +4

~~a?' "NVAl~ wherein xIs an I nteger froma ut I6‘00, y is an
i nt eger fr GAVaes was fsareaied Jhen(the yafarwastbeked a0 WGhion21ngoendAr' i s
sel ected.fr s I Sl o‘?&#e : 46 group, a
tetraval Eéntdgg‘g{’@cﬂ;??lb?c'\l 39%?“%@“%@8?@25‘?@ eo ;@srAr |dgfésel ected from
t he group cevelprmentd2 auddles2Sraec eachidiheatterngd filmewerenared wades Noc, a

dival'ent olifiuginfe o5 C bl FhEE e ligsivire BEAtackit o Btstiicdit o1 | i con:

Ara is selecte rom-t roup conS|st|ng a, div r trc group, a

di val ent alpopand weregxpeged ta saturated steameatd2d cGdon 100 kysoulhenotheni xt ur es

t hereof; Ar4nl I iS4 ' r Are; G H or
an organi cagp%ﬁ(éﬁ at\[-allléﬁg&at%éﬁ%%g? ?’ggﬁgﬁgg{éﬁié’ﬁ?gg# !ttﬁétq_&t@r%ﬂ) nal NH of the
pol ynmer andapeié2@ pa desarifed e T MiR-88%R=83.dif ne sauares of thearidiwarepeeled NH of t he

polymer i s gielh iiiolh Atdr Sadtel R ©ONBott FIR il rid adhesion losses after
1000 hrs of the test.

[0118] While the invention has been described herein with reference to the
5 specific embodiments thereof, It will be appreciated that changes, modification and
variations can be made without departing from the spirit and scope of the inventive
concept disclosed herein. Accordingly, it is intended to embrace all such changes,
modification and variations that fall with the spirit and scope of the appended claims.
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carbonyl, a carbonyl oxy and a sul fonyl group; (b) one or nore photo-active
conpounds which rel ease acid upon irradiation (PAGs); (c) one or nore

| at ent crosslinkers, each of which contains at least two -N- (CH2OR)" units
where n=1 or 2, and Ris a linear or branched Cl-Ca al kyl group); (d) at

| east one sowewb4/1iated (e) at | east one dissolution rate gpgigkiceinlse

i ncrease the dissolution rate, with the proviso that when the | atent
crosslinker is highly reactive, the - 55 WD 2004/111726 PCT/ US2004/ 017486
di ssolution rate nodifier does not contain carboxylic acid groups. 2. A heat
resi stant negative working photoresist conposition according to claim 1,
wherein Gis H 3. A heat resistant negative working photoresist conposition
according towddadime 1, wherein Gis an organic group J having a group
attached directly to the termnal NH of the polyner and wherein said group
attached directly to the termnal NH of the polyner is selected fromthe

group consi sy ng pofheat reéi‘siér’ﬂQ@Métwe@vd?ﬂﬁ@ﬁﬁbtbé@h\éutﬁé‘eolﬂpééﬂlérpﬁ‘ﬁé{ cgﬂﬁ ! (Higs 4 A

heat resistant negative work phot or esi st composi tion accor to claimil
wherein the di ssdf ﬂed?\'“i‘%(ﬁéo %ﬁ’-ﬁ‘é@'q UGPW§¢fé29é\6nQrﬁé‘)d| ssolution rate is

sel ected fromthe group consjsting, of yol's, npheng] i ¢ conpounds with at
| east two hydroxyl groups d conpoun cont : nlng arboxyl i c  acid groups.
5. A heat resi st aginRegati IJE;%Miﬁi bﬁwmﬁ%gprdlng to

claim 4 wherein the dissolution rate d|f|§r to increase thé dissolution

rate is selected fromthe group con5|smnmg of ethylene glycol, diethylene
gl ycol, polyethylene glycol, propylene glycol, tripropylene glycol,
pol ypr opyl ene gl ycol, glycerol, butane dlol, hexane diol,

I

wherein x_is an integer from about 10 to about 1000, y is an integer from 0 to
about 900 and (x+y) is about less then 1000; Ar' is selected from the group
consisting of a tetravalent aromatic group, a tetravalent heterocyclic group, or
mixtures thereof; Ar® Is selected from the group conslsting a divalent
aromatic, a divalent heterocyclic, a divalent alicyclic, or a divalent aliphatic
group that may contain silicon; AP is selected from the group consisting a
divalent aromatic group, a divalent aliphatic group, a divalent heterocyclic
group, or mixtures thereof; Ar* 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
(PAGSs);

(c) one or more latent crosslinkers, each of which contains at least two ~N-
(CH20OR), units where n=1 or 2, and R is a linear or branched C4-Cg alkyl
group);

(d) at least one solvent, and

{e) at least one dissolution rate modifier to increase the dissolution rate,

with the proviso that when the latent crosslinker is highly reactive, the
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sorbitol, cycl ohexanedi ol,

4, 8- bi s(hydroxynmet hyl )-tricyclo(5.2.1.012, 6)decane, a 2-oxepanone
co-polymer with 2-ethyl-2-(hydroxynethyl)-1, 3-propanedi ol , hydroqui none,
1,1, 1-tris(waapde/omayshenyl ) et hane, anthrarobln, 2,7- di hydarxyaapidal ene,
4, 4- bi phenol , 3-nmet hoxycat echol, pol y(hydroxystyrene), novol acs,

cal i xarenes, and conpounds containing carboxylic acid groups selected from
those of the formulae OCHH OH O OCH O 56 WD 2004/111726 PCT/ US2004/ 017486

HOH OHOOOHHOOH OOH IDOOHOO BIDOHOOO™H OQ'-CHHDHOH O
OHn OHO0 OO OH HO OH

dissolution rate modifier does not contain carboxylic acid groups.

2, A heat resistant negative working photoresist composition according to claim
1, wherein G is H.

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 rate modifier to increase the dissolution rate is
selected from the group consisting of polyols, phenolic compounds with at least
two hydroxyl groups and compounds containing carboxylic acid groups.

5. A heat resistant negative working photoresist composition according to claim
4 wherein the dissolution rate modifier  to increase

the dissolution rate 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(hydroxymethyi)-tricycio(5.2.1.0/2,6)decane,
a 2-oxepanone co-polymer with 2-ethyl-2-(hydroxymethyl)-1,3-propanediol,
hydroquinone, 1,1,1-tris(d-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

OH OH
HO
OH

0]
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IHO OOH and 6. A heat resistant negative working photoresist conposition
according to claim 1 wherein the dissolution rate nodifier to increase the
dissolution rate is a polyamc acid of the structure (M1): -OH

HO I (NHAf'"N O OVII n - 57 WD 2004/111726 PCT/ US2004/017486 where n is an
| nt eger rany? #9YINEH about 5 to about 200, and Ar6 is s&CIESEWHOIA¥m t he
group consisting of a divalent aromatic group, a divalent heterocyclic
group, a divalent alicyclic group, a divalent aliphatic group that nmay
contain silicon, or mxtures thereof, and Ar5 is selected fromthe group
consisting of a tetravalent aromatic group, a tetraval ent heterocyclic
group, a tetravalent «cycloaliphatic group, or a tetravalent alicyclic
group, with the proviso that each valence has at |easggone t he ot her

val ences ortho to it. 7. A heat resistant negative wor pho or§5|st
conposition according to claim | wherein the one or k- 0
crosslinkers are selected fromthe group consisti

alkoxynethylnelam ’

al koxynet hyl ben
di guanan nes and Y or b oguéﬁhnlneEmbly . resi st ant
negati ve wor ki ng photoresi st conposition according to claim | wherein the
one or nore |atent crosslinkers are selected fromthe group consisting of
conpounds of the formulae CH" ~d y I-0OCH3 CAHAO, y~"7~I1~ rOC4H9 Cxyp" NN.
Nl-L CA N CH30J NI Ild_ocHS C&NI aHa N M\ H OH

HO o OH ﬁg\g/
o}
120 OH 7
e} 0 =" “OH

N OH (I? ?H
o’ oH OH O

o O and

6. A heat resistant negative working photoresist composition according to claim
1 wherein the dissolution rate modifier to increase the dissolution rate is a

polyamic acid of the structure (VII):

§u
et

o Oowl
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N N7 OCH3 O0CH3 C41190 OCCAH9 O0CAHv CH3O- F-0 CH3 C4AHA0-1
CH=0CH3

rOCa7 CH, OCHz

"~ CI-B@HZ- ~CHZOCH3 p O0 C N OH '"CHZOCH3 CH30J LOCH3 aa ~CH2OCH3

CH30CH2, N and ' CH20CH3 58 WD 2004/111726 PCT/ US2004/017486 9. A heat

resi st ant neg ative working photoresist conposition accor
addi ti onal IV %WH 5] ng an adhesi on pronoter. 10. A heat

C&‘Z‘Sﬁ%‘f‘@ﬁ"%egat i ve

wor ki ng phot oresi st conposition according to claim 9 wherein the adhesion

pronoter is an amno silane. 11. A heat resistant negati

ve wor ki ng

phot oresi st conposition according to claim 9 wherein the adhesi on pronoter

Is a conpound of the structure XIV 13 /(01~11d R (CH2)-

CL-Gh al kyl  gr cinord o B REES Rl Shaid

rou

Si 12 R (34" (XIV)

5/t %Bb&tghfogg%ﬁal DS RLleifln9 Of 2

i ndependent | y deanetitecgfofp mnﬂsﬁeggf@dwabotwomaﬁmgroup. adigaleauheteriogycligr oup, a

Cl1-C4 al koxy grd??{ﬁbd a%\g?erﬁ?l g& ﬁr%héyé dl%IQMpahgﬁat? rggéupc“l%a?%%

{0 a
of the folsilisanne misiueas thereohliand Aeds fseleﬁted fromuthe @pounoearisistinghof af

d is an integer nte

one

Xy group,
outé@ and R13 is

0 NH

W. . M nNH NH2 O’l’e&\;aflerﬁ a%méﬂc%]‘éup, 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 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.

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

CiHly0— OCdHs

e T Y Loca
™~

ca3o—| |—ocn3
cyx,o—I Y Y L-OCHa
hd

CHO™ HN\KNIML/OC&E
ﬁ/

OC4Hy

CH30CH,—N—CH,0CH;

o "
CH; OCH; C4,0 OC4Hy
CH;0 cHy, C 0C
: —I I—-o 3 4H90—| I[I—- # CH3;0CH,.___.CH,OCH;
=§«I =0 cao I | \F Lon -
CH30 LOCH; CH;OCHz\ >_ N

“CH,0CH;
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0 ~OwmtH +wm +=N' M C-OR16 Il O wherein each R 14 and R15 are

| ndependently a substituted. or unsubstituted - 59 WD 2004/111726

PCT/ US2004/ 017486 Cl-C4 al kyl group or a C6-C7 cycloal kyl group, and R16 is
a Cl-4 al kw Zﬂ 9Uﬁ and a C5-C7 cycl oal kyl group. 12. A heat resistant
negative workl é}“d Bfor esi st conposition according to cl BSHFSHMSEei n t he
adhesi on pronoter is selected fromthe group consisting of Et EEQGNH " O
i-OEt Et NHriM" ~YorEIt OBt Ot I1O0Et HiOEt ' OCEt NV ~Si-Cet OCEt J
TOEt 0 and HO 13. A heat resistant negative working photoresist conposition
according to claim | wherein the dissolution rate nodifier to increase the

di ssol ut gon r Atifagk ﬁswﬁﬁ%%ﬁ&ﬁ&ﬁi BHOtGres R Eeﬁbkﬁioﬁ%&oﬂf\;\@’%sﬁ%m the

crosslinker is a glyco eat resista negative

phot or esi st cbagdiipnalyrconprising ag adbesibaiprembtenner ei n t he di ssolution rate
nodifier to increase the dissolution rate is a polyol conpound and the
crosslinker is a nelamne. 15. A process for formng a patterned i mage on a

substrat @0, t hA hHeap essistant negative working photoresist composition according to claim
9 wherein the adhesion promoter is an amino silane.

11. A heat resistant negative working photoresist composition according to claim
9 wherein the adhesion promoter is a compound of the structure XV
11
_AOR™M
R} (CHp),—Si
: \R12 '
(3-d)

(XIV)
wherein each R"" is independently selected from the group consisting of a
C+—Cs alkyl group and a Cs—C7 cycloalkyl group and each R? is
independently selected from the group consisting of a C+~C4 alkyl group, a
C1—Cs4 alkoxy group, a Cs—C7 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 and R" is one
of the following moieties selected from the group consisting of :

0]
wwwNH
NH
MNH\H/\)J\OH \ﬂ/ 2 »
0 R
5 o) -~
o

o
MMMO/\</ s SH MW==N H
/

\N\N‘N\C/O\_ R1 6

I
O

wherein ea'ch R'" and R' are independently a substituted. or unsubstituted
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conprising the steps of., (a) providing a substrate; (b) coating on said
substrate a negative-working photosensitive conposition of claim1; (c)
exposi ng the coated substrate to actinic radiation; (d) post exposure baking
t he coated womstoaLR6at an el evated tenperature; - 60 WCO/RSMA4/GIMBE26

PCT/ US2004/ 017486 (e) devel oping the coated substrate with an aqueous

devel oper, thereby formng a relief Image; and (f) baking the substrate at
an el evated tenperature, thereby curing the relief inmage. 16. A process for
formng a patterned i nage on a substrate, the process conprising the steps
of., (a) providing a substrate; (b) coating on said substrate a

negat |dve \Q,OI’ ki n@+pBosliod grmiipt ove Cseﬁﬂmkxa( gc)ykmoup‘. and ®'fis2 Cg@; aﬂqypgﬁulag t hed
coat ed substrat post exposure baking the coate
substrate at angeﬁgv%aafci?%@&gf&b (e) devel oping the coated substrate
wi t h an aqueous devel oper, thereby form ng a relief imge; and (f) baki ng
t he substr e ur t her.eb urin | mage.
17. A proce@ %\ﬁ%ﬁ%ﬁ?ﬂgﬁt r%g%f{)%ﬁrﬁﬂ@gi &De(e%ﬂ ch's?ﬁﬁ'g?'? %Pgorgpgé laﬁee
conprising the 4t aywreif the(ajhesion\iretnotgr ia selebtet lfrﬁtr%ga(d_&)up:ﬁﬁfslstl@ﬁﬂ sai d
substrate a negative-working photosensitive conposition of claim3;

|
" VYaNIl OEt
BtO—-NH Si-OEt NHg-j?—NH/\/\_I?,i- ot
OEt OEt
OEt H
|
q prOEt O\—\N/\/\srom
OEt Jt OEt
o) ang  HO™

13. A heat resistant negative working photoresist composition according to claim
1 wherein the dissolution rate modifier to increase the dissolution rate is a
compound containing carboxylic acid groups and the crosslinker is a
glycoluril.

14. A heat resistant negative working photoresist composition according to claim
1 wherein the dissolution rate modifier to increase the dissolution rateis a
polyol compound and the crosslinker is a melamine.

15. 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 1; A
(c) exposing the coated substrate to actinic radiation;
(d) post exposure baking the coated substrate at an elevated temperature;
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(c) exposing the coated substrate to actinic radiation; (d) post exposure
baki ng the coated substrate at an el evated tenperature; (e) developing the
coated substrate with an aqueous devel oper, thereby formng a relief inage;

and (f) bakiyyhobfaipybstrate at an el evated tenperature, fhere curing the
relief image. f8. ,lb\ﬁprocess for formng a patterned irraggéyﬁgﬁg‘é‘ﬂ&sfrate,

the process 61 WD 2004/111726 PCT/ US2004/ 017486 conprising the steps of:

(a) providing a substrate; (b) coating on said substrate a negative-worki ng

phot osensitive conposition of claim4; (c) exposing the coated substrate to
actinic radiation; (d) post exposure baking the coated substrate at an

el evated tenper Qé);r edeve@)nggdfg\\éeédléﬁd][‘&b%ﬂﬁecvﬂﬁitaﬁrg a?%l?ﬁ{)s; %\%wehhh&@wqueous

devel oper, thereb formng a relief | nmage; ng the substrate at
an el evat ed t enper atfgrBing@eliefdpageiandg the relief image. 19. A process for

forming a patterfed paBaLtRNsdbsEHRSA B BlevilE tBnBERRSe, %P&Hg' gjrmg thé'® steps

of : (a) providing a substrate; (b) coating on salid substrat

negat i ve- wor ki ng phofehefdmagei ve conposition of claim5; (c) exposing the
coated substrate to actinic radiation; (d) post exposure baking the coated
substrate at an el evated tenperature; (e) developing the coated substrate
with an aqué®us Ad@URoesnhder Temainpg A, pattenad rigiage r en | @ fsubsisate; then process

comprising the steps of:

(a) providing a substrate;

(b) coating on said substrate a negative-working photosensitive
composition of claim 2;

(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.

17. 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 3;

(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.

18. 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 image. 20. A process for formng a patterned i mage on a substrate,
the process conprising the steps of: (a) providing a substrate; (b) coating
on said substrate a negative-working photosensitive conposition of claim6;

(c) exposi nYOAWIHAt ed substrate to actinic radiation; XUSHBYOTERbosure
baki ng the coated substrate at an el evated tenperature; -.62 WO

2004/ 111726 PCT/ US2004/ 017486 (e) devel oping the coated substrate with an
aqueous devel oper, thereby formng a relief inmage; and (f) baking the
substrate at an el evated tenperature, thereby curing the relief inmage. 21.

A process for fg{%g%&qhg?%)géﬁed | mge on a substrate, the process

conprising the S oviding a substrate; (b) coating on said
substrate a neg@)i veravidikg agupstateysensi tive conposition of claim7 (c)

The coated ubst) ot SOt Chr Sk coplinerd: npeetterya) BOIFARRR. coat cd-

substrate with an agompositioevkdlaimes;, thereby forming a relief inmage; and
Fel o i mage, 281 acpitndleReRralRie L ERTE T mge on a substrate.
t he process cofdpri posexposurstbaging dtie 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.

19. A process for forming a pattemed 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 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.

20. 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 6;
(c) exposing the coated substrate to actinic radiation;
(d) post exposure baking the coated substrate at an elevated temperature;
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(a) providing a substrate; (b) coating on said substrate a negative-worKki ng
phot osensitive conposition of claim8; (c) exposing the coated substrate to
actinic radiation; (d) post exposure baking the coated substrate at an

el evat ed t ewo0ew11tB6 (e) devel opi ng the coated substr aper/us2bu/mmsagueous
devel oper, thereby forming a relief inmage; and (f) baking the substrate at
an el evated tenperature, thereby curing the relief inmage. 23. A process for
formng a patterned i nage on a substrate, the process - 63 WD 2004/111726
PCT/ US2004/ 017486 conprising the steps of: (a) providing a substrate; (b)
coating on said substrate a negative-working photosensitive conposition of
claim9; (c) ex{sdsi fi§velneing dhe egated subsirate With alt aquaausrdayelopphtherek)) post

exposur e baking thef%%ﬁ g rslitPihdat snit an el evated tenperature; (e)
devel opi ng the coate su%strate va%f ﬁnan aqueous devel oper, thereby formng

a relief inmge; fhnd bekingphrisugstraie af anselevated emperatirevthewdyeuringthe ur e,
t hereby curing the rél%fh-ﬁ& d.mage. 24. A process for formng a patterned
i mage on a substrate, the si)rocess conprising the steps of: (a) providing a
substrate; (b) coating on said substrate a negative-working photosensitive

fgg})gts: t in;ormof Al BroBbdL forl formfgP @S haterh&tf ihage sh SHREbLAIE IR Bfdckdl ©

comprising the steps of:

(@) providing a substrate;

(b) coating on said substrate a negative-working photosensitive
composition of claim 7

(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.

22. 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 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

® baking the substrate at an elevated temperature, thereby curing the
relief image.

23. A process for forming a patterned image on a substrate, the process
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(d) post exposure baking the coated substrate at an el evated tenperature;
(e) developing the coated substrate with an aqueous devel oper, thereby
forming arelief image; and (f) baking the substrate at an el evated

t enper at ur ther curing the relief image. 25. A pr or mng a
e oehlin 4

patterned substrate, the process conprisingt (a)
providing a substrate; (b) coating on said substrate a negative-working
phot osensitive conposition of claim1l; (c) exposing the coated substrate
to actinic radiation; (d) post exposure baking the coated substrate at an
el evated tenperature; - 64 WD 2004/111726 PCT/ US2004/ 017486 (e)

devel opi ng the &Qﬁﬁgﬁ?)mﬁitkf’%@ w th an aqueous devel oper, thereby formng

a relief imge; ng the substrate at an el evated tenperature,
t hereby curing (@he proyiding a subsifete; 26. A process for fornmng a patterned

i mage on a subggy at Soatfnge & oggﬁs s@r?tg%?é ! ZJ ne%%{fﬁeﬁo?ﬁﬁ%?kaop%gns%v%w ding a

substrate; (b) ‘Coating On said subs n I ve-wor ot osensitive
conposi tion of cl ai aempesitian ofdgHing t he coated substrate to actinic

tompor et ur e: - (5 a@TARARHRE cRElRthdia GRRAAE ek £ 2 7 Feons devel oper.
thereby fornifd) a pestiexposuradsking the coatedisakstraje ahan sielsated dereperatusen el evat ed
tenperature, they ebyeGHELRG tdEoated substrate with an aqueous developer, thereby
forming a relief image; and
® baking the substrate at an elevated temperature, thereby curing the
relief image.

24. 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 10;

(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.

25. 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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relief image. 27. A process for formng a patterned i nage on a substrate,
the process conprising the steps of: (a) providing a substrate; (b) coating
on said substrate a negative-working photosensitive conposition of claim

13; (c) exgﬁaizmﬂw% coated substrate to actinic radiat iPQJ};/,{S(IS{QMOpﬂ?g@

exposure bakifig the coated substrate at an el evated tenperature;

devel opi ng the coated substrate with an aqueous devel oper, thereby formng
a relief imge; and (f) baking the substrate at an el evated tenperature,
thereby curing the relief inmage. 28. A process for formng a patterned

I mmge on a substrate, the process - 65 WD 2004/111726 PCT/US2004/017486

conprising the g)epyeRblo iha)th@%eatbe“suestﬁatéWaﬁtdrﬁéﬁieoﬁg)de%agﬁérnﬂqe?éb ai d

substrate a negati ve-worKki ngl_ Phot osensitive conposition of claim t4; (c)
exposi ng the coat ed fMMHRY A selief imadgcandhi ¢ radi ation; (d) post exposure baking

the coat ed Subsyy al @afhgafe SheNAE e AT idperko IRYhPRLAR Ite coatec

substrate with an aquequs devel oper, thereby formng a re and
(f) baking the substieliffémage.an el evat ed tenperature, thereby curing the
relief image. 29. A process for formng a patterned i nage on a substrate
according to claim15 wherein the substrate of step (a) is treated with an
adhesi on pré8not &r P19eessy dor fsminang eatigingdy,jmage 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 12;

(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 |

(f) baking the substrate at an elevated temperature, thereby curing the
relief image.

27. 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 13;

(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 élevated temperature, thereby curing the

relief image.

28. A process for forming a patterned image on a substrate, the process
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30. A process for formng a patterned substrate according to claim?29
wherein the substrate is treated with an adhesion pronoter selected from
the group consisting of vinylal koxysilanes, nethacryl oxyal koxysil anes,
mer capt oal K¥8941dH2s, ami noal koxysi | anes, epoxyal koxysiPCRIES20042MTH86

gi yci doxyai koxysl | anes. 31. A process for formng a patterned substrate
according to claim30 wherein the substrate is treated with an adhesion
pronoter selected fromthe group consisting of

ganmma- am nopr opyl tri met hoxy-si | ane, ganmma-

glycrdoxypropylneth Id si | ane, gamma- gl yci doxypr opyl -
nethyldlethoxyg?lﬁﬂ Bﬁﬁ%ﬁ”ﬁﬁrcaptopropyinethyidinethoxysilane, 3-

met hacryl - oxyp(a)pylpl-bwahbwmeﬂrdity;l silane, and 3-

met hacryl oxyprqpyl tri rret hoxysl iane. 32. A substrate havi n terned i mage
produced by th@gpr oagling ,ong %ﬁ’%t fgl_)s??rate 68 MRS E\Cﬁ)‘?{? %@@!@04/ 017456

33 A substrate havmstgnpbsmhtoeclumdu mage produced by t he process of claim16.
34. A substrate havi n atterned i uc the process of claim
17. 35. A subZ‘t)r at & ﬁ'@gﬁbe %%%ft‘@ﬁﬁ‘a‘g??ﬁﬁ‘% ﬁ@dﬁ%’ed by the process of
claim18. 36. () supost egicsulebakig the pedtee sulsstrats@am qieefe@ehpeyatifee process
of claim 19. 7 A su e haying. a patterned image produce

process of cl ai ??1 20deve%§mgaﬁ‘§tf6’§¥ a s“% 6 Wi an 689?%%@5’6? ﬂ5rr‘='§)ﬂuced by
t he process of cl aiformihg2Qeiidk imades anat e haV| ng a patter ned |rrage produced by
t he process of ¢laim,22 stra VI n ed |ma produced
by the process(fgf chaking 4is. sdbszatséAa sHbE P’%‘P ﬁ'&ﬁ?fﬁﬂf Bﬁﬁ é(r%'d‘

produced by the proe#iedmagecl aim24. 42. A substrate having a patterned

i mge produced by the process of claim?25. 43. A substrate having a

patterned i mage produced by the process of claim?26. 44. A substrate having
a patterneggj mq&oeéssctumdmhg at;mteﬂreeamage 6h a®uBstrate According td\claimb3br at e

having a patt er\rn}ﬁgrelnn{ﬁg su stra éj gfe sﬂep é)gs t?eaQed) w%? gn g]dhgsllon pro?n%ter before

coating step (b).

30. A process for forming a patterned substrate according to claim 29 wherein the
substrate is treated with an adhesion promoter selecied from the group
consisting of vinylalkoxysilanes, methacryloxyalkoxysilanes,
mercaptoalkoxysilanes, aminoalkoxysifanes, epoxyalkoxysilanes, and
glycidoxyalkoxysllanes.

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-mercaptopropyimethyldimethoxysilane,  3-
methacryl-oxypropyldimethoxymethyisilane, and 3-
methacryloxypropyltrimethoxysilane.

32. A substrate having a patterned image produced by the process of claim 135.
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46. A substrate having a patterned i mage produced by the process of clal n29.
47. A substrate having a patterned i mage produced by the process of clainB0.
- 67 WD 2004/111726 PCT/ US2004/ 017486 48. A substrate having a patterned

| mage produw@dodwiitBae process of claim31. 49. An articlRCHES20ematEBee havi ng
I ncorporated therein a patterned image of claim32. 50. An article of
commerce having Incorporated therein a patterned Inmage of claim43. 51. An
article of comerce having incorporated therein a patterned image of claim
46. 52. An article of comrerce of claim49 wherein the itemof comerce is
selected fromthe group consisting of nenory devices, |ogic devices and
plating stencils. - 68

33 A substrate having a patterned image produced by the process of claim 16.
34. A substrate having a patterned image produced by the process of claim 17.
35. A substrate having a patterned image produced by the process of claim 18.
36. A substrate having a patterned image produced by the process of claim 19.
37. A substrate having a patterned image produced by the 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 pattered 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.

49,

50.

51.

52.

A substrate having a patterned image produced by the process of claim 31.

An article of commerce having incorporated therein a patterned image of
claim 32. '

An article of commerce having incorporated therein a patterned image of
claim 43.

An article of commerce having incorporated therein a patterned image of
claim 46.

An article of commerce of claim 49 wherein the item of commerce is selected

from the group consisting of memory devices, logic devices and piating
stencils.
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