WD 2005/ 038524PCT/ US2004/ 033861 NOVEL PHOTOSENSI Tl VE RESI N

COWPCSI TIONS Field of the Invention [0001] The present invention
relates to positive photosensitive resin conpositions. Mre

speci fi cal lwo 2a0be3spzdesent invention relates to a positi DETHBIORYFEE6L
aqueous base devel opabl e phot osensitive pol ybenzoxazol e (PBO
precursor conpositions, a process of use for said photosensitive
conposition, and electronic parts produced by said process of use.
Background of the Invention [0002]1n mcroelectronic applications,
pol ymers that denonstrate high tenperature resistance are generally
wel | known. Precursors of such polyners, such as polyimdes and

pol ybenzoxazol es carN(DVEInRHOTﬁ&SlENSﬁME RESIN QGONBOSIBIGNSddi t i ves.
The precursors are converted to the desired polynmer by known

t echni ques such as exposure to high tenperatures. The pol yner
precursors are used to prepare protective |ayers, insulating |ayers,
and relief structures of highly heat-resistant polyners.

[ 0003] Conventi onal positive-working photosensitive pol ybenzoxazol es
(PBO contain an al kaline sol uble PBO precursor and a di azoqui none
phot oacti ve conpound as shown in U. S, Patent No. US 4,371, 685. The

di azoqui none conpound inhibits EEB’QB“GHPVPFVOBf the PBO precursor in
an aqueous base. A fter exposure to light, the diazoqui none conpound
under goes photol ysis and converts to indenecarboxylic acid, which

pr onot es [08@1Jaqueolsebgwesart Lbvarition crelat&se iBBCpqatter@urmostsﬁwe resin

Pat ents No 6,177 7..086 te

2006/ 0355MBERI8S, BiFn Fee AN 10 oSl et fas 8. Eowlinsdna.
noi eti es Afueaghedate ubeerbpstklboryhoﬁis@nguve t bo@b&nmamenqnam precursor
phOt oactive corrpound In positive- wor Ki ggﬁ% otosensitive

pol ybenz&@&ms@'i{ﬂsB@)P"@@ﬁ%ﬁ U@ fey. saig sgnsitive coppegition,and elactignic
No. 10/7%%%& ﬁaﬂ? n containing a pol ybenzoxazol e
precur sor &ggﬁgédr? %ﬁva}? gél gpr ecursor, which contai ned

di azoqui none noi eties attached to its backbone and at |east one

phot oacti ve conpound such as iazo ound U. S. Patent

Appl i cation No. 10/796587 di ?%"g @’eﬂ%ﬁg 'H“based on a PBO
precursor, which contained di azoqui none nnletles attached to its.
backbone and had the amties at the end of the polyner chain capped.

by vari oul§0823] et i edn amicweliciopifuiappisationsot kRl¥MElRe bahpéemansiats, high
Pat ent Y/ ot Y/

pol yben?@gyf%ﬁetb%]é%%?tgégéc%%p%sﬁtq%@ﬁ Fﬁg‘to%onﬁfé%&gl gfzguch r? rymers,
noi eti es suchaahpdyinudes @ntiqmlyhmuommblesocambeeﬂadh phmqmawne with suitable

d t hout active hyd t hej t
conpost ¢ 1 SHHiNERo; H6 Prast{Sars o COMHETashdR L (ARgTod) PayMeE, hipknown
Appl i cati @Bhﬁiaueé-%Zﬁeé%%xﬁés‘iﬁ’e db IR $EHPEralBEBOSTHd BIyRH Febirerstare

PBO precursor, which contalned di azoqui none noieties attached to its

backbone 4$fd taprepase fpiestvedayens leaating javeyaeand: relieh syuplvees Bf highly
vari ous %ﬁ égﬁﬁﬁﬁgogﬁﬂ¥§t | east one photoactive conpound (PAC)

wi t hout ac produce a light color filmupon curing. In
the art descrlbed above t he di azoqui none noi ety enployed in the

CompoundsIBBE hot ComeEriERaCroYBRuiatitra bt e Fabiigagezoles (PEO)

di scl osedcgntBfolpA GikaiPeC QERMEN @Bbatpré‘@ﬁsdm %nﬂe@ic tdléﬁbqﬂrﬁbﬁéc tohefoactive
curcum n wi th 5-napht hoqui none di azi de sul f onyl unds and

4- napht hogempouns cis Ahwns dn f S P@tﬁmouﬁdsUS@Bﬁat Nbhe sdigzoquisene

0 el e amBBHL IR LSRR 6P BACLBlt NSRS e

napht hoquiexsuserré trdtcteudibealinaieostmpautdl endergdess mulyer@zamfwaﬂs to
cont ai ni ng both 5-napht hoqui none d|a2|de sul fonyl group a 4-
ndenecarboxylic acid, which promotes the aqueous base solubltlty of the PBO

precursor. U.S. Patents Nos. 6,177,225 and 6,127,086 teach the use of a PBO



No. 6,524,764 disclosed positive-type photosensitive polyimde and
pol ybenzoxazol e precursor conpositions with photoactive conpound
cont ai ni ng both 5- napht hoqui none di azi de sul fonyl group and 4-

napht hoquiWeAWS@38424 de sul fonyl group. The 5-napht hoquiPRERB2MWH/EBEMHe
sul fonyl group and 4- napht hoqui none di azi de sul fonyl group could be
in the sane nolecule or in a mxture of two photoactive conponents.
Summary of the Invention [0005] The applicants surprisingly discovered

t hat PBO conpositions conprising a pol ybenzoxazol e precursor resin .
and photRBairseie WhsiRRAMADS sidcdiinong moetiesatinohird o daibaskieons algngavith

D pnol ¢ . WIEY _ i
Superi o PiRBaaREnd RSN DERFROLAFL IF FHeshEEMoREE: PoiEensitive
po: ybgnmk}dmukexam L(IP?ID) _r%@;mﬁ[ﬂﬁhspPORQ@érﬁf{yveldsDrMﬁnﬂsAMhhﬁdmimcg
on -n ui pone dj azi de sul fonyl or. on - napht hoqui none

i axi de CEISERS TRrss] PR oCoweREIIOD / comaiil 22 | BARDBART@PBl Precursor
phot oacCtiatRb&HETRANEd Swilte T BB [}Qe@ﬁ”sﬁr %ﬁﬁﬁrﬁds?fg@ é@ctf]%ﬂ% moieties

sul fonyl group and 4- napht hoqui none di azi de ony up have good
i magi ng attaghed dnaits chackboopeand cat kasthwine abotoaptivé mompmind suék as a

phot os erFdUoPEs CABORRAc -8 Tashfl AReRGRERRC S  BORPEH stsciosed a

pol ybenzgxazaitonPhasad W aPPBD Brecufsdy] Waicht Eorthined dibkzdg@hord msiétigse
(1V); iff(iD K , lorl H NHArt-NHAONH Tr1-111-41---AraNHAr2-NI-4 H

(OH) k2 (atfaphegido zit Hagkiene Aoy b dba /amisss Bt the end of the polymepyain
G N - - bl Yahbtd Shordfled ‘it Nita2bdidhdtic photoactive compound.  U.S.

Patent Application No. 10/793341 discloses photosensitive polybenzoxazole
precursor compositions that contained diazoquinone moieties attached o its
backbone and contained diazoquinone ¢compounds without active hydrogen in their
structures. Such compositions provided light color films upon curing. U.S. P atent
Application No. 10/796587 also disclosed a composition containing a PBO
precursor, which contained diazoguinone moieties attached to its backbone and had
the amines at the end of polymer chain capped by various moieties and had at least
one photoactive compound (PAC) without active hydrogen to produce a light color
film upon curing. In the art described above, the diazogquinone moiety employed in

the photoactive compound was of a single type. Mixed diazoquinone compounds
were not considered,

[0C04] US Patent No. 4,818,658 disclosed a photoactive compound that was
the reaction product of curcumin with 5-naphthoguinone diazide sulfonyl compounds
and 4-naphthoquinone diazide sulfonyl compounds. US Patent No. 5,612,164
disclosed a positive photoresist comprising a trihydroxyphenylethane containing both
5-naphthoquinone diazide sulfonyl group and 4- naphthoquinone diazide sulfonyl
group, and a frihydroxybenzophenone containing both 5-naphthoquinone diazide
sulfonyl group and 4- naphthoquinone diazide sulfonyl group. German Patent No.
DD 289,265 disclosed a photoactive compound containing both 5-naphthoguinone
diazide sulfonyl group and a 4- naphthoquinone diazide sulfonyl group. US Patent



(01-1)K2 oW wherein Arl is a tetravalent aromatic group, a

tetraval ent heterocyclic group, or mxtures thereof; Ar2 is a

di val ent ayemrBisiEess2q¢ di val ent heterocyclic, a dival ent 164504408386 P7
a divalent aliphatic group that may contain silicon; Ars is a

di val ent aromatic group, a divalent aliphatic group, a dival ent

het erocyclic group, or mxtures thereof; Ard is Ar1l(0OD) K1(OH)k2 or
Ar2, x is fromabout 10 to about 1000; y is fromO to about 900; Dis

one of it blioMe o BLES bSSivene 03 Mocon ekl i Rd Slbolil o9en o

k1 can bq:ret:rmysqroscdimp@siﬂ@hsle viith Uphbasthelit cBnfpoukd Cé‘éhtaﬁmg‘y bGfH Ues.
from about % 5 to abouyt with the proviso that (kl+k IS a
onoval eREPMABH05S heESa PesTanb G 2590 4- QQUQ}'FQﬂﬁp dirgiden guifonyl

car bonyl gréif, RS fphiHogRifonBfezigs Sfonyl Houp itk LA 8 zide

phot oact i"ve conpound ch1s e co compoun
cont ai ni ﬁglfcm}d)mrwu couldoloe 9 the wamtd mdii;mule)nylln & migtsiraviof hwa photoactive

5-naphth di azi de sul fonyl conpound and a 4-napht hoqui none
di azi de g}gw)gﬁ%'ﬁtscorrpound and

Summary of the invention

[0005] The applicants surprisingly discovered that PBO compositions
comprising a polybenzoxazole precursor resin and photoactive compounds
containing both 5-naphthoquinone diazide sulfonyl group and 4-naphthoquinone
diazide sulfonyl group have superior lithographic performance to those
compositions comprising a polybenzoxazole precursor resin and photoactive
compounds containing only 5-naphthoquinone diazide sulfonyl or only 4-

naphthoquinone diazide sulfonyl.

[0006] Photosensitive formulations based on photoactive compounds
containing both 5-naphthoquinone diazide sulfonyl group and 4- naphthoguinone

diazide sulfonyl group have good imaging and mechanical properties as well as
superior shelff life stability.

[0007] The present invention discloses a positive photosensifive resin
composition comprising:

(a) one or more polybenzoxazole precursor polymers having structure (1) or
structure (IV);

[
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(c) at |east one solvent. [0008] The present invention also concerns a
process for formng a relief pattern and el ectronic parts using the
phot osensitive conposition. The process conprises the steps of: (a)
coating onW® 20/@3833e substrate, a positive-working phdR@ELEIEM4(033861
conposition conprising one or nore pol ybenzoxazol e precursor polyners
having any of the structures (11) or (IV), a photosensitive agent

whi ch is the condensation product of reaction of conpound contai ni ng
from2 to about 9 aromatic hydroxyl groups with a 5- napht hoqui none
di azi de sul fonyl conpound and a 4- napht hoqui none di azi de sul f onyl
conpound, and at | east one solvent, thereby form ng a coated
substrate; (b) prebaking the coated substrate; (c) exposing the

pr ebaked coated substratﬁ to ?Etini maldi at Qon; (ﬁ) devel opi ng t he
exposed coated substratg|{jwith [an aqueous el ope}|, thereby §ormng
an uncured r &N A'TEE o Ae cd&i‘e‘ﬁ“éﬁ%ﬁgﬁa @E aniNH &) DRI t he
devel oped coated substrate at an el evated tenperature, thereby curing
the relief image. Detail ed Descripti@hf the |Invention [0009] The
first enbodi ment of the present inven%hgﬂ di scl oses a positive

phot osensi tive rqsin conposition conprising: (a) one or nore

pol ybenz oswereineApr iscartstravaleht meorsaticagroup, st tetcavalent( hateramycliongroup, or
2005/ 038524

mixtures thereof: Ar® is a divalent aromatic, a divalent heterocyclic, a divalent
alicyclic, or a divalent aliphatic group that may contain silicon; Ar® is a divalent
aromatic group, a divalent aliphatic group, a divalent heterocyclic group, or mixtures
thereof; Ar? is Ar'(OD)x'(OH)Z or A%, x is from about 10 to about 1000; y is from 0 to

about 900; D is one of the following moieties:

Q
Ny 0 Na
N, 0
SoaN
ozg
0,8 058
0 Na
N, ©
R R
S0, $02

wherein R is H, halogen, C1 — C4 alkyl group, C1 — C4 alkoxy group, cyclopentyl or
cyclohexyl; k' can be any positive value of up to about 0.5, k* can be any value
from about 1.5 to about 2 with the proviso that (k1+k2)=2, G is a monovalent



structure (IV) It-NHAPT -NH fi LAO PCT/ US2004/ 033861 (0) K1

N- NEI d34--1cArsNHArNH H (01-)k2 G NH Ar4-NHO-Ar3 1D)Ki 11
NHtrl)14-1EL-L-Ar3NH-Ar2-NFI 1 -G (011)K2 (IV) wherein Arl is a

t et raval erlWO29#05{8852€ group, a tetraval ent heterocycl i c PGTEIFEL04/873861

m xtures thereof; A? is a divalent aromatic, a divalent heterocyclic,
a divalent alicyclic, or a divalent aliphatic group that may contain
silicon; A? is a divalent aromatic group, a divalent aliphatic group,
a dival ent heterocyclic group, or mixtures thereof; Ar4d is Ar

(9D) o1 | (OL okl Boufri 4ol Bibkhidl bPsaal gt v 1o from 0
2005/ 038524Pm/d1maphﬁm6mne photoactive compound which is the condensation
product of a compound containing from 2 to about 9 aromatic hydroxyl groups

with a 5-naphthoquinone diazide sulfonyl compound and a 4-naphthoguinone

= diazide suffonyl compound, and

(c) at least one solvent.

[0008] The present invention also concerns a process for forming a relief
pattern and electronic parts using the photosensitive composition, The process
comprises the steps of:

(a) coating on a suitabie substrate, a positive-working photosensitive
composition comprising one or more polybenzoxazole precursor
polymers having any of the structures (11} or (IV), a photosensitive
agent which is the condensation product of reaction of compound
containing from 2 tfo about 9 aromatic hydroxyl groups with a 5-
naphthoquinone diazide sulfonyl compound and a 4-
naphthoquinone diazide sulfonyl compound, and at least one
solvent, thereby forming a coated subsirate;

b prebaking the coated substrate;
(c) exposing the prebaked coated substrate to actinic radiation;
0)] developing the exposed coated substrate with an aqueous

developer, thereby forming an uncured relief image on the coated
substrate; and

(e) haking the developed coated substrate at an elevated temperature,
thereby curing the relief image.

Detailed Description of the Invention

[0009] The first embodiment of the present invention discloses a positive
photosensitive resin compaosition comprising:

(a) one or more polybenzoxazole precursor polymers having structure {l) or



wherein, Ris I-1, halogen, G - Ces alkyl group, Cl1 - C4 al koxy
group, cyclopentyl, or cyclohexyl; kl can be any positive value of up
to about 0.5, k2 can be any value fromabout 1.5 to about 2 with the
provi so thatOJ(ORSIGBRQ)I 2, 0 is a nonoval ent organi c gr oupPEEU$e#/043861
car bonyl, carbonyl oxy or sulfonyl group; (b) at |east one
photoactive conmpound which is the condensation product of a conpound
containing from2 to about 9 aromatic hydroxyl groups with a 5-

napht hoqui none di azi de sul fonyl conmpound and a 4-napht hoqui none

di azi de ssthdctuny {IMyonpound, and (c) at |east one solvent.

[ 0010] Pol ynmers of Structures (I1) ) can be prepared from pol yners of
Structure (1) in one step. (Cr)

H NH Ar 4- NH 111- Ar 3NH AL X AONEs Ar 2- 1H ( (I) [0011]Po|yner of
Structure (1) can be pr pare fro havi Structurﬁ_s (Vv),
(V), (VII)H-I}@IDL}?BL ML) eact ed
in the presence o @%ase to syﬁ#ﬁl5|ze ybenzoxazoléﬁpredﬂ%sor
pol ymers of (OH)2

(n

]] ﬂ (TD}K H H
G—NH—A*—NH Ar H"Ar1 N Ar NH"‘Arz"NH}"G
(OH
V)

wherein Ar' is a tefravalent aromatic group, a tefravalent heterocyclic group, or
mixtures thereof: Ar® is a divalent aromatic, a divalent heterocyclic, a divalent
alicyclic, or a divalent aliphatic group that may contain silicon; Ar is a divalent
aromatic group, a divalent aliphatic group, a divalent heterocyclic group, or mixtures |
thereof; Ar* is Ar'(OD)' (OH) or A, X is from about 10 to about 1000; y is from 0 to
about 900; D is one of the following moieties:

o 0 N,
N, o}



WD 20051038524PCT/ 1. 182004/ 033861 Structure (1). ?H H2N-fr1- NH2

H2N- Ar 2- NH2ZWAr3 WOH (V) (Vi) ( VIl ) In Structures (1), (V), (V)
and (VIl1) Art, A?, A?, x, and y are as previously defined, and Wis
C(0)Cl, COYAZNS0EEBY OR2 and wherein R2 is G - C7 |inedCTHS2#43Ned
al kyl group or a C5 - Ca cycloal kyl group. 10014l n Structures (I1),
(IV) and (V), Arl is a tetravalent aromatic or a tetraval ent

het erocyclic group. Exanples of Arl include but are not limted to:
wherein X1 is -0-, -S-, -C(CF3)2-, -C(CH2)2-, -CH2-, -S2-, -NHCO or
-SiR12- and each R isgndependently a G - C7 |linear Qr branched
al kyl or C5 - C5 cycl oal group. Exanples of Rl inclufde, but are
not limted to, H3, - dRH5, (N 3

[ 0013] Exanpl es of #avi ng the Structur Npig Ar
i ncl ude but ar-e ' R %

2, 2-bi s(3-am no prenyl ) hexaf | uor opr .-\

di hydr oxy- 4, 4' - di afi nodirphenyl et her, 3, 3' - di hydroyybenz&di ne

4, 6-di am noresorcipol, and 2, 2-bi s(3-am no-4-hydr gxyphenyl ) pr opane.
The substitution @gRtern of the two hydroxy and two,anmi no groups in

t he nononer of St ri:cture (V) may be any of the po§S| bl e substitution
patterns with the proviso that the each am no group has an WD

2005/ 033ERAAETRUSIOHHIO3EG 601 0Tkl efralip, BYshicp alkiaxy grobiy deyatopentyl,corp
in order to be able to formthe benzoxazole ring. Furthernore, the
pol ybenﬂﬁ‘&?@ﬁ@ precursor base polynmer, may be synthesized using a

m xt ur e 0fcah W Ay FBSAVEIARERIUPRAIRES, I ARRY by P Bb¥ut 1.5

to about 2 with the proviso that (k1+k2)=2, G is a monovalent organic group having

a carbonyl, carbonyloxy or sulfonyl group;

(b) at least one photoactive compound which is the condensation product of a
compound containing from 2 to about 9 aromatic hydroxyl groups with a 5-
naphthoquinone diazide sulfonyl compound and a 4-naphthoquinone diazide
sulfonyl compound, and

(c) at least one solvent.

[0010] Polymers of Structures () ) can be prepared from polymers of
Structure (1) in one step.

A d
H~NH—AR—NH T —Ar NH—-;!\H—N —l—ap NH—AF—NHJ‘Y‘H

(OH)

()

[0011] Polymer of Structure (I) can be prepared from monomers having
Structures (V), (V1), (VII). Monomers having Structures (V), (V1), (Vi) are reacted in
the presence of a base to synthesize polybenzoxazole precursor polymers of



[0014] In Structures (I1), (IV) and (VI), Ar2 is a divalent aromati c,
a divalent heterocyclic, a divalent alicyclic, or a divalent

al i phati c %{'6§@J t hat may contain silicon. Exanples of Ar2 include but
are not 8524 wherein Xl is as defined before, XFPCTS20§4/0338¢.
-C(CF3)2- -C(CH3) 2-, -CH2-, -SM2-, or -NHCO, Z=H or C1-C8 |inear,
branched or cyclic alkyl and p is an integer from1 to 6. Exanples of
suitable Z groups include, but are not limted to, nethyl, ethyl,
propyl, isopropyl, n-butyl, sec-butyl, t-butyl, n-octyl, cyclopentyl,
cycl ohexy3irughte ¢y ooctyl . [0015] Exanpl es of nononers having the
Structure (VI) containing Ar2 include, but are not limted to,
5(6)-di am no- 1- (4- ang.hophenyl ) -1, 3, 3-tri met hyl i ndane ( DAPI),

m phenyl enedi am ne, 1p= phenyl enedi am' ne,

2,2' -bis(trifl 14, 4" HNd+- , 1 b|pw.=_n?ﬁ£a__

3, 4" -di am nodi gﬁﬁeny:i ?tqﬂ 32 d| ami nodi phenyl et ¥v4-

tol yl enedi am ne, 3, &HdI am nod| phenyl sul fone, 3,4'-diam nodi phenyl
sul fone, 4,4'- diam nodi phenyl sulfone, 3,3'-diam nodi phenyl net hane,

3,4' - di am nodi pheny( t hane, 4,4 Xg: inam nodi phenyl g\;:g}ag

3, 3" -di am nodi phenyl’ Ketone, WO é §1038524PCT71382 33861
3, 4' -di am nodi phenyl ketone, 1,3-bis (4-am nophenoxy) benzene,
1, 3- bi s(3- am nophenoxy) benzene, 1, 4- bi s

Lot r anet hi StedsiEn e nat uhiand (B ABAR wkiand 265 B9 RsAUavSRned,

nmet hyl en lene
hexamet h;eﬁcnenedl anqc? g@gﬁ(y t@Eé ?gf(gﬁgt HEFSI ign(igﬁe(t e or branched

met hoxy healighgrdup mﬂsa@m@ymmml enedl ani ne, 2, 5-
di met hyl hept amet hyl enedi ani ne; 3- met hyl hept anmet hyl enedi am ne, 4, 4-
di met hyl hept amet hyl enedi am ne, oct anet hyl enedi am ne,

nonanet hyjpengydi ani he, Snfctdicselihy (INnametyy,| Arled antstravalent aromatic or a
tetravalent heterocyclic group. Examples of Ar' include but are not limited to:

o ax
2L D B2

wherein X' is -O-, -S-, -C(CFa)z-, -C{CHa)z-, -CHy-, -S0z-, -NHCO- or -SiR">- and-
gach R' is independently a C4 — Gy linear or branched alkyl or Cs — Cg cycloalky!
group. Examples of R' include, but are not limited to, -CHs, ~CaHs, n-CsHz, <CaHy, n-
C4Hy, £C4Hs, and cyciohexyl.

[0013] Examples of monomers having the Structure (V) containing Ar' inciude
but are not limited io 2,2-bis(3-amino-4-hydroxyphenyl)hexafiluoropropane, 3,3'-
dihydroxy-4,4'-diaminodiphenylether, 3,3'-dihydroxybenzidine, 4,8-diaminoresorcinol,
and 2,2-his(3-amino-4-hydroxyphenyl)propane. The substitution pattern of the two
hydroxy and two amino groups in the monomer of Structure (V) may be any of the
possible substifution patterns with the proviso that the each amino group has an



decanet hyl enedi am ne, et hyl enedi am ne, pr opyl enedi am ne, 2, 2-

di met hyl pr opyl enedi ami ne, 1, 10- di am no- 1, 10- di net hyl decane, 2, 11-

di am nododﬁ@@@@-,mgs:,ziz di am nooct adecane, 2,1 7-di am noelf@ﬁgﬁgg4§}3§861
di met hyl-4 - di am nodi phenyl met hane, bi s(4 am nocycl ohexyl ) net hane,
3,3 -

di am nodi phenyl et hane, 4, 4' - di am nodi phenyl et hane, 4, 4' - di am nodi phenyl
sul fide, 2,6-diam nopyridine, 2,5-diam nopyridine, 2,6-diam no-4-

gf;f{j:*g;%g@gggs}lg AR h%%g‘yp@ﬁg%,.gm g 88°L8ke to form the

4, 4" - net hghemexles (ing.c Aodtierean, | thae)olybenzoxazole precursor base polymer,

44 rrethlenebls met h anllln .

4. 2 et MYPEAE-BRUEBEEHAIShA TRGI® of . i FiRy? ANy escrived by

met hoxyanjenen€ Btrudtude Yoxy-di ani |l i ne, 4, 4'-oxy-bis-(2-nmethoxyaniline),
4,4' -oxy-bis(2-chloroaniline), 4,4 -thio-dianiline,

4, 4" -thio-bis-(2-nethylaniline), 4,4 -thio-bis-(2- nethyoxyaniline),

4, 4" -t hi gsdyi - 2-q I |

or ecur solBATe porfiSfielies B8 ayh MIENIECAC b A oRBIRMT BRFEAEE 3 fiyasent
mor e nonherecydts ca i dieslehly adjeytfhm or ¥ rdivcdigntealifhatit Ofbab! thabtrsg taonesin
(rry, (I andE)QVI I Ar3,|s i vaI ent aromatl c, a divalent

al i phatl (5,"0‘3? Hne Pé’rﬁtArhE’tc Iai"%“@"rlgﬂ‘ fed fexanpl es of Ar3 incl ude

but are not 005103852 PCT1U52004103 86 wher ein

X21s -0-, @a.

[0017]In Str ure W| ereln R2 |s
a :

Cr C7 linear pr branched al kyI group or

Exanpl es @ 2-Lnghude,
n- C4li s, t{m&%’L g,'%"’ d cycl o

Structure (VI1) are diaci dss” of acind di chl ori des

e fiz’w

wherein X' is as defined before, X? is -O-, -S-, -C(CF3)2-, -C(CH3)z-, -CHa2~, -SO2~, or
-NHCO-, Z=H or C1-Cs linear, branched or cyclic alky! and p is an integer from 1 to 6.

\
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%
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==
X8
7 -
@

Examples of suitable Z groups include, but are not limited to, methyl, ethyl, propyl,
isopropyl, n-butyl, sec-butyl, {-butyl, n-octyl, cyclopentyt, cyclohexy! and cyclooctyl.

[0015] Examples of monomers having the Structure (V1) 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'-
diaminodipheny! sulfone, - 3,3-diaminodiphenylmethane, 3,4
diaminodiphenylmethane, 4,4'-diaminodiphenyt ketone, 3,3'-diaminodipheny! ketone,



and diesters. Exanples of suitable dicarboxylic acids (W= COCH)

i nclude, but are not limted to, 4,4 -diphenyletherdicarboxylic acid,
terephthalic acid, isophthalic acid and m xtures thereof. Exanples of
suitable diacid chlorides (W= COCl) include, but are not limted to,
i sopht hal oyl chl oride, phthal oyl dichloride, terephthal oyl

di chl ori de, W@ 200583854 benzoyl chl oride and i xtures tﬁﬁ?’@%ﬁ”‘.’"@?‘a’ml es
of suitable dicarboxylic esters (W= C(0)0OR2) include, but are not
limted to: dinmethylisophthalate, WD 2005/038524PCT/US20041033861

di met hyl ph3.Aadiaminodihgayhketosee phBihig ddeamidpritanpiky)s disheens, atl -bis(3-

di et hyl pht { r a . } : .

{00191 NoncHarePfendiE bEYdE IPELRA iR oMel i Shyidordle, 2.3 56
produce a tpthyethykppheoylengrdimvimesor basdyl@udiareinepf Spxyiytenediaming,
Any convent i |._npethod for Ln [ boxyl | i

AL f ory GahERDRneBBIIRE, | o Gk oRa iR "0XY! hendiLh %ﬁ‘é@%@;‘?&’i c
di hydr oxy chexanrethylemediizopineonal | y, 2 tdithethtylheraratihgleeediommene, nay e

used. Generally, the reaction.for diaci ichlorides (W= 0)CL). is
et ed: odnetpAme SR iBO .. 30 LerBP IR B anout. 485
hours in tdimefhyéispaaecthficasdiappepXxi mat-aethylbikpiattdtiofi@iadiamiaspunt 4@
am ne based. Eﬁ]a(rqul gas OL Isui .abl e a m ne bases incl uc!er,n %%uf a&.e not
limted tBEHNYISREMSPYIERe]IAMUNG ne, 1, 8- octametnylenediamine,
gi gngi Cygrﬁd?{aﬁ‘lle‘ih)@érgéa(i;@ﬁiné; gne (DBB)B1 dz,5-dinr‘]le’ihylnongmgathylenedigmine,

, 5-di azabi cycl of 4. 3. 0] non-5- ene , .di met ridjine, an

di net hyl ar{§ H‘@tiﬁ?‘f@dﬁ]ﬂ”yﬁenzo@w r@%"@ﬁ‘ﬁrrsor Bﬁgéer‘ﬁg'lw' of 22-
Structure difktifopRencommined by priecdighinetl, pdiridtRyluédame, recoyered
by filtration and dried. Descriptions of suitable syntheses enploying
di esters oﬁ"a‘@iré’éipe%‘:%ﬁy bé& 1Esligmainpactefeoreent 2,\iG€lianigogicesane, g 23,3ys

4, 622, 285, digfathyH 3, 2243% I SfShen@r &hahd, NARERAUNFhEE ek AfRERAGE . 3,3'-
[ 0020] The preferred reaction solvents are N-nethyl-2-pyrroli done

(NVP), garfiaoinsginjiesyisteshe ( dal-plamipodiphensietiancer med ciaminpgiphenyl
N, Ndi met hyd st am de oL bAmopyRdifE! Ny 1225 BizRakdiAaRe, di Mes BisHhboxi de
(DMBO), sulfolane, and diglyne. The nmost preferred solvents are

N- net hyl - zrlﬂwrpmeﬂwmyedmmﬁi dirmnigentred.-wadigzeleact trdianiicaypiohexane,
0021] Monogrgt hBGiaSifihalCt Yre Ml:d - - arg £ ;
[such %hat %ﬁeﬁreg‘??éggglf ﬁiﬁ'?%i) %’4( \[}{8\9 Ielrge\{%%(og%%g)rrg%ﬂ"wef)'r 0%4: oulﬂmi%t
about 1. 2.bigiBegneinylsnijine), hed.Aamethytehetbia(P-ethylaniline),( vEH-mathdeneepial2-y

f bout 21 ; i . ' i
erpl oyed TR Hilon B REC PR AR S nic bRl e ofl-olS
monomer haiZrendprsaniling)us.é'-hid-Jlianitine rid die cig-t(Zometitymiling), tdod ditj oiis-&0

l e % of + (V)] . Distri i ole] i ' i
T oo eVl P L Bloklfifs) ™o Fipss, T esthb! no
pol ybenz oxmdyhenzpxaeole greculsas bageopolyreer, mey Heesyni@sedSs0@8badkure of

oo N R A Bt o 1ot 1 4

i nteger f bout .0 d ) t 00.
A pref erri%nge F"o?&‘gctﬁggﬁ)om&&“% ”?"o iga Sﬁ’gggﬁﬁ'l"ﬁﬁa?"'a%&%‘%@‘rred
range f or aliphadicforardivalend helerdoyclicgrotp. Ex@nples abAR inshugbdut e noklirgied or
X is fromtg.bout 10 to about 100 and a nore preferred range for y is
fromabout™0 to about 100. The nost preferrd range for x is from
about 10 to abo ange for y is frgmabout O
to about 5. [002% - R i

the nuneric averagf
(I') by the averagg v \ c ) )
VMh can be determ by such stagdard net hogfls as nenb e osnmonetry

or gel perneation chromatographyas describ for exanple, in Jan
Rabek, Experi nent al stry, John Wley & Sons,

.10 -




[ 002411t should be noted that nol ecul ar wei ght and | nherent viscosity
of the polynmers and therefore, x and y at a constant stoichionetty,
can have a wi de range depend on the reaction conditions such as the
purity of the solvent, the hum dity, presence or absence of a bl anket
of nitrogen_or argon gas, reaction tenperature, reaction tipe and

ot her vari éﬁ?é@?’"’?@b%] Pol ybenzoxazol e precur sor pol@ﬁ?g‘?”'&?f‘ VE et ur e
(I'l') may be synthesized by reaction of the pol ybenzoxazol e precursor
pol ymer of Structure (1) with about 1%to about 40 note % of a

di azoqui none (based on the nunber of OH groups fromthe nononer of

il d the poi ypenzoxazol e

2005/ 038524 PCT/ US20(4
+ Yl ti equival ent M
NH-r xAr sN14- Al 2- N1- 4 ]
lcl,le, x and y are as previously tefined. 100261Exanpl es~&i
di azoqui none conpound DCl that can be reacted with

” oav,

~ = O~

wherein X?is -O-, -8~, -C(CFa)z-, -C{CHa)z-, -CHz-, ~SQ2-, or -NHCO-,

[0017] In Structure (VII), W is C{Q)Cl, COOH or G(O)OR2 wherein R? is Ci—
Cz linear or branched alkyl group or a Cs — Cs cycloalkyl group. Examples of R?
include, but are not limited to, -CHs, ~CaHs, n-CsHy, ~CaH7, n-C4He, C4Ha, and
cyclohexyl.

[0018] Monomers having the Structure (VII) are diacids, diacid dichlorides
and diesters. Examples of suitable dicarboxylic acids (W = COOH) include, but
are not limited to, 4,4-diphenyletherdicarboxylic acid, terephthalic acid,
isophthalic acid and mixtures thereof. Examples of suitable diacid chlorides (W =
COCI) include, but are not limited to, isophthaloyl chloride, phthaloyl dichloride,
terephthaloyl dichloride, 1,4-oxydibenzoyl chloride and mixtures thereof.
Examples of suitable dicarboxylic esters (W = C(O)OR?) include, but are not

limited to: dimethylisophthalate,

- 11 -



the PBC polymer (1) include but are not limted to one of the
fol | ow ng: WO 2005/ 038524PCT/ US2004/ 033861 wherein, Ris H a

hal ogen, awghoos/feds2@l kyl group, a G - CA4 al koxy group, p@ygsRpaRk«k
or cycl ohexyl. Exanples of suitable R groups include, but are not

limted to, nethyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl,
&utyl, cyclopentyl t or cyclohexyl. [0027] Generally, the reaction is
carried out at about 0 Cto about 30 C for about 3 to about 24 hours

in a solve, ﬁhlﬂ?alé’céescﬂr'%ﬂ‘r Bkre htlha&\@e Genafisdphhalates | dighyipktalsss of
base to DC(lrm.ﬂ Hﬂ/l Exa y eg of bases include but are not

limted todlaﬂﬁiy}ﬁ%“eb'ét%l@t%@%mﬁg“rﬁ?F'?G{i??fe trial kyl am ne,
nmet hyl pyri di ne, lutidine, nnethyl norpholine, and the |Iike. The nbst
preferred base is triethylanm ne. The preferred reaction solvents are

t et r ahydrgd r
bﬁt ;?o?/agt oneI (GBLE l%—r%llﬂ-r?et E?&%@r%m gmém“) G produce a
N, Ndi met Wh@@éi@tﬁz@b pr:emaor b@sﬁ medymyer &- %mmnedbhel\ny conventional method
di met hyl
Fenct 1 on IoieGRlie 2l P seid oF B it L BRter WA el Bromati
m xt ur e sindidrdebaopycicadihgitokydimimet b @ptr@ryél#y Wa2slidae oﬁ'@'cﬁémﬁf@ﬁfﬁy
of DCl rr%é Enge frorrh?b ut 1% to about 40% of the quantity of

f

gr oups reRgtiopdor q}?cﬁcﬂ"}hlﬁﬂ‘é\eﬂ(ﬁwﬁ Q(\Q)ﬁlb@ Gagr '%Qlﬁ at
0.4. A pragbat LRAGBWHoue 300 fdusaﬁdtﬂrﬁ gpabbutlds mgsvf’sbw{hég de@eﬂgﬁtotﬁ%n

gquantity of OH groups from nononmers of Structure
f r om abo@Pr2dnately siedehiomet(s amonnh@f amiiebese Eraimples b fBaitable a‘nnma

about 1% b % q ti g fr noner
Struct ur 7065 dhcudd Bt 2ie TRE ke b PhoBRe, "R MR, e
preferr ediratzabwyt:lo{ﬁ 411!]1lmda:—7—renm a(mh.t) 1%5—draablmuyclé[%3)®]nbh6-au@nt(DBN)
of OH gr % norrer P@ )ﬁ?ﬁw ure roduce from about
0.01 to ﬁ’ihy ygan %039 ﬁ? mafavsry 'é%ol BFOW%@CB’W
g . ?H ANng@hMrér dflstiactur® (1) o beSisblifdd 1bg rﬁrbbr'p}tatlch IRtdwAEr, Hedoddiidd be
;
filtration and dried. Descriptions of suitable syntheses employing diesters or diacids
may be found in US Patent Nos. US 4,395,482, US 4,622,285, and US 5,096,999,

herein incorparated by reference.

[0020] The preferred reaction solvents are N-methyl-2-pyrrolidone (NMP),
gamma-  butyrolactone  (GBL),  N,N-dimethylformamide  (DMF),  N,N-
dimethylacetamide (DMAg), dimethyl-2-piperidone, dimethylsulfoxide (DMSO),
su]folane,l and diglyme. The most preferred solvents are N-methyl-2-pyrrolidone
(NMP) and gamma- butyrolactone (GBL).

[0021] Monomers having structure (V), (V1), and (VIl) are employed such that
the ratio of {[(V) + (VI)J/(VIl} is generally from about 1 to about 1.2. Preferably, the
ratio of [{V) + (VI)J/(VIl) is generally from about 1 to about 1.1. The monomer having
the Structure (V) is employed from about 10 fo about 100 mole % of [(V) + (V)] and
the monomer having Structure (V1) is employed from about 0 to about 90 mole % of
[(V) + (VI)]. Distribution of the polymeric units resulting from monomers having the
Structures (V) and (Vi) in the polybenzoxazole precursor base polymer may be

- 12 -



NH Ari 17 OH WO 2005/ 038524PCT/ US2004/ 033861 wherein Arl is a

tetraval ent aromatic group, a tetraval ent heterocyclic group, or

m xtures thereof; Arz is a divalent aromatic, a divalent
heterocyclic, a divalent alicyclic, or a divalent aliphatic group
that may contain silicon; Ars is a divalent aromatic group, a

di val ent alwmalﬂ-'i&ﬁ?#group, a dival ent heterocyclic gr‘%ﬁ}‘ﬂm‘@?’m‘f‘%t ur es
thereof; Ard is Ar1(OD)kl (OH)k2or Ar2 and G is a nonoval ent organic
group having a carbonyl, carbonyloxy or sulfonyl group. may be

synt hesi zed by reaction of pol ybenzoxazol e base pol ynmer of Structure
(1) with GMwhere G is a nonoval ent organic group having a carbonyl,
car bony| oRpd@H °§lﬂ|tf“2ﬁ‘$§m§\“dhp and Mis a reactive |eaving group.
Exanpl es of Ginclude, but are not |limted to the foI | owi ng
structures: WD 20051038524PCT/ US2004/ 033861 OH 0 O

[ 0030] Exal¥fR&s of IMmYPrustuses (Ko (kX s intgper T apewi t0etg abeut 1§00, wr |

mesyl at e, jgtdd frhetef ﬁo‘ﬁv%éﬁtt&'ttf%S@trmné{Ad)g&gﬂ FsO 4ttt l&@dthéh'bl%bbt Uﬁ\ed
car bonat e groups. sui t cl asses of M conpounds
i ncl udes Brgfe@ﬂgam for x is from about 10 to ahout 300 and a preferred range foryis

{from about 0 to about 250. A more preferred range for x is from about 10 to about

100 and a more preferred range for y is from about 0 to about 100. The most

preferred range for x is from about 10 to about 50 and a most preferred range for y
is from about 0 to about 5.

[0023] The amount of (x+y) can he calculated by dividing the numeric average
molecular weight (Mn) of a polymer of Structure (J) by the average molecular weight
of the repeat unit. The value of Mn can be determined by such standard methods
as membrane osmometry or gel permeation chromatography as described, for

example, in Jan Rabek, Experimental Methods in Polymer Chemistry, John Wiley &
Sons, New York, 1983,

foo24} It should be noted that molecular weight and Inherent viscosity of the
polymers and therefore, x and y at a-constant stoichiomstry, can have a wide range
depend 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 variablss.

[po25) Polybenzoxazole precursor polymer of Structure () may be
synthesized by reaction of the polybenzoxazole precursor polymer of Structure (1)
with about 1% to about 40 mole % of a diazoguinone (pbased on the number of OH
groups from the monomer of Structure (I)) in the presence of a base to yield the
polybenzoxazole precursor of Structure (If) according to Reaction 1.

- 13 -



limted to carbon and sulfonic acid chlorides, carbon and sul fonic
acid bromdes, linear and cyclic carbon and sul fonic acid anhydri des,
and al koxy or aryloxy substituted acid chlorides. Exanples of

sui tabl e G M conpounds i nclude mal ei ¢ anhydri de, succinic anhydri de,

acetic anhy opi oni ¢ anhydri de, norbornene an i.de, phthalic
W0/ 26431035814 M{"ﬁéﬁ@ﬁ

anhydri de, canphor sulfonlc aC|d anhydrlde trifluor B foni c

aci d anhydrlde nmet an ac ydri de, p-toluenesulfonic
acid anhydr et onlc a&xﬁ an drlde sbutanesul fonic acid
anhydri de, H, + 3P ehWhefdhQr i de,

nethanesulfonyl chlorlde uoronethanesulfonyl chl oride, benzoyl
chl ori de, norbonene carboxyllc acid chloride, di-t-butyl dicarbonate,
di met hyl di carbonate, diethyl|d.garbonate, dibutyl dicarbonate, t-butyl
chl orof ormat e, ethyl chl orof nate n butyl chloroformate, and net hyl
chl orof ormate. Furt@er conpounds havi ng the
structures JﬁJLQ@:ESND IFEECT/USZ 04/ 033861 10032] The
reaction ca carrled OJWF X U|% M PSTNEFH by addition of GM
to a dry solutlon of the polmbpnzoxazole precursor base polyner at a
tenperature fromabout -25 C to about 40 C. The nore preferred
tenperature is fromabout 0 C to about 25 C. The nppgi preferred
tenperature is fromabout 5 Cto about 10 C. The reaction tine is
from about 1 hour to about 24 houra !he nol ar anount of GM enpl oyed
is a slightly excess (3-6% of the t he nol ar amounts of
mononer  ofwiskeinial! uaé sAR) AArD, K‘VF)xb:&s;sartaiaepf@hwsly&mﬁuea of monomer of
structure (VI1). Addi tion of organic or inorganic base may al so be
enpl oyed. Exanpl es of suitable organic am ne bases include, but are

EOts :ji i t qooAed pyr iﬂ;hﬂ@lestdfiﬂ&i? distog@iibhecompound DCI that can be reacted with

, 8-di azahj ¢ o[ 5. 4. Qlundec-7- ene : .

T 5. d a alMELEPGRHMEr HEHAE bl o oipIec o one Hpe AN ne,  and

di met hyl ani | i ne. Exanpl es of other suitable bases include sodium

hydr oxi de, sodi um carbonate, and sodiumsilicate. [0033] The preferred
reaction solvents are propyl enegl ycol net hyl et her acetate (PGVEA),

N- net hyl - 2- pyrrol i done (NWP), gamma- butyrol actone (GBL),
N, N- di et hyl f or mam de (DOMF), N, N—dlnethylac= anlde ( DIVIAg .
di met hy1- 2- plperld,g ti_pi hyIsquOX|,- | , t@® L ran
(THF), acetone, B red g0

are diglyme and Pe . g034] Pol ybenzoxs 4D
Structure (1V) may b.0§ynthe3|zed by reafd,i on of pol ybenzoxagol e
precursor polymer of Mgtructure (111) wtlf about 1%to about 40% nole
% of a di azoqui none (based on the nunber of OH groups fromthe
nononer of Structure (I1l) in the presence of a base to yield the
pol ybenzoxazol e precursor (IV) according to Reaction 2. G NH ACG
N1411- if (1H)el ?

&“pr ecur sor
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NHVL ArtNH ArNH y'S + k1 equivalent of DCI (OH) |.Base
GTIHArt-Nkli-ANH-trilHL Ars" NH At2Thilip( I V) (OH) ? Reaction 2
wherein Arl, Ar2, Ar3, Ar4, D, 1(1, k2, x, y, and G are as previously
defined. [WE2PIEIAI es of the di azoqui none conpound DAICTHA0¥EHhe
reacted with the PBO polynmer (111) include but are not limted to one
of the follow ng: WD 2005/038524PCT/ US2004/ 033861 T2 d

wherein, R is H, a halogen, & G4 - C4 alkyl group, a G+ - C4 alkoxy group, cyclopenty!
or cyclohexyl. Examples of suitable R groups include, but are not limited to, methyl,
ethyl, propyl, isopropyl, n-butyl, sec-butyl, t-butyl, cyclopentyl t or cyclohexyl.

[0027] Generally, the reaction is carried out at about 0 °C to about 30 °C for
about 3 to about 24 hours in a solvent in the presence of a base, Generally, a slight
excess of base to DC! is employed. Examples of bases include but are not limited to
amine bases such as pyridine, frialkylamine, methylpyridine, Iutidine, n-
methylmorpholine, and the like. The most preferred base is triethylamine. The
preferred reaction soivents are tefrahydrofuran, acetone, N-methyl-2-pyrrolidone
(NMP), gamma- butyrolactone (GBL), N,N-dimethyiformamide (DMF), N,N-
dimethylacetamide (DMAc), dimethyl-2-piperidone, dimethylsulfoxide (DMSO),
sulfolane, and diglyme. The most preferred reaction solvents are tetrahydrofuran
and acetone. The reaction mixture should be protected from actinic rays.

[0028] The molar amount of DCI may range from about 1% to about 40% of
the quantity of OH groups from monomers of Structure (V) to vield k' from 0.01 to
about 0.4. A preferred amount of DGl is from abouf 1% to about 20 % of the
quantity of OH groups from monomers of Structure (V) to produce k' from about
0.01 to about 0.20. A more preferred amount of DCI is from about 1% to about 10%
of the quantity of OH groups from monomers of Structure (V) to produce k' from
about 0.01 to about 0.10. A most preferred amount of DCI is from about 1% to

about §% of the guantity of OH groups from monomers of Structure (V) to produce
k* from about 0.01 to about 0.05.

[0029] Polybenzoxazole precursor polymers of the following Structure (I1):
1T 1
G—NH-M-NH%H—M NH—-xllm-N»];Eﬁ—Ars NH—Arz—NH};G
OH
(m

~- 15 -~



wherein, Ris H, a halogen, a Cl - 04 alkyl group, G - C4 al koxy
group, cyclopentyl or cycl ohexyl. Exanples of suitable R groups

i nclude, but are nor limted to, nmethyl, ethyl, propyl, isopropyl,

n- butyl, s&0-2Ba5t0§8524 t - butyl, cycl opentyl or cycl oheql . FAOOOBE)0F1Ga3861
nol ar anount of DClI may range from about 1% to about 40% of the
quantity of OH groups from nononmers of Structure (V) to yield k1 from
0.01 to about 0.4. A preferred anount of DCl is fromabout 1%to
about 20 % of the quantity of OH groups from nononers of Structure

to i T @%ﬁ 0, e
g\rpount g?m%g;ﬁi%&]}‘ ? oémQa out t%QrEog'?aatl{go%l{%'ﬁ%a) %F'%tq ﬁlgﬁct:]trﬂaéﬁtl‘f%iote g/&%f é%%?' or
groups f mixturasntesest, " Ssr acdivalent Wometiqradiicalerd heterooydliopta divaient

t o about A nost preferred anpun f DCl is.fromabaout .1% t.0
out  BoRl el ot AativeBHt bt BRI thal snisabfall SHERREAT, i 7 et
t o produgfordtid groth 28 divaldhtGliphatiegrup, 8 difalerlt Htthihsicr®aap, mixtures
conditions are i1dentical fo tgat SCI’IIC.S)'[I on for the synthesis of

po: ygenzﬁ’i@éﬁ@ﬂ &7 pis Uk (Qq)yﬁiéf\cr%ﬁng isca manoyalent O[Qm@?]mup having a
00/ ossEONeRty UEABNES, R SUER ol Hhial e (inREed 6P BltiotVof

pol ybenz pplybehzoxareleurass polyinaraf StfucBireyCt witke G-M wiverdn GGidvl ritbieovalent
definition of G and Mare as defi neg bc?fore a@% tge reactci R,p f

condi t i oR'9aNG HEPUPRYVING, 2 FAIROTYLCATPARYIONYOfSpaYLBtouR Fid Mis a reactive
pol ybenz pxeazy grobp SEXEAPlesRAIE Rludel bl drd Glob fiditéd kd Ihe {ol@% Mg NRictures:
phot oacti ve conpound (b) of the photosensitive resin conposition are
t hose of the foll owk I11) and conprises gne or

di azonapht hoqui none ph ’ gpflensat i on
products of conpoundg 2 to about 9 aromaffic hydroxyl
groups with a 5- ng G conpound and a

4- napht hoqui none d i 0%

conpounds (i.e. t preparation
of a photoactive c thod. A

derivative with a suiltabl e al dehyde ¢r ketone in the presence ([):f a

sol vent such as net hgm)‘tcHaThe reactionsi s nost often catalyzed by a
strong acid (e.g. sulfuric acid or p-toluene sulfonicyacid).
Cenerally, th

cti on is carried out at about [L5C tjp about 80C for o
about 3 hours gbout 48 hours. N0Q41l]yhe ph3 0 j onpound

L-:Z J}}eﬂ /S/\
(M11') are syntheSized by reacti (())f tihe 0 H

S -
/_j[\ ]
HsC FsC /\0/\)["%
0
° 0
CHa
i ”
HsC 5
T~CHj
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backbone with DCI. Cenerally, the reaction is carried out at about O
C to about 30 C for about 4 to about 36 hours in a solvent in the
presence of a base. Cenerally, a slight excess of base to DCl is

enpl oyed. Woawpi/esss2af bases i nclude but are not |im tedPCTUSADMNS3861
bases such as pyridine, trialkylannine, nnethyl pyridine, |utidine,
nmet hyl nor phol i ne, and the |ike. The nost preferred base is
triethylam ne. The preferred reaction solvents are tetrahydrofuran
(THF), ganmma- butyrol actone (GBL), N, N-di et hyl fornnam de (DWVF),
acetone, N, N-di methyl acetam de (DVAc), dinethyl- 2-piperidone,

di net hyl sul f oxi de (DM@, sulfol ane, and di gl gne. The nost ppef@rred
sol vents argeptetr uran (THF)woacetQne and gamma - 3L.Qne
(G&BL). The rea i I Ni X
WO 2005/038524ﬁ /13S2004/ 033861 [ 0042] Exanpl es of conpound

i ncl ude, but ar@ not |imted to, one nore of the foll owgd
conpounds: oQ (VI e)y(MIl 1) (VL1 g)h) ("/7111 1)
0
| o
OH |
Svwman
0 <:> |
0
H3CH(CH2)p—"SWW \
g A
N\,
[0030] Examples of M groups include, but are not limited to, Cl, Br, mesylate,

triflate, substituted carbonyloxy groups, and substituted carbonate groups.

[0031]} Examples of suitable classes of G-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 G-M compounds include maleic
anhydride, succinic anhydride, acetic anhydride, propionic anhydride, norbornene
anhydride, phthalic anhydyide, camphor sulfonic acid anhydride, trifluoromethane
sulfonic acid anhydfide, methanesulfonic acid anhydride, p-toluenesulfonic acid
anhydride, ethanesulfonic acid anhydride, butanesulfonic acid anhydride,
perfluorobutanesulfonic acid anhydride, acetyl chioride, methanesulfonyl chioride,
triflusromethanesulfonyl chloride, benzoyl chloride, norbomene carboxylic acid
chloride, di-t-butyl dicarbonate, dimethyl dicarbonate, diethyldicarbonate,
dibutyldicarbonate, t-butyl chioroformate, ethyl chloroformate, n-butyl chloroformate,
and methyl chloroformate. Further examples include compounds having the
structures shown below.
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(VIT1 1) WD 2005/ 038524PCT/ US2004/ 03386 (M1l m(MIIl n)

| -13CCHs (VI o)(VIIl p) wherein at least one Qis (IX) and anot her
Qis (X) with any remai nder being H

WO 2005/038524 PCT/US2004/033861
0
I
|| O—=8—CF;
/—“‘ I
s o
HsC
0
I
O-—5~—CHy
0
HeC”™
Br 0 Br 0
CH
0
“SCH,4
[0032] The reaction can be carried out in a suitable solvent by addition of G-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 reaction time is from about 1 hour to about 24 hours. The molar amount of
GM employed is a slightly excess (3-6%) of the sum of the molar amounts of
monomer of structures (V) and (VI) less the molar amount of monomer of structure
(VI). Addition of organic or inorganic base may also be employed. Examples of
suitable organic amine bases include, but are not limited to pyridine, triethyl amine,
1,8-diazabicyclo[5.4.0Jundec-7-ene {DBU), 1,5-diazabicycio[4.3.0]non-5-ene (DBN),



WO 2005/ 038524PCT1US2004/ 033861 [ 0043] The ratio of oxypq is from
about 1/99 to about 9911. A preferred ratio of (IX)/(X) is from about

20/ 130 to about 80/20. In conpound VIIl, Q= H my be fromabout 0 %
to about 996moedopesef erred conmpound VI is where Q = Hecs/kemamziraut
0 to about 75% A nore preferred VIIl is where Q= His fromabout 0
to about 50% A nost preferred VIII is where Q= H s fromabout 2%to

about 34% [0044] The di azonapht hoqui none phot oactive conpound whi ch
conprises the condensati on product of a conpound cont aining from2 to
about 9 n?étﬁx} h [

sul fonyl a(r:onpcgtﬁyrfa}%{ﬂodﬁdﬁ%émﬂ?ﬂ%m%l n%r?gn ?%rzb?gg on ?iﬁébggﬁcrl\u €
may f urt bediumdndadxidesisndilan cadohaies and sodprosiicats. cont ai ni ng onI y a
5- napht hoqui none di azi de sul fonyl noiety (noieties) or only a

4- napht hoqui none di azi de sul fonyl noiety (noieties). [0046] Suitable

sol vent s jed3gjhi s piyed OﬁﬁéfétrédVQeﬁéﬁﬂiﬁo%oweﬁts aare ppt@ylé?f@%bﬁnethylether
sol vents.” Suitabl e exanpl es of polar organic solvents include but_are

not |inmi taéatateb (PRMEARY -metbywwrral&v@e( WHP), gamma- butyelarteoeolfeBl),

GBL N,

o et OO T RP e ey (ORE") N Ry Resehine., (R  imsthyi2
sol ¥ent s gmeeldgmr:tﬁmelﬁwlwlfdx&tab d?msmﬁte?mbymmrgzgﬂ‘ _rtr-tR)l adeima? T?tﬂfotemet
referred sol ven a u one unt o

Dol ybens GRA AN dBe 0T HiBIe R NP AP UMBATd PEMEA( |\ ! n ¢ he
phot osensitive conposition is from about 5 w. %to about 50 wt. %

The nore greferred anount of @mlybenzoxazol e precursor polyners of
St ruct ur 4803411 ) orPolyhgnzaxageiem RIBENSOR OPYIYMED, 0 &&rwturas (). may abe

th t

st uct ur SIprE by FRHHn, 8t paRbURRRERITER rir P RE, oP SIUEREFS 1) wit

Pol ybenz abazbli% for abwtsé@%pmiojer% of afd&aqnmweeaaa(sleki) owthe Nvnbea o K3H
d sing| b nbi t o 25% of . 4Qf

the. pol y s B8 Ratamen A SHGhE: ' Bn SnhduEredck el F BT Viglne

be repl agaybeyzeNR6le sredariop (lwla\é@cb’tbllng(?b‘ﬂéa@hoﬁﬂueous base sol ubl e,

aromati c or heterocyclic group polyners or copol yners. Exanpl es of

organi ¢ sol vent sol up|l e, queo bas ubl e, aromatic polyimdes,
po pol yqui nazol ones, {|pol y nthr qnaE p ythladl zol es. or

het er ocycl | € NgTr st NoT— eo 8 + k! equivalentof DCl
| ybenzoi m dazol es, polybenzothlazoles pontrlazoIes

pol yqui nazol i ndi ones, ponqU|n &} i dones, pol ybenxazi nones,

pol yoxadi azol es, pol yhydant oi nsj cbol yi ndophena2| nes, or

H ﬂ ('FDL‘ ﬁ ﬁ '
G NH—AMNHE A NH— AT —NHITE — A NH—AF"NI—Q';G (1Y)

(OHj2

Reaction 2
wherein Ar', A%, Ar®, A*, D, k', K%, x, v, and G ate as previously defined,

[0035] Examples of the diazoquinone compound DCI that can be reacted with
the PBO polymer (IHf) include but are not limited to one of the following:
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[ 0047] The anbunt of photosensitive conpound, i.e., diazoquinone
conmpound (VII1), used in this conposition is fromabout 1 w.%to
about 20 w.% of the total weight of the conposition, preferabl

about 2 WWO2G05/0383B wt. % and npst preferably, about BCHEUS2084¢33861
about 6 wt. % [0048] The sol vent conponent (c) conprises about 40 w.
%to about 80 wt. % of the photosensitive conposition. A preferred
solvent range is fromabout 45 w. %to about 70 wt. % A nore
preferred range of solvent is fromabout 50 wt. %to about 65 wt. %
[ 0049] Optional Iy, an adhesion pronoter may be included in the

phot osensitive conpositi 011 . If enployed, the anmount of aghesion

pronoter ranges froma {_Onl W. %to about 2 wt. Y% wei ght
of conposition. ARpfe d anount of adhesion ] rom about
0.2 wt. %to about &S v ~% A nore preferred anourg adhesi on

pronoter is fromabouit 0.3 wt. %to about 1 wt. % Suitabl e adhesion

promoters include, fof%exanple, anmino silanes, and ni xtur%’é or
derivatives thereof. anpl es of suitabl e adhesion pronot@rs which
may be enployed in the invention nay be described by Structure Xl
R12--14-NK _AO R1)d R11 (XI)(3-d) wherein each Rl is independently a

C - 04 alkyl dpoup or a Cs - C7 cycloal kyl group and each Rl11l is
i ndependently a| G C4 al kyl group, a Gyr 04 al koxy group, a y
20051038524PC 2604/ 033861 C5 - C7 cycl dal kyl group or a

P

d is an integerpifo

cycl oal koxy
] 1112 is one of the

3 and nis an
from1l to abou i

ng noi eti esR

wherein, R is H, a halogen, a Cq - Cs alkyl group, C+ - C4 alkoxy group, cyclopentyl
or cyclohexyl. Examples of suitable R groups include, but are nor timited fo, methyl,
ethyl, propyl, isopropyl, n-butyl, sec-butyl, t-butyl, cyclopentyl or cyciohexyl.

[0036] The molar amount of DCl may range from about 1% to about 40% of
the quantity of OH groups from monomers of Structure (V) to yield k' from 0.01 to
about 0.4. A preferred amount of DCI is from about 1% to about 20 % of the
quantity of OH groups from monomers of Structure (V) to produce k' from about
0.01 to about 0.20, A more preferred amount of DCI is from about 1% to about 10%
of the quantity of OH groups from monomers of Structure (V) to produce k' from
about 0.01 to about 0.10. A most preferred amount of DCI is from about 1% to
about 5% of the quantity of OH groups from monomers of Structure (V) to produce
k' from about 0,01 to about 0.05.

[0037] The reaction conditions are identical fo that description for the
synthesis of polybenzoxazele precursor polymer of Structure (I).

{0038} A polybenzoxazole precursor polymer of Structure (IV} can also be
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wherei n each R13 and Rl4 are i ndependently a G - 4 alkyl group or a
C5 - C7 cycloal kyl group, and R15 is a C1 - C4 alkyl group and a C5 -

C7 cycl oalygplrosi@sas Preferred adhesion pronoters are thosgs k6D

R12 are [ 0060] More preferred adhesi on pronoters are those wherein
R12 is Amm YANH NH2 [ 0051] The nost preferred adhesion pronoters
are [ 0052] The phot osensitive conpositions of the present invention

may further include other additives. Suitable additives include, for

exanpl e, pl'eepva%di ri'J? BYERT of a polybenzoxazole precursor polymer of Structure (1) with
G-M. The definition of G and M are as defined before and the reaction condition is
the same as described for the preparation of polybenzoxazole precursor polymer of
Structure (lil).

[0039] The photoactive compound (b) of the photosensitive resin composition
are those of the following compounds (VIll) and comprises one or more
diazonaphthoquinone photoactive compounds which are the condensation products
of compounds containing from 2 to about 9 aromatic hydroxyl groups with a 5-
naphthoguinone diazide sulfonyl compound and a 4-naphthoquinone diazide
sulfonyl compound.

[0040] The phenolic compounds (i.e. the backbone) typically employed in
the preparation of a photoactive compound may be prepared by any suitable
method. A common method of synthesis is by reaction of a suitable phenol
derivative with a suitable aldehyde or ketone in the presence of a solvent such as
methanol. The reaction is most often catalyzed by a strong acid (e.g. sulfuric acid
or p-toluene sulfonic acid). Generally, the reaction is carried out at about 15°C to
about 80°C for about 3 hours to about 48 hours.

[0041] The photoactive compounds (VIll) are synthesized by reaction of the
backbone with DCI. Generally, the reaction is carried out at about 0 °C to about 30
°C for about 4 to about 36 hours in a solvent in the presence of a base. Generally, a
slight excess of base to DCI is employed. Examples of bases include but are not
limited to amine bases such as pyridine, trialkylamine, methylpyridine, lutidine, n-
methylmorpholine, and the like. The most preferred base is friethylamine. The
prefetred reaction solvents are tetrahydrofuran (THF), gamma- butyrolactone (GBL),
N,N-dimethylformamide (DMF), acetone, N,N-dimethylacetamide (DMAgc), dimethyl-
2-piperidone, dimethylsulfoxide (DMSO), sulfolane, and digiyme. The mosi
preferred solvents are tetrahydrofuran (THF), acetone and gamma - butyrolactone

(GBL). The reaction mixture should be protected from actinic rays.
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di ssolution inhibitors and the Iike. Such additives My be included
in the WD 2005/038524PCT/ US2004/ 033861 photosensitive conpositions
in about 0.03 to about 10 wt % of the total weight of conposition.

[ 0053] The ¥WecHI@3&Hoodi ment of the present invention cEGTEISHW4/E33861
process for formng a relief pattern using the photosensitive
conposition. The process conprises the steps of: (a) coating on a
sui tabl e substrate, a positive-working photosensitive conposition
conprising one or nore pol ybenzoxazol e precursor polyners having
Structures (I1) or (1V), a diazonaphthoqui none photoactive conpound

which is condensati,on product qof anpoynd, contai ning.from2 to
mbout o KA C rorarse §dmiunde rOunSTGHR: niAT pRTited Hhesne Or
sul f onyl nﬁﬁ@bﬁﬂ@faﬂé\ding c@nWﬂugpqui none di azi de sul fonyl conpound,
and at | east one solvent, thereby form ng a coated substrate; (b)
prebaki ng the coated substrate; (c) exposing the prebaked coated

substrate tawactinic radiation; (d) devel opin t he exposed coat ed
substrate wt aqueous devel oper, thereby m ng an uncured

relief imgge @ coateg sulssgrate; and (e g the veI oped
coat ed substrate’ at 4 :ﬂs\ t enper at ur e, -6 QUL i

relief imge. [00541% Q g0k opt i onal Iy i ncl

post exposure baki ng TRe exXxpys ated substrate at &n

tenperature, priof*?o d&el opin PRI anot her optdsehal @
rinsing the devel oped substrate, prior to curing. [0055] The posity%e

acting, photoactive res ”% this invention is coated on (%fﬁjat abl e
substrate. The substrate may be, for exanple, sem conduct‘or terials
such as a silicon wafer or a ceram c substrate, glass, netal, or

pl astic. Coating nethods include, but are not limted to
coating, spinQQoating, Gfffset prp@Qting, roller coating, 3¢reen
printing, exthusiop codting, nen|scus coating, curtainfg 1
i mrersion c ¢ SResll A4 mis prebaked at a
tenperature ; 2004/ 033861

QO

CHs CH; CH3
(VIll c) Vil d)

Vil &) (Vi)
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The bake may be conpleted at one or nore tenperatures within the

t enperature bake of fromabout 70 C to about 120 C for several

m nutes to half an hour, depending on the nethod, to evaporate the
remai ni ng WOI2088852Any sui t abl e baki ng means may be enmAGEd004/033861
Exanpl es of suitable baking neans include, but are not limted to,
hot plates and convection ovens. The resulting dry film has a

t hi ckness of from about 3 to about 50 micron or nore preferably from
about 4 to about 20 micron or nost preferably fromabout 5 to about
15 micron. [0056] After the bake, step, the resulting dry filmis
exposed to actinic rays In a preferred pattern through a mask.
X-rays, electron beam ultg@aviolet rays, visible light, and the |ike
can be used as actinic rays. The nost preferable rays are those with
wavel engt h of 436 nn1(g-!f-“ and 365 nm (i-line). [00571Fol | ow ng
exposure to actinic radi4!!g , in an optional step it may be
advant ageous to heat the exposed and coated

t enper ature between about [0 OC and 120 .C & EXN ted
substrate is heated g FEpEr at Ure g ang? 40 hoNt_ paphod of
time, typically seveg seco;kvj 0 several m nutes P: arried
out using any suidg 3. Preferred neans include baking

on a hot plate or 1n a convection oven. This process step is conmonly
referred to in the art as post Egosure baki ng. (00581Next, the film
i s devel oped usi ng an aqueous d eloper a nd a relief pattern is
formed. The aqueous devel oper contai ns agueous base. Exanpl es of
sui t abl e bases include,oﬁwb)are not limted to,nhaﬁﬁ anic alkalis
(e.g., potassium hydroxide; sodi um hydroxi de, a water), primary
am nes (e.g., ethylam ne, npropylam ne), secondary am nes (e.g.

di et hyl am ne, di-n-propyb@&m ne), tertiary am nes (e.qg.,

triethyl am ne), alcoholéﬁﬁfes (e.g. triethanol am ne), quaternary

amoni um salts (e.qg., anet hyl anmoni um hygl oxi de
t et raet hyl ammoni nd m xty.es LT
concentrati onQ@ ;
solubility of the“p
The nost preferred devekDdp

2005/ 038524 PCT/ US2004/ (). t et r anet hyl am€moni um hy&@% oxi de ( TMAH) .
Suitabl e concentrations gf TMAH range from about 1% to about 5% In
addi tion, an appropriateggnount of a surfactant can be added to the
devel oper. Devel opnment can be carried out by neans of imersion,
spray, puddle, or other simlar devel oping nethods at tenperatures
fromabout 10 C to aboMnip0 C for about 30 sec@pds to about 5

m nutes. After devel opnent, the relief pattern may be optionally
rinsed using deionized water and dried by spinning, baking on a hot
plate, in an oven, or other suitable nmeans. [0059] The benzoxazol e
ring is then fornmed by curing of the uncured relief pattern to obtain
the final high heat resistant pattern. CurinG
t he devel oped, unc§®ed relP@f pat®@rn at or abo
transition tenper )

t he benzoxazole r

oxi-te)
OVE

to obtain
Typi cal |y,

4 2 L enper at ur es
from about 250 C to about #00 C are ""}- is from
about 15 minutes to about 9% hours dependi ng P Q!g_ ar
heating nmet hod enpl oyed. A nore preferred range for the TU 6¢g tinme
is fromabout 20 m nutes to about 5 hours and the nost preferred
range of curing tine is fromabout 30 m nutes to about 3 hours.
Curing can be done in air or preferably, under a bl anket of nitrogen
and may be carried by (gmkysuitabl e heating neans.ﬁm[ﬁferred neans
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WD 2005/ 038524PCT/ US2004/ 033861 Brief Description of Draw ngs
[0060]Fig. 1 is a graph of exposure versus filmthickness |oss for
conpositions of this invention and conparative conpositions. [0061] To
i |1 ustrateWorr8058883¢ent i nvention, the foll ow ng exanpl eRCTAI004/033861
provided. It should be understood that the present invention is not
limted to the exanpl es described. Synthesis Exanple 1 Synthesis of
Pol ybenzoxazol e precursor Polyner of Structure (la) (la) [0062] To a
100 nL three-necked round bottom fl ask equi pped with a nechani cal
stirrer, nitrogen inlet and addition funnel, 3.66. g (10 mol ) of
hexaf | uor o2, 2- bi s(3-am .; 4- hydr oxyphenyl ) Pr QX (2 1)

of pyridine and 15 g of £ e ‘
solution was stirred g

di ssol ved and then wajs Ied in an ice water
this solution i sophth o8
(5 mmol ) of 1, 4-oxydi bemnzoyl chloride di as

added drop-w se. lhe addition was co
m xture was stir :

sol ution was preq
water. The p éé’ ' filtration g
de-ioni zed waker and a wat er j net hahol (50/50)
was dried under vacuum at 108QC for 24 hours.
quantitative and the inherent viscosity of the pohy :
nmeasured i-h NMP at the WD 2005/ 038524PCT/ 1. 7520045033861
concentration of 0.5 g/dL at 25 C. Synthesis Exanple 2 Synthesis of
Pol ymer of Structure (la) with Alternative Mononmer Ratio

(VI m) (VI n)

HaC CHs
(VI p)
(Vi o)
wherein at least one Q is (IX) and another Q is (X) with any remainder being H.
O 0
Nz N‘2
=

SOz SO2

(IX) (X)
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[0063] To a 2 L, three-necked, round bottom fl ask equi pped with a
mechani cal stirrer, nitrogen inlet and addition funnel, 155.9 g
(426.0 mmol ) of hexafl uoro-2, 2-bi s(3-am no-4- hydr oxyphenyl ) propane,
64.3 g (794000508634 of pyridine, and 637.5 g of N et hPCHESrEIEMe
(NMP) were added. The solution was stirred at roomtenperature until
all solids dissolved, then cooled in an ice water bath at 0-5 C. To
this solution, 39.3 g (194 mmol) of isophthalyi chloride, and 56.9 ¢
(194 mmol ) of 1, 4-oxydi benzoyl chloride dissolved in 427.5 g of NWP,
wer e added drop-wi se. After the addition was conpleted, the resulting
m xture was stirred at roomtenperature for 18 hours. The viscous

sol ut i on[0848] pr eciTiet ratie dfi(KAX) is fremsabotit ¥i9§doakziuy 9811, rA edsferred ratio

AN AT e T

pol ymer uBsutdr 9,96 abodeo0v%acA prefefedicbirpoandl lliéS%éwQHHh@m about 0
[ 0064] The yield was al nost quantitative and the inherent viscosi té%

(i v) of thebgydI7Gfer Avaareppretersed) Vilkisawhera Q 7 lissram abul okt
of 0., Shdhodprdblied M REMIER: GRS rNFIRAE 29I aAYe! oNt (V)

was det ermne rrrea 1 on chromato raph usi ng four Phenogel
10 colums with pore SI zes of 104 A, 500 A 100 A and 50 A and THF as

&t i Pol d d . f b
R R e M T o e e M SN
The aver ageidrebfsithbRIduEEoDA tofipolifg coRRRig HON(2 tPalfRRW afifaticydidi§

degree of polynerization (x+y) was determned to be about
11(5800/ gnwips S¥iiceay S-n@phitoguinpne \dinzide s subeny 1 mompmpeh 10838614~

th I Pk
St ruct ar BoPRRR B HiRA0S o Bor{ LOIARSRHES e BRI CLortiny it
eg ui ppegcmnddfnsatlmmp_mduomaboFtalrgng roglyS% @@mqu?anmd)az]gﬂb sLIife:(%Fatgomy
tained,in sis Exa .an Lo r ahydr o
ver ¢ aadlBBeRED ahophe &G GoguRate et shiomf AV B ol ¢ e
fully dissolved. 0.81 g (3 mmol e) of 5-napht hoqui none di azi de

sul fonyl chloride was then added and the m xture was stirred for
anot her 1004 nut esSuitphile splvents ﬁfethi?optsotgswltmeotpgmpmg%aawolar organic

2702 o T U e ST B G

for 5 hou en a radua
of vi gor dsmethyb-Ripyrmetidoles i oniiNddE),wat gammﬁhe pinuiynoﬂnutmead p(lGBJh)ct Whbl-

o the. prAUTHEYIsGEERIGR ADVENG) RERSBYDL PPeoR N T Sfo AR e,

m xture \éna%mby tﬁéﬂeb'f edTﬁ@rpréﬁn@H%&%ts Ré Qfaninbt baiyr&ﬁc&)hé and N-
product was washed m. de-ionized water. The isol ated product

was dri ecnn@thyltﬂapm@ilsd@nm Jme mpakprgfasted splent vgarsya-tusyrelacialitel e 4
Synt hesi s of Pol ybenzoxazol e Precursor Polynmer of Structure (Ha)

Havi ng Al ternate Mononmer Ratios [0067] Synthesis Exanple 3 was

repeat ed [o48ipt t hEh@einyomnt afpalyiretoxaroly ptéw&sor [:E){mptseonSWHstures (1)

The. 1 nherAVNN dEp EMEIPaSPORHE SSBMHRLPR IR0 SEOGL BonaadeiABauf HO MtF%
at the corigambrAproftire’f aMobnBbCholenzexdzole precursor polymers of Structures (i)
or (V) is from about 20 wi. % to about 45 wt. % and the most preferred amount of
polybenzoxazole precursor polymers of Structures (I} or (IV) is frorm about 30 wt, %
to about 40 wt. %. Polybenzoxazole precursor polymers of Structures (ll) or (IV) can
be used singly or be combined in any ratio. Up to 25% of the amount of the
polybenzoxazole precursor polymer of Structures (li) or (V) may be replaced by
other organic solvent soluble, aqueous base soluble, aromatic or heterocyclic group
polymers or copolymers. Examples of organic solvent soluble, agueous base
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Synt'hesi s Exanple 5 Synthesis of a Pol ybenzoxazol e Precursor Pol yner
of Structure (1llla; G = acetyl) WD 20051038524PCM52004/ 033861

[ 0068] 3 sr@blzg%&nﬁags of PBO precursor polyners synt he?%zﬁﬁ@%%gi ng

to Synthesis e 2 were mxed to obtain 100g (184.

precursor mxture with inherent viscosity of 0.205 dUg. The m xture
was di ssolved in 1000 g of diglynme. Residual water was renoved as an
azeotrope with diglyne using a rotary evaporator at 65 C (10-12
torr). About 500 g of solvents was renoved during the azeotrope

di still ati ¢9lubjeosoistie mdweﬂooyciisogmhbqurmsté,a@%&?w%tg ,té]%&a}nglggg

m., three round tom flask equi pped with N

nmagneti c s{b? 1raJrfTalrd .%Q’The éJog%bcet”iZB'H.”&?ﬂeiﬁge ggeiyeﬁnwiﬁ&eﬂaat h pdbiwezbies,

about 5 'C. pabaupkzolahes; pdvdinondioRod @vaacANIR VidaNikAgs Sver
S

t he period in.keeping reaction solution we iTred g *The
r eaclto i on gfyﬁgﬁhgé %Hn%cngg%a 370l 0 BPIYhYHaRteins, Tipelyindophemazinzat homas

renoved an@olylidadizaddd.on was al | owed to warm up over the period of 1
hr. Then, the m xture was again cooled to 5 oC on the ice bath.
Pyridine (3.7 nil, 3.6g) was added via syringe over the period of 1

hr. Reacty s k €.l bat h..for 10 .and,.t hen_was al | owed
10" vr m JBO8TLR", £ ERb Py bhBigERhys SaRali 40 P e amRoTd
preci pi t gl used ird this compaaition. is s RMoYErwivgStoCabd R e dit BY of the total
t. Then, the polo)/rrer was di ssol ved
L0

filtration and aiy dried qQvernigh

in 500- 6dﬁe'gﬁto1°?&@%t%%l°%ﬁ@%r e%f%r.abb& eabouhtd vBL %f tondPewt.mdb.nand| most
(70130) . prarerasy yaBjut 8%, 998 absiftld BEbgd by filtration and air-dried
for several hours. The wet polynmer cake was dissolved in a m xture

700g of THE and was precipitated in 7 L of water, filtered, air-dried

over ni ght owed ' b LV 1L.QV Co, WO

2005/ 0385[3%%#1 Uszagﬁl%’g‘é%% fg‘fﬁ%?%r*r@rﬁ%ﬁ@#*@ﬁ%f%@%@hm° gbout 80 wt.

cheni cal %hiffthe photbsBngifive cépesitibheA preferred solvent range is from about 45 wit.
% to about 70 wt. %. A more preferred range of solvent is from about 50 wt. % to
about 65 wt. %.

[0049] Optionally, an adhesion promoter may be included in the
photosensitive composition. If employed, the amount of adhesion promoter ranges
from about 0.1 wt. % to about 2 wt. % of total weight of composition. A preferred
amount of adhesion promoter is from about 0.2 wt. % to about 1.5 wt. %. A more
preferred amount of adhesion promoter is from about 0.3 wt. % to about 1 wt. %.

Suitable adhesion promoters include, for example, amino silanes, and mixtures or
derivatives thereof. Examples of suitable adhesion promoters which may be
employed in the invention may be described by Structure XI

R12’(’\)\ _/(ORm)d

N'g;

N
11
X1 R (3-d)

wherein each R is independently a C4 — C4 alkyl group or a Cs — C7 cycloalkyi
group and each R"is independently a C1 — C4 alkyl group, a C1 — C4 alkoxy group, a

- 24 -



reaction of acetyl chloride and pol ybenzoxazol e precursor polyner was
conpleted, it was observed that this peak was conpl etely vani shed,
indicative that all NH2 groups were reacted. Synthesis Exanple 6

Synt hesi s vof 20s/88b3abenzoxazol e Precursor Pol ynmer of St POBUE308/(3PE) ;
G = acetyl 0,4:-Piec Hm-P-EQO0: To_ (IVa) [0073]To a 1 L

t hr ee- necked round bottom fl ask equi pped with a nechanical stirrer,
67.5 g (approximately 120 nmmol) of a m xture of two batches of

pol ymer synt hesi zed according to Synthesis Exanple 5 and 650 g of

t et r ahy d€e# Bty c(OHH) graupeoraal @ad: CTlepcioalkoxy groups dsisian mdederrfraa® to 3
m nutes and the solid wasful al.ve 38 mml| e) of

2 1 naphBROR Fo RIS 1 ARerb AR o B e faMBaTRelTRES | hen
added and the nixture was stirred for another 10 m nutes.

Triethylam ne, 0.3@sg (3.9 mol) m xed th 50 nL THE was added
gradual Iy withi O mnutes and then the|reaction m wasngtirred
for overnight. 11:‘eact| A padded gradual to 3 L
of vigorously sti rred de-ioni zef] water. The preC| pitated pr| duct was
separated by filtration and resPurried twice, each time with 3 L of

de-ioni zed water. After filtration the product was maangg,Hmth 2 L
de-ioni zed water. ated Ry, oﬂ_gct vvas d at 40 C o ght
The yield of »pr@duct 84% yn sis EXanpre? Synthesis f

Pol ymer of Structure (IVD); O pht hal oyl Via an Alternative
Enbodi ment WO 2005/ 038524PCT/ U82004/ 033861 (1VWb)

wherein each R™ and R™ are independently a C1 — C4 alky! group or a Cs — Cy
cycloalkyl group, and R¥isa Ci~Cq alkyl group and a Cs ~ Cy cycloalkyl group.
Preferred adhesion promoters are those wherein R are

0
v NH NHZ
wwwaNH \ OH I
0
[0050] More preferred adhesion promoters are those wherein R
wwwwwiNH NH2
Q
[0051] The most preferred adhesion promoters are

HzN\rrNH \/\/SE(OMB)s HN NH \/\/SE(OEt)g
] T

[0052] The photosensitive compositions of the present invention may further
include other additives. Suitable additives include, for example, leveling agents,
dissolution inhibitors and the like. Such additives may be included in the
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[0074] To a 1 | three-necked round bottom fl ask equi pped with a
mechani cal stirrer, and nitrogen inlet 100 g (165.9 mmol) of the

pol ynmer obtained in Synthesis Exanple 4 and 290g of diglyne were
added. Thewoisdstssszanas stirred for about 25 m nutes anccrhms:@ehizdsinas
fully dissolved. 6.5 g (43.9 nmole) of phthalic anhydride was then
added portion-wise within an hour at roomtenperature and the m xture
was stirred for 16 hours. The reaction m xture was then added
gradually to 5200 m of vigorously stirred de-ionized water during a

60 m nut gisotpsaristtive cloreppsiteonsDirt absgt P.o8ducibostsIdsetiaroft e tyal weight of
filtration and washed with 2000 nL of de-ionized water. To the
product S8R anot her 4000 nL de-ioni zed water and the mixture
vigorously stirred for 30 mnutes. After filtration the product was
washed with 2000 nL de-ionized water. The isolated product was dried
at 40 C I98&3hi ght .Thengegansi embodlmem@&thw\a@sgob/énvspgﬂmégn@erﬁ&@ﬂmoée@

Pr epar at j . PO regur ; et u i

(1 by " ooteey of3hinb2s BARE SBRER sl PipoREsHiE cSmpabfi; TheCploBess
ni t r ogencompridesahd stdpsy oocoupl e, 1500 g (4.09 nol) of

hexaf | uor o- Z:aé- bi s(3-am no-4-  h drox%phenyl propane, 622 g (7,86 nplg
of pyridine dRYCH gCBf an-SyHabie) spbstrgtey oft| RSE@V‘? Nge PROIOSRBRITV
The sol ution wa bE# ' '

i ssol ved and t BonPSHPA femprafil bREBEIEIepEBAIRbIe fFRbUERT polymers
sol ution, 2919hgving. Sruatiiresof(ll} eere fhi! ak odiazomaphihgauinene s photpagtive

2.15 nmol) of 1_4- i ' ol i -
\(/vas added) by usFﬁg‘pgﬁﬁﬁa@ﬁ&ﬁ%hb%%gié@%% ?’i‘ﬁd%ﬁg’ﬁépgﬁﬁ?ﬁ@%%‘f%@ ng
zgtrrp atnﬂ Te:‘]I ljptnfrbhamsft@raﬂdulnesf aé@hiatri]@lwam?l Byoupsi m?hZQC@naivht{Winc&ne

er e addition was conpl eted, e resulfin xture stirr
at rpomtenpeyaglﬂzlgef o‘-‘r“f?B_‘hGBF@PU’Pﬂea. s%o‘{reag'@'ﬂeﬂv@ﬂﬂﬁ/amg%ﬂde SUI?O'WI
preci pi tated ingddholingf arﬁl lﬂffe%tsér}é Sl driteerids/ B iﬁgga ‘F@é@% ]:suﬂ'é‘.’cﬁate;'

pol ymer was col I ected by rati on and washed "with
de-ioni zed wafberprehakingibe seatedisubabate; 50/ 50) mi xture. The pol yrer

vas dri ed undes NBEUNIYRS pEhalliBbakh IR dBaNcsbaates, 2/ oSt

guantitative VI SCOSI'tYy 0 mer was 0. 183 dUg
measured i n Ndydavelbpinge tive axposed eoated Substmtellwittt a25 aQuediyendeesloper,

Ex le 9 P ti f .a Polyb le P Ppl f
Structure (11 b) NeBEYEEYRe RBNE R TRicImacean e soatsesubrbals e
pol ymer from QynaRpg ShéXdeWiched vaatedBLIBMAHeaaH deléwrié® mperature,

2, 1- napht hoqui nonedi azi de-5-sul fonyl chloride to the total nunber of
OH groups of théhgrebyedringdhe lighigeade o 0. 02. The yield was 96% and
the inherent viscosity of the polyner was 0.201 dUg neasured in NW
at the concentration of 0.5 g/dL at 25 C. Synthesis Exanple 10

Synt hesi $06541Pol yner of T puetessemaioptiofally iacktdglthe step of post e xposure

baking the exposed coated substrate at an elevated temperature, prior to
developing. Still another optional step is rinsing the developed substrate, prior to
curing.

[0055] The positive acting, photoactive resin of this invention is coated on a
suitable substrate. The subsirate may be, for example, semiconductor materials
such as a silicon wafer or a ceramic substrate, glass, metal, or plastic. Coating
methods inciude, but are not limited to spray coating, spin c¢oating, offset printing,
roller coating, screen printing, extrusion coating, meniscus coating, curtain coating,
and immersion coating. The resulting film is prebaked at an elevated temperature.
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WD 2005/ 038524PCT/ US2004/ 033861 [ 0077] Synt hesi s Exanple 5 was
repeat ed except the polyner enployed.was the one prepared in
Synthesis Exanple 8. The yield was 83. 7% and the i nherent viscosity
of the polwoanoswass20. 205 cl Ug measured in NVP at the cA§dam2e0a0338¢ of
0.5 g/dL at 25 C. Synthesis Exanmple 11 Synthesis of Pol yner of
Structure (1Vb); G = acetyl (1Vb) [0078] Synt hesi s Exanple 4 was
repeat ed except the polyner used was one synthesized in Synthesis
Exanpl e 10 and the ratio of 2,1-naphthoqui nonedi azi de-5- sul fonyl

chl ori de Thtlbbke maM)be comﬁle;edmsomfo:t merep iryparatures vdmmn@wltemperature

wns. 0. 20PebEerD, AR 10 Nipo 0o PE C e EVEE raufiectay gl ol
25C.  SyntdepehdingeaBkaméthod! ﬁpamsdr@te thé r@nemingowv@mazmd\p st baﬁhﬂ
Pol ymer of Structure (Ic) ( 1lc) 0792 To a 20 reactor,  equip ged W t

a mechanifeeansagay @@oempmeﬂog@wmm%ta aﬁt@blawaam@@aﬁﬁr@ ingiide. gut aregwt
ml ) of  hetirhtH B Hates Ui ctrRBLIYY Vens. The resulting dry film has a thickness of

from about 3 to about 50 micron or more preferably from about 4 to about 20 micron
or most preferably from about 5 to about 15 micron.

[0056] After the bake, step, the resulting dry 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).

[0057] Following exposure to actinic radiation, in an optional step it may be
advantageous to heat the exposed and coated substrate to a temperature between
about 70 °C and 120 °C. The exposed and coated substrate is heated in this
temperature range for a s hort period of time, typically s everal s econds 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.

[0058] 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
amines (e.g., tristhylamine), alcoholamines (e.g. triethanolamine), quaternary
ammonium salts (e.g., tetramethylammonium hydroxide, tetrasthylammonium
hydroxide), and mixtures thereof. The concentration of base employed will vary
depending on the base solubility of the polymer employed and the specific base
employed. The most preferred developers are those containing
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hydr oxyphenyl ) pr opane, 622 g (7.86 nol) of pyridine and 5000 g of
N-nmet hyl- 2- pyrrolidone (NWP) were added. The solution was stirred at
roomtenperature until all solids dissolved and then cooled in an

i ce wat er b - 5 C To this solution, 212.0g g (

t er epht hal g?ltz %ﬁsgs%de, 212.09 g (1.04 nol) of isopht halfmg)'ﬁJS E@{o%srs%e
and 411.0 g (1.39 nol) of 1, 4-oxydi benzoyl chloride dlssolved in 2960
g of NWP were added by using a di aphragm punp and Tefl on transfer

|l i nes. The punp and Teflon transfer |lines were cleaned using 200g of
NVP, which was then added to the solution. After the addition was
conpl et etgtramashyiesmanivry hdrexide (ThAH iSw@bleaconC@@matlen@@f JMAL rarge

i gor ousigegotk 38 HEaBG 4965 1n SRR TEh BpbitiiEte Hmbliebr & suaegpt can
filtrati be addedivdshthe dietbloper.L. Def/eidpmenhlcaadbaat:amedndua by means of
wat er / met hanol, (50/ 50) nmer was d nder v cuu

t Th d
e { o riam SPravm pubHE, G Gl LR BRNG BEINogS At TRer A TS ot

Vi scosi t yp@it ﬁ@e"@%ymutw@ ‘Q) 260 2856t IDasatREs] ft‘J MvBues iifutes. After
concentration of 0.5 g/dL at 25C. Synthesis Exanple 13 Synthesis of

Pol ybenzdﬁﬁ@ﬁféeﬁoﬂ%ﬁ“ﬂﬁm&@fm gaydie eplianallviriased using daiopized water and
[ 0080] Sygh%;ﬁggpiﬁﬁ@@pbﬁgﬁg ’a hobdt dﬂtﬁﬁe‘fi@éﬁ, ioybg?eﬂcgﬁﬁﬁfe thb&HS.

Synt hesi np oye
2, 1- napht hoqui nonedi azi de-5-sul fonyl chloride to the total nunber of

CH th | h d.t 025.. Th | 96% and
Che™i nholotheli's .l b ttete ang e them orbtesony Hiego rids: tnrtred et
at the coBa&mitbIbtAIN t19é filabhigh %aﬁﬁes&'ﬂar@ paﬁ&ﬂi h@&hﬁ? @Qﬁﬁémel'l‘lb\%bakmg

Synt hesi s of Polyner of Structure (111 = acet

2005/ 038 $rseyriame) oncurssoelef pritern 9§/ﬁt ﬂ%\lesth%%?ﬁ bansitip teraparatue) To
except t e yROLYBEedSRL ¥aRp8&fion to obtain the benzoxazole ring that pravides high

heat resistance. Typically, temperatures above about 200°C are used.

D
Q

H l Formation of polybenzoxazole ring

<G

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 maost prefetred 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.
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prepared in Synthesis Exanple 12. The yield was 93. 6% and t he

i nherent viscosity of the polyner was 0.212 dLig neasured in NVP at

t he conce { 0.5 g/dL at 25C. Synthesis Exanpl [
of Pol ynepwg?h%??ﬁg%ure (I'vc); G = acetyl [0082] Synt h%@%@%fﬂgi4
was repeated except the polynmer enployed was the one prepared in

Synt hesis Exanple 14 and the ratio of 2, 1-

napht hoqui nonedi azi de-5-sul fonyl chloride (lid R=H) to OH groups of
t he pol yner was changed to 3.0/100. The yield was 98. 7% and t he

i nherent viscosity of the polyner was 0.206 dL/g neasured in NVP at
the concentration of 0.5 g/ dL BtiePDeseripljort b&Brawingypl e 16 Synthesi s
of a Photoactive Conpound (PAC) of Structure (VIII p) (VI p) WO
2005/ 0385%5@/ U820?__4/ 0,?3861 0083].To a 500 nmL, 3-neck flask equi pped
with nech | stiri%r, §rBpPPRY PluAKRISUS YeRUSHEIM (thisknesselass fend
ni trogen pohgoskipas emMhisineeriidd edd23mpatatit cbifposiighs30 g of
(4,4"-(1-phenyl et hyl i dene) bi sphenol ), Bi sphenot AP. The m xture was
stirred until bisphenol AP was fully dissolved. To this was added
27.759 0 naphtHoqui Lazi I ch [ of
THF. Thei?(g%uti on Tngxy ftljjggg%aghgt P?%giﬁuirl‘tg ?%ﬁji%‘le{h%glfggo‘&@g %ﬁ(ﬁﬁpies are
di ssol veprovidedd 7% shafld el etdersimodnihati tiss ptesedt invehflomlis Hot llifnitedsto the
added to the [ee?c&';si OQ m xture gradually while the pH was kept under 8
during t FrEMBISSHRSENbadhe { enperature during this exothermc reaction
was kept under 30 C. Upon conpletion of addition, the reaction

m xturg.was stirred for 48 hours, To this was added 27.75g of

5- napht hoqui none di azi de sul f org¥ntegRsisrExRMBlIRd! 25 nl of THF and the

i asol ved i n SO e R EATBehR s T R ERor PORICH dr SEUELTY @) U°

whil e the pl-1 was kept under 8 during this process. Again during

this exotherm c reaction the {é¢ was kept unden 30c. Upon
conpl eti on|of Badyi Lion, the re ymynm xture was stlirr oy 20
hours. Thejre [ I Xture was theh add€d gradual to a /Xty of
6 L of DI -at'er .;ﬁ-: produ ' d washéed
with 2 Lo

de-ioni zed warfer. *The product was then resPurried by
using 3 L of de-ionized water, fi!%aﬁred and washed with 1 L O
de-ionized water. The product was en dried inside a vacuum oven at
40 C until the anmount of water dropped bel ow 2% 1-1PLC anal ysis
reveal ed [o¢62] t he Poodud00imbLmtbvesreckéd sevadabottsrh eflsslasedifigpedl with a

Table 1. nt hesi s, Exanple 17 nt hesi.s of a Phofoactjve und

(PAG) of "aRGHaBKE 8Tah MOgEn el AadpR fneh o6 8110 Tagh O EAoHe

di azi de 9 b anfihd-ALHydeokyRhenyl)propane, 1.70 g (21 mmol) of pyridine and 15 g of
N-methyl-2-pyrrolidone (NMP) were added. The solution was stired at room

temperature until all solids was dissolved and then was cooled in an ice water bath
at 0 - 5 °C. To this solution, 1.01 g (56 mmoi) of isophthaloyl chloride and 1.477 g (5
mmol) of 1,4-oxydibenzoyl chioride 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 hours. The viscous solution was precipitated in 800 mL of
vigorously stirred de-ionized water. The polymer was collected by filtration and
washed with de-ionized water and a water/methanot (50/50) mixture. The polymer
was dried under vacuum at 105 °C for 24 hours. The yield was almost quantitative
and the inherent viscosity of the polymer was 0.36 dL/g measured in NMP at the
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5- napht hoqui none di azi de sul fonyi chloride [0084] Synt hesis exanple 16
was repeated except the ratio of 4- naphthoqui none diazi de sul fonyl
chl oride to 5-napht hoqui none di azi de sul fonyl chloride was changed
from1/1 tevdio8so3sPlaC anal ysis reveal ed that the produckct/gsIshadssese
of several esters as shown in Table 1. The total yield of this
reaction was WO 2005/ 038524PCT/ US2004/ 033861 91. 7% Synt hesi s Exanpl e
18 Synt hesis of a Photoactive Conpound (PAC) of Structure (VI p)
using different ratio of 4-naphthoqui none di azide sul fonyl chloride

to 5- napm&ggmﬁ%eofc&géhee?tgg deonyi chloride [00851Synt hesis Exanpl e

16 was repeated except | 0 'of 4- napht hoqui none di azi de
sul fonyl chloride to 5-naphthoqui none di azi de sul fonyl chloride was

changed from1/1 to 311. HPLC apal ysis Leveal ed that the product is
m xture of several esters as sh@W}t‘hleﬁ' AP 2 The total yield of

this reacti osynhfestS of Holyadt 6f StrucireY[) With AlteRiatRe Wohofc Watid

Exanpl e | Exanpl e
[0063} To a 2 L, three-necked, round bottom flask equipped with a
mechanical stirrer, nitrogen inlet and addition funnel, 155.9 g (426.0 mmol) of
hexafluoro-2,2-bis(3-amino-4-hydroxyphenyl)propane, ©4.3 g (794.9 mmol) of
pyridine, and 637.5 g of N-methylpyrrolidone (NMP) were added. The solution was
stirred at room temperature until all solids dissolved, then cooled in an ice water bath
at 0-5° C. To this solution, 38.3 g (194 mmol) of isophthalyl chioride, and 56.9 g
(194 mmol) of 1,4-oxydibenzoyl chioride dissolved in 427.5 g of NMP, were added
drop-wise. After the addition was completed, the resulting mixture was stirred at
room temperature for 18 hours. The viscous solution was precipitated in 10 liters of
vigorously stirred de-ionized water, The polymer was collected by fiitration and
washed with de-ionized water and a water/methanol (50/50) mixture. The polymer
was dried under vaguum conditions at 105° C for 24 hours.

[0064] The yield was almost quantitative and the inherent viscosity (iv) of the
polymer was 0.20 dl./g measured in NMP at a concentration of 0.5 g/dL at 25°C.

[0065] The number average 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) was determined to be about 11 (5800/540). Sincey=0,X=
1.
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Synthesis Example 3
Synthesis of Polybenzoxazole Precursor Polymer of Structure ({ia)

[0066] To a 100 mL three-necked round bottom flask equipped with a
mechanical stirrer, 5.42 g (10.0 mmol} of the polymer obtained in Synthesis Example
1 and 50 mL of {etrahydrofuran (THF) were added. The mixture was stirred for ten
minutes and the solid was fully dissolved. 0.81 g (3 mmole) of 5-naphthoquinone
diazide sulfonyl chioride was then added and the mixture was stirred for another 10
minutes. Triethylamine, 0.3 g (3 mmol}, was added gradually within 15 minutes and
then the reaction mixture was stirred for 5 hours. The reaction mixture was then
added gradually to 500 mL of vigorously stirred de-ionized water. The precipitated
product was separated by filtration and washed with 200 mL of de-jonized water., To
the product was added ancther 600 mL de-ionized water and the mixture vigorously
stired for 30 minutes. After filtration the product was washed with 100 mL de-

ionized water. The isolated product was dried at 40 °C overnight. The yield was
91%.

Synthesis Example 4
Synthesis of Polybenzoxazole Precursor Polymer of
Structure (lla) Having Alternate Monomer Ratios

[0067] Synthesis Example 3 was repeated except the polymer obtained in
Synthesis Example 2 was reacted with 3 mole% of 5-naphthoquinone diazide
sulfonyl chloride. The inherent viscosity of the polymer was 0,21 dL/g measured in
NMP at the concentration of 0.5 g/dL at 25 °C.

Synthesis Example 5
Synthesis of a Polybenzoxazole Precursor Polymer of
Structure {Ila; G = acetyl)
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(llla)

[0068] 3 small batches of PBO precursor polymers synthesized according to
Synthesis Example 2 were mixed to obtain 100g (184.5 mmol) PBO precursor
mixture with inherent viscosity of 0.205 dL/g. The mixture was dissoived in 1000 g
of diglyme. Residual water was removed as an azeofrope with diglyme using a

rotary evaporator at 65 °C (10-12 torr). About 500 g of solvents was removed during
the azeotrope distillation.

[0069] The reaction solution was transferred to a 1000 mL., three neck, round
bottom flask equipped with N2 inlet and magnetic stirer. The reaction mixture
cooled on ice bath down to about 5 °C. Acetyl chloride (3.3 mi, 3.6 g) was added via
syringe aver the period of 5 min keeping reaction solution well stirred.

[e070} The reaction was held on 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 oC on the ice bath. Pyridine (3.7 ml, 3.6g)
was added via syringe over the period of 1 hr. Reaction was kept on the ice bath for
10 min, and then was allowed to warm up over the period of 1 hr.

[o0713 The reaction mixture was precipitated into 6 L of water, The 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 water/methanol (70/30). The
polymer was again collected by filiration and air-dried for several hours. The wet
polymer cake was dissolved in a mixture 700g of THF and was precipitated in 7 L of
water, filtered, air-dried overnight followed by 24 hr drying in vacuum oven at 80 °C.
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[0072) Terminal NHz groups have a chemical shift of 4.5 ppm. After the
reaction of acetyl chloride and polybenzoxazole precursor polymer was completed, it
was observed that this peak was completely vanished, indicative that alf NH2 groups
were reacted.
Synthesis Example 6
Synthesis of a Polybenzoxazole Precursor Polymer of
Structure (lva); G = acetyl

ST NS
{Iva)

[0073]} To a 1 L three-necked round bottom flask equipped with a mechanical
stirrer, 67.5 g {(approximately 120 mmol) of a mixture of two baiches of polymer
synthesized according to Synthesis Example § and 650 g of tetrahydrofuran (THF)
were added. The mixture was stired for ten minutes and the solid was fully
dissolved. 1.01 g (0.38 mmole) of 2,1-naphthoquinonediazide-5-sulfonyl chloride
(lid R = H) was then added and the mixiure was stirred for another 10 minutes.
Triethylamine, 0.32 g (3.9 mmol) mixed with 50 mL THF was added gradually within
30 minutes and then the reaction mixture was stirred for overnight. The reaction
mixture was then added gradually to 3 L of vigorously stirred de-ionized water. The
precipitated product was separated by filiration and reslurried twice, each time with 3
L. of de-ionized water. After filtration the product was washed with 2 L. de-ionized
water. The isolated product was dried at 40 °C overnight. The yield of product was
84%.

Synthesis Example 7

Synthesis of a Polymer of Structure (IVb); G = phthaloyl
Via an Alternative Embodiment
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(iVb)

[0074] To a 1 L three-necked round bottom flask equipped with a

mechanical stirrer, and nitrogen inlet 100 g (165.9 mmol) of the polymer obtained in
Synthesis Example 4 and 290g of diglyme were added. The mixiure was stirred for
about 25 minutes and the solid was fully dissolved. 6.5 g (43.9 mmole) of phthalic
anhydride was then added portion-wise within an hour at room temperature and the
mixture was stirred for 16 hours. The reaction mixture was then added gradually to
5200 mL of vigorously stitred de-ionized water during a 60 minutes period. The
precipitated product was separated by filtration and washed with 2000 mL of de-
ionized water. To the product was added another 4000 mL de-ionized water and the
mixture vigorously stirred for 30 minutes, After filiration the product was washed
with 2000 mL de-ionized water. The isolated product was dried at 40 °C overnight.

The yield of product was 90%.

Synthesis Example 8
Preparation of Polyhenzoxazole Precursor polymer of Structure (Ib)

b

z Fy i O I E Chy Z i i 5{ P :!:—H
0 0) 0
~oLow2C %ﬂ G f
(k)
[0075] To a 20 L reactor equipped with a mechanical agitator, nitrogen inlet
and thermocouple, 1500 g (4.09 mol) of hexafluoro-2,2-bis(3-amino-4-
hydroxyphenyl)propane, 622 g (7.86 mol) of pyridine and 7250 g of N-methyl-2-

pyrrolidone (NMP) were added. The solution was stirred atf room temperature until
all solids dissolved and then cooled in an ice water bath at 0 - 5 °C. To this solution,
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291g g (1.43 mol) of terephthaloyl chloride and 634.5 g (2.15 mol} of 14-
oxydibenzoy! chloride dissolved in 2760 g of NMP was added by using a diaphragm
pump and Teflon fransfer lines. The pump and Teflon transfer lines were cleaned
by using 200g of NMP. After the addifion was completed, the resulting mixture was
stirred at room temperature for 18 hours. The viscous solution was precipitated in
140 L of vigorously stirred de-ionized water. The polymer was collected by filtration
and washed with 35 L of de-ionized water and a water/methanol (50/50) mixture.
The polymer was dried under vacuum at 75 °C for 24 hours. The yield was almost
quantitative and the inherent viscosity of the polymer was 0.183 dL/g measured in
NMP at the concentration of 0.5 g/dL at 25 °C.

Synthesis Example 9
Preparation of a Polybenzoxazole Precursor Polymer of Structure (lib)

Hore 0ot s 0ty rd:

(Iib)

10076] Synthesis Example 3 was repeated except the polymer from Synthesis
Example 8 was employed and the ratic of 2,1-naphthoquinonediazide-5-sulfonyl
chloride to the total number of OH groups of the polymer was changed to 0.02. The
yield was 96% and the inherent viscosity of the polymer was 0.201 dl_/g measured in
NMP at the concentration of 0.5 g/dL at 25 °C.

Synthesis Example 10
Synthesis of Polymer of Structure ({lib}; G = acetyl

(Illb)

-3 -



The solubility of this compound on GBL was tested and it was nore
t han 18% Conpar ative Synthesis Exanple 1 Synthesis of a Photoactive
Compound (PAC) of Structure (XII) [0086] The reaction was simlar to

t hat of Exawph@sidsssexcept only 5- napht hoqui none di azi decshistoasydsss:
chl ori de was used. HPLC anal ysis reveal ed that about 94% of the

product was di ester and 6% was nonoester. The solubility of this
conpound in GBL was about 10% WD 20051038524PCT1US20041033861
Conparative Synthesis Exanple 2 Synthesis of a Photoactive Conpound
(PAC) of Structure (XI11) N2 CH3

[0077] Synthesis Example 5 was repeated except the polymer employed was
the one prepared in Synthesis Example 8. The yield was 83.7% and the inherent
viscosity of the polymer was 0.205 dl/g measured in NMP at the concentration of
0.5 g/dL at 25 °C.

Synthesis Example 11
Synthesis of Polymer of Structure (IVb); G = acetyl

" . Iﬁm : g : flf Lo

(IVb)

[0078] Synthesis Example 4 was repeated except the pofymer used was one
synthesized in Synthesis Example 10 and the ratio of 2,1-naphthoquinonediazide-5-
sulfonyt chloride (lld R = H) to OH groups of the polymer was changed to 2.0/100.
The yield was 96% and the inherent viscosity of the polymer was 0.204 dl./g
measured in NMP at the concentration of 0.5 g/dL at 25 °C.

Synthesis Example 12
Preparation of a Polybenzoxazole Precursor Polymer of Structure ({c)

i_@ I n¥ @

(c)

2—m

{0079] To a 20 L reactor equipped with a mechanical agitator, nitrogen iniet
and thermocouple, 1500 g (4.09 mol) of hexafluoro-2,2-bis(3-amino-4-
hydroxyphenyl)propane, 622 g (7.86 mol) of pyridine and 5000 g of N-methyl-2-
pyrrolidone (NMP) were added. The solution was stirred at room temperature unil
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(XII'1) [0087] The reaction was simlar to that of Synthesis Exanpl e4i
except only 4-napht hoqui none di azi de sul fonyl chloride was used. HPLC
anal ysis reveal ed that about 87% of the product is dlester and 13% s

monoest er, wihesdski | ity of this conpound on GBL was t egfeshodixsbsdsh
was only about 2- 3% Exanple 1 Lithographic Evaluation of a

Phot osensitive Conposition Based on a PAC wth Structure (W p)
[0088] 100 parts polyner obtained In Synthesis Exanple 4, 11.9 part of
bi s phenol AP PAC obtained fromexanple 16, 5 parts of di phenylsil ane
diol and 3 parts of gamma-ureidopropyltrimethoxysilane (adhesion

pr onot er ) alhgalidsi disenivediand thepLcagird Iian ise svatertrthpd Omb 281 die thigsolifion

t ed t |
S0 oagie Bl £104 bl of RRMRIGH AyRlel HBGH § (144 T, Bt IsBpnftaton
\%po?] ed ut:hlbnd? algldaﬂ (2] lge(1$9damm$)rof h4mxyd1bem|zdyl ahlerida %{@M\&d@{lr%ﬁﬂ g of
| C | NC nta ease e sure ener rn.. W a
o ar i mo” IS Wefe bl B e S AR Y4 Pun ek TSRO0 Hans el finey 3 R
Wi th two éﬂd %ﬂeﬂ@aﬁgfyilnﬁés we?@c@aﬁeaﬁgwg%tagwmplwmcﬁrwe@‘then added to

tetra-nethyl ammoni um hydroxide, resulting in a array of exposed
boxes t hathaeglutien.tAlter theeaddition was ompletednther easuling. mMikliweevay stiwed at

wor e complet s MBBEhESar o MRS, L% TARRR GAQE LA HecBlibEg ih o s
T oI R T R T a, e 0F Tualion and
ey ons ( AshO MR 55 L ot Adated 6fer B arermEl o) (RO, muddte. “The
Eval uat i 0Bo@ned \ﬁﬁ@td?ﬁﬁnﬁh%érvﬁaﬁgﬁ%‘i'is o0 13RI helirs2 ﬁ@cy}@‘id&as almolst

Structure (VII] [0089] T sensitive conposition anpl e
was spin @iuan*eta’n\tmaad§he|lmmrethIe¢o&iwmeha@@Imera~m0p2%t dligoneasured in

a1 hon B EtebiaioA Rt 05 ML= P ETT " an open frame

exposure array, which |ncrenentally i ncreased exposure energy 10
ml/cn2 with a starting exposure _en [ of 60 /cn2. The wafer was
t hen devel oped with two 40 secorﬁi’“ i 8 "Pornul ati on cl eared

boxes at a do )ﬁ}gﬁﬁ RRARH sed
5.13 mcrons tss(}, ﬂﬁg%@%fggﬁ’g% egghgﬁi/kglgl | ' m t%lr ﬁ%&%mggs E§<i§crr(1|)l%ii

L‘ T ﬁ
{lic)

[0080]} Synthesis Example 3 was repeated except the polymer from Synthesis
Example 12 was employed and the ratio of 2,1-naphthoquinonediazide-5-sulfonyl
chioride to the total number of OH groups of the polymer was changed to 0.025. The
yield was 96% and the inherent viscosity of the polymer was 0.201. dL/g measured
in NMP at the concentration of 0.5 g/dL at 25 °C.

Synthesis Example 14
Synthesis of Polymer of Structure (llic); G = acetyl

o160 o] l@jrm
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Li t hographi c Evaluation O a Photosensitive Conposition Based on a
PAC with Structure (VII1 p) [0090] The p hotosensitive ¢ onposition of
Exanple 1 was spin coated on a silicon wafer then baked on a hotpl ate
for 4 mnutes.,@kokedC, resulting in a filmthickness of pdfa@modssssine
filmwas then exposed utilizing an i-line stepper in an open frane
exposure array, which increnentally increased exposure energy 10
ml/cn2 with a starting exposure energy of 800 ml/cnR. The wafer was

t hen devel oped with two 28 second puddl es. The fornul ation cl eared
boxes at a dose of 950 mi/cnR. The un ﬁ sed filmthickness decreased
3.98 mcrons to 10.05 mcrons (28.37% m t hi ckness Ioss) Exampl e 4

Li t hogr ap val uati of Ph tasensi tive Conposition

2005/ 0385@4@&5 s oo Saambl BV repoRid SRR g?er Bovmer uses as,gne
(0091] TheprephescpmeS§mthw@ WHQI The Gleldnrisnd £6% ane tﬁ@iﬂhe@@ﬂtmoew
a silicon wafer then baked on a hotplate for 4 mnutes at

resul ti ngof hepalymes was Stk dLigimaasugad jimNMfhat e qﬁnﬁagtramotesz a&'@d at
utilizingg ? ci-1ine stepper in an open frane exposure array, which
incrementall y' i ncreased exposure energy 50 mJ/cn2 with a starting
exposure energy of 300 mJ/cnR. The waf er was then devel oped with two
41.5 second puddl es. The fornulgtL&g Eared b es at a dose of 650
mJ/ cn2. The unexposed filmthi cRW F%%§@ﬂ .33 microns to 8.58
nmicrons (38.32% Fi l wswhtﬁéﬂgw#dpﬁﬁbroﬁsfmambl(m Feasnketyl
Li t hographi c Eval uati on of a Photosensitive Corrp05| tion Based on a
PAC with Structure (XIl) [0092] 100 parts polyner obtained in

0 9 farbiks phenof o A (%shomm in

Synt hesi s Ex

structureﬂxﬁ?- s COp e Byt hesi 6 5 aréﬁLgf

di phenyl si | ajfit O (} PR3 parts offgawnp C) e gﬁ%;}%ﬁggﬁmpxysilane
(adhesi on pronnter? was di ssolved"in GBL and filter

formul ati on was spin coated on a silicg@ucywafer then baked on a
hotplate for 4 mnutes at 120C, resulting in a filmthickness of

14.17 pm The filmwas then exposed utilizing an i-line stepper in an
open fra @)9305‘”98 tha¥is 'Mé@?@ﬁ@a?éd Excdpt tiss pBRmErENaMbFed was
ener gy 18T%ﬂ n2 mnt%ﬁa stg%?%ng exposure energi?gf 480@hﬂ/ gp

waf er was thehe @ngeviptepaeet! wiin h Syntheasds s &xanplpuddl eandi tthea mttgazmi 2,1-

aqueous s L emu’ i

ey o deBhireBuRnbErfier®lion RFRAN TELCE 3 GroH ERph chthe Boffmer
resi due. Wmset%dr@edswverww@ S“i[lbélyljeld n&meel&é’% faé'df Weatnhmh tewamsgy ef the
ener at ch resj re co et cl eare rom,t he e o
o en” The PEbRINAS §a08idLd Breasutestin MBS B Cacentialion Bt 8 Slahat 25 °C.
unexposed fil mthickness decreased 7.3 mcrons to 6.87 m crons
(51.52% Fil m t hi ckness | 0ss).

Synthesis Example 16
Synthesis of a Photoactive Compound (PAC) of Structure (Vill p)
Ny
CH
0 3 0
OO O0O—HC -
~ )

Na

Ml p)

- 40 -



WO 20051038524PCT/ US2004/ 033861 Conpar ati ve Exanpl e 2 Lithographic
Eval uati on of a Photosensitive Conposition Based on a PAC with
Structure (XII) [0093] The photosensitive conposition of C onparative

Exanpl e 1 was 26d3josssepat ed on a silicon wafer then baked peiyg2dddbkat e
for 4 mnutes at 120C, resulting in a filmthickness of 14A2 pm The
filmwas then exposed utilizing an H ne stepper in an open frane
exposure array, which increnentally increased exposure energy 10
ml/cn2 with a starting exposure energy of 600 mJ/cnR. The wafer was

then devefsuag wit hrd w&&memﬁ&mﬂmlam{ppﬂaew&@rnﬁwmhmsﬁﬂr@%%bpirhq

boxes at a dose of 640 m)/cn?. The unexposed filmthi ckness decrease
5. 68 mi cr $i¥el PHB pmbesyithewnemelen ardosirpgen PHIgSKsksiem| wer) added 225 mL of

5. 68 i ct b . | d 225 T
Compos: | S0, 31 1R HER BRI REBb|s5ReHo). SRGRERATAS:! The Frixture
phot oselnjsintais\&irr?d rrm?;«s] btémeEOBABwaM?i?ig[dﬁmﬁ. Ioztl*ﬂs_ wats aj@etd Z:KZJgSCgadf 4-
on a silicon r €, ed_on. a ate 10r S a n

Fesul t1 ng ARHoRYneRT Rleakiks Sarrgm Eabge8 sia st &k of Pt rpclion are
uti | 21 NG i othrBg LFHPRRCEoliNWAS TARASATE 1OBISHIA 1AGHIMmINDdRSolved in

2 1
incremental 'y increased exposure energy 10 . a starting
exposur e &fdwlgyHbtwanadds tnthe reactionamneduragsadusdly willedhe peowes keptupger

0/ iﬁ?a?n?ﬁgb\ﬂ'ﬁ@%&% §ﬁ%§%%ﬁ@"ﬂ%§§4“_§%?§ﬂ5§ 3@@3?’@“?5@?3‘%%%&8%&3
lit ngfaéﬁ'?géﬁ?& Ol Hpion ?ﬁﬁ%%?ﬂ@fm? S 5%??25""? "

PAC it h BoHte T GBS Was poded27e(hy oAbsaniheniicot Alapidmadianybeerdr.and
POt 0SenS it . SOTRIF ety o SAIBHR e WBSTWHEY ol Fes 930995

on a silicon wafer then baked on a hotplate for 4 mnutes at 120C,
resul ti ng tilgthyaminendisaolved d8 SOomi.1HHE svasadderkta thenreaedion Heixtus gerdually

UL e s RS EAEBERApt o) Uk AL REBSSAGHR G b, Y Binermic

exposure eesation toé iSHPermbirentas Rémt undbed0 fasUpbre codpiationpdhevadditivmahe

m 1ionp. - T ORORBTEAWER | TSR Eridh SOUer RS BRP 0B TS dhom Agged

m crons (3PadflAl b lamiiifeKBE8I. bPBFnater and 10g of HCl. The product was filtered
and washed with 2 L of de-fonized water. The product was then reslurried by using 3
L. of de-ionized water, fiitered and washed with 1 L Of de-ionized water. The product
was then dried inside a vacuum oven at 40 °C until the amount of water dropped
below 2%. HPLC analysis reveated that the product is mixture of several esters as
shown in Table 1.

Synthesis Example 17
Synthesis of a Photoactive Compound {(PAC) of Structure (Vi p) using
different ratio of 4-naphthoquinone diazide sulfonyl chloride to
S-naphthoquinone diazide sulfonyl chioride

[0084] Synthesis example 16 was repeated except the ratic of 4-
naphthoquinone diazide sulfonyl chioride to $5-naphthoquinone diazide sulfonyl
chloride was changed from 1/1 to 1/3. HPLC analysis revealed that the product is
mixture of several esters as shown in Table 1. The total yield of this reaction was
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[ 0096] The results of Exanple 1 - 4 and conparative Exanple of 1 - 4 a
re showmn in Figure 1. Fromthese results it is obvious that the
conposition used in Exanples 1 - 4 had a better filmthickness
retention gt 5hSes3a3e energy dose in conparison with thgcrosmegisigon
used in Corrpar atlve Exanples 1 - 4. Exanple 5 Lithographic Eval uation
of a Photosensitive Conposition Based on a PACwith Structure (VI
p) [0097] 100 parts polyner obtained in Synthesis Exanple 4, 11.9 part
of bi s phenol AP PAC obtained fromexanple 17, 5 part of

di phenyl si |l ane dial and 3 parts of gama- ureldopropyltrlnethoxy5|Iane
was di ssoPVddein GBL and filtered. The formulation was spin coated on
a silicon wafer then baked on a hotplate for 4 m nutes at 120C,
resulting in a filmthickness of 14.15 pm The filmwas then exposed
utilizing an Hi ne stepper in anSgnﬂﬂesis Em’mplmﬂ)sure array, whi ch

increnental ly i ased ex ree thas |ng
exposure energ 95@ aha gﬁ’@ Br}%ﬁgﬁﬁg’ﬁ%éﬁ t Wo
45 second pUddh@ﬁn vu;mr@n@ra%w @-ﬁusﬁﬂfoqimhaﬁé Qlazide éeﬁéﬁyumbuhe
ammoni um hydr oxi de resulting in a arra% of ex osed boxes that were

either clear of or corkoe® theguivose yenyl eWordei sual | y
i nspected for what was exposure energy at V\/m ch resi due were

conpl et el ared fr t.he 0 rea. The formulation,clear.ed
boxes ot 10GTC of ulietd SsEnRS 4B, i (eBaotroReRt e o BE st 4
unexposed naphﬂﬁquheh@e@azi@ecganém awlarlddnt@rm phihoquihdngl disite sulfonyl
(47.44% Fi | mt hickness | 0ss) npl e Li t hogr aphi ¢ Eval uati on

Phot osensphioﬁée@!ﬂﬁp%ﬁﬂg%ﬂ%éﬂ @n3/é ﬁRd;CV\M ysig rrﬁ\fﬁ'c'ﬁ@@ thay the Fﬂ?dUCt is
0098] Th
LOOTT] con TRBHOBERElcroY SofereBa ol ind Lo ATTTHE, BraltReid i 538k ESbr Has

resulting88d)%. filmthickness of 14.11 pm The fi I m was t hen exposed

utilizing an i-line stepper in an open)}!aé%%exposure array, which
increnental ly increased exposure energ /cn2 with a starti ng
exposur eimﬁfc{m’eof 500 mJj/cn®. The vg@rﬁpomkEhgmpdeE anple p[gol
33 second puddl es. The formul ation |cl eared b 1gose o @80
mJ/ cn2. The unexposed fil mthickness decreased 5. 30 crons to 8.81
mcrons (37.57% Fil mthickness |oss). Exanple 7 Lithographic

Arot osensi tive Conposition

i 5214 0.61% |0.12 0.21

.-
$215 0.63% |0.26 0.11
) : S214 1.72% 10.30 2.73
w0 Q Q o H monoester
9
] 8215 1.4% 0.62 0.68
monoester

- 42 -



Based on a PACwith Structure (VII1 p) [0099] The phot osensitive
conposition of Exanple 5 was spin coated on a silicon wafer then
baked on a hotplate for 4 mnutes at 120C, resulting in a film

t hi ckness ofoidhshdesym The filmwas then exposed utili ZigegaRbookniskdie
stepper in an open frame exposure array, which increnental {

i ncreased exposure energy 20 md/cn2 with a starting exposure ener gy
of 800 mJ/cn2. The wafer was then devel oped with two 28 second

puddl es. The fornulation cleared boxes at a dose of 920 mJ/cn2. The

unexposer : CRTH sed et €t

(29.63% @ 5 PSSH- 10D§?Ir§m t he rgb%o{?l ts 5 43 Exar%l@ 5 -
7 and conpa 3 ’ 9 #€f s ofvi ous that the
conposi t -y had a bgtter filmthickness

retenti op—a 8—~S € v e bUIlJC{I; syt h—the—co ~rmmmeil
used i n Coppariat i Lek /1< 4 ﬁ?%oégtﬁgéﬁc Bvdttati on
of a Phojosefditi ositi BabE§eh BAC wi t h|Struct urle (V1

p) [0101 parts yner obtdi ne¢d in Synthesi s Exanple 4, |11.9 par
of bis phedal AP PAC nhLaand frn exanple 18 5 padt of
di phenyi ki f$ di 3 ppra€ of | §didm- ur €i2Bpr opy &0 et HABRI | ane
was di sspt ) a @-o Westedror muil at i on Was spin [coated ¢n
a silicop 43- thef baked od @ hof{plate for| 4 minutes at 140C,

I‘ESU|'[I né& L _fi | aldna t‘_c\_f_ 1 _DO nm lﬂr\ firl oo +Jnn Qaxcnn

[«
Y 1T o T rrrrrc rll*\.,l\1|\,gg Al SRR T I LISLELEL] vvuu T CANPUOC

utilizing an i-line stepper in an open frarre exposure array, which

I ncr enent ght ¥oluBl @tstﬁ%cﬁz?h%%ﬁm (S OB aL R stBY SitPit WalsméreSthah 1i8%g
exposure energy oye800 mJ/ cn2. e wafer was then devel oped with two
22 second puddles with a 0. 262N aqueous sol ution of tetra-nethyl

ammoni um hydr oxi de, resulti | r oxes that were
either clear of or contai ni%"#é}&%ggeé.%géig%ﬁ@gvire visual |y

i nspected for wsynthesiscof PhotomstiveofompouhddPAC) BfBteustare (XI)
conpletely cleared fromthe exposed area. The fornul ation cleared
boxes at a dose of 860 mJ/cnR. The unexposed filmthickness decreased
4.06 microns to 10.02 mcrons_(28. 84%ck,| m t hi ckness Iogs) Exarrpl e 9
Li t hogr aphi c } Nat i tﬁn of a/Photosengitivg 03|t| on Bas oy a
PAC with Stryéture Lhop)y-4 0102

coflt ed on\g sifi

—

\ d baked bn a ,
'QJT“ M ckness ofQ14. §5~pN
@ Stepper in an opeg

gased exposure eneﬁg
500 m)/cnR. The wal

g
ed utilizing an
ch increnmentally

t hen

(Xin

[0086] The reaction was similar to that of Example 17 except only 5-
naphthoquinone diazide sulfonyl chloride was used. HPLC analysis revealed that
about 94% of the product was diester and 6% was monoester. The sofubility of this
compound in GBL was about 10%
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WO 20051038524PCT/ US2004/ 033861 devel oped with two 30 second puddl es.
The fornul ati on cl eared boxes at a dose of 640 mJ/cnR2. The unexposed
filmthickness decreased 5.11 mcrons to 8.99 mcrons (36.23% Film

t hi ckness |wa3desnbesaqrpl e 10 Lit hographi ¢ Eval uati on of @&cT/us2004/033861
Phot osensitive Conposition Based on a PACwith Structure (VIII p)

[ 0103] The phot osensitive conposition of Exanple 8 was spin coated on
a silicon wafer then baked on a hotplate f or 4 mnutes at 1 20C,
resulting in a filmthickness of 14.11 pm The filmwas then exposed
utilizing an i-line steppegConiparative BYynkhasTs E&),gﬁgﬂglge array, which
incremental ly increased exposure energy 20 ml/c wth a starting
exposur e ener gy Syptizzsis of ﬁcﬁh@tﬁﬂﬁb\'ﬂ/&}g@ﬂp‘?\h@d {PA6) ebStuespue MHh t wo
28 second puddlgs. The formul ation cleared boxes at a dose of 420
mJ/ cn2. The unexposed film thickness degfeased 6.66 mcrons tg

7.45m crons (47.2T% iIn‘?thick | 0s9). /: O¥ Fromt‘ﬁe I 4
Exanpl es 8- 10-and o\--e;;. r: } o0 ' 0S—9DW
the conposition \sed/ n lExanpl 8 &/ 10{had \a_bgtter fi

retention at the /Sams,_en®rgy dose in_etwqarison with tRe c¢Omposition
arrpl es 1 -4. i b 11 Li t hogr aphi uation
of a Photosensiti gonposi tion Based b PAC with Struc (VI

used in Conpar at

p). [0105]100 parts polymer obtained i Synthesis Exanple 4, 14.3
parts of bis phenol AP PAC obtai ne@Xflom Synt hesi s Exanple 16,2.5
parts of d iphenylsilane diol and 1.4 parts of

gama- ur e '[onerLODyl tThevrsdetisy Weasasildoditast ofrSyptiesty Examperty ekcepobnigd

in GBL fi . The f [ [ Sili
uf or t nofBRREpaBTORreAasU Bl SR EBISst. ABDE SrAbls faVegiainat

fi'l mthickpars7bf &b BrodREt is Hsstéd D 199 1§ RhoBY RSEﬂe Shiubiley aﬂtlhlw

i-line stepper in an open frame exposure array, \A‘/%l ch increnentally
i ncr easedcexpognd en &k wasiested/anddt was bnly aboat 2 i~idfeexposur e ener gy
of 300 mJ/cnR. The wafer was then developed with two 41.5 second
puddl es with a 0.262N aqueous sol ution of tetranethyl amoni um
hydr oxi de, resulting in a array of eéﬁggﬁﬁﬁoxes that were either
clear of or contighographieBviiifatiol6Fa PRIGSensitivo Cofijddition Bugest ed

for what was exposure energy at which residue were conpletely cleared
fromthe exposed area. The fon mitAewith Strugtwa (VBkek at a dose of 800
mJ/ cn2. The unexposed fil mthickness decreased 4.59 to 9.48 m crons
(32.62% Fil mthi ckness | 0ss).

[0088] 100 parts polymer obtained in Synthesis Example 4, 11.9 part of bis

phenol AP PAC obtained from example 16, 5 parts of diphenylsilane diol and 3 parts
of gamma-ureidopropyltrimethoxysilane (adhesion promoter) was dissolved in GBL
and filtered. The formulation was spin coated on a silicon wafer then baked on a
hotplate for 4 minutes at 120°C, resuiting in a film thickness of 14.01 pm. The film
was then exposed utilizing an Hine stepper in an open frame exposure array, which

incrementally increased exposure energy 10 mJicm’ with a starting exposure energy
of 400 mdJ/em®. The wafer was then developed with two 50 second puddles with a
0.262N aqueous solution of tetra-methyl ammonium hydroxide, resuiting in a array of
exposed boxes that were either clear of or containing residue. These boxes were
visually inspected for what was exposure energy at which residue were completely
cleared from the exposed area. The formulation cleared boxes at a dose of 495
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Conpar ative Exanple 5 Conposition Based on a MC with Structure (XI11)
[0106] Attenpts to prepare a conposition containing 100 parts pol yner
obtained in Synthesis Exanple 4, 11.9 parts of his phenol AP PAC

shown in styyedopsisXl | 1; see Conparative Synthesis EXapprRsabanidss
parts of diphenylsilane diol and 3 parts of

ganmma- ur ei dopropyl tri net hoxysi | ane (adhesi on pronoter) dissolved in
GBL failed due to lack of solubility of PAC (XIl1). Exanple 12
Li t hographi ¢ Eval uati on of a Photosensitive Conposition Based on a

PAC with Strugture (VIII 01071,100 parts pol r _obtained, | .
Synt hesi STE&Ehp| egfﬂﬂ?&%%dt é'%&é%ai%aﬂ%éngggnmen% ie/attp ITBICHANS
and 1.5 paslg7of v hysd dexypropyl trimet hoxysil ane was di ssolved in
NVP and 1Hi I te?éed%%gfornulg)%/i on was spin coated on a silicon wafer

t hen baked on a hotplate for 4 mnutes at 120C, resulting in a film
t hi ckness of 14.21 pm The fil m was %%@&ﬁposed utilizing an i-1line
stepper in an open frane exposure aF h ich increnmentally

i ncreased exposur Eitha?r@hiaivawam ot 4 PhotosensifiveConpusitionener gy
of 700 mi/cn2. The wafer was }hen devel oped with two 40 second

puddl es with a 0.262N aq QR ARAG Wil Structure (WiHp)

2005/ 038524PCT/ US2004/ 033861 net hyl anmoni um hydr oxi de, resulting in
a array of exposed boxes that were either clear of or containing

resi due. [DBBSE boxdhenehatosénsitive gompagitiarn efl Bxamphh dt waa sspitx postedeon a

ener at i C sid e _Co t.el l e d fro e

o en Y rhestineaer i BKE] Bo°g TRbTAE, b %, GRAREs ‘4 o0"io resiBig 2 aim
unexposedtnickhegd bf 44108 A ieelirekas ién BEORBUAIING 6 HhersigRper in an
(48.21% Fil mthi ckness | 0ss). Exa_gﬁl e 13 Lithographic Eval uation of 1%

Phot osens?REN a0 e8P WEnatakewhisn RCISMORiAlY, INSreaRac, LXPRSHre | enpray

i 01081100 S uhif! i j i 2e

PAC obt ai el 1 &R ey, @Bt conptll JRSb00 THOI, The, wiol s tfn
di d and Sdgiapedswitinbwma 40esasapd puddies! Thefermiaties tleardiaaxedi alsotossiof

in NWVP il The f lat i ' i L .
wafer ¢ nol GG Se Bersisrd b Rt RRtShepa T §ErifoBato B ipraps
filmthicigeesiss Fiimlthickpepslosihe fil mwas then exposed utilizing an
i-line stepper in an open frane exposure array, which increnentally

i ncreased exposure energy 50 mJ/cn2 with a starting exposure energy
of 100 mJlcn2. The wafer was then d with two 70 second
puddl es with a 0.262N aqueous sol ution tetra-nmethyl ammoni um
hydr oxi de, resul t LifhognaphisrEvaluatior ppa Pimbtosensitive Lompositient her

clear of or containing regidue. Th b re Xhqual ly i nspected
for what was exposure eneéaﬁe‘iP%\g@ﬁW@%w@‘@ﬁm etely cleared
fromthe exposed area. The fornul ation cleared boxes at a dose of 500

mJ/ cnR. . The unexposed fil mthickness decreased 9,72 mcrons to 7.04
mi crons (ER99389 Fi | The Rhelaseasitiye g gmposition of Example 1 was spin coated on a

silicon wafer then baked on a hotplate for 4 minutes at 120°C, resuiting in a film
thickness of 14.03 um. The film was then exposed utilizing an i-line stepper in an
open frame exposure array, which incrementally increased exposure energy 10
mJdlom® with a starting exposure energy of 800 mJ/cm®. The wafer was then
developed with two 28 second puddles. The formulation cleared boxes at a dose of
950 mJdfem®. The unexposed film thickness decreased 3.98 microns to 10.06
microns (28.37% Film thickness loss).

Example 4
Lithegraphic Evaluation of a Photosensitive Composition
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Exanpl e 14 Lithographic Evaluation of a Photosensitive Conposition
Based on a PACwith Structure (VIIl p) [0109] 100 parts pol ymer
obtained in Synt hesi s Exanple 7, 13.5 parts of PAC obtained from

Synt hesi s gﬂa i, 1.98 part of diphenylsilane diol @@ﬂugmmgmgt
of ganmma- Ur el dopr opyl trimet hoxysilane was dissolved in GBL and

filtered. The fornulation was spin coated on a silicon wafer then
baked on a hotplate for 4 mnutes at 120C, resulting in a film

t hi ckness of 13.99 pm The filmwas then exposed utilizing an Hi ne
stepper in an open frame exposure array, which increnentally

i ncreased exposure ener gyBasedronaPAGiwith Strsictune (Mill @k posur e ener gy
of 440 mJ/cn2. The wafer was then devel oped with two 30 second
puddl es with a 0.262N aqueous sol ution of tetra-mnmethyl amoni um

hydr oxi defgoaapul ti Mhd Pheiodendiivedd omppsiaesiolh BseenplBat waer §nifidoBRd on a
cl ear of or containing residue. These boxes were visually inspected

for what Seorewplssthen dakegyome hpiplete terd miautpsrad Tk éﬁéulynan@arfelm

f th |

oo TICIRES 0B 431, BRE TR ikh Slas el SB66KH BTG 2 ArkOfeomer i
m crons (épeﬂm%rrﬁé Ieuapotsmrralma'ay, which) incBymentelly sndfrasgl expdsiBgnehargy so0
f Phot d (PAC f St t VI ove VI |

L0110] To. ik SPRRind xobo i, ShhEa o ROEUARY: cTheSEHier opes e

d(r]I gpgl ngﬂuw@éed wh:h rw@bﬂ 5 15aebn® FRlGEs aTKk RirkipaRh SlRER BOekedD 3\a6se
adde

TI - 1 Fand18f ﬁ&gdeGQ'(zB Bt unapgsed firg dhiskypwre dpeieaserteb Adxyions (o 8.58

microns (38.32% Film thickness loss).

Comparative Example 1
Lithographic Evaluation of a Photosensitive Composition
Based on a PAC with Structure (XIl}

[0092] 100 parts polymer obtained in Synthesis Example 4, 11.9 part of bis
phenot AP PAC shown in structure Xl (see Comparative Synthesis Example 1), 5
parst of diphenylsilane diol and 3 parts of gamma-ureidopropyiitimethoxysilane
(adhesion promoter) was dissolved in GBL and filtered. The formulation was spin
coated on a silicon wafer then baked on a hotplate for 4 minutes at 120°C, resulting
in a film thickness of 14.17 ym. The film was then exposed utilizing an iine stepper
in an open frame exposure array, which incrementally increased exposure energy 10
md/em® with a starting exposure energy of 400 mJicm?®. The wafer was then
developed with two 56 second puddles with a 0.262N agueous solution of tetra-
methyl ammonium hydroxide, resulting in a array of exposed boxes that were either
clear of or containing residue. These b oxes were visually inspected for what was
exposture energy at which residue were completely cleared from the exposed area.
The formulation cleared boxes at a dose of 440 mJ/em®. The unexposed film
thickness decreased 7.3 microns to 6.87 microns (51.52% Film thickness loss).
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hydr oxyphenyl net hane. The mi xture was stirred until the backbone was
fully WD 2005/ 038524PCT/ 1382004/ 033861 di ssol ved. To this was added
9. 028g of 4-napht hoqui none di azi de sul fonyl chloride and 10 nL of
TI-1F. The weosoiss4m xture was stirred until the sol i dPEEISINN43P861
di ssolved. 3.732 g of triethylam ne dissolved in 10 nL THF was added
to the reaction m xture gradually while the pH was kept under 8
during this process. The tenperature during this exotherm c reaction
was kept under 30 C. Upon conpletion of addition, the reaction

m xture was stirred for 24 houcgmﬁmﬁmsxmp[ggHPLC showed that 6.5%
of S-214 was not reacted. To the m xture was added 2.5g of

triethyl am ne andLmﬁogtawﬂcﬁ\ﬁlualmoﬁa)ﬁbpmﬁw%‘fe QQHFEQ%ﬂQ“t he
reaction mxture was stirr, thls was added
16. 76g of 5-napht hoqui noneg%eég{’ﬁ%rp%¢%ﬂ?#trn§ or| and 10 nmL of THF
and the reaction mxture was stirred for 30 mnutes 5.0 g

triethyl di ssqlved in 10 nL THF wa dtot t ,
m xture BRI |y et BhoRemHIN SORBR IR BEL SGRIFI VR ERPD Qg apin

Agai n dur mﬂ@g TR At mifrfute@at k27T, wesidlin
30 C Upo%&ago&frpbsi on o f%gghg@ {(?(2gn%pﬁ)éblrgeact ?{m m xture was ’

stirred fipra Biéh thickness af 1E¥tﬁ2§p¢mThB fiipv@sshensupesad uilizing an -ine stepaer

t ted. To t
of The Upein e fampeERtaTeT e Redfhdie o*he"r%%é%ﬁr@é%@@%ﬁ“bf“
for anot hgy)/eff t\mwa sfahmg enpbore @nangyref 689 Mdtomadtibel watedusas jhen
to a m xture of of DI-water and 10

(1) ferea dnlopashulin o aseoa Heldiem ThadonEIanon siedres biked Soa gose of
then resl Bib bﬁﬁc@/ Y8 ﬁﬂe%g&déd ifn GRxhos dadeaaldes 6afrhickstisad Suuimicrons

washed w de-1oni wat er. The product was then dried

i nsi de a W3y Rivethicktness iass)nti|l the anmount of water dropped bel ow
2% HPLC anal ysis reveal ed that the product was a m xture of esters
as shown in Table 2. Table 2 Structure Anmount it O N2 OHlel 0 rO

‘M M Comparative Example 3
Lithographic Evaluation of a Photosensitive Composition
Based on a PAC with Structure (Xli)

{0094} The photosensitive composition of Comparative Example 1 was spin
coated on a silicon wafer then baked on a hotplate for 4 minutes at 120°C, resulting
in a film thickness of 14.07 um. The film was then exposed utilizing an iHine stepper
in an open frame exposure array, which incrementally increased exposure energy 10
mdicm? with a starting exposure energy of 800 mJ/cm®. The wafer was then
developed with two 34 second puddles. The formulation cleared boxes at a dose of
825 mJ/cm®. The unexposed film thickness decreased 4.82 microns to 8.25 microns
(34.26% Film thickness loss).

Comparative Example 4
Lithographic Evaluation of a Photosensitive Composition Based on a PAC with

Structure (XII)
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[0095] The photosensitive composition of Comparative E xample 1 was spin
coated on a silicon wafer then baked on a hotplate for 4 minutes at 120°C, resuiting
in a film thickness of 14.18 pm. The film was then exposed utilizing an i-line stepper
in ah open frame exposure array, which incrementally increased exposure energy 50
mJdiem® with a starting exposure energy of 300 mJicmZ The wafer was then
developed with two 41.5 second puddles. The formulation cleared boxes at a dose
of 700 mdlem®. The unexposed film thickness decreased 5.66 microns to 8.62
microns (39.92% Film thickness loss).

[0096] The results of Example 1 - 4 and comparative Example of 1 -4 are
shown in Figure 1. From these results it is obvious that the composition used in
Examples 1 - 4 had a better film thickness retention at the same energy dose in

comparison with the composition used in Comparative Examples 1 - 4.

Example 5
Lithographic Evaluation of a Photosensitive Composition
Based on a PAC with Structure (VIil p)

[0097] 100 parts polymer obtained in Synthesis Example 4, 11.9 part of bis
phenol AP PAC obtained from example 17, 5 part of diphenylsilane diol and 3 parts
of gamma-ureidopropyltrimethoxysilane was dissolved in GBL and filtered. The
formulation was spin coated on a silicon wafer then baked on a hotplate for 4
minutes at 120°C, resulting in a film thickness of 14.15 Bm. The fitm was then
exposed utllizing an i-line stepper in an open frame exposure array, which
incrementally increased exposure energy 20 mJ/em? with a starting exposure energy
of 300 mdfem®. The wafer was then developed with two 45 second puddles with a
0.262N aqueous solution of tetra-methyl ammonium hydroxide, resulting in a array of
exposed boxes that were either clear of or containing residue. These boxes were
visually inspected for what was exposure energy at which residue were completely
cleared from the exposed area. The formulation cleared boxes at a dose of 485
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mJdlem’®. The unexposed film thickness decreased 6.71 microns to 7.43 microns
(47.44% Film thickness loss).

Example 6
Lithographic Evaluation of a Photosensitive Composition
Based on a PAC with Structure (Vill p)

[0098] The photosensitive composition of Example 5 was spin coated on a
sflicon wafer and baked on a hotplate for 4 minutes at 120°C, resulting in a film
thickness of 14.11 pm. The film was then exposed utilizing an i-line stepper in an
open frame exposure array, which incrementally increased exposure energy 20
mJ/em® with a starting exposure energy of 500 md/em® The wafer was then
developed with two 33 second puddles. The formulation cleared boxes at a dose of
680 mJ/cm®. The unexposed film thickness decreased 5.30 microns to 8.81 microns
(37.57% Film thickness loss).

Example 7
Lithographic Evaluation of a Photosensitive Composition
Based on a PAC with Structure (VIil p)

[0099] The p hotosensitive composition of Example 5 was spin coated on a
silicon wafer then baked on a hotplate for 4 minutes at 1 20°C, resultingin a fim
thickness of 14.14 ym. The film was then exposed utilizing an i-line stepper in an
open frame exposure array, which incrementally increased exposure energy 20
mJdfem? with a starting exposure energy of 800 mld/cm®. The wafer was then
developed with two 28 second puddles. The formulation cleared boxes at a dose of
920 mJdicm®. The unexposed film thickness decreased 4,19 microns to .95 microns
(29.63% Film thickness loss).

[0100] From the results of Examples 5 — 7 and comparative Example of 1

- 4, it is obvious that the composition used in
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Examples 5 - 7 had a better film thickness retention at the same energy dose in

comparison with the composition used in Comparative Examples 1 - 4.

Example 8
Lithographic Evaluation of a Photosensitive Composition
Based on a PAC with Structure (VI p)

[0101] 100 parts polymer obtained in Synthesis Example 4, 11.9 part of bis
phenol AP PAC obtained from examptle 18, & part of diphenylsitane diol and 3 parts
of gamma-ureidopropyitrimethoxysilane was dissolved in GBL and filtered. The
formulation was spin coated on a silicon wafer then baked on a hotplate for 4
minutes at 120°C, resuiting in a film thickness of 14.09 ym. The film was then
exposed utilizing an i-line stepper in an open frame exposure array, which
incrementally increased exposure energy 20 mJd/cm?® with a starting exposure energy
of 800 mJ/em?. The wafer was then developed with two 22 second puddles with a
0.262N aqueous solution of tetra-methyl ammonium hydroxide, resulting in a array of
exposed boxes that were either clear of or containing residue. These boxes were
visually inspected for what was exposure energy at which residue were completely
cleared from the exposed area. The formulation cleared boxes at a dose of 860
mJdicm®. The unexposed film thickness decreased 4.06 microns to 10.02 microns
(28.84% Film thickness loss).

Example 9
Lithographic Evaluation of a Photosensitive Composition
Based on a PAC with Structure (Vi p)

[0102] The p hotosensitive composition of Example 8 was spin coated on a
silicon wafer and baked on a hofplate for 4 minutes at 120°C, resulting in a film
thickness of 14.08 ym. The film was then exposed utilizing an i-line stepper in an
open frame exposure array, which incrementally increased exposure energy 20
mdlom® with a starting exposure energy of 500 mJ/cm®. The wafer was then
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developed with two 30 second puddles. The formulation cleared boxes at a dose of
640 mJ/cm?. The unexposed film thickness decreased 5.11 microns to 8.99 microns
(36.23% Film thickness loss).

Example 10
Lithographic Evaluation of a Photosensitive Composition
Based on a PAC with Structure (Vi p)

[0103] The p hotosensitive c omposition of Example 8 was spin coated on a
sificon wafer then baked on a hotplaie for 4 minutes at 120°C, resultingin a film
thickness of 14.11 um. The film was then exposed utilizing an i-line stepper in an
open frame exposure array, which incrementally increased exposure energy 20
mJ/cm® with a starting exposure energy of 300 mJlem®. The wafer was then
developed with two 28 second puddles. The formulation cleared boxes at a dose of
420 mJ/iem®. The unexposed film thickness decreased 6.66 microns to 7.45microns
(47.21% Film thickness loss).

[0104] From the results of Examples 8 — 10 and comparative Example of
1 — 4, it is obvious that the composition used in Examples 8 — 10 had a better film
thickness retention at the same energy dose in comparison with the composition

used in Comparative Examples 1 — 4.

Example 11
Lithographic Evaluation of a Photosensitive Composition
Based on a PAC with Sfructure (Vill p).

[0103] 100 parts polymer obtained in Synthesis Example 4, 14.3 parts of bis
phenol AP P AC obtained from S ynthesis Example 16, 2.5 parts of diphenylsilane
diol and 1.4 parts of gamma-ureidopropyltrimethoxysilane (adhesion promoter)

were dissolved in GBL and filtered. The formulation was spin coated on a silicon
wafer then baked on a hotplate for 4 minutes at 120°C, resulting in a film thickness
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of 14.07 pm. The film was then exposed utilizing an i-line stepper in an open frame
exposure array, which incrementally increased exposure energy 50 mJicm? with a
starting exposure energy of 300 mJ/cm>. The wafer was then developed with two
41.5 second puddies with a 0.262N aqueous solution of tetramethyl ammonium
hydr;?idé; resulting in a array of exposed boxes that were either clear of or
containing residue. These boxes were visually inspected for what was exposure
energy at which residue were completely cleared from the exposed area. The
formulation cleared boxes at a dose of 800 mJ/iem®. The unexposed film thickness
decreased 4.59 to 9.48 microns (32.62% Film thickness losjf).

Comparative Example 5
Compaosition Based on a PAC with Structure (Xill)

[0106] Attempts to prepare a composition containing 100 parts polymer
obtained in Synthesis Example 4, 11.9 paris of bis phenol AP PAC shown in
structure (XIll; see Comparative Synthesis Example 2), 5 parts of diphenylisilane diol
and 3 parts of gamma-ureidopropyitrimethoxysilane (adhesion promoter) dissolved
in GBL failed due to lack of solubility of PAC {Xiii).

Example 12
Lithographic Evaluation of a Photosensitive Composition
Based on a PAC with Structure (VI p)

[0107] 100 parts polymer obtained in Synthesis Example 9, 21 paris PAC
obtained from Synthesis Example 16 and 1.5 part of gamma-
glycidoxypropyltrimethoxysilane was dissoived in NMP and filtered. The formulation
was spin coated on a silicon wafer then baked on a hotplate for 4 minutes at 120°C,
resulting in a film thickness of 14.21 um. The film was then exposed utilizing an i-line
stepper in an open frame exposure array, which incrementally increased exposure
energy 25 mdiem?® with a starting exposure energy of 700 mJicm?®. The wafer was
then developed with two 40 second puddies with a 0.262N aqueous solution of tetra-
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methyl ammonium hydroxide, resulting in a array of exposed boxes that were either
clear of or containing residue. T hese boxes were visually inspected for what was
exposure energy at which residue were completely cleared from the exposed area.
The formulation cleared boxes at a dose of 1100 mJicm?. The unexposed fim
thickness decreased 6.85 microns to 7.36 microns (48.21% Film thickness loss).

Example 13
Lithographic Evaluation of a Photosensitive Composition
Based on a PAC with Structure (VIl p)
.

[b108] 100 parts polymer obtained in Synthesis Example 13, 21 parts of PAC
obtained from Synthesis Example 16, 2.5 part of diphenylsilane diol and 5 part of
gamma-mercapiopropyltrmiethoxysilane was dissolved in NMP and filtered. The
formulation was spin coated on a silicon wafer then baked on a hotpiate for 4
minutes at 120°C, resulting in a film thickness of 16.76 ym. The film was then
exposed utllizing an idine stepper in an open frame exposure array, which
incrementally increased exposure energy 50 mJiem? with a starting exposure energy
of 100 mJ/em®. The wafer was then developed with two 70 second puddles with a
0.262N aqueous solution of tetra-methyl ammonium hydroxide, resulting in a array of
exposed boxes that were either clear of or containing residue. These boxes were
visually inspected for what was exposure energy at which residue were completely
cleared from the exposed area. The formulation cleared boxes at a dose of 500
mJllem?, The unexposed film thickness decreased 9,72 microns to 7.04 microns
(57.98% Film thickness loss).

Example 14
Lithographic Evaluation of a Photosensitive Composition

Based on a PAC with Structure (VIil p)

[0109] 100 parts polymer obtained in Synthesis Exampie 7, 13.5 parts of PAC
obtained from Synthesis Example 16, 1.98 part of diphenylsilane diol and 1.53 part

- B3 «~



SP 70 le

e M 2.66 0 111 cc a 0 8 * h4,. [0111] The total anmpunt
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The conposition of the reaction product was 10.5% nonoesters, 43.6
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Exanpl e 15 Lithographi c Eval uati on of a Photosensitive Conposition

of gamma-Ureidopropyltrimethoxysilane was dissolved in GBL and filtered. The
formulation was spin coated on a silicon wafer then baked on a hotplate for 4
minutes at 120°C, resulting in a film thickness of 13.99 pym. The film was then
exposed utiizing an i-line stepper in an open frame exposure array, which
incrementally increased exposure energy 10 mdfem? with a starting exposure energy
of 440 mJfem®. The wafer was then developed with two 30 second puddles with a
0.262N agqueous solution of tetra-methyl ammonium hydroxide, resulting in a array of
exposed boxes that were either clear of or containing residue. These boxes were
visually inspected for what was exposure energy at which residue were completely
cleared from the exposed area. The formulation cleared boxes at a dose of 520
mJicm®. The unexposed film thickness decreased 5.70 microns to 8.29 microns
(40.73% Film thickness loss).

Synthesis Example 19
Synthesis of a Photoactive Compound (PAC) of Structure (Vlito)

Me ] Me
(T )
DO oD
.OMe Me

(Vlllo)

[0110) To a 500 mt, 3-neck flask equipped with mechanical stirrer, dropping
funnel, pH probe, thermometer and nifrogen purge system were added 150 mL of
THF and 1514 g of  bis(3,5-dimethyl-4-hydroxyphenyl)-3-methoxy-4-
hydroxyphenylmethane. The mixture was stired untii the backbone was fully
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Based on PAC (VIlio) [0112]100 parts pol ynmer obtained in Synthesis
Exampl e 4, 17 parts of PAC VII|l o obtained in Synthesis Exanple 19,

and 1 part of triethoxysilanepropyl ethyl carbamate were di ssolved in
GBL and fil ved eswsH3B_m f or nul ati on was spin coated on a seCrwsmoveEbsn
and then baked on a hotplate for 4 mnutes at 120C, resulting in a
filmthickness of 14.02 pm The filmwas then exposed utilizing an
i-line stepper in an open frame exposure array, which increnentally

i ncreased exposure energy 20 mJ/cn2 with a starting exposure energy

of 300 ml/dissblveth d ontdise wasaxldeden 028y ef dpexphitidgnirione difizideamifdnyl chioride

ddles with 0. 262N equs sol ytion, of tetra-nethyl _a ni
hydr oxi de. 8Rbal Timg!i THE: dNPajeasion BatER Wex cSmeralnfioie sphdaras fully
clear of ofissNdRi N7 rge%rdﬂahylmd&é%dwm%@mh#yww%@%ae@ the
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utilizing an I-line ste rin ap e rame exposure array, whic

n open
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ei ther cl eaEiill of or containing residue. These boxes were v |suall
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at 120C, resultj ng ina fi]mthickness of 14.4%% pm The film was then
exposed ut MPWS; lﬁg Heaqtopanagurp yas than aAded gradurlinie axpsiie ef 4.LrfyPl-water

whi ch i ncr gpg %g'dfﬁ-lél[‘ %%a?ﬁ%gﬁﬂﬁ% )‘If(i:ﬁ'se rﬁ{]d%a dWits A2 o‘f"idbﬂoﬁz?d water.

starting exposuie energy o e warer was then devel ope
with two 3Fhequoddctpyasiiten veshriedobpsaigagdebuef dedanizeshwater, filtered and

boxes hat NGEPED L o S8 origea hERSTHE RrodhcF uBisitn Ure de38 e aouumn
ver e Vi suablsn ah4@Eectuadi theosmohat of\astecuRppet ekive LB HRLOBNRENSIs revealed
resi due were conpletely cleared fromthe exposed area. The

f or mul at i ofhad thenprogugbWas aJmixturg &€ esiers a9 showin dhhableBae unexposed
filmthi ckness decreased 7.52 microns to 6.47 mcrons (53.75% Film
t hi ckness | oss). Exanple 18 Lithographic Evaluation of a

Phot osensi ti ve Conposition Table 2
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Based on PAC (Villa) [0115] Photosensitive conposition of Exanple 15
was spin coated on a silicon wafer and then baked on a hotplate for 4
m nutes at 120C, resulting In a filmthickness of 13.90 pm The film
was then expgs&msdskd i zing an |-1ine stepper in an open schAfBo04/n33ss1
exposure array, which increnentally increased exposure energy 20
ml/cn2 with a starting exposure energy of 600 mJ/cnR. The wafer was
then devel oped with two 15 second puddles with a 0.262N aqueous
solution of tetra-methyl amoni um hydroxide, resulting in a array of

exposed haoxes that were either WO 20051038524PCT/ US2004/ 033861 cl ear
of or conptaining resi du€® These boxes were visual | §.11fspectled for
what was jexposure en¥rgy~at*™whi ch resi due were cohpletely c| eared
fromthelexposed area. 2 fornul ation cleared bokes at a dose of 862
ml/ cn2. The unexposed fl’n1th%gkness decreased 4.[l7 microns{ to 9.73
m crons é FiegsS | oss). Conparative| Synt hesi s Exanpl e 3
[0116JPag ) method simlar tojthat descfibed in
Conpar at i Anal ysis (see Table 3) showed t hat
it was m ' of the foll owi ng conponents. Table B
Structur Y
10.48%
0
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‘ 1.04%
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[0111] The tofai amount of DNQ on the backbone was about 2.22 mole per 1

mole of backbone. The composition of the reaction product was 10.5% monoesters,
43.6 diesters, and 41.33% friesters.
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Example 15
Lithographic Evaluation of a Photosensitive Composition
Based on PAC (Villo}

[0112] 100 parts polymer obtained in Synthesis Example 4, 17 paris of PAC
Villo obtained in Synthesis Example 19, and 1 part of
triethoxysilanepropylethylcarbamate were dissolved in GBL and filtered. The
formulation was spin coated on a silicon wafer and then baked on a hotplate for 4
minutes at 120°C, resulting in a film thickness of 14.02 pm. The film was then
exposed utilizing an i-line stepper in an open frame exposure amay, which
incrementally increased exposure energy 20 mJ/em? with a starting exposure energy
of 300 mJiem?. The wafer was then developed with two 20 second puddles with a
0.262N aqueous solution of tetra-methyl ammonium hydroxide, resutting in a array of
exposed bhoxes that were either clear of or containing residue. These boxes were
visually inspected for what was exposure energy at which residue were completely
cleared from the exposed area. The formulation cleared boxes at a dose of 664

mJdlem®. The unexposed film thickness decreased 5.04 microns to 8.97 microns
(36.01% Film thickness loss).

Example 16
Lithographic Evaluation of a Photosensitive Composition
Based on PAC (Vilio)

[0113] The photosensitive composition of Example 15 was spin coated on a
silicon wafer and then baked on a hotplate for 4 minutes at 120°C, resulting in a film
thickness of 13.89 um. The film was then exposed utilizing an i-line stepper in an
open frame exposure array, which incrementally increased exposure energy 20
mdlom® with a starting exposure energy of 100 mJicm®. The wafer was then
developed with two 30 second puddles with a 0.262N aqueous solution of tetra-
methyl ammonium hydroxide, rasulting in a array of exposed boxes that were either
clear of or containing residue. T hese boxes were visually i nspected for what was

- 58 -



0 62.77% [0117] The total amount of DNQ was 2.48 nole per 1 nole
of backbone and contai ned 2. 69% nonoester, 27.6%diester, and 62. 77%
Wester. Triesters are nore effective in retaining unexposed film

during |it hegnewhsss24£onpar ati ve Exanpl e 6 Lithographi c peahusadosossaf
a Phot osensitive Conposition Based on PAC (XIV) [0118]100 parts

pol yner obtained in Synthesis Exanple 4, 17 parts of PAC Xl V obtai ned
I n Conparative Synthesis Exanple 3, and 1 part of

triethogsil anepropyl et hyl carbanmate were di ssolved in GBL and

filtered. ei’ét%uf‘é)éﬁéﬂg?tét%i@{ﬁeéi%é‘ WePE b8fhpRiteld chddres qtbn\i\@ﬁ@érﬁdiﬁédt aen,
baked on a hotplate Tor 4 mnutes at 120C, reSulting,in a film _
thi ckness The TormuwationnCleateds boxasnat a Hese of pHidea el sihey unaxposedniim
st epper i gy Vel h Bege X

ner eased ikhsEh0Rcren 8T cBDRTAS BT BY mitfohg 149 1UCERA Bhintoss tese),

of 100 mJ/cnR2. The wafer was then devel oped with two 70 second

puddl es with a 0.262N aqueous sol utjon oqu]i_gt ra- met hyl ammoni um
hydroxide, resulting in a array of EX#¥® oxes that were either

clear of or cont ailhdgraghicEealudtih of APifstobBASItive Tithbdsitibrpect ed
for what was exposure energy at which residue were conpletely cleared

fromthe exposed area. The for mBagaden PAG(Mdoboxes at a dose of 300
mJ/ cnR2. The unexposed fil mthickness decreased 7. 75m crons to 6.56
m crons (54.14% Fil mthickness loss). WO

2005/ 0385%28@]/ U520THe PRSESENSIive goapositoiofifxXample 15 was spin coated on a
silicon wafer and then baked on a hofplate for 4 minutes at 120°C, resulting in a film
thickness of 14.00 um. The film was then exposed utilizing an i-line stepper in an
open frame exposure array, which incrementally increased exposure energy 20
mdicm® with a starting expoéure energy of 100 mJicm®. The wafer was then
developed with two 35 second puddles with a 0.262N aqueous solution of fetra-
methyl ammonium hydroxide, resulting in a array of exposed boxes that were either
clear of or containing residue. T hese boxes were visually i nspected for what was
exposure energy at which residl_Je were completely cleared from the exposed area.
The formulation cleared box‘c';sr at a dose of 292 mJicm>. The unexposed film
thickness decreased 7.52 microns to 6.47 microns {53.76% Film thickness loss).

Example 18
Lithographic Evaluation of a Photasensitive Composition
Based on PAC (Villo}

[0115] Photosensitive composition of Example 15 was spin coated on a
silicon wafer and then baked on a hotplate for 4 minutes at 120°C, resulting in a film
thickness of 13.90 um. The film was then exposed utilizing an i-line stepper in an
open frame exposure array, which incrementally increased exposure energy 20
mJlem? with a starting exposure energy of 600 mJfecm®. The wafer was then
developed with two 15 second puddles with a 0.262N aqueous solution of tetra-
methyl ammonium hydroxide, resulting in a array of exposed boxes that were either
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Li t hographi c Eval uation of a Photosensitive Conposition Based on PAC
(XI'V) [0119] The phot osensitive conposition prepared in Conparative
Exanpl e 6 was spin coated on a silicon wafer and then baked on a

hot pl at e f Qo 4eoBhskdies at 120C, resulting in a filmthi prassoondssse:
14.16 pm The filmwas then exposed utilizing an I-line stepper in an
o pen frame exposure array, which Increnentally |Increased exposure
energy 20 mlJ/cn2 with a starting exposure energy of 300 ml/cnR. The
waf er was then devel oped with two 60 second puddles with a 0.262N
aqueous sol ution of tetra-nethyl_anmoni um hydroxide, resulting in a

array of eiRpober penaining sesidue.cT beseexas Ware visuaky spested fiog what was
ay o e Lo

et gy at Supodre 8GRy MRGhidh FeBluy wloh BBRpRIGY HeafOd froff T EROR area.

area. TheTherfomualatiom oidarad cubXesxat satiose ©bB620MmIEan’. miTtenRnedpused film

unexposed,fil mthi ckness ,decreased, 6 m cro 729 m cron

(35, B35 ISR BREBsed 4ud mEdmbiera s pereRakin O T ilghissess)
Eval uati on of a Photosensitive Conposition Based on PAC (XlV)

[ 0120] The phot osensitive conposition obtained in Conparative Exanple
6 was spin coated on a sil Comparative %ﬁ@@ﬂi&lﬁmegn a hotplate for
4 mnutes at 120C, resulting in a filmthickness of 14.19 pm The
filmwas then exposed utilizing an i-line stepper in an open frane
exposure {0118y, whiRdc iXIVr emsnpedpayed riyr eamethak pirailare tenteat e8ribed in
ml/ cn2 wi a starting,exposure energy of 350 milcn?._.The waf S
Chen develGBEETaENSIIoSE CRABRE uqdralst ohear eosaheaata doat 1 was
sol ution efixthR doinPBicof tRENSIRIVING ByApexérnds, resulting in a array of
exposed boxes that were either clear of or containing residue. These
boxes were visually inspected for what was exposure energy at which
resi due were conpletely clear-lsiac!)I omthe WO

2005/ 038524PCT/ US2004/ 033861 eXxpoSed area. The fornul ati on cl eared
boxes at |avehssereof 534 mi/cnR. The unexposed fil nm Afmotkbesy decreased
5.90 mcrhons to 8.29 nmcrons (41.58% FiTmthickness gboss) .
Conpar at ijve Exanpl eM8_kitfogr aphi ¢ Eval uati on of p Photosersitive
Conposi tijon Based on Qgﬂ (XI'V) [0121] The photosengitive conposition
obt ai ned |i n Conparative ExanBIe 6 was spin coatedl on a sili{con wafer
and t hen |baked gl e'tor 4 minutes at 120C, resultijng in a
filmthigkn e filmwas then exppsed utilifzing an
i-line st sRpen g ranme exposure array, wnich incrementally

ih a

i ncreaseq sure energy 20 ml/cn2 with a starti hg exposurle energy
of 500 mj/ The wafer was then devel oped with {wo 40 seciond
puddl es v B--262N-agHeod e-tH-er—e et+a—Ap ni um

hydr oxi d a gtray of exposed boxes re leither

cl ear of 1 due. These boxes were yisually ijnspected
for what jwas exposure esetgy at which residue were conpletely cleared

fromthe jexposed areg (he f ogrul ati on cl eared bOfeS at a dose of
684mi/cng. T Z;;l iiw t ki ckness decreased{4.80 mcrjons to
9. 30 micrion LOA ik 0ss).
O © (0]
Nz Nz
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[0122] The results of Exanples 15-18 are conpared with Conparative
Exanples 6 -9 and this shows that although the anmount of DNQ is | ower
in the m xed ester, surprisingly, the performance of the two

phot osensi tyw@egsafBasi tions is simlar. Lower DNQ anbuneTaS2eessss]
the cost of manufacture. [0123]1n addition, the present invention

i ncludes electronic parts obtained by using the invention
conposition. The application of the said pol ybenzoxazole filnms in
sem conductor industry include, but are not limted to, stress
relieve i ckaged—sem-conductors—al-phg-parttehe barrier
films, ipterlevel dielectlrigs, insulating filns aﬁﬁlgg%ter ed
engi neerifng plastic |l@ayg The exanples of articles of WD
2005/ 038%524PCT/ US200433861 conmerce nmade using {t he di scl gsed
formul atton and net heds=ioncl ude, but not limted tjo nenory devices,
such as Ms, | ogic devices, such as m croprocesisors or
m croconf{rol lers, pf*a g stencils, etc. [0124]While the invention
has beenjdescribed h n with reference to the slpecific ernbodi nents

thereof, {it wll reci at ed that changes, nodjficationland

vari ati ofs ¢a departing fromthe spirit and scope of
the inve ti grecept di osgel herein. Accordingly, it is|intended
to enbrage_a Such“¢handts, ¥modikigation and varjations tHhat fall
with the|spihi/t and scope of the-appended clains.| CLAIMS H H N-Ar4-N
[ Il Ard-B N -Arl-14Ar3-LL NAr24491-1-H (O k2(1]), wherein Arl is

sel ected fromthe groui)qtconsi sting of a tetravalent aromatic group, a

t et r aval ef@117t er oclke ladalamapnt ofNQiwas #.48 maie pebf malpofibackeanecant
fromthe gﬁﬂfé%eﬁoﬂgé‘?ﬂgﬁegé’étef} %.?%;ﬁ%eﬁréﬂ%ﬂﬁgfgw%ﬁ \% esx?rg%’?é more

het er ocycl’I'c "group, en crrc’group,

al i phat i c effectiye inhreiairdpg unexpdseddimt during lithdgraphy, Ar3 is sel ected
fromthe group consisting of a divalent aromatic group, a divalent

al i phatic group, a divalent heterocyclic group, and m xtures thereof;

Ard4 is selected fromthe group comparathROERIMAId 6 OD) kI (OH) k2 and Ar2;
X is fromabout 10 to about 1000; iy is fromO to about 900; D is

sel ected from t he lfthngrapbis EvaluagionrofianBhetosensitive Comnpesitionet i es:
ON2 Based on PAC (XIV)

[0118] 100 parts polymer obtained in Synthesis Example 4, 17 parts of PAC
XIV obtained in Comparative Synthesis Exampile 3, and 1 part of
triethoxysilanepropylethylcarbamate were dissolved in GBL and filtered. The
formulation was spin coated on a silicon wafer and then baked on a hotplate for-4
minutes at 120°C, resulting in a film thickness of 14.31 pym. The film was then
exposed utilizing an i-line stepper in an open frame exposure array, which
incrementally increased exposure energy 20 mJ/cm? with a starting exposure energy
of 100 mJfcm?. The wafer was then developed with two 70 second puddies with a
0.262N aqueous solution of tetra-methyl ammonium hydroxide, resuiting in a array of
exposed boxes that were either clear of or containing residue., These boxes were
visually inspected for what was exposure energy at which residue were completely
cleared from the exposed area. The formulation cleared boxes at a dose of 300
mdiem®. The unexposed film thickness decreased 7.75microns to 6.56 microns
(54.14% Film thickness loss).
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in which Ris selected fromthe group consisting of H, halogen, Cl -
C4 al kyl group, C - C4 al koxy group, cyclopentyl and cycl ohexyl; ki
I's any positive value of up to about 0.5; and k2 is any value from
about 1.5 twoadoenuiss®s with the proviso that (kl+k2)=2; aRdT/US2004/033%5)1 a
di azonapht hoqui none phot oacti ve conpound which is the condensation
product of a compound containing from2 to 9 aromatic hydroxyl groups
with a 5- napht hoqui none di azi de sul fonyl conpound and a

4- napht hoqui none di azi de sul fonyl conpound. 2. The conposition of
claim1l1, wherein diazonapht hoqui none photoactive conmpound is sel ected
fromthe group consisting of conpounds of the follow ng fornulas: H3C
QL OQ (VI a), Q OQ OQ Comparative Example 7

Lithographic Evaluation of a Photosensitive Composition
Based on PAC (XIV}

[0119] The photosensitive composition prepared in Comparative Example 6
was spin coated on a silicon wafer and then baked on a hotplate for 4 minutes at
120°C, resulting in a film thickness of 14.16 ym. The film was then exposed utilizing
an i-line stepper in an open frame e xposure array, which incrementally I ncreased
exposure energy 20 mJ/iem? with a starting e xposure e nergy of 300 mJiom®. The
wafer was then developed with two 60 second puddies with a 0.262N aqueous
solution of tetra-methyt ammanium hydroxide, resulting in a array of exposed boxes
that were either clear of or containing residue. These boxes were visually inspected
for what was exposure energy at which residue were completely cleared from the
exposed area. The formulation cleared boxes at a dose of 384 mJiem?. The
unexposed film thickness decreased 6.87 microns to 7.29 microns (48.51% Film
thickness loss).

Comparative Example 8
Lithographic Evaluation of a Photosensitive Composition
Based on PAC (XIV)

[0120] The photosensitive composition obtained in Comparative Example 6
was spin coated on a silicon wafer and then baked on a hotplate for 4 minutes at
120°C, resulting in a film thickness of 14.19 pm. The film was then exposed utilizing
an i-line stepper in an open frame exposure array, which i ncrementally increased
exposure energy 20 mJfem? with a starting e xposure e nergy of 350 mJdiem?. The
wafer was then developed with two 50 second puddles with a 0.262N aqueous
solution of tetra-methyl ammonium hydroxide, resulting in a array of exposed boxes
that were either clear of or containing residue. These boxes were visually inspected
for what was exposure energy at which residue were completely cleared from the
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exposed area. The formulation cleared boxes at a dose of 534 mJdiem®. The
unexposed film thickness decreased 5.20 microns to 8.29 microns (41.58% Film
thickness loss).

Comparative Example 9
Lithographic Evaluation of a Photosensitive Composition
Based on PAC (XIV)

[0121] The photosensitive composition obtained in Comparative Example 6
was spin coated on a silicon wafer and then baked on a hotplate for 4 minutes at
120°C, resulting in a film thickness of 14.11 um. The film was then exposed utilizing
an i-line stepper in an open frame e xposure array, which i ncrementally i ncreased
exposure energy 20 mJ/em? with a starting e xposure e nergy of 500 mJ/em®. The
wafer was then developed with two 40 second puddles with a 0.262N aqueous
solution of tetra-methyl ammonium hydroxide, resulting in a array of exposed boxes
that were either clear of or containing residue. These boxes were visually inspected
for what was exposure energy at which residue were completely cleared from the
exposed area. The formulation cleared boxes at a dose of 684mJicm®  The
unexposed film thickness decreased 4.80 microns to 9.30 microns (34.04% Film
thickness loss). '

[0122] The results of Examples 15-18 are compared with Comparative
Examples 6 -9 and this shows that although the amount of DNQ is lower in the
mixed ester, surprisingly, the performance of the two photosensitive

compositions is simitar. Lower DNQ amounts decrease the cost of manufacture.

[0123] In addition, the present invention includes electronic parts obtained by
using the invention composition. The application of the said polybenzoxazole films
in semiconductor industry include, but are not limited to, siress relieve coatings for
packaged semiconductors, alpha particle barrier films, interlevel dielectrics,
insulating films and patterned engineering plastic layers. The examples of articles of
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Q (M1l 0), and S_ OQ CH3(VIIIl p), in which at least one Qis
noiety (1 X), at least one Qis noiety (X), and each remainder Qis H,
noi eties (I X) and (X) being: 00 S2SX2 (I1X) and(X). 3. The
conposi t i orwofoosicsssea 2, wherei n the di azonapht hoqui none PERAISHREDI36E
conmpound is selected fromthe group consisting of the conpounds of
formulas (VIII1 a), (MIIl b), (MIIl €), (VIII g, (VII h), (M1l i),
(vt 1), (vitt n), (MI1ll o), and (VIII1 p). 4. The conposition
of claim 2, wherein the diazonapht hoqui none phot oactive conpound is

ol aim 2 Shres fiale g e gBdossa fpmulagor and e TEAAe it Aot ey
about 20/ 89 nigm&)/ @8icey] SuchmaaiDRAMS, logicYdévicedostich3ds ralckoprbeddsoss or
6.. The conposi tion of cI aim1, wherein the

d| azonaph!"ﬁ‘c‘d’&ﬁ‘i’rﬂm\l@rﬁamﬁtﬁ'@cﬁ PU@SC%Wpound has a solubility of at I|east

about 18 wt % i n ganmma- but yrol actone at room t enperat ure.

[0124] While the invention has been d escribed h erein with reference to the
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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7. The conposition of claim1, wherein Arl is a noiety selected from
.the group consisting of: It/ 7rris At\lj H, and in which X1 is

sel ected fromthe group consisting of -0-, -S-, -C(CF3)2-, -CHz2-,
-802-, -NHCO and -Si R92- and each R9 is independently selected from
t he group consisting of a CL - C7 linear or branched alkyl and a C5 -
C8 cycl oal kyl group. 8. The conposition of claim1, wherein Ar3
is a noiety selected fromthe group consisting of: ID, and in
which X2 is selected fromthe group consisting of-O, -S-, -C(CH3)2-,
-C(CF3)2-, -CH2-, -SM2-, and -NHCO cLAIMS 9. The conposition of
claim1, further conprising an adhesion pronoter. 10. The

conposi tion of . C' a'&”pgsm oRdsBndifiR radh eshPski RO BRERSsilgs @ conpound
of formula (XI (3-d) (X in which each" Rl 1S independently
(i5]¢)

sel ect ed from @an?rollefe @Elﬂomﬁglmﬂeﬁaﬂﬂmpoh’@@rs kv lng| strgetorgdIlind a C5

- C7 cycl oal kyl group; eac@ RH %pengentl selected fromthe
group consisting oH a CH H A, ah oxy group, a
C5 - C7 cycl oal kVTNglﬁéuﬁ\"E‘l_dA’a oy AfFpH d i's an
integer fromO to 3; nis an |ntege®H)ﬁ2rom1 to 6; and R12 tﬁ) a noiety

selected fromthe group consisting of:
wherein Ar is selected from the group consisting of a tetravalent aromatic group, a

tetravalent heterocyclic group, and mixtures thereof; Ar” is selected from the group
consisting of a divalent aromatic group, a divalent heterocyclic group, a divalent alicyclic
group, and a divalent aliphatic group that optionally contains silicon; Ar® is selected from
the group consisting of a divalent aromatic group, a divalent aliphatic group, a divalent
heterocyclic group, and mixtures thereof; Ar” is selected from the group consisting of
Ar'(OD)(OH)? and Ar?; x is from about 10 to about 1000; y is from 0 to about 900; D

is selected from the group consisting of one of the following moieties:

0 0 N,
No o N, 0
R— R--
N X
§oz SO, S0,

3 ) 3

o) N,
(/I :/[/NZ E/I TO
R—— R—+
. o
S0, SO,
: and 3

in which R is selected from the group consisting of H, halogen, C; - C4 alkyl group, C, -
C4 alkoxy group, cyclopentyl and cyclohexyl; k! is any positive value of up to
about 0.5; and k* is any value from about 1.5 to about 2 with the proviso that
(k'+k»)=2; and
(b) a diazonaphthoquinone photoactive compound which is the condensation

product of a compound containing from 2 to 9 aromatic hydroxy! groups with a 5-
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0 R13 noNHN...",P"NH NH2 OH "~NINR14 "-NH 0, Ri5 " .ASH "ye , and0
.1n which each R13 and R14 are independently selected fromthe group
consisting of a C, - Cet alkyl group and a C5 - C7 cycl oal kyl group,
and R15 is selected fromthe group consisting of a Cl - C4 al kyl
group and a C5 - C7 cycl oal kyl group. 11. The conposition of
claim 10, wherein Art is a noiety derived froma reactant selected
fromthe group consisting of 2,2-bis(3-am no-4-hydroxyphenyl) -

hexaf | uor opr opanel, 3, 3'-di hydroxy-4, 4'-di am nodi phenyl ether, 3,3'-
di hydr oxytphthoduinenc diafidésidfonplatoagonad ael 3 4-anthiibgAidons (idzidesul fondt
hydroxyphgg%gﬁgropane and m xtures thereof; Ar3 is a noiety derived
fromare dsel ected fromthe group consisting of

4, 4" - di phenyl et herdi carboxylic acid, terephthalic acid, isophthalic
acid, isophthal oyl dichloride, hthaloyl di chl ori de, terephthaloyl

di chl oride, 4,2 -di Bh’rewmpe@lh@m @IF dairbbywheran dierenaghibhquirergehotoactive

o et ! SRR e LA LRk SR AL P

m xt ures t hi of 12. The conposition of claim1, further
conprising an jani ¢ sol vent. 13. The conposition of claim12,
wherei n t he-e solvemi coppii ses Nmet hyl-2-pyrrolidone,

ganuna- butyrol: N—t;r-thylacetanlde di met hy1- 2- pi peridone,
N, N- di met hyl f onnami S ture icher eof 14. The comnposition
of claim1, further sol ution inhibitor. 15. The
conposi tion of chp? iggsol ution inhibitor conprises
di phenyl si | ane di Cess, -@gpgr|5|ng (1)
coating on a substrate a positive- morklng phot'osensitive conposi tion,
t hereby fori%g a coated substrate, the conposition conprising: (a)
one or nore pgiyRenzoxazol e precursor polynmers having structure (I1);

OCH;

oQ
(VIIL b),

oQ

AT
CHs CH3 CHs (viIT o), (VHI d),
oQ

Qo ‘ Qo ‘ ‘ ‘ oQ ‘ oQ
‘ (VI e),
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00 [ H NH Ar4-MVAr3a4 (0D)k1 Ari 0 [ 0 Ar3-1-Lri-Ar2411-H (I1),
- (OH) k2 wherein Arl is selected fromthe group consisting of a
tetraval ent aromatic group, a tetraval ent heterocyclic group, and
m xtures thereof; AP is selected fromthe group consisting of a

di val ent aromatic group, a divalent heterocyclic group, a dival ent
alicyclic group, and a divalent aliphatic group that optionally
contains silicon; Ar3 is selected fromthe group consisting of a
di val ent aromatic group, a divalent aliphatic group, a dival ent

het erocyclic s g—n] Xxtures thereof; Ar4d is selected fromthe
group CoNngics g OH) k2 and Ar2 x is fromabout 10 to
about 1000; vy Y
consi sting of one®f 3fhe follow ng noieties:

oQ (VIII 1),

QO I QO I I 0Q I
CH CH

Qo oQ 0Q oQ
Qo [ l E 0oQ
! QO oQ

(VII i), (VI j),

(VI g),

(VIIL h),

™~
(VI k), @© X 0Q (VI I),
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SRS S in which Ris selected fromthe group consisting of H,
. halogen, CI - C4 alkyl group, C - C4 al koxy group, cyclopentyl and

cycl ohexyl; Ic' is any positive value of up to about 0.5; and k2 is
any value fromabout 1.5 to about 2 with the proviso that (kI +k2)=2;
and (b) a di azonapht hoqui none phot oactive conpound which is the

condensati on product of a conpound containing from2 to 9 aromatic
hydr oxyl groups with a 5- napht hoqui none di azi de sul fonyl conpound
and a 4-napht hoqui none di azi de sul fonyl conpound; (2) prebaking
the coated substrate; (3) exposing the(sehak atedOSubstrate to
actinic radiation; (4) developing t oated substrate
w th an aqueous d-.@loper, t hereby form ng=g xd relief imge on
t he coated substrafge; and (5)_ baki ng the developed coat ed

substrate at an ef'&yated tenperatur B ef
i mage. evi ce, conpr|5|ng
Qo I I oQ
oQ (VIII m), 0Q oQ (VI n),
OCH3
s O o s
QO oQ
Hs (VIII 0), and (VHI p),

in which at least one Q is moiety (IX), at least one Q is moiety (X), and each remainder Q

is H, moieties (IX) and (X) being;:

$ (IX)and ¢ X).

3. The composition of claim 2, wherein the diazonaphthoquinone
photoactive compound is selected from the group consisting of the compounds of
formulas (VI a), (VIII b), (VI e), (VII g), (VI h), (VIII i), (VIIL 1), (VIII n), (VIII o),
and (VIII p).

4, The composition of claim 2, wherein the diazonaphthoquinone

photoactive compound is the compound of formula (VIII p).
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arelief pattern formed by the process of claim16, the relief

.pattern being supported by the substrate. 18. The device of
claim 17, wherein the device is a nenory device, a logic device, or a
plating stencil. 19. A positive photosensitive resin conposition,

conprising: (a) one or nore pol ybenzoxazol e precursor polyners having
structure (I1); HHNAr4-NO O(OD)k1 Arl Ar3-LN 00 H |
XArai LM Ar2-414-H

5. The composition of claim 2, wherein the molar ratio of moiety (IX) to
moiety (X) is from about 20/80 to 80/20 and from about 2 mol% to about 34 mol% of Q
1s H.

6. The composition of claim 1, wherein the diazonaphthoquinone

photoactive compound has a solubility of at least about 18 wt% in gamma-butyrolactone

at room temperature.

7. The composition of claim 1, wherein Ar' is a moiety selected from the

group consisting of’

DG 2 O

in which X' is selected from the group consisting of -O-, -S-, -C(CF;);-, -CH;-, -SO;-,
-NHCO- and -SiR”- and each R’ is independently selected from the group consisting of

a C - C; linear or branched alkyl and a Cs - Cg cycloalkyl group.

8. The composition of claim 1, wherein Ar’ is a moiety selected from the

yeRCiERes
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(OH)k2(11), wherein Ari is selected fromthe group consisting of a
.tetraval ent aromatic group, a tetraval ent heterocyclic group, and
m xtures thereof; Ar2 is selected fromthe group consisting of a
di val ent aromatic group, a divalent heterocyclic group, a divalent
alicyclic group, and a divalent aliphatic group that optionally
contains silicon; Ar3 is selected fromthe group consisting of a
divalent aromatic group, a divalent aliphatic group, a divalent

het er ocyclic group, and m xtures thereof; Ar4 is selected fromthe
group consisting of AwI(CI»kl(C}ﬂ : X is fron1about 10 to

about 1000; vy i sufreq v | ec e group
consi sting of one 00 502
S2SA2 , and in u' cons of H,

hal ogen, Cl - C4 al kyl oroup Cl - C4 al koxy group, cyclopentyl and
cycl ohexyl; kI is any pGgsitive value of up to about 0.5; and k2 is
any val ue fron1aba about 2 mnth the prow so that | +k2) =2;
(b) a di azonapht hg ot 0@ ve ound of \VITT p):

, and ,

in which X? is selected from the group consisting of -0O-, -S-, -C(CHj3),-, -C(CF3);-,
-CHy-, -SO5-, and -NHCO-.

9. The composition of claim 1, further comprising an adhesion promoter.

10.  The composition of claim 9, wherein the adhesion promoter is a

compound of formula (XI):

4. (ORI

R12 nsj
\R1 1
Gd (XD,
in which each R'® is independently selected from the group consisting of a C; - C4 alkyl
group and a Cs - C; cycloalkyl group; each R'' is independently selected from the
group consisting of a C; - C4 alkyl group, a C; - C4 alkoxy group, a Cs - C; cycloalkyl
group and a Cs - Cy cycloalkoxy group; d is an integer from 0 to 3; n is an integer

from 1 to 6; and R'? is a moiety selected from the group consisting of:
O

W3’WN%/&§/mL ~eNH  NH,
Ans ‘ OH
A s 1)]/ R wo/\</0,

R4 O

WN%O\ R15
~8H wwZ=EN | and 0
in which each R and R' are independently selected from the group consisting of a C
- C4 alkyl group and a Cs - C; cycloalkyl group, and R" is selected from the group

consisting of a C, - C; alkyl group and a Cs - C; cycloalkyl group.
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in which one Qis moiety (1X) and the other Qis nmoiety (X), noieties
- (I'X) and (X) being: 20. The conposition of claim19, wherein the
adhesi on pronoter is a conpound of fornmula (Xl): AoR 0), R12'S
"Ril(3-d) (XI), in which each R is independently selected fromthe
group consisting of a C1L - C4 alkyl group and a C5 - C7 cycl oal kyl
group; each R' is independently selected fromthe group consisting of
a Cl - 4 alkyl group, a C1 - &4 al koxy group, a C5 - C7 cycl oal kyl
74 group and a C5 - C7 cycl oal koxy group; d is an integer fromO to
3; nis an integer from1l to 6; and R12 is a noiety selected fromthe
group consi sti Plg OfTheocomposition of claim 10, wherein Ar' is a moiety derived from a
reactant selected from the group consisting of 2,2-bis(3-amino-4-hydroxyphenyl)-
hexafluoropropanel, 3,3’-dihydroxy-4,4’-diaminodiphenylether, 3,3’-
dihydroxybenzidine, 4,6-diaminoresorcinol, and 2,2-bis(3-amino-4-
hydroxyphenyl)propane and mixtures thereof; Afisa moiety derived from a
reactant selected from the group consisting of 4,4’-diphenyletherdicarboxylic acid,
terephthalic acid, isophthalic acid, isophthaloyl dichloride, phthaloyl dichloride,
terephthaloyl dichloride, 4,4’-diphenyletherdicarboxylic acid dichloride,
dimethylisophthalate, dimethylphthalate, dimethylterephthalate, diethylisophthalate,

diethylphthalate, and diethylterephthalate and mixtures thereof.

12, The composition of claim 1, further comprising an organic solvent.

13.  The composition of claim 12, wherein the organic solvent comprises N-
methyl-2-pyrrolidone, gamma-butyrolactone, N,N-dimethylacetamide, dimethyl-2-

piperidone, N,N-dimethylformamide, or a mixture thereof.

14.  The composition of claim 1, further comprising a dissolution inhibitor.

15.  The composition of claim 14, wherein the dissolution inhibitor comprises
diphenylsilane diol.
16. A process, comprising:

(1) coating on a substrate a positive-working photosensitive composition, thereby
forming a coated substrate, the composition comprising:

(a) one or more polybenzoxazole precursor polymers having structure (II);
0 O (0D)] 0 0
H H | H'  “H I H H
—N— Apd— 3 A 3 —Ar2—
H—N—Ar N-{—“—Ar N ﬁl\r 2N];{-“—Ar N—Ar N-}y—H
(OH) (D,
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nnrSH ,vveN, and "NHO y O in which cache and R14 are
.independently selected fromthe group consisting of a CI - C4 al kyl
group and a C5 - C7 cycloal kyl group, and R15 is selected fromthe
group consisting of a CI - C4 alkyl group and a Cs - C7 cycl oal kyl
group. 21. The conposition of claim 19, further conprising an
organi c sol vent. 22. The conposition of claim 21, wherein the
organi ¢ solvent conprises Nmethyl-2-pyrrolidone, gamra-butyrol actone,
N, N- di et hyl acet am de, di nmethyl-2- piperidone, N, N-dinethylfonnam de,
or a ni xtwhereinhr éndelected fronPie eftup coosipom dfiacetravhlent abmutiOgrouer ei n

the nolar ratio of noiet | X 0.Nnoi e hs from.about 20/80 to
50/ 20" nadeliish Bhereudicaronn pnd BiReS it ot fa om the Briug, ' 9y
conposi t i @hsRfin€bBd divdiBat MBRARI dlodd)8 dlaBRORABIDERNA YidRNLdRERhCARY e

conpound has a solubility of at |east about 18 wt%in .

ganma- but §10BP.28€ gnlévatant plhatic evpye that gptonally contaipssiliquyg Asoimselested Gamof
claim 19, i ool - 1Bl d, f: t C I8t ng
B e R

- C( CF3) 2- heter@iRlic granPPand miXHEE thengdf; R3Sectah ffomabdgi®Bp censisting of

i ndependentl el ected fremithe grou onsi sting of a Cl - C7 linear
or blroanc hal ((ép i‘;ﬂpﬁ'@h g A5 X is ?5@“@%}’8?@596‘193?1%0‘&#8@% v é‘fo?hétoc%}%bééq i-on
of cl ait m ib%ellgwe@fr@fnﬁhé\él%ub Somistig of ¥nsSetRe folldwirpandibii@: gr oup

consi sting of:

, and

in which R is selected from the group consisting of H, halogen, C; - C4 alkyl group, C; -
C4 alkoxy group, cyclopentyl and cyclohexyl: k' is any positive value of up to
about 0.5; and k” is any value from about 1.5 to about 2 with the proviso that
(k'+kH=2; and

(b) a diazonaphthoquinone photoactive compound which is the condensation
product of a compound containing from 2 to 9 aromatic hydroxyl groups with a 5-
naphthoquinone diazide sulfonyl compound and a 4-naphthoquinone diazide sulfonyl
compound;

(2) prebaking the coated substrate;

(3) exposing the prebaked coated substrate to actinic radiation;

(4) developing the exposed coated substrate with an aqueous developer, thereby

forming an uncured relief image on the coated substrate; and
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41fr , and in which X2 is selected fromthe group consisting of -0-,
.-S, -C(CH3)2-, -C(CF3)27, -CH2-, -S2-, and -NHCO . 27.The
conposition of claim19, further conprising a dissolution inhibitor.
28. The conposition of claim27, wherein the dissolution inhibitor
conpri ses di phenyl silane diol. 29. A process, conprising:

(1) coating on a substrate a positive-working photosensitive
conposition, thereby form ng a coated substrate, the conposition
conprising: (a) one or nore pol ybenzoxazol e precursor polyners having
structure (I1)¢5)baki®he1iotcldopaiciated silfstrhte at #x devhitedAemperature, thereby
Ar3A41 _Ar2 11%% Ebﬁéé%%kZ(ll), wherein Ari is selected fromthe group
consi sti ngToE A1 Fent aromatic group, a tetraval ent

het erocyclic group, and mi xtures thereof; Ar2 is selected fromthe
group consisting of a divalent aromatic group, a divalent

het erocyclic gygup;AQeﬂFﬁép@ﬁﬂmagicyclic group, and a dival ent

al i phatic groupgtgli.opki onally contains silicon; Ar3 is selected
fromthe group consisting of a divalent aromatic group, a divalent

al i phati c gr oupreliaf jgitterd forrhediayt the poocedsiof cuimup, thandiefipattenr &sng her eof ;
Ard is selected fromth roup consisting of Arl (0OD)k1(OH)k2 and Ar2;
x is fron&BSEH Bt ﬁﬂgﬁsﬁt 1000; y is fromO to about 900; Dis

sel ected fromthe group consisting of one of the follow ng noieties:

O0N2 SO2SO2SC2 . , . o
18.  The device of claim 17, wherein the device is a memory device, a logic

device, or a plating stencil.

19. A positive photosensitive resin composition, comprising:

(a) one or more polybenzoxazole precursor polymers having structure (II);

H—“—Aﬁ—H{ﬂ—A@jﬁ—ﬁjz?iH}{ﬁwAé:ﬁ—H—AR_H++J
©OHE ’ (1),

wherein Ar' is selected from the group consisting of a tetravalent aromatic group, a
tetravalent heterocyclic group, and mixtures thereof; Ar is selected from the group
consisting of a divalent aromatic group, a divalent heterocyclic group, a divalent alicyclic
group, and a divalent aliphatic group that optionally contains silicon; Ar’ is selected from
the group consisting of a divalent aromatic group, a divalent aliphatic group, a divalent
heterocyclic group, and mixtures thereof; Ar? is selected from the group consisting of
Ar'(OD)kl(OH)k2 and Ar%; x is from about 10 to about 1000; y is from 0 to about 900; D

is selected from the group consisting of one of the following moieties:

o) N,
Ny N, o)
R+~ R—-
N X
SO, S0, SO,
3 : 3
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. S2S2 , and in which Ris selected fromthe group consisting of H,
-hal ogen, Cl1 - C4 alkyl group, Cl1 - C4 al koxy group, cyclopentyl and

cycl ohexyl; kl is any positive value of up to about 0.5; and k2 is

any value fromabout 1.5 to about 2 with the proviso that (k

+k2) =2; (b) a di azonapht hoqui none photoactive conpound of formnula

(VI p): in which one Qis noiety (1 X) and the other Qis noiety
(X), nmoieties (I X) and (X) being: SRS (IX) and(X), and (c) an
adhesi on pronoter; (2) prebalcing the coated substrate; (3)

&

exposi ng the prebaked coated suk
(4) devel oping the exposed :
devel oper, thereby fornlﬂg_an
substrate; and

trate to actanQ radi ati on;
Npstrate with oagueous
, €T i on t he coat ed

3 , and :
in which R is selected from the group consisting of H, halogen, C, - C; alkyl group, C; -
C4 alkoxy group, cyclopentyl and cyclohexyl; k' is any positive value of up to
about 0.5; and k” is any value from about 1.5 to about 2 with the proviso that
(k'+K%)=2;

(b) a diazonaphthoquinone photoactive compound of formula (VIII p):

(

CHa (VI p),
in which one Q is moiety (IX) and the other Q is moiety (X), moieties (IX) and (X)

being:
O
oy U
SO, SO,
: (IX)and ¢ (X), and

(c) an adhesion promoter.

20.  The composition of claim 19, wherein the adhesion promoter is a
compound of formula (XI):

A AOR),
5

Rea o,

in which each R'® is independently selected from the group consisting of a C; - C4 alkyl
group and a Cs - C; cycloalkyl group; each R'! is independently selected from the
group consisting of a C; - C4 alkyl group, a C; - C4 alkoxy group, a Cs - C; cycloalkyl
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(5) baki ng t he devel oped coated substrate at an el evated tenperature,

~thereby curing the relief inmage. 30. A device, conprising a
substrate, and arelief pattern forned by the process of claim
29, the relief pattern being supported by the substrate. 31.
The device of claim 30, wherein the device is a nenory device, a
| ogic device, or a plating stencil. 32.The conposition of claim1,
wherein the conposition consists of: (a) the one or nore
pol ybenzoxazol e precurs ol ymers having structure (11); (b) the

di azonaphglﬁamm% - h@f Ky Eremip i Adntege)rem 069 damisendwrgent : (d)
t N d | ut
CPhi b ror Fora T pREAEERO R, PROTER) Rlccilibrh B S0 At o8 L STon ' "

consists of: (a) the one or nore p ybenzoxazole precursor polyners
having structure (I1); Rr(b)Nie kg mone phot oactive
conmpound; (c) an org&nlc soIv nt; (dP

ptio aIIy,”@yr¥uggesion
pronoter; and

b > 2

~MeSH ww=N and 0
in which each R'® and R' are independently selected from the group consisting of a C;
- C4 alkyl group and a Cs - C; cycloalkyl group, and R" is selected from the group
consisting of a C, - C4 alkyl group and a Cs - C cycloalkyl group.

21.  The composition of claim 19, further comprising an organic solvent.

22.  The composition of claim 21, wherein the organic solvent comprises N-
methyl-2-pyrrolidone, gamma-butyrolactone, N,N-dimethylacetamide, dimethyl-2-

piperidone, N,N-dimethylformamide, or a mixture thereof.

23, The composition of claim 19, wherein the molar ratio of moiety (IX) to
moiety (X) is from about 20/80 to 80/20 and from about 2 mol% to about 34 mol% of Q
is H.

24.  The composition of claim 19, wherein the diazonaphthoquinone
photoactive compound has a solubility of at least about 18 wt% in gamma-butyrolactone

at room temperature.

25.  The composition of claim 19, wherein Ar' is 2 moiety selected from the

group consisting of:
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(e) optionally, a dissolution inhibitor. 34.The conposition of claim
-19, wherein the conposition consists of: (a) the one or nore

pol ybenzoxazol e precursor polyners having structure (lI1); (b) the

di azonapht hoqui none phot oacti ve conpound; (c) an organic solvent; (d)
optionally, an adhesion pronoter; and (e) optionally, a dissolution

i nhi bitor. 35.The process of claim29, wherein the conposition
consists of: (a) the one or nore pol ybenzoxazol e precursor polyners
having structure (I1); (b) the diazonapht hoqui none phot oacti ve

conmpound; (c) an organipc solvent; (d) optionally, an adhesion
pronoter; and, (e)’ opti ly, a dissolution, inhibitar.
¥ s My
N X
H 2 3 > >
*OO oGP
, s , and O s

in which X' is selected from the group consisting of -O-, -8-, -C(CF3),-, -CH;-, -SO;-,
-NHCO- and -SiR’,- and each R’ is independently selected from the group consisting of
a C - C; linear or branched alky! and a Cs - Cg cycloalkyl group.

26.  The composition of claim 19, wherein Ar® is a moiety selected from the

@,@,@“@“ ,
\sacdoncPoacy

in which X? is selected from the group consisting of -O-, -S-, -C(CHj),-, -C(CF3)2-,
-CH;-, -80,-, and -NHCO-.

group consisting of:

27.  The composition of claim 19, further comprising a dissolution inhibitor.
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28.  The composition of claim 27, wherein the dissolution inhibitor comprises

diphenylsilane diol.

29. A process, comprising:
(1) coating on a substrate a positive-working photosensitive composition, thercby
forming a coated substrate, the composition comprising;

(a) one or more polybenzoxazole precursor polymers having structure (II);

H—H—Ar“—H-Pc-l)—Ar3in—(2gﬂm—[—l?~Ar3j—H—Ar2~—m—H
((5H)k2 ' ' (ID),

wherein Ar' is selected from the group consisting of a tetravalent aromatic group, a
tetravalent heterocyclic group, and mixtures thereof; Ar” is selected from the group
consisting of a divalent aromatic group, a divalent heterocyclic group, a divalent alicyclic
group, and a divalent aliphatic group that optionally contains silicon; Ar” is selected from
the group consisting of a divalent aromatic group, a divalent aliphatic group, a divalent
heterocyclic group, and mixtures thereof; Ar” is selected from the group consisting of
Ar'(OD)/(OH)Z and Ar%; x is from about 10 to about 1000; y is from 0 to about 900; D

1s selected from the group consisting of one of the following moieties:

o) o) N,
Ny Ny o
R— R——
RN
SO, SO, SO,
: : ,
0 N,
y N, - 0
R— R—
N
S0, S0,
: , and ;

in which R is selected from the group consisting of H, halogen, C, - C4 alkyl group, C; -

C4 alkoxy group, cyclopentyl and cyclohexyl; k' is any positive value of up to
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about 0.5; and I is any value from about 1.5 to about 2 with the proviso that
(k'+k*)=2;

(b) a diazonaphthoquinone photoactive compound of formula (VIII p):

CHs (VIII p),
in which one Q is moiety (IX) and the other Q is moiety (X), moieties (IX) and (X)

being:
] 0]
T
SO, SO,

(c) an adhesion promoter;

(2) prebaking the coated substrate;

3 exposiﬁg the prebaked coated substrate to actinic radiation;

(4) developing the exposed coated substrate with an aqueous developer, thereby
forming an uncured relief image on the coated substrate; and

(5) baking the developed coated substrate at an elevated temperature, thereby

curing the relief image.

30. A device, comprising
a substrate, and
a relief pattern formed by the process of claim 29, the relief pattern being

supported by the substrate.

31.  The device of claim 30, wherein the device is a memory device, a logic

device, or a plating stencil.
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32.  The composition of claim 1, wherein the composition consists of:

(a) the one or more polybenzoxazole precursor polymers having structure (II);
(b) the diazonaphthoquinone photoactive compound;

(c) an organic solvent;

(d) optionally, an adhesion promoter; and

(e) optionally, a dissolution inhibitor.

33.  The process of claim 16, wherein the composition consists of:

(a) the one or more polybenzoxazole precursor polymers having structure (II);
(b) the diazonaphthoquinone photoactive compound;

{(c¢) an organic solvent;

(d) optionally, an adhesion promoter; and

(e) optionally, a dissolution inhibitor.

34.  The composition of claim 19, wherein the composition consists of:

(a) the one or more polybenzoxazole precursor polymers having structure (II);
(b) the diazonaphthoquinone photoactive compound;

(c} an organic solvent;

(d) opticnally, an adhesion promoter; and

(e) optionally, a dissolution inhibitor.

35.  The process of claim 29, wherein the composition consists of’

(a) the one or more polybenzoxazole precursor polymers having structure (II);
(b) the diazonaphthoquinone photoactive compound;

(c) an organic solvent;

(d) optionally, an adhesion promoter; and

(e) optionally, a dissolution inhibitor.
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