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WD 2006/ 104803 PCT/ US2006/ 010394 NOVEL PHOTOSENSI Tl VE
RESIN COMPOSI TIONS 5 Field of the Invention 10 (0001]
wab@oeposssent i nvention relates to buffer coat PEBUR2006/010394
conpositions. More specifically, the present
invention relates to both positive tone and negative
tone photosensitive conpositions, a process of use
for said conpositions. and el ectronic arts produced
by sai dNSVELRHOTARENSHAVERESIN GimBOSirioRsent | on
(0002] In mcroelectronic applications, polyners that
denonstrate high tenperature resistance such as
pol yi m des and pol ybenzoxazol es are generally well 20
known. Precursors of such polyners, can be nade
phot oreactive with suitable additives. The precursors
are converted to the desired pol ynmer by known
t echni ques such as exposure to high tenperatures. The
pol ymer precursors are wused to prepare protective
| ayers, insulating |ayers, and relief structures of
hi ghly heat-resistant polyners. 25 [0003] As the
di mensi on of the ph [ ' attern on a wafer
continues to shrineﬁﬁipgaﬁ%higgﬂﬁ% ons, greater
demands are pl aced on |ithographic equi prent and
materials. To nmeet this chall enge, the sem conductor

[0001] hqust Fhe irsesanirigyenfian eiates) tankyfien eratdgsia copposiigns. More
eShi, C (o a heLe [

specEl 8%, BIRLS NP RIRCEELPho ol ogeghd Higile one

photosesisitivet bempesitibne: & procedseot use fortdzdd eoimpositibes; eadelectronic
i n caggg)ié(tan e, which is critical to inproving

parts produg P PEAFESSHEMSEr mance, especial |y for higher

density nenory chips. Copper is - 1 W) 2006/104803

PCT/ US2006/ 010394 known to have as nmuch as 40%

decr eased el ect r Baekgraasid phtive Invemtiores hi gher
[0002] In microelectronic applications, polymers that demonstrate high
temperature resistance such as polyimides and polybenzoxazoles are generally well
known. Precursors of such polymers, can be made photoreactive with suitable
additives. The precursors are converted to the desired polymer by known
techniques such as exposure to high temperatures. The polymer precursors are
used to prepare protective layers, insulating layers, and relief structures of highly

heat-resistant polymers.

[0003] As the dimension of the photolithographic pattern on a wafer continues
to shrink below 0.18 microns, greater demands are placed on lithographic equipment
and materials. To meet this challenge, the semiconductor industry is changing from
aluminum based alloys and silicon dioxide to copper metal and low dielectric
constant (low-k) materials to manufacture chips. When using the new low-k
dielectrics there is a decrease in capacitance, which is critical to improving

integrated circuit performance, especially for higher density memory chips. Copper is
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current densities, and has inproved el ectromgration
resi stance conpared to alum num Thus, copper
w0 nicenesmhect s al | ow decreasi ng transi stor si zZBCEHOS2006/010394
shorter wre lengths that result in faster, nore
power ful devices. Fabrication costs are also 5 | ower
than with al um num si nce copper is | ess expensive and

requi res fewer processing steps to produce devices, _
knowry G@gbﬁvec@ﬁpmucﬁeﬁﬁl4Q°éa€’$@ﬁaﬁ‘?%\ﬁ'§@t§'0@héﬁ‘ﬁ’rlﬁﬁ@ég, carriase higher

Nt i ! _

cureogeh S8 MHES SRt RN 28tafel Ay 1

alumiriumoVETusalcoppeu n‘ntel‘cra)na:dedts]tc aliow deum;)a_su? Hadsistdlvrsiize ?ﬁd%hoﬁer
. t t rface can nin trongly w

wre EARS o 1%, SORRET U Lace G0, 10 BLOnLY W e

lower [th@n RthY BRInSinGH 'éﬂgcé%rog?bp N8 Bk Sand NeSuires fewer

results in the presence sone residue on copper
processing staps tafpreduce dieyicesat ed by a phot osensitive
conposition, softbaked, exposed and devel oped. Wth

he | d f ! tallization 15 in )
10004} o1y o Jrpeonelrlizadion, TbY des GhAfleRaso 16 RiaDsndustry since
. 0 _ . : . _
coppeh 98k, 84 /3 GRS L ARG ikt B ATzct e conting
over ghawirtunv.e Invadition, ghptasearsd cupec misypeszok andhe doBBE) surface

can WEFRURSLOATHIN SN Pl B B Sy (B ot of e
oGS ARE BN P USRLede TS, 1V FpLERe o soms
residupaoenpopmﬁr suﬂa@esﬂ,;ﬁter iThe chadedqoy reorphotosgrmitive  composition,
sotoel i Bl 8o elBlobel? Bl ERIRE £540 el gt hoPH58Tzation
in serfiicdhABbiot 0AEVIEESPRURY iMPERAFOES dé’&m&ﬁ!é’o;dtﬁxga@g?tegns that are

converts to indene carboxylic acid, which pronbte
compaidle wiithi copper andecopperp®¢asst@- sor in the aqueous

base. U S. Patent No. 5,037,720 disclosed a

posi ti ve-wor ki ng photosensitive pol ybenzoxazol e

[0005F onpost dm@htiopal @o@itng-mwgflehbt&engmbéb;bcﬂyt‘&’&ﬁoxazole (PBO)
precursor in which part of l%Er;’oups were substituted
compQgitignsa cafitairogoi Ablingopeluple IFBOhpseaser randeAC diagoquinone

[ 0 \ ti.on . Pat, ent s On (L7 7,
protod38, RS ETTPRE) 4P sptade FURILebry NATA e, U
PatenBfloc 41874, 685 gUS! RafdRONY. ec848,061] andhy. S Reaeht Nb. 6I876,499.

OH groups were substituted by diazoqui hone noiety and
The d;a,;@_quone compound inhibits the solubility of PBO precursor in"an aqueous
base. However after exposure to light, the diazoquinone compound undergoes
photolysis and converts to indene carboxylic acid, which promotes solubility of the
PBO precursor in the aqueous base. U.S. Patent No. 5,037,720 disclosed a
positive-working photosensitive polybenzoxazole composition containing an alkaline
soluble PBO precursor in which part of OH groups were substituted with a
diazoquinone moiety. In this case no PAC was used in the composition. U.S.
Patent No. 6,177,225 and U.S. Patent No. 6,214,516 disclosed compositions
containing both PBO precursor in which part of the OH groups were substituted by

diazoquinone moiety and PAC.
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WO 2006/ 104803 PCT/ US2006/ 010394 Sunmmary of the

I nvention [0006] The present invention is directed to
W@ 2hoo48Ensitive resin conmposition 5 conpri sPEMUSZ08§/010394

at | east one pol ybenzoxazol e precursor polyner; (b)

at | east one conmpound having Structure VI RL C-"" VY

SH 10 R2 VI wherein, Vis CHor N, Y is 0 or NR3

wherein R3 is H CH3 or C2H5, Rl and R2 each

|Pgependently are H Cl1 - C4 alkyl group, C1 - 4

al koxy group, ¢ xyl, or

al ternatively, Rﬁ%kﬁﬁggé¥%gﬁéggxgﬁ§gg ¥o produce 15 a

substituted or unsubstituted benzene ring; and (c) at

| east one solvent; wherein the anmoynt of the conpound _..
[0006] of St Thetuesen inyeriEnis C#'F?Ci?it%ar%@i???flﬁ’#"% @©syf,composition

amunt effective to inhibit residue fromform ng when
compn?]ﬁg. conposition is coated on a substrate and the

coated substrate is subsequently processed to 20 form

an imge on the substrate, and wth the proviso that

(2) At lepRbORe PPhRePE%ZAle P{ﬁ‘%ﬁ?fs%(w &y mer |Osol ely

(b) §PR3sFbie RbmRRINARAARY BFALRr@NACUr sor pol ymer's ¢ hat
0 not contain a photoactive noiety in the polynmer,
then (d) at |east one photoactive conpound is also
present in the conposition. 25 [0007] The present
i nvention al so concernsRa _process for formng a relief
pattern and el ectronic parfis usVng the conposition. 3
WD 2006/ 104803 PCT/ USZOF%{S/ 1039

Y SH

VI
wherein, VisCHorN, Yis O or NR® wherein R®is H, CHs or CzHs, R' and R®
each independently are H, Cy — C4 alkyl group, C1 — Ca4 alkoxy group,
cyclopentyl or cyclohexyl, or alternatively, R' and R? can be fused to produce
a substituted or unsubstituted benzene ring; and
(c) at least one solvent;
wherein the amount of the compound of Structure VI present in the composition
is an amount effective to inhibit residue from forming when the composition is
coated on a substrate and the coated substrate is subsequently processed to
form an image on the substrate, and
with the proviso that if the polybenzoxazole precursor polymer solely consists of
polybenzoxazole precursor polymers that do not contain a photoactive moiety in
the polymer, then
(d) at least one photoactive compound is also present in the composition.

[0007] The present invention also concerns a process for forming a relief

pattern and electronic parts using the composition.
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Det ai | ed Description of the Invention [0008] The
present invention is directed to photosensitive resin

W@ wpaesisti ons conprising: 5 (a) at | east one PCT/US2006/010394
pol ybenzoxazol e precursor polyner; (b) at |east one
conmpound having Structure VI RLV R2Y SH VI 10
wherein, Vis CH or N, Yis O or NR3 wherein R3 is H,
CH3 or C2Hb5, and R2 eacgh |ndependently are H Cl -
C4 al kyl gr odBetadfd-DQﬂcréPﬂ%RPféh%uﬁve'&%'ﬂopentyI or
cycl ohexyl or alternatively, RL and R2 can be fused to

rooosfr o oFnd el hi el RS S phiEnSEE RSl kO Pgpsitons

compﬁsﬂﬁgcon'pound of Structure VI present in the

conposition is an amobunt effective to inhibit residue
fromformng when the conposition is coated on a

(a)séiqgégt;fcgr% §8|9b§>ﬂfo>€a% £ re R p%hﬁnéﬁ subsequent | y

ge on Substrate, and with

(b)tditaemtmne“:oombatmdﬂwat/m@ SBltmhcytbﬁmVDxazol e precursor

pol yner solely conS|sts of 20 pol ybenzoxazol e

precursor pol ymerplt hat do not contain a photoactive

noiety in the poly —tVien (d) at |east one

phot oacti ve con‘pgénd is also present in the

conposition. [00 adj ment of the present

invention is directed to a positive 25 photosensitive

resin conmposition conyrising: (a) at |east one

pol ybenzoxazol e precursor polynmer having Structure
wfweimvons GHior Nr Y1ip1 O eF N %enem R)rls‘lf? QHs or CzHs, R' and R?

each independently are H, C4 — C4 alkyl group, C4 — C4 alkoxy group, cyclopentyl
or cyclohexyl or alternatively, R' and R? can be fused to produce a substituted or
unsubstituted benzene ring; and

(c) at least one solvent.

wherein the amount of the compound of Structure VI present in the composition
is an amount effective to inhibit residue from forming when the composition is
coated on a substrate and the coated substrate is subsequently processed to
form an image on the substrate, and

with the proviso that if the polybenzoxazole precursor polymer solely consists of
polybenzoxazole precursor polymers that do not contain a photoactive moiety in
the polymer, then

(d) at least one photoactive compound is also present in the composition.

[0009] One embodiment of the present invention is directed to a positive

photosensitive resin composition comprising:

(a) at least one polybenzoxazole precursor polymer having Structure | or 1} or 11l
or if* or IV or IV* or V.
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WD 2006/ 104803 PCT/ US2006/ 010394 (TH) L H NHAr4 NH

Ara NH Ar N4 Ara NH Are NHyH | (OH) 5 1 D)KI
WORMsHIBIE NH Ara NH Ar NH Ara NH Ar2-NH7y H  BOI/US2006/010394

(OH)k2 | | GNHA4 NHAa NHAt Nx Are NH Are NH G

151 OHI11l 200 0 OHO IG-N A NHAr3--NH - Ar- NH

A NHA -NG 25 111* D)K GN+Ar4-NH Ara NH | 1Art

NH Ara NH Are NHG | x (OH)K 2 30 IV 00(OD)k 00

G-N-Art -NH Ara 11 N H ~rir1-NH ~ (11 ArP 1 _NH Ar2

N) Oow (OHk \Nﬂ*ZOOG/l 803
PCT/ US2006/ 0394 OH) _&
A RHCANE W NH—Ar"‘N H—ArZ“NHJ" H

(OH)

I R
H™NH—Ar— NH{ H"Ar““NHg—g Ar® H’*Arz"‘NH;;H

Ar®
(OH)k
I
1.1 [
G"NH—AH"NH{'ﬁ-ArS NH“#{&H—NHL[ A NH"‘ArE"NH}},‘G
aH

o) 0 OH
¥ s 4
CERRVBIY JURVITYA SHAC . SR ~Ar'= NH»}—-{—LAr NH-~AF mN«}G*
OH

e

rﬁ ﬁ NH—"A 1“NHJ'—£‘T[‘AP“H‘—NH—"AF_NH]_G

G™NH—Ar*NHT Ar

(OH)K

v

(OD)k ! 0 o)
Gr—N—AF ——NH{—LAFJLN H—An—-NH-}—-@—A? Ao
¥

(C’H)
Iv*
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I (O00R4) m2 x V 1o wherein Art is a tetraval ent
aromati c group, a tetraval ent heterocyclic group, or

WOrRoob04883 t hereof ; Are is a dival ent aromati c, PEI/US2006/010394

di val ent heterocyclic, a divalent alicyclic, or a

di val ent aliphatic group that may contain silicon; Ar
3is adivalent aromatic group, a divalent aliphatic
group, a divalent heterocyclic group, or m xtures
thereof; Ard is Arl (OH)2 or Are, x is fromabout 10
to about 1000; y is fromO to about 15 900; D is one
of the followng noietiesi OO N2 N N O 20 R~ ~
R-1-Y0202025SN 250/ /0 ~N2 RR02 S02 30
6 WD 2006/104803 PCT/ US2006/ 010394 wherein, Ris H
hal ogen, a Cl - CM-@L$%1 grou HP £1 - A4 alkoxy
group, cycl opentyl | clo 1 can be any
positive val CGY‘ ‘TAV‘BNFl can be any val ue
fromabout 1.5 to ﬁ%@m} m%th t he provi so that
(k1l+k2)=2, Gis a noval ém organi c group having a
carbonyl, carbonyloxy or sulfonyl group; G is a
divalent 5 organic group hgving at |east one carbonyl
or sulfonyl group; Ar7 represents a

wherein Ar' is a tetravalent aromatic group, a tetravalent 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' (OH)z or Ar?, x is from about 10 to about 1000; y is from 0 to about

900;

D is one of the following moieties:

O

No
Ny
= o
R Ql‘ R
ozg 0.S
2
No %
Q 0
N -
/ z R

SO,
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bi val ent to octaval ent organic group with at |east two
carbon atons, Ar8 represent a bivalent to hexaval ent
wo@e@and4soyroup with at | east two carbon at ons, PENUSHRA6/010394

represent hydrogen or an organic group with 1 to 10
carbons, mL and nB are integers in the range of 0 to

4 but M and nB cannot be sinmultaneously 0 and nR2 is

10 an integer in the range of 0 to 2; &) at | east one

whergignpPodhthalegemta @1 Gma%tyﬂ geaup, @ @1 — QLalkoxrrousieyclopentyl,

or onlnd RS gh e Yol ety 11,2 ek by v

from boGL +.5Gé abkyi 20reip th€lprovicd Bakoxy'+¢PRID.G is a monovalent
cycl opentyl or cyclohexyl or alternatively, d R2

an
organia greep fhaving o cprhsiyb ecarbenyexy tait efasyl group; G* is a divalent

i . 0 t t
orgatlEYB3 ALY SRR g, 5By RS By TSprpsents
bivalentedo urcsaralgnt gryanicsgloabywitioas lesiss 1wH cafisriatoms, Ar’aepresent a
or V or m xt ur e cont ai ni _na% any of the three,
idke

. AL .
bivalgniels (\yaglent ¥PaBise SEMR JHE iAelcashmwanaaroadiams, and R’
h 0 r u I r epa 3
eprefnt A3ReRS D YA oD i o,8 Sagbind! PSR m ar
integavisrinrtbe sahge iofi§ 16t 4 bot on'eandm>tarad bl sinarteneeastyeiand m? is
' of _a base to synthesize

; h
an lntlﬁgﬁf/kbﬁfgf:?ga‘g{}’g%p@e%ursor pol ymers of Structure I. 7
(b(V_\EQ l%%%%ﬂy@%%ﬁ&d?@ﬁt WSRRA RAAPSAuctirs ¥11- H N-- NH2
NA NH 2 WAre W

1

R

V
sz[ Y)k
Vi

SH

wherein, V is CH or N, Y is O or NR® wherein R®is H, CHz or CoHs, R' and R
each independently are H, C1 — C4 alkyl group, C+ — C4 alkoxy group, cyclopentyl
or cyclohexyl or alternatively, R' and R? can be fused to produce a substituted or
unsubstituted benzene ring, and

(c) at least one solvent,

with the proviso that if the polybenzoxazole precursor polymer solely consists of
Structure | or lll or V or a mixture containing any of the three, then

(d) at least one photoactive compound is added.

[0010] The polymers of Structure | can be prepared from monomers having
Structures X, XI and Xil. Monomers having Structures X, Xl and Xll are reacted in

the presence of a base to synthesize polybenzoxazole precursor polymers of
Structure 1.
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W

Ar' A

where

OH5 XXl XIl Arl, Ar2, Ar3 are as previously

defined, and Wis C(OCl, COOH or C(OORLl2 and
Ob®a0430R12 is a Cl - C7 linear or branched aP&yiUS2006/010394
group or a C5 - C8 cycloal kyl group. 10 [0011] In
Structures |, I, IIl, 111*, 1V, IV* and X, Arl is a
tetraval ent aromatic or a tetravalent heterocyclic
group. Exanples of Arl include but are not linmted to:

15 "Ik NQH- - wherein X1 is -0-, -5-, -C(CF3)2-,

-C(CH3) 2-,| -CH2-, -S@2-,  NHC or -Si 32- ,and ,,20
each BiS—iAr'+hdbpend |yMgHg§ﬁQ c7 1i ndbr 8P br Whched
al kyl or - C8 cycloal kyl group. Exanples of R13

i ncl ude, are not limted to, -CH3, -C2H5, n-C3H/,
i-C3H7, n-C4H9, t-C4H9, and cycl ohexyl. [0012]
Exanpl es o nononers hawking the Structure XXHBont ai ni ng
Arl include 25 but are not limted to

2, 2- bi s(3-am no- 4- hydr oxyphenyl ) hexaf | uor opr opane,

, 3'5s di hydroxy-4,4' -di am nodj.phe 12
. aih 78 RIRYIBUAY et an UP B YOSl Book pr CQ)QR™ and
A 2Bl S (@; 218 NRichr By BrsoHea) ) groap@ne. CTheCs cycloalkyl group.
substitution pattern of the two  hydroxy and two am no
groups in the nononer of Structure X may be any of the
possi bl e substitution patterns with the proviso that
the each am no group has an 30 ortho relationship with

[001112 hydﬁﬁ@f{u&ﬁr@ﬂﬂ, inupngrenvt prognd i, Art & 4 estravdient aromatic or

benzoxazole ring. Furthernore,, the pol ybenzoxazol e

a tetrapaleotihst@rotyatio groly.riexampley BAr inglugs balgweinidgated to:

PCT/ US2006/ 010394 synt hesi zed using a m xture of two

Dr e nonomner s™4eSer™heEd by generig. Structure X
] I n Struct, |||,|v, |V, andm
Ar.e is a divalent aromatic, & B @i val ent ©
erocyclic, a divalent alicyclic, or, a divalent

al i phati CW thatmay c ain s 'con‘.z—jganpl es of
Ar 2 incl ude Yut aub&—@ 4 t(; ;—w
H

wherein X is -O-, -S-, -C(CFa)z-, -C(CHa)z-, -CHa-, -802-, -NHCO- or ~SiR'*- and

each R" is independently a C1 — C7 linear or branched alkyl or Cs — Cs cycloalkyl

group

. Examples of R' include, but are not limited to, -CHs, -C2Hs, n-CaHyz, i-CaHz,

n-C4Hg, t-C4Hg, and cyclohexyl.

[0012

1 Examples of monomers having the Structure X containing Ar' include

but are not limited to 2,2-bis(3-amino-4-hydroxyphenyl)hexafluoropropane, 3,3-
dihydroxy-4,4’-diaminodiphenylether, 3,3-dihydroxybenzidine, 4,6-diaminoresorcinol,
and 2,2-bis(3-amino-4-hydroxyphenyl)propane. The substitution pattern of the two

hydroxy and two amino groups in the monomer of Structure X may be any of the

possible substitution patterns with the proviso that the each amino group has an

ortho
ring.

relationship with a hydroxyl group in order to be able to form the benzoxazole

Furthermore, the polybenzoxazole precursor base polymer, may be
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Xt/ \ Xi / \' LI Xi ZZHCCH X1 10
N~NCH)pSI-OSi-(CH2)p"" z z HBC/ CH3 HH wherein
WX1006404803 , -S-, -C(CF3)2-, -C(CH3)2-, -CH2-, PCIRS2006/010394
-NHCO- or -Si R132- and 15 each R13 is independently a
Cl - C7 linear or branched al kyl or C5 - C8 cycl oal kyl
group, X2 is -0-, -S, C(CF3)2- -C(CH3) 2-, -CH2-,
-S2-, or -NHCO-, Z = or G - C8 |linear, branched
Synth%?rlZQCi/dﬁ"EQaﬂ‘k'VlXtW@doé W@ & Maregeonemsie| degcribed by generic
| es of suitable Z groups include, but are not
StrUCtF?‘eaRped to, nmethyl, ethyl, propyl, isopropyl, n-butyl,
sec- butyl t-butyl, n- octyl cyclopentyl cycl ohexyl

nd c octyl. 20 0 npnoner.s havi ng
po1sfne ShSRirdrss ?abhﬁ)‘a.ﬁ Aﬁxm e oKl s su@lva'@@t agEmatic, a
dlvaleht 'P%ettﬂ'@c éhr?o-a _dlvalent r?cl)lg élr?yl%r %lv%lem Ia ? grqu ﬁethat may

contan(w[&ﬂl@io)w, Examhleﬁ;dfékremcdwdmbut @’ep“h'cﬁmml’@@bhd)l am ne,
, 2 b| s(trifl uororrethyl) 4 4 d| am no- 1, 1'-hiphenyl,

@ﬁ nod| ph h nod| phghy |
25 toI -.w 3 3 ¥ ﬁ- henyl

sulfone 3 4' -dia d|p sul fone; 4, 4'=

dh ni‘nodl phenyl .sukfope, 3, m@m S@h_en n{»w
“(CHIGIA - nodi’p met hane nodi £§> ¥

ket ohe, 3, 3" -di henyl ketone, -

2006/ 104803 PCHf us 00(%5)010394 3,4 -di am nod| phenyl

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

1, 3- bi s( 3 am no- phenoxy) Henzene, 1, 4- bhs

(gamra- an ropyl )tetra hyl di si | oxane* 2, 3, 5, 6-
j-ani m xyl yl egedi am ne, p-

pedral)
t et ranet hyl ehedi am ne, p
hexamnet hyl enédi am ne, 2, 5-di et hyl hexam
et hyl enedi am ne, 3- net hoxyhexanet hyl enedi am ne,
hept amet hyl enedi am ne, 2, 5-

wherein x is -O-, -S-, -C(CF3)z2-, -C(CHa)2-, -CHa-, -SOz-, -NHCO- or —SiR",- and
each R" is independently a C4 — C7 linear or branched alkyl or Cs — Cg cycloalkyl
group, X2 is -O-, -S~, -C(CF3)2-, -C(CHB3)2-, -CHa2-, -SO2-, or -NHCO-, Z=H or C1 - Cg
linear, branched or cyclic alkyl and p is an integer from 1 to 6. Examples of suitable
Z groups include, but are not limited to, methyl, ethyl, propyl, isopropyl, n-butyl, sec-
butyl, -butyl, n-octyl, cyclopentyl, cyclohexyl and cyclooctyl.

[0014] Examples of monomers having the Structure XI 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, 24-
toluenediamine, 3,3’-diaminodiphenyl sulfone, 3,4'-diaminodiphenyl sulfone, 4,4-
diaminodiphenyl sulfone, 3,3’-diaminodiphenyimethane, 3,4’-
diaminodiphenylmethane, 4,4’-diaminodiphenyl ketone, 3,3'-diaminodiphenyl ketone,
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di met hyl hept anet hyl enedi am ne,
3- net hyl hept anet hyl enedi am ne, 4, 4-
walzesetiiwghhept anet hyl enedi am ne, oct anmet hyl enedP@mismp6/010394
nonanet hyl enedi am ne,
2, 5- di et hyl nonanet hyl enedi am ne,
decanet hyl enedi am ne et hyl enedi am ne, to

ropyl enedi am ne, 2-di met hyl pr opyl enedi am ne
3, 4'-diamiogliphe e k@tqm)e, 1& hist Hyaméphenoxy) benzene, 1,3- -bis(3-amino-

phenéxém Bgn%h@' d‘?gleﬁ‘gn?ga/%n}g apﬂ R&%B?ﬁtteﬂ%ﬁ?e&mﬁdlsﬁbgne 2,3,5,6-

noel cosan
tetrarBeBiyt-giprenyldnedlighing, an mﬁylpbﬁeulamhbane pbi s (Aylylenediamine,
am nocycl ohexyl ) net hane, 3' - di am nodi phenyl et hane,
methylenedigmifenodi phenyt%iﬁﬂﬁ@n@y enﬂ?dkﬂmlﬂﬁam no@emAgsihylenediamine,
i ani nopyry gli _
eaBiifibadiid o oP DGRk s

methdx;ﬂwed@amthxdeﬂaealaﬁmnexadl azol eheptatnethglenedirgihehexane, 2 5-
nmet h ned anl i ne,

dimedyytheplRnRYVEISAABIS: chol oBoRRIVINGBaMstylenadipgine, 44
dcmeﬁ?ﬁwé&'ta%éfq T g!?:%%@?‘lz g?ﬁéﬁagnnﬁtpylenssdlamme nonamethylenediamine,

-met h
2,5- dnnat‘hyhrvenlameéhydebeélemmaet hdegamethyler)ediamine,  ethylenediamine,
-dianiline

h |
propyjérlﬁdlw i s- (2- cﬁl%pmﬁy%ﬁ%ye%%ﬁnﬁ?éygran ng?qguno 1,10-
dlmet‘ﬂwiﬂetbhéo bi §1(12d|'éﬁﬁlﬁwb@8béh%e) ’15 |ér'?1'lr%db‘t:§‘dé n%o 2,17-

met hyoxyani | i ne) oroanl 1 ne
diamipgeichean®r e, t he3 @étﬂybehhybﬂsét—diammpdmnsbmetbaae bis(4-

amin R Rl e L2 RSEA 5B B L0 B Stnane,

4.4 &l@%%dlbﬁe@IfMﬁdé eZSGJdalanlnop hJJllneli]‘j dlalrMno#)W idin@Nngl 6-diamino-
Ara is a divaleént arons di va

-tnflgq;romgthyleyn@mea au,‘&rdiaénmh‘eﬁé!rmydlazolegr dup-diginingsyelhexane,

R I RO S

methyi@nilibeyher ei nf X2miesh léhe bis@2-ethya e )2 - C(4Qr13}18th lene-bis(2-
)ll )M-q02- or -N Iggz OO% In Structure y, (

me‘th@svml@e@ 4 4xon-diantipe) d?iZOW'lb'IS rmeiwxygnitine), c4 4’ oxy-bls (2-
kyl I

chlor%érrgﬁgé), g(4a2’r Fa?ul@f Y1 4 BB (BrSnylaTing) ¢ 22+ Kb pis-(2-

methyoxyaniline), 4,4’—th|o bis-(2-chloroaniline). Furthermore, the polybenzoxazole

precursor base polymer, may be synthesized using a mixture of two or more

monomers described by generic Structure XI.

[0015] in Structures 1, i, I, HI*, 1V, IV*, and XII, Ar is a divalent aromatic, a
divalent aliphatic, or a divalent heterocyclic group. Examples of Ar® include but are
not limited to:

yoholehes

- 10 -
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include, but are not limted to, -CH3, -C2H5, n-C3H7,

i -C3H7, n-C4H9, t-C4AH9, and cycl ohexyl. 25 [0017]
woveveirersss havi ng the Structure Xl1 are di aci dsPCHUSINE010394

di chl orides and diesters. Exanples of suitable

di carboxylic acids (W= COCH) include, but are not

limted to, 4,4'-diphenyletherdicarboxylic acid,

terephthalic acid, isophthalic acid and m xtures

t hereof. Exanples of suitable diacid chlorides (W=

COCl) include, but are not limted to, isophthal oyl

di chl oride, phthal oyl dichloride, terephthaloyl

di chl oride, 30 1, 4-oxydi benzoyl 3

W@ itabl e dicg

PCT/ USRQ06£6010394 rel at e,
di et hyl 1"sopht hal ate d| et hyl phth ate

terephthal ate and m xtures thereof. [0018] Mnoners
having Structures X and XI and Xl | react to préduce a
5 pol ybenzoxazol e recursor base poI :

X F ; | east one
dlanlne nay be used. GEneraIIy, the reaction for
diacid dichlorides (W= C(OCl) is carried out at
about -10 C to about 30 C for about 6 to about 48
hours in the presence of an 1o approxi mately
stoi chionetric anmount_of am ne base

sui tabl ejam Rg bas€s Tnclude, but 3 Fted\t o
PYT | G ) 5~

di azabi cycl o[ 3. 4. 7-ene (DB

1, 5-di azab .3 on-5-ene ( DBNR

pyridine, and di net hyl aniline. The polybenzoxazole
precursor base polynmer of Structure | nmay be isol ated
recipitation_into water, recovered by 15

b
whergid pist@orSant (@Fped -l pEFons S6b- S NEF Q-

synt heses enpl oying diesters or diacids may be found
in US Patent Nos. US 4, 395,482, US 4,622,285, and US

[0016§, 096, BOStructies &in Wris C(®CAt COOH of €(©)OR’. wheesiaIR 2 is 01-

The preferred reacti on solvents are

Cy lingafet Rianchegyalkyl ieHR qrrver,— s oygloalkyl group. Examples of R"™
mclucﬁt, *'\lgd&%reefﬁé{ ghhféﬁnfo (M) - OB c i, YE GRS L RS HE GRE, Ho, and

or mam de
cyclohexyl.

[0017] Monomers having the Structure Xl 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 = COC!) include, but are
not limited to, isophthaloy! dichloride, phthaloyl dichloride, terephthaloyl dichloride,
1,4-oxydibenzoy! chloride and mixtures thereof. Examples of suitable dicarboxylic
esters (W=C(O)OR12) include, but are not limited to: dimethyl isophthalate, dimethy!

- 11 -
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(DMF), N, N-di net hyl acet am de (DVMAC),

di net hyl - 2- pi peri done, di nethyl sul foxide (DVSO,
waiobobene, and di gl yne. The nost preferred soP@ENSN06/010394

are N-nethyl-2- pyrrolidone (NWP) and gamma-

butyrol actone (GBL). 25 [0020] Mononers havi ng

Structure X, XlI, and XIl are enployed such that the

ratio of [X + XI]/XII is generally from about
phthaisey imetinl Fesspitaslaje, disdviaisophbralgte, diot] /plthalete, disthyl

terep'ﬁ@%%%l#ﬁé%w&t u‘lg'leo}xt ?sagﬁglt o;lleé ftrg?n ggggtrrerlo to

about 100 nole % of [X+ XI] and the m)norrer havi ng
Structure Xl is enp ed from about g out 90
[00183, of [ Manogpgrs b@v'ﬂﬂs%trwttuwsoﬁ( &hdt ¥ FeRCtU Pgoduce a

polybéﬁ?clﬂnetz'toklg pfécl‘l)?%eng%%?ﬁp}?ﬁéfr‘ WSfrU@tu?%rlucAHy ednventifhl method

e precursor base polyner nay
for retaetmgaactboard»oxylrc btidadsits dichbridar2diesict WiB0at least one aromatic

andiof fietqTpRYIG qiayChogy A, 5id apliaatn wiB, Sieesh dlisdieniige. may
be us(e@ @Q%P’F qugglreac c§1 ﬁ:ﬂ’ dlé‘él&%‘?&hl&"l&eﬁ g}wtl\@%eg |§€9Hted out at

out |l ess then ferred
aboutr eﬂr@geCﬁoraboutsSG PGrfoatebotit H0tot abtahto% QoS dimdhe presence of an
r.ange,f or from abput O

:
approfispetely SibaRRmanToust of SR Bitandtaraget.or Sitaitle amine

baseleQnélUéiea Rk € a‘%ef Rbt eqlrﬁlﬁéwetéor %dlﬁefrﬂ@tﬁﬁoubnﬂne 1,8-
to about 100. The nost Bre erred range for x 1s from

diazahlsyalo[9.9.Qlendewiters0 AU nbStdipralvieycled. 3 Qinpn-beney (DBN),
dlmetbS {Bry(r)l maebgékggpltgﬁe@\tyga@'ﬂgfe d%&hgo é‘l?\lq% ﬁﬁﬁ%q%gpregursor base

polynfitesRSeructiRk e Hta%lf byeissfted Mi/) pRdcigitRRNny f6 \Déter recovered by
Structure | by t average nol ecul ar wei ght of

filtratips ek drigd. t De*sh@pww@f gfitae symihpees enyy ﬂylnwlwe@@mdlamds

my GO, P R S0 308 BRIV 08 chn Us 5,096,000

herei@X®uphSrated by aefeehek, Experinental Methods in Pol yner
Chemi stry, John Wley & Sons, New York, 1983. [0023]

It should be noted that nolecul ar wei ght and i nherent

I SCOSI t
1018, 20T AT rERLGFELBRE ARG S 2hang ), N
ethyl-2-pyrrolidone (NEP), gamma- butyrolactone (GBL), N,N-dimethylformamide
(DMF), N,N-dimethylacetamide (DMAc), dimethyl-2-piperidone, dimethylsuifoxide
(DMSO), sulfolane, and diglyme. The most preferred solvents are N-methyl-2-

pyrrolidone (NMP) and gamma- butyrolactone (GBL).

[0020] Monomers having Structure X, XI, and Xll are employed such that the
ratio of [X + XIJ/XIl is generally from about 1 to about 1.2. Preferably, the ratio of [X
+ XIYXIl is generally from about 1 to about 1.1. The monomer having the Structure
X is employed from about 10 to about 100 mole % of [X+ Xl] and the monomer
having Structure Xl is employed from about 0 to about 90 mole % of [X + XI].

Distribution of the polymeric units resulting from monomers having the Structures X

and X! in the polybenzoxazole precursor base polymer may be random or in blocks

- 12 -
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20 depending on the reaction conditions chosen and
consi derations such as the purity of the solvent, the
whenvsdo48y3 presence or absence of a bl anket of P@I/USIOEN10394

or argon gas, reaction tenperature, reaction tine,

and ot her variables. [0024] Pol ybenzoxazol e precursor

pol ymer of Structure |l nmay be synthesized 25 by

reacti on of the pol ybenzoxazol e precursor pol yner of
withingtr ucture | with about 1 %to about 40 nole % of a

di azoqui none (based on the nunber of OH groups from

the nononer of Structure |I) in the presence of a base
[0021]0 yi el Sth&tm@bylbehanxamllv orpl\ecmr|§@n trite@érr frotribout 10 to

according to Reaction 1. - 13 WD 2006/.104803

abou’P&ﬁ@QJSQGﬁ)@V‘ aniegen fr OH) ahPIUTAszO I‘@%\l" 900 @‘3%‘*)& iBabotless then

oot e BagRap 1% i BoElg AP R i rer

for y Is fromldbdre &ctol abvoult 280er Aimorky preféred rakngse fondis flpmikdbout 10 to

about§U0NES B1ore e i LAIOR ALY do oBh ABOBLP 19 ko RO Ehe most
prefefr@é%lﬁ e Yo R is ?rBﬁ tgﬁélnf‘g(? Y&8polit 5@ %Jn'dld§ nkil\’l&zét zb?%%éféHRraﬂgge fory

imted to one o | ow ng:
is frolR about 0 to about 5.
[0022] The amount of (x+y) can be calculated by dividing the numeric average

molecular weight (Mn) of a polymer of Structure | 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.

[0023] It should be noted that molecular weight and inherent viscosity of the
polymers and therefore, x and y at a constant stoichiometry, can have a wide range
depending on the reaction conditions chosen and considerations such as the purity
of the solvent, the humidity, presence or absence of a blanket of nitrogen or argon

gas, reaction temperature, reaction time, and other variables.

[0024] Polybenzoxazole precursor polymer of Structure 1l may be synthesized
by reaction of the polybenzoxazole precursor polymer of Structure | with about 1% to
about 40 mole % of a diazoquinone (based on the number of OH groups from the
monomer of Structure 1) in the presence of a base to yield the polybenzoxazole

precursor of Structure I according to Reaction 1.

- 13 -
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020202 dcl d ON N250 R-t:DS02 02 C
Cl 30 wherein, Ris H a halogen, a C1 - &4 al kyl

w@e@apo4se3 Ci - C4 al koxy group, cyclopentyl -PABUSAMB/010394

2006/ 104803 PCT/ US2006/ 010394 or cycl ohexyl. Exanpl es
of suitable R groups include, but are not Iimted to,
nmet hyl, ethyl, propyl, iso-propyl, n-butyl,

sec-butyl, t-butyl, cyclopentyl or cyclohexyl. [0026]
General ly, the reaction is carried out at about 0 Cto

about 30 C fo ut 3 to out 24 hours in a
sol vent Enn thg pre a se. CGenerally, a slight
“eNTREIN Sse enpfoyett A EMI@\' lbs+ oK' dqaizdemt of DCI

i ncl ude but are nof. |W|ted to am ne bases such as
pyridine, trialkyl )ne, met hyl pyri di ne, |utidine, n-
met hyl mor phol i ne, apg the like. The nost preferred
base is triethylamge. The preferred reaction
solvents are tetrahydrofuran, acetone,

N- net hy oI [ (N%am but yr ol act one
4N§B + r’%jﬁr Hﬂﬁdﬁ AR
i i yl acet am Dl\/AC) [

|neth di et hyl - 2- plperldone

di et hyl sul f oxi de (MBSO, sulfolane, and diglyne. The
nost preferred reaction solvents are tetrahydr@f&ran
and acetone. The reactj on m>ature shoul d be protected
fromactinic rays. 15 9 The nol ar anmount of DCl
may range from about 1%to about 40% of the quantity
of OH groups from nononers of Structure X to yield k'
from0.01 to about 0.4. A preferred anmount of DCl is

heré‘lr“o p’abﬁ“:] Fre At il }Xélo \%@%F‘t@he o i {< C)f_lr om
whergn Ao 1 By Abncnds Skt Bevigi8) stibed

about 0.01

[0025] Examples of the diazoquinone compound DCI that can be reacted with

the PBO polymer | include but are not limited to one of the following:

QO b
N, 23 N>
R R R
) O
O | 2
& 2 cl il
0O
N, N2
O
R
SO,
; 02 |
Cl Cl

30 wherein, R is H, a halogen, a C1 - C4 alkyl group, a C+ - C4 alkoxy group, cyclopentyl

- 14 -



10

15

20

30

to about 0.20. A nore preferred anmount of DCl is from
about 1% to about 10% of 20 the quantity of OH groups
wo cwanemsnomer s of Structure X to produce k' frpon/akmoe/010394

0.01 to about 0.10. A nost preferred anount of DCl is
fromabout 1% to about 5% of the quantity of OH

groups from nononers of Structure X to produce k' from
about 0.01 to about 0.05. 25 [0028] Pol ybenzoxazol e

or cyplebeyyls drxarapeaaf sugablst R greupsinciude, Quiaranst Nmitagdo, methyl,

ety Bicph ot hek P SgPthiy Eorl i biop BT Bt Poiold &

group, or - 15 WD 2006/104803 PCT/ USZOOG/ 010394
m xtures thereof; Are is a divalent aromati

[0026]; va| efteneraby.dbpdepetion isiparmied AUt af) atz%m G tgrabput 30 °C for
aboug@f@'a% gt Al AL §rf 2 WoRidht i He ;g@égﬁg? rbe?ée' ' é%ﬂe{a‘h& a slight

is a dvalent "aromatic grou ent al i
excesy oﬁ!pasath@&i%eMplwleelr dexerhples @f bapes mclmﬂe<but ar® not limited to

ami“t%r eg; gA"E%b ﬁﬁw%g‘g‘%zc@? A{Wm%gga%ﬁiﬂgw 'ﬂgyalhﬁ%ne' n-
meth?MérEHMhné{réWdPtﬂ%Mle? g‘rl'ﬂé hesdiZ5@rdtYed SRk @.”tr%fthyégrmne. The

pol ybenzoxazol e base pol ymer of Structure |
prefewiedr eeaGtion aolventsy are ntetrabydenfiiirang rangtoheay iNymedhyl-2-pyrrolidone

ar bonyl car ponyl ox o | fqQn r and Mjs
(NWIRJg  geHfae- | LB, olcRbh i Aotk iriararie” L lhME), NN-
dlmeﬁlfy%dé@émbem @I@IA*C&B&%J’{H*ILZQW&%%F\&UCHHﬁé’b‘ﬁylsuilfQXIBeo (DMSO),
sulfolane and dlglyme The most preferred reaction solvents are tetrahydrofuran

and acetone. The reaction mixture should be protected from actinic rays.

[0027] The molar amount of DCI may range from about 1% to about 40% of
the quantity of OH groups from monomers of Structure X to yield k' from 0.01 to
about 0.4. A preferred amount of DCl is from about 1% to about 20 % of the
quantity of OH groups from monomers of Structure X 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 X to produce k' from about
0.01 to about 0.10. A most preferred amount of DCl is from about 1% to about 5%
of the quantity of OH groups from monomers of Structure X to produce k' from about
0.01 to about 0.05.

[0028] Polybenzoxazole precursor polymers of Structure Il

QH
il Lo
C—NH—AM#—NHT A NH—TH“N - A NH“Ari’—NH};G
0OH

wherein Ar' is a tetravalent aromatic group, a tetravalent heterocyclic group, or
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O H3CFaC 25 0 OCH OO3 30 KBCO-~-CH3 16 WO

2006/ 104803 PCT/ US2006/010394 OO0 OHOHO G HOI |
w@2®61048p3 O 11 0 -0-SVANNW O 10 O Il H3C ( Or2)/ps100€010394

0O 15 O [0029] Exanples of M groups include, but are

not limted to, Cd, Br, nesylate,

mixtures thereof; A 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’ (OH)2 or Ar* and G is a monovalent organic group having a
carbonyl, carbonyloxy or sulfonyl group may be synthesized by reaction of
polybenzoxazole base polymer of Structure | with G-M where G is a monovalent
organic group having a carbonyl, carbonyloxy or sulfonyl group and M is a reactive
leaving group. Examples of G include, but are not limited to the following structures:

H‘L“—“o . 0
X
=
E
O~CHj oHs
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triflate, substituted carbonyl oxy groups, and
substituted carbonate groups. 20 [0030] Exanpl es of

W@ eiobamdse3 cl asses of G M conpounds i ncl udes buPCHDS2006010394
limted to carbon and sulfonic acid chlorides, carbon
and sulfonic acid brom des, linear and cyclic carbon
and sul fonic acid anhydri des, and al koxy or aryl oxy
substituted acid chlorides. Exanples of suitable GM

compounds iQpIude mal ei ¢ anhydri dey succinic OH O
anhydri de, a&cetic anhydride, propiofic anhydride,

Hr bor anhydri de,HqQht haki_c dri de, canphor

su [ nhydride, tri ne sul foni¢

anhydri de, nethanesul fanic acid anhydri de,
p-t@luenesulfoBic acid anh§ﬁride, et hanesul foni c
anhydri de, butgnesul fonic acid anhydri de,
per f | uor gbut angsul foni ¢ aci d anhydri de, acetxi

e sl fonyl chlori de,
triflupronethanesul fonyl chloride :

z §lic acid 30 chlorid -t -put yl

di car bonat e, t hyl di carbonate, diethyl di carbonate,
di butyl di carbogate, t-butyl chloroformate, ethyl
chl oroformate, n-butyl chloroformate, - 17 WO
2006/ 104803 PCT/ US2006/ 010394 and et hyl
chl orof ormat e. Further exanples include conmpounds
having the Structures shown below. Q Q QI
H3C Br %Cluﬁ)QlBCSG Od 0000 HC

A, IKO S CH, |
HyC—(CHy)p—Swww

"R °
N\,
[0029] Examples of M groups include, but are not limited to, Cl, Br, mesylate,

triflate, substituted carbonyloxy groups, and substituted carbonate groups.

[0030] 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 anhydride, camphor sulfonic acid anhydride, trifluoromethane
sulfonic acid anhydride, methanesulfonic acid anhydride, p-toluenesulfonic acid
anhydride, ethanesulfonic acid anhydride, butanesulfonic acid anhydride,
perfluorobutanesulfonic acid anhydride, acetyl chloride, methanesulfonyl chloride,
trifluoromethanesulfonyl chloride, benzoyl chloride, norbornene carboxylic acid
chloride, di-t-butyl dicarbonate, dimethyl dicarbonate, diethyldicarbonate,

dibutyldicarbonate, f-butyl chloroformate, ethyl chloroformate, n-butyl chloroformate,

- 17 -



H3C CH3 Br OBr O Br OO QO CH3 10 H3CO CH3 [0031]

The reaction can be carried out in a suitable solvent
whyooadaisti on of G Mto a dry solution of the PCT/US2006/010394

pol ybenzoxazol e precursor base polyner at a 15

tenperature fromabout -25 C to about 40 C. The nore

preferred tenperature is fromabout 0 C to about 25

C. The nost preferred tenperature is fromabout 5 C -
and gethyb chiosfamages PomtheE?suerpiesdaclude sbowroutdisChaving the
ne is fromabout 1 hour to about 24
Struﬁgﬁersssﬁ%ﬁe%lﬁo "ar anount of G Menployed is a slightly
excess (3-6% of the sumof the nolar anmounts of
nmononer of Structures X and Xl |ess the nolar anount
of gnonomer of  Straucture XII. Addition of dfganic Br
i ngrgani c base may|al so be enployed. 5 Exa Ieg of
H Cfﬁjiﬁﬂﬂre org bases include, Mut are not ﬁ :
limted ta@,pyridine, trlet I i ne,
1, 8- dlazablcyclo[S 4. O]E ne (DBU), 1, 5-
dlazablcyclo[4 3. 0] non- 5% ne di nmet hyl pyridine,
5 and di et hyl ani |i ne. Exanples of other suitable bases
i ncl ude sodi um hydr oxi de, sodi um carbonate, and
cl g @m silicate. 10 [0032] The preferred reaction
sdl vents are propyl enegl ycol nethyl ether acetate

i met hyl acet ami de” (DMAc) , di net hyl -

hyl sul f oxi DMBO), tetrahy THF) ,
adet one, sul follg and di gl yne- st pP 2
sol vents are di ghyfre and PGVEA" [0033] In sone ses,
HAC /t/F?e endcappi ng regction with certain endcappi ng
3 CHj
Br o Br >
= Br o} =
51 s
CH
F (I) o~
H3C o)
10 T>CH,
[0031] 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
15 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

- 18 -
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reagents, such as cyclic anhydrides, may not stop
after the endcapping reaction. A 20 subsequent
wa@ledogdosds on step may al so occur to form a di vECENS2006/010394

endcap (G in Structures Il11* and |IV*). Exanples of

cyclic anhydri des which nmay undergo this additiona
reaction include, but are not limted to maleic

anhydrlde succinic anhydride, norbornane anh drid

to abcmirﬁbr6en$hame9qwmélmwﬁjfr@mrgh@m dniQidr fgabou 24 otirs.  The

29 0,
molarﬁﬁqtﬂgzcgo%ﬂ%l BN&)yeF%%)ﬁ%gBﬂYJebgﬁzo&a?oﬁ)/e&gt?%cﬁfrgod the molar
amouR@! ¥ RbnBMePIIT Bt udtards\VX ramd Xeless)thé esliaz ednduynt of monomer of

reacti on of polybenzoxazol e prec
Structars g0t ur AUt FPTGaRG.or SRS CaPase . TV B00 PG, BPioyed.
cramflel AR SHORTE e D0t TRFfoe B bt 16 e
triethyl 0 yi %Jnﬁintehe pdl&HMbwzkml[@m}]emcsmena/ acc(iBBUI)l,g 1,5-

to Reaction 2. NH[
diazalbicy MpLAsk ORI A0BNARIEN. imeiiHly QYEFINCot 258 JiEghylaniline

i S S A o A e,
sodiuf siidatek2, x, y, and G are as previously defined.
Simliarly, the polynmer having Structure |IV* can be

S%ngfSi zed fromthe polymer having Structure II11*.
a f iofll '
[0032ﬁan beTﬁéag@ggﬁ\%ﬂt Eéélﬁloﬂ ABRBHINCIIE PROPALHEYINEEl hiwahyl ether

acetate (PGMEA), N-methyl-2-pyrrolidone (NMP), N-ethyl-2-pyrrolidone (NEP),
gamma- butyrolactone (GBL), N,N-dimethylformamide (DMF), N,N-
dimethylacetamide (DMAc), dimethyl-2-

piperidone, dimethylsulfoxide (DMSO), tetrahydrofuran (THF), acetone, sulfolane,
and diglyme. The most preferred solvents are diglyme and PGMEA.

[0033] In some cases, the endcapping reaction with certain endcapping
reagents, such as cyclic anhydrides, may not stop after the endcapping reaction. A
subsequent dehydration step may also occur to form a divalent endcap (G* in
Structures lII* and IV*). Examples of cyclic anhydrides which may undergo this
additional reaction include, but are not limited to maleic anhydride, succinic

anhydride, norbornane anhydride, norbornene anhydride, and camphor anhydride.

oH. ,° 0
3y C
WNNC N
I
0 ®
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35

30 the PBO polyner 11l (111*) include but are not

limted to one of the following: ONz *N2 ONz RRR
WO R@810@03T Oz 35 CL A OCd N2 N2 0 R 0z SE21/0520060110394

20 WD 2006/ 104803 PCT/ US2006/ 010394 wherein, Ris H

a halogen, a C1 - &4 alkyl group, C1 - C4 al koxy

group, cyclopentyl or cyclohexyl. Exanples of

suitable R groups include, but are nor linmted to,

methyl, ethyl, propyl, isopropyl, n-butyl, sec-butyl,

o0k 2 AL AR bt ek 08y e e

synthteerq Lkﬁnteetdf oﬂhf@:blgb@rmdmlemmum neheheSbf Scl:mmtwe)ﬂl with
Fnz{y dklfroomo 01 to about Qg ferre
aboub i i ABPUBA0% Sneleoth 8h8.RR2054Doa ShESS B ke pHEber of OH

grou&uﬁguce e?(%?l%'llngf %ﬁ"ﬁr%&@%‘ Kfr\‘t"fﬁé ?r@% r?!oe,r B@taubﬁsé th%ield the

rom abo o abo
polybﬁn&émmﬁipmm%r 1M a@@rding tbRwacibo®. 1 %to about 10%
of 1o the quantity of OH groups from nononers of
Structuref X toff pr odfEe k rom bout O. 01 to about

' m, abou
G-Brglggout 5% of tﬁr_fquanf‘l ty of gAr'i(j“ps (19 P equwaeHPOf pel

nmonomers of Structuoe) X to produce k' from about 0.01
to about 0.05. 15 [0037] The reaction conditions are

i dentical to that d%@vei ption for the synthesis of
pol ybenzoxazol e pre rsor polynmer of Structure II.

[0036] A | ybgnzoxg e ppecurgor pol yner of

Structurg“ V( V*) ﬁiﬁ “

G™NH™Ar—NH NH“/i\ﬁ"N NH"AIZ"‘NH;L;G
(OH)2

Reaction 2

wherein Ar1, Arz, Ar3, Ar4, D, k1, k2, X, ¥, and G are as previously defined. Similiarly,
the polymer having Structure IV* can be synthesized from the polymer having
Structure 11*.

[0035] Examples of the diazoquinone compound DCI that can be reacted with

the PBO polymer 111 (111*) include but are not limited to one of the following:

o] N2
N> 0 Nj
R R R
0, [0)) ?02
&1 & Ci
0] Ny
Nz 0
R
2
?02 Cl
Cl
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prepared by reaction of a pol ybenzoxazol e precursor
pol ynmer of Structure Il with G 20 M The definition
wo@RooG1e4308 M are as defined before and the reacP@DNS2006/010394

condition is the sanme as described for the preparation

of pol ybenzoxazol e precursor polymer of Structure |11

(111*). [0039] Polyners of Structure V can be

synt hesi zed by the reaction of 25 hydroxysubstituted
wheralhaRiiad$ avhalogginanhfdr Qe slkyb 9ensse (Gibe@s RikOXS gpavRngyclopentyl

or o Bhep, E5Am ML 2 BEARRCHELRE, B! o s o, o,

ethyl, kbtoﬁylxts@ﬁﬁ?wfnbmﬁﬂ O3St Itiblwtﬁdcyﬁlmmydmrmycmhmwr es
di an rides, or both. Polyners having Structure
V, when cured can form a polynmer having imde rings,

[003éﬂxa20| jh 'rﬂ%ar%mé?u YZ"F'rﬁ EE Cftheébou@P%[fgoélQ&ut 40% of

he positiVe ActIng p o osen e resin composition
the q@binfityi &f OBV grdupenfrom ?ribndv‘@r@&ﬁ%ttﬂdt&ﬁax to yield k' from 0.01 to

abouﬁg\ﬂi h’?&%&?ﬁf&%’ %Arrrwunt%)fr b%?agaftrqi%\e%pqgute/? ‘%5? oun%o o of the
quan@}_@@)%lgr%%gﬁf% ea&L nL}B% mgﬁp é;ﬁétpzarb'du% ®om about 0.01

to abalik@l20gr AuporeCprefefiédadrkount i DO js freol apeut §96 tOOabout 10% of

|
the QLG OE HOUEBIITTURRROGETS BhSYRGILIE df o PHAAGHE. TTom about
0.01 g B8outl®. 1b00&¥ﬂ10§f‘}?mfé+%§aﬁﬁﬁuﬁf aF DCIds s *é%@u’@ki% to about 5%

ructure VI can so exist (and may preferentially
of theeguiantjty iofl QHhgrawns fnmmrnnonbmem of Struptuge ¢ ti produce k' from about

ituatio For the purposes of the description of
0.01 %?‘%Wtrﬂ/@ati on, both tautomeric forns are consi dered
to be

[0037] The reaction conditions are identical to that description for the

synthesis of polybenzoxazole precursor polymer of Structure 1.

[0038] A polybenzoxazole precursor polymer of Structure IV (IV¥) can also be
prepared by reaction of a polybenzoxazole precursor polymer of Structure If 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 1 (11¥).

[0039] Polymers of Structure V can be synthesized by the reaction of
hydroxysubstituted diamines with dianhydrides as described in US Patent No.
6,524,764 which is incorporated herein by reference. Polymers of Structure V may
be synthesized by mixtures of hydroxysubstituted diamines or mixtures of
dianhydrides, or both. Polymers having Structure V, when cured, can form a

polymer having imide rings, oxazole rings or other cyclic Structures.

[0040] The positive acting photosensitive resin composition of this invention
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descri bed by Structure VI. RVRVeH 2 15 RY SHR2 Y
\'S VI VI' [0042] Preferred conpounds having
w®Reoaao4s0x VI i ncl ude, but are not |imted to PCT/US2006/010394
Structures VI-a or VI-b or VI-c or VI-d: 20 RS
1SHSHLSH , )", 3 HY SHR Vl-a Vl-b VI-c VI-d 22 WO
2006/ 104803 PCT/ US2006/ 010394 wherein, the
deflnlieons of V, Y and R3 are the sane as defined
compgises igbfeash pReremERoung Bavias SEUSBM: donat i ng gr oup.
Exanpl es of el ectron donating groups include, 5 but
are not limted to, a C1-C4 al kyl group, a. C1-C4
al koxy group, cyc&pentyl and cyclohexyl. In the
alternative tauto preferred conmpounds VI -

- VI-d would be H VyH V~ R5HaN~H.~'~~N~HY
O-SY S SR3 10pfA-+—= Vmg) "-c VI'-d [0043]
Exanpl es of corrpounds havi n tructure VI include, but
are not limted to: NNCH3 N OSHN SHNSH H

wherein, VV is CH or N, Y is O or NR® wherein R®is H, CHs or CaHs, R" and R?
each independently are H, C1 ~ C4 alkyl group, C1 — C4 alkoxy group, cyclopentyl
or cyclohexyl, or alternatively, R' and R? can be fused to produce a substituted or

unsubstituted benzene ring.
[0041]Compounds generally described by Structure VI can also exist (and may
preferentially exist) in the tautomeric form VI' in certain situations. For the purposes

of the description of this invention, both tautomeric forms are considered to be
described by Structure V1.

1 1
R
T = REL‘““
2
R Y SH RZ Y/KS
Vi VI

[0042] Preferred compounds having Structure VI include, but are not limited to
Structures Vl-a or VI-b or Vi-c or VI-d:

. O o LR

R3

Vi-a Vi-b Vi-c Vi-d
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H N 20 rNSH and | CH3 [0044] Suitable solvents of
this photosensitive conposition are polar organic 25
w@oiosroMs83 Sui t abl e exanpl es of pol ar organi ¢ BOI/US2WE010394

include, but are not limted to,

N- et hyl - 2- pyrrol i done (NWP), gamma- butyrol actone

(A&BL), N,N dinethyl acetam de (DVAc),

di met hyl - 2- pi peri done, N, N-d inethyl formam de (DW),

- 23 WD 2006/ 104803 PCT/ US2006/ 010394 and mi xtures

t hereof. The preferred solvents are ganma-

but yrol act one and N- net hyl - 2- pyrrol i done. The nost

vprerbier trexldsfihitions of ¥, yoama R® dreiihe ebard 88 @efih8@4akictN8nd R is

I-EhOt oaﬁtlve 8on£ound (d) of the photosensitive resin
ShABSIeGiERN deniieeras Bxametesne @lectron donating groups include,

bk 7O RBPIThIeA Y N9RS. L)e5C I.¢h ar
the condensa?(lb’onm&r@%ﬁ%?%?h%h%ﬂ?%@%@%’ ﬁéglopentyl and
cyelohextioln thetaltembatiie Biudomart iform,hyrdfened corPpeRfdeiVits — vi-d
V\Pni §r nore conpounds of structure D (descri bed

%“%/ ? Preferably structure D is a 5-naphthoqui none

di azi de sul fonyl conpound and/or a 4- napht hoqui none

di azi de sul fonyl conpound. Exanples of photoactive
HompoundsH io are ill USt![la:ﬁSj in structures, Xl Ila-r. H

[ Whe pp&hoN-c—camrpou >t he kbone’ N4
typically e oonéo inijthe prep on of a
0 e Coupotn be prepared b suitable /&
s rrét hod® bé N~ s
R

nmet hod. A~ conmon of synthesis'is reaction

of a suitable phenol derivative with a 15 suitable

al dehyde or ketone in the presence of a solvent such

as \ikahanol . The ndabtion is nost ofyep catal yzed byp_g
a strong acid (e.g. sulfuric acid or p-toluene

sulfonic acid). Generally, the reaction is carried out

0043, 200 0 S0 0 MR VE ot ar o

limitedifol are synt hesi zed by reaction of the backbone with
DCl. CGenerally, the reaction is carried out at about O

C to about 30
[ j—\—N N CHj N
O/U\SH | /U\SH | O\‘NJ\SH
u
L

and Il\l SH
CHs

Z I—2Z2

[0044] Suitable solvents of this photosensitive composition are polar organic
solvents. Suitable examples of polar organic solvents include, but are not limited to,
N-methyl-2-pyrrolidone (NMP), gémma— butyrolactone (GBL), N,N-
dimethylacetamide (DMAc), dimethyl-2-piperidone, N,N-dimethylformamide (DMF),

_23_
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C for about 4 to about 36 hours in a solvent in the
presence of a base. Cenerally, a slight excess of
whawe/10430DCI i s enpl oyed. Exanpl es of bases i neCT/US20061010394

are not |imted to am ne bases such as pyridine,
trial kyl am ne, nethyl pyridine, lutidine, n 25
met hyl mor phol i ne, and the |ike. The nost preferred
base is triethylamne. The preferred reaction

and mbttwiest heseef. té’h@ap;&iewedrmivqntﬂare gamima- butyrolactone and N-

meth P RRaRTAEE Bhedrty Patlstisn B iner iR rephphBbione.

2 p| peri done di met hyl sul f oxi de (DWVSO), suI f ol ane, and
ynme. The nost preferred solvents ar

[0045]et r ahy'@edqhqtgact(va-mmpg@@@ dheotaihe @mﬁgensmve resin composition

comsL 8L B3, RSP heal Py A AR B i re e

condEXSHtIdH201aLIeEISP dompo0AlS dontainpingsiramh atwoyidihalabXut B aromatic
include, but are not limted to, one or

hydrops| DERRSg WHENBBR rifs MR rerereynds of %ffw&ﬂ@n@eéﬂ%syﬂged above).

P BB S SR TR PP Sy Gidora
naphtMdgluiridre macz\dessulfdrwﬂ C@l’an&Em{ft Examples Df whetasativ® dagnpounds

as defj ned befor O 00O 0 CH3
are l'@ﬁﬁa@dsm@t%#qfeé%%'ﬁ d ?OQHS w00 0Q

[0046] 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.

[0047] The photoactive compounds Xlll 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 triethylamine. The
preferred reaction solvents are tetrahydrofuran (THF), gamma- butyrolactone (GBL),
N,N-dimethylformamide (DMF), acetone, N,N-dimethylacetamide (DMAc), dimethyl-
2-piperidone, dimethylsulfoxide (DMSO), suifolane, and diglyme. The most
preferred solvents are tetrahydrofuran (THF), acetone and gamma - butyrolactone

(GBL). The reaction mixture should be protected from actinic rays.

_24_



QQ -\ 1/-0Q00000H3ICH 159 OQ X lie XiIIf
- 25 WD 2006/ 104803 PCT/ US2006/ 010394 Q5 Q OO O
WEODRDMPP OD CFt3 CH, QO OQ 0. CH3 10 (XI 11 BOT/(%0D6/010394
hY QO Q-~0 QQOQ CH3 O (XIII 1) (XII! j)y QQO

000Q CHB Q

[0048] Examples of compounds Xlil include, but are not limited to, one or

more of the following compounds where each Q is independently a hydrogen atom

Xl a Xl b

Xillc Xiil d
Jepeacacq- U @O@ :
5
oQ

Xllle XIif
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OQ (XIII k) (XIII 1) 15 - 26 WD 2006/ 104803

PCT/ US2006/ 010394 QQOQ0 0 QOQ0 0 0 C-b 0000
WODOP48OXL11 M (X111 n) Q OCH3 H3 CH 3 / OPCTUSDIED10394

\ / H3C H3C CH3 (X111 P) (X111 0) 5 10 27 WO

2006/ 104803 PCT/ US2006/ 010394 0OQ OQ

OQ

10

(XI1 ) (Xl j)

oQ

(Xl k) (XN 1y

15

- 26 -



10

HBCOOCH3 \ | \ 1 CH3 QO OQ CHs XIIl r [0049] The
anount of pol ybenzoxazol e precursor polyner(s) of

w®eeoeaoasoes |1, S5 11, 111, 111*, 1V, V¥ or V PCI/UK®06/010394

QO

phot osensitive conmposition is fromabout 5 w. %to
about 50 wt, % The nore preferred anount of

pol ybenzoxazol e precursor polyners of Structures I,
[, e, 111*, 1V, IV or Vis fromabout 20 wt. %to
about 45 wt. % and the nost preferred anount of

pol ybe xazol e precursor poly of Structur I,
I, [11*, 1V, IV or Vi %to
% Pol ybenzoxazol € pol ymer s
11, 111, 111*, g / can be

;Iy or be conbi.;d in any raf

Up to 25%bof
unt of the pol ybe

sor ¢polyner

Exanpl es of or g sol ubl e,
aqueous base e, aromatic ; [
group pol yngy$ or copol yners na cl ude™petyi m des,
pol ybenzoi m dazol es, pol ybenzot hi azol es,
pol ytriazol es, pol yqui nazol ones, OQ oQ

pol yqui nazol i ndi ones, pol yqui nacri dones,

pol ybenxazi nones, pol yant hrazolines, polyoxadi azol es,
pol yhydant oi ns, pol yi ndophenazi nes, or

pol yt hi adi azol es. 20 [0050] The a t, of conponent
sel(@tf ey from Structure VI used iRRﬂﬂP% conposi tion
is fromabout 0.02 wt.%to about 3 wt.% of the total
wei ght of tk@ conposition, preferably about 0.05 wt.
%to 2 w. % and nost preferably about 0.06 w. %to

of the photosensi
sol vent range is

(XIll p)
(XIll O)

- 27 -
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20

%to about 70 wt. % A nore preferred range of sol vent
is fromabout 50 . %to about 65 wt. % 5 [0052]
wab@eamsunt of di azoqui none conpound (XI11), uREHUSI906/010394
this conposition is fromabout O wt.%to about 25
w.%of the total weight of the conposition,
preferably fromabout 2 wt. %to about 12 wt. % and
nost preferablyfromabt 3 %to about 6 wt. %
The amount of di azoqw n n‘\[%)(and reduces as nore of
r 1HoH,! V' s are used.
Also the |arger k1l beg di azoqw none
compound i s needed. ) there is no need to
use the diazoqui none ®p XI'I'1) because the

sufficient to pr active
conmposition. 15 Cptlonally dhesi on
pronoter may be i ded in the 1 gsensitive
conposi tion. Qde : f “@dhesi on

pronoter ranges friomabout 0.1 wt. %to about 2 wt. %
of total weight of Qﬂmposmlon A preferred anmount of
adhesi on pronoter is fromghout 0.2 wt. %to about 1.5
w. % Anore preferred Unt . of adhe3| on pronoter
is fromabout 0.3 wt. %to about 1 wt. % 20 Suitable
adhesi on pronoters include, for exanple, amno

[00493; | anedhezarmouniefipelybenzoxtzole aréauzsort belyatér(s) of Structures I,

dh t
0 S 9% T SRR, B AN B vt 5t
bout3 |
a out 1] wn‘:t%ie'lhg Wﬁ?eﬁgﬁgw%uﬁ%f%&ﬁxﬁzolé &Veh“@r%B?bBlymers
of Strggture@z byl BB} Wl IV*oproviss freat Bbeais20 svti %ﬂ&pabdeh% wta% and

the m%&re%r?tﬁ M{ Lﬁﬁ %F' %m{ﬁgﬁ%ﬁxz{@ e %&%Wyr%@@oggguﬁtures I,

i, m*d n\/s natn orrwegefrorﬁ rayoud 3wd. b a%oU§ 4®Nwt. e g%lﬁﬁe?fszazoie
oW ng noi eti €

bout 6, R16 is one of the foll

pfec”@é’r R@%@(ﬁ?ﬁﬁﬁsg’@r%’rl bblo did7, dYopgaor M d%aeredezd\lHngly or be
combined in any ratio. Up to 25% of the amount of the polybenzoxazole precursor
polyrr}er of Structures I, II, Ifl, 1lI*, IV, IV* 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, aqueous base soluble, aromatic
or heterocyclic group polymers or copolymers may include polyimides,
polybenzoimidazoles, polybenzothiazoles, polytriazoles, polyquinazolones,
polyquinazolindiones, polyquinacridones, polybenxazinones, polyanthrézolines,
polyoxadiazoles, polyhydantoins, polyindophenazines, or polythiadiazoles.

[0050] The amount of component selected from Structure VI used in this
composition is from about 0.02 wt.% to about 3 wt.% of the total weight of the
composition, preferably about 0.05 wt. % to 2 wt. %, and most preferably about 0.06

wt. % to about 1 wt. %.
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2 J-UHINYN OHRI8o0o 005 (r) Ow,p ASH www--. N
I/VWNL R19 O wherein each R17 and R18 are

w0 pbepessaent |y a C1 - C4 al kyl group or a C5 -PCUS2006/010394
cycl oal kyl group, and R19 is a C1 - C4 al kyl group or
a C5 - C7 cycloal kyl group. 1o Preferred adhesion
pronoters are those wherein R16 is selected from HH

-NH HNLOH |1 NH2 Y~- 0 0 0 and 15 More preferred
[0051Adhes!“Ehep%%mt&%n%@r@rﬁﬂekeomﬁem AbRub 40swt. SHonahauit 80 wt.

% o b el e soRGSREF L, Ao SOl B H Sl 45 e
% to FheupRdds &énsiAt moee poefeowidt lange aff sdlventps deentabout 50 wt. % to
Jon may further - 30 WO 2006/104803

i ent
about B WxB006/ 010394

[0052] The amount of diazoguinone compound (XIIl), used in this composition
is from about 0 wt.% to about 25 wt.% of the total weight of the composition,
preferably from about 2 wt. % to about 12 wt. %, and most preferably from about 3
wt. % to about 6 wt. %. The amount of diazoquinone compound reduces as more of
polymer(s) of Structures I} or IV or IV* are used. Also the larger k' becomes, less
diazoquinone compound is needed. With large k1, there is no need to use the
diazogquinone compound (XIll) because the amount of the diazoquinone moiety in

the polymer is sufficient to produce a positive tone photoactive composition.

[0053] 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 XIV

14
OR
16” S( ( )y

R
R'®(3.q)
XV

wherein each R" is independently a Cy — C4 alkyl group or a Cs — C; cycloalkyl
group, each R is independently a C1 — C4 alkyl group, a C1 — C4 alkoxy group, a Cs
— C7 cycloalkyl group or a Cs — C7 cycloalkoxy group, d is an integer from 0 to 3 and

q is an integer from 1 to about 6, R is one of the following moieties:
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i nclude other additives. Suitable additives include,

for exanple, leveling agents, dissolution inhibitors
w@anwet1bus03 | ke. Such additives may be incl uded PET/Uk®06/010394

phot osensi ti ve conpositions in about 0.03 to about 10

wt % of the total weight of conposition. 5 [0055]

Anot her enbodi nent of the present invention concerns a

process for formng a relief pattern using the

positive photosensitive conposition. The process

copprises the steps of: (ajycoating on a syitLapl e

S

ubs{rate,” a positive-workiRng photosensitive NH,
warHig STthonOHO conprivsi-mg one or nore polybenégiféole
pr¢icur sor [[pol ymers having  g#sructures | or It or gl

orgdI1* op IVor IV or Vor mxtures thereof, at

| east one conpound having Structure VI and at | east
one solvent, with the proviso that if the

pol ybenzoxazol e precursor polynmer solely consists of |

or
t hen at | east cone phot oacti ve conmpound is 1 a|SéL

preg , by forimJygy a coatgg,subgfrate; Rm
prébaki ng t coated substrate; (C) exposing the

or I'll* or V or a mxture of any of the four,

prebaked coated substrate to actinic radiationﬁ)(d)
developigg t he exposed coated substrate with an
whereif ¢eRHSRIEH Y T8I arct iRBEBENdetR §1MP_an I ebi&fcs - C
i mage on the cpated subgtratesfandgzo ?E?ﬁﬁéﬁg#% PL% Cs !
cycloalsylegroppdasd R eds AuBat+ &uealsyl groupl avatCsd—t@npyesiaalisylegroup.

here .curing.the relief imge..40056]., Th rocess
0 Prefelydd GResighPY R AanpRe WEEHN AR i s bbter] o
substrate wth a solvent containing an adhesion
pronDte%. Any suitable nethod of treatnent of 25 the

subst rafle w t hHadhesi on pronot gwiipwn to t hose
SKLM# d i aQﬁ{nay be enpl oyed. Nﬁ?es i ncl ude
treat Substrate with adhesfion pronoter
vapors, ns or at 100% concentr@tion. The tine
and tenﬁbratur@ of treatnent w |l depend on the

particul ar substrate, adhesion pronoter, and nethod,
whi ch may enploy el evated tenperatures. Any suitable
external adhesion pronotergpgy be 3o enployed. C asses
of suitable external adhesion pronoters include but
are not ‘

More preferred adhesion promoters are those wherein R'® is

wwwNH

\(NHZ
|

o)

The most preferred adhesion promoters are

NH Si(OMe) » .
HzN\[( ~ N ( )a HzN\[(NH\/\/Sl(OEt)g
© O

[0054]

and

The photosensitive compositions of the present invention may further
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limted to vinylal koxysil anes,
nmet hacryl oxyal koxysi | anes, nercapt oal koxysi | anes, -
W@ 2006M€382006/ 104803 PCT/ US2006/ 010394 PCT/US2006/010394
am noal koxysi | anes, epoxyal koxysi |l anes and
gl yci doxyal koxysi | anes. Am nosil anes and
gl yci doxysi |l anes are nore preferred. Primary

. m poal koxysi |l anes are npre preferred. Exanples of

includg, pihes| 2iditves. na$U'E?3>J\%§d@'HN§ﬁolﬁﬁwes fohexaaple bleveling agents,
di i g mn P 1.et V-Si | .
ssoily IGY, 480 BB MOOLAPUAELEEL 1 Aiiea in e
photogansitive lcpoiptsitiqnsoipy Bboute 0103 th ebboky8i Witheof the total weight of

- mer capt opr opyl et hyl di net hoxysi | ane,
Comp%gﬁgﬁhacryl - oxypropyl d i net hoxynet hyl sil ane, and

3-net hacryl oxypropyl tri net hoxysi | ane.

?\am’ra- Am nopropg{l@élri net hoxysil ane is nore preferred.
[0055}hddi t i Bnathes srobedimensdiidbe gepenininventioracendessr a lpeocess for

A n " S [ Agent." Edwin P. . 1o Pl ueddenan
formirGg Sl RMira Buad HERES e PR SuBErsioR The process
compdsdd 1hg, stepoopact i ve conposition of this invention is

coated on a suitable substrate. The substrate may be,

(ak enatingomRevitable swWisdiate, & positivemaikingnhstiosansitive composition

o fer. q i 111 - .
ChEnee 6° RO pIFRRARENEIET bdisd SBiymers having
sBiosctuedsel oSHiak IHWGHT 8F B8 ofBY* 8F YorcBkaie’ theldBf 8f least one

struct urqe)?] used for electronic circuit fabrication
STRIAPQUNG PguiREcSHYCiuR My andat lapsl ere solyent, spiptie proviso that

O U 8 BN SR EBROBE e Bk o v
[@028hix@uat ofngnyreff tbd founchedeat least ane pHtohdtiviet €6mpBund is

spray coating, spin ,coating, offset printing, roller
c%%ﬁ’ %ﬁ%ﬁe@c’ﬁhgw}g{q”ﬁ‘m%ﬁ,co@%q shdiateoat i ng, meni scus
b)C ' ' 3@, and i nmersion coating.
( )[ ggésbgd]%ﬁwgé:%?dlg?%%gg??%m is prebaked at an el evated
(C)texmosinat theeqrebhked aketed2ibsinatd® actinit edidtiat: one or

RO B eXhiRe Cald cupsiatubin 20 aURRUS SIanar thereby
FBriiPidran dRe$eE rBfeOhdddon ggil- g@%gﬂts%bgffﬁféora?ﬁe the

remai ni ng sol vent. Any “sult ing neans nay be
(e)drniing 81 dexelepedscasited wubatrbte bhkihrgevatadstenmdratize, thereby

. are. n .imted to, hot plates and convection
%&i‘ﬁg.tﬁ?ﬁgﬁ?fémgﬁ ng dry filmhas a thickness of from
about 3

[0056]- The process may optionally include the step of pre-coating a substrate
with a solvent containing an adhesion promoter. Any suitable method of treatment of
the substrate with adhesion promoter known to those skilled in the art may be
employed. Examples include treatment of the substrate with adhesion promoter
vapors, solutions or at 100% concentration. The time and temperature of treatment
will depend on the particular substrate, adhesion promoter, and method, which may
employ elevated temperatures. Any suitable external adhesion promoter may be
employed. Classes of suitable external adhesion promoters include but are not

limited to vinylalkoxysilanes, methacryloxyalkoxyysilanes, mercaptoalkoxysilanes,
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30 to about 50 mcron or nore preferably from about 4

to about 20 mcron or nost preferably fromabout 5 to
W@bweatio4B83 m cron. - 32 WD 2006/ 104803 PCT/US2006/010394

PCT/ US2006/ 010394 [0060] After the bake step, the

resulting dry filmis exposed to actinic rays in a

preferred pattern through a mask. X-rays, electron

oo s S iy o b Pl st
and g%ﬁi{)}(?ﬁ?ﬁ)e@ ‘é’t OE@% Etﬁﬁﬂea. Oy N&h rﬂ:dlk&?)snm 3P more

I ne). OWM Ng exposure to actinic
preferreddi Exaowples of suitablei extatna tasihestomprorbeteradvaudagedusre not
to heat the exposed and cpat ed ubsttéate

limited e nper at®@re bet wedHMEERIHNOPHORYIEME B@b?ﬁﬁ% C. Theg@mma-
glyCId%%ﬁﬂﬂn@ﬂﬂ/l&ﬁﬁtﬁQxﬁlﬂQﬁérate i's heated i Rghhhg-ghicidoxypropyl-

nﬁerature range for a short g%l od of tii e,
methytdﬁi exysilanee\gammasmetsapiopropyisvethyidimethexysianead 3ragthacryl-

oxyprg MO nEtheiade) S iR RO PR R R ponsizne

gamm@%ﬁﬁ@p'r lﬂM@éthof%lFénéf asesford eﬁreférreﬁomTWdid'itlonal suitable
r ef erred toin the art as post exposure baking

adhesjcpoepomeirts e Fepaiihed dBvelSleee uspHBlinh A@@ebusEdwm P.

Pluec R BREeZ T Eraf NBEYHE S ' Exanplos of | st abi o
bases include, but are not limted to, inorganic

al kal i s (e_lg} pot.assi um hydroxj de, sodi um hydrOX| de,
[00573nmoni a wat €19 powlvwnaﬂpw@a@@vagcom@pﬁgtlpar@ friis jnvention is

coateogbﬂ %ye&@mﬁ)su@ﬁ?fend%%.sﬁ%ﬂﬁ% rgw%x].%e FheLRANBIE, Cmiconductor

I-n-propylam ne), tertiary, Z0 amnés (€.g.,

materitlsi sudhyasiai sikgon whafarhodmpoors seemigondudtet QRAYI an(liReg]) wafer, a

coramflycHSEE 5 BTN S ik Y hgeanin . or

structdﬂaft Us&d ﬁo‘ﬂeé%%frgn@%xrﬁ@n‘f‘%ﬁ@&éﬁér? LRI{l)’l ké%s%rg?ﬁk:o%?qnorgamc
wll var depending on th ase so

dielecmicsyumpearm mtjnedv\armg triedalspelhd prefeasd su@stﬂate/ém‘ thishiavention
. thDst referred de eI o ers are those containing 25
IS @ WRTef FAMEHYY &FRBRFUAPANS T oxi de (TMAH). Suitable
concentrations of TMAH range from about 1 %to about
5% In addition, an appropriate anount of a surfactant
[0058]can ki’eoad@emetbod&en@lede,l bptare Mmidiroitetio srray beoating, spin

coatin b pRtting " alee Raafte, Sk aurinoy BfiisioR e, Sheniscus

coating, curtain coating, and immersion coating.

[0059] The resulting film is prebaked at an elevated temperature. The bake
may be completed at one or more temperatures within the temperature bake of from
about 70 °C to about 130 °C for several minutes to half an hour, depending on the
method, to evaporate the remaining solvent. Any suitable baking means may be
employed. Examples of suitable baking means include, but are not limited to, hot
plates and convection ovens. 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.
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about 10 C to about 40 C for about 30 seconds to about

5 mnutes. After 30 devel opnent, the relief pattern
woreapchessapt i onal |y rinsed using dei oni zed wat ePCHIOB2006/010394

dri ed by spinning, baking on a hot plate, in an oven,

or other suitable neans. - 33 WD 2006/ 104803

PCT/ US2006/ 010394 [0063] The benzoxazole ring is then

formed by curing of the uncured relief pattern to

obtain the final high heat resistant pattern. Curing

[ooeogs per hperask B%é’@i‘éd?%eg%%g@?qv?gﬁ@, is APHERG0 kR rays in a

attern at or above the I"of "t enperat ur
preferrgd Pajtern Hbrquigit asmask: i Xeagsnplesiron dredm, alitvidlet beys, visible

o, SFBEIRY o e St o S B3 trose

with waNdlerfgth H9 486fnf (F9nBRbha368 nMAQl-iRgnzoxazol e ring N
/ O 1@ Pr ef er abl 355 tg?rrperaturesqfro about 250 Cto

about 400 C are applied. The curi ngoI ti m; i's fromh
' 24 h ng on the .
100618201 < EPUTV, PhcsUrE i RSyt R FbPERRa: 8pPdl may be

advantageeus o hehethruexpssed a8d icdafddosuisdiris t8Q tdfhpitaffrel Botween
5 hours and the nost preferred range of curing

b
abOUt??qugéiaé‘df?'@ﬁHfa'E’&?C- Jhenexnased ansl epated Kibstrats is heated in this

o Y10 B B S Pl SR Yy o g
minutas ahdrgayreercarriéd elitusiad anyeanabigiedatity MelhBg FBfetred means

. 0 | ate, a convection oven, tube furnace, vertical _
'nC'Udlgub@E'”QuPﬂaﬁebo’fop%rtﬁb@rd IR e GeENeRiat @yepr . This process step is

comn@gﬂfféf@ﬁré&%% ﬂféjélirtrég reggoﬂrg%catk by the action

m crowave or Infrare ratron. [ 0064] Anot her
enbodi ment of this patent is directed to a heat
esi st gnt e ?t i ve wor ki ng photosensitive conposition
thed!

[00625hat coffhi M i9) deYRIORRT tsING BBI%@%@X@Q‘&'@WZ and a relief
patrf S, DK QA SEniy ¥ bl ookl Exampes o
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., triethylamine), alcoholamines (e.g. triethanolamine), quaternary
ammonium salts (e.g., tetramethylammonium hydroxide, tetraethylammonium
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
tetramethylammonium hydroxide (TMAH). Suitable concentrations of TMAH range
from about 1% to about 5%. In addition, an appropriate amount of a surfactant can
be added to the developer. Development can be carried out by means of
immersion, spray, puddle, or other similar developing methods at temperatures from
about 10 °C to about 40 °C for about 30 seconds to about 5 minutes. After
development, 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 means.
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(OH) - 34 WD 2006/104803 PCT/ US2006/ 010394
G NH Ar4-NH Are NH Art N x Are NHAr2-NH37, G5 CH 111
WE206/DH8B *. 4 3-NH-re-NH Ar -LNH-Ar -N-G G PCT/US2006/010394

...... Ar ~NH-Ar ;~""'"~"""v OH 10 IIl* wherein Art is

a tetraval ent aromatic group, a tetraval ent

heterocyclic group, or mxtures thereof; Are is a

dival ent aromatic, a divalent heterocyclic, a divalent

alicyclic, or a divalent aliphatic group that may

cont aif Si L] ’ 20 [ t t4 i
I:0063]a di vz;rlrheent)ég% ngﬁ gﬁar%utgfaﬂaﬁgﬁggl%ﬁ?uﬁgge@oﬂgsc?r?%“@d relief
patterigtubtaimthe fihalthigie hebhessisthnt patterns Guring EHperformed Ry baking

e oo bgmLaag iR bR e (B ragrar T

of the %Wo lsitiveCIREOION Yo Dbt th@Behzex&xtk% rfdy thait Provides high
i val ent organic group having at |east one carbonyl

heat resistanté oifypicgipupmpzoaings aboveakouio0 2o @meusadhavi ng
Structure VI Rl V2 RYSH VI 25 wherein, Vis CH
or NN Yis Oor NR3 wherein RBis H CH3 or C2H5, Rl
and R2 each independently are H Cl - C4 al kyl group,

Cl:?;ahlﬂc
e \
OH lA

Preferably, temperatures from about 250 °C to about 400 °C are applied. The curing

Formation of polybenzoxazole ring

time is from about 15 minutes to about 24 hours depending on the particular heating
method employed. A more preferred range for the curing time is from about 20
minutes to about 5 hours and the most preferred range of curing time is from about
30 minutes to about 3 hours. Curing can be done in air or preferably, under a
blanket of nitrogen and may be carried by any suitable heating means. Preferred
means include baking on a hot plate, a convection oven, tube furnace, vertical tube
furnace, or rabid thermal processor. Alternatively, curing bay be effected by the

action of microwave or infrared radiation.

[0064] Another embodiment of this patent is directed to a heat resistant
negative working photosensitive composition that comprises:
(a) one or more polybenzoxazole precursor polymers of Structures | or Il or
[

A L
H—NH—ArM—NHT AP NH'“/IW—N = NH—Arz"‘NH}yH

(OH)
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group, cyclopentyl or cyclohexyl, alternatively, Rl
and R2 can be fused to produce a substituted or

wap®ehesds ut ed benzene ring; - 35 WD 2006/ 10480BUS2006/010394
PCT/ US2006/ 010394 (c) at | east one solvent, (d) at
| east one photoacti ve conmpound which rel eases acid
upon irradiation (PAG; and (e) at |east one | atent
crosslinker each of which contains at least two 5
-N(Gﬁm&%aLmHS\memﬂa:I or 2, and R29 is a
linear or branched Cl- C8 al kyl group. [0065] The
negati ve-wor ki ng photosensitive conposition has one or

nore pol yRenzoxgzol e @r'r‘ecurso conpri sing the
Structure{l or [jyI1 or [IT1* 1Odscribed2__earlier.
G—NHOOGSBT N rvdH WY KT Vrpphot ddensT it varcaigedi ti on
c

of this invention onpri ses at | east one conpound
having Structure VI :ORl \fjy R2 Y SH 15 VI wherein, V
is CHor N, Yis O or NR3 wherein R3is H CH3 or
C2H5, Rl and R2 each independently are H Cl - C4

al kyl group, C1 - 4 al koxy group, cyclopentyl or

cycl ohexyl ey al tepnativehy, Rl andpR2 canpbe fused
[ 20 unsylfst i 4 ut gd nzene

mi[,gq ! i N%G*

H

to prqduce ajsubsti futed or
GWMNTQA?[@W@%%I fde;i-‘g' i Crited by NH-Ar =

Structure VI can al so exi (and “may preferentially
exist) in the tautoneric formVl' in certain
situations. For the |i:]urposes of the description of
this invention, both Tautoneric forns are consi dered

whéReih b és degsrdvarmht BiroMatiggrons, ¥ltetrRlalgnRhetersryclic 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' (OH)2 or Ar®, x is from about 10 to about 1000; y is
from O to about 900 and G is a monovalent organic group having a carbonyl,
carbonyloxy or sulfonyl group; G* is a divalent organic group having at least one
carbonyl or sulfonyl group;
(b) at least one compound having Structure Vi

1

R ]:—V
R® Y)J\
Vi

SH

wherein, Vis CHor N, Yis O or NR® wherein R%is H, CHs or CaHs, R’
and R? each independently are H, C1 — C4 alkyl group, C1 — C4 alkoxy
group, cyclopentyl or cyclohexyl, alternatively, R' and R* can be fused to

produce a substituted or unsubstituted benzene ring;
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2 XRYSHR2YS- 36 W 2006/104803

PCT/ US2006/ 010394 VI VI' [0068] Preferred conpounds
whawengs® ruct ure VI include, but are not |im PEHUSIHO6/B10394

Structures VI-a or VI-b or VI-c or VI-d: RS HV N O

)LSHSHN3SH H Y)~SH VlI-a VI-b VI-c VI-d 10 wherein,

the definitions of V, Y and R3 are the sane as defined

earlier, and RS is H or an electron donating group.
E)@éﬁbl%t@ﬂe(ﬁoé@ﬂton donati ng groups |ncI ude, but are

group'légggt&ql gh?t%ﬁgﬂve%oﬁ{ 'nﬁ%ﬂl%ﬂ re?ea %ﬁternat ¥radiation

and = cycl ohexyl Ive
tau(cRﬁn@} iamdform preferred conpounds VI-a - Vi-d

be 15 VH HY S OS
(8 aleght dne rentorgpslinker Fapesy BN PRSI B ERT dHds
haang( CHS;UF?*H@M%‘ whéfd yde o?lzt aﬂHGR%% a iHedriorivrafched C4-
HNSH O SH I
Cs alkyl group.

[0065] The negative-working photosensitive composition has one or
more polybenzoxazole precursors comprising the Structure | or Il or II* as

described earlier.

[0066] The negative-working photosensitive composition of this invention
comprises at least one compound having Structure VI :
1

R
\4
A
Vi

SH

wherein, VisCHor N, Yis O or NR® wherein R is H, CH3 or CaHs, R' and R? each
independently are H, Cy — Cy4 alkyl group, C1 — C4 alkoxy group, cyclopentyl or
cyclohexyl, or alternatively, R' and R? can be fused to produce a substituted or

unsubstituted benzene ring,

[0067] Compounds generally described by Structure VI can also exist (and
may preferentially exist) in the tautomeric form VI' in certain situations. For the
purposes of the description of this invention, both tautomeric forms are considered

to be described by Structure VI.
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25 and N'J~ SH1 CH3 - 37 W) 2006/104803

PCT/ US2006/ 010394 [0070] The negati ve-wor ki ng
WEhb@boesnsi ti ve conposition has one or nore sSPCT/ES1086/010394

The solvent(s) should not interfere with the photoacid

generation from5 PAG or with the acid-catal yzed

crosslinking reaction, should dissolve all conponents

and should cast a good film Suitable solvents

i nclude, but are not limted to, polar organic

sol vents, such,as gamma- butyrol act one\('GBL), propyl ene

gl ycol nethyl ‘ether acetate (PGQVEA), nethoxy ethyl

ether and m xtures thereof. The preferred solvent is

[0068] Shot GRBHENER VO RS G STuphie Y7 B¢ HulShe dgmited to

StructurSEeYI-BENAas bi VRcainds that rel ease acid upon

Irradiation. Such materials are conmonly caIIed

Photo Acid Generators (PAGs). PAGs of the p nt
|nvent|on arespreferaply Bc radiatio
Hwavel engt hsenj&ut 30 0 abou u nm
houl d na h geneo tdlﬂoﬂ\w n t
ce

hot ogensi ti v&~ cofosiPHon and pro Hong aC|
H up ir iation. Exanples of such acids incl ude
hydr ogen halides or a sulfonic acid. The cl asses of
such PAGs include, but are not limted to, oxine
sul fonat es, triazides, diazoqu ne sul fonates, or y4
sulMlghi um or %&m umsalts o;\)q%ul foni c aci ds.

t 3 ael udesdmi agrdefimet ea?fﬁer and R’ is
wh%é?rﬁ%@%e%nt%% G %Bﬁ@ﬂ’\\’ | el thecsdone aN/

CCl
H dri2@ &ttren lossing group Examples of electron donatmg groups include,
but are not limited to, a C1-C4 alkyl group, a. C4-C4 alkoxy group, cyclopentyl and

cyclohexyl. In the alternative tautomeric form, preferred compounds Vl-a — VI-d

would be
5 H
H Vv _H v _H R N _H /\£
H Y/KS O/Ks YJ\S NT s
3
R
Vi-a VI-b Vi-c VId
[0069] Examples of compounds having Structure VI include, but are not
limited to:

SH

w K

I
CHs

o)]\ N sH ’ rl\l/H\SH
1 H 1 H
SH
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OR22 R4 a6 / / 3 ORR3 30 and bH3 Il R25 N - 38
WO 2006/ 104803 PCT/ US2006/ 010394 where R20 and R21
wWa@e@eaasshd | ndependent |y |inear, branched or cyRCT/US2006/010394
al kyl or aryl group containing 1 to 20 carbon atons
and X- is R27S03- R27 is a substituted or
unsubstituted, |inear, branched or cyclic Cl-C25 al kyl
or a single or multinuclear aryl group having a total
of from6 to 25 carbons; R22, R23, R24 and R25 are
each 5 independently linear, branched or cyclic alkyl
groups, and R26 is a linear or branched C1-C$ alkyl,
[0070]A|C5- CBT¢1¢_Chelgbﬂ\xé-wogldn@%@gbemﬂiti\tmlqungposﬁﬂmvm]as one or more
ternatively, acid cou en e a . ,
solventsorgitaepbyanis) Shpid GittSTeEnanh g, phviodgis, generation from
PAG of WithafiE ikks lﬁffdr é’r@éé‘ﬁdkfmgt Eed%cﬂéﬁpéﬁt%d sl all components

sensitizer an o transmt in sonme manner to the

and sHeM@ castea igoadsitin t Suitablersplvarisdedudmduicrenpidinitashto, polar
organi PR SueBnaR AR adite SSraD) GoBRLEZGhdpr metny

ether ALRAMAVESNE MEPORY SENATSthenand subdweschasdafs The preferred
i nclude, but ‘are not ' limted to, sulfoniumor iodonium

solven$ il gameasltiitytalagtononat es, bi ssul f onyl di azomet hane
conpounds, and nitrobenzyl sul fonate 15 esters.
Sui t abl e phot oaci d generat or conpounds are discl osed,

[oo71x or GWH%V%dtNebﬁorkﬁ@ eptiotdiosnsitueb SCorAEBsitiod of the present
. 5, 468, 589, ich are incorporated herein by refefence.
inventionhusess phoieactiveheemaerads dhdl Erlease Acd pwion) lﬁ@o['%irq{w Such

sul fonyl j £ | 0 e
mator g e B Rl 05 S 3 S prsen
invent@hi dre sreferabiuadtvel to rediEtiphesitoivapblzngtitss betyeresr abouts300 nm

are triphenyl sul fonium brom de, triph | sul foni.u

to aboslh46Pi rre; T heYH RBAYIASTArM o NGMAgsHEaHs SONUHon in the r')hor{]osensitive

compcﬁsﬁﬂioﬁﬂ%‘%l é{ﬁ o%i é‘l’f‘bﬁ@xxa@gc? Eg{oﬂpnpa%ﬁé‘lﬁirﬁ’ Examples of such acids

enyl ni um oar senate, _
includé hypheyey salidesnonanshfenic acid.odhseariasses of such PAGs include, but

triphenyl sul foniymtrif] uoromet hanesul f ona .
are not Iimri)ted t%, oxime suHonates, %naznrdes, diazoquinone sutlf%hates, or sulfonium

or iodonium salts of sulfonic acids. Examples of suitable PAGs include but are not

0]
e (0
-
H3C / O \ / N CCI: 0=8=0 R21/§RZO

P
N/O\

e
Lk ;
and

CHs

limited to:
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di phenyl et hyl sul f oni um chl ori de,
phenacyl di net hyl sul f oni um chl ori de, 25
W@ b@naesshs et r ahydr ot hi opheni um chl ori de, PCT/US2006/010394
4-ni trophenacyl t et r ahydr ot hi opheni utm chl ori de, and
4- hydr oxy- 2- met hyl phenyl hexahydr ot hi opyryl i um
chloride. [0074] Additional exarrpl es of sui tabI e

t f
wherel | 8% @b* Rerar S dsHnd e Peabr aee AR Pyl or ary

group tddrpAig %f@@'d%oﬁ’%]t@ﬁléféhtp‘)@%‘t@ﬁsgﬁ RENAL & substituted or
nmet hyl p enyl di phenyl sul f oni um

unsubp%ﬁummdm@c,t raeshed aatyelic ﬁ&t@nﬂlqﬂnérwlajsmtﬁlps multnmmalaar aryl

oroun IEANSF TR BT’ 81875 ulonsi pReny sult ook~ ane each

lndep@ﬁie‘ritlychh@bhltb‘laﬁéhéd @ﬂ@f«ﬁsc Akt oups, and R* is a linear or branched
trimet h&l phenyl di phenyl sul f oni um

C1-Cs gl | Gror o BYElaaky L crBTR0EY! 2 401BY.
tri met hyl phenyl di phenyl sul f oni um benzenesul f onat e,
2,4,6- trinmethyl phenyl di phenyl sul f oni um

[0072P, 4, 6-Altdrhaieip pydid @oniehbs Weherdtea bysa combination of a PAG and
enyl di phenyl sul f gni um,

a seng{r%eﬁr}dlelt@?ﬁ:%nh%@ﬁgmﬁf%ﬁrgy &t radiation dg apsorbed by the sensitizer and
transnlﬂﬂééf ! IHh ﬁu‘é}l]ﬂ'ngp' y%@epﬁ\bjorﬂ%ﬁﬁi}%ﬁﬂ{ég "&&tgy causes PAG

enyl)sulfo
deconnmsﬁtlamomduganemﬂoﬁonﬁtmotoamd Any suitable photoacid generator

compqu[qqS %&fi&’rg ?j%&ggﬁééﬁ@%l%g&%@egoﬁ' p?{otoacid generators generating
sulfonFcr 'a%{dé |HHI(.MEPWF%{YL%§%EP”I ﬂ%&’eszegﬁl%ﬂ LRNae io@Wlum salts,

phenyl t hi opheny enyl sul f oni um
oximidesuifonates o dissifonyidazanesthate [ @0TBourtle nphd isbbenzylsulfonate

esters? W B BRI B8NS, ol B BaSinsed SRisBmple, in Us-
Patenpmé g%emusaaﬁéld 469389, which 4re meéalutp\dr%anyér)airpsyrﬂéfé%nce
| uor obut anesul' f onat e, bi s-(t-butyl phenyl )i odonhi um

per
Other p@#ltah@)rbmftoaﬁ@lslg@mﬁaﬁoée depipenfuoroaiiyhi sutfionyl methides and

pertuFpERIRTH FRH A SeRsedltuN RABpLNo. 5,554,064

bi s- (t-butyl phenyl )i odonium 2, 4, 6-
triisopropyl benzenesul fonate, and di phenyl i odoni um

[0073]1- net Kailly bethesns shiiaiiat eexarpptm] ofurphieacidanpeeeragers are

tnpherﬁh‘édl@tﬁ:ugﬂptgr%&r?@g' ? p@l’? f?)rnﬂr;\oﬁgllwcgel ag'gfplép& ngomum iodide,

tnpherry&smﬁdlnaﬁhf d’lfeadalﬂgoﬂiblﬂofsbhﬂws utiplesrylislifpnaurat henefluoroarsenate,
tnphe@l%ﬁ%ﬁ& exh@%ﬁup%ﬁqugafi@ﬁ@wlg%onlgng(nﬂuo;[omethanesulfonate

dipheryIBABLO¥SALRY! sul £aBxhe 1 a2 PREARDRBimethylsulfonium chloride,

phenacyltetrahydrothiophenium chloride, 4-nitrophenacyltetrahydrothiopheniumn
chloride, and 4-hydroxy-2-methylphenylhexahydrothiopyrylium chloride.

[0074] Additional examples of suitable photoacid generators for use in this
invention include triphenylsulfonium perfluorooctanesulfonate, triphenylsuifonium
perfluorobutanesulfonate, methylphenyldiphenylsulfonium perfluorooctanesulfonate,

methylphenyldiphenysulfonium perfluorooctanesulfonate, 4-n-
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bi s(I- et hyl et hyl sul f onyl ) di azonet hane,
bi s(cycl ohexyl sul f onyl ) di azonet hane, 1-p-
wao edoaeessdll f onyl -1 - cycl ohexyl car bonyl di azonmet PEIES$2006/010394
2-met hyl - 2- (p- toluenesu | fonyl) propi ophenone,
2- met hanesul fonyl - 2- net hyl - (4 25
nmet hyl t hi opr opi ophenone,

2, 4- net hyl - 2- t ol uenesul f onyl ) pent di
butoxynbenylﬂm)énytsﬁ gnwnphenw Qﬁ]¥ \p éntanesunfgnat% Hazo-1 - 2,4,6-

tnmeth%lp&g%ﬂﬁ@?%ﬂ)’% cycl (ﬂt’? (E:}gl? gfr?)g}' btgdl)%@%?rgflﬂ:ne 2:4,6-

trlmethl,flphbln@ﬁﬁph?nyl?l%lfonlum benzenesulfonate 2,4,6-
B kTR R T ——
phenyﬁﬂ?éﬁ%ﬁ&l lgpgh?igﬁﬁ@my@ aceﬁidod'etzﬂllﬂaeﬁﬁ)ensulfonlc acid,  tris(-+

onyl azonet hange,
butylplierdjl)wtiehm(rp tobae‘hmudacﬁtangisl)lfcmase di metria(f-batylphenyl)swifpnium

06/ 104803 PCT/ US2006/ 010
PerﬂUOIOBP{i‘f‘SS:“L fPaiPenes ul fonglﬂ %’2 bémg‘? %ﬁlfﬁmﬁm anone, 2,4,6-
trusopu%p?'b%%%eﬁéétﬂfoﬁa% ugns Hbuf?(ﬂﬂehy@sﬁlﬁirﬁlwn Dberzbpssnifonate, and

ohex di azo-2- (p- toluenésu | fonyl)acetate,
phenyttlmophewlgiphEnMiSah‘onIgnbEﬂlibl@é@ﬂfM#%m Roataat e,
i sopropyl -2- di azo-2- net hanesul f onyl acet at e,
cycl ohexyl 2-di azo-2-benzenesul fonyl acetate, tert 5

[0075}3ut Yl Bath@es-of-duitabid iriveiurhf samel f)oao,sbainethls invention include,

ni trobenzyl - p-tol uenesul f onat e,
but anet mebetimjiedp-topl dérhenyl f @@n@ymarggrﬂuorobutanesulfonate bis-(t-

butylpﬁ%@g%ggﬁggﬁﬁfnzw orBBb{efn%g[lf?thyl berﬂ)@p‘?&ﬂgﬁpﬁ@ﬁyﬁodonium

sensitizers include bu
perflubrobti@@stiBon&te, 1@ipimsriy | aodbmlamen@erfluorooctanesulfonate bis-(t-

ant hr acenenet hanol , acenapht hen
butylphepw)jiedoniufaphiiepzeresWianate,. nch @ﬁeﬁ%nﬁ?odomum 2,4.,6-
trusophp%/l@%ﬂg%,ﬁfﬁéﬁé}ﬁbu{u@% c&] ghgd&%ﬁm n?étﬁéﬂbéﬂ’z%hs@ﬂ’onate

Inventron s In at least two
-N-(CH2 CRZQ)a units where a = 1 or 2, and R29 is a

b Cl-C5 k , .
0o T S s B 888 MR oo i s

mventtc{grsad' ?{eén?n b%&?@lh%@%@%%ﬂl)b%z@ﬁ{étﬁdﬁé’ to ﬁ@tﬁ;ﬂ%ﬂ{%yl p-

toluen%@ulmwldlazbmm#mlm} f or med from t he crosiswaﬂmxywonyl -1-(1,1-

et S oS STA O Bt R S fometrane,

bis(1 Heﬂ%rl?tﬁggﬁtfbﬁ? dléiom%é?fe ”Bl%@;y@itiﬂéx?IsUEfén;ﬂfdléitﬂnethane 1-p-
Cross two or nore polymer chains results

toluenesulfonyl-1 cyclohexylcarbonyldlazomethane 2-methyl-2-(p-
toluenesulfonyl)propiophenone, 2-methanesulfonyl-2-methyl-(4-

methylthiopropiophenone, 2,4-methy1-2-(p-toluenesulfonyl)pent-3-one, 1-diazo-1-

methylsulfonyl-4-phenyl-2-butanone, 2-(cyclohexylcarbonyl-2-(p-
toluenesulfonyl)propane, 1-cyclohexylsulfonyl-1cyclohexyicarbonyldiazomethane, 1-
diazo-1-cyclohexylsulfonyl-3,3-dimethyl-2-butanone, 1-diazo-1-(1,1-
dimethylethylsulfonyl)-3,3-dimethyl-2-butanone, 1-acetyl-1-(1-

methylethylsulfonyl)diazomethane, 1-diazo-1-(p-toluenesulfonyl)-3,3-dimethyl-2-
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in crosslinks as shown in the schene bel ow for R29 =

Me. The crosslinks render the polyner |ess soluble in
walewehogses and creates the solubility di fferenp@HUS206/010394

the 25 unexposed areas necessary for image formation.

Enough crosslinkers render it insoluble. - 41 WO

2006/ 104803 PCT/ US2006/ 010394 H3~ CH3 CH3 H3C N~N

~ 0e~0- H3CG- O CH3 HC- * ~ '
butanqrye, - defligzo-1-peimeneguifopyl- &%Imﬁa‘dl 2- but@’ﬁ'pme,\ {_IZ ,\fldj.a’\zto -1-(p-
la. ssl i nker i nventio -
toluen%%etﬁlgb%/ﬁn% Iai g% é’\‘Un% ol | gong clbgbgyg yrer n2-@]?éfzo 2-(p
toluenmudtamyéaceﬂadae edértd:adyi Ddipabfi- hgnmndselﬁsnylamtate isopropyl-2-

diazo N apes ioPoRIER GYETE of dPapspbar Y oppe By Aetae, fert
butyl 9025‘?%6“?5( pWo n%@ﬁﬁaﬁﬂ%%e' nZ-th)H@nQ?Ieﬁ@&uéﬁesulfonate 2,6-

ohol s 'suc met'hanol or but anol i h ot her
dlmtrobelhmpt-@ldmdsumuaﬁ@y an et heri fangat i on step 2 Adinitprhenzyl-p-

able no conpounds i ncl ude ureas,
t”ﬂuorﬂmezl?ﬂlﬁ e%’é‘h%@@ anani nes, glycolurils,

di guanam nes as described in US Patent No. 10
5,545, 702, and guani di nes. [0080] Exanpl es of swtabl e
[0077k | assdxanmpleactoll agensitizerssiniuter Sutn@radendutlimited  to:  ©-

methy%n&}g%%%ﬁ%@ﬁv&%ﬁsﬁiq‘f@ﬁﬁéﬁ%@bﬂ@%‘?sthlB%thone, methyl-2-

naphthyl ketone, 4-acetylbiphenyl, 1,2-benzofluorene.

[0078] The latent crosslinker of this invention should contain at least two
—N—(CHz—ORzg)a units where a = 1 or 2, and R? is a linear or branched C4-Cs alkyl
group. When such Structure interacts with an acid, formed after PAG irradiation, a
carbocation is believed to be formed (US Patent No.US 5,512,422):

", 20 H %“ +
N—CH,—O—R —_— N—CH
o 2 o 2

The carbocation formed from the crosslinker can then react with an OH group in a
polymer chain or undergo a Friedel Crafts reaction with an aromatic ring. Reaction
of two or more such sites of the crosslinker with two or more polymer chains results
in crosslinks as shown in the scheme below for R*® = Me. The crosslinks render the
polymer less soluble in developer and creates the solubility differential with the
unexposed areas necessary for image formation. Enough crosslinkers render it

insoluble.
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al koxynet hyl benzoguanam nes, the

w@bdoosyases hyl di guanam nes derived from di guane@i/ne®0EE10394
described in US Patent No. 5,545,702, and nel am ne or
benzoguanam ne pol ynmers as described in US Patent No.
6, 524, 708. Specific exanples of conpounds having
multiple -N-(CH2-OR 29)a units include but are not 5
limted to: CH30 HIl YN~N OCH3 C 3H9~ N~N OC4H9
CAHOO~HN_ \ ~ /0OC~9 ®aH30kn) 11 1-OCH3 CAHOO-' Y I |1
|-OCAHO N~ NN\ /N N/R Iaf N N CO H3 OCH3 C4H90 OC4Hq
OcAH9 CH3O 1 1- OCH3 O 1 r-OC4H7 CH30CH2 CH20CH3
N INNNN CHOCH2- N' NNO<N~OICAO]IN
LOH ~--N N ~- N' CH2( /HQ-IZOCI-B CH3OOCH3 N
CH30CH2, , CH2OGHS’ S’\I@aw ng -N-(CH2-OR 29)a
units are avail abceo—éomTerc Y fromCytec 1o
I ndustries, and Sol uti a,as the Q/nel TM Powder | i nkTM
and ResinmeneTM seri es 03 products. [0081] The
di scl osed conposition ¢can qptionally have a.
di ssolution rate nmodiiNer: When t he S
crosslinker is highly peaptlve the o glution rate

nodi fi er @ oul d.ndt cantain carbox¥ |

groups. T rboxyzi:\ /%j’rou hel p catal yze

undesi red” crossli Juri the i nPti al ke to
renmove sol ve Th|s results in a low dig tig
rate in the unexposed areas followng lit aph

[0079] The latent crosslinker of this invention may be a single compound, an
oligomer, a polymer, or mixtures thereof each containing at least two —N(CH20R29)a
groups. Such crosslinking agents may be prepared by the reaction of a variety of
polyamino compounds with formaldehyde in the presence of alcohols such as
methanol or butanol or in other solvents followed by an etherification step.
Examples of suitable polyamino compounds include ureas, melamines,
benzoguanamines, glycolurils, diguanamines, as described in US Patent No.
5,545,702, and guanidines.

[0080] Examples of suitable classes of such latent crosslinkers include but are

not limited to the alkoxymethylmelamines, the alkoxymethylglycolurils, the
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20 m cron/ m nute when baked at 100 C for 60 seconds on

a hotplate. Sone nelam ne type crosslinkers e.g.
w@yvel10808 are typical exanples of highly reacPCwES2006/010394

crosslinkers. - 43 WD 2006/104803 PCT/ US2006/ 010394

[0082] O her enbodi nments of the invention may use

crosslinkers of low reactivity. To avoi d poor

phot ospeed and |ithographic properties, her
alkoxym#bﬂb@m@wm%fem%d almw@&éhyl H\@@é REF | é@erWﬁd from

t h P f
ouergBs! o WeofMERITCEI8 el PAEE S APEY shetiBlmine o
benzoguammgnmobbtynmrepastdmribadsied USy Patent Ylened,al4 3108f r dSpecific

the deco |t|ono he Bo, @ referr
exam e Gl BRGS0 BUBAST LRI CuriEEGroRons BHSIBgHAg Bhare not
limited'®activity crosslinkers also enploy a dissolution rate

nodi fi er which contains carboxylic acids. Exanpl es of
|l ow reactivity crosslinkers in this context include

CH. 0 egoI | s, @18 owder | i pro ts~ [0083]
3_?h Pﬁﬁ?%on nDdlfTé} is a gﬁ$o |%@§ é&%fk§\fNHV/oc&b
atli g ate i uriexfo , pronote

CH:0 c[gg n&ﬁ%ﬁfand FQ&PSQ;Eﬁ éﬁ‘ 2#2&? perfornance
thegT?ornulatlon The exa%ﬁ%is of dissol ution
no 'Nr¢rs include, but areNmpt limted to, 15 polyols,
pheom| DEHconpounds wi Cfiis@t | eagh two hydroxyl gr &%g,
and conpounds contai ning carboxylic acids. [0084]
Pol yol s are linear, cyclic or alicyclic aliphatic
materials, which have nore than one hydroxy group. In
addi tion such materials can also contain 8QOCH2 —N—CH,0CH;

cH;0—het er—e:mems (SH@h—IaS oxy Ci; nitrogen. Exanp
‘E i ncl ude, W ﬁr,g]eﬁot I |%qcé‘d\1\;/6H20€It13hyl e

€
=gl Jcok= Odl etdptloed dloppol yet hyl ehe gl y ]T /k _CH,0CH,

| ene gl ycol , i'propyl ene glyc opy¥
CH,0 —Elyc qcagl ycerol , buytane diol, Qgg@ne\ ol , rbitoI,CH‘ZOCHE
cycl ohexanedi ol , 4, IS(hdeOXYhEt
-tricyclo(5.2.1.0/ decane and a 2 anone

co- poI yrrer with

hyl d |
e AT A o000 oo
Industﬁ{a?,a (H:ﬁa eShiatig asCHY Byl "#bodvﬁé‘ﬁlhkw"oaﬁa’ HedryEn8MOUBSHies of

ed to the same’or di'fferent aromatic rings. The
produatsomati c ri ngs can be fused, connected directly or
connected t hrough

[0081] The disclosed composition can optionally have a dissolution rate
modifier. When the latent crosslinker is highly reactive, the dissolution rate modifier
should not contain carboxylic acid groups. The carboxylic acid groups help catalyze
undesired crosslinking during the initial bake to remove solvent. This results in a low
dissolution rate in the unexposed areas following lithographic processing and poorer
imaging properties. In this fcontext, a highly reactive crosslinker is defined as one
which crosslinks enough during the intial bake to decrease the dissolution rate to < 1
micron/minute when baked at 100 °C for 60 seconds on a hotplate. Some melamine

type crosslinkers e.g. Cymel 303 are typical examples of highly reactive crosslinkers.
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30 one or several carbon atonms. In addition to
hydroxyl groups, these aromatic rings can have other
wGaastiogsoent s such as al kyl, ether or ester greCpES2006€10394
mol ecular - 44 WO 2006/ 104803 PCT/ US2006/ 010394
wei ght of these materials can range from about 100 to
30, 000. Exanples of such materials include but are
not limted to: hydroquinone, 1,1,1-tris(4-
hydrgxyphenyl ) et hane, ant hrarobi n,
, 7-di 0 epne .4, dhyhi = i
[0082]2Te @%{%ﬁ' é%gﬁenﬁ%ﬂ%(ﬁﬁ éhél iﬁv@hﬁ’cﬂﬁgﬂby @se crosslinkers of low

t hoxycat ech roxystyren novol acs, and

reactivigl | Xeo envesd odropB6fosipbed darss dithiwdraphicapeoprsties, digher bake

may contai n_conpounds contai ni ng. b ] i d .
ompepmh o oo SR e ot PRI LI 47§ Bppqrice hat
| c J i l4é it Cd&®aghties -

PG S ARAILSBLIRY UBTRE fcfer DR cggedion of e
lithogriaphict propediesheafseld! ynacig generatian em thermal degerapesition of the

10 H . .
PAG. o Ip @(_)lgrqurrgg gm%ogu_lmléﬁ, %otgger%lﬁveo c%;%_élﬁ%nsoenkﬁoﬁﬂg low
reactivity crosslinkers also employ a dissolution rate modifier which contains
carboxylic acids. Examples of low reactivity crosslinkers in this context include

glyoluracils, e.g. Powderlink™ products.

[0083] The dissolution modifier is added to increase the dissolution rate in
unexposed areas, promote crosslinking and improve the overall performance of the
formulation. The examples of dissolution modifiers include, but are not limited to,
polyols, phenolic compounds with at least two hydroxyl groups, and compounds

containing carboxylic acids.

[0084] Polyols are linear, cyclic or alicyclic aliphatic materials, which have
more than one hydroxy group. In addition such materials can also contain
heteroatoms such as oxygen or nitrogen. Examples of polyols include, but are not
limited to, ethylene glycol, diethylene glycol, polyethylene glycol, propylene glycol,
tripropylene glycol, polypropylene glycol, glycerol, butane diol, hexane diol, sorbitol,
cyclohexanediol,  4,8-bis(hydroxymethyl)-tricyclo(5.2.1.0/2,6)decane and a 2-
oxepanone co-polymer with 2-ethyl-2-(hydroxymethyl)-1 ,3-propanediol.

[0085] Phenolic compounds with at least two hydrbxyl groups are materials
containing at least two hydroxyl groups attached to the same or different aromatic
rings. The aromatic rings can be fused, connected directly or connected through
one or several carbon atoms. In addition to hydroxyl groups, these aromatic rings

can have other substituents such as alkyl, ether or ester groups. The molecular

- 44 -



10

15

rn O0HOOH HO--FOH N OH O 45 WO 2006/104803

PCT/ US2006/ 010394 OO O OHHOOH HOOCH OO[0087] A
w@e@bao4sesl cl ass of carboxylic acids in the prESENS2006/010394

invention is 5 polyamc acids. A preferred polyamc

acid has Structure XV: / OH HU NHA-N 11010 b

XV where b is an integer ranging fromabout 5 to

welghgpgﬂ%ngegrgﬁtgrgﬁ §§%§t r%[g‘\%eﬁ" at@l,gﬂg)g] {;’3 ﬁsg)?), gxgmples of such
materfally ligBludar OBRt i Carkd QTo@UphmﬁeQ' Ve enhy@ﬁiq%‘i%' 1 ¢ 1,1-tris(4-

group, a divalent alicyclic group, val en
hydrogiphemabtethangr oapthraebimay2, Estitydroxwidphtalener 4idxbiphesol, 3-

e BVl B PR, O

cycl oal i phatl c group, or a tetravalent alicyclic
ﬁroup t he proviso that each val ence has at | east
[0086bne olei!%ed'S%@HB@”v'@t@nﬁ'@@“ ®'t MY ¢ontain Acpmppengs dcontaining

casol B8 o “SLERPSAIAN RSt AT of B et

and cmﬂamrormtnsbomhﬁhm nosletied. | Bixanléd obsheh copmgmurelst imclude,
E ng%at [ v vvor Ki ng hot osensitive conposition
but ar%rﬁ‘ﬂ’ Ritg Qﬁhee llowing sHHGIERS devel oper. [0088]
Exanpl es pol yners having Structure XV are prepared
by reactin 25 nononers XVI and XVII,

O
HO C C 'OH HO OH
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- 46 WD 2006/ 104803 PCT/ US2006/ 010394 O O 0 O NH2
Ar6-NH 2 XVI XVI | 5 where Ar5 and Ar6 can
w0 nbepessaent |y be aromatic or aliphatic noi etiPBGI/Wb1006/010394
or wthout heteroatons, and preferably Ar6 is a
di val ent aromatic group, a divalent heterocyclic
group, a divalent alicyclic group, a divalent
al i phatic group that may contain silicon, or mxtures
thereof, and Ar5 is a tetravalent aromatic group, a lo
tetraval ent heterocycch group, a tetraval ent
cycl oal i phatic group, Jpr a tetraval el alicyc
group, with the provi
one of the other
di anhydri deyey eHn xture of
di anhydri des, priovided that the final pobys
soluble in the @hotosensﬁ?ive conposi tion sol vent.
Exanpl es of XVI include, but are not limted to, the
foll owi ng 15 di anydri des:
[0087@ 3", P prefiirelendsd 6t darbaxieadidsinabeprasanttipdentitn, is
,3",4,4"  diphenylsul fidetetracarboxylic acid
polyardicaatigeir Adwefezresl aolyamis aeid hasseird@HieKVacar boxyl i ¢
aci d di anhydride, 3,3',4,4'-benzophenone
tetracarboxylic/acid @i anfiydri de, 3\3',4,4"-
di phenyl nmet han ¢ acid dianhydride,
2,2',3,3 - diphenylne net etracarbpxylic acid
di anhydri de, 2, ','( peﬁ{ rboxylic 20 acid
di anhydride, 2,38, 3%, 4] -be zoq%gho tracar boxylic
aci d di anhydri de, dignhydrides of obydiphthalic
acids, particularty 3,3 ,4,4' - d
iphenyloxidetetracarboxylgg aci d di anhydri de
(4,4 -oxydi phthalic acid thydride),
2, 3,6, 7-napht hal enet etracar boxylic acid di anhydri de,
1,4,5,7- naphtnal enetetracarboxylic acid dianhydgide,
where2bZis bars (iedediranrgibg fyphealydytph dparizout 52200, aamg dArd@nd Ar- can

ncep3idaShEba ot e BRSE RS SRl Y A et aromatc

dizagiy @i ' lzhgiwaldni aliepeien _-a dkalai® aliphatic
groupf EARHIEEN Sterbeyioll) BRAMY oA alen aliepeizng i P

group that may contain silicon, or mixtures thereof, and Ar® is a tetravalent aromatic

group, a tetravalent heterocyclic group, a tetravalent cycloaliphatic group, or a
tetravalent alicyclic group, with the proviso that each valence has at least one of the
other valences ortho to it. A preferred range for b is from about 25 to about 175. A
more preferred range for b is from about 50 to about 150. Polymer XV should be
compatible with other components of the negative-working photosensitive

composition and be soluble in the aqueous developer.

[0088] Examples of polymers having Structure XV are prepared by reacting

monomers XVI and XVII,
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3,3 ,4,4" -tetracarboxylic acid dianhydride, 1,4,5,6-

napht hal enet et racar boxyl i ¢ di anhydri de,
WQ@2®6/164883 - di phenyl t et racarboxylic acid di anhyPeT/tig2006/010394

3,4,9,10- peryl enetetracarboxylic acid dianhydri de,

1,2,4,5 napht hal enetetracarboxylic acid dianhydride,

1, 4,5, 8-napht hal enet etracar boxylic acid di anhydri de,

1,8,9,10 5 phenanthrenetetracarboxylic acid

di anhydride, 1, 1-bis(2,3-dicarboxyphenyl)ethane

di anhydriyde, {1, 1 -bis(3,4-dicarboxyphenyl)ethane

di anhydr|| de, |1, 2, 3, 4- benzenetetracarboxylic acid

di anhy e. xtures of dianhydrides, such as those

namedp _nay Agf soobe used. 10 [0089] In a preferred

enbodi , djanhydri de XVI conprises at |east one

ga%erbal havifng one of the Structures XVIIl - XX 0 O
- 0- 0

Xvl 1l XIX o 00 15 —wWAgFeNBs - 0-,
-s, -Or3) R, -c-, -s02-, * oo % -5%1522-,
Ris a linear branched or cyclic alkyl group
containing up to 8 carbon atonms. In anot h% Preferred
embodi ment -0-. - 48 WD 2006/ 104803 AVI

PCT/ US2006/ 010394 [0090] In a nore preferred

enbodi ment, at |east 80%of the total ampunt of

di anhydride of Formula XVI conprises anhydri des

r i y I | . — . . .
eSS AR AP WAL roar Sl ol wih o

withodV/heteraetoms, 8hd dréferablypAenis extiatest raiernatisxgroup, a divalent
heterg(c:;/c icdér%ﬂgy%r Iol%%lén‘t'él'ic'ygﬁ%/ %iré’JB,hS"diGaléﬁ{ %Iiphatic group that may
contain silicon, or mixtures thereof, and Ar’ is a tetravalent aromatic group, a
tetravalent heterocyclic group, a tetravalent cycloaliphatic group, or a tetravalent
alicyclic group, with the proviso that each valence has at least one of the other
valences ortho to it. XVI can be a dianhydride of one type or a mixture of several
dianhydrides, provided that the final polymer is soluble in the photosensitive
composition solvent. Examples of XVI include, but are not limited to, the following
dianydrides: 3,3',4 4'-biphenyltetracarboxylic  acid dianhydride, 3,3',4,4'
diphenylsulfidetetracarboxylic acid dianhydride, 3,3'4,4'-diphenylsulfontetracarboxylic
acid dianhydride, 3,3',4,4'-benzophenone tetracarboxylic acid dianhydride, 3,3'4,4'-
diphenylmethanetetracarboxylic acid dianhydride, 2,2'3,3 -
diphenylmethanetetracarboxylic acid dianhydride, 2,3,3' 4"-biphenyltetracarboxylic
acid dianhydride, 2.3,3' 4'-benzophenonetetracarboxylic acid dianhydride,

dianhydrides of oxydiphthalic acids, particularly 3,3'4,4'-
diphenyloxidetetracarboxylic acid dianhydride (4,4'-oxydiphthalic acid dianhydride),
2.3,6,7-naphthalenetetracarboxylic acid dianhydride, 1,4,5,7-

naphtnalenetetracarboxylic acid dianhydride, 2,2-bis(3,4-dicarboxyphenyl)propane
dianhydride, 2,2-bis(2,3-dicarboxyphenyl)propane dianhydride, 2,2-bis(3,4-

dicarboxyphenyl)hexafluoropropane dianhydride, 1,3-diphenylhexafluoropropane-
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s di anhydri de, ODPA) or m xture of 95-85% of ODPA and
5-15% of 1,2,4,5 benzenetetracarboxylic dianhydride
w@ BivBA)4803 0091] The di am ne nononer of Struct uPE€T/KNV1006/010394

can be a single diamne or a mxture of two or nore

di am nes provided that the final polyner is soluble in

the | o photosensitive conposition solvent. Exanples

of XVII include, but are not I|mte%to Fmi}efo wingD i
3,3' 4d+—batfac@$b0>mlr30ha@ldn dianhydiide,nal v Bi8al |NARNhalengteiacarooxylic

( 3,4,9,10-
dlanhm éc{ﬁ ugi(gﬁ g?pkgg Ietetr?cjarEméylg trla(r;rledt hyd:ar?ggggde
peryle(n@f‘é;flréoarﬁbﬂ}ll@nﬁblelnelihrmydnde, -2 gt maphtialeaetet@carboxylic acid

dlanhgdmdé bld,sgﬁlréé-,%g g%qt)ﬁg@ca@ogfyhcdl gmdﬁ ﬁf%ﬁgﬁgﬁgyl 1,8,9,10-
phen%ﬁﬁfﬁrn’et dﬁ’carﬂb%’ﬁcnggido | amyﬁlgbllagL’Iae’rllgolé(zltﬁdlcarboxyphenyl)ethane

enedi am n sul fone
dlanhgidraﬂde di am1n’06|sma;éﬂqhbamsuxfyph@1yl)4athane di an@llﬁahy@y@,y 1,2,3,4-
sul f one,

benz%%ﬁr%pgﬁém? H%@yegggyl,g\;mgﬁedg Cg%ﬁhrm”rgeetsh g.uch as those

name% ﬁ1a Qggwerlggydohenyl met hane, 4, 4' -di am nodi phenyl
rY 3, 3" -di am nodi phenyl ket one,

3 4 dl am nodi phenyl ketone, 1, 3-bis (4-am nophenoxy)

3- bi s 3- 0 ol i
ose]s "2 i e AR o AT XV SRRl o st one
mateﬁﬁtﬁaa/m oié oPtlﬁ"'St‘rMbt%m@siKWI n¥X m xyl yl enedi ani ne,

p- xyl yl'enedi am ne, et hyl enedi am ne,

tetranethyleneglan1ne pent anet hyl enedi am ne,

e

ne?%ylenedlanlne

2 enedi am ne, hept ang

W hept amet hyl enedi am ne)

| hept amet hyl enedi ani ne, 4, 4-
el hy+Fhept anet hyl enedi am ne, octan

nonaﬁ%thylenedlan1ne

2, 5-di et hyl nonanet hyl enedi am ne,

decanet hyl enedi anmi ne, et hyl enedi am ne,

propyl enedi am ne, 2, 2-di net hyl propyl enedi am ne,

1, 10- di am noaA)110- di net hyl decane, XIX

2,11-di am ni dodecane, 1, 1 2-di am nooctadecane, 2,17

30 di am noei cosane,

3, 3' - di net hyl - 4, 4' - di ami nodi phenyl\)

am nocycl ohexyl) netha

bi s( 3- am nonor bél

2006/ 104803 PCT/

4, 4" -di am nodi ph

X

et hane, bi s(4-

XX

"is a linear

where Z= -O-, -S-, -C(CFs)z-, -CHz-, -S0z-, -NHCO- or =Si(R'")>-, R
branched or cyclic alkyl group containing up to 8 carbon atoms. In another preferred

embodiment, Z= -O-.
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sul fide, 2,6-diam nopyridine, 2,5-di am nopyridine,
2,6-diam no-4- trifluoronethyl pyridine,
wQ@2®edosnd no- 1, 3, 4, - oxadi azol e, 1, 4-di am nocycPONEKBNE)10394
pi perazi ne, 4,4 -methyl enedi anili ne,
4, 4" - met hyl ene-bi s(o-choloroaniline), 4,4 5
nethylene bi s( 3- nethylaniline)
4, 4' - met hyl ene- bi_s( 2- et n|
[0090},; s(2- T mg%ﬂqq qes]'@gi emk %(1) |§ﬁ§ éggo 0 fWe total amount of

dlanhygdrfde BK Yohiditd VTR s?éhéhi?&ﬁ)lnde% &es béd by Structures XVHI -

2-chloroani |i ne |an| I ne,
XX whire' Z Ehie- Unéhe:mnﬁtmfeired emn@pdlrneml‘s the dbaluhyelnde of XVIII are
-t hi o an| [ i n

ol TSR e, SOEC A A PR oo

dianhydndelr eDpAer & mixiittel %@9% 86% aoMMOBPH 4] '58:45% of 1,2,4,5
enbodi ment,  di am ne XVI | rises at |east one

benze@@t&imbwuhﬁ dlw@wsstrnd@dPMI@A | / N2 H2N - E 15\ /
XXI where E = -0-, -5-, -C(CF3)2-, -CH2-, -SO2-,
-NHCO or -Si (R28) 2-, andR28 is linear 20 branched or

[0091 ycl i CTraé kiamgieompnoaidraifrétngetuie KV ii8carabban siighersliamine or a
A di am ne descri bed dyJiStructure XXI where E is

mlxtur_eoof tvgo Lronere diamineg Rigvided that ghadinal adyneer é?dsoluble in the

photo A LB R SRR 5Nyt o

the foﬂm\amugrmamwnés ivghidéh £an 25 udednindividupihe oy lased part. of| aD@4re: 5(6)-
ferred pol ] ac' oI rrer f _Structure

diamifey i apiopreR Thes-Eiatnatusss. (BaRT. HreRmpeRetagine, p-

phenﬂér@ﬂyﬂfdéjes 0p B é{’t"rffl‘ﬂlgifor?%h'yl)%,%‘»(’i—jc?ﬁlaﬁ"ﬁer)rj%qr gﬂﬁhé‘nyl, 3,4

di am ne or diami nes of Structu
diamipodipleemdcstper, yh#Ai- dlaannddlebelpyjlgther 3 8hpiaindpedighenyl ether, 2 4-

tolylerfgidBihe’ 3 Si-Dianb ke Ryl st iahdoed - PaacdHeRifufions. 4.4-
dlamIlTOdl herdd a di agifpge OF d' ang, Beélanﬁﬁomﬁ%ﬁﬂﬁ@tﬂ%% 4.4'-
/ US2006/ 010394 of Structure XX ere =

diamlmm@dn@ﬁhmeﬁaferred poByrdiamigpdiphenylnesibane, 3,4'-
diaminodiphenylmethane, 4,4’-diaminodiphenyl ketone, 3,3’-diaminodiphenyl ketone,
3,4’-diaminodiphenyl ketone, 1,3-bis (4-aminophenoxy) benzene, 1,3-bis(3-amino-
phenoxy) benzene, 1,4-bis (y-aminopropyl)tetramethyldisiloxane, 2,3,5,6-
tetramethyl-p-phenylenediamine, m-xylylenediamine, p-xylylenediamine,
methylenediamine, tetramethylenediamine, pentamethylenediamine,
hexamethylenediamine, 2,5-dimethylhexamethylenediamine, 3-
methoxyhexamethylenediamine, heptamethylenediamine, 2,5-
dimethylheptamethylenediamine, 3-methylheptamethylenediamine, 4,4-
dimethylheptamethylenediamine, octamethylenediamine, nonamethylenediamine,

2,5-dimethylnonamethylenediamine, = decamethylenediamine, ethylenediamine,

propylenediamine, 2,2-dimethylpropylenediamine, 1,10-diamino-1,10-
dimethyldecane, 2,11-diaminidodecane, 1,12-diaminooctadecane, 2,17-
diaminoeicosane, 3,3'-dimethyl-4,4’-diaminodiphenylmethane, bis(4-
aminocyclohexyl)methane, bis(3-aminonorbornyl)methane, 3,3'-
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i nvention are polyamc acid polynmers synthesized from
4, 4" -di am nodi phenyl ether and 3,3,4,4"-
wale@hamghdxi det et racar boxyl i c aci d di anhydri dePCT/US2006/010394
(4,4 -oxydi phthalic acid dianhydride, ODPA) and a
pol yam c acid pol yner synthesized from4,4" 5
di am nodi phenyl et her and a m xture of 95-85% of ODPA

. _.angd 5-15% of 1, s benzenet et r acar boxy| i
diamig IR e @”?Pl\/ﬁﬁﬂ §- e SROINERGehad Wy &4 sliaminodipheny!
are actin and XV
sulflde}(ve ratﬂﬁ%%(ﬁ;{]ﬁ XV Mdfn% may %3@9@@2@“@ I6690 to %Eo‘ﬂ?m'”" 4
trifluorpmetkhydpwf @ineed 2& dlamm@‘lcﬁ 4Axuxadixxolej s fl dediaatinacyclohexane,
092t nore,pseferred ratio ,of XVII/ XV ,
plpera]z;:pe”o %yl%ngélatnﬁngooﬁ& n’g@%ﬁyl@ng HiIQgAlrognilige).s 4.4~

methyfdr@amtmkﬁetaﬂahmhé) tq abméthyve%e big(a- éthyﬂamrﬁé)er #eflmethylene-
reaction tine is fronla out "2 hours to about 2 hours

bis(2-methspyaniiper, e PXyedianiion, t4.Aeox\sbisr(@rmabvyasilinglr ¢,4'-oxy-

bls-(z-gﬁlo?gé’rlﬁ%g% {fg“g 0 c{[&@%ﬁ%aa% gﬁgf e|§ R?jﬁ&bgfaﬁllk%)f "Cthio-bis-

(2- metfgwwmﬁm&)e«kﬁ—th@ his g chisrotniing), G, 3’'suddopidialiite, F3'sulfonyl-

referre ctlontenperature is from about 0 C
dianilipg, %nfﬁmlx tyeesc ?‘e’if?f% pol yami ¢ acid can be prepared in
situ and the solution added to the conposition or it
can be first isolated by precipitation into a
[0092]10n sdh\eemore iprafgstezk emibodiméeath deamioe- X\l oot srisescatudast one
r a mxture of de-ionized water and
comp%{ldayvghﬁ Siﬁqgﬁ.:rgg)ﬁlet hanol or isopropyl alcohol. 20
The ratio of de-ionized water to al cohol can vary from
~about 99/1 to PQ u Q/ 90. A pre eferred ratio of

R L {
de-ioni zed wat ef o al sohgl i/ rw-je?oout 90/ 10 to
D nf ef er r ed iois from about

about 25/75. A
75/ 25 to about 25/ 75[0096] e~ anount of
pol ybenzoxazol e precursor gglynmer | and/or 11 and/or
25 111* in the photosensitive conposition of the
present invention can range fromabout 10 wt%to
about 50 wt% of the total formulation. In a preferred
enbodi nent, the content of | and/or 11l and/or III*
wherei B = rOm -@901»@(@153»/% 9 H-, B, AHOOYor HBiRTRE eandR? is linear
preferred enbodi nent, the content of | and/or Il
brancliggipb ey alicialkyl IrpHRPRIFIND 98 BFABONASOE. 35 wt 9% of
total forrmulation. 30 [0097] The anmpunt of conpound(s)
having Structure VI used in this - 51

[0093] A diamine described by Structure XXI where E is -O- is a preferred
diamine. In a more preferred embodiment this diamine comprises more than 80% of

the total amount of diamine XVIl. The most preferred diamine XVII is 4,4'-

diaminodiphenyl ether.

[0094] A preferred polyamic acid polymer of Structure XV comprises a
polymer synthesized from a dianhydride or dianhydrides of Structure XVIII, IXX or
XX and a diamine or diamines of Structure XVII. A more preferred polyamic acid
polymer comprises a polyamic acid polymer synthesized from a dianhydride or
dianhydrides of Structure XVIII, IXX or XX where Z = -O- and a diamine or diamines
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WO 2006/ 104803 PCT/ US2006/ 010394 conposition is from
about 0.06 wt.%to about 9 wt.% based on anmount of the
wpoioghensabxazol e, preferably, from about 0.15 RET/US200€010394

about 6 wt. % and nost preferably, from about O0.18
w. %to about 3 wt. % based on anount of the
pol ybenzoxazol e. 5 [0098] The anount of solvent in the

o Sty B kR RS 5 oL 3L b BrosBPARSEA e & hEresen

inventi&h ér@?:dhférﬁic ad’i@ _}ﬁ)l&ﬁm rﬁ?ﬁ@é‘ s frafPual4'Ldiami ﬁﬁl@fbémﬂ ether
48 wt % t'o about wt % nor e referred anount
and 3,8hL44- aﬂ:pbenﬂox»ﬂe@@ttaﬁaﬁwlcwmﬁ@nm@n deo@ot wwgllphthahc acid

e

dlammaalmfe%/béﬂﬁi am @TﬁuﬁﬁJr@fofIQfB85%ﬂby®DEAxamd)I&15% of 1,2,4,5-
precur sor nmer. A preferred concentration range of

benzelmigtragarbpp(wﬁ Q@vadﬂd%%ﬂp@)about 15 wt % based on the

amount of pol ybenzoxazol e 15 precursor polynmer. A nore
preferred concentration range of PAGis fromabout 2.5
[0095]W % t @oonats Having %trtnma&d Yo atéh prepraved byakacting monomers XVI

and XD TR SRV e B SHEEL o B ShetoRed ratio
of XVIERVis frol éb?@@@% Phatdla @QQUUL( ntdreSreYdipat ez of XVIIXVI is

precur sor mer. The amount of optional sensitizer
from abaut 0@5fhooabcaﬂcﬂ;980Thet reagtonting istfvomahkautan how to about 48

v HRNe Sk 836880 MO EHSAU RISl BERUZE ours. A more

preferr%GOFéé%%Bﬁ' filECisCRBRPSbbUPB Rburst fe aAPoS ST hodMENtTIRN reaction
can be about 2 w %to about 35 wt % based on anmpunt of

tempepe;jugdosrfmﬁaﬂﬁ —;Zloecﬁj ta 8boyiohy n@r A prefeses ieagtiandemperature
o sonf S V0SB SO AT R et o

about ROP@ MY abodt Br XC. DTﬁéede%*nmoacﬂnbamtberrémgd iof s:tu and the
crosslinker is fromabout 5 to about 20 w % based

solutiopheddah i the CopMSRHiaT, 8k izem ber WehissiRtedopy RERCIpRation into a
ron-<Jgh, DUSIFHEES o BB RGO ARG pehcp BEhBLA hr or
mixtur® Af Renneazwbterprat gh sicohpdsyihras methanol or isopropyl alcohol.
The ratio of de-ionized water to alcohol can vary from about 99/1 to about 10/90. A
more preferred ratio of de-ionized water to alcohol is from about 90/10 to about
25/75. A more preferred ratio is from about 75/25 to about 25/75.

[0096] The amount of polybenzoxazole precursor polymer | and/or il and/or
I1I* in the photosensitive composition of the present invention can range from about
10 wt% to about 50 wt% of the total formulation. In a preferred embodiment, the
content of | and/or I and/or IlI* is from about 25 wt% to about 40 wt%. In a more
preferred embodiment, the content of | and/or Il and/or lII* is from about 25 wt% to
about 35 wt% of total formulation.

[0097] The amount of compound(s) having Structure VI used in this
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30 [0101] The anmount of dissolution rate nodifier, if
present, can be fromabout - 52 WD 2006/ 104803
wERONbWERD6/ 010394 1 wm % to about 20 wt % baserPCDNS100€010394
amount of pol ybenzoxazol e precursor polymer. |If a
pol yol conpound is enployed, a preferred anount is
fron1about 5 w%to about 20 mﬁ@bbased on the anount
onbenzoxazoIe recursor polyne

Comp%’?"@@%rﬁ dePranadheit 8 Gpwymtocaﬁﬁwu%m %) brasdl @ @meunt of the
polybé\ﬁ@ké?ol@b éfe}éblg'; Yohasedup Oo’f‘S e ﬁ%“@ﬁo&fG wt. %, and most

enzoxazol e precursor polyner. nost preferred
preferatrlyurftomf abquatl 9o18 admpPbuied absut rBomtalieubageduor ammount of the
out 12 wt % based on the anount of pol ybenzoxazol e
poWb?ﬂZQ&‘GFQSr pol ymer. |f a phenolic conpound is enpl oyed,
a preferred anount is fromabout 5 wt%to about 20

wt % based on the amount of pol ybenzoxazol e precursor
[0098])ol ynefhe famoust pelefsoivesd lndb@t fasmutatiaiol ofc the photosensitive

N N e A

WelghtTDSA redresd ehmeumul fron RN l4sc wio ip abuditi 26 fwtdsn A more
about 8 wt% to about 12 wt % based on the anpunt of

preferpryl 96@:‘%‘?5%&@[’1@%@@9‘%@ toabgHE®S Wt¥o. a conmpound

containing carboxylic acid groups is enployed, then a
preferred anount is fromabout 2 wt%to about 15 wt %
[0099]15 basEae @mdsmtt efnBAG inothepphgtosersitiva compmsitiar sbthe present

inventghaRins fiont AaRAba s to a0 1095 1hsed B SHadnt of the
polybé\@%h%&p%&d@&négﬁ?@ eApE/)féféfrégr Jﬁ@e\’\%flon'“ra'?iaét of PAG is

anmount car boxyl1 ¢ aci onpoun is form
from aboult 22wiovda cakedaduts Svidh %amslednoﬂnet leneurduat pohfbenzoxazole

rec TS 3 S Bl P DR L vout 2

Wt% t@ra%%%f‘tl 0 Wity %ﬁ&é@'ﬁ)nctﬂﬁ a%é&ht%?r]&cﬁyﬁbr%&akolé%bhw polymer
Exanpl es of suitable additives include, but are not

A mosti priefested @ondgrefsatlcsurarwt ehPAGaisdfraahaleownd widmin ebut 7 wi%
vased, 2yt 40 chmp ol R, 4By RSB Uiy o FRRBRGY PEFgoARRurt o
optiorfdi skhsitiggpuah b fropl ¥benz0XagohBol Bekhs ®ased on the amount of

polybenzoxazole precursor polymer.

[0100] The amount of latent crosslinker in the photosensitive composition of
the present invention can be about 2 wi% to about 35 wt% based on amount of
polybenzoxazole precursor polymer. A preferred amount of crosslinker is from about
5 wt% to about 25 wt% based on the amount of polybenzoxazole precursor polymer.
A more preferred concentration range of crosslinker is from about 5 to about 20
wt% based on the amount of polybenzoxazole precursor polymer. A most preferred
concentration range of crosslinker is from about 5 to about 15 wt% based on the

amount of polybenzoxazole precursor polymer.

[0101] The amount of dissolution rate modifier, if present, can be from about
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pol yner. A preferred anmount of adhesion pronoter is

fromabout 1 wt. %to about 5 w. % based on the
w@ewane48ed pol ybenzoxazol e precursor pol ymer. BCTHOS®06/010394

preferred amount of adhesion pronoter is from about 2

w. %to about 4 wt. % 30 based on the anount of

pol ybenzoxazol e precursor polyner. Suitable adhesion
- 53 WD 2006/ 104803 PCT/ US2006/ 010394 ropot er s
1 wi%% tocahaté 20 oi% Sasepian thenRRBUS} PLARYDSTARXBAPIG RIEGUTSSY Polymer.
yative ;
If a pﬁﬁlghg?ri\pguaﬂ {%Bﬁ)ﬁ dé@éw%@%%g%wlsaﬁ%@e%m I\ﬁsﬁon Qﬁn‘g;yto about
20 wive ISheser bheﬂweb)anﬁtunmbfmpelyxleb{zﬁxa@lé{ preursod patyrmer. A more

3-d)
prefer(aqa@ﬂmcg:rr;jﬁgfmg;{/ g &ﬁSS@ﬁl ad,'f‘rb%\a%ndetpg y\g% %éBougig ng‘/l based
(i
on th ?l’(l)é(l.)ﬁ/’l gdﬂ‘gﬁ;%é#z%gé%ol@ ﬁ%g%rsogg p%h}fr){%rr g’ﬁgﬂgft @re@irred @ﬂnount of
polyobyohmahhdny fooraugbowt 8 s to r&b@gléﬂa‘ e baﬁ@d @%H’!ﬁ aqwount of

polybe i PGROIR HEPUSPEePONTr a7 Thig HIG EHE ERRBOuE! Jsrbgmioved. o
preferé%%oarﬁoﬁ(n@fé fRod abbiNVB® w8H t6-aboull 20 \A&% phse@ion ﬁm:lamount of

nd R18 are independently a Cl1 - C4 al kyl
polyban@xazoey pregurssul ply ngepr@upA amgrex1preferrgd Cgimo%@g of phenollc

compguﬁélsisg&roo&ﬁ o%{’)?@rgéﬁté’ tHOXBE é't%:"‘ﬁtg’r Iescl el 2§§;§$ount of
polybbhg&RdZote YordduNdrNgdlymer. A most preferred amount of phenolic
compound is from about 8 wi% to about 12 wt% based on the amount of
polybenzoxazole precursor polymer. If a compound containing carboxylic acid
groups is employed, then a preferred amount is from about 2 wt% to about 15 wt%
based on the amount of polybenzoxazole precursor polymer. A more preferred
amount of carboxylic acid compound is from about 2% to about 10% based on the
amount of polybenzoxazole precursor polymer. A most preferred amount of
carboxylic acid compound is form about 2 wt% to about 5 wt% based on the amount

of polybenzoxazole precursor polymer.

[0102 ] The negative working photosensitive composition of the present
invention can also contain other additives. Examples of suitable additives include,

but are not limited to, dyes, surfactants and adhesion promoters.

[0103] If employed, the amount of adhesion promoter may range from about
0.1 wt. % to about 5 wt. % based on the amount of polybenzoxazole precursor
polymer. A preferred amount of adhesion promoter is from about 1 wt. % to about 5
wt. % based on the amount of polybenzoxazole precursor polymer. A more
preferred amount of adhesion promoter is from about 2 wt. % to about 4 wt. %

based on the amount of polybenzoxazole precursor polymer. Suitable adhesion
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HNI I OOand O 25 - 54 W) 2006/104803

PCT/ US2006/ 010394 Mbre preferred adhesi on pronoters
wae@otibuss: wherein R16 is hNH NH2 O 5 The noBECT/US2006/010394

preferred adhesion pronoters are HZN_r NHi(Owe) H N

NH Si(CEt)2 z O and O 10 [0104] In another

enbodi nent, the present invention includes a process

for formng a negative tope relief i[nmage. The, process
promaieisppriiee, fofee g, BMing §)anssoAnd mgtg’%wﬁqr ves Elyereof.

Exam%l%@tdf%i&%ges%HHe§iBH§5rbﬁ$cﬁersawﬂi%ﬁ%b SBRIFIAE in the invention
otosensitive conposition 15 conprising one or nore
may bealegoeibadyzdrectpreXlV sors having the Structure | or

1l or Il1l*, at |least one conpound having Structure
VI, at |east one sol ~at Iizﬁrg‘z one phot oacti ve

5 conmpound whi ch rellg S aci gg i?cradi ation, at
| east one | atent crosslinker € S%nwf whi ch contai ns at
least two -N-(CH20R29)a units whef&’a = 1 or 2, and
wherein R29 is a |inear or Rp branched Cl1 - C8 al kyl
group), and optionally at ?(east one dissolution rate
nodi fier (all as described above), with the proviso

that whep the latent crogslinker is highly reactive,
whereimeaghsBol ist insepeagentibadi €1 er CaRlsyI@oub ot 8i ks — C7 Cycloalkyl
c bic. aci o ther ' _ C
o arousSRBTRY [FRBpEodBIPR o DELSRY B 1o Lo rou, 2 C
— C7 Gyeldalityt graul at adDs — 15 ¢ydjoglksty groppsdiie abdkiaggr filoen 0 to 3 and

coated substrate at el evat t erature;,.
g is an integer from 1 to about 6,8&16 Is one o??he ?orﬁ%wmg moiéties:

wwwwN H
R NH,
s HN ﬂ OH /

0 o Q. 19
O

20 wherein each R and R'® are independently a C — C4 alkyl group or a Cs — C7

cycloalkyl group, and R'" is a C1 — C4 alkyl group or a Cs — C7 cycloalkyl group.

15

Preferred adhesion promoters are those wherein R"is selected from

H H
WHNMOH o NH NH,
\H/
0O O and O

25
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(e) devel oping the coated substrate with an aqueous
devel oper, thereby formng a relief imge; and (f)
whaiongisthe substrate at an el evat ed t enper at UPET/US2006/010394
thereby curing the relief imge. 30 [0105] The
negati ve acting, photoactive conposition of this
invention is - 55 WD 2006/ 104803 PCT/ US2006/ 010394
coated on a suitable subst ate. The subpstrate may be,
More Pr&feré%ﬁﬁh@smamer@ﬁ%r@arsﬂ hoseivbprein R Sith as a
silicon wafer, conpound s?n1conductor (rrr-v) or
(rr-wvi) mafer, a cera ,H | asisl, or quarz substrate.
Sai d substrates nay al so CB%Egin films or structures
used for electronic circuit dabrication such as
organic or inorganic 5 dielectrics, copper or other

The mst braeffea%lomesmepr@hﬁitefg% substrate for this
i nventi on is a wafer contalnlng exposed copper.

[0106] Methods to coat the substrate with the

HpRot 0 ti esiHOMebnposi tion iggl ude, .but agif;)mgt
Finmfled to, spray coating, S atlw o
prin0i ng, roller coatamg, screen!printing, extrusion

coating, meniscus coating, curtai coating, and
i mrer si on coating. (0107] To ensure proper adhesion of
t he photosensitive conposition to the substrate the
substrate nay be optionally treated before coating
[0104i t h dn dreother eathodihengdthespresept imventon beclades tehprocess for

first coatl S or th hot osensi tive c sition
formingsy NEABINGY 1oA1e TEHIPbITRGE. alhe 81 P e KOMRTSES (AR FIGRS Phb! o
r@zﬁopéi”&ﬁ t SHIABNRE of the substrate with adhesion
ter novvn to those skilled in the art may be
e(m) cogitiny onBsaidsubstrates | wdegammwnémg @hotos@rsulygt ¢arnposition

w t h adhesi on gr onot er ors ol utions #g%(:g% t |
conEBRP RGNS Phavare oGz karalls Rrer oo g ing s plructure
wi | lbraf) &eﬂﬁmdatoiéafsh%ﬂéabém%ﬁhﬁﬂ f%&h’ﬁé rStrsturdNgsiabNeast one
pronoter, and net hod, may enpl oy el evat ed

t enpeWanUr@‘rs Jeaaﬁyormpﬂ“@mamtwm eompounrdiheichrelgasest agid upon

AR oA BapL N 3ER LRl o P it goptpins at least

vi nyka - NaEORAYS unie ivtasteyd exy ak Roxydsiherss R is a linear or
nmer capt oal koxysi | anes,
branched C1 = Cg alkyl group), and optionally at least one dissolution rate
modifier (all as described above), with the proviso that when the latent
crosslinker is highly reactive, the dissolution rate modifier does not contain
carboxylic acid groups, thereby forming a coated substrate;
(c) exposing the coated substrate to actinic radiation;
(d) post exposure baking the coated substrate at an elevated temperature;
(e) developing the coated substrate with an aqueous developer, thereby
forming a relief image; and
(f) baking the substrate at an elevated temperature, thereby curing the relief

image.
[0105] The negative acting, photoactive composition of this invention is
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am noal koxysi | anes, epoxyal koxysi | anes and
gl yci doxyal koxysi | anes. Am nosi | anes 25 and

w@bkopeirasay/si | anes are nore preferred. Primary PCT/US2006/010394
am noal koxysi |l anes are nore preferred. Exanpl es of
sui t abl e external adhesion pronoters include, but are
not limted to ganma-am nopropyl trinethoxysil ane,

st SR P TER A S o ericonduc
mater@%@[ﬁ:hnﬁé & APy @Qﬁér”@éﬁﬁb@hﬁbhﬁwﬂdc@éﬁ(lll&) rgrt(nagn Wafer, a

0 oxypropyl di met hoxynet yl si | ane,
ceram@, rwah@wwlq@gy@rwwrate n@awbw@istrate@ may also contain films or

structtg\%lﬁe’gcﬁgﬁ? I%%Bfu %E@g%%&%/%gogg RrGHRE" 6F-inorganic

dielected/ s5pd e RSP diiriragihrsalen ThHeoprferred aubsthatecforlitig invention
Si | ane Coupling Agent" Edwin P. Plueddemann, 1982
is a waleBROMAIIRE £XOMESE YBPRET- [ 0108] The resulting filmis
optionally prebaked at an el evated tenperature. 5 The
bake may be conpl eted at one or nore tenperatures
[0106}Ni t hi Méthedsenperatalir ¢he bakibstvatef r with atibat pT@tcoisertsitive resin
o hal f . .an

out (150 C for several, mn
comp RIS AAI40En B &R b AT Sa3BIY S0pHBSy SR ioREno. offset
tind O b KigghusiBR ST 6%
printing HOHEF ooy ScreER PR AP uSERIRBIEY RN Syaihg, ourtain
coatingj and afdmeosloh@baphg,t es and convection ovens. 10 [0109]
Subsequently, the resulting filmis exposed to actinic
rays in a preferred pattern through a nmask. X-rays,

[0107{SI ect red) chgars p%ﬁéraddl%ﬁén AVBe pHctbSemsitivd @binpasitibn to the
he |li ke can be used as actinic rays. The nost

substrpteether abbstrateymayrhe ohterallyvireateddveipengonting Withean texternal)

adhesfgﬁbggquéte{ eE(gEGqSH?eCflfs&alToia%r‘E%é' st%? cgroéfgoéhg Iseﬂ Igga onapos,ltlon

may eﬁﬂﬂé& bAtiterSal tRAMB b @rmét@npAhgtsurtablbahmm afbioedtméht of the
C and about 150 C. The exposed and coated substrate

substrate wihtashesion progateniseewh ip Easgrydladin the sibmay s emgloyed.

cxanfled Hogh BRFRhaY 50AL20B56980h0 PR pEbBIAS vapors
solutidieask at Progfoer cattenerationi nThediméaddd ¢eropemthne op lteeatment will
depen(c)jIr olnnth% particular substrate, adhesion promoter, and method, which may
employ elevated temperatures. Any suitable external adhesion promoter may be
employed. Classes of suitable external adhesion promoters include but are not
limited to vinylalkoxysilanes, methacryloxyalkoxyysilanes, mercaptoalkoxysilanes,
aminoalkoxysilanes, epoxyalkoxysilanes and glycidoxyalkoxysilanes. Aminosilanes
and glycidoxysilanes are more preferred. Primary aminoalkoxysilanes are more
preferred. Examples of suitable external adhesion promoters include, but are not
limited to gamma-aminopropyltrimethoxysilane, gamma-
glycidoxypropylmethyldimethoxysilane, gamma-glycidoxypropyl-
methyldiethoxysilane, gamma-mercaptopropylmethyldimethoxysilane, 3-methacryl-
oxypropyldimethoxymethylsilane, and  3-methacryloxypropyltrimethoxysilane.

gamma-Aminopropyltrimethoxysilane is more preferred. Additional suitable
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convection oven. This process step is commonly

referred to in the art as post exposure baking.

WO Qhaa94sdext, the filmis devel oped using an apPCEUSR06/010394
devel oper and a relief 25 pattern is forned. The

aqueous devel oper contai ns aqueous base. Exanpl es of

sui t abl e bases include, but are not Iinited to,

I norgani c_al kal i s pot agsi um xi de, sodium .
adhesa%rg;@ra@ter%.m%%. ﬁ%?'@@ﬁ "br?%mea He ng eAgent” Edwin P.
Plued§bfiehA™ 082 PlenthFELeRorkecondary ami nes (e. g.

i ethyl am ne, di-n-propylamne), tertiary amines

(e.qg., trlethylan1ne) al cohol am nes (e.g.

[0108] ¢ 7 by PSS Gl PreBRaIh ah A ARt ictberature.
The bBKErARY 3R cov@n‘bqjetgbl @t%l’féﬁ of Wﬁér%ofemﬂ'é@m‘réﬁ ‘Wiﬂilﬁ ahb aBnfplerature
base enpl oyed wi | | WO 2006/

bake pEtfroapsziwsit (Ab364to @bpghdﬁﬁg QarfOF ﬁﬁée@és"emymsum Ihalfyan hour,

depenziﬁ[ﬁ 56 égg lré%[@ Qgg) g%g&g??gbet Eejo%ﬂgﬁe%éﬁ%ﬁtasﬁ éutable baking

mean§®rﬁé)ﬁb6leﬂﬂ lotyedl r Eheinhyles roTeuitepichyskiny intkear(sTMBldde, but are not
tabl e concentrati ons of TMAH range from about 1 %

“m'tSQB) Qﬁbﬁfat@@nﬂ)@\?@Néﬁﬁ*ﬁihPV% be carried out by means

of 5 imersion, spray, puddling, or other simlar

devel opi ng net hods at tenperatures fromabout 10 Cto
[0109]about s«noiéqimntlgbdhe Bsudtirep il tio edpmseds toi actirds. rays in a

eIo the yelief
prefertosl Rafa JTPLHBC Tigthg THENSo fISaP heem, JHHEviglatdavBy visile
light, éﬂ’c? tﬂ‘g%r?lge cgﬁlﬂé@sé’@ a@.él'gﬁmc%agfsg  Thé n%‘st%’r@féraﬁre r‘é‘y@edre those

e neans. enzoxazole ring is
with wavelendttbpf 436 |nng(g}f|ne)rm1d1665|rned(lflmle) ef pattern to
obtain the final high heat resistant pattern. Curing
is perforned by baking the devel oped, uncured relief

[0110#at t erpolRfwing’ e fe t0ad@infS Talila®BA! tthenekgoRE adnt Ecoated
the photosensitive conposition to obtain the

substmjmhaa@demra tempreatuge botween aboyihy heGtandegbeutahe@ °C. The

oxposEp 5 S 85 4B b i -G Loy oo peri

of tlm@xwmiae@ sdverathégdondBeropsyviesalan thubes Gﬁdtrﬁéﬁﬁbeﬁb@rrbﬁ out using
wei ght unl ess ot herwi se specified. 20 S}é esi s

any s@@ﬁ@h@atmg 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.

[0111] 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., triethylamine), alcoholamines (e.g. triethanolamine), quaternary
ammonium salts (e.g., tetramethylammonium hydroxide, tetraethylammonium

hydroxide), and mixtures thereof. The concentration of base employed will vary
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Synt hesi s of Pol ybenzoxazol e precursor Pol yner of
Structure (la) CF3 CF3 CF3 25 4 -\ OHHO OH HO\ /
WORI0bID48F8 CF3 CF3 H NH NH NH NH ~-~ 0 NH NHZPCTDU$2006€0010394
Onm 30 (I a) [0114] To a 2 L, three-necked, round

bottom fl ask equi pped with a nechanical stirrer,
nitrogen inlet and addition funnel, 155.9 g (426.0

| 35 - o
depen @ga%n%feobagezﬁawléy Sith8- RRINPEF STPRYRY 13 Lirasgecific base
emplo gﬂ sAPﬁﬁé Qﬁo& g f»?e?érr@d mTQiéve‘ald?é{ ri chirge, m6§e637co"'hta|n|ng

N- et hyl pyrrol | done wer e added.

tetrammmmnmmdwmdasmwnl@smbles@mrmerﬁwtmg GsftTMr%‘H range

rom Sl DL EBA 1, DR R b S A S, P mean of
|mmer§i@|nUtsg%y é’&lcﬁln@ (&%hﬁﬁ@lmlla}f dewsippingaheyhods fa Qenmbe,ratures
of 1, 4-oxydi benzoyl chlorid

from amoyédlove@%o rabmrl? ) g&éP al&mﬁ 3%@@03@%6@ ahah Bygutes. After
devel fré(ﬁjt S t::1'tt8ﬂ'1 roo ?ﬁﬁl‘grerlﬁ '&é gﬂ]’]%él?r water and

rewas s |rred

dried W@omnmgpbaklagldnad’mt plde, iprapcovErt, airemernsmiable meassof
vigorously stirred de-ionized water. The pol yner was
collected by filtration and washed w th de-ionized

[011213'at er ﬁ@bén%@ﬁe?zyl i dgaﬁoﬂhen(é)(%@g) b)?“d&theof fﬂéeuncgrgd relief

r vacuum conditions at 105
patter24o obtwn he fifal mgms*]ea‘rmemyhaet datkam aCuousg igparformad ibydaking

the oe§SRgtl ML ) RSt oY b Mo, S APEf R Tgmperature
Tg of Wéjbhéfos%ﬁsﬁve composition to obtain the benzoxazole ring that provides

high heat resistance as described before.

[0113] The invention is illustrated by, but not limited to, the following examples

in which the parts and percentages are by weight unless otherwise specified.

Synthesis Example 1
Synthesis of Polybenzoxazole precursor Polymer of Structure (ia)

CFy CFy cry
CF, CF, CFy
H—NH NH Nfi NHTQ‘O N NH,
0 0 0 0
n m
(Ia)

[0114] 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 (BisAPAf), 64.3 g (794.9
mmol) of pyridine, and 637.5 g of N-methylpyrrolidone (NMP) were added. The
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[0116] The nunber average nol ecul ar wei ght (W) was
determ ned by gel 15 perneation chromatography using

wo ows/1818enogel 10 columms with pore sizes of 1BdAI/U$2006/010394
500 A, 100 A and 50 A and THE as an el uent.
Pol ystyrene standards were used for calibration. The
typical M for a polyner prepared by the above

rocedyre was 5,800. 20 h Ex h
SoluticRy i SR P Faari B TRsE WS LRI SHIE GeSalyed, anfl fen aooled in

117 h_sPora C 0 f
Y S e e
chlorids, anﬂe’Sqi)@le(”@"r mimel) nkd,4-oxy@lipeireoyi ShlE)’ddﬁ';di%ﬁOflVQﬂWm 4205 g of

25 ftthdf THF dded Th {
NP, aiefes aPH B hisen. ek J6s - Soihafeo omRiated i sutting
mnxtur@hﬁé@lsvﬂ@d Qt ﬁ%rﬁ té&ﬁ@?ﬁﬂu@é fof 18- MRt hPHEIVisdus solution was
di azi de ¥ chloride (S-215-C) was then added

precipiaiedt rme1ﬁ1 Iazcer.ﬁ wigoreislyr stitrgch dedapizedrwatgn. nil Rat R@lymer was

colleck/-%d't &Eﬂlhrg%ﬂean& \ﬁa%%aztvﬂgﬁ; dzehloW?z%dagg?& %adHaWa)(er/methanol

m nut es € reaction m xture
(50/50trhixtued. fThe polyonsrswad kieiedeandsromcoiurt vorditiass ta|h61|®5?>@ for 24
added gradual ly to 5000 nL of vigorously stirred
hours.ge-j oni zed water. The precipitated product was
separated by filtration and washed with 2 L of
de-ionized water. To the - 59 WD 2006/104803
[0115PCT/ U0 gietl 0a84almosb duantitatiee adddle amtuereat vicasity (iv) of the

polymepage. 28 Aulbweanptast NP &4 bindeidiRacara Sl 826"
washed with 1 L de-ionized water. The isol ated

product was dried at 40 C overnight. The yield was
[0116Fl rmstThqeu awmbert average[ 0oEsYIaTheeighhdMmtwas sisteinipedfby gel

NIVP
permealiipany o Reredtagny bete il FRENgeETo shniias vlinegdf siges,of 10°
A, 5008, $potdasl SmeA @ﬂ%%bh@u&ﬂ”ﬂ%?ﬁy(e?&@taﬂﬂards were used
Structure (X1 M 0
for calibration. The typical Mn for a polymer prepared by the above procedure was

5,800.

Synthesis Example 2

Synthesis of Polybenzoxazole Precursor Polymer of Structure (lla)

[0117] To a 1 L three-necked round bottom flask equipped with a mechanical
stirrer, 54.2 g (100 mmol) of the polymer obtained in Synthesis Example 1 and 500
mL of tetrahydrofuran (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 chloride (S-215-Cl) 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 5000 mL of vigorously stirred de-ionized water. The precipitated

product was separated by filtration and washed with 2 L of de-ionized water. To the
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N2 15 XII'l p [0119] To a 500 mL, 3-neck flask equi pped
Wi th nmechanical stirrer, dropping funnel, pH probe,
W b@oirorses er and nitrogen purge system were adeerdu286/010394
mL of THF and 30 g of
(4,4' -(1-phenyl et hyl i dene) bi sphenol ), Bi sphenol AP.
The m xture 20 was stirred until bisphenol AP was
fully dissol ved. T%th S

. 750, of 4- .
produci it AGHER RN G e ISTIFRb AL AN o hBirg Niacspysly stired
for 30 "i‘ﬂﬂufé@t ”Aft%? flT?ronTt*P\% ;Fr%@%t ?As \ﬂééﬁé& ﬁntWaTS LSélé-" diftged water.

he sol I di ssol ved. . g
The istlaitext pydduct mas dfieskat 4,030[: ionvegog intl 'ﬂhﬂFylﬂhtWad @éﬁostﬂuaréltatlve
reaction mxture gradually while the pH was kept
under 8 during this process. The tenperature during
[0113]t hi's ep ipBeRaR IScdsR©fF itigd poRMndraRhs Orted L B0measiEanin NMP
onpl etion of addition, the reaction mxture was
at the gonccerﬁtatmrofzm&%@lngt 256Cthi s was added 27.75g of
5- napht hoqui none di azide sulfonyl chloride (S-215 )
and 25 nL of THF and the reaction m xture was stirred
- 60 WD 2006/104803 PCT/ US2006/ 010394 for 30
m nutes. 10.475 ¢ t$ymi%ﬁxﬂmpje§sol ved in 50 nL THE

o RREesE o1 FiatoRthls CHinBhiibPAL) 2 SthlrtB'oxft piie

this exotherm c reaction the tenperature was kept
under 30 C. Upon conpletion of the addition, the n,
reaction mxture was stirdged for 20 hours. The 5

on i xt ur e/waB\ t hen] addeg—gRadual |y €
ofH Dé The Jreduc
N i oni zed”wat
eslurpred by=using 3 L o
A and washed with 1 L

i zed water. The
) oven at 40 C un s

el ow 2% HPLC anal ysis réveal ed that the product 10
Nyas a m xture of several esters as shown in Table 1.

Table 1 Structure DNQ noiety Exanple 3 0 N2

Xl p

[0119] To a 500 mL, 3-neck flask equipped with mechanical stirrer, dropping
funnel, pH probe, thermometer and nitrogen purge system were added 225 mL of
THF and 30 g of (4,4'-(1-phenylethylidene)bisphenol), Bisphenol AP. The mixture
was stirred until bisphenol AP was fully dissolved. To this was added 27.75g of 4-
naphthoquinone diazide sulfonyl chloride (S-214-Cl) and 25 mL of THF. The reaction
mixture was stirred until the solid was fully dissolved. 10.475 g of triethylamine
dissolved in 50 mL THF was added to the reaction mixture gradually while the pH
was kept under 8 during this process. The temperature during this exothermic
reaction was kept under 30 °C. Upon completion of addition, the reaction mixture
was stirred for 48 hours. To this was added 27.75g of 5-naphthoquinone diazide
sulfonyl chloride (S-215 Cl) and 25 mL of THF and the reaction mixture was stirred
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~ 0 0 S02CI S214 0.61%
1.72% HO\ [/ ii
WO 2006104802 St er

N2 SC2CI 5215 0.53%
11 S215 1. 4%
N2 N2

nonoest er
N2 S215 di ester

18. 9%

N2 S214
0 S OH\
- PGI/USA15/010394

2006/ 104803 PCT/ US2006/ 010394 M xed Ester 46.7% |-~

PAC S214 diester 29%

Synt hesi s Exanple 4 Synthesis of
a Photoactive Conpound (PAC) of Structure (Xl 11

p) O

CH3 0 / \ Sl -0 O Sl I\ ~t
for 30 minutes. 10.475 égtr)uethylamine d?ssolved in 58 m?_ '{‘HEZWQISZ, ad%ed to the
reaction mixture gradually while the pH was kept under 8 during this process. Again

during this exothermic reaction the temperature was kept under 30 °C. Upon

completion of the addition, the reaction mixture was stirred for 20 hours. The

5 reaction mixture was then added gradually to a mixture of 6 L of Di-water and 10g of

HCI. The product was filtered and washed with 2 L of de-ionized water. The product

was then reslurried by using 3 L of de-ionized water, filtered 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 revealed that the product

10

was a mixture of several esters as shown in Table 1.

Table 1
| Structure | DNQ moiety | Example 3 |
50,1
i ) S214 0.61%
S215 0.53%
o : A S214 1.72%
wo] O O o_ﬁlo monoester
® ()
i [ S215 1.4%
'IZ_" O O Q > monoester i
O ﬁ_ O i _Q_E O S215 diester | 18.9%
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XI1l p* [0120] The reaction was simlar to that of
Synt hesi s Exanpl e 3 except 4- napht hoqui none di azi de
W@ 00bamsh3 chl ori de (S-214-C) was omtted. HPLECT/US2006/010394
anal ysis 1o reveel ed-that about 94% of the product
voz.oas, digster and 6% was nonoester. Exanple 1 [0121] 100
parts of the polynmer obtained in Synthesis Exanple 2,
1.53 parts 15 of gamm-ureidopropyltrinet hnyugl Lane,
i phenylsi | anefiMixed 13 Estery46. €% of PAC
Amhl ¢=3 and ?P&rts of
nzoxazovvere in ssolved in [175 parts GBL
1 The formul ati op was spin coated on a
opper warf g, then bakgd on alkglalfhéstel orl Zoys nut es at
‘ pH- L oy =bm thickness of 11.22 pm The
expos utilizing an i-line stepper in a
¢ exposureZarray, |[which increnentally
I ncreased exposure energy 30 mJ/cn2 with a starting

exposure energy of 300 miJ/cnR. Th xposed fil m was
then - 62 WO 2006 !B#B%%S%MB@()‘SG/ 010394

T%tﬂg i Yfh N}Jt%cﬁge %_’%‘HB%HH‘WA@% o Sﬂuétt?rei’(?ﬂﬂ p’)

ut| on att'erned copper wafers
were t hen scratched with g pair of tweezers so as to

S¥mai) techm q@p aI
rTe\ ubstrate (bare cop

mer capt obenzoxazol e showed a heavy residue of
aterial remaining in the exposed areas (see N,
onparative Exanple 1). H 10 0~-0/ | SHOS

2- mer capt obenzoxazol exjjjp’ Exanpl es 2-7 and Conparative
Exanpl es 1-3 [0122] Exanples 2-7 and Cbnparatlve

anpl td 4-
[012 xcept %ﬁﬁere%mgﬁt&’% %rr é%qﬁyﬁgﬁzﬁ‘gn@?e var i e% énexcept .
naphthoquinone diazide sulfonyl chloride (S -214-Cl) was omitted. HPLC analysis
revealed that about 94% of the product was diester and 6% was monoester.

Example 1

[0121] 100 parts of the polymer obtained in Synthesis Example 2, 1.53 parts
of gamma-ureidopropyltrimethoxysilane, 2.48 parts of diphenylsilanediol, 13.51 parts
of PAC synthesized in Example 3 and 7 parts of 2-mercaptobenzoxazole were
dissolved in 175 parts GBL and filtered. The formulation was spin coated on a
copper wafer then baked on a hotplate for 4 minutes at 120°C, resulting in a film
thickness of 11.22 um. The film was then exposed utilizing an i-line stepper in a
patterned exposure array, which incrementally increased exposure energy 30
mJd/em? with a starting exposure energy of 300 mJ/cm?®. The exposed film was then
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each fornmul ation. A process simlar to that described
in Exanple 1 was enpl oyed for 20 each conposition.
wabh®onesw ts are shown in Table 2. Tabl e 2 Exami/8S2006/010394
Amount of 2-mercapto- Residue after pattern No.
benzoxazol e (Wm. percent of total conmposition) 2 1.33
No 3 0.66 No 4 0.33 No 5 0.17 No - 63 WO
2006/ 104803 PCT/ US2006/ 010394 6 0.08 No 7 0.07
developeg. usig two BOyercondopyddies with @w%ewAbbﬁ@utim of gvater. The
{
pattefy el eoer WAt e b d Wit YL, PRI 5¢' fE o peel
off anis ehtenial aldver tsihestomtce substratea T hel é.oramh wa§t@chnalyzed under

8 ”""Er@g%ﬁé %'g"%’g?g'ég O Gt deg%g&ﬁ ROt &&Q%‘ép‘@%@%@&%ﬂaﬁems
This ascthichff) té@ﬁrﬂéué”glloxﬂre@d ﬂﬁ%ﬁergféftl%{nh%ﬁkéi ® e’ s gzbstrate (bare

m nut es at resul ti nﬂ%‘el ness O
coppen) .96l amy resihee femmmmlrt rexposededeat | Nozesiguanwas observed.

The BRI SSRGS SRy bl mates

remathisg mmwwse@sa*éas (88 ConpHratfS ERMpE 1), The exposed
filmwas then devel oped using two 30 second puddles

with a 2.38% TMAH sol uti on of water. The exposure
quiredto 15 clear all the materi al fr&ﬂﬂan
8 =N263

@ devgl opnent
oj\s

SH

2-mercaptobenzoxazole

Examples 2-7 and Comparative Examples 1-3

[0122] Examples 2-7 and Comparative Examples 1-3 had the same
composition as Example 1 except the amount of 2-mercaptobenzoxazole varied in
each formulation. A process similar to that described in Example 1 was employed for
each composition. The results are shown in Table 2.

Table 2
Example Amount of 2-mercapto- | Residue after pattern
No. benzoxazole (wt. percent of total
composition)

2 1.33 No

3 0.66 No

4 0.33 No

5 0.17 No
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Exanple 9 20 [0125] The conposition of Exanple 5 was

spin coated on a silicon wafer and baked on a
whodophesses f or 4 m nutes at 120C, resulting i n BCT/UE2006/010394

t hi ckness of 11.07 pm The filmwas then exposed

utilizing an i-line stepper in a patterned exposure

array, which increnentally increased exposure energy
B ml/cnP with a Qf:-'lrflnm exposute epergv—of 215

— I

6 ml/ cnp. Tifboﬁxposed filmwas then devel éed usi ng two

= 30—secon Q puum S W 1T a 2. 38% TVAH ggl ution of
wat er. The'éxposure energy required tog - 64 WO

CoHRPOEL04808 PCT/ US2006/ 010394 clear dlYe¢he materi al

froman expnosed_are

Carop. Ex di202The unexposed fil m thi ckneggs after
deyel remt s 6. 74 pm 5 Exanpie 10 6] The
C‘%ﬁép%%ﬁ. o@iog? Exanple 6 was spin coat e\gééon a silicon
waf er and baked on a hotplate for 4 m nutes at 120C,
resulting in a filmthickness of 11.06 pm 10 The
filmwas then exposed utilizing an i-line stepper in a
atter OSgII @4 aryrqay, cr n I le
[0123F 7 SLEREMBIRCCH Fo 2 aertBh el MR TR, dopper, compat
compesifiossiicd Exarapigy 47 206 he;/use@l orrrrdhev(pubetﬂamﬁl wcahgs silicon.
t hen devel oped usi n%gf Q/%FO second puddles with a
Each sonpastion hacmMantg gqRe RotosReely nosure ener gy
required to clear all the material from an exposed
area was observed and reported as Eo = 315 15 mJ/cnR.
The unexposed fil mthiclExassplef8 er devel opnent was
6.83 pm Exanple 11 [0127] The conposition of Exarrpl e
7 was SEI n coated on_a silicon wafer aa?{ baked f d
[0124)0t pl af BefOMRPSHioN PEEXAMPIOAas 8RN §331gd (AR %Sf'ECmea eran
bakec&?h%kﬁ]&ﬁﬁatgfforw rrﬁﬂlut%@at 129°ENfeduid IWaaSﬁM‘ﬁﬂcl@%@é%S&dio 96 um.
ani-liné stepper in a patterned exposure
The fiihrass tm eRpbsed eatitzinglanyi-linecsteppedirea patiereed expgyurs array,

whichTHeraRBBiE InRAS RR SRR DRI B AmIE it & sffttird Bxposure
ener &f%‘% nRHERF EPhdidBoded flﬁﬁ%é@@\érﬁ@é#’élb?@d Qfsm/gﬂfv% 30 second

e ‘exposure energy required to clear a
puddlleatwrth a 2(38%n ﬁnmpéi( ;soﬁé@naofewat@rs Tdtes exp@@urananergy required to

clear aﬁ%)e n?gteﬁgl F rom- an exposed area was observed and reported as Eo = 263

mJ/em?®. The unexposed film thickness after development was 6.43 pym.
Example 9

[0125] The composition of Example 5 was spin coated on a silicon wafer and
baked on a hotplate for 4 minutes at 120°C, resulting in a film thickness of 11.07 ym.
The film was then exposed utilizing an i-line stepper in a patterned exposure array,
which incrementally increased exposure energy 5 mJ/cm? with a starting exposure
energy of 215 mJ/cm?. The exposed film was then developed using two 30 second

puddles with a 2.38% TMAH solution of water. The exposure energy required to
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25 m}/ cn2. The unexposed filmthickness after
devel opnent was 6. 78 pm Conparative Exanples 4 - 7
WO 0a8y4sConpar ati ve Exanples 4 - 7 had the saneCT/US2006/010394
conposition as Exanple 1 30 except various anounts of
2- mer capt obenzot hi azol e were used in these
forrrul ations instead of 2-nercaptobenzoxazole. A
rocess si m | ar to that described

clear Bibtie MBI T ARIBRY WIGNaS ADISARG AECTepgged as Eo = 204

r RS 5o S e g omuntow

2- mer capt obenot hi azol e Tabl e 3 Conparative Anount of
Resi due after pattern Exanple No.
2- mer capt obenzot hi azol e (wt. percent of total
conposition) 4 2.66 Yes 5 1.33 Yes 6 0.67 yes 7
0.33 yes [0129] This is surprising that
2- mer capt obenzoxazol e @ﬁamP&/ resi due 15 when the
amount used is as low as 0.07% of the total
formul ati on while 2- nercaptobenzot hi azol e cannot
[0126]2)r everthd benipesitibueof Bxarpleod wals $psin eloaitexs ohiaghiliasn wafer and

bakediim AR Iatafor A HES fbr 2015 AU ST HAGRDCES S 6 k.
The fift V\?’asoﬂ{ehse%osed utilizing an i-line stepper in a patterned exposure array,
which incrementally increased exposure energy 5 mJ/cm? with a starting exposure
energy of 215 mJ/cm?. The exposed film was then developed using two 30 second
puddles with a 2.38% TMAH solution of water. The exposure energy required to
clear all the material from an exposed area was observed and reported as Eo = 315

mJ/cm?. The unexposed film thickness after development was 6.83 pym.

Example 11

[0127] The composition of Example 7 was spin coated on a silicon wafer and
baked on a hotplate for 4 minutes at 120°C, resulting in a film thickness of 10.91 pm.
The film was then exposed utilizing an i-line stepper in a patterned exposure array,
which incrementally increased exposure energy 5 mdJ/cm? with a starting exposure
energy of 215 md/cm?. The exposed film was then developed using two 30 second
puddles with a 2.38% TMAH solution of water. The exposure energy required to
clear all the material from an exposed area was observed and reported as Eo = 312
mJd/ecm?. The unexposed film thickness after development was 6.78 um.

Comparative Examples 4 - 7
[0128] Comparative Examples 4 - 7 had the same composition as Example 1
except various amounts of 2-mercaptobenzothiazole were used in these

formulations instead of 2-mercaptobenzoxazole. A process similar to that described
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gamma- ur ei dopropyl tri net hoxysilane, 5 parts of

di phenyl sil anediol, 11.9 parts of PAC synthesized in
wEx@ph4803t and 2 parts of 2-mercapt obenzoxazol BCTHESH06/010394

66 WD 2006/ 104803 PCT/ US2006/ 010394 di ssolved in 175

parts GBL and filtered. The formulation was spin

coated on a copper mafer and baked on a hotpl ate for

nutes at 120 res n a ckness
in Exafalog 1A SOy e ipuaech hehashisBed bE resdls greasiown in Table
3 i-line stepper in a patterned exposure array, which
increnmental ly increased exposure energy 30 5 mJ/cnR
with a starting exposure energy of 300 mJ/cnR. The
exposed filmwas then devel oped using two 30 second
puddles wth a 2.38% TMAH sol uti on of water. The
5 patterned copper wafers were then scratched with a
pair of tweezers so as to peel off any material down
to the copper substrate. The scratch was then anal yzed
under__ a mcroscope concentrating on areas merdﬂthe

d @t ed exposed patterns. No—r-agi due was
Exdnpl es 13- 15—and Conpar & aﬂes 8- 10
|3-15 and Conparat i .

had t he sarre 1% conposition as Exanple 12 except the
amount of 2-nercapbghergy fhiysblked in  each

10 t‘ﬁféﬁo |
formul ati on. A process s?m ar to that described in
Exanpl e 12 was enployed for each conp05|t| on. The
results are shown in Table 4. _Table 4 Exanple No.
Amount of Residue after paPi&Pn

7

Compérérﬁ\'i&apt ARBuALeRZ0I e (W . percent JiRégilae aftercpoattern
nposi tijon) 13 0.33 No 14 0.17 No 15 0.08 No np.
Examﬁie NB 0 Ye2-mémgptobenz@thladoleyes Conp. Ex. 10 0. 04
Yes \ cex
(wt. percent of total composition)
4 2.66 Yes
5 1.33 Yes
6 0.67 yes
7 0.33 yes
[0129] This is surprising that 2-mercaptobenzoxazole can prevent residue

15 when the amount used is as low as 0.07% of the total formulation while 2-
mercaptobenzothiazole cannot prevent the residue formation at levels as high as

2.66% of the total formulation.

Example 12
20
[0130] 100 parts of the polymer obtained in Synthesis Example 2, 3 parts of
gamma-ureidopropyltrimethoxysilane, 5 parts of diphenylsilanediol, 11.9 parts of

PAC synthesized in Example 4 and 2 parts of 2-mercaptobenzoxazole were
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20 Exanples 16-19 - 67 WD 2006/104803
PCT/ US2006/ 010394 [0132] Exanples 16 - 19 had the
W@ a0ve/1e80posi ti on as Exanple 1 except differ eP€T/US2006/010394
anounts of 2-mercapto-5-nmethyl benzi m dazol e were used
i nstead of 2- nercaptobenzoxazole. A process simlar
to that described in Exanple 1 was 5 enployed for

ach conposition. The result Tabl e 5.
dlssol‘(gq; i 1@%pgﬁ§| GRLganq fferegl. Hﬁ' form ?a onI r\}vasaspi% coated on a

coppeﬁ%&&%?%ﬂ#ﬂ%%éﬂ% ?1%35!5@ HRZP i nu?é.%bbﬁ 190 2@ fiting in a film

tern
thickn@ssref clédp®D18n rr'e*hbyﬂ:lbewasnhheaze»k}msedt utilizéng: ent i-lofe stepgpler in a

osSit 16 8 No 17 0.33 No 18 0.17 No 19
patterGe ORI SHES | Bif9] VbineEmeialy HictERgas EXaPoHe: faerdy 30
mJ/crﬁzhﬁutw @pﬁamr@omwé %neegympao@ inQyen ! Tﬁéaumyo@éd ¥fmawsgs then

can be used on ot her Substrates such ilicon.

develcmdhussl@g itwo Ithsecprstipytidies syitea 2a&81%eIMéMH éatu’uon of water. The

patierh &8 Stbe? Bafkyp st fien S8aBa i, ol B Minceai 10 ag o pee

off anyvaigeriantbwi ek &tk edpermibistrate T sérathnvhe shén aﬂxé@i‘ed under
resulting in a filmthickness of 11.01 pm The fi

a mmm&@%%éﬁn@&@i&t@w aniareasg M‘@rgﬁh$ seraieh ﬂﬁﬁ%@d pﬁpgsed patterns.
No redl@id GREshseypapure array,

Examples 13—-15 and Comparative Examples 8-10

[0131] Examples 13-15 and Comparative Examples 8-10 had the same
composition as Example 12 except the amount of 2-mercaptobenzoxazole varied in
each formulation. A process similar to that described in Example 12 was employed

for each composition. The results are shown in Table 4.

Table 4
Example No. | Amount of Residue after pattern
2-mercapto-benzoxazole
(wt. percent of total composition)
13 0.33 No
14 0.17 No
15 0.08 No
Comp. Ex. 8 0 Yes
Comp. Ex. 9 0.02 Yes
Comp. Ex. 10 | 0.04 Yes

Examples 16-19
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- 68 WD 2006/ 104803 PCT/ US2006/ 010394 whi ch
increnmental ly increased exposure energy 10 mi/cn2 with
W@ 2®@ba0480g exposure energy of 100 ml/cnR. ThRCEKRSE0394
filmwas then devel oped using two 30 second puddles
with a 2.38% TMAH sol uti on of water. The exposure
energy required to clear all the material from an
exposed area was observed and reported as Eo = 240 5
mJ/ cn2. The unexposed fil mthickness after devel opnent
T l except
0132855 o e cTE o 46 458, Ul Seie " dinpagNer de, BRafple 1 excep
differdh@kffio@mtsaoh ot platamtd-G-méthnilvenzimidazol2 0@rer esed tingigad of 2-

o BB S ol 1087 B T VT ek 1 s
emplo&é@‘?&%&ﬁa‘&&% osquﬂ' Cl’fhe‘ IRSURSBR ShownimTapRssd

osur e ener gy /cn2 wth a starting exposure
ener gy of 100 mJ/cer The exposed fil mwas then
vel o two 30 second p 513%

QH ped Gt i
TVAH /ﬁ wat er. The—exposure E reéigl red
to 1 the material from an expose was
obser véd and\lrepcﬁlﬂed as Eo = 254 mi/cie. The S
unexposed fi l,mt hi ckness after devel opnent 6. 26
pm Exanpl esHZZ 26 and Conparative Exanples 11 and 12
20 [0136] Exanples 22 - 26 and Conparative Exanples 7
and 8 hadeichptssimethybapeinidaroleas Exanpl e 1 except
di fferent amounts of 2-nercapto-1- nethylim dazole
were used instead of 2-nercaptobenzoxazole. A process
simlar to that describegynsExample 1 was enpl oyed
for each conposition. The results are shown in Table

Efampie> NAmbubt 8H N S CH3 CH3 2- ner caResidue after pattern
- e

hyl i m dazole 30 Ta 6 -, 2006/ 104803
NeCT/ Uézo( @-megcapto-5- metti'ny?benzmalgazg\g

(wt. percent of total composition)

16 0.58 No
17 0.33 No
18 0.17 No
19 0.08 No
[0133] Examples 20 to 21 demonstrated that the copper compatible

compositions of Examples 16 and 17 can be used on other substrates such as

silicon. Each resist has good photospeed and excellent resolution of 2-3 pm.
Example 20
[0134] The composition of Example 16 was spin coated on a silicon wafer and

baked on a hotplate for 4 minutes at 120°C, resulting in a film thickness of 11.01 ym.

The film was then exposed utilizing an i-line stepper in a patterned exposure array,
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Exanpl e Ambunt of Residue after pattern No.
2-mer capt o- 1- net hyl i m dazol e on copper wafer (wt.
w@eneamsodf total conposition) 22 1.2 No 23 OPGIUS06/010394
24 0.17 No 25 0.08 No 26 0.04 No Conp. Ex. 0.02 Yes
11 Conp. Ex. 0.01 Yes 12 [0137] Exanples 27 to 29
denonstrated that the copper conpatible conpositions
_of Exa |l es 22 - 24 can be used of heﬁ subst a&.es
which 1REPMESIalY| IngisRsed BXERSHES RSOl thinsy *3‘0%8 Ing exposure

energ;PBPﬁ 9? Wﬁ‘?gm%Tﬁégé%o%eaz‘l%%%]thJﬁ‘ %e@@l@@@é' ddifd twb 30 second

was s coated on a silicon wafer and
pudd|d$ak/etti @12.38 %o T plAtt esdiution ofivwalersThe exposyrer epargyi FRgivired to

ness of
clear aé&tBSsr@a{elﬂﬁﬁ ?rog? Ag %Qo§e%|q5%a gfagp%%sre?y gﬂ%” Fpér nec?ts'hlgo =240
mJ/cnEXPRE léxh@xééééﬁ’ fllrf'l\'fm@{thééécdf&ﬁ%éldpmemwaﬁis@@ @xposur e
energy 5 cm2 with a starting exposure energy of
200 mJ/cer The exposed filmwas then devel oped using
two 30 second puddles I'nq %4 38% TMAH sol ution of
wat er. The exposure energy reqw red to clear all the
material from an exposed area was observed and

reported as Eo = 236 _ 15 mil/ Th d
(01351 ok CampoFtaB A Expmite Va5 o AL AR 8ligaf wafer and

baked[o%lg%]g;: ?géoﬁ?ﬁﬂgﬁﬁi&éé)gt @éo%%@%ﬁ % %l‘ggtglckné@@bﬁ% 97 um.
The fiRCWad3P@A6EXpL3384utilizing an i-line stepper in a patterned exposure array,
which incrementally increased exposure energy 10 mJ/cm? with a starting exposure
energy of 100 mdJ/cm?. The exposed film was then developed using two 30 second
puddles with a 2.38% TMAH solution of water. The exposure energy required to
clear all the material from an exposed area was observed and reported as Eo = 254

mJ/em?. The unexposed film thickness after development was 6.26 pm.
Examples 22—-26 and Comparative Examples 11 and 12

[0136] Examples 22 — 26 and Comparative Examples 7 and 8 had the same
compositon as Example 1 except different amounts of 2-mercapto-1-
methylimidazole were used instead of 2-mercaptobenzoxazole. A process similar to
that described in Example 1 was employed for each composition. The results are

shown in Table 6.

H
., — X
ll\l SH l'\l/KS
CHs CHs

2-mercapto-1-methylimidazole
Table 6
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10

15

baked on a hotplate for 4 mnutes at 120C, resulting

ina filmthickness of 11.01 pm The filmwas then
wezposemoutilizing an i-1ine stepper in a pattBCHEs2006/010394

exposure array, which incrementally increased

exposure energy 5 md/cn2 with a starting exposure

energy of 200 ml/cnR. The exposed filn1mas then

vvvvvvvvv VVII.II A

Example sol dmeuntef wat er. The exposure Q 8¢ uPeﬂﬁ‘?"r Ba*tem
to clear,; 212 n equﬁeg BAWAES

No. i cerved Zaﬁldérc'é\ ?o%%ﬁﬁﬁ&'gf é‘ o?ﬁ r
unexposedwt. per¢dntodditedal @dmppsdmns)l oprrent was 6.41

——p-m——EX-a'm' e29 10 rn1/|n1 The €-ONPpoOSt t A—of EAallpl €

22 24 was <|ﬂr% coat ed on a SI l'i con wafer A\E baked on a

og motpratefgF 4 mnutes at 120C resulfling Tn a film
thi ckness of 11.10 pm _The filmwas tihen exposed

24 utilizing.®h i-line stepper in a pattgrMed exposure
——array, whichi-neremenpt-altv—i eacead

LASLESA -1 4 T llbl TTUSTU OSUl T TITITI Uy
255 m]/crri’OV\QEih a starting exposure 15 emﬁgy of 200
26 g7/ CTe: 7 exposed fiTmwas then devergped using two
30 second puddles with a 2.38% TMAH slo]l uti on of
Com@tex.. TleOZxposure energy required tg Yesear all the
materiall froman exposed area was obsegrved and

1reported as Eo = 286 ml/cnR. The unexjposed film
ey ter_deveropment was 6. /5 pnyed0 Synthesis
Corgéa%‘( ?@{/

12 mpl e nt hesi s of PoI ybenzoxazol el Precursor
—= Polyrereof—Structure—{+b)y—60—000HTHENNH~CCNHNH)

C/ I ~-NHG3 N HO/ CF3 OH HO CF3 OH a HO CH CF3 CF3
[0137] CF3 Ex:ﬁ’nﬁr1 JyH IH fo / 26 Yen{enstrtdd bhat [ Wlbotﬁ’péryrmﬂnpatlble
was e

syn si zed according to procedure in Synth
comeﬁﬂManEe;ampdm:agt— 24 gan1® uepd onyqiher substrates such as suhcon

hex f | uor a-2,2-hi,s 4- - 71 WD 2006/ 104803
Each FRoi RS0US 61 6594 ProoiBeEy
Example 27
[0138] The composition of Example 22 was spin coated on a silicon wafer and

baked on a hotplate for 4 minutes at 120°C, resulting in a film thickness of 11.04 ym.
The film was then exposed utilizing an i-line stepper in a patterned exposure array,
which incrementally increased exposure energy 5 mJ/cm? with a starting exposure
energy of 200 mJ/cm?. The exposed film was then developed using two 30 second
puddles with a 2.38% TMAH solution of water. The exposure energy required to
clear all the material from an exposed area was observed and reported as Eo = 236

mJ/cm?. The unexposed film thickness after development was 6.04 pm
Example 28

[0139] The composition of Example 23 was spin coated on a silicon wafer and
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hydr oxyphenyl ) pr opane was repl aced by
4,4" -oxydianiline. [0142] The yield was 95 % and the

WO pivenetsv3 vi scosity (iv) of the polyner was OPQHESIZONG/Q10394
measured in NWP at a concentration of 0.5 g/dL at 25 C
5 Synthesis Exanple 6 Synthesis of Pol ybenzoxazol e
Precursor Polynmer of Structure (Ic) 10 [0143] Pol yner

bakechsTuABRI e B ddpnUtaet (PR Serutiss in AT dhiakDess 1101 wm.
The fnﬁy Ws'tg Hgﬁcs(;ﬂo%ee hjthéingyén whhe %téi:ﬁae@hﬁ%gﬁgtterfn(eﬁr%ﬁo%uw array,

The yield™was quantitative Qn
which umxtrerrtanttalbyl mcmstqﬂ (expgsune etrteaégspdél Pehéem wh\/@§t@“tlmsaexposure

energyit 200N eSS d:Sinstl AmcPRs Hh HeyBibede g Jy8 A becond
puddlé%" ﬁﬁﬂhréoz 389 WH%OI@&(‘W@W Wiatef.| Tﬁé e@@s@ré) e@e@gy"reddured to

l) G-~ NHHFNH G~ OF ,-+-NH _ GFe ~ 8
clear gjothe matariag fmanﬁwsema@a V{Qﬁl@?ﬁfe%d rre|p|0 efcas Eo = 264
[ [ s
ooy ThERResBEs AL A Plitheh T8 ASRRMER VB AN SR,
enpl oyed and the ratio of 5 napht hoqui none di azi de
sul fonyl chloride to Od was changed from1l.5%to
30 1 % 72 WD 2006/ 10453%3"#%#%32006/ 010394 [ 0146]
The yield was quantitative and the inherent viscosity

(iv) of the polyner was 0.180 dL/g neasured in NWVP at
[0140}a concEre campositioh df.Exagiplée 24twassgin coasyehiohes siicon wafer and

bakedpqﬂ %ﬁplaﬁe gnkll}%{sqﬁ%g f@’f \F;%cyé) ergéglxﬁé ?n S fﬁrrnet Pcrk‘ﬁg,gs of 11.10 pm.
The film was then exposed utilizing an i-line stepper in a patterned exposure array,
which incrementally increased exposure energy 5 mJ/cm? with a starting exposure
energy of 200 md/cm?. The exposed film was then developed using two 30 second
puddles with a 2.38% TMAH solution of water. The exposure energy required to
clear all the material from an exposed area was observed and reported as Eo = 286

mJ/cm?. The unexposed film thickness after development was 6.75 pm.

Synthesis Example 5

Synthesis of Polybenzoxazole Precursor Polymer of Structure (Ib)

i i i )
NH C—@—O—@—C—NH }-[-c C—NH N-}—
CFa CFS \
3 3

(Ib)
[0141] Polymer Ib was synthesized according to procedure in Synthesis

Example 1 except that 15 mole % of hexafluoro-2,2-bis(3-amino-4-
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ORON HOCF3/ ODCF3 - OO NHNHHO/\ CF3/ \ pp O
CF3 NH_ -JI NHHO/ \ CF3/ 0 \ OO CF(c) 3- N m O
W@ Logs@)48pD147] A PBO precursor polymer prepar eBCT/US2006/010394
according to the procedure in 10 Synthesis Exanple 7
(200g) was dissolved in a mxture of 600 g of diglyne
and 300 g of propylene glycol net hyI et her acetate
(PGVEA). Residual water was as an azeotrope
hydroxyphanyl appyvas grared Uy 4d - QXY%?%'#'Qeevapor ator at 65
C (10-12 torr). About 550 g of solvents was renoved
during the azeotropic distillation. The reaction
[0142]sol ut iThe yekl whadElYuadértha irINlﬁerbhhmiseosia/n(iv)eqﬁﬂh@pmlymer was

o242 e BFRRTE i il S PR .

stirred overnight at 50 C. Then the reaction mxture

was diluted with 50 of . etra rofuran (THF) and
precipitated into S&L'%B‘P hanol : wat er

NSyhieRis ofh’%lfl?éﬂi@(aifﬁé P?@éur%@r%l?bhér' dftSﬁhbﬁﬂeqm
vacuum dried 40 C. 20 [0148] The yield was al nost

gquantitative and the inherent viscosity (iv) of the
pol ymer was 0.181 dL/g neasured in NW at a
concentration of 0.5 g/dL at 25 C. - 73 WO
[0143R006/ FRIp0@r RCWASS00G:D20B by theypnotatiire iB&ynthesis Example 1

except that the ratio of 1,4-oxydibenzoyl chloride to isophthaloyl chioride changed
from 1/1 to 4/1.

[0144] The yield was quantitative and the inherent viscosity (iv) of the polymer
was 0.185 dL/g measured in NMP at a concentration of 0.5 g/dL at 25°C.

Synthesis Example 7

Synthesis of Polybenzoxazole Precursor Polymer of Structure (iic)

I

4@_@_ _D_a_uﬂ ..HHLQ_&_HH

(IIc)

[0145] Polymer lic was synthesized according to the procedure in Synthesis
Example 2 except that polymer Ic from Example 6 was employed and the ratio of 5-
naphthoquinone diazide sulfonyl chloride to OH group was changed from 1.5% to
1%.
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Preparation of Pol ybenzoxazol e Precursor Pol ynmer of
Structure (Id) OOS5 11 Il H2ZN NHHEC CGNH NH4H Lb
WERB6A0480CH3 HO ( \ OHHO\ / \ OH 10 CH3 CH3PCT/UiS20065010394
[0149] To a 2 L, three-necked, round bottom fl ask
equi pped with a nechanical stirrer, nitrogen inlet
and addition funnel, 110.0 g (426.0 mvol) of 2, 2-
bi s(3- am no- 4- hydr oxyphenyl ) propane, 64.3 g (794.9
mg of pyridine, and 637.5 g of N-nethylpyrrolidone
. ' i . . '
101464 gro BHEYERE RS PRSI AbCT FicBkiey BETLEe polymer
was 0ai80i dldgwacasurbditim NAIP @&t B @ncEotration of 84 gldloat, 25766 g
(388 mmol ) of Terephthal oyl chloride in 427.5 g of NW
are added drop-wi se. After the addition is conpleted,
5 the resulting m xtuggntiesté Exantblatg room tenperature
for 18 hours. The viscous solution is preci ?i tated in
Sgnthesis of Holybeyeexarzole Rrecureer Belymer ot 8tiystare (1Y@
polymer is collected by filtration and 25 washed with
de-ioni zed water and a wat er/ net hanol (50/50) m xture.
0 bhe polyner is dried under vacuum conditions at 105 C
otr,24 hours. [0150] The yield is quantitative and the
HO -@ PPypscosity div) of thejpolynmer is 0.21 dL/g

meSSur @ Nitongentration of 0.5 g/dL at 25

C. 30 Syn y@;ua Gl ' of
Pol ybenzokazol e Precur$o¢f: -

35 - 74 2006/ 104803 PCT/ US Q
0
0O
(IV*c)
[0147] A PBO precursor polymer prepared according to the procedure in

10 Synthesis Example 7 (200g) was dissolved in a mixture of 600 g of diglyme and 300
g of propylene glycol methyl ether acetate (PGMEA). Residual water was removed
as an azeotrope with PGMEA and diglyme using a rotary evaporator at 65 °C (10-12
torr). About 550 g of solvents was removed during the azeotropic distillation. The
reaction solution was placed under a Nz blanket and equipped with a magnetic

15 stirrer. 7 g of nadic anhydride was added followed by 10 g of Pyridine. The reaction
was stirred overnight at 50 °C. Then the reaction mixture was diluted with 500 g of
tetrahydrofuran (THF) and precipitated into 8 L of a 50:50 methanol:water mixture.

The polymer was collected by filtration and vacuum dried at 40 °C.

20 [0148] The yield was almost quantitative and the inherent viscosity (iv) of the

polymer was 0.181 dL/g measured in NMP at a concentration of 0.5 g/dL at 25°C.
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H3N NH~6 8-NH NH-~(I-{ " ANHNHH CHs CNn |-J ~CF
HOOHHo OHHOOH CHs Hs - CFs e 5 [0151] To a 2 L
wa booegossexked, round bottom fl ask equi pped w t PCHUS2006/010394
mechani cal stirrer, nitrogen inlet and addition
funnel, 55.0 g (213.0 nmol) of 2, 2-
bi s( 3- am no- 4- hydr oxyphenyl ) propane, 77.95 g (213
nmol ) hexaf | uoro- 2, 2- bi s( 3-
anin874-hydr8x%phenyl)propane, 64.3 g (794.9 mol) of
pyridine, an 37.5 rrolidone (NWP
are added. The sol u??gﬁ{elsit Eﬁmg%t room t erréer a% ure
Peepatdtiomnbf Polybelszaliazote Pecculison Ralymer ofiStaucture (Id)
matFr b?th at g-ﬁ C. Tg this sglution, 78.6 g (388
nmo of terephthal gyl lich dé in 427.5 of NMP_ar
adde%N ﬁ%{élcgi_tNP'n is g,grrpl et Nﬁ?ﬁ’b
reﬁﬁlt' s gtirred at rog Y
18 Tou @ gus-'sol uti on"Ps 7 p 10
liters of vig®rously stirred de- ionirzedCdmter. The
polymer is collected by filtration and washed with
de-ionized 15 water and a water/methanol (50/50)
m xture. The polymer is dried under vacuum conditions
at 105 C for 24 hours. [0132] The yield is
guantitative and the inherent viscosity (iv) of the
[0149pol yneToi & 2. ROShtie-geotess ureund nboltematiiagk equipped with a

mecnEaaE AL Hadln TiSuAh Bl Earne B SREEp o o 22
o SRS Lo OO NSOt o 607
of N@rithipysrofidone | (WVIBHs ared addgd, NH he sqligieny Igostjrred at room
temperature until all solids dissolve, then cooled in an ice water bath at 0-5 °C. To
this solution, 78.6 g (388 mmol) of Terephthaloyl chloride in 427.5 g of NMP are

added drop-wise. After the addition is completed, the resulting mixture is stirred at

room temperature for 18 hours. The viscous solution is precipitated in 10 liters of
vigorously stirred de-ionized water. The polymer is collected by filtration and
washed with de-ionized water and a water/methanol (50/50) mixture. The polymer is

dried under vacuum conditions at 105° C for 24 hours.

[0150] The yield is quantitative and the inherent viscosity (iv) of the polymer
is 0.21 dL/g measured in NMP at a concentration of 0.5 g/dL at 25°C.

Synthesis Example 10

Preparation of Polybenzoxazole Precursor Polymer of Structure (le)
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CHs CFs 25 If - 75 WD 2006/ 104803 PCT/ US2006/ 010394
[0153] To a 2 L, three-necked, round bottom fl ask
weowspmsod wi th a nechanical stirrer, nitrogenPCTU81006/010394
and addition funnel, 55.0 g (213.0 mmol) of 2,2 5
bi s(3-am no- 4- hydr oxyphenyl ) propane, 77.95 g (213
mmol ) hexaf |l uoro- 2, 2- bi s( 3-
am no- 4- hygdr oxyphenyl ) propane, 64 3 (d94.9 mol) of
pyrldlnaw{@nﬁ;ﬁﬁz_ﬁqg of N nam tindone (NNP) NH - H
d. T =qn Tl r med r 0o
'éﬁ cool ed % 8?
bat ‘at 0-5 C. To thls s Iutlon 39.3 ¢ (194 nnDI) of
t erepht hal oyl chloride, angg56.9 g (194 mmol ) of 1,4
| o oxydi benzoyl chloride dissolved in 427.5 g of NNP
are added drop-w se. After the addition is conpleted

[01511 he reEul ai By lni thieeenéckest i rqusd dotiosonflaskpestipged with a

h h
mecnd gl Bl o L SRR, B BT Ty 22
e GRS R AN gBLl S o o .

aminond-kydraxypiraaypopaae, 64 3dr (&4 %mapl)\Pé@yﬂlmnel§nd 637.5 g of N-
methymﬂogﬁ?ﬂ? (\l/\lz\}lPﬁgﬁ’? Gy, 24nBoMiStion (i)sl%}rfah% Vc#cﬁh dehiberature

he |nherent VI SCOSI

until aflddofitEdidsdive).tRén d:bbgsd’riaa@ru rcxedwa’ternsllwfh at 0a5 °C. To thls solution,
concentration of hesi s

78.6 QES@&%W@TQEOTD'PeéﬁaF@@?ng CB'P”%@I'?@@%Z% & j%r@ F"f‘r@c%q%%q drop-wise.
After @'Q_é }é\%oﬂf is gjﬁ@%@ tl&% &@IW‘MQ @stlr?ecpr%@'zéorﬁ teh%erature

for 18khdurs.a The viscous solutlon is precipitated in 10 liters of vigorously s’urred de-

ionized water. The polymer is collected by filtration and washed with de-ionized
water and a water/methanol (50/50) mixture. The polymer is dried under vacuum
conditions at 105° C for 24 hours.

[0152] The vield is quantitative and the inherent viscosity (iv) of the polymer is
0.205 dL/g measured in NMP at a concentration of 0.5 g/dL at 25°C.

Synthesis Example 11

Preparation of Polybenzoxazole Precursor Polymer of Structure (If)

b ) ;({E_C%&
HaN N —NH HH HH
CH, " CHy n CFy NH%'T
Ho 0H HO OH HO OH
Chy Hy Fa
0 g—n o 0
4 o bt MH ﬁ—D. a_D_ &
—C_ Cha ?(h CFy NH?(-H
HO OH HO OH
CHs CFy
If
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25 [0155] 100 g of the PBO precursor polynmer obtained
followi ng the procedure from Synthesis Exanple 1 was
waele@sob4sesl in 1000 g of Diglynme. Residual wat ePCTES2006/010394

renoved as an azeotrope with Diglynme using a rotary

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

sol vents was renoved during the azeotropic

distillation. The reaction solution was placed under a

N2 bl anket, equi pped with a nmagnetic stirrer - 76 WO
[015313006/ WSQ32PGZF / Hﬁ%@%&é@S%unan%o@t@% effasisi é‘@uléﬁed C@ith a

own to - Acetyl chloride was ad

mechmalrgjmrerThérqg&mmleinamcgﬁdldéIO@ Bmneheb%.0eg a1 B. Or mmol) Of 2,2-

s R A PhleuBR T BRnt S b 93 PRIBICH BN ef%.2 v

amlnoh‘( hydrBSt ﬁherﬁ}hﬁorﬂpaﬁ@r@ﬂf W(?@@g@ mdrgélgbﬁfﬂ)yhdm% @ndr637h@ g of N-
via syringe ove
methytmérOb@qan@dNMP)larﬁ AR r Tho sl Riifed 41 foaen (ie@perature

until aF %éﬁd%vgssso tﬁ%d‘v 068l|e|dC]W' aﬂﬂc&hﬁa@{ Eg@H gg Pf’%ﬂ@;ﬂit%?%gmhon,

war mu
39.3 gh(agﬂemhbt)nofntetap‘rﬁhalﬂyl phtmndpl tarice ba. 9ltg 6194 ohmol) of 1,4-

oxycibEpR UGN OISO A EAD &1 NN 96 SRR ARTR Wi cffter the
additid "% EBH’%{)"@EgV‘% %%Lﬂﬁhq @ﬁlxtd}eﬁgostﬁ%%@t %o %rﬁﬁ@raﬁﬁ\@ for 18

pr eci into 10 water/ anol ( 70/ 30)
hours. poryaerlsm aghitioncisl pmmwt@qf ifii1Q diters oof wg@rously stlrred de-

T T N TR
water ré‘ndoé Wﬁéﬁhetﬂhdl%omhﬂﬂ&%er e¥ha pdtpRér Gé@@ibd under vacuum

avai | from Rohm and Haas, was added and the
condltmsmtﬂcﬂﬁ WaforiZdi harsf or 1 hr. The final product was

precipitated in 7 L of water, filtered, air-dried

overni ght followed by 24 hr drying in 15 vacuum oven

[0154Rt 90 The [RIPR] qUdIRitative] shdveise iHBRrdntaistdstty (Vi€ tienpolymer is
Vi scosity c; &of the polynmer was 0.205 dL[ rreasured
Inc

0.20 dlyg neasate Nieat a@pn@anfmthm of b/dh@t 25 .
Synt hesi s Exanple 13 Synthesis of Polymer |Va O 11\

/\ 01 H1l 11
© Oé_ylmthesis Example 12

Preparation of Polybenzoxazole Precursor Polymer of Structure (llla)

_ OO
. . c:. o HOH

llla

[0155] 100 g of the PBO precursor polymer obtained following the procedure
from Synthesis Example 1 was dissolved in 1000 g of Diglyme. Residual water was
removed as an azeotrope with Diglyme using a rotary evaporator at 65 °C (10-12
torr). About 500 g of solvents was removed during the azeotropic distillation.The

reaction solution was placed under a Nz blanket, equipped with a magnetic stirrer
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SCNHC GNHNH) GNHNC, HGCG - CF3 - bCF3 - CF3 m

CH3 H~ OO DO\OH\ DO CH CF3 CF3 CF3 IvVa 25 [0157]
woiogtretsod Va i s synt hesi zed according to the ppODEMNE010394

in Synthesis Exanple 12 except that polymer Ila from

Synthesis Exanple 2 is enployed. [0158] The yield is

aI rmst guantitative and the inherent viscosity (i v) of

- 77 WD 2006/ 104803 PGI/ US2006/ 010394 ner )
and cvgleé using AngicaeRth AoV fo N@Pé\t £ goheeint Flprids \%@S gdded via

synnggB%he FLadiorfwa 3113[@%?1‘ %@'Bgn}gfd'”ak%%p@ ﬁ‘\ﬁ]r‘\ O‘Th%.tgg ice bath

pr écursor ymsr cappe an im
was remdeeg arfdl the @ead:tlon @Was a+|©v©el or@anH op Laver ZherRserod of 1 hr.

Then, {ife nw{;(liure wag a%zsl’n (c Tédcfos SQC lE)Kr? tﬂ_el icce:Féat'h. N3% gI #{/ﬁcﬂne was
added via syringe over the period of 1 hr. The reaction was kept on the ice bath for
~10 min following the pyridine addition, and then was allowed to warm up over the
period of 1 hr. The reaction mixture was precipitated into 6 L of water with stirring.

The precipitated polymer was collected by filtration and air dried overnight. Then,
the polymer was dissolved in 500-600 g of acetone and precipitated into 6L of
water/methanol (70/30). The polymer was again collected by filtration and air-dried
for several hours. The still damp polymer cake was dissolved in a mixture of 700g of
THF and 70 ml of water. An ion exchange resin UP604 (40g), available from Rohm
and Haas, was added and the solution was rolled for 1 hr. The final product was
precipitated in 7 L of water, filtered, air-dried overnight followed by 24 hr drying in

vacuum oven at 90 °C.

[0156] The yield was 100 % and the inherent viscosity (iv) of the polymer was
0.205 dL/g measured in NMP at a concentration of 0.5 g/dL at 25° C.

Synthesis Example 13
Synthesis of Polymer IVa

o]
It

o H
P NH c N C—NH
H3C/ CF3 CFa CH;
OD O DO OH

CF3

IVa

[0157] Polymer 1Va is synthesized according to the procedure in Synthesis

Example 12 except that polymer lla from Synthesis Example 2 is employed.

[0158] The yield is almost quantitative and the inherent viscosity (iv) of the
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[0159] A PBO precursor polyner prepared in the sane
way as in Synthesis Exanple 1 (200g) was dissolved in
w@2006504802 of 600 g of Diglyne and 300 g of prPOPYE®NE010394

gl ycol

nmet hyl ether acetate (PGVEA). Residual water

was renoved as an azeotrope with PGVEA and Diglyne
using a rotary evaporator at 65 C (10-12 torr). 15
About 550 g of solvents was renoved duri th 0
polymar isdd.28siLdg aeasuredin BMP aha copegelratin! gﬂﬁ-&glﬁh had C-
pl aced under a N2 bl anket and equi pped with a magnetic
stirrer. Nadic anhydride (7 g) was added foll owed by
10 g of Pyridine. TheSyntlesiskExamlest4 rred over ni ght

at 50 C. Then the reaction mxture was dil |
Prepagatiop ofta PBQ PERGHSOr ROIMMETER ey caPQSFp‘{Vftﬁfaé‘é\"f‘ﬁeoe"dcap
8 L of a 50:50 nethanol :water m xture. 20 The pol yner
was collected by filtration and vacuumdried at 80 C
[0160] The yield was al nbst quantitive and the
i nherent viscosity (iv) of the polynmer was 0.20 dL/g

Ogﬁasured in NMP at a concentration of 0.5 g/dL at 25

78 WO 2006/ 104803 PCT/ US2006/ 010394

’_ ' @' Exanpl e 1b Preparati gn of 4,4'-oxydiphthalic
anlfdr vereeBPA) Wi api | ine |(ODA) pol yanic acid O
three necl, round bot Tonfflask

mechani cal~ stirrer, tenperaturéng¢o !
nitrogen inlet. 270g of gamma- %{:ﬂj
g

to this reaction flask followed by addition of 31.0
(100 mol) of 4,4'-oxydiphthalic anhydride (ODPA).
The ODPA charging funnel was 1o rinsed with 159 of
gamma- but yrol actone. The reaction m xture was stirred

at

room tenperature for 18"a nutes and then at 73 -75

Cuntil 4,4 -oxydi phthalic anhydride

[0159]

A PBO precursor polymer prepared in the same way as in Synthesis

Example 1 (200g) was dissolved in a mixture of 600 g of Diglyme and 300 g of
propylene glycol methyl ether acetate (PGMEA). Residual water was removed as an
azeotrope with PGMEA and Diglyme using a rotary evaporator at 65 °C (10-12 torr).
About 550 g of solvents was removed during the azeotropic distillation. The

reaction solution was placed under a N2 blanket and equipped with a magnetic
stirrer. Nadic anhydride (7 g) was added followed by 10 g of Pyridine. The reaction
was stirred overnight at 50 °C. Then the reaction mixture was diluted with 500 g of

tetrahydrofuran (THF) and precipitated into 8 L of a 50:50 methanol:water mixture.

The polymer was collected by filtration and vacuum dried at 80 °C.

[0160]

The yield was almost quantitive 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.
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was fully dissolved. The clear, pale yellow reaction
solution was cooled to 15 C  The 4, 4" -oxydi phthalic
wapivgdedsoe was partially precipitated. 19. 629 POBURIDE/)10394
of oxydianiline was added portion w se over the
period of an hour. The oxydi aniline 15 container was
rinsed with 13.3g gamma- but yrol act one, which was then
added to the reactjon so] ution 'Hn gne portion. The
reaction tenperat uryYNAesSIeXamPIa 45¢ ¢t or  anot her 15
m nutes and then slowy increased to 40 C. The
Preparation ofl 4d{:oxydiphthalic anéydridestQPPAY axydianiline (ODA)
tenperature for 24 ho 2 ction was conplete as
evi denced by the abseﬁ{:ogy%'}'(gﬁagﬁhydri de peakn?1800
cm) fromthegyl R spectrgmof 20 the solution. The

Vi scosi tyy the final ct was 1384 cSt. Synthesis
Exanpl e {16 Pr ratig f Pol yb oxazol-e~Precurisor

Pol yre 2 bﬂ?@e NH p
NH C: oH 79 - WO

2006/ 104803 PCT/ US2006/ 010394 111*d [0162] Syntﬁesi s
Exanple 14 is repeated except the polymer prepared in
5 Synthesis Exanple 9 is used instead of polynmer

[0161pr eparAd50@ ®knttheee sheskanioad1bottprm apk THas ye@uigped with a
mocn R G ] D Sogh 8 7t e
butyraiastesstwad addedfto ®his readiioraflagibfdllowkd By additioinsof 31.022g (100

mmolfx@zgasquwﬁtggﬁcr f‘afﬁn?@ﬁgé s@&gﬁg rﬁ%%{ggBEAp%Z%?ﬁg ?Slqnel was

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

temperature for 15 minutes and then at 73 -75 °C until 4,4-oxydiphthalic anhydride
was fully dissolved. The clear, pale yellow reaction solution was cooled to 15 °C.
The 4,4-oxydiphthalic anhydride was partially precipitated. 19.62g (98 mmol) of
oxydianiline was added portion wise over the period of an hour. The oxydianiline
container was rinsed with 13.3g gamma-butyrolactone, which was then added to the
reaction solution in one portion. The reaction temperature was kept at 15 °C for
another 15 minutes and then slowly increased to 40 °C. The reaction mixture was
allowed to stir at this temperature for 24 hours. The reaction was complete as
evidenced by the absence of an anhydride peak (1800 cm'1) from the IR spectrum of

the solution. The viscosity of the final product was 1384 cSt.

Synthesis Example 16

Preparation of Polybenzoxazole Precursor Polymer of Structure lI*d

: 0 0
0 NH— &@JLNH
— ChHs — CHa n o
O T O
CH CHa
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00 41 1 HO! -SNQ-Il---0b4,NH ~Fu H? r C-
HOH HO- OH Hn CF, 15 Ili a' [0164] The PBO precursor
w@logtretsosvas prepared as described i n Synt hesi BCT/US2006/010394

Exanple 1. 100 g or the PBO precursor was dissolved in
a mxture of 500 g of diglyme and 300 g of propyl ene
gl ycol nethyl ether acetate (PGVEA). Residual 20 water
was renoved as an azeotrope with PGVEA and di gl yne

usi ng vacuum distillation at 65 C (10-12 torr). About
400 g of solvents was renoved during the azeotropic
distillation. The reacti on,(,j,sbpl ution was placed under a

[

N2 bl anket and then cooled in an ice bath down to 5 C
[0162hnd 3.$yrghesisgypanaplacl Aiageperied axcephthe pAymenpaerapd in
: < Ql I i | | de :

Synng efpicd BB SN 1 iEchBRERLd Aoy bss Erapple
and stirred overnight. [0165] The reaction m xture was
recipitated into 6 L of water with stirring.., The .
[0163£r eci plewisld o afmest ﬂﬂgnw@r'vm@d%'rthr%'afav'%ﬂs'ynsv) of the
: : : ) t . : |
povm o GROSHE RSIEY AR o BACBRIATRI oF 05 dorsgoeee

80 WO 2006/ 104803 PCT/ US2006/ 010394 wat er/ et hanol

(70/30) mxture. T I was.,agagi n coll ected by
filtration and ai %evdﬁﬁs%%a@é\'&?; hours. The still
danp pRehifatiorr 858 PBO slettPsdLholymeér Shdlcapped with00g
of THE and 70 ml of water. An 1on exchange resin UP604
(40g), avail abl e a prioluduhsutfovicgrayp was added and
the solution was rolled for 1 hr. The final 5 product

was precipitated in 7 L of water, filtered, air-dried
r. drying jp.a,jacuum oven

overi ght follqwed by 24 n
wc@%i&w MRyahbiyai s showellphélabsenge ofi—s—(7)-on
ry ] aksnal -4. as—wel 1 : e o

ar ont | aks due to unchp i at “f

6.4-6.7 ppm This indicates that end cappi ng was
conplete. The yield was 77|lig¢ Exanple 30 [0167] 100
parts of the polynmer obtained in Synthesis Exanple 5,
3 parts of

[0164] The PBO precursor polymer was prepared as described in Synthesis

Example 1. 100 g or the PBO precursor was dissolved in a mixture of 500 g of
diglyme and 300 g of propylene glycol methyl ether acetate (PGMEA). Residual
water was removed as an azeotrope with PGMEA and diglyme using vacuum
distillation at 65 °C (10-12 torr). About 400 g of solvents was removed during the
azeotropic distillation. The reaction solution was placed under a Nz blanket and then
cooled in an ice bath down to 5 °C and 3.2 g of pyridine was added at once followed
by 8.5 g of p-toluene sulfonic acid chloride. The reaction mixture was warmed up to

room temperature and stirred overnight.
[0165] The reaction mixture was precipitated into 6 L of water with stirring.

The precipitated polymer was collected by filtration and air dried overnight. Then,

the polymer was dissolved in 500-600 g of acetone and precipitated into a 6L
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15 N-(3-triethoxysilyl propyl)nal eic nonoam de, 1 part
of 2-nercaptobenzoxazole, 2.5 parts of

wale@hamghsi | anedi ol , 20 parts of PAC synt hesi zBdI/U$2006/010394
Exanple 3 were dissolved in 175 parts GBL and
filtered. The fornulation was spin coated on a copper
waf er then baked on a hotplate for 4 mnutes at 120C,

water ey b 500 SRS s e B8R o g e

air-dri@@tdreddVerhITIRIS UT e 8filf 8¥mp IWﬂer Bél(@%@tcﬁééd{ved in a mixture of

I ncreased exposure enerqgy with a starting
7009 ek Jburader@mylyobvetan Aﬂ/lonﬁexmaeg@xgegebvﬁﬁ%n(% Javailable

vom B350, TR 3P0 481 e SSRORA TR ML 1, The e

produb@ias %ré@iFﬁafeﬂelﬂ B ot whaest, Nitdleda alradriedobvémiginefolowed by 24
as to pee any terial down to the copper

hr. drdngit 2 yeeuumHvescatd@ Howas t hen anal yzed under 25 a
m croscope concentrating on areas were the scratch
di ssected exposed patterns. This scratching techni que

[0166]1| I ovve;vH MINLR @memsﬁaasr?j@nedbme/\amndeeofsan’qsammeepemm ~4.5
opper) and any residue renmaining in the ex
ppm aoelhas i abeeNehRAARALIC REGHA U@?ﬁﬁ@f@@ﬂs%%d% s at

oo 1, Py V61280 6l G4 A SR ST Y 77 o

gamma- nmer capt opropyl tri net hoxy silane, 1 part of
2- mer capt obenzoxazol e d 12 S\rts of PAC XIII r,
wherein Qis Hor 0 1 a@ﬂéegwere di ssol ved in 175
parts GBL and filtered. The PAC used had an
esterification level of 75 % of the hydroxyl groups
[0167w th the0 pEdsmafi theypayioen obtained i Gyetesih&Example 5, 3 parts of

- gefkes Shieror bl mabasBiae; el BE2 b biazot, 25

parts rcﬁSHipﬁwbﬂglsilé‘n@dlﬁl | 90 t pa ek FSPACS syRiHRZiden |ﬁ|' hexdrmpl 3 were
hen” exposed utilizing an i-line stepper in a

dlssolpadtmrﬁéﬁj pexisoSiale aadr tilieredni the formulation was spin coated on a
copper wafer then baked on a hotplate for 4 minutes at 120°C, resulting in a film
thickness of 11.1 um. The film was then exposed utilizing an i-line stepper in a
patterned exposure array, which incrementally increased exposure energy 30
mJ/cm? with a starting exposure energy of 300 mJ/cm?. The exposed film was then
developed using two 30 second puddies with a 2.38% TMAH solution of water. The
patterned copper wafers were then scratched with a pair of tweezers so as to peel
off any material down to the copper substrate. The scratch was then analyzed under
a microscope concentrating on areas were the scratch dissected exposed patterns.
This scratching technique allowed differentiation between the substrate (bare

copper) and any residue remaining in the exposed area. No residue was observed.

Example 31

[0168] 100 parts of the polymer obtained in Synthesis Example 8, 3 parts of
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increnmental ly increased exposure energy 30 mlJ/cn2 with
a starting exposure energy of 300 mlJ/cnR. The exposed
wo pdoatiours3 t hen devel oped using two 30 second pRCOUER06/010394
with a 2.38% TMAH sol uti on of water. The patterned
copper wafers were then 15 scratched with a pair of
tweezers so as to peel off any material down to the
copper substrate. The scratch was then anahyzed under
gamma-metsapieRioey bometaxyasiang. dnpar f A MasFaPIoRENZRraZ0le, and 12
terns. This scratching techni que
paﬁsgﬂ §&%Qﬂ§-§¢§$§ﬁ39 Péﬁ bet ween the substrate (barg
copper) and any residue renmining in the exposed
area. No residue was observed. 20 Exanple 32 [0170]
10Gy parts of the pol yner obtained in Synthesis Exanple
3 _payNs O gamma- nmer capt opropyl tri net hoxy sil ane,
frts of 2-mer capt o-5- 25 net hyl benzi mi dazole, 0.5
of 2 mercaptobenzoxazol e and 20 parts of PAC
o, wherein Qis Hor - 82 W) 2006/104803
PCT/ US2006/ 010394 0 N2 S02 are dissolved in 175
SOharts GBL and filtered. The PAC used has an
é esterification |evel of 80 % of the hydroxyl groups
with the DNQ noi ety shown above. 5 [0171] The
formulation is spin coated on a copper wafer then

were bé\isgdlv@ﬂ iR 17B0p GBI and 4iltetenlit Tse MAC 28€d hwtsahtesmjlflcatlon
ilmthickness of 11 pm The filmis

level @‘xﬁcﬁa%e@ff ftiei hvdrexyg gapuRs with éh%Pé%@FO'PW oy ?EPY]%d
exposure array, which increnentally increased
exposure energy 30 ml/cn2 with a starting exposure

[0169¢ner gyTh@ffoﬁﬁ@Ianﬂhwvés spimecaatpd sedafédpperr svafeethen baked on a
devel oped usi

MR R A
was th?ﬁrb@%rs@&cunﬁﬂl g""ghh Iﬁﬁeoé‘ﬂe? et in %Séﬁéﬁeﬁoeﬁoéme%y, which

mat eri1 al® down to copper, substrate.
increraenially hnoreadsdsréaxaosdry:m@rgmﬁ@mdcm ovitsa garting exposure energy
of 308 onﬁ ‘U‘?t | n%posegl lem was {hen cg]eveloped using two 30 second puddles

with a 2.38% TMAH solution of water. The patterned copper wafers were then

scratched with a pair of tweezers so as to peel off any material down to the copper
substrate. The scratch was then analyzed under a microscope concentrating on
areas were the scratch dissected exposed patterns. This scratching technique
allowed differentiation between the substrate (bare copper) and any residue

remaining in the exposed area. No residue was observed.

Example 32

[0170] 100 parts of the polymer obtained in Synthesis Example 9, 3 parts of
gamma-mercaptopropyltrimethoxy ~ silane, 0.5 parts  of 2-mercapto-5-
methylbenzimidazole, 0.5 parts of 2 mercaptobenzoxazole and 20 parts of PAC XIlI

0, wherein Q is H or
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scratch di ssected exposed patterns. This scratching
technique allows differentiation between the
wG@ivstiodx (bare copper) and any residue remnmai PCTYS1006/010394
the exposed 15 area. No residue is observed. Exanple
33 [0172] 100 parts of the polynmer obtained in
Synt hesis Exanple 10, 3 parts of 20
gama- mer capt opropyl tri net hoxy silane, | part of
2- f@r capt o- 5- net hyl benzi mi dazol e and 20 parts of PAC
Mperein Qis Hor 0 N2 S02 83 WD 2006/ 104803
U$Z2006/ 010394 are dissolved in 175 parts GBL and
ed. The PAC used has an esterification |evel of
0f the hydroxyl groups with the DNQ noiety shown
above. [0173] The fornulation is spin coated on a
SOgopper wafer then baked on a 5 hotplate for 4 mnutes
§ at 120C, resulting in a filmthickness of 11 pm The
filmis then exposed utilizing an i-line stepper in
are digadlved ried! #x pastar @Bar aray flltmd:hTherﬂ\Qnmchmp? an estenflcatlon

ncr eas osur e _ener ng
level @)&%%ﬁ?@g‘émwwﬁo%\%ﬁh%&%@“@ﬁm pose(ﬁ %B{)\tr’r%'i s

t hen devel oped using two 30 second puddles wth a

2.38% TMAH sol ution of water. The patterned, co

5 [01710af er Thetfhenulationt isherin 1eaipd r?rhap%i’ﬁp%fw?‘fﬁée @Psb%‘&ed on a

o8 A0S By B LS AU OR 8Bt ym. The i

then @xﬁb@é&%ﬁlzt‘r@?@ﬂfmﬁél stepper aheaSpaMemdt Ieaposnneatamay, which
di ssect ed exposed patterns. Thi s sgra,hg |n%lttechn g
increraghiallg infirease® AXPESYIErENasaY wEER/ERE WHHa SAtBY @RpPaure energy

of SOgorggF n’?\baflrjlu% %sreﬁlzfllgﬁiseﬁr\?/égghgggggxﬁ‘ shiy W%ﬁgecond 8uddles

e 34 [0174]
10 with P2r38% QNAIH%dhﬂiqrﬁefwatﬁraTheqbatter@dwbmmrSN anﬁatl‘@nlslcratChed

with ;ag? r&ﬁ%%ﬁ@ﬁ?ﬁ@%@&&p%ﬁg%r@? éﬁ&é lQa[-l'scitor\}\?nx%/o ﬁ1e| gggper substrate.
The scratch is then analyzed under a microscope concentrating on areas were the
scratch dissected exposed patterns. This scratching technique allows differentiation
between the substrate (bare copper) and any residue remaining in the exposed

15 area. No residue is observed.

Example 33
[0172] 100 parts of the polymer obtained in Synthesis Example 10, 3 parts of
20 gamma-mercaptopropyltrimethoxy silane, 1 part of 2-mercapto-5-

methylbenzimidazole and 20 parts of PAC Xill e,wherein Q is H or
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20 parts of PAC X111 f, wherein Qis Hor 0 N2 SO2

are dissolved in a mxture of 135 parts GBL and 40
wW@2006408EVEA, and filtered. The PAC used has BEI/US2006/010394

esterification level of 75 % of the hydroxyl groups

with the DNQ noiety shown above. 25 - 84 WO

2006/ 104803 PCT/ US2006/ 010394 [0175] The formul ation

i's spin coated on_a coppe fer t baked, on a e s

are disgelgeatie igr Partsi %{—e%mg?'_{t&f%_c, Irp%g%&@i W%fqd Rag 31 eferification
n

lovel QTR eyt dp Ao d il 18 DRQ Lty SRAREbowe: ¢

array, which increnentally increased exposure energy

30 mi/cn?2 wWith st.arti.ng exposure enerqy f
[0173}y/ cndcherﬁe”ewﬁge@d%%ﬁ%%%ﬁ&H‘ deSAR e\ﬂgt?gitﬂéggb\/\%ked on a
hotplatd fére@%ﬁwé@@k Q20°®i Fbutirg FBYMMAHiIG@IeEsi T PLm. The film is

wat er. The patterned copper wafer is then scratched )
then wikpbsed pdilizingf anwédner steppeadnta padrneds eXpOSyrat 8N which

: d to th bst T b

ncrer Ry o S5 BB B B EL S0 sy BBR 30 Stk SigBeure eneray

of 3008hEchite Thacsaiosddiilas Retresh exwsispet patrigetws 30Tsecond puddles
scratching technique allows differentiation

' ! f1o. b%%ween tched
with & B888ub Ak selutiearef walshel e RAHeHPd sRNed ATRR IRiNENRgratcne

o dn.t X i ' I
win 5k B 548258 Lp 8595 ool ol PN RFL s £ st
The soydtthes tferRaalpted tndsPamictsscobe ddneeptrbting onodreasvéere the
in Synthesis Exanp parts

| : - . -
scratghy ﬁ@ﬁﬁ@ﬁ@sﬁ’xgﬂsﬁﬁd?ﬂif%rgﬁl g‘i“é %ﬁﬁg%gﬁ@qgeﬁ% differentiation
betw%:rma{ec%B%)%{?’é{éﬁ%é%@p&&%%&]do%Pgsregfdsue remainir%g in the exposed

nmercap [ azo parts o
area. diNthessjd s isaobesgingdd. 12 parts of PAC synthesized in
Exanple 4 are dissolved in 175 parts GBL and filtered.
The 20 fornulation is spin coated on a copper wafer
t hen baked on a hot pl at Exagwla 3 nutes at 120C,
resulting in a filmthickness of 11 pm The filmis
then exposed utilizing an ) _ )
[0174] 100 parts of the polymer obtained in Synthesis Example 11, 3 parts of

gamma-mercaptopropyltrimethoxy silane, 1 part of 2-mercaptobenzoxazole and 20
parts of PAC XIli f, wherein Q is H or

are dissolved in a mixture of 135 parts GBL and 40 parts PGMEA, and filtered. The
PAC used has an esterification level of 75 % of the hydroxyl groups with the DNQ

moiety shown above.
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i-line stepper in a patterned exposure array, which
incremental ly increased exposure energy 30 ml/cnR
wWOowRaoh/184883 art i ng exposure energy of 300 mlJ/ cn2PCT82006/010394
exposed film is then devel oped using two 30 second
puddles with a 2.38% TMAH sol ution of 25 water. The
patterned copper wafer is then scratched with a pair

ezZers so t I t I t
[0175F he' coerommmaleats, SPThEoath B CPPRE aiRa Sa Paked on a

hotpla‘t’é“#&r4%mu?éé35‘9929 éofé%.%ﬁﬁtgaﬁt' A9ilANthiikRass Wi el DH? The film is

scrat ch di ssected expose patterns. This scratching
then erpdssdqueiliahboas @lifid esteppémtin on pajtarced ekeosiupsarraye which

ncrertrialy KEFaeAPrs soepncdy vk Wil srbodefiaag neray

of 306’%/&%20@%%&%%(1 fﬁbﬁaﬁpthenﬂe\[ewﬁe?d u5mgptaki 3ooéedohe puddles

nmer obt ai ned Synt hesi s Exanpl e parts

with atznég?éoTw S@Mlél‘lm—‘fdvatﬁr Jhe n@tée@emeé V‘@fef?;'sﬁﬁﬁg gcratched
t t
with ap%qugf gy tgz r[t% s? %O gyéb% %ﬂggﬁ%ﬁ%ggggmgqg@s&gyge substrate
The s@fat@h ﬁthtﬂeri ahalgpediwider Bomiaoscops chicerinatinbesn zechs were the
nple 4 are dissolved _in a m xture of 160 fgfaB
SCFatCQrQISQQPt%ﬁWOé@%ﬁatqeﬂﬁ akhes sceaiehing (teghnigue ﬁ'ﬂ@ws differentiation

far I S Ny
betwegakfeﬁ% gp}bgtpatho bS‘I? cﬁ%}%‘rf%na gg&gtﬁé N ﬁﬁl m" ttl?en exposed
area. | Noaebidumis lobsknesls of 11 pm The filmis i o0 then
exposed utilizing an i-line stepper in a patterned

exposure array, which g ally increased

exposure energy 30 W/cWﬁgg starting exposure

energy of 300 mJ/cnR. The exposed filmis then

evel o [ t
o17efney o537 SelS A0 e et SRR Lot e 32 %0 s of
the td@wtnércr&im@mdd wiri h Syrtaésisof Exampter s8,50 3as ptalftspeedf N-(3-

of f- any material down to the_ copper substrate. he
triethaxysitlpippybmaleis BeRoprdde uRerPatsier 83’6%&9@Pt0benzoxa20'e 0.5

parts 5P IGHEF a%‘tc% ?%8’&1 I’éﬁlrzg et Bes géft "%ﬁ f‘a'h%elol 12 parts

expose erns iRl AT
of PAdI %’rﬁlﬁ@ﬁlte@in Enanipid veme ﬂIeeoBzeUshrIa’r‘lﬁepémmGBlc apgdiltered. The

formuIaggndgép,rlrggé%ggrc\g;gﬁ%gMg %eg%a&%ﬁegn a o?glateN?or 4 minutes
at 120°C, resulting in a film thickness of 11 pm. The film is then exposed utilizing an
i-line stepper in a patterned exposure array, which incrementally increased exposure
energy 30 mJ/ecm? with a starting exposure energy of 300 mJ/icm?®. The exposed film
is then developed using two 30 second puddles with a 2.38% TMAH solution of
water, The patterned copper wafer is then scratched with a pair of tweezers so as to
peel off any material down to the copper substrate. The scratch is then analyzed
under a microscope concentrating on areas were the scratch dissected exposed
patterns. This scratching technique allows differentiation between the substrate
(bare copper) and any residue remaining in the exposed area. No residue is

observed.
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[0178] 50 parts of the polynmer obtained in Synthesis

Exanple 2, 50 parts of the polyner obtained in
w@Eywbhesds Exanple 7, 3 parts of N-(3- PCT/US2006/010394

triethoxysilyl propyl)maleic nonoam de, | parts of

2-nmercapto-5 25 net hyl benzi m dazole, 2.5 parts of

di phenyl si | anedi ol , 12 parts of PAC synthesized in

Exanple 4 are dissolved.in a nixture of 175 parts GBL
and filtered. The for%ﬂ B?nn&?s spin coated on a

copper vvafer then baked on a hot plate for 2 m nutes

at resulting in a fj i ckness of _11 T
[0177}. | m |%Opﬁétﬁ qixtbeg%aym?r Phal ih Synthesiz Ea r‘}‘?? parts of

e PB reaseg) bEXRAIU! B ATS\Ahe Y Céxémgreerrezﬂt ahly arts of N-(3-

exposure 30 ‘energy 3 With a st arting
tnethoaypu@ekmnpylami@g of nd@Eanliden?2. The ex@tsed Bf I m Zrmercapto -5-

e S AR 5 oA SRS R U Brtneszad

Example’4 %OQ@SQP«@@% a Wﬁitﬁfe oTh@OR%ﬁseGmdaﬁ@ﬁ@ep&aN@%ﬂfyl lactate,
then scratched with a pair of tweezers so as to

and ﬂnead offhe dioymutation isl smovwoat@d tdve acepiRar wat%tﬂwgﬂebaked on a

noola St b 1 e R A SR B oo fim s

then @XP@e‘iéiﬁ utiainge aAs i- llﬂ-é“ ﬁe@ﬁéﬁtlﬁ hi ngatterabti expogureowsray, which
differentiation between the substrate 5 (bare copper)
increragntalininoreasesiexpeswie GNeEY A0 hEcax Mathed starting eNeosure energy

of 30(§)?ﬁélﬁ®epgﬁyn§?’%§§pal neg‘xl n S@nﬁeé%h%érgrﬂ&%%%@é puddes

with aP2BB% PMAH aolRionr &fi Wister. o‘rbé baﬁaltfbblcnqmjelr avafer B thentssratched
o of di ghen yl silanediol, 11,9 parts of . PAC synt hesi zed
with & pRiERk heezers #0029 1o Pesl o8 apy malasiad gV {P8xeDRRIeE Substrate.

The S?Faqch i FRl \c’lﬁglyhgd Ju%e?ac\r ﬁﬁcr%@é‘%ﬁbéﬁt%t?@r oﬂd— ﬁeas were the

ation 1S’Spin coated on a copper
scratdhaénesleccted a@xpospt qiatefrm Elmmmtehlngtteémﬁlque edlolsi differentiation

vetnebrt LA R b e 205 ol b BRI ARS Suposec

a ntally increased exposure energy
area. Byo%f g% i§ BpSBRIRTE

with a starting exposure energy of 300
mJ/ cn2. The exposed filmis then devel oped using two
30 second puddl es wi t hERampb&IB8TVAH sol ution of
wat er. The patterned copper wafer is then scratched
with a pair of tweezers so as to peel off any nmaterial

[0178)0Wn t 80 td2Rts of the polymer obtained in Synthesis Example 2, 50 parts of
the polymer obtained in Synthesis Example 7, 3 parts of N-(3-
triethoxysilylpropyl)maleic monoamide, 1 parts of 2-mercapto-5-
methylbenzimidazole, 2.5 parts of diphenylsilanediol, 12 parts of PAC synthesized in
Example 4 ére dissolved in a mixture of 175 parts GBL and filtered. The
formulation is spin coated on a copper wafer then baked on a hotplate for 2 minutes
at 130°C, resulting in a film thickness of 11 pm. The film is then exposed utilizing an
i-line stepper in a patterned exposure array, which incrementally increased exposure
energy 30 mJ/cm? with a starting exposure energy of 300 mJ/cm®. The exposed film
is then developed using two 30 second puddles with a 2.38% TMAH solution of
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20 copper substrate. The scratch is then anal yzed
under a m croscope concentrating on areas were the
W@ enoatied80xli ssect ed exposed patterns. No resi duRCT/BS2006/010394

observed. Exanple 40 25 [0180] 100 parts of the

pol ynmer obtained in Synthesis Exanple 13, 3 parts of

gamma- ur ei dopropyl tri met hoxysil ane, 5 parts of

di phenyl sil anediol, 11,9 parts of PAC synthesized i

water Ekaarpatiemesieppes Wafet is tbﬁn.?crﬁf;tpb%%%f@& 31 dyeozers SO as to

peel cﬂﬁ* 5&8'%%& faf’ d%&ﬁ\ FB”"EIJieS C@E'gevaEGbétFétéeﬁﬂ@ sc}?ﬁ:h is then analyzed

I'n coat on a copper er and
underb@kﬁr&rmoaehod)rmmmmgrom meamnrweathelsor@,tch @b&ﬂetctevg exposed

| mthick f 30,11
patteraapﬁ‘g@d SGratPHBEn EoaR S ﬂ'l@%@b‘ﬁ 1%'°an§fw hdbe substrate

(bare %Eg%ljr 8nd M2 Yesithe Cenmdifing ANt lexpbssd %’#éﬁd No residue is
ex re energy 30 mi/cnm2 wth astartlng - WO

obser2g16/ 104803 PCT/ US2006/ 010394 exposure ener gy of 300
mJ/ cn2. The exposed fil m [ s t hen devel oped using two

30 second puddles w't \%‘a{ TMAH sol uti on of
wat er. The patterned c % is then scratched
with a pair of tweezers so as to peel off any material

down to the copper substrate. The scratch is then
[0179%nal yze@o paderofdhmp@ﬂwneropletammbmnSyIuhealg E)Emplea‘rfba?s parts of

gamn}aé\@ére erpéf/: atc glbjss,l ecte rﬁs?%?&é%rtnﬁl%s qlg 139 parts of
PAC tsgﬁtﬁé%tié@er? Oéke%la%d 4 r!an%b’ 'H @eféﬁs Ed@'mln%r@aptébéﬁizoxzzole are

ganma- ur ei dopr opyl tri net hoxysi | ane .
dlssolpad irs 186 rlarksh@Ble aid ﬁlit%'edolThelfDl’Bllﬂqim i spa CPﬁ’@d on a copper

watorSHLOSRE 58 BT P s oLt Equitng i, i tgness of
11pumanthef filhi & 8fkn ERsoded MHliAhd @M i—%é@té’pp@@&h%ﬂpaﬂemed exposure
copper wafer then baked on a hotplate for 4 m,nut

array awhichocremsotallynigcraasgds BXPRSUIS cRIREGY 3Q>fm\i/9rrp rf«{wtl‘rr?e starting

oo Bl BESGIRRARE, o L e 35, 2R LA o

secorndli@HES WitXaTE88% ENRAH) BoRBiomidfonttenw The @aﬁ'eméd pgpper wafer
exposure energy of 300 miJ/cnR. The expoged fi

is theprasratgbodvitied Rall atwarzes sosscioneee) RIfiPBY Wfﬂﬁ'agdown to the
copp @Q%@Wﬁ@ |44 |thh§ﬁ a‘?‘[aryz-gaeuﬁé’ért rrﬁ\%g%é‘éb?)% Eoncentrating

en scratche a pair o zers so as
on aré#s weed thef §cratoh dissestedlexgosed pattems. Noomgsétue is observed.
substrate. The scratch is then anal yzed under a
m cr oscope concentrati ng

Example 40

[0180] 100 parts of the polymer obtained in Synthesis Example 13, 3 parts of
gamma-ureidopropyltrimethoxysilane, 5 parts of diphenylsilanediol, 11.9 parts of
PAC synthesized in Example 4 and 0.5 parts of 2-mercaptobenzoxazole are
dissolved in 175 parts GBL and filtered. The formulation is spin coated on a copper
wafer and baked on a hotplate for 4 minutes at 120°C, resulting in a film thickness of
11um. The film is then exposed utilizing an i-line stepper in a patterned exposure

array, which incrementally increased exposure energy 30 mJ/cm? with a starting
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20 on areas were the scratch di ssected exposed

patterns. This scratching technique allows
walrdobae4sns i at i on bet ween the substrate (bare cPEPES$3006/010394

and any residue remaining in the exposed area. No

residue i s observed. Exanple 42 25 [0182] A

phot osensitive fornmulation is prepared by m xi ng

toget her 100 parts ,by wei ght of a PBO precurso
eXpOSHER GRERIY & ?fg om2. The @@%GMWﬁ than siavelppgsusing two 30
secon I€s h )%‘rﬁﬁAPif S&Eh?n of @e patterned copper wafer

-propyl's ony oXyl m ho- th|
is thery stiddcte)d Wlthea bylrpdfdwyelezaxseskcoasttmpe@l offlaldbmadetial ddwn to the

coppes Pt s RErathis sy RO ALit GaoaPB aRe foncentrating

on ard@iSre 1AE SRPARRIiddtetdd édposEY |§at€é?ﬁ§oﬁbtre§iﬂue$s bbsérved.
spin coated onto a copper wafer and -

2006/ 104803 PCT/ US2006/ 010394 baked on a hot pI ate for
3 mnutes at 120C to olfygfipfe 44! m of about 12 min
thickness. This filmis exposed portion w se using
i ncrenental exposures on a Cannon 3000i 4 exposure

[0181j °°! 5{)(35 ggﬁgﬁgrﬁgfbdﬁﬁe@gbf oemeég %stshgxﬁﬁﬁlaﬂes €53 parts

ose coat ., expos s then
of garbmeureatopt @y HimethoRysiiane, 3. 4@epm1tsopedlphenyleﬁalmmd§ 51 parts

of PAL SiiEeiogth dn EXS Y b T bl RanETcaR B zmaEole are
dissolfed # H£5 p@aﬂ*st@BD anthfitdral! Wrm@%@ﬂ@ﬁrls\@frﬁboa@dtma copper

scratched with a pair of tweezers so as to peel
wafer dingn vaked ical a hotplate forehmingppat 12066t regudingrivea fllm thickness

ch. I d
of 11 T80 LB PP Sy 5036 B eattpe ovoosure
array, U\,R)ﬁ?(sﬁoﬁlﬁférﬁéhfaﬂ?ﬁﬁcre&ea @d%@lf@té?i@r@% 3eetuicmbenith a starting
| ows differentiati,on between the substrate (bare

eXPOS@lﬁ)ﬁéEWYaﬂﬁ%ﬁﬁW/p@‘st dbe exxesedifilg srihendevgirpacyusing two 30

seconghcglfdodégg g\{@sélg“ffa {oil; g??%élﬁlﬂcs)n %fgﬁ?&;clre? dﬁ% p%tteme%slzopoper wafer

is theh %@ﬁétbﬁéd WD @aairsof theerergsd a@ftoqaé&@fpanyc lnmaterlal down to the
prepared in the sane way as in Synthesis
Copp%%tra*q4Thq§9rqiala ti then @salyzed Wadarsa SRICISOERS “gpncentrating
f
on arg RS PP ST (P REE, PRSGS RIS T, S5reiching fpphiniaue
allowsp hdiffgtergiationnibetwéen thed qudnstrate (bare copper) and any residue

remaining in the exposed area. No residue is observed.

Example 42

[0182] A photosensitive formulation is prepared by mixing together 10(0 parts
by weight of a PBO precursor polymer, prepared in the same way as in Synthesis
Example 12, 200 parts of GBL, 5 parts of (5-propylsulfonyloxyimino-5H-thiophen-2-
ylidene)-2-methylphenyl-acetonitrile, 31.25 parts of ODPA/ODA polymer prepared in
Synthesis Example 15, 3 parts of 2-mercapto-5-methylbenzimidazole and 10 parts

of Powderlink 1174. This composition is then spin coated onto a copper wafer and
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of 2-nmercapto-1-nethylimdazole, 3 parts of beta-(3,4

20 epoxycycl ohexyl)ethyltrimethoxysilane and 10 parts
w@Rooegemsh3 303. This conmposition is then spin POHRUSH06/010394

onto a copper wafer and baked on a hotplate for 3

m nutes at 120C to obtain a filmof about 12 min

thickness. This filmis exposed portion mrse usi ng

bakedspara Megplale G SRS 13t CIATReNTS A9 RIEA oL ADOHbdS pm in
thrckngyiggﬂg? iﬁ% E?goggé‘f‘hﬁﬂﬂorg’é@g? |§§re%geﬁstglcggﬁgsures on a

CannomBI@(DOré expoburesimes stestingat 60 n@J/EBg Nwerqnemhmg'ltme\rexposure dose
t |20n and r n

by 50amrJ Wef T P@? ﬁ@OﬁSBt@%‘?QQL ﬁBet\?AqWé{ @& |2905§V#r9g% min,

develcfdRtsNed é’éddhd@ gRbér af codthRRLET Sprag 88 OlZe e elqueblis TMAH
ny material down to the copper substrate. The scratch

solutidns andnemseshwith dstianinesk wate torprovideea celinf rntiesni hhe patterned

coppe}; gr{efr‘%r rl\%’g{ﬁ ﬁcgaergiiécg%ﬁhagg rddgﬁﬁrgg aﬁ‘ﬂ:{”%&\;’@c‘?fb@gl off any material

down 96 ftherppentdudtrate. 8Phe \Yorat0R 66 JtﬂéBOé}'raIyzed under a microscope
PCT/ US2006/ 010394 between the substrate bare c %
conceatigtiagyon eyPasewheffaithe ngCrateh Isseesss QPé%d Rgt?em This

scratcéﬁ%ft l%léﬁni 04% Vﬁﬁfelr%‘t%b%e"tﬁ/eeﬁ tbQ%trﬁte (bare copper) and -

osens |ve or nu I on

any resitiied feeiaibMgriathe expyseed agd. <No aasRB(é rsrcdlsemaﬂ
pol yner, prepared in the same way as in Synthesis
Exanple 9, 50 parts by weight of a PBO precursor

pol ynmer, prepared in t yay as in Synthesis
Exanpl e 16, 180 parts g‘?"%@ﬁhﬁo parts of PQVEA, 5
parts of 10

ot D BB B BB R Ao s

by w tydTEé F*H(?Eﬁé@&#sbﬂ p%%&eiirépﬁféan‘wmelgamé v@av b§ iefSynthesis
g - ureldo | trimet hoxysi | ane, arts of

Examﬂterreﬂéapi&ﬂ 1pa€5hydf| rﬁEBlazolZ@ rans 10f pB Aofd parts of (5-

ony BOUSA S DS R 2GR 8RR .« s

of M PUhefcapio-lipethylint@h2die, a fil3m of et 11. 6fm | n Hea-(3,4-
thickness. This filmis exposed portion w se

epoxyicyclobaryiiethyltritpethoxysilane and ¢Qmeasis sboyme! @9605 brsecomposmon
is theh%in $haldd BitPh QPR Gaer RG SR bA% hBRISEPRPY Minutes at
dodd

120°C to obtain a film of about 12 um in thickness. This film is exposed portion wise
using incremental exposures on a Cannon 3000i4 exposure tool starting at 50
mJ/cm? incrementing the exposure dose by 50 md/cm?®. The coated, exposed wafer
is then baked at 120 °C for 3 min, developed for 95 seconds under a continuous
spray of 0.262N aqueous TMAH solution, and rinsed with de-ionized water to
provide a relief pattern. The patterned copper wafer is then scratched with a pair of
tweezers so as to peel off any material down to the copper substrate. The scratch is
then analyzed under a microscope concentrating on areas where the scratch

dissected unexposed patterns. This scratching technique allows differentiation
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by 25 mJ/cnR2. The coated, exposed wafer is then baked
at 125 C for 150 seconds, devel oped for 80 seconds
wapaenomoxont i nuous spray of 0.262N aqueous TMAET/US2006/010394
solution, and rinsed with de-ionized water to provide
arelief pattern. The patterned 20 copper wafer is
then scratched with a pair of tweezers so as to peel
any material down to the co l%'er substrate.,

betwegertascwbsg,rat«ﬁdha@mop@ea aRdeanYa i@ JeBjpinIng in e exposed
area. ClQB?SQHﬁ%‘i ??éweareas where the scratch di ssected
pa

ose erns. This scratching technique all ows
di fferentl ation between the substrate (bare copper)

and any residue remaining i e exposed area. No
resi due i s observed. 25%’?5%%%@145 [0185] A
phot osensitive fornmulation is prepared by m xing

together 50 parts by weight of a PBO precursor
[0184pol ynek photesensiive formmdationnts epaged by By dagathes§0 parts

by we%?% PJBg.? é)g%g.@gcr) ﬁo é’?’e g@a 8§ |§ Stﬁlggag@ é,sgg in Synthesis

Examﬁé%@ phfts By Weifittsf #PEBloredirspapblynedr, qbrma:rpgdllarthe same
col 90 WO 2006/ 104803 PCT/ US2006/ 010

way aaum’nﬁwmew Feempte 516 d80spasts phGBA. () Paids Q?Z?%M%n 5 parts of
(5- pro@%ﬁﬁ%@ylg@ur?@‘ﬁ?ﬁ@%pﬁpe%ﬁf &Q&)ﬁl\‘g grYéYﬁ{/IpHéﬁﬂaéc%iohlﬂlle 22.5
parts bf OBFRIOBA |pw|lwn@ppﬂe)oa4ec51rd89mﬂlesmEmptﬂ 5, (2 p@rl]saaft@mma-

of 2-nercapto-5- nethyl benzi mdazol S
ureidapsomdirimefkoxysianeTRing srareantor GriaHigicBgpls, afd 10 parts

40
of PoSERHAR £ TS RToNRITT, 1A GaKataMy ottt arer and
baked bhck megslateT fors4 frivinutess abxXids@dopabtairon filivs of wbiowg 11.5 pm i
. increpental exposur on.a Cannon 3000i 4 ex ur.e
thicknefr TG BN 50 SKAGSRS PIERSHBA: FAlRo: He LTRREL eRgBaRs on a
Cann@ﬁ( 3??8@343 urd 'ft?ol%%‘tlﬁg’at %%g%WE@méﬁlﬂ¢m e ¢e dose
or 175 secon devel oped for 100 seconds
by 25 lmd}'em a Tdmd:cnataduexmsesipwafpraﬁ tr@rammmmscmmo seconds,

tio and rinse W|thd |on|zed e
develghed tPem0, Seands Rfler phep Bl Shi Bl 20 By R Tman
solutiSis! & hﬁged"'vhfh ée%%lﬁe@ﬁlvatér\/\&%ﬁfvwéa rafief paﬂﬁ@ml Tmfefpatterned

any material down to the copper substrate. The scratch

coppérsvafehinthenasoyatsiedrid apa of waegges 8@ Aedathad! iofg@amnmaterial

down Yo°fhe %Eéeer \I‘.Llﬂ?st?acteatrﬁ scratch is then analyzed under a microscope

concentrating on areas where the scratch dissected unexposed patterns. This
scratching technique allows differentiation between the substrate (bare copper) and

any residue remaining in the exposed area. No residue is observed.

Example 45
[0185] A photosensitive formulation is prepared by mixing together 50 parts
by weight of a PBO precursor polymer, prepared in the same way as in Synthesis
Example 14, 50 parts by weight of a PBO precursor polymer, prepared in the same

way as in Synthesis Example 16, 175 parts of GBL, 25 parts of dipropylene glycol
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di ssected unexposed patterns. This scratching

technique allows differentiation 15 between the
wG@ivstiodx (bare copper) and any residue remnmai PCTYS1006/010394

the exposed area. No residue is observed. FF C= Np

- CNO-F 0O FF 20 PAG A Exanple 46 [0186] A

phot osensitive fornmulation is prepared by m xi ng

dimetiy§ SHEr, 7o cpaRt AR A dasIoby 8o hRIoHG 25 parts of
ODPA%BW'%I}@erlé‘P?@é\%HS iAf SPknesl® mBEhTle! Hi Y yﬂam?%? N-3-

parts AG B ('structure ® shown below), 2 parts o
triethowysilytpropyh-ddpdinydreimimdanoey si | 20e, @aBspar 0§ of 2gmercapto-5-

e by L0E A T Y RORBUR R, e gmstion 1 e

spin c8aldR! GRBtPcdppdt WefdrnaritpBaked aRth hfplaarfos 306 niMoRls at 125°C
303. This conposition is then_spin coated onto a _ .

to obtajpplim ahpbeut khamikbicknesa. Hbipfilm és ewposedpaitientwige using

: t 12 t aj ' , P 2

increnfiiaeanasigpid A %Rbéme%OQQ%Sréﬁfegﬁdth Ydring at, 50 mJiem

incremdigingtasteNposkroduse yd0 micianToe GRA6d dexpasesiwafer is then
tool starting at 50 mJ/cn® increnmenting the ex

mJ .
bakedd@st30 5 190 1§ $9RoNndenalevalapel 108 400sarasieaHndey § [RoRtinuous
spray bcﬂkﬁ.%gﬁ?\l eGUQOTIXIgAF G Sand gﬁys?oggxgﬁ f@LiohRRd water to

seconds under "a cont | nuous spray aqueous
provid&NArlies platteima il hea pdtteinesiecbpaer twafer isothienestrathed with a pair of

rovide a re|lief pattern. The t erned f .

weezis 3,85 6 ppel ehabanei ! gann Brne rodber siEgrEe. fe Soraten s
f ' :

then %ﬁ%&/gﬁ a%@lyi gatrﬁéﬂoél:o%w? SHRntratihg Cof ORRRE  GUHRPE I ke scratch

en anal yzed under a m croscope o
disseateh cemexpisedg patieenrse ad hisheceatehiog s tachnidueali dlowest dlifferentiation
unexposed tterns. Thi scrat chi ng techni.qgu Lo
betweging, %ﬁ?sit%% 0 aﬁeet‘?ﬁé’gﬁ?)t ﬁ@gs%mys{ ?Solg‘ée (rgg}aémggpﬁehev\%xposed
area. @N8 rediBliei€obdEIGetiemai ning in the exposed area. No
residue i s observed.

— F F
OO
EN 0—% F
O
F F
PAG A
Example 46
[0186] A photosensitive formulation is prepared by mixing together 100 parts

by weight of a PBO precursor polymer, prepared in the same way as in Synthesis
Example 16, 170 parts of GBL, 30 parts of diglyme, 7.5 parts of PAG B (structure

shown below), 2 parts of n-butylaminopropyitrimethoxysilane, 0.5 parts of 2-
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CH3 OCH3 S03" OCH3 15 CH3 PAG B Exanple 47 20

[0187] A photosensitive fornulation is prepared by
woreoosngistdget her 50 parts by weight of a PBO pCBUS2086010394

pol yner, prepared in the same way as in Synthesis

Exanpl e 4, 50 parts by weight of a PBO precursor

poI ymer, prepared in the sane way as in Synthesis

anple 6 parts of _@GBL, 35 parts of diacetone
mercaatq:éﬁmethyf_‘p@nzmldﬂzol@o%@@emmb “peraptedoBFtMTIdazole and

15 S5 4R, CI0 BUEHIBONE IS Rkpboas BRC 5 Dhper vorer

and baikrd on af h¢iplate dhved i mmutesat HZ0YE rto etltiainyss filramd, ab©u752 5um

1l SR B g TR Sl S PR o o
CannoDrpﬁ‘G’(ﬁth' Foé&%“tooTB!a?n@HPQQ 'rﬁJ/QMz'lﬁcrbﬁféhtlﬁB'tﬁe 2xposure dose

coat e 0 a co er and donahot | ate for
by 50 mdmut Ebemoalemenpose@maeiemnsdhen mk@d 24038t 1fprih7iSrseconds,

t hic This filmis op
develqriel Eite T seeR e Hiler on SARERRHsh ShisoPs it HeliBoys Tman
solu’uofht %rntd' r”rgse@l whR d8liohided warsrasgitblide 4 helied roRun eTld@mtterned
by /cn2. The coated, exposed wafer is then baked

coppeawaieos@emsc@sh%%who% pakﬂé\féwe%%'se@r ag fppeekefh @gy material
down g«gqﬁ% c%ﬁ%%gtsgl'%%?e e %r cl‘?fls thr‘??}\m@?éeé‘r%o%dg%%l%yoscope

rrnsed Wlt elonlze

conceftraghd adn Qﬁeegr\nhef&eh@aﬁdratdhedlssepw unekposed pattmns This
scratched w a pair of  tweezers

scratching tﬁﬁh@lﬁualal@mdﬁsrw@tleam%weeﬂ $be rsé‘gé rafﬁ@aé% CQPRRT) and
any resﬁ:lue lﬁ‘ﬂ@llﬁ{l’?@ eQQ?&%d QB-:'E CN® Rﬁleclg%%gwéﬂ ing on
area $sect e

ere“the scr unexposed patterns.
This scratching technique allows differentiation 15

bet ween the substrate (bare copp and any residue
remai ning in the exeesed ar ea. Yesidue is
obser ved. l

OCH3

CH3
PAG B

Example 47
[0187] A photosensitive formulation is prepared by mixing together 50 parts
by weight of a PBO precursor polymer, prepared in the same way as in Synthesis

Example 4, 50 parts by weight of a PBO precursor polymer, prepared in the same
way as in Synthesis Example 6, 165 parts of GBL, 35 parts of diacetone alcohol, 10
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Cd 0 H3CN20 0O NCC 3 25 PAGC Exanple 48 [0188]

100 parts of the polyner obtained in Synthesis Exanple
wa 79064088 parts 30 of PCT/US2006/010394

ganmma- ur ei dopr opyl tri net hoxysi |l ane, 2.48 parts of

di phenyl si |l anedi ol , 13.51 parts of PAC synthesized in

Exanple 3 and 1 part of 2-nercaptobenzoxazole are

parts SLPAG éteﬁ(i@fwgttg@&%wéégﬁgé 3h bartseBPAGIE poamer prepared
in Sym@@ Eflaﬁ\lph Cfﬁlé‘tﬁarftéj i’(f%l’&%%}ﬂaﬁﬁ? c?r% I)hﬁé’(Hbiys"lgne 0.75

nes's
parts e>qﬁosMe:tabiozﬁ-m\getaylhenlzmmdamlepp@r 7%n mrftmt tafr nddmercapto-1-

S TR OET I T O A
coate&%rﬁ@/é:%@ﬁw maaeﬁbﬂatbél&d em) aﬁ:ﬁ%rgn PINAE8 at 130°C to

e exposed filmis then vel oped usi

obtain3g fnmemfommﬂuuhwslmvthwkrwsg 3§b@1fNANH85@mﬁse@lnp<31%on wise using

The att
norenfSE B RO depranence it Sosefe o sRHTELELER, e’
|ncre:n‘i’é}’ﬂ!’ﬁhgt t‘het S JBUES RPEE @UMMﬁém Tﬂ‘h% sogitat] Cbxp@sdohwafer is then
ana under a ni Cr oscope concentrating  on ar

bakednat ég@ he frbtd Beerrdse cevel Oe%gofé)éd Qoapeenntss U'TWPrsa “Continuous
spray S(fgf 6%6&;24{] ({L%%(J% L8 éﬁ& eﬁﬁ§5d dﬂ”P WA water to

are copper remai ni ng
provndena réiefodesedT e pattehied espptbraNaﬁer méaﬁmfn/ecratct@d with a pair of

t Exanpl 3 it
el Rt B A T
then QX%@‘%&’ hﬁn(ﬂ’ér ?ri é” é@ice?w‘?ﬂa‘ﬁﬂ? on PHARA Q\ﬂwéré‘ {ee scratch

nt he 200 parts of
dissedtdl, uﬁexmste@I qfati(eﬁﬁwd'ms ssn:lrétohmlgoigmhmqme S:HIOMES dlfferentlatlon

vetuesy, S5 G ) P LSEYESrE' Qbbb o He osed

area. EXRMRLRIutSs o@ggr\;gg_parts of Powderlink 1174. This

[ CCly
HC™ N N_*{N

7
CCly
PAG C
Example 48
[0188] 100 parts of the polymer obtained in Synthesis Example 17, 1.53 parts

of gamma-ureidopropyltrimethoxysilane, 2.48 parts of diphenylsilanediol, 13.51 parts
of PAC synthesized in Example 3 and 1 part of 2-mercaptobenzoxazole are
dissolved in 175 parts GBL and filtered. The formulation is spin coated on a copper
wafer then baked on a hotplate for 4 minutes at 120°C, resulting in a film thickness

of 11 um. The film is then exposed utilizing an i-line stepper in a patterned exposure
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conposition was then spin coated onto a copper wafer

and baked on a hotplate for 3 mnutes at 120C to
wo@bdoaiteuses fi | m of about 12 min thickness. ThiBCT/UE2906/010394

was exposed portion w se using increnental exposures

on a Cannon 3000i 4 exposure 20 tool starting at 50

mJ/ cn2 increnenting the exposure dose by 50 ml/ cn®.

The  coat ed, d waf hen baked . .

array, JRiPh InQETRS RN 890 SEUONES SR D EoeTadgls & Starting

exposif BXefy. & 363 DhABHEOHRe EMNGsEQ hith! i€theAMEvEldbeRCusing two 30
Wth de: e

ionlzed water to provide a relief pattern.
seconp giudeties dithcp B3 8 %afMAH sslUtiom of water t IdTee datigtniedacqppiear wafer

, of tweezers,so as t eel off a mat erd al  down.t,0,t

s therpscialgi VDR PR MERECETS AR A TEIEIAIIOA to the

copper RBEtrateN THO 862N GO MeaNBhalyz88 urRierad @@Broseepe domeentrating
scratch di ssected unexposed patterns. This scratchin

on areas: werethe Aaraisbadigsested eaxpioser dratiastse dRist peratching tgchnique

atone TLEUER D8RP o, POl B HSRUATm4A e "rsicue
remaifiRgeh Y88l exgOsdPAARO] Nordshrieps abeenrsl. of this
invention for formng the relief imges, the

substrate is preferably a substrate that has copper

netal |1zation. 94 if,2RANCBYSARBIETS US2006/ 010304
nventi on nas

[00191] While the een descri bed herein
wi'th reference to the specific enbodinents thereof,

ot o R S BB SR er 10
parts a;g/'r g\ﬁeﬁgtﬂn&lf ACPRD l‘i{;e&lﬁ\t%olf Lb‘bf?ﬁﬁél” ‘jor%pé%&%’tth@i §&heskdy as in

| Accordi ng intended to enbrace all
SynthesishExdrapige$2, 260 giafriscaft G&t, dngaktardf {6 wepyisbienylaxyimino-5H-

iopri S Ses - R RE B Sh 5 205 BEE o KiyPRiop potymer
prepafdtPliRs 8NftHdse BeFhpleC B8P 11@0 peeEPiof SPodderimk( @)1 7af  This
east one pol ybenzoxazol e precursor polyner; (b) at

compbsitish wasethepnsn edated, ontp Stooppetwafan am baked on a hotplate for
3 minutes at 120°C to obtain a film of about 12 um in thickness. This film was
exposed portion wise using incremental exposures on a Cannon 3000i4 exposure
tool starting at 50 md/cm? incrementing the exposure dose by 50 mJ/cm?.  The
coated, exposed wafer was then baked at 120 °C for 3 min, developed for 95
seconds under a continuous spray of 0.262N aqueous TMAH solution, and rinsed
with de-ionized water to provide a relief pattern. The patterned copper wafer was
then scratched with a pair of tweezers so as to peel off any material down to the
copper substrate. The scratch was then analyzed under a microscope concentrating
on areas where the scratch dissected unexposed patterns. This scratching
technique allowed differentiation between the substrate (bare copper) and any
residue remaining in the exposed area. A relatively thick residue was observed.

[00190] In the processes of this invention for forming the relief images, the

substrate is preferably a substrate that has copper metallization.

- 94 -~



V R2Y SH 10 VI wherein, Vis selected fromthe
group consisting of CHand N, Y is selected from the
w@emaposensi sting of 0 and NR3 wherein R3 i s sSRPCBHUSHEO6/010394

fromthe group consisting of H CHs and C2H5, Rl and

R2 are each independently selected from the group

consisting of HH G - C4 alkyl group, Cl - C4 al koxy

group, cyclopentyl 15 and cycl ohexyl, or Rl and R2 can

be fused to produce a substituted or unsubstituted
[0019ﬁenzeﬂﬁhn e if htldn) has g%%saeéﬁ‘rﬁ)ea%éw withVR&reRdrEe to the

anoun e conmpoun f Structure VI present in

specuflbfmnbompmts |tbe|reorf sit awill hemapyrecibfast that chamgeahisidification and

st e A A5 s B3 0, b B it

conceﬁtJ Ber4eatiereRr oasssEfhdip it fonmied ﬂ‘ﬁ@ﬁ]kﬁ@cé Af such changes,
strate, and with the proviso that if

modlflp@ﬂlqn)énd yrbations et dallwith theypyinkand scepg Oém%agpgndﬁd claims.
pol ybenzoxazol e precursor polyners that do not contain
a photoactive noiety in the polynmer, then 25 (d) at
| east one photoactive conpound is also present in the
conposition. 2. A photosensitive conposition according
to claim1 conprising a positive photosensitive resin
conposition wherein the pol ybenzoxazol e precursor
pol ymer - 96 WD 2006/ 104803 PCT/ US2006/ 010394
conprises: at |east one pol ybenzoxazol e precursor
pol ymer having Structure | or Il or Il or 1ll* or IV
or v or V. 5 (TH L--~7, HNHAr4-NH Ara NH Ar NH
Ara NH Are NHH
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| (OH 101 HNHA4-NH Ara NH IAr1-NH Ara L
NH Are-NH777H 15 (OH)k2 | | GNH Ard NH Ara NH Art N
WoeasHsss NH G 20 1 OH 11l 25 OO OH O * | B E/Ns206/010394
~ NH-Ar3. NHAr-NH A NHAr -NOi Y OH30 II1* (TD)K
- GNHA4-NH Ara NHAt NHAra NH Ara NH G (OH)K 2
- 97 WD 2006/ 104803 PCT/ US2006/ 010394 1V 0 0 JOD)k |
00 GTI-N-Ark -NH Ara- 11 N HA r1-NH 1ArP NH Are- Nd- G*
(OHk2 Y 51V (OH nml (OHn8 o

We clairn: CO- Ar 7- CONH- Ar $- NH

1.

A photosensitive resin composition comprising:

(a) at least one polybenzoxazole precursor polymer;
(b) at least one compound having Structure Vi

Vi
wherein, V is selected from the group consisting of CH and N, Y is selected from
the group consisting of O and NR® wherein R® is selected from the group
consisting of H, CHz and C2Hs, R' and R? are each independently selected from
the group consisting of H, C1 — C4 alkyl group, C1 — C4 alkoxy group, cyclopentyl
and cyclohexyl, or R' and R? can be fused to produce a substituted or
unsubstituted benzene ring; and
(c) at least one solvent;.
wherein the amount of the compound of Structure VI present in the composition
is an amount effective to inhibit residue from forming when the composition is
coated on a substrate and the coated substrate is subsequently processed to
form an image on the substrate, and
with the proviso that if the polybenzoxazole precursor polymer solely consists of
polybenzoxazole precursor polymers that do not contain a photoactive moiety in

the polymer, then

(d) at least one photoactive compound is also present in the composition.

2.

A photosensitive composition according to claim 1 comprising a positive

photosensitive resin composition wherein the polybenzoxazole precursor polymer
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~ (COOR4) m2 x V wherein Art is selected fromthe
group consisting of a tetravalent aronmatic group, a
wa2oobro4saxal ent heterocyclic group, and m xt urBGI/US2006/010394

thereof; Ar 2 is selected fromthe group consisting

of a divalent aromatic, a divalent heterocyclic, a

divalent alicyclic, and a divalent aliphatic group

that may contain silicon, Ara is selected fromthe
comprgesup consisting of a divalent aromatic group, a

o fialf 6FE Rt ea ) MEPupr PRI g LA LBt o 1 or

lI*gfravprdonst St ing of 20 Art (OH) 2 and Ar2, x is from

10

15

20

25

30

about 10 to about 1000; y is fromO to about 900; Dis
selected fromthe group consisting of one of the

followng noieties: 0 25 02 N2 N2 OR R 02S 30 02S
02S - 98 WD 2006/104803 PCT/ US2006/ 010394 0 N2 N2 O
RR 5 s b SCE wherein, Ris selected fromthe group

consi sting | ogenoHp CL1 - I group, a C1
- A4 alkoxy roup H cycl opent ykK, nd cy Iohexyl k' IS
BARNHPOS-tN NH-ZAr tpl H—WTSH ly
value fromabout 1.5 to about 2, with the provi so that
(k1+k2)=2, G is a nonovabent organic group having a
group selected fromthe group; consisting of carbonyl,
car bonyl oxy and sul fonyl group, G is a dival ent

or gani c

ATV O T R

H™NHTA“™NHT r° NH"—Ar1 —N

(OH)k

OH
| | L
GmNH—AM—NHT —As— NHﬁTN“N - A NH—AZ—NHIZG

0 q OH
:
[SRVIVCIIRTIYA BPTI SRIT —Ar'—NH }X £
OH
1l

[ ﬁ ﬁ (TD)K ﬁ' ‘ﬁ'NH_ArZ_NH};G

0
i

AP E NH=-AP ~-N-}G*
b

GTNH—A*™NHT Ar NH_‘Ar1 N

(OH)K
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group having at |east one carbonyl or sulfonyl group,
Ar7 is a bivalent to octavalent organic group with at
w0 e@stio480b car bon atons, Ar 8 is a bival ent toPCT/US2006/010394
hexaval ent organic 15 group with at |east two carbon
atons, and R4 is selected fromthe group consisting
of hydrogen and an organic group with 1 to 10 carbons,
m and nB are integers in he range of 0 to 4 but ml
and n8 cannot be sinult and usly 0 and n2 is an integer
in the range of 0 to 2; 20 with the proviso that if
t he pol ybenz azoléjprecq@§$ﬁ pol Ehigigngconsists
a8t aticrelage i H et r, V-I0H i ARINEE
any of these three Strucﬁgﬁ ,“ then the Y
phot osensitive resin conposition also conprises (d) at
| east one photoactive conmppund. 25 3. A positive
phot or esi st conposition according to claim2 wherein
the pol ybenzoxazol e precursor polyner is at |east one
pol ybenzoxazol e precursor polyner selected fromthe
group consisting of those of Structures I, IIl, I, IV
and V 4. A positive photosensitive resin conposition
according to claim2 wherein the 30 conponent of

Structure VI is sefmgted fro e group consi sting of
- 99 WO 200 /1048$O§ ;F’g('jf/ USZ(r)(Sgp@lOﬁé N NCH3 N O SH

| SH N SH O Ar'N GRANHT— 4w

I A positive
phot osensitive res'cbgrpﬁwséti on accefding to claim3
wherein the 1o conponent “of” Structure VI is sel ected
fromthe group consisting of CH3 N N O-NI SH

V
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, a divalent heterocyclic, a divalent alicyclic, and a
divalent aliphatic group that may contain 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’ (OH)2 and Ar?, x is from about 10 to about 1000; y is from O to about 900; D is

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

0
0 N
N
2 /N2 /o
0,5
% OZ% Oz%
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JOHNSH H1 15 H Nand N'11~ SH CGRB 20 6. A
positive photosensitive conposition according to claim
wa@2@ddogsidnal |y conprising an adhesi on pronotBCT/USH0§010394

A positive photosensitive conposition according to
claim6 wherein the adhesion pronoter is a conmpound
of Structure XIV16 i (R4 )d Rq St, RL5 (3-d) 30
XI'V 100 WO 2006/104803 PCT/ US2006/ 010394 wherein
each R14 is ifdependently selected fromthe greup
consisting offfa C1 - C4 alkyl group and a C5 2cr
ch R15 is independe
nsisting of a Cl - C4
oxy group, a C5 - C7 cyg@loa

BOIOI %\:/L\néﬁ% nmoieties: HHi 17 -NH HN OH OX, NH2 Y N
wherein, R is selected from the group consisting of H, halogen, a C1 — C4 alkyl
group, a C1 — C4 alkoxy group, cyclopentyl, and cyclohexyl; k' is any positive value of
up to about 0.5, K is any value from about 1.5 to about 2, with the proviso that
(k1+k2)=2, G is a monovalent organic group having a group selected from the group
consisting of carbonyl, carbonyloxy and sulfonyl group, G* is a divalent organic
group having at least one carbonyl! or sulfonyl group, Ar’ is a bivalent to octavalent
organic group with at least two carbon atoms, Ar® is a bivalent to hexavalent organic
group with at least two carbon atoms, and R* is selected from the group consisting
of hydrogen and an organic group with 1 to 10 carbons, m' and m® are integers in
the range of 0 to 4 but m’' and m® cannot be simultaneously 0 and m? is an integer in

the range of 0 to 2;

with the proviso that if the polybenzoxazole precursor polymer solely consists of
Structure | or 11l or V or a mixture containing any of these three Structures , then the
photosensitive resin composition also comprises

(d) at least one photoactive compound.
3. A positive photoresist composition according to claim 2 wherein the
polybenzoxazole precursor polymer is at least one polybenzoxazole precursor
polymer selected from the group consisting of those of Structures L, 0L IV and V
4, A positive photosensitive resin composition according to claim 2 wherein the

component of Structure VI is selected from the group consisting of
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5

6.

gg:aas

10 0 -Nvw NY (~ R19 O ASH 0 wherein each R17 and
R18 is independently selected fromthe group

w@omwsiiesphg of a Cl - C4 al kyl group and a C5PET/CS52006/010394

cycl oal kyl group, and R19 is selected fromthe 15

group consisting of .a C1 - C4 alkyl group or a C5 - C7

cycl oal kyl group. 8. A positive photosensitive

conposi tion according to claim3 addi ti&?_&al 'y

Nane ng an adlfé T—pradyot er and wh L% N
c ound of Structu 20/“\

) g wher ei n each

| nde ende sel ect ed om t he group, consi stl ng of\l a

Cl - &4 alkyl group antﬂ a C5 - C7 cycl oal kyl group|,

each R15 is |ndependent|\]y selected from the group

consi sting of a Cl|- | kyl group, a Cl1L - C4 al koxy

group, a G5 - pﬁl\rél group and a C5 - C7

cam:loal koxy group, Hnteger from0 to 3 and q

iIs - 101 WD 2006/ 1Q§1§03 PCT/ U82006/ 010394 an

integer from1lto about°6, R16 is selected fromthe

group consisting of one of the follow ng noi etles H

HHN OHR7 NHNH2 0 0 R18 O 5 Gl, R19 N-r A'" 9%

_ANpositiva arthsitesensiliveRiesin saMRestios agr@sdisaderfiaign 3 wherein the

G o Sl RN BB SO A p g Bt & rs 1

sel ected fromthe

SH

O/U\SH | )J\SH | II\I/U\SH
H

and N SH

A positive photosensitive composition according to claim 2 additionally

comprising an adhesion promoter.

7.

A positive photosensitive composition according to claim 6 wherein the

adhesion promoter is a compound of Structure XIV

16M S{ (OR14 )d

R q
R (3.q)

XV
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group consisting of a Cl- C4 alkyl group or a C5 - C7
cycl oal kyl group. 9. A photosensitive conposition
w@ewonaisny to claim 1l conprising a negative 1BCTHOS006110394
phot oresi st conposition wherein the pol ybenzoxazol e
precursor conprises one or nore polybenzoxazole

pr ecur sor polyners of Structures or Il or III*
Arr-NH Ara HAra NH Are NHIH .1 2
wherechh 6%. indeprpdepty SeleRia kol teagiQUPAFONgiFtiag = Ca

St 5 1 GRSt s o
the grolp Aonsisd@ of WG| + Whalkgl grodipt, a §1s-eICacalkde goenp, e Cs — Cr
ovloaBHBya ShT R 1B Pl AR PSS Tbb P Bro 3 ana i

an mtég*é@ffﬁ% 1 &Y alfouits, T 68 bR cteP b theds Rup @csmetmgl &Y of the
di val ent aromatic, a divalent heterocyclic, a

fOWNNMgWHM@h@Sa|IcyC|IC and a dival ent aliphatic group
th@; may  contain silicon, Ar3 is selected fromthe

sting of a divalkent aromatic a

al iphatic group, R dival ent heterocych c NH;

m xtures tRe f G is a nonoval ent

up having a gr gsel ected fromthe gooup

consSi sting 10 of carbonyl, carbonyl oxy and sul f onyl

groups, G is a divalent organic group having at

| east one carbonyl or sulfonyl group, x is from about

10 to about 1000; and y is fromO to about 900; and

the conposition additionally conprises (d) at |east

one phot gacti veoconpound whi ch rel eases aci d,URpn . 19

ragkgé' n, —

wwwwSH mwwmi——N

wherein each R' and R" is independently selected from the group consisting of a
C1 — C4 alkyl group and a Cs — Cy cycloalkyl group, and R' is selected from the
group consisting of a C1 — C4 alkyl group or a Cs — C7 cycloalkyl group.

8. A positive photosensitive composition according to claim 3 additionally

comprising an adhesion promoter and wherein the adhesion promoter is a

16M C R,

R q

compound of Structure XIV

R1 (3-d)
XV

wherein each R is independently selected from the group consisting of a C1 — Ca
alkyl group and a Cs — C7 cycloalky! group, each R is independently selected from
the group consisting of a C1 — C4 alkyl group, a C1 — Ca4 alkoxy group, a Cs — C7

cycloalkyl group and a Cs — C7 cycloalkoxy group, d is an integer from 0 to 3 and q is
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15 (e) at least one | atent crosslinker which contains
at least two -N-(CH20OR29)a units where a selected from
wo 2@6/124808nd R29 is a linear or branched Cl- G3CHUK2006/010394
group. 10. A photoresist conposition according to
claim9 conprising a negative working 20 photoresist
conposition wherein the one or nore pol ybenzoxazol e
_ precursor polyners,is selected from pol ybenzoxazol e
an intgges fiane drtopah gt R ofis epleatacirem 11e-giaup|qanNsistng o one of the
: i .phot osensitive resin conposition according to
fommmﬁggﬁﬁéggﬂherein the 25 conponent of Structure VI is
selected fyomthe group consisting of N ()~N CH3 N SH
g S H -- 103 Vgg2006/104803 mwwwNH NH
saeeH S20 0394 Nand N J~SH CH3 5 12. A 2
nedhti ve phot osensiti Y& 'MNesin conposition according to
cld& m 10 wherein the conpﬁﬂ%nt of Structure VI‘#S
selected fromthe group consisting of / NCH3 / N 10
OSHNI SHNSH H HI Nand N SH

? e Q. 19
e mSH ww——=N R
0]

wherein each R" and R" is independently selected from the group consisting of a
C1 — C4 alkyl group and a Cs — Cy cycloalkyl group, and R" is selected from the
group consisting of a C1 — C4 alkyl group or a Cs — C7 cycloalkyl group.

9. A photosensitive composition according to claim 1 comprising a negative
working photoresist composition wherein the polybenzoxazole precursor comprises

one or more polybenzoxazole precursor polymers of Structures | or IIl or [1f*

[ R
H‘NH—Aﬁ—NH[ AP NH‘TH“M{%%- AP NH—AF—N&%%

(OH) |

OH
o . Rl L
GNH—Ar—NHT —Ar NH"Tr“N - AR NH—AR—NH EFG
OH
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15 CH3 13. A negative photosensitive resin conposition
according to claim9 wherein the |atent crosslinker
WO 2008204803 ed from the group consisting of CH30PCI/NSIN06/010394
OCH3 CHI0-1 NNOCAH9 C4 H9 0O ~HN " /NL N/OC4HO
voo.ui SEARMUN /N N Y CH301 N N LOCHS CHI0-~ NY NI N7
F-N-1 OCH3 OCH3 C4HO90 OC4H9 4H9 20 CH3OCH2 N- CH2OCH3
CH30 OCH3 CAHOOT pOCAH7 N N N--N)' N CH30CH2, , CH, OCH3

N ~N &om | @IHNNN)-- \\NN
G -ﬁﬁﬂﬂéﬁ ‘J%?N‘g »}Nﬁiﬁ? Q42 G*
N:rg PCT/ USZOO6/ 10394 14%%x A negative ' \AQ\J%

phot osensitive resin conpoSfition according to claim 10
wherein the |atent crosslinker i1s selected fromthe
group consisting of CH3®hergioCHs C4$19C$eleated30éfmn the group

Consngﬂgé)f H%elatﬁw%rﬁg aaga%{g:’\llq\r?lkp | ageyﬁ_vg_?)g) lﬁ}er&gyﬁ:c group, and
mixtures thereof; Ar® is selected from the group consisting of a divalent aromatic, a
divalent heterocyclic, a divalent alicyclic, and a divalent aliphatic group that may
contain silicon, Ar’ is selected from the group consisting of a divalent aromatic
group, a divalent aliphatic group, a divalent heterocyclic group, and mixtures thereof;
G is a monovalent organic group having a group selected from the group consisting
of carbonyl, carbonyloxy and sulfonyl groups, G* is a divalent organic group having
at least one carbony! or sulfonyl group, x is from about 10 to about 1000; and vy is
from 0 to about 900;
and the composition additionally comprises
(d) at least one photoactive compound which releases acid upon radiation, and
(e) at least one latent crosslinker which contains at least two
~N-(CH,0R®®), units where a selected from 1 or 2, and R*® is a linear or
branched C1-Cg alkyl group.

10. A photoresist composition according to claim 9 comprising a negative working
photoresist composition wherein the one or more polybenzoxazole precursor

polymers is selected from polybenzoxazole precursor polymers of Structures | and
il

11. A negative photosensitive resin compaosition according to claim 9 wherein the

component of Structure VI is selected from the group consisting of
oo, O, O
0~ “sH N" "SH N/tkSH
) H ' '-]1
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OCH3 OCH3 C4H90 OCAH9 4 9 5 15. A process for formng
a relief pattern using the positive photosensitive

W@ 00p064803 on, the process conprising the stepsPCf/US108§/010394
coating on a substrate, a positive-working
phot osensitive conposition according to claim?2; 10
(b) prebaking the coated substrate; (c) exposing the
prebaked coated substrate to actinic radiation; (d)
devel opi ng the exposed ated substrate with an
aqueous devel oper, || thefjeby form ng an uncured relief
i mge on the coated.substrate; and (e) baking the
dmeel oped coat ed subﬁpratéﬂét an el evated tenperature,
15 thereby curing th Helief i mge. 16. A process for
formng a relief patt@rf using the positive
phot osensitive conposition, the process conprising
the steps of: (a) coating on a substrate

12.  phdiagative iratosensitine @%MJWW'W@@Q@@? to gipim 10 wherein
di | aim.3: i .
the oot en SteefrE NTue s s R BRE R gbOSoRERURG o ¢

to actinic radiation; (d) devel oping the exposed
coated substrate with an aqueous develqggé, t her eby

oL N ngpjan uncur gé ef—INmage on the
rstra e; and 25
an ers

n e

g the devel oped ¢
tr e ature, therel
he &l ePH mage. - 105 | WO 2006/ 104803
PCT/ US2006/ 010394 17. The process according to cl gm
15 wherein prior to ste?q(a) the substrate is
a

10

precoated with a sg| venty contai ni ng an adhesi on
pronmoter. 5 18. Th ogess according to claim16
waed ein prior to step ) $He substrate is precoated

e

r

N

with a sol vent contaié’ g an adhesion pronoter. 19. A

15 process for formng a kggative tone relief imge, the
process conpri sing

13, A negative photosensitive resin composition according to claim 9 wherein the

latent crosslinker is selected from the group consisting of

CH;0 OCH;, C,Hy OCHy O HN _N OCH
—TL/NNF— O—IL/NN'— AN AT
(}hO—J\I;;\EE/L—OCH3 CMH¢}-J\I;\\1:’L—OCA39 N§T/
1 X
g&%@mm C&Mg——gaﬁg OC4Hy

I
N

20

CH3OCH2“'—N—'CH20CH3
CH;0 OCH; C4Hy OC4H;
=1 L CH;OCH,_CH,0CH, NSy

Ne__N N~ N N

O=‘< I >=O C4H90‘J \I\|I/\ \lNr L om >=N | N)\I\I\/CHZOCH3
N

CHso__] LOCH3 CH3OCH2\N>\’“N/ CH,OCH,;

“CH,0CH,
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the steps of: 10 (a) providing a substrate, (b)
coating on said substrate, a negative-worKking

WQbwboesnsi ti ve conposition according to clai PeBPS100§/010394

exposi ng the coated substrate to actinic radiation;
(d) post exposure baking the coated substrate at an
el evated tenperature; 15 (e) devel oping the coated

substrate with an ¢ Is d I , th b ' .
ad\ negatye m@é@ger@ﬁl@%?%os?@ g@?n\%)sﬁﬁg g%grggnfg 1éo ézsacfr " B9 herein

the Iatlghg%@%g%egg?gil%%fgoefroﬁﬂf%sﬁgfuﬁ'ébhé‘igtiﬁ@%f relief

CHSO—EI\I( a) providing a s

CH3O——|

15.

rocess orm ng a negat ive tone

relief impge, th ess co Skng the steps of:

T %ﬁ}%g—tg_ﬁlat e’i ( b?%?ti ng+6i sENd(/N | OC4Hy

S te, a negative- ' haot osensi tive

zggﬁggﬁffgﬁ3 acco#Png Q\QfgrﬁFf%; 25 (c) ex§%§fﬁg
thérboated substrate to agtinic radiation; (d) t
e re baking the coa ubstrate at an el evaped
temmpeoat,ure; (e) deveHgpi ngotHe coat ed substrat &Gt h
an aqueous devel oper, thereby formng a relief inage;
and (f) baking the substrate at an el evated
tenperature, thereby curing the relief 30 imge. -
106 WD 2006/ 104803 PCT/ US2006/ 010394 21. The process
according to claim19 wherein prior to step (b) the
SAbSidcRES fob fRRREPad edlivd toatters aisienttheopbaitivenghatosensitive
adhesi on pronoter. 22. The process according to claim

compeogitiomgheipiogessoeomprisingghe siers: substrate is 5

16.

COSTRRAG 'S ApRRle" R8N LR RSSO cqmpoiton
t he ggE6 totlatth&: m 15. 24. A relief imge on a
S(lfnt))sigrre%gﬁing%gec%a?gd tsll]gst gtg;cess of claim 16.
(c) exposing the prebaked coated substrate to actinic radiation;
(d) developing the exposed coated substrate with an aqueous developer,
thereby forming an uncured relief image on the coated substrate; and
(e) baking the developed coated substrate at an elevated temperature,

thereby curing the relief image.

A process for forming a relief pattern using the positive photosensitive

composition, the process comprising the steps of:

(a) coating on a substrate, a positive-working photosensitive composition
according to claim 3;

(b) prebaking the coated substrate;

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

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

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

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

thereby curing the relief image.
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10 25. A relief image on a substrate formed by the
process of claim19. 26. Arelief inage on a
wGaaistiode forned by the process of claim20. PET/LRZ06/010394

17.  The process according to claim 15 wherein prior to step (a) the substrate is

precoated with a solvent containing an adhesion promoter.

18.  The process according to claim 16 wherein prior to step (a) the substrate is

precoated with a solvent containing an adhesion promoter.

19. A process for forming a negative tone relief image, the process comprising
the steps of:
(a) providing a substrate,
(b) coating on said substrate, a negative-working photosensitive composition
according to claim 9;
(c) exposing the coated substrate to actinic radiation;
(d) post exposure baking the coated substrate at an elevated temperature;
(e) developing the coated substrate with an aqueous developer, thereby
forming a relief image; and
(f) baking the substrate at an elevated temperature, thereby curing the relief

image.

20. A process for forming a negative tone relief image, the process comprising
the steps of:
(a) providing a substrate,
(b) coating on said substrate, a negative-working photosensitive composition
according to claim 10;
(c) exposing the coated substrate to actinic radiation;
(d) post exposure baking the coated substrate at an elevated temperature;
(e) developing the coated substrate with an aqueous developer, thereby
forming a relief image; and
(f) baking the substrate at an elevated temperature, thereby curing the relief

image.
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21.  The process according to claim 19 wherein prior to step (b) the substrate is

precoated with a solvent contéining an adhesion promoter.

22.  The process according to claim 20 wherein prior to step (b) the substrate is

precoated with a solvent containing an adhesion promoter.

23. A relief image on a substrate formed by the process of claim 15.
24. A relief image on a substrate formed by the process of claim 16.
25. A relief image on a substrate formed by the process of claim 19.

26. A relief image on a substrate formed by the process of claim 20.
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