PHOTOSENSI TI VE RESIN COWOSI TIONS 5 Field of the Invention 10

[ 0001] The present invention relates to buffer coat resin
conpositions. Mdre specifically, the present invention relates to
both positive tone and negative tone photosensitive conpositions, a
process of use for said conmpositions, and electronic parts produced
by said process of use. 15 Background of the Invention [0002] In

m croel ectroni c applications, polyners that denonstrate high

tenperature resistance SWPRHOTOSENSITIVEIRESINCONMPORITIONSZO!l es are
generally well 20 known. Precursors of such polymers, can be nade

phot oreactive with suitable additives. The precursors are converted
to the desired polynmer by known techniques such as exposure to high
tenperatures. The polynmer precursors are used to prepare protective
| ayers, insulating |layers, and relief structures of highly

heat -resi stant polynmers. 25 [0003] As the dinension of the
photol i thographic pattern on a wafer continues to shrink below 0.18
m crons, greater demands are placed on |ithographic equi pnent and
materials. To meet this chal | enge, the sem conductor industry is
changi ng from al um num based all oys and silicon dioxide to copper

netal and |low dielectric 30 cqqa&p&t h%llﬂ%hﬁoﬁat erials to manufacture
chi ps. Wen using the new | ow K dle ectrics there is a decrease in

capatdtance, which is critical to inproving integrated circuit

perfor espegi al her chi ps i
L0 20005565 TRl dars TS ga et e R aBa rrmRoaie ore
decr easegeeifieglly! itltalpressit Shadition eiited @5 ok pesitive UbAE Hndd BBGAtveCSne
and has i nPr oved el ectropigration resistance cqonpared_ to
osensitive compositions, a process of use for said compositions, and electronic
parts produced by said process of use.
15

Background of the Invention

[0002] In microelectronic applications, polymers that demonstrate high
temperature resistance such as polyimides and poiybenzoxézoles are generally well

20 Kknown. Precursors of such polymers, can be made photoreactive with suitabie
additives. The precursors are converfed to the desired polymer by known
techniques such as exposure fo 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
30 constant (low-k) materials to manufacture chips. When using the new low-k
dielectrics there is a decrease in capacitance, which is critical fo improving

integrated circuit performance, especially for higher density memory chips. Copper is



al umi num Thus, copper interconnects allow decreasing transistor size
and shorter wre lengths that result in faster, nore powerful

devices. FaRpigRlbRGs Costs are also 5 lower than with alyg.num.since
copper is |less expensive and requires fewer processing steps to

produce devi ces. [0004] Copper netallization provides challenges to
the coatings industry since copper can act as a catal yst and
destabilize systens that are optimzed for coating to over alum num
I n addi t kKBAWNclaphaNss agnmushpas &0l dscraassd neledricalheesisippes, rriéatigher

bi nd h d reduce.the abjlity t
P osol e oA chsiiel ) ATHoRO IR Sy Bt SRR ST TedRlanct” ehigared to
resul ts iauntihemprEsenceppér mtereontcss ey @@c@a@n@rtréwété%&ea{jﬁdeéhddr{er

i s coat ed.hy, awghﬁt sensl'étlée? conposi tion, softbaked, exposed an
devel ope e Jpp ?_'&airﬁé'_r‘ L apiels 819G POUISHKL dRvees. | Fakksasioni eostmare also
sen condiswer tdev weRSaluindi® SiMRer éilertie RRYCLAR R 'aﬂF B%Jg.ﬁr@gsfewer
that are conpatible with copper and copper processing. [0

Convent i BIfPEspHe isignrpdovppdisRydpHersosensi ti ve pol ybenzoxazol e ( PBO)
conposi tions contain an al kaline sol uble PBO precursor and a

di azoqui 20 LMV.@: n PAC) as disgclosed in U S |

Pat ent Ngd.ﬁh4',]339, E@%%ﬁét\éﬁ%@ﬁg@%e&%‘?ﬁew Ofﬁﬁé.mﬂg\‘ﬁ%'ﬂ“gf{ﬁw since
4, 849, O5toppratctad. &t dRad eatalPst and, &AL sysTits thazaeWiipieeE IFRYNHy
inhibjts the .solubili t%{idg'f PBOé)[r ecur i.n.an aqueous base. However

. or 1.n,
af t er %ex SESUFETIYIM, Yhpdding. ¢ QBﬁﬁpa&HBr'%&ﬁ?dﬁgaeWr@éﬂ"{ﬁ)@@per surface
phot ol ystan aiet eaBMgyt itk &ol BOReY bdducRCHd: abiit e
sol ubi |'i tgn ofI t he _ZngSiO_ prdie_rcmlj?ggp??ﬁ thelﬂ%cgjl?go{uh% %Q@{éﬂbua@gg&%t‘g%me
No. 5, 03PCYDSIRIidsing edtai Wrieh prageseesy. kiTigs pesulissienthiet prasence of some

DL Lo AR, nCComes, LR Q%6 RMed 0 il FPposton
di azoqui pofthekedi exgasedrarchdsvelame. NWitRAGe iasreasati usa of Bepsemesillizaten
0. Aol 4 S BeoBRRET s kit s B en
groups weorapsiitis withwopgdebsind dopgargtbesmmgioi ety and PAC. 2 WO
2006/ 104803 PCT/ US2006/ 010394
[0005] Conventional positive-working photosensitive polybenzoxazole (PBO)
compositions contain an alkaline soluble PBO precursor and a diazoguinone
20 photoactive compound (PAC) as disclosed in U.S. Patent No. 4,339,521, U.S,
Patent No. 4,371,685, U.S. Patent No. 4,849,051, and U.S. Patent No. 5,376,499.
The diazoquinone compound inhibits the solubility of PBO precursor in an agueous
base. However after exposure fo light, the diazoquinone compound undergoes
photolysis and converts to indene carboxylic acid, which promotes solubility of the
25 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
30 containing both PBO precursor in which part of the OH groups were substituted by
diazoquinone moiety and PAC.



Summary of the Invention [0006] The present invention is directed to
a photosensitive resin conposition 5 conprising: (a) at |east one

pol ybenzoxag@ Bodlogesr Sor polyner; (b) at |east one co ]
Structure VI RL CV z 10 RY SH VI wherein, Vis CH OWO@@YQ?Q&

NR3 wherein R3 is H CHs or CH5, R and R2 each independently are
H Cl - Ca alkyl group, C1 - C4 al koxy group, cyclopentyl or

cycl ohexyl, or alternatively, RL and R2 can be fused to produce 1ls a
substituted or unsubstituted benzene ring; and (c) at |east one

sol vent; wherein the amount Qf the compoynd of Structure VI present
in the conposition is an angﬂmm%“fﬁ%frﬁ‘?\tjﬁv?'&t'?'hhi bit residue from
form ng when the conposition is coated on a substrate and the coated
substrate i s subsequently processed to 20 forman inmage on the
subst r at[800&Ind wi Thetiesgntdweasdon isgirested fie agdiQeransEivE 6518 GARASISH
pol yner C%%[ﬁlsyngconsi sts of pol ybenzoxazol e precursor pol yners that
do nof contain~a photoactive noiety in the polynmer, then (d) at

| east one photoactive conpound is al so present in the conposition.

25 [ 0007 t ti I f f i
Foitor ol HeBh e pebERR R AR REeT B MR bhmos: £ on 3 Vo
2006/ 104808 REBH4IE80 coMHITRE halledtheturBadcri ption of the Invention

10
Vi

wherein, VisCHorN,Yis Qor NR® wherein Ris H, CH3 or CzHs, R' and R?
each independently are H, Ci — C4 alkyl group, C1 — Cs alkoxy group,
cyclopentyl or cyclohexyl, or alternatively, R' and R? can be fused to produce
15 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
20 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.
25
[0007] The present invention also concerns a process for forming a relief

pattern and electronic parts using the composition.



[ 0008] The present invention is directed to photosensitive resin
conpositions conprising: s (a) at |east one pol ybenzoxazol e

precursor paloyaBisges) at | east one conpound having Str R
o2 Ry SO e ein, Vis CHor N Yis o or NREGHEREe gt

is H CH3 or Q2H5, Rl and R2 each independently are H Cl - 4 al kyl
group, C1 - C4 al koxy group, cyclopentyl or cyclohexyl or
alternatively, RL and R2 can be fused to produce a substituted or
unsubstituted benzene ri ngetailed Dascriptioneaithedneestidwent . 15 wherein
t he amount of the conpound of Structure VI present in the conposition
is an a effective to inhibit residue fromformpg when the
corrposimgﬁé?]s coib%c?r%%erﬁ IYRIdipp s dirg dttﬂ@%&ﬁe@a‘t' BUstipERagitions
subsequenbhprighgecessed to forman i mage on the substrate, and with
the proviso that if the pol ybenzoxazol e precursor polyner solely
consists of 20 pol ybenzoxazol e precursor polynmers that do not

contain a pROkPRE ¥fe E’Blgséﬁ(zdx%zolbﬁﬁe@ﬁlscty@wéngépen (d) at |east one

phot oacti ve conpound I SO prese nposi tion. [0009] One
enbodi ment & at lsesheress epmppune having Stsictlire @t ed to a positive 25
phot osensitive resin conpositioon conprising: (a) at |east one

pol ybenzoxazol e precursor pol r having Structure | or Il or Ill or
[11* or IVor IV or V. - ))604803 PCT/ US2006/ 010394

4
R v"gp

Vi

10 wherein, Vis CHor N, Y is O or NR® wherein R®is H, CHs or CsHs, R' and R?
each independently are H, C1 — C4 alkyl group, C1 —~ Cq 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.

15 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

20 polybenzoxazole precursor polymers that do not contain a photoactive moiety in
the polymer, then

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

[0009] One embodiment of the present invention is directed to a positive
25 photosensitive resin composition comprising:
(a) at least one polybenzoxazole precursor polymer having Structure [ or il or Il
orlll*orVorlV*orV,
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(OOOR4) m2 x Vio wherein Art is a tetravalent aromatic group, a
tetraval ent heterocyclic group, or mxtures thereof; Are is a

di val ent ar@udpgrosgds di val ent heterocyclic, a divalent ?él‘/ﬁéﬁﬁdsm?om?r
a divalent aliphatic group that may contain silicon; Ara i

di valent aromatic group, a divalent aliphatic group, a dlvalent

het erocyclic group, or mxtures thereof; Ard is Ar' (OH)2 or Are, X
is fromabout 10 to about 1000; y is fromO to about 15 900; Dis
one of the following noieties: O NZ 20 NZ NZ O RR 02S 02S Nz 02
25 O N2 RR S02 S02 30 6 WD 20061104803 PCT/ US2006/ 010394
wherein, Ris H, halogen, a C1 - C4 alkyl group, a Cl1 - C4 al koxy
group, cyclopentyl, or cyclohexyl; k' can be any positive val ue of
up to about 0.5, k2 can be any value fromabout 1.5 to about 2 with
the proviso that (kl1+k2)=2, G cﬂq qnnovgbﬁmt organi ¢ group having a
car bonyl, carbonyl oxy oggggéfo é&g@ di valent 5 organic
group haV|ng at | east on nyT uﬁfonv roup; Ar7 represents
a (COOR) X

Vv

10 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

15 800; Dis one of the following moieties:

QO
0 N,
N2 N2
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R
R
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30 g



bi val ent to octaval ent organic group with at |east two carbon atomns,
Ar8 represent a bivalent to hexaval ent organic group with at | east

two carbon § R4 represent hydrogen or an organj SL0RR 'Ih
1to 10 carﬁg%gi?%ﬂr%mand n8 are integers in the range of (‘(c)“?%% tl)%#

m and nB cannot be sinultaneously O and n2 is 1o an integer in the
range of Oto 2; (b) at |least one conponent selected from Structure
VI RLV R2YSH VI 15 wherein, Vis CHor N, Yis O or NR3 wherein

R3 is H, ‘@hgredr, RO2H3, hatbgemd 82— @aathyllgnd@meildemdwaiabﬁy u@ cycl&fentyl

| kQx cl or c
g: {( )élr ng{ ?@@?V%Efylcﬁda %gy ﬂ'%bgggﬂ‘é%éamg%gr‘lﬁ%{?c%b%tsﬁﬁ%% i ¢a BG QﬁW value
unsubst i tﬁmbmdalh&mz'ﬁﬂetor apgut 2niBOtHeC bradtsd RSt R’hﬁ’(z)sgl \gfr‘% con3| st St

roviso that jf the ybenzoxazol e precursor poI
gf St r uc'§FRIC QrBPPI%V“%Q a\/CQfPOEWmCﬁfhﬂﬂéfi%Mrﬂraﬂﬁfqmgl alwlpofG"t fee at divalent

then (@) ahn@agrbuﬁnﬁa\ﬁﬁé’té%a@é’stv %n@oéﬁ?gb'm 61533190‘?*&&%&20&\/& 1oelpresents a

pol ymer s Structure | tan be prepared from nono
Struct ur e@vg{ent)@ %nﬁzawai@mt OrypNioTEERED Mt arh deitt wo toarkam Homé, ﬂaﬁelapﬁégent a

are react a_base I benzoxazole
precur sorl%ja F@trrg? g%o U&%ﬁ 3@?%&8 §roup W{Rb % %@Pﬁ%ﬂ’ §g'%°¥‘ atoms, and R*
PCT/ uszooepmagmydtcbgaar\bmah- dldintd? iroAip2 with21 WA 8- Arbé%E, m' and m® are
integers in the range of 0 to 4 but m' and m® cannot be simultaneously 0 and m” is

10 aninteger in the range of 0 to 2:

(b) at least one component selected from Structure Vi

15

wherein, V is CH or N, Y is O or NR® wherein R®is H, GHs or CoHs, R' and R?
each independently are H, C1 — G4 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, and

20 (c) at least one solvent,
with the proviso that if the polybenzoxazole precursor polymer solely consists of
Struciure { or Il or V or a mixture containing any of the three, then
(d) at least ane photoactive compound is added,

25 [0010] The polymers of Structure | can be prepared from monomers having
Structures X, XI and XIf. Monomers having Structures X, Xi and Xii are reacted in

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



5 X Xl X11 Arl, Are, Ara are as previously defined, and Wis 0(0)C,
COOH or C(OOR 12 and wherein R12 is a C1 - C7 linear or branched

al kyl grou Ca cycl oal kyl group. 10 [0011] ‘
1, 11, 111Pw%r121* /19;4’_}3\(}3 V¥ and X, Art is a tetraval ent a&ﬁa‘gﬂg&ﬁ}gﬁﬁ§%
tetraval ent heterocyclic group. Exanples of Art include but are not
limted to: )CO 15 N Ht wherein X1 is -0-, -S, -C(CF3)2-,
-C(CH3)r, -CH2-, -S2-, -NHCO or -SIR 132- and 20 each R13 is

i ndependently a Cl - | i near or branched al kyl or C5 - Ca
cycl oal kyl group. Exanples of R13_inc)ud but are not limted to,
-CH3, -C2H5, n- C3HAN-1AGSNE, n-BAoAT—hko, and Yfcrhfexyl. [0012]

Exanpl es of nononers having the Structure X containing Art include
25 but are not Iinitedko

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

di hydroxy- 4, 4' -dl am nodi phenyl et her Xi 3, 3' - di hydr oxyber?ﬂi di ne,

4, 6-diram noresorcinol, and 2, 2-bi s(3-am no-4-hydroxyphenyl )propane
The substitution pattern of the two hydroxy and two ami no groups in

t he monoper ,of Structure X i2
pat tor nohnt £ (e 85 B5iSevp ey BHRBELaR Mt o ReE g Y ol e
rel at i onghéinki’hs a Gydioinkagoobignthedalitgr groop loe aaby - Geaytioalkyt greup.
benzoxazole ring. Furthernore, the pol ybenzoxazol e precursor base
polymer, nmay be -8 WD 2006/104803 PCT/ US2006/ 010394 synt hesi zed
using,a mxture of two or nore rmnorrers descri bed by generi o
Structure X. [0013] In Structures I, 1] and Xl ,
Are is alo@idhl ent laSdvstures Lal, I, HI¥ le é\ﬁ’f a%?‘e%c?@ ieiravaiqnﬁt@aqréﬁfﬂc or

a1 oYl | Gactflyafor YR ERIB HHARAE G QLR Al Ho Y buteR8 1Rt infibd teon-

Exanpl es e no Tmted

o, OX XX
T D BT

wherein X' is -O-, -S-, -C(CFs)z-, ~-C(CHa)z=, -CHz-, -803-, -NHCO- or —~SiR"*;- and
20 each R" is independently a Cy — Cr linear or branched alkyl or Gs — Cs cycloalkyl

15

group. Examples of R' include, but are not limited to, -CHs, -C2Hs, n-CaHy, i-CsHy,
n-C4Hg, -CsHpg, and cyclohexyl,

[0012] Examples of monomers having the Structure X containing Ar' include
25 but are not limited to 2,2-bis(3-amino-4-hydroxyphenyl)hexafluorcpropane, 3,3’-
dihydroxy-4,4'-diaminodiphenylether, 3,3"-dihydroxybenzidine, 4,6-diaminoresorcinol,
and 2,2-bis(3-amino-4-hydroxyphenyl)propane. The substitution pattem 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
30 ortho relationship with a hydroxyl group in order to be able to form the benzoxazole

ring.  Furthermore, the polybenzoxazole precursor base polymer, may be



xI\ xt\=1ZZHaCCH [/ \/ \, /| \ /] \ ~(CHE)p&-O3i-(CH)p~ | \
X1 X Xi 10 Z ZHaCCH HH wherein X1 is -0-, -5-, -C(CF3)2-,

-C(CH3) 2-, o R -NHCO or -SiR132- and is eac
i ndependent ly a 61048%9%7 | i near or branched al kyl or %@352036/010394
cycl oal kyl group, X2 is -0-, -5-, -C(CF3)2-, -C(CH3) 2-, -CH2-, -Sso2-,
or -NHCO, Z =Hor Cl- C8 Iinear, branched or cyclic alkyl and p is
an integer froml to 6. Exanples of suitable Z groups include, but
are not Iavniheetzedousmgtayﬂnjxtm'ehy)f Jwpr opyhord SIgHAPia, desdibly! b}/%‘@ﬂeric
butyl, QH}CIY )g octyl, cyclopentyl, cyclohexyl and cycl ooctyl. 20
[ 0014] Exanp ng f mononers having the Structure Xl containing Are
i nclude, but are not Iimtedto
5(6)-di anj 1- (4- am_nophenyl ) 133tr|nethyllnd e (DAPI),
m phenyl Qh@ﬁq]am ne!n BrEEEFSA gdgdl!a *n8/, IV¥, and XI, Arp is a divalent aromatic, a

- bi s (divaldrit uesterRyh ) Ad\?al

4 - di am nodi phenf/&yet e? ! el% gmzi/rr%‘lﬁﬁoéﬁ %hgﬁéf& {%’Ehat'cz gao% that may
t ol uenedicatairesiligors’ Emranieﬁddlﬁmﬁmnyldemutbweot IBnited @t ami nodi phenyl
sul fone, 4,4'- diam n6di phenyl sul fone 3, 3" -di am nodi phenyl met hane,
3,4'- diam s 4 1 nodi pheayl ke
3, 3" -di am noheny Ket one, 6/ .wﬁ 1 6/ 010394
3,4 -di am nod phenyl ket one, 4- am nophenoxy) benzene,

1, 3-bi s(3-; no-__ noxy) hen neGH 1, 4-@_ \/{ > < >

(garmgg am %o’ Sioop S'I(h*fet ramet h si | oxane 3,5, -QM
tetramet hyl - p- phenyl enedi amg-hey mxxyl yl enedi am ne, p-

xyl yl enedi am ne, nmet hyl enedi aim ne, tetranethyl enedi am ne,

pent anet hyl enedi am ne, s hexanet hyI en i am ne,

2, 5-di et hyl hexanet hyj\enedi am ne, thoxyhexarretﬂyl enedi am ne,
hept anet hyl enedi am Q" m@w,
wherein x* is -O-, -8-, -C(CF3)2-, -C(CHa)z-, -CHa~, -802~, -NHCO- or -SiR"™,- and
15 each RV is independently a C1 — C7 linear or branched alkyl or Cs — Cs cycloalky!
group, X? is -O-, -S- , “C{CF3)2~, ~C(CHa)2-, -CHz~, -SO5-, or -NHCO-, Z = H or C4 - Csg

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, propy!, isopropyl, n-butyl, sec-
butyl, &-butyl, n-octyl, cyclopentyl, cyclohexyl and cyclooctyl.
20
[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, 2,4-
25 toluenediamine, 3,3'-diaminodiphenyl sulfone, 3,4’-diaminodipheny! sulfone, 4,4'-
diaminodiphenyl sulfone, 3,3'-diaminodiphenylmethane, 3.4-
diaminodiphenylmethane, 4,4’-diaminodipheny! ketone, 3,3’-diaminodiphenyi ketone,



di met hyl hept amet hyl enedi anmi ne, 3-net hyl hept anet hyl enedi am ne, 4, 4-
di et hyl hept ar net hyl enedi am ne, oct anet hyl enedi am ne,

nonanet hyl e@gggmgmg 2, 5-di met hyl nonanet hyl enedi am N, b o T/US2006/010394

decanet hyl enedi ami ne, ethyl enedi am ne, 1o propyl enedi am ne,

2, 2-di met hyl propyl enedi ami ne, 1, 10-di ami no-1, 10- di nmet hyl decane,

2, 11-di am ni dodecane, 1, 12-di am nooct adecane, 2,17- di am noei cosane,
3,3 -dinmethyl-4,4"-d i am nodi phenyl met hane, bi s(4-

am nocycl dMdedigminedipbeny| K&ide,di ,aFﬁislc(d4amhi§qyi’?1atd5t|§m©e|n%e%e, 1,3-bis(3-amino-
4, 4" -di an I.pbhepyl et hane, . .4, 4' -di am nodi phe sul fide,

2, 6-di ;m"h@‘%ﬁdﬁﬂ. ﬁ%’?zeﬂes- {430 Wé’rﬁ‘m‘,noﬁF@Nﬁr%fﬁmﬁihmlsﬂoxane, 2,3,5,6-
4-tri 1 uotctrmetstiyipyphishynshediarhing! an Moydcheliariedi azpl €. yyiyienediamine,
1, 4-di am no | ohexane, 4, 4'-net hyl enedi ani | I ne, _ o
4,4 -net h?‘le%&rﬁdﬁ%méhol or oani leiaERihvierediamingy | enepdritadthylenediamine,
r net hylsanhdsiapeat 3i yl ene- bi (5$ I I i
4,4 - >r;EEt hH;/I)&ene- Eylg?gq[aﬁnﬁeﬂoxyani | %'e a'ﬁ{f@ @[@fﬁﬁﬁgﬁp?qfﬁ@’?e'. 3
4, 4' - oxy- bethoxghewamethylanediaming, 4, 4' - oxyhepitaméPylebblionoasi | i ne), 2 5.

' -t hi o5:dianipl i ' -thio-bis-(2-pethylanilin .

44 -tni NG ARE) he) - STt iR BRd N eehareipoan 44

Hi ne) . Ftﬁim@ﬁvvﬂmr:earnbtma:r@didminépxa:mé;ﬁethpre%uraﬁmﬁe,bﬁ%ﬁaﬂﬁ%{ﬁcwﬁted(efﬁ‘@i}ﬁe,

be synthesized using a mixture of two or nore nononers descri be y

generic gbtf@'?ﬁﬁb"'%%?“]%]@ﬁ% eqeifr\mgtep uctdgeaethylanedigmine, 11 ethylangdianvine,
' jineal T ' al i i [ Asn

i val ot b o P oup. By etpregychedaiite, %, 1 3bifero-f10

limted t¥metyldecang, / | 2 1-dismindiiEgene 04808, IREIABRAOGIREAROS X117

| (o) 2B oseg, | SRR B Fliuponelvimst e ) | whis
C(O O, CGouNooyclaelypREhastee Bed midbRotphEhylethane, 4,4’-diaminodiphenyiethane,
4,4’-diaminodiphenyl sulfide, 2,6-diaminopyridine, 2,5-diaminopyridine, 2,6-diamino-
15 4-trifluoromethylpyridine, 2,5-diamino-1,3,4,-oxadiazole, 1,4-diaminocyclohexane,
4,4’-methylenedianiline, 4,4'-methylene-bis(o-choloroaniline), 4,4'-methylene-bis(3-
methylaniline), 4,4’-methylene-bis(2-ethylaniline), 4,4’-methylene-bis(2-
methoxyaniline), 4,4’-oxy-dianiline, 4,4'-oxy-bis-(2-methoxyaniline), 4,4'-oxy-bis-(2-
chloroaniline), 4,4'-thio-dianiline, 4,4’-thio-bis-(2-methylaniline),  4,4-thio-bis-(2-
20 methyoxyaniline), 4,4'-thio-bis~(2-chloroaniline). Furthermore, the polybenzoxazole
precursor base polymer, may be synthesized using a mixture of two or more
monomers described by generic Structure X,

[0015] In Structures 1, I, fIl, I1*, IV, IV*, and XII, Ar® is a divalent aromatic, a
25 divalent aliphatic, or a divalent heterocyclic group. Examples of Ar® include but are
not fimited to:

b ok Pl R os
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C7 linear or branched al kyl group or a C5 - C9 cycl oal kyl group.
Exanmpl es of R12 include, but are not Iimted to, -CH3, -C2H5,

n- CSH7, [0 , t--C4H9, and cycl ohexyl. 25 [Oq%i! r
havi ng thecgﬁiuctu%@yill are diacids, diacid dichlorides ﬁyﬂ%%m%gf
di esters. Exanples of suitable dicarboxylic acids (W= COON) include,
but are not Ilimted to, 4,4'-diphenyletherdicarboxylic acid,
terephthalic acid, isophthalic acid and m xtures thereof. Exanples
of suitable diacid chlorides (W= COCl) include, but are not limted
to, isophthal oyl dichloride, phthal oyl dichloride, terephthal oyl

di chloride, 30 1, 4-oxydi benzoyl chloride and ixtures t her,eof .
Exanpl es of SU|tabIe dlcarboxyllc ;
are not limteduto: e
2006/ 104803 PCT/ U3
di et hyk isophthal g

pyri di ne, and
pol yrrer QF

m xtures thereof. ]
react to produce a pol ybenzoxazol e precurso
acid or its dichloride or diester with at |east one aromati c and/ or
het erocyclic di hydroxydiam 2 and pt| onal |y, at S

’ S eactlon i
(W= COd) is carri 10 C to \about 3G
to abegyt 48 hours i 3h, 1o approxk-patel y
bases include, but are not limted to pyri di ne, triethyl amne, 1, 8-
di azabi cycl o[ 5. 4. 0] undec- 7- ene (DBU),
di net hyl aniline. The polybenzoxazole precurso
Structure | may be i : y presjpitation infto
i i i d : i s of suit nt heI oyi ng
di estgss or diacids . Y US” Pat en 395, 482, US
4,622,285, and US 5, 08£ o i ncor por ahed S en
[0019] The preferred reaction solvents are N-nethyl-2-pyrroli done

Structure |I. Any conventional nethod for reacting a di carboxyl ic
di am ne, may be used:

stoi chionetric anotint m ne bs.

1, 5-di azabi cycl o[ 4. 3. 0] non-5-ene (DBN), di net hyl

is filtration ang

(NVP), N

wherein X?is ~O-, -8-, ~C(CF3)z~, -C(CHa)z~, -CHa-, -S02-, or -NHCO-.

20 [0016] In Structure XII, W is C(0)Cl, COOH or C(O)OR"™ wherein R is Ci—
Cr linear or branched alkyl group or a Cs ~ Cs cycloalkyl group. Examples of R'?
include, but are not limited to, -CHs, -CoHs, n-CsHy, i-CsHz, n-CqHs, £CsHs, and
cyclohexyl.

25 [0017] Monomers having the Structure X 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 chiorides (W = COCY) include, but are
not limited to, isophthaloy! dichloride, phthaloyl dichloride, terephthaloyl dichloride,

30 1,4-oxydibenzoyi chloride and mixtures thereof. Examples of suitable dicarboxylic
esters (W=C(O)OR12) include, but are not limited to: dimethyl isophthalate, dimethy!

-~ 11 -



20 et hyl -2-pyrrolidone (NEP), gamma- butyrol actone (GBL),
N, N-di met hyl f ormam de (DVF), N, N-di net hyl acet am de ( DMAc),

di met hyl - 2- RigoRdAs. di met hyl sul foxide (DVSO), sulfol
di gl yne. The nost preferred solvents are N nethyl-2- pyrl?élll%sc?%kg)10394

(NMP) and gamra- butyrol actone (GBL). 25 [0020] Mononers havi ng
Structure X, X, and XI| are enployed such that the ratio of [X +
XI]/ X'l is generally fromabout 1 to about 1.2. Preferably, the ratio
of [X + plithakdd, dlmej!eane’reaégbhthélamdarfbﬂm |§%ﬁMhaibtwtdréth%rl p'Fhlealﬁwlodﬂl Bthyl
havi ng the ture X is e rom about 10 to about 100 nole %
of [X+ XIF eﬁiﬂ“@ﬁ*& FHshohdres ?fﬁﬁg Structure X is enployed from
about O to about 90 nmole % of [X + XI]. 30 Distribution of the
polymeric units resulting from nononmers havin ﬁ the Structures X and

X in t hd0Bd8) benz Mepaimersphadng sHrudbyse Ho angly Xereashdonproduse a
bl ocks 5 -pgk en@@xgﬂﬁélﬁ@&ﬁgg’r tﬁ’%@ {;@?&%@%@Qﬁ%ﬁlm"l" tﬂr‘(y c{pr\ver[’c%ggll{n 5!'8)d

Structures , 11, 111*, I'sS an rom a
to abouth_l'LO@iE’ﬂng & @!Carbwmceg@d dritsrdicitonide ©r tlraasffb(mth 80eaaindng wrgmatic

to about I elRexPisr AR Pua Y REL GO PRETR N, HihiR F 6 dpBie, Ty
250. A nreussdf Genedlly ahgaehctiondor gidclddichibagés By @(oycbrw célrﬂQd @G@'at
a nore pr fer (51 aingef(%r s fromabout O to about 100

preferred gi @r Oty %nd: dBoBbouls {o akeBtLAB dpushin gwenﬁgqsence Of an
pr ef engedagmoamataly sYorcﬁ@mfeErRﬁhﬁ‘r%Hf of aﬁﬁné‘l%%é Ex n%lgg%%ur%% amine

anount of (x+y) can be cal cul ated dividing the numeric avera
mol ecul arbaﬁéﬁghmcbﬂﬁ) duta gsel yﬁ@tr ited r Ut upwridindy tri&aéhyelveauagle, 1,8

ot or i ne BRI 4 AATEEPERE, UBEU). T BB eIl Ry Sene o (DBN),
per meat i mmeﬁnd)nrmy'(mﬂgreapbyd adrmsﬂla}zlambﬁ@l e J@l)ﬁ)\%@lﬁﬁk&gle gpré@ﬂrsBasze
n e on

Experi ment n Po mer
Vork, 1omevmossEtetrdumivke RE0, P PrHOP R Mo diath Tshaversd by
i nher ept filirtesand/deéd.t Descriptions of suitable syntheses employing diesters or diacids

may be found in US Patent Nos. US 4,395,482, US 4,622,285, and US 5,096,999,
herein incorporated by reference.

[0019] The preferred reaction solvents are N-methyi-2-pyrrolidone (NMP), N-

20 ethyl-2-pyrrolidone (NEP), gamma- butyrolactone (GBL), N,N-dimethylformamide
(DMF), N,N-dimethylacetamide (DMAgc), dimethyl-2-piperidone, dimethylsulfoxide
(DMSQ), sulfolane, and diglyme. The most preferred solvents are N-methyl-2-
pyrrolidone (NMP) and gamma- butyrolactone (GBL).

25 [0020] Monomers having Structure X, X1, and Xll are employed such that the
ratio of [X + XI}/XI{ 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+ XI] and the monomer
having Structure Xl is employed from about 0 to about 90 mole % of [X + XI].

30 Distribution of the polymeric units resuiting from monomers having the Structures X
and X1 in the polybenzoxazole precursor base polymer may be random or in blocks

- 12 -



polymers and therefore, x and y at a constant stoichionmetry, can have
a W de range 20 depending on the reaction conditions chosen and

consi derati @,@SZOM;&@S the purity of the solvent, the hg@'s]%#zé%&lqs%

presence or absence of a bl anket of nitrogen or argon

tenperature, reaction tine, and other variables. [0024] _

Pol ybenzoxazol e precursor polymer of Structure Il may be synthesized
25 by reaction of the pol ybenzoxazol e precursor polyner of Structure
| with abwiftinlii% to about 40 nole % of a di azoqui none (based on the
nunber of OH groups fromthe nononmer of Structure I) in the presence
of a base to yield the pol ybenzoxazole precursor of Structure |

di ti 3 ®0 i
L el 1t 1, W0 08 PHS T ULy O

Base (f @Oyl tQP0AY ien iregmEirpm abgu 0 o Ab@ut\BORHaNd (x(/Di§ 2bouti lpss then
or evi onel §PHET g rafe ford: & ndegit tbdo abeyt 20 380%n Bicta i enoe
DCl that foay ib&omeslpndd teialiout 256, PB@ope byeferred ranyd ol ib ditoraaBooto to
limted tgoocﬂ?q OBfantdhae rr{o%lp%‘f.eplg:d rggge-o fOi"NVZIS'?rO'IQh %bgutRO I%Ig abguto %009 2I'he most
preferred range for x is from about 10 to about 50 and a most preferred range for y
is from about 0 fo about 5.
10
[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
15 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
20 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] Poiybenzoxazole precursor polymer of Structure [l may be synthesized

25 by reaction of the polybenzoxazole precursor polymer of Structure | with about 1% to
about 40 mole % of a diazoguinone (based on the number of OH groups from the
monomer of Structure 1) in the presence of a base fo yield the polybenzoxazole
precursor of Structure il according to Reaction 1.

30

- 13 -



C d 0 N N2 250RSO> | C1 30 wherein, Ris H a halogen, a G

- &4 alkyl group, a G - C4 al koxy group, cyclopentyl - 14 WO

2006/ 10480 2006/ 010394 or cycl ohexyl. Exanpl es of i l e R

groups incﬁﬁ§§¥&t@%ﬁgre not limted to, nethyl, ethyl,lgﬁ%%%ﬁgm%%94

[ so-propyl, n-butyl, sec-butyl, t-butyl, cyclopentyl or cycl ohexyl.

[ 0026] Cenerally, the reaction is carried out at about 0 C to about

30 Cfor 5 about 3 to about 24 hours in a solvent in the presence of

a base. Cenerally, a slight excess of base to DCl is enployed.

Exanpl es of bases incl] ude but @pe not Iiiﬁ;ed to am ne bases such as
y u

pyridine, trialkyl ;;Eﬁzte, ﬁr:‘t h p)yriggﬁ'ﬁ;e, tidine,yn-

met hyl mor photngma«~— TNKE A~ THHE, &ﬁéﬂﬁ—&@ﬂmﬁsﬁ K Squivalent of DCi
triethylam ne. The preferred reaction solvents are tetrahydrofuran,
acet one, N-methyl-2-pyrrolidon@™Mo (NVP), ganma- butyrol actone (GBL),
N, N- di net hyl f or mam de (DMF), N, di met hyl acet am de ( DVAC),

di nmet hf‘/l - 2- pi peri done, dinethyl Ut oxi de (DVMBO), sulfolane, and
diglyme. The nost preferred reaction solvents are tetrahydrofuran

and acetone. The re ion m'xtﬁﬁpé hatil d Ee protected fromactinic
rays. is [0Q82¢f-afhgq f—1gfr BCt nNpaRgewtTiom about 1% to
about 40% of the quantity of groups from nononers of Structure X
toyield k' from0.01 to aboufPi§.4. A preferred anobunt of DCl is
from about 1%to about 20 % of the quantity of OH groups(¥rom
nononers of Structure X to pr oducig gétiofnr m about 0.01 to about O.20.
A m)réopreferred amount of DO is Fromabout 1 %to about 10% of 20
the quantity of OH groups from nononers of Structure X to produce k'
fromabout 0.01 to about 0.10. A nost preferred anount of DCl is

from about 1% to about 5%
wherein Ar', A, AP, At D, k', I, x and y are as previously defined

15 [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:

N
O
Ny 20 N3
R R R
02 O
02 i 2
& d ?!l
0
N2 Ny
25 0
R
50
Oz E 2
& Cl

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

-~ 14 -



of the quantity of OH groups from nononmers of Structure X to produce
k' fromabout 0.01 to about 0.05. 25 [0028] Pol ybenzoxazol e

recursor p _ Structure II1: OH GNH Ar4-NH ~ "0\|9.X
Rr 3~NH Are- ﬁh‘%ﬁ@éhéo 1l wherein Ar' is a tetraval enﬁ@ﬁ%ﬁ“ﬁ% 394

group, a tetravalent heterocyclic group, or - 15 WO 2006/104503
PCT/ US2006/ 010394 mi xtures thereof; Are is a divalent aromatic, a
di val ent heterocyclic, a divalent alicyclic, or a divalent aliphatic

group t hatr gslolayt. aEramplesafrsuitabia R Ero&spdiimﬁhtlﬁé;ltbut@r@fﬂi&t ligited @ﬁtl,ﬁ?%tgsyl,
di val ent al,i phati rou a dival ent terocyclic group, or mxtu

t her eof ; R%h iPE0 't’g?ﬂé)@l'd?‘gﬁyﬁfeﬁﬁd’t@ fﬁ%ﬁﬂ» F&ﬁmﬁgﬁﬁétﬁ’d’ cyelghei group
having a 5 carbonyl, carbonyloxy or sulfonyl group may be synthesized
by reaction of ol ybenzoxazol e base pol ynmer of Structure | with GM

wher e G | P08lonovabenealis harpacimmospaniad agt at Be0UhYC fockoh080 Mgxr
"noi ude | hog SP UPai ¥ A ] S3pekFin hE RN S Hpeet 6B GRS STt
CH3 O, exzssofbaseto DA isempbyeti3ExafmdE2F @se®i@lude 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, acetone, N-methyi-2-pyrrolidone

10 (NMP), gamma- butyrolactone (GBL), N,N-dimethylformamide (DMF), N,N-
dimethylacetamide (DMAg), dimethyl-2-piperidone, dimethylsulfoxide (DMSO),

sulfolane, and diglyme. The most preferred reaction solvents are tetrahydrofuran

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

15 [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 DC! 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

20 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 DCI 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 o about 0.05.

25 J0028] Polybenzoxazole precursor polymers of Structure Iil:
| ﬁ
N T it
ArtTNHT, A3 MH— A NluxL A3 NH—A2Z—NH yG
OH

30 il

wherein Ar' is a tetravalent aromatic group, a tetravalent heterocyclic group, or

-..15_.



1 OQCH3 30 H3C O -~-CH3 - 1G WD 2006/ 104803 PCT/ US2006/ 010394 0 O
OHO HOHOYCO OO0 05040 00 1001l H3G(CH2)p- SwO O 15

syl ate. T TP AT 0et tul ed caf bonyl oxy oroups.  andSLBEPIUPEA

nmesyl at e l'at e, substituted carbonyl oxy groups,

carbonate groups. 20 [0030] Exanpl es of suitable classes of GM
conmpounds includes but are not Ilimted to carbon and sulfonic acid
chl ori des, carbon and sul fonl c acid bromdes, linear and cyclic

car bon andﬂigturﬁ%)r‘there@é;l Ara@;&dﬁmﬁ@t aa‘od'laasbk@)(ﬁl\@lelﬁrwét@?@éyclac a divalent
ou

substitut hIo |l es of suitable G M co
i ncl ude ma C?'ﬁ' Vageéﬁ @EE’@?E qroup, ioak MY, coftain; %‘“%ﬁ‘fhyfﬂ?llaea divalent
propi oni ¢ auﬂmytid: gﬁtﬁup, @Qis@éléﬂﬁélﬁah%ﬁc gFﬁUbdra' &i@aieﬁf"ﬁé‘t@}d ?%Qngtgﬁmrxtures

canphor sy fonh acid a gprlde Jrifl uor onet hane
anhydri de, a‘?‘feé%lﬁro PelacPoAsnat s, apnommﬁsm‘gbnm groapi lthving a

5 carbonyl, carbonyloxy or sulfonyl group may be synthesized by reaction of
polybenzoxazole base polymer of Structure | with G-M whére 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:

10

5 ",
20 Q _ﬂw >(0—ﬂw HSM /\O—ﬁw
”‘*C_L« /—E"“ /\o/\)oL%

25
30
0
T~CH,
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anhydri de,
anhydri de,

et hanesul foni c acid anhydride, butanesulfonic acid _
per fl uorobutanesul fonic acid anhydride, acetyl chloride,

met hanesul f gyl SRL&si de,  trifluoromet hanesul fonyl chI o ¢_€§520&%%3%¥I

chl ori de,
di carbonat e, di nethyl dicarbonate, dlethyldlcarbonate,
di butyl di carbonate, t-butyl chloroformate, ethyl chlorofornmate,

n- but yl
nmet hyl
Structures shown bel ow. Oll O 11 F3C HBCBr

5 C
F I

od

O0"CH31

10

15

20

25

3¢

norbornene carboxylic acid 30 chloride,

chloroformate, - 17 WD 2006/104503 PCT/ US2006/ 010394 and
chl orof ormat e. Further exanples include corrpounds havi % he

Br O1I-CF
H3Q! CH3 Br OCEH: Br

j WO O 11l Al~OS-CH HHC O

OH
O

o

o=

O

H3C—(CHy)p—Swww

My, O
/S\\

[0029] Examples of M groups include, but are not limited to, CI, 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 suifonic acid chlorides, carbon and suifonic 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, norbornens
anhydride, phthalic anhydride, camphor suifonic acid anhydride, triflucromethane
sulfonic acid anhydride, methanesuifonic acid anhydride, p-toluenesulfonic acid
anhydride, ethanesulfonic acid anhydride, butanesulfonic acid anhydride,
perfluorobutanesulfonic acid anhydride, acetyl chloride, methanesulfony! chloride,
trifluoromethanesuifonyl chloride, benzoyl chioride, norbornene carboxylic acid
chloride, di-+-butyl dicarbonate, dimethyl dicarbonate, diethyldicarbonate,
dibutyldicarbonate, t-butyl chloroformate, ethyl chloroformate, n-buiyl chloroformate,

- 17 -



~I CH3 [0031] The reaction can be carried out in a suitable sol vent
by addition of GMto a dry solution of the pol ybenzoxazol e
precursor bgge, r at a 15 tenperature from about - bout
40 C. The noreog(?{egﬁé?red tenperature is fromabout O CZ%)T%%E 1684
C. The nost preferred tenperature is fromabout 5 C - 18 WO

2006/ 104803 PCT/ US2006/ 010394 to about 10 C. The reaction tinme is
from about 1 hour to about 24 hours. The nolar anount of G M

enpl oyed iasdansthyhthiprofecests. ( F@¥er obxdriies UiNcRidet RBnFRL; Rt
of monomer,,of Structures, X and Xl |ess theﬁlrml ar anount ofﬁﬁ%norrer 0 ©
Structures%ulctur%lﬁﬁ‘?“?”&ﬁew-or gani ¢ or inorganic base may al so be

enpl oyed. s Exanpl es of suitable organic am ne bases include, but are
not limted to pyridine, triethyl am ne,

1, 8-di azabi cycl®[ 5. 4. O] undec- &-ene (DBU), 1, 5-

O 0
di azabi cycl o[ 4.|B. 0] non- 5-ene N), dinethyl pyridi ne,” agcg I
di met hyl ahigt+rel—rHHxanpl e r suitabl Je/b\afﬁs/ I nclu SquT e
hydr oxi de, sodi um carbmgate, and si Vi cate. 10 [0032] Arhe

sodil)m\
preferred reaction solvents are pr enengycoI met hyl ether acetate
(PGVEA), N-nethyl-2-pyrrolidone (NW), N-ethyl-2-pyrrolidone (NEP),
gamma- Hutyrol actone (GBL), N, N-di nethyl formam de (DMF), N N
di et hyl ace&am’ deb (DVAc), dinethyl-2 1s piperidone, dinethylsulfoxide
(DVMBO), tetrahydrofuran (THF), acetone, sulfolane, and diglyne. The
nost preferred sol vents ar&ldi gbygne and PGVEA. [0033] In sone cases,
t he endcapping reaction with 6T tai n endcappi ng reagents, such as
cyclic anhyg may not stqgp after the endc(sppi ngoreacti on. A 20
subsequent i N orm ajdi val ent endcap
Exampl es of clyclic j@anhydriides which
¢tion include; t-ar gt_sl__id[w_?'tedto
hydri de, nékBor nane anhydFi dg, ¢

may undergo W addi t i ong
mal ei ¢ anhydrijde, succinic

H5C SHy

Br o Br /O

Br O
61 g
CH
F ‘ (!) o
HsC 0
10 TCH,
[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
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25 HOH 0 Cf"NNC39 + RO | O- 19 WD 2006/104803
PCT/ US2006/ 010394 [0034] Pol ybenzoxazol e precursor pol yner of

Structure IWoBw & ]9 3 synthesi zed by reaction of pol ybenéﬁﬁﬂﬁgé%
' P %

precur sor poPymar of Structure Ill with about 1%to ab

of a di azoqui none (based on the nunber of OH 5 groups fromthe
nmononer of Structure X) in the presence of a base to yield the

pol ybenzoxazol e precursor |V according to Reaction 2. ' (PH 1 10 G

NH Ar - Ny AboutfNib |°C - TNHE rsadtionAlieeNE fion2 -abbt Vi !ﬁ?m,# fo stspuitvad Botirsof The
DCl (OH) 15 Base G NHA 4-NH Are NF'-I r -N X

Ar. N -N F G 0
(OHz  Re@Wlaroamountsoffdy @mplayqd s alightly excass, (3- 6% w? tﬁ\ﬁfunyof iﬁe raﬁér
G are asg o%[ﬂsoHﬁtlr%ngﬁwfe‘r Re GtrustThs MeARY Xl Iés@%@%&ﬂ?énﬂ%ﬁt BYmonomer of

Structure can be synt hesized fromthe é having Structure
111, [o0SHuctExampl. esAdﬂltIDheOdemummﬁdﬁ@FQ@@lﬁp gae may ala@tb%@ﬁn%yed

et e b0t B ERERT TSI bbb d A M 1 e
triethyl amine, 1,8-diazabicyclo[5.4.0Jundec-7-ene (DBU), 1,5-
diazabicyclo[4.3.0lnon-5-ene (DBN), dimethyl pyridine, and dimethylaniline.
Examples of other suitable bases include sodium hydroxide, sodium carbonate, and
sodium silicate.

10
[0032] The preferred reaction solvenis are propyleneglycol methyl 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-

15 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
20 subsequent dehydration step may also occur to form a divalent endcap (G* in
Structures 1II* 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.

25

H

?\J OH\C4’O Q
\C - - areely] annaf + H,0
I
O
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Oz T0O2 02 35C 1 d N20 R Oz S0O2 1 Cl1 20 WD 2006/104503

PCT/ 1JS2006/ 010394 wherein, Ris H a halogen, a C1 - C4 al kyl

group, Cl -wohoed/oeeoy group, cyclopentyl or cyclohexyl .pdpediadeRTosol
suitable R groups include, but are nor limted to, nmethyl, ethyl,
propyl, isopropyl, n-butyl, sec-butyl, t-butyl, cyclopentyl or

cycl ohexyl. 5 [0036) The rml ar amount of DCl may range from about 1%
to about 40% of the quantity of OH groups from nononers of Structure
Xtoyield k' from0.01 to about 0.4. A preferred anount of DCl is

from abou t o about i fro

nononer s g?&%@r ucture X%%ﬁgﬁgaﬁéé]i%?%%%gghﬁ gfl%{ﬁ‘c%t%gom ngyéd:?e
A nore pre;fréheaéxbchhpmﬂctioﬁ dﬁ@loiyl:san[zomcﬁ&apt&cuﬁsd%ﬁodyra@ouﬂ StQetuad 1l owvith
t he quant r oup no, of Stru ureXt prod

from aboujiabg% qu;oaqﬂafﬁ’g@)b ‘g] n,;9 %t 22PgrRPPE d Q%%W ‘%‘P ger Sof OH
f rom aougrole tionaiRetm&emer of @@ru@uﬁa@tx)tm Ak (PEaicUBS of hadB fmwtﬂﬁe
of Structure Xto roduce k' fromabout _0.01 to about O0.O05.

[ 0037] The® Y%%{EZPKB‘FP 2 BFRAWSITY ancerdipgin Reagtion?-t hat descri pt | on for

the synthesis of polyben azq 1% precur soi pol yner of Structure I1.
(0038] A pol ybenzoxagg éi ecur gql”yrrenﬁvf Structure IV (I'V*) can
al so bg prépéed BT ca NEZAT NHDF @ CIT SIQkuivaiet: y N1

1'1
of Structure Il with G 20 MH_OE definition of G and M are as
defined before and the reacti oﬁ ondition is the sane as descri bed
for the preparation of polybenzgxgzol e precursor polyner of

Structwsre 111 (111*). [0039] Po ynmers of Structure V can be
synt hesi zed by the reactio 5 hydroxysubstltut ed diam nes with
di anhydri des as desctﬁ ﬁ No
G™NH™—ArMNH NH"Ar’_N AP NH“AF‘NH];G
(0H13
Reaction 2

25 wherein Ar1, Arz, Ara, Ar"', D, k1, ka, X, ¥y, and G are as previously defined. Similiarly,
the polymer having Structure IV* can be synthesized from the polymer having
Structure 111*,

[0035] Examples of the diazoquinone compound DCI that can be reacted with
30 the PBO polymer Il (II1*) include but are not limited to one of the following:

N2 O N3
R R R
> 92 i?z
35 1
0] “ 2
N2 0
R
102
?Oz [
Cl
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6, 524, 764 which is incorporated herein by reference. Polyners of
Structure V may be synthesized by m xtures of hydroxysubstituted

di am nes orwamztamemsof di anhydrides, or both. Polyner spdyawd 06010394
Structure V, when cured, can forma polynmer having imde rings,
oxazol e rings or other cyclic Structures. 30 [0040] The positive
acting photosensitive resin conposition of this invention - 21 WO
2006/ 104803 PCTI US2006/ 010394 conprises at | east one conpound havi ng
St r uct ur ewhgrein RRigt V1 a dalogen, vihen ei Gy, alkyligsoaH Gr- & alkoxy goou, axslepentyl

wher oi ) . q .
el QRS RngEs Bl st R B ups BN AP SREFST Il 8, Bt
or al t er nathiyly ptopyl, Rbpaoel| R2bahh see-Huid eisbutel, pydoierdylarsybiatiexylt ed or

unsubstituted benzene ring. 10 [0041] Conpounds general ly descri bed by
Structure VI can also exist (and may preferentially exist) in the

t aut oner i @oBey M VI THe'meRirtathdurdi dfUCl 98§ rafi@s frbRCabOitPPBas abdiut Ub% of
description of this invention, both tautoneric forns are considered

to be  deerquritby’ S gepselryn. MRIoRersyofSticiire Xoto Viel k' GAnROsto
V1 o] BT SLEA BGOSR 00 S48 Yy Skl so of i
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

10 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 DCI 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.

15 [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 i with G-

20 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 I (1F).

[0039] Polymers of Structure V can be synthesized by the reaction of
25 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 Iimide rings, oxazole rings or other cyclic Structures.
30

[0040] The positive acting photosensitive resin composition of this invention

- 2] -



s HVRiIi/ NCCNC~-I HYSHR3 VI-a VI-b VI-c VI-d 22 WO

2006/ 104803 PCT/ US2006/ 010394 wherein, the definitions of V, Y and
R3 are the vanwoawishafi ned earlier, and R5 is H or an ePEBUL2065/010394
donati ng group. Exanples of electron donating groups include, s but
are not limted to, a d-C4 alkyl group, a. Ca-C4 al koxy group,

cycl opentyl and cyclohexyl. In the alternative tautorreRrHi?: fO?rSmY NS
referred compounds VI.-a - Vl-d u,d he H x° V, H |

ES R 10 Qﬁmggsgﬁ &ﬁ%agylonpccompqwdvﬁ%@% t”@?ﬁ??p?%s of conpounds havi ng
Structure VI include; but are not limted to: 15\ | X\ | CH3/ | N

O SHI SHNSH HH 20NandS1H N U CH3

R iﬂ\hv
R Y/”\
Vi

SH

wherein, Vis CH or N, Y is O or NR® wherein R%is H, CHs or CoHs, R' and R?
each independently are H, C1 ~ C4 alkyl group, C4 ~ C4 alkoxy group, cyclopentyi
or cyclohexyl, or alternatively, R' and R? can be fused to produce a substituted or
unsubstituted benzene ring.
10
[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
i y R\/ S
2
15 R Y/“\SH RZ Y/‘KS

Vi VY

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

o, COL T L

20
|

R-?:

Vi-a Vi-b Vi-¢ Vi-d
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[ 0044] Suitable solvents of this photosensitive conposition are polar
organic 25 solvents. Suitable exanples of polar organic solvents

i ncl ude, butwoatogs/edesl i mted to, N-nethyl-2-pyrrolidonepdhos/o10304
gama- butyrolactone (GBL), N, N dinethyl acetam de (DMAc),

di et hyl - 2- pi peri done, N, N-di net hyl formam de (DWVF), - 23 WO

2006/ 104803 PCT/ US2006/ 010394 and m xtures thereof. The preferred

sol vents are gamma- butyrol actone and N net hyl -2-pyrrolidone. The
nost preferred solvent is gamma - butyrol actone. [0045] The

phot oacti ve conpound (d) of the photosensitive resin conposition 5
conpri ses one or nore di azonapht hoqui none photoacti ve conpounds which
are the conWBaEHN.ithe defioitions of W YcompRYadstheaning Bk ﬂ@ﬁﬁé@@hﬁi@ﬂ‘&r%dst is

to about 9 ay ' [ Il groups with one_or nore conmpounds 0
structure D ( escdr‘lglggﬁc}grgggé%tﬂggg’iwgf eém’%TI’R)e%Pfﬁ tiple donpting groups include,
di azi de sulf |, compound. Exanpl es of phot oac
T Tustrated SRSkt L Be aker Ve tapiomesic fors, prefenced compopodsisa — Vi-d
(i.e. the bagktwane) typically enployed in the preparation of a
common net hod of synthesis is by reaction of a suitable phenol
derivative vvhth a is suitabl e al dehyde or ketone in the presence of a
sol vent such net Hanol .
strong acid (e.E. sul fur ) or p-tolus
Cenerally, t Yytgon 3 ri;ckout at
for about 3Thour$ toSabou
conpounds Xl Il are synthesized by reaction of the backbone withiDCl.
General ly, the reaction is carried out at about 0 C to about 30 RC
Generally, a slight excess of base to DCl is e yed. Exanpl
bases include but are not |imted to am ne bases such as pyridine,
reacti on ®ite@its are tetrahydrofuran (THF), gamma- butyrol actone
(GBL),
, i
" LA

5- napht hoqui bigirere dichtimited $o| £ CG. & | 209.®) alRost7 h i ngn
“ oy R A 3R
phot oacti ve conpound may be prepared by any suitable nethod. A
he regl/g,tHoR5's st of t enycat al yzed by gH
5 ofil ¢ acid \'4
aboul %to ah 809\
48°@0OuUrs 20 [ 0B47] “THE phot oatti Ve Ng
for abmut 4 to ghaut 36 hours wpp_@ solvent in thg,presence of pase.
iR 18 ey
trial kyl apggasy net Ldi [.di,n n 25, et hyl nor phol i ne, and
the like. l‘T]The‘;I most r%%ﬁ@%geﬁeggﬁégpgdﬁ ﬁ'[agf% gHPWég hdnclugesf ity age not
15
| N N CHj
Ot L, o
, i‘ixi SH
H
and N SH

Z

l
CH;3

[0044] Suitable solvents of this photosensitive composition are polar organic
25 solvents, Suitable examples of polar organic solvents include, but are not limited fo,
N-methyl-2-pyrrolidone  (NMP), gémma- butyrolactone  (GBL), N,N-
dimethylacetamide (DMAG), dimethy}-2-piperidone, N,N-dimethylformamide (DMF),

- 23 -



N, N- di met hyl f ormam de (DWVF), acetone, N, N-di nethyl acetam de (DVAC),

di met hyl -

di gl yne.

2- pi peridone, dinethyl sul foxide (DMSO, suifolane, and
Theomsdosgpsef erred sol vents are tetrahydrof ur agckdddiien10394

acetone and ganma - butyrolactone 30 (GBL). The reaction m xture
shoul d be protected fromactinic rays. 24 WD 2006/ 104803

PCTI US2006/ 010394 [0048] Exanpl es of conpounds Xl Il include, but are
not limted to, one or nore of the foll ow ng conpounds where each Q
is i ndepeﬂl@ﬁemik@ur@s tyareoly e hat praferGeER seEznts eg@ OaQonaCEItY QD treaBd ON-

O d
t hat at

o0, eyl e gt 3aRbh s bl - BlbPol88nB) 0700

OOCH30H30H3QO OOOOCIQ 5XIIIcXIIId 10 FJ3 e QO0O0OQOoO0
~0~ 15 CI:;
0~ O 160% gi 'l%e o'\{lo ctive c:c:mpound2 Pd) of the photosensitive resin composition

5

10

15

20

25

30

comprises one or more diazonaphthoquinone photoactive compounds which are the
condensation products of compounds containing from about 2 to about 9 aromatic
hydroxyl groups with one or more compounds of structure D (described above).
Preferably structure D is a 5-naphthoquinone diazide sulfonyl compound and/or a 4-
naphthogquinone diazide sulfonyl compound. Examples of photoactive compounds
are illustrated in structures Xllla-r.

[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 fo about 48 hours.

[0047] The photoactive compounds Xlil are synthesized by reaction of the
backbone with DCI. Generally, the reaction is catried 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 DC| is employed. Examples of bases include but are not
limited to amine bases such as pyridine, trialkylamine, methylpyridine, lutidine, n-
methylmorpholing, 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 (DMSQ), suifolane, and diglyme. The most
preferred solvents are tetrahydrofuran (THF), acetone and gamma - butyrolactone
(GBL). The reaction mixture should be protected from actinic rays.
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WD 2006/ 104503 PCT/ US2006/010394 5 O Q0 0 0 QO Go oa GQ CH CH
0Q 0. CH3 10 (X1l g) (X111 h) Qo~O0OQQQL 0Qo 00 OQ Q@ OQ
ca 0 OQ (WOo00d/m480XI 11 j) Q z,-~ QaQ OO0 OQ CH3 Qurdd@s2(osiohdzok)
(XII1 1) 15 - 26 WD 2006/ 104803 PCT/ US2006/ 010394 Q Q OQ

[0048] Examples of compounds Xilt 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

Xllc X d
10

15 ®

Xlile XliIf

~ 2% -



Co F-AOOOOQOOCHB QOO OQOQOY (XI11 M (X Il n) Q OCH3
H3 CH3 QOQ Q/ \ OQ H3C H3C CH3 (XIII P) (X1l 0) 5 10 27 WO

2006/ 104803wieGhiddoaae6/ 010394 0OQ OQ H3CO OCH3 CH3 (O q&wggﬁ%;g]égw

[ 0049] The anount of pol ybenzoxazol e precursor polyner(s) of
Structures I, 5 11, 111, II1*, IV, IV or Vin the photosensitive
conposition is from about 5 wt. %to about 50 wt, % The nore
preferred anmount of pol ybenzoxazol e precursor polynmers of Structures
L, 1, i, 112*, 1V, Iv* or -Vis fromabout 20 wt. %to about 45 wt.
% and :

QQ

CHs
10

XN ) Xl j)

oQ

QO

(Xill k) i n
15
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the nost preferred anmount of pol ybenzoxazol e precursor polyners of
Structures I, 11, III, 1I1*1 1V, V- or Vis fromabout 30 wt. %to
about 40 wwooedPelgebenzoxazole 1.0 precursor pol yrrers 01‘;(:1% W} 5
[, 11, 11, 1i*, 1V, I'vV* or V can be used singly or i ne

any ratio. Up to 25% of the anpbunt of the polybenzoxazole precursor
pol ymer of Structures 1, 11, 11, 111*, IV, IV* or V may be repl aced
by ot her organic solvent sol uble, aqueous base sol uble, aromatic or
het erocyclic group polymers or copolyners. Exanples of organic

sol vent sol uble, agygous base sol uble, R ic 15 or hegﬁiocyclic
group pol yners or
pol ybenzoi m dazol
pol yqui nazol ones
pol ybenxazi nones;
pol yhydant oi ns, polyrndophenazrnes 5 2
The amount of gnent ~sel ect ed fron1 ' " this
conposi tion .t
wei ght of t

pol ybenzot hi azol es,
pll yqui nazol i ndi ones,
anthrazolinesQ'

and nnstggge O , 'q

2006/ 104 PCT/ US2006/ 01039 [0051] The § s pgnent (c)
conpri ses about 40 wt. %Qo about 80 wt. pf the photosensitive
conposition. A preferred solvent range is fre w. %to
about 70 wt. % A nore preferred range of solvent is om about 50
w. %to about 65 wt. % 5 [0052] The anopunt of di azoqui none
conmpound (XII1), used in this conposition is fromabout 0 wt.%to
about 25 wt.% of the total weight of the conposition, preferably
from about 2 mroqﬁmﬁo about 12 wt. % and nogKlilpneferably from about
3 wm. %to about . % The anount of diazoqui none conpound
reduces as nore of |o pphymner (s) of Structures Il or IV or IV are
used. Also the larger k| becones, |ess diazoquinone conpound is
needed. Wth | arge k1, there psHfno need to use the diazggui none
conpound (XI'l11) beca y i ety in

HaC CHs

(X1l p)
(X111 O)

10
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h olymer is sufficient to produce a positive tone photoactive
E:orerpgsi%/i on. 15 [0053] Optionally, an adhesion pronoter nay be

i ncl uded i nyid®oesARQBOsensi tive conposition. |If enpl oyed,,(f,.}/ggz\?fdmhﬁaf
of adhesion pronmoter ranges fromabout 0.1 wt. %to about . %0
total weight of conposition. A preferred anount of adhesion pronoter
is fromabout 0.2 wt. %to about 1.5 wt. % A nore preferreod anount
of adhesion prompter is fromabout 0.3 wt. %to about 1 wt. % 20 g
Sui t abl e adhesi on pronoters includ pl e, am no silanes, an
m xtures or derivatives thgreof. sy6labl e adhesi on i b
pronoters which may be enpl oyed Yt1 on ﬁay be describe y
Structure XIVR1 (OR74 ) q g~ d (3 XI'V wherein each R14
is independently a ClL - C4 al kyl p orxa-C5 - C7 cycl oal kyl

group, each R15 is independently a IC1 - C4jalkyl group, a Cl I CI4k

al koxy group, a C5 30 - . C&Hs C7 cycl oal koxy
group, d is an integer from¢ teger froml to
about 6, R16 is one of the f WO 2006/ 104803

[ [ a - c
N,,r O Rls 0 wherein each and R18 are independently a
al kyl group or a C5 - C7 cycﬁg%lakyl group, and R19 is a G - 4
al kyl group or a G5 - C7 cycloal kyl grgyp. 1o Preferred adhesion
pronoters are those wherein R16 is selected from ~HN HH OH -NH NHz

[00497 The amount of polybenzoxazole precursor polymer(s) of Structures |,
5 H, HEL W%, IV, IV* or V in the photosensitive composition is from about 5 wt., % fo
about 50 wt. %. The more preferred amount of polybenzoxazole precursor polymers
of Structures I, Il, I, UI*, iV, IV* or V is from about 20 wit. % to about 45 wt. % and
the most preferred amount of polybenzoxazole precursor polymers of Structures [, 1l
LY IV, IV* or Vois from about 30 wt. % to about 40 wt. %. Polybenzoxazole

10 precursor polymers of Structures I, H, #li, 1I*, IV, IV* or V can be used singly or be
combined in any ratio. Up to 25% of the amount of the polybenzoxazole precursor
polymer of Structures I, If, I, li*, 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
15 or heterocyclic group polymers or copolymers may include polyimides,
polybenzoimidazoles, polybenzothiazoles, polytriazoles, polyquinazolones,
polyquinazolindiones, polyquinacridones, polybenxazinones, polyanthrézolines,
polyoxadiazoles, polyhydantoins, polyindophenazines, or polythiadiazoles.

20 [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. %.

- 28 -



INl 0 0 0 and 15 More preferred adhesion pronoters are those
wherein RI6 is .wwW. NHNH2 | I 20 0O The nost preferred adhesion
promoters amd HEN(EI3. ~ S| (OVe)2 H2N--Tr NHSi (OEt)2 0 pomu$hoodfosss
[0054] The photosensitive conpositions of the present invention may
further - 30 WD 2006/104803 PCT/ US2006/010394 include ot her
additives. Suitable additives include, for exanple, |eveling agents,

\ . b he |ike. h additives may be included
inthe pRReilensi t1meAlnceRordie (& Sondicas. 9o ¢ako b tamhmbEBM
the tot al %ei ihhtphotosepsitiveichipwgition. AQRefRlretnQIeH r@u‘ri@e?%; ptab%fut bB&ut.

I pvent i on_concerns a process for formng a attern
52??\3% hes)"p s"f‘qcf"\;g%p‘ﬁg?}ését}\m e \PEeTenRE 63Nge 6h solyhet ipricuesout 6ot Yeto
t he st epsalgdiit 66ayt. gpating on a suitable substrate, a positive-worKking
phot osensitive conposition 10 conprising one or nore polybsnzoxazole
precurSor polymers having Structures | or Il or Il or Il1* or IV or

W and 2t PEEt ona Serea of dizdoifEhe Rend AERAHN u& b s Somositon
is from about 0 wt.% to about 25 wt.% of the total weight of the composition,

preferably from about 2 wi. % to about 12 wt. %, and most preferably from about 3

wt. % to about 8 wt. %. The amount of diazoquinone compound reduces as more of

10 polymer(s) of Structures Il 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
diazoquinone compound (X)) because the amount of the diazoquinone moiety in

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

15 [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 fotal 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. %.

20 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
1 OR
Rsm s (OR ),

25 R’ 5(3-d)
X

wherein each R is independently a C1 — C4 alkyl group or a Cs ~ Cy cycloalkyl
group, each R™ is independently a C1 — C4 alkyl group, a G+ ~ Ca alkoxy group, a Cs

30 - Gy 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 f the pol ybenzoxazol e precursor polynmer solely consists of I or |1l
or Il1* or V or a mxture of any of the four, then at |east one
phot oact i vewoonpouimgdsi s 1s al so present, thereby form ngrgu&eaiogshos
substrate; (b) prebaking the coated substrate; (c) exposing the
prebaked coated substrate to actinic radiation; (d) devel oping the
exposed coated substrate with an aqueous devel oper, thereby formng
an uncured relief inmage on the coated substrate; and 20 (e) baking

t he devel oped coated substrate at an el evated tenperature, thereby
curing the relit¢f imge. [0056] The prgacess may opthgthM |nclude
the step of pre- tjyng a substrate éﬁth a solvent contail Han
adhesi on PY Al tabl e mevhyd of treatment of 25

substrate with fadhesi n pronot er knowngtéo those skilled in the art
may be enpl oyedd Exanfl es include treatnent of the substrate with
adhesi on pronoter vapors, solutions or at 100% concentration. The
time and tenperature of treatnent w Il depend on the particul ar
substrate, adhesion pronoter, and nethod, which may enploy el evated
tenperatures. Any suitable external adhesion pronoter nay be 30

enpl oyéd. Cl asses ui | e external adhesion pro s inxl ude but
are not lim&edto vigl al koxysigHes, newaEEANxyal kox yS|IBnes
mer capt oal koxysi | anes, -~ 31 WD 2006/104803 PCT/ US200G 040394

am noal koxysi | anes, epoxyal koxysi |l anes and gl yci doxyal koxysi | anes.

Am nosi | ane and,g %Cld igl | anes are nore preferred. Primary
ani noal kd&]"ﬁﬂ NG aﬂ‘g)r% %?é?‘i?ﬂeéﬂenﬁké 1 esCopllyligta eorextCernéls

adhesi on @&@me?;@upn@ha ° Dt C?Lecpgmbr‘o”bt&da ' — C7 cycloalky! group.

gama- am no trlnethoxy si | ane

gl yci d&x ;ﬂag%ﬁ srhesipndreBateR e rt?m@ whgreineR (i séldcteddrapy | -
nethyldlethoxy5|lane ganmma- ner capt opr opyl net hyl di met hoxysi | ane,
3- et hacryl - oxyproEgid i met hoxynet hyl si | ane, and

3- et hacryl oxypr opy ri metjgoxysil ane.
gamma- Ani nopr opy, lHrl ys'blgfne is nore pr e'? r etifl>; Addi ti onal
sui tabl e adhe5|% e described in ?éf?ane Coupl i ng Agent"”
Edwi n P. 0
0 @)
and
15

More preferred adhesion promoters are those wherein R*® is

e N H

\(NHZ
l

20 ' o

The most preferred adhesion promoters are

NH Si(OMe) ,
HzN\n/ ~— N g NH Si(OE%).
HoN \/\/ 2
o \ﬂ/

and 5
25

[0054] The photosensitive compositions of the present invention may further
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to Plueddemann, 1982 Pl enum Press, New York. [0057] The positive
acting, photoactive conposition of this inventionis coated on a

sui t abl e sulbaj s08é/f4soBhe substrate may be, for exanple, sg /ﬁﬁa%B
materials such as a silicon wafer, conpound sem conductorg%

(I'r-vi) wafer, a 15 ceramc, glass or quartz substrate. Said
substrates may also contain filns or structures used for electronic
circuit fabrication such as organic or inorganic dielectrics, copper
or ot her W'rrllﬁﬁgOtHﬁf aoditivese @N%béfr edditiged dnalude foorexahipie,i levelrig agents,
is a waf egis d r 0 Coat i ng e

i ncl ude, l)lu%ma]t{t'r(gd Hg?gftgm teg tﬂgé)gg{r%ay %g% %’3“%]‘@ i maycgngt 'ﬁ‘g”g‘?ﬁf'ﬁefhe
printing, thiWEﬁ}SEfU@a@Cbl‘ngQSimseenamutrm D8go abdut U WP.CoRIHeN A wetght of
meni scus @91?6 curtain coating, and i mersion coating. [0059] "The
resul ting mis prebaked at an el evated tenperature. The bake 25

may beSconpl eted at one or rmre tenperatures within the tenperature
m nutes to half

bake of f@@ about 7?}?C to about 130 C for several
an hour, g’%m ng 7SIPthg Em W@@t of dhexpEgsenhinventien rcenaemsrﬁgprocess for
sol vent. fAmyinguw tsik pabak Mné'ﬁ?é' e
sui t abl e baki %g rreang i ncl ude ?Oare Eﬁoto &%E@édg?rggxﬁg? E‘*Stpégcess
and convdMRyIEes japstepsing: resul t| ng dry film has a t hi ckness of from

about 3 30 ferabl rom aboyt 4 to

about 20 mEca(r?oC%Q@?ﬁ oﬁ%{éﬂﬁ% era H%Pé %@%ﬁg’ﬁ WOE]B%RRSI%@ %W'On

- 32 IO 2006/CQOH$KBBIQPG5W&J82006bQ1Q&Wber{ZQQ§£HEeAfategfurg(he Mﬁe@t %’vmg
|c rays_ in a preferred

th 't i]
pat tern t hr ougi s or B A0S Tl eoh GMBsiN ot mbreimedheteoragtdsast one
visible |ightompotnt h@vingkstr@@nrebvl ahs&(at Rasfbhé fgégﬁfehﬁxfﬁtq ﬂ%@%rﬁ%é that

preferred rays ﬁ hose 5 with wavel ength of

365 nm (i -1ind)the Rﬁ’ﬁ)@fpzmm F?@U@%@@Mn@el’tamleimconslstsr@‘d|cmiii(m it or v
an optional sbeR MixthRYoPsny 2 € sed_and
coated substrate to a t%rrpré¥ a?ﬁl?@etf%‘ﬂt mngplegg?tonéoﬁﬁ%gﬁﬁ RO UPSis
C. Thé® exposedlsgrifegenit herembiorminge coathéatibstrate: t hi s 1o tenperature
range for apsNabbalfg ifeMlied sIBsirdyP! cal Iy several seconds to

sever al .
(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

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

[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
25 the substrate with adhesion promoter known fo 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 promater, and method, which may
employ elevated temperatures. Any suitable external adhesion promoter may be
30 employed. Classes of suitable external adhesion promoters include but are not

limited to vinylalkoxysilanes, methacryloxyalkoxyysilanes, mercaptoalkoxysilanes,
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m nutes and nmay be carried out using any suitable heating neans.
Preferred nmeans include baking on a hot plate or in a convection
oven. This RigoREsRsssep is comonly referred to in the gt as, nost
exposure baking. as [0062] Next, the filmis devel oped using an
aqueous devel oper and a relief pattern is fornmed. The aqueous

devel oper contains aqueous base. Exanples of suitable bases include,
but are not limted to, inorganic alkalis (e.g., potassium

hydr oxi deémireadiaxysignasospealkmysiings wadeglysidpryatieaxysitamiene s Afengsilanes

et hyl am - ) , C Ly, am (e.8a...diethyl am ne,

i - pr ot AN SRIAE 9 mECARERN, “RAEE Friee iR are more
al cohol apiefesed.e. Exanplee of snibhisel extgraladitesiaapyorasiees inddA 8 are not
(e.g., t trta t hyl arr{ﬂmni um hydr oxi de,. tet rlaé‘ﬁ't h%‘barn Dhi um

hydr oxi d&Y**%nd ni xt ff es t her&Ffma 2%?{98 {r? EEYTS h‘;@oase enpf@yed-
i 11 var giycidergie &'h%tﬁt@g@'i ubility of the 1 -
\z,imnd t he gygci W nggﬂwérripl oye .Iﬁﬁé nost prefe(redgge\/fg%ggg‘rr&gxgg@gw
those coRteaMHiREICBsIEgEr RITHGIARIcORIcRIAMYERYIdieetoXpsiane Sup-mehactyl-
concent r g - o] outk .19 ion,
- appr oo DR S o b aCry AR e b thoR ey
Devel opneamreafminoprapylirststboxysignerensmofe  prafemsd.on, Asjlitional peditdide

or other _sim.lar in t s at. tepperatures. fro ho 10
to about aﬁ%@%rﬁop gojﬁ@%? 36%35%%3@890 D bodtd' s r#ﬂﬁ'?'é@ ‘%‘?%r %‘Wf” P.
devel mpnPiteddemannel 981 PratuePresspMeleysipt i onal |y rinsed using

dei oni zed water and dried by spinning, baking on a hot plate, in an
oven, or other suitable means. 33 WO 2006/104803 PCT/US2006/ 010394
[0063] Thgosmnzoxazol e Tengodifive Betthd ShERfce EofbBgiiGh oth) s HNRHiBH is

relief pattern to obtain the final h heat resfstant patter
Curi ng i Sogjed oorFretitalie sakstrgfe. tThe a@sga@ew,y ke dar examplei eémiantdactor

at or ab transifi t B _
Phot osengE T vh Savibas & AR LARE R Siedfubsfo R gr (i water. o
pr ovi Wescéraghic, pleas oresjuatiansubstraigi 8aidl yubdteriperatsyiraiso aduvisin alileist or
200 C argtnﬁjc%&l%@ uged 1fo%oelgar66r‘1ig Oéi%ﬁt' ?a%rf():];ti r? Ig/u%%n%gx%%goaln?c rclarnﬂworganic

dielectrics, copper or other witing metals. The preferred substrate for this invention

is a wafer containing exposed copper.

20 [0058] Coating methods include, but are not limited to spray coating, spin
coating, offset printing, roller coating, screen printing, extrusion coating, meniscus
coating, curtain coating, and immersion coating.

[0059] The resulting film is prebaked at an elevated temperature. The bake

25 may be completed at one or more femperatures 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 resuliing dry film has a thickness of from about 3

30 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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ferably, tenperatures from about 250 C to about 400 C are

;gpr{gd? Theycurizg time is fromabout 15 m nutes to about 24 hours
dependi ng oWQ24es/194806i cul ar heating method enployed. A POITEs2006/010394
preferred range for the curing tine is fromabout 20 mnutes to
about 5 hours and the nost preferred range of curing time is from
about 30 minutes to about 3 hours. Curing can be done in air or
preferably, under a 20 bl anket of nitrogen and may be carried by any
suitabl e heating nmeans. Preferred neans include baking on a hot

pl ate, a [POROECti orifmrdine bakl@ete‘pyth”@lfé%ultmgrdfr%ﬁmt|§é¥b%sg]§$%%?fé ¢ rys, in a
, curi
bt on orP TRl EER roitarh R aasha tdven Slemb Opoosar, it rays Jisible
enmbodi neritgh@fart&t@ et e bb%é@dr%beﬂﬂ& Pay. NeRL nﬁ@ssc'psfgamaegl%g lgilyg éﬁose
bol ybo 2 DUy REHIRRGh T 498 TRoKgibekarnst 365 nudiings | oy 111 or 111
S
Fg:—gbeH—ZNH-Ara NE Ara NI—I-A??-NI—W NH-Are-NH7H 30 (OH) - 34 WO

HAAr 3
2006/ 104803 PCT/ US2006/ 010394 Q G H G NH-Ar4- NHAr 311 1 NH Ar 1- N
NH- Ar 2 NHPES1E 1H FollowidgOe)pidsQreGto bicitic radibtiol, 3n AHopfiondNdidy JtNH‘af‘rbe

t ot raval eéatv ﬁ%tgglrng% ;/% ?qhg{ %\BnWOSg a%dtc?otaccgal gll.]gs%atg rtg rarlattelmcpe%t%?g between
about 70 °C and about 130 °C. The exposed and coated substrate is heated in this

10 temperature range for a short period of fime, typically several seconds to several
minutes and may be carried out using any suitabie heating means. Preferred means

include baking on a hot plate or in a convection oven. This process step is

commonly referred to in the art as post exposure baking.

15 [0062] Next, the film is developed using an aqueous developer and a relief
pattern is formed. The agueous developer contains aqueous base. Examples of
suitable bases include, but are not limited to, inorganic aikalis (e.g., potassium
hydroxide, sodium hydroxide, ammonia water), primary amines (e.g., ethylamine, n-
propylamine), secondary amines (e.g. diethylamine, di-n-propylamine), tertiary |

20 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

25 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

30 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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m xtures thereof; Are is a divalent aromatic, a dival ent
heterocyclic, a divalent alicyclic, or a divalent aliphatic group
that may coRioadoflyfiigobcon; Ara is a divalent 15 aromatic groln. & o
dival ent aliphatic group, a divalent heterocyclic group, or ~mXxtures
thereof; Ard is Ar' (OH)2 or Are, x is fromabout 10 to about 1000; vy
is fromO to about 900 and G is a nonoval ent or gani c group having a
carbonyl, carbonyl oxy or sulfonyl group; G is a divalent organic

group having at |east one carbonyl or sulfonyl group; 20 (b) at

| east | i,
2551 ORRRTP N A SLEUCS b Hon et B, e Y OB
eaclh i nd@@@@ﬁ&ﬁtdb%lﬁﬁlﬁe ﬁhalchlg[? heét ?lslsyarnt@ag?m Cutg;g @pait‘)dw]{eﬂ b)gbfum
CyCIl open Cl onhe ernatl ve , an ca e use 0]

o e ieidah DRCWET IR RATIY PLY HAaVATHE Hsadra ) tegperature Ty
2006/ ]504§pﬁxepggﬂ-dt!s@rp§i’fﬁ/eoéé?ﬁ§6’3ttldrﬁo %tah%‘z%%é?ﬁ@xéi&lé ey g théﬂbro@tdebzglﬁ

one phot oactive conpound which rel eases acid on irradiation (P
and (e) Beafresistansae Tyaicefly, t@ﬁ@?@ﬂfﬂiﬂ%eﬂb%a@ﬁoé Whicrresnedi ns at

| east two 5 -N-(CH20R29)a units where a =1 or 2, and R29 is a linear
or branched C - Ca al kyl group. [0065] The negati ve-working

phot osensitive conposition has one or nore pol ybenzoxazol e

precursors congrising t Tuougture | or Ill or Il1* as o0 described

earlier. [0066F The—hEgatithe- wer ki ng phot osensi tive conposition of

this {;nventi on=< ri ses at—teast onl«_e 51 Vi n StliUCt ure Vi
OH orfralion o poy enzoxazole ringd

lA

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

time is from about 15 minutes to about 24 hours depending on the particular heating
method employed. A more preferred range for the curing time is from about 20
minutes to about 5 hours and the most preferred range of curing time is from about
30 minutes to about 3 hours, Curing can be done in air or preferably, under a
20 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.

25 [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 lil or

1
ﬂ H (TH) H ﬁ
H=NH—Ar—NH AP NH"'Ar‘ —N Ar NH“AF”‘NHJ‘H

(OH)

30
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1 Y R~YSH 1s VI wherein, Vis CHor N, Yis O or NR3 wherein R3
is H CHs or @2H5, R and R2 each independently are H G - 4 alkyl
group, Cl -wehkoadteeey 9roup, cyclopentyl or cyclohexyl,p@¥fus2006/01030-
alternatively, R and R2 can be fused to produce a substitu eg or 50
unsubstituted benzene ring, [0067] Conpounds generally described by
Structure VI can also exist (and may preferentially exist) in the
tautoneric formVl' in certain situations. For the purposes of the
description of this invention, both tlautoneric forms are considered
25 to be described by Structure VI. RLIIVR-H R YI SH2 YIV R
Y S 36 WD 2006/ 104803 PCT/ US2006/ 010394 VI VI, [0068] Preferred

conpounds having Stru&ure ¥l indltude, b arefhot limted to s
Structures Vl-a or Vi or Ml-c of VI-dg: H O~SH Y~$H N SH H
HY~SH R3 \VB=laH VA NI= C AP = mfdrfjmgﬂ ) eTHmT &P o P Vv, Y and

R3 arg the sanme as defined earlier, and RS is H or an electron
donating group. Exanples of el ectQ"bn ¢glbnati ng groups include, but
are not limted to, a G-C4 alkyl group, a. Cl-C4 al koxy group,
cycl opentyl and cyclohexyl. In the alternative tautoneric form
preferred conpounds Vl-a - VI-d

9] @] '?H 0
Grmmf =N A i NHM%PMNH-}»—@L—AF ijHmAr? mN—};G*
b4

QH

10
[

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

15 aromatic group, a divalent aliphatic group, a divalent heterocyclic group, or
mixtures thereof; At is Ar' (OH)2 or Arz, 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;

20 (b) at least one compound having Structure VI

1

R IE—-V
R? Y/U\
Vi

SH

25 wherein, VisCHorN,Yis Oor NR® wherein R® is H, CHs or CzHs, R’
and R? each independently are H, Cy — Ca 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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would be 15 :x: VW-HNCH ~H xS 1 YxS\ | NxS 13 R WVI'-a VI'-b
VI'-c VI'-d [0069] Exanpl es of conmpounds having Structure VI

i ncl ude, butvodegsiagdos 20 limted too NCH3 / N ~10j~ S gdudNocidiNseH
HNH 25 and NN~ SH1 CH3 37 WD 2006/104803 PCT/ US2006/ 010394

[ 0070] The negati ve-worki ng photosensitive conposition has one or
nore solvents. The solvent(s) should not interfere with the

phot oaci d generation froms PAG or with the acid-catal yzed
crosslinki ng reeitleast oneri@iNantdi ssol ve all conponents ~and shoul d

cast a good fj it Lnel ; not: ¢ j. .t
poisar gr gani Ed);g c%lk\%"égr;ct(gr,gil Uéﬁ%@%g%@g%ﬁahé&;&%én%s( %ﬂ)qp%r@g?f@%
gl ycol nmethyl &PA&); auktate (PGQVEA), nethoxy ethyl ether and

i Xt th f.. Th f d | ' - but | .10
(0071] The nelat FEhaRk e Br U BRRL Rt o R R BT A1 a0 pr esent
i nventg on uses phb{CIAMRYR eoEpohads tMadr 2 edrReRE 86 kha#P @R branched C+-

irradiation. S@ rriteri als are commonly call ed Photo-Acid
Generators ( PACOE AW the present

[0065] The negative-working photosensitive composition has one or
more polybenzoxazole precursors comprising the Structure | or Il or III* as
10 described earlier.

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

R
V

’ R2: iY/[L

15 A

SH

wherein, Vis CH or N, Y is O or NR® wherein R®is H, CHs or CoHs, R' and R* each
independently are H, Cy — C4 alkyl group, C1 — C4 alkoxy group, cyclopentyl or
cyclohexyl, or alternatively, R' and R® can be fused to produce a substituted or

20 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
25 to be described by Structure VI.

1 1

R\/\ y R M
2

R Y/[LSH RZ: :Y/J\S
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invention are preferably active to radiation with wavel engt hs between
about 300 nmis to about 460 nm They should form a honbgeneous

sol uti on i NWOn290651#d308sensi ti ve conposition and produce Bt¥/0spgocARIIT4
upon irradiation. Exanples of such acids include hydrogen halides or
a sulfonic acid. The classes of such PAGs include, but are not
limted to, oxinme sulfonates, triazides, diazoquinone sulfonates, or
sul fonium or iodoniumsalts of sulfonic acids. Exanples of suitable
PAGs include but are not 20 limted to: 0 C13C N2 /II\ / \ + HC
ONCC 0-S=O _ 3 Rz1 R 2%1z0 iP OR22 R24 /J--RAd O ccosX OR23 30
and CH3 Il Rzs N - 38 WO 2006/104803 PCT/ US2006/ 010394 where R20
and R21 are each independently |inear, branched or cyclic al kyl or
aryl  grpggsront aippblged dothpdlinedhaomgdEtameurand includs, btk aRiaot IRBifed ®
a substituted or unsubstituted, linear, branched or cyclic Cl-C25

al kyl SorSTaJCéﬁlrﬁgl\é-ao@r\ﬁltbDFH&@IC@M-%ryI group having a total of from
6 to 25 carbons; R22, R23, R24 and R25 are each

oy, O T AL

R3

Vi-a Vi-b Vi-c Vid
10 wherein, the definitions of V, Y and R® are the same as defined earlier, and R%is
H or an electron donating group. Examples of electron donating groups include,
but are not limited to, a C1-Cq4 alkyl group, a. C4-C4 alkoxy group, cyclopentyl and
cyclohexyl. In the alternative tautomeric form, preferred compounds VlI-a — Vi-d

would be
15
H 2 H
HI——V/ EI-V/H R \E j\—‘N/H E j\—i
H Y/Ks O/KS Y/Ks NT s
R?
Vi-a VI-b ViI-c VI-d
[0069] Examples of compounds having Structure VI include, but are not

20 limited fo:

N W ¢ “

)
CHs

SH
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s independently linear, branched or cyclic alkyl groups, and R26 is a
| i near or branched C1-C8 al kyl, C5-C3 cycloal kyl, canphoroyl or
toluyl. [OOv&]06dig§natively, acid could be generated byP@T/Uszooef 10394
combi nation of a PAG and a sensitizer. In such systens energy o

radi ation is absorbed by the sensitizer and io transmtted in sone
manner to the PAG The transmtted energy causes PAG deconposition
and generation of photoacid. Any suitable photoacid generator
conpound may be used. Suitable classes of photoacid generators
generating sulfonic acids include, but are not limted to, sulfonium
or | odoniumsalts, oximdosulfonates, bissulfonyldiazonethane
conpoundfgo7and ni EjT!@emgﬁhwadﬂs@g ﬁhb&om'smwe cdnpositire haBobwaairdmore
gener at or conpo S a I SC 0 n US- Patent

2588 078oiRs. hs ShEntiah shAUIG: ot RlestEs VG ineh BheioRch O drahin dom
Q her §UPh@bﬁNiﬂhﬂ{é3§&HQa%§rh%ﬂk adr@;éémﬁfng r@@étfdnueh@@bnwésowé é[p&% onents

nmet hi des and perfl uoroal I'm des as di scl osed
Pat ent Nand sheuld @k a gapd| UVS?U@Q'? |so}yfen@rlngluﬂ@abmfear@m’fﬂm@@ddp polar

phot oaci ﬁg%%;be%%@ﬁé alifeh éé'ﬁ}ﬁrgﬁebgy ofd dﬁ'@ R“:‘E gyEene glycol methyl

tripheny onrum chlori de on| um |
t ri phenykeger facataten(RSRMEEA) onathbos ptigd ethetrraqnhmw;thml thereaim The preferred

hexaf | uor gar stenat e F) Yﬁ‘g %sul f oni um hexaf | uor oar senat e,

tri phenyF‘%u‘Pfl3 dﬁﬂﬁfﬁ“ﬁ? \" PomBThanesul fonate, di phenyl et hyl sul f oni um
chl origde, phenacyl di net hyl sul foni um chl ori de, 25

phenacyl t et r ahydr ot hi ophenj um ch] ori de

4-ni tr opRFALy[ t et hghyRGRIVEIINEROU PRotRssNsitive e cogRgsition of the present
4- hydrox &nfisH MQW éb%@hcycf#ﬁpéﬁno@,pwaylrbféggé%a '@%n HR&EAbn.  Such

Addi ti on exanpl es sul t abl e phot oaci d generators for use in this
i nvent i omaiteridisidee @cpmmmiwmledfFathwhqﬁbeemmccr@dPAEﬁ@éuPMimfethe present

tri pheny*n%%%&ﬁh%re%@r zzét*dgrté? t? ﬁp&%{}t ths Petween about 300 nm

met hyl pheny ISUrroni um er uor ooc[.'anes oha
met hylsphéengbdutpté&ngsiul Tioay ummerftbrlnmtarlmcmxogmmbfmmm indha-phot@@&nsiice

2006/ 104803 PCI/ US2006/ 01039 but h | di I I
cort| vor COMPATAANI T¥NBITes rand BR By AURGTEY (REREs: Tomacids
perf | uor mmc@mwb%aﬂﬁémes%rﬂa Suifdrié BEHhYTRheaYdsH ehamn BAGEMdIUdR, but

benzenesul f onat'e
are not limited fo, oxime sulfonates, triazides, diazoquinone sulfonates, or sulfonium

or iodonium salis of sulfonic acids, Examples of suitable PAGs include but are not

O
ool
/ i 'S
H:@M“’ cel, 0=§=0 R21/ oo

20 limited to:

P
oRzz R4 YO}S!\ R’
eest /
30 OR% CH3 ll



trimet hyl phenyl di phenyl sul fonium 2,4, 6-triisopropyl benzenes ul f onat e,
s phenyl t hi ophenyl di phenyl sul f oni um 4- dodecyl benzensul foni ¢ aci d,

tris(-t- buiny Bbemydeysul foni um perfluorooctanesul fonat e, perusaoosiornsos
tris(-t-butyl phenyl)sul fonium perfluorobutanesul fonate,

tris(-t-butyl phenyl)sul fonium 2,4,6- triisopropyl benzenesul fonate,
tris(-t-butyl phenyl)sul foni um benzenesul fonate, and

phenyl t hi gphenwhdi phegsyl sul f oni um perfl uorooct anesul fonate. 10 [0075]
Exanpl es "@%r‘%u t &R odteneesh ulependentvulinearnbeanicsed vesycliomlkyl or aryl

i ncl ude, gr 8hRir | jond | |y R, o27 :
perf uorc?b%ﬂaﬁ.esull%;t e, %%rﬁ% : ﬁ%%@ﬁeﬁy@?ﬁgg% fn s a substituted or
per f | uor oEt Rl iner ebrabicked or bytlicl Pheay bikyloatansingle or multinuclear ary)

fl Ul f ~:H.bh j.odoni um il t |
Dre, by o i BEpb | A3 of MBREEG A2 SR, O o iRt o oP B R i Yo
g@ Sh (ts lbginCSﬂplBhéelyﬂy)lirmfhﬁ,rbrantfﬂadfloﬁeyldfidi htk%/sgmu;[ag%é%rtg]eﬂl%faﬁﬁlmé‘a@ Babﬁalncﬁeg
i phenyl i-odoni - xybenzensyl f opat e urther exanpl es
of IOsui %/atgl%"e %ﬂg\fmo E‘ﬁg C&@Hélﬁb‘% 8?@pH8'f°y QtoWlt hi's i nvention ar rem

bi s(p-tol uenesul fonyl ) di azonet hane, nethyl sul fonyl p 20
t ol uenesuyl fonyl di azonet hane, 1-cycl ohexyl sul fonyl-I-(1, 1-
di met hyl &0¢RAIsul f onfeatiehvratithapeld be génerated by a combination of a PAG and

bi s(1, 1- di dmkimybet E?’él?d-h' )?sgé(rjné @n@% R3fion is absorbed by the sensitizer and

bi s(1-nmet hyl et hyl's fony% I azomnme
bi s( ci| Frexiyltiedl Noagmednanoerthdne, PAGP- The transmitted energy causes PAG

t ol uenes =1~ I ar bo, di azgmet hane, . 2- met hyl - 2- ( p-

t ol uenesg}?{:%%sf%orrﬁ?ﬁ‘ggﬁgﬁ%ﬂﬁﬁ?n Zgﬂébﬂ RESy| [’%ﬂws'-'“ﬁa t P tg@gdzgenerator
met hyl t hcoppophd phanteeysed.4- relitaple cliséss to?l prrAGs fRMEBRNbeReRRy
1-di azo-1 - net hyl sul f onyl - 4- phenyl - 2- but anone, ] ) )

2-(cycl ofBiRNG 4 %@?}Mpggd?p-blﬁoﬁﬁﬁm&ulhmﬁgl 1r plierdum or lodonium salts,
1-cycl oh i 1 | di -

G o | - oo SRR CRNY SoORBOLRIS IRy rifobspzyisyiforgte
di net Hy| 88%&{a saviaits phoagiddenaraipr compotindo are disclased ybor bx4rpB)in US-

net hyl et Nl D=6 , . - .

I i azo- | At NSBEoEE TR S50, whioh preyincomggateg essindmisiargace:
PCT/ US2008191 68itable bphetnadid, generators are perfiuoroalkyl sulfonyl methides and
-1 220~ B REBRSAGPUINY Irided ad WTRIRE R UN b ERA R 4o - (7

20 [0073] Still  other suitable examples of photoacid generators are
triphenylsuffonium bromide, triphenylsulfonium chlotide, triphenylsulfonium iodide,
triphenylsuifonium  hexafluorophosphate, triphenylsulfonium hexafluoroarsenate,
triphenylsulfonium hexafluoroarsenate, triphenylsuifonium triflucromethanesulfonate,
diphenylethylsulfonium chloride, phenacyldimethylsulfonium chloride,

25 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, triphenylsulfonium
30 perfluorobutanesulfonate, methylphenyldiphenylsulfonium perfluorooctanesulfonate,

methylphenyldiphenysulfonium perfluorooctanesuifonate, 4-n-
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t ol uenesul f onyl ) - 3- net hyl - 2- but anone, cycl ohexyl 2-di azo-2-(p-
t ol uenesul fonyl )acetate, tert-butyl 2-diazo-2-benzenesulfonyl acetat e,

I sopropyl - 2wodg@agez "et hanesul f onyl acet ate, cycl ohexyl
2-di azo- 2- benzenesul fonyl acetate, tent s butyl 2 PCT/US2006/010394

di azo- 2- (p-tol uenesul fonyl ) acetate, 2-nitrobenzyl -p-tol uenesul fonate,
2,6- dinitrobenzyl-p-toluenesul fonate, and 2, 4-dinitrobenzyl-p-
trifluoronethyl benzenesul fonate. [0077] Exanples of sensitizers
i ncl ude bu’toxaptmnyta:hpheinyistuﬁdnhm 9- 1o rperfhwlrcatmtammﬁnaate 2,4,6-

h h h ht h
by T A e R

crossl i nigkretd Iphérhﬁdsbﬁ@rﬂﬂédlﬂihuﬁﬁom d cont aighzahed @RBhtd, W0 15 2,4,6-
-N-(CH2-OR 29)a units where a =1 or 2, and R29 is a |'i pear or

br anchedtf@iefbﬂpaq?%wlph@rﬂlﬂﬂﬂfom)ﬂ'@n such St ruckHPdrispprpyteszapesiignate,

acid, fo n, eli dt
formed ( PRERRIGERenTAFepTREHSILAT: AdoRideRzbRiliohic” BI85 ! i

car bocat butlylphenyhstifonisim t he perfbomdoikwsutfamaiehen frisgébuiginhiengipsutignium

ro in | d t
o ar onap P BRI s B 1 "t e e R e sBlrbupF A C > 2 -
crossli nkesopnbmyibenmnesu!fmraee delg(rtéjutydhl@errw)snmuums beinzeesmhatek samd
shown in ks render the

SO T4 g e s v L iy

diffefential wth the 25 unexposed areas necessary for image
formation. Enough crosslinkers render it insoluble. - 41
2006/ 10488 5bCT/ uS2GUERIes ®EswitabledodemMgm pitsnfor gseHBAhG Nveo‘ﬂwciude

H3C 0J 1 Bue Qlhot  limited to, diphenyl iodonium perfluorocbutanesulfonate, bis-(f-
butylphenyljiodonium perfluorobutanesulfonate, bis-(&-butylphenyl)icdonium
perfluorooctanesulfonate, diphenyl iodonium perfluorcoctanesulfonate, bis-(£-

15 butylphenylliodonium  benzenesulfonate,  bis-(&butylphenyl)iodonium  2.4.6-
triisopropylbenzenesuifonate, and diphenyliodonium 4-methoxybenzensulfonate.

[0076] Further examples of suitable photoacid generators for use in this
invention are bis({p-toluenesulfonyl)diazomethane, methylsulfonyl p-
20 toluenesulfonyldiazomethane, 1-cyclohexylsulfonyl-1-(1,1-

dimethylethylsulfonyl)diazomethane, bis(1,1-dimethylethylsulfonyhdiazomethane,
bis(1-methylethylsulfonyl)diazomethane, bis(cyclohexylsulfonyl}diazomethane, 1-p-
toluenesuifonyl-1-cyclohexyicarbonyldiazomethane, 2-methyl-2-(p-
toluenesulfonyl)propiophenone, 2-methanesulfonyl-2-methyi-(4~
25 methylthicpropiophenone, 2,4-methy1-2-(p-toluenesulfonyl)pent-3-cne, 1-diazo-1-
methylsulfonyl-4-phenyl-2-butanone, 2-(cyclohexylcarbonyl-2-{p-
toluenesulfonylpropane, 1-cyclohexylsulfonyl-1cyclohexylcarbonyldiazomethane, 1-
diazo-1-cyclohexylsulfonyl-3,3-dimethyl-2-butanone, 1-diazo-1+(1,1-
dimethylethylsulfonyl)-3,3-dimethyi-2-butanone, 1-acetyl-1-(1-
30 methylethylsulfonyl)diazomethane, 1-diazo-1-(p-toluenesuifonyl)-3,3-dimethyl-2-
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| HHCLN.CHz | u"' OH Hz 2 NNiCHz. F HzC CHa O [0079] The |atent
crosslinker of this invention my be a single conpound, an oli goner,
a pol ynmer, wo mbetowsees t hereof each containing at | east p9us2006/010394
-N(CH20R29)a 5 groups. Such crosslinking agents nay be prepared by
the reaction of a variety of polyam no conpounds with formal dehyde in
the presence of al cohols such as nethanol or butanol or in other

sol vents, fol | owed an etherifi c t npl es of sujtable
pol yami nB“@Sﬁﬁ%’undsypﬁépdd!%e‘?ﬁeé’%u Mﬁ%\ Béethy%:hﬁtaﬁﬁ%‘?}am e 1azo~1 ~(p-
gl ycol ur idiSencdLBSRANRSIMSAy!- 215ufé%ﬁél bed in UgcRpkgat No. '@-d:azo-z ~(p-
5, 545, 702, and guanl di nes. [0080] Exanpl es of swtabl e cl asses of

such | at iwenasyleny)acetade.i fertdhedy! padtdiaza:2-besrenesvifoaracetate e isopropyl-2-
| k

2006/ L 0alesoBerr e EEH M, b P R e Heheholtitony BEpiat®) tert

al kox;ﬁnebhty[ &2 gdianadi( pdslu&eesnﬂéﬂlyf)aoetatedl @unhdmnngp@uelmﬂfobai& i B,6-
US Pat ent,. | b

dosori bolmibngd A igEresitendB. “Toa. Gpecttd = ounnn! cg SMnERGRRR:

havi ng ntflubpir@ethiNbeRIEheeBl&euni ts include but are not s limted
to: CH3O N N N OCH3 C4AH9O- 1 pOCAHI CAHOO HNYN ~i / OCAH9 Y NYNYN I 1
CH3O--~ Y IN L OCH3 C4HO0--- N N LoC4HO N~ N~ Y il)H

[0077] Examples of sensitizers include but are not limited to; 9-
10 methylanthracene, anthracenemethanol, acenaphthene, thioxanthone, methyl-2-
naphthyl ketone, 4-acetylbiphenyl, 1,2-benzofluorene,

[0078] The latent crosslinker of this invention should contain at least two

15 —N—(CHz—ORZQ)a units where a = 1 or 2, and R? is a linear or branched Ci-Csg 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):

H-I-

0, n,
N—CH,—0—R*® — rrrN—CHp_+

o

20 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 crasslinks 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

25 unexposed areas hecessary for image formation. Enough crosslinkers render it

insoluble.
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OCH3 OCH3 C4H9O OCAH9 OC4H9 CH3O-1 |-0OCH3 CAHOOT ~OCAH7

CH3OCH2N- CH2OCH3 N N N N N CH3OCHz, N CH, OCH3 N'~N Y Y LO ~NI N~-N
CHZOCH3 CH3® jooad®dEHz. r Locx M\~H OCH3 3 1 \ N N /pdfurae8dddosos
Mat erials having -N-(CH2-OR29)a units are available commercially from
Cytec io0 Industries, and Solutia as the Cynel TM Powderli nkTM and
Resi mreneTM series of products. [0081] The discl osed conposition can
optionally have a dissolution rate nodifier. Wen the | atent
crosslinker is highly reactive, the dissolution rate nodifier 1is
shoul d not contain carboxylic aci®k groups. The carboxylic acid groups
hel p catal yze undesired crosslinki during the initial bake to
renove solvent. This results in a |l W di ssolution rate in the
unexposed areas follow ng |ithogr processing and poorer inaging
properties. In this context, aRi hl/\,/ reackizve crosslinker is defined
as one which crosslinks endﬁgh u g tg‘é intial bake to decrease
the dissolution rate to < 1 26 cron/m nutse when baked at 100 C for
60 seconds on a hotplate. Sonme nel agmne type crosslinkers e.g. Cynel

303 are typical exanples of highly Yeactive crosslinkers. - 43 WO
2006/ 104803 PCT/ US2006/ 010394 [Qﬁﬂg}mglher enbodiwept's of the
invention may use crosslinkers of | reactivit o avoi d poor
phot ospeed and |it hogr gphie™ prope t\é hi gher Jggzi\bﬁnperature are

preferred. However, t h Ki IWZ%d in. h,@H;ar |1 ‘recogni ze that s

PAGs of proper ther ma abi Lity¥mist Be chchm{o avoj d degrsadati on
of the [|ithographic 'prOBfXﬁes“z‘baused Cﬂ’y aci d gener at
t hermal deconposition of“the PAG In a preferred e
phot osensitiye conpositisons enploying |ow reactivity~gfross 'S
al so enplo di ss on rate nodifier which contains

I

Z\z

o

[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(CHgORZQ)a
5 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 solvenis followed by an etherification step.

Examples of suitable polyamino compounds include ureas, melamines,

benzoguanamines, glycolurils, diguanamines, as described in US Patent No.
10 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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carboxylic acids. Exanples of low reactivity crosslinkers in this
context include 1o glyoluracils, e.g. PowderlinkTM products. [0083]

The di ssol ulyPRodRY4cki er is added to increase the di SSO'%(?%{ﬁ@Oﬁs%lgwhn

unexposed areas, pronote crosslinking and inprove the ov

performance of the fornulation. The exanples of dissolution

nodi fiers include, but are not Iimted to, 1s polyols, phenolic
conpounds with at |east two hydroxyl groups, and conpounds

cont ai ni eéoxmethwidenzoaeardsninkS08#e PalkpayrsetuyEiguareaninesy darigedr from

aroup. | WEARMS” e kEsales difc R PaER, ek rub Redlrisaine or
such as orygeyuamaniing maganersExarysesbed iPalgobstehh NdIdB520T08Ar GpRefic
limted to, e hylfene gl ycol . diet héil,ene l\glg)q\’/col .opol yet hyl ene gl ycol ,
pr opy| enEXGTISS! o Cmpghsy ha¥id gnyae, N SpRifivk ahisghide, but are riot
gl ycerpl |imastame diol, hexane diol, sorbitol, cyclohexanediol,

4, 8- bi s(hydroxynmet hyl )-tricyclo(5.2.1.0/2,6)decane and a 2- oxepanone
co-polymer with 2-ethyl-2-(hydroxynet hyl)-1, 3-propanedi ol. 25 [0085]
Phenol i c c@g unds w-tdcmt | eagd hydr oxyt,mgr o are naterials
cont ai ni ng gz%gggﬁ%/tro hydr oxyl gmou 2 t ached #%ﬁ% e HY! OCqHy
di fferentcap icl tiggg. Th 5omﬁf$§|rLg can be fuse nnect ed
directly or co Ned thgough%gg oneN NSev§§§F car bon atoﬁﬁf In
addition to hydr _él groups, these arqgmatic rings can havewngt her
substituents such ds al kyl, ether or[@Stler groups. The nol ectil ar 44
WO 2006/ 104803 8T/ G82006/ 010394 CHEl ghtOCeie t hese mat eri al sOE4l range
from about 100 to 30, 000. Exanples of such materials include but are
not limted to: hydroquinone, 1,1,1-tris(4- hydroxyphenyl)ethane,
ant hrarobi n, 2, 7-di hydroxynapht hal ene, 4, 4-bi phenol, 3-
met hoxycatgghol , (hy styrene ovol acs, and €aP¢BranefEocs
[ 0086] The“dﬂ§so£ﬁ@#%n rate \%h{%g %%§7CQQ@@£Q’ggﬁggundswﬁgptaining
car boxyl i [ s. Such’c ufids _can be nd?oneric orpoliymeric
in nat ﬁr e(b’—_afNI;g}QHp Cﬁ%—J NirpN OH == N N/,\N\/CHQOCHJ
CH;0 L ocu N 7 CH,OCH;
2 CH;OCHZ\N>_N

“CH,OCH,

Materials having -N~(CH2-OR29)a units are available commercially from Cytec
10 Industries, and Solutia as the Cymeim. F’owderlinkm, and Resimene™ series of
products.

[0081] The disclosed composition can optionally have a dissolution rate
modifier. When the latent crosslinker is highly reactive, the dissolution rate modifier
15 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 bontext, a highly reactive crosslinker is defined as one
which crosslinks enough during the intial bake to decrease the dissolution rate to < 1
20 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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and contain aromatic or aliphatic noieties. Exanples of such
conpounds include, but are not limted to the follow ng structures:
fOH HO OH @® WodAo@®osH OH O HOL-a0 OH HO OH HO O O O firruszdeddhito®
HOOHr O OOH 150 rn HOOH HOOHNOHO - 45 WD 2006/104803
PCT/ US2006/ 010394 OO O OHHO\ OH HO OH OO |[0087] A preferred
cl ass of carboxylic acids in the present inventionis s polyamc
acids. A preferred polyamc acid has Structure XV: XOH
[0082] Other embodiments of the invention may use crosslinkers of low
‘reactivity. To avoid poor photospeed and lithographic properties, higher bake
temperature are preferred. However, those skilled in the art will recognize that
5 PAGs of proper thermal stability must be chosen to aveoid degradation of the
lithographic properties caused by acid generation from thermal decompasition of the
PAG. In a preferred embodiment, photosensitive compositions employing low
reactivity crosslinkers also employ a dissolution rate modifier which contains
carboxylic acids. Examples of low reactivity crosslinkers in this context include

10 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,

15 polyols, phenolic compounds with at least two hydroxy! groups, and compounds
containing carboxylic acids.

[0084] Polyols are linear, cyclic or alicyclic aliphatic materials, which have
mere than one hydroxy group. In addition such materials can also contain

20 heteroatoms such as oxygen or niirogen. Examples of polyols include, but are not
limited to, ethylene glycol, diethylene glycol, polyethylene glycol, propylene glycol,
tripropyiene glycol, polypropylene giycol, 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.

25

[0085] Phenolic compounds with at least fwo hydréxyl 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
30 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 —



LHINIO b XV where b is an integer ranging fromabout 5 to about 200,
and Ars and Ars can independently be aromatic or aliphatic, and
preferably I ivalent aromatic 1s group, a dival

het er ocycl i?’oazrol(})ilg?sog di valent alicyclic group, a divale (tnlt/g?zio?)%oé?gigt
group that may contain silicon, or mxtures thereof, and Ars is a
tetraval ent aromatic group, a tetraval ent heterocyclic group, a
tetraval ent cycloaliphatic group, or a tetravalent alicyclic group,
wi t h t he Waigi fdhesemataidals cangaoge tisn abolie 464 toB38,060. t Eeamplsbesf such

val ences to:d A preferred_range.. iIs frromabout 25 to, .
about 17§8£t§h%8 rr'tg]erLUdgr e él?r eé Sr arrllafa1 g@?'{egfl go‘f r M%ﬂ}or@ﬁ tgwlﬁ%’ﬁf‘l‘
150. Pol Wdro;mhmyﬁ)ethimme antmaabirb| e,mmydmpﬁﬂomm@ﬁi@pm,a-mhg@ 3.
negati ve- in ot s itive, conposition a e soluble in the
aqueous @é@é?’&’ﬁ%?&hﬁhcﬁé’%@{%ﬁ%@" “BB‘]"%%@Q&%%?‘W&”S?T ucture XV
are prepared by reacting 25 nmononers XVI and XVIl, - 46 WO

2006/ 104&8@8 PCT/ US2006/ 010394 O /A5 Ol O O NH2 Ars-NH2 XVI XVI |

5 where Blnd Ar §N@ afispoltition maéntmodifier dnayreraniainr cempphiads ccontaining
noi eti es catddkyRy aciidrbgpy, BEERE r i | i

di val ent ar orrgtt iC lgrgtcgur_), a 5%’vaP@EteUﬁ%Se?ﬁe&?8§yr§{"?(§:rﬁg¢'%8€,bgyl—r%r@a{? é‘ﬁ%ure
al i cycl i @ngrasuiain @refinatic enaliphatishaietiegr dimniples offsych contpaiunds include,
silicon, ] t i.s.a tetraval ent aromatic
group, abﬁga@eﬁtgbﬁlﬁgr@?ﬁgﬁgip o'"cﬂﬁ?tﬁgc?‘éff%u& a tetraval ent
cycloaliphatic group, @r a tetravalent alicyclic group, with the
provi so that eacp.val ehce has at |east one of the other valences

ortho to it. 7/ di anhydri de of @gne type or a m xture of
several di anby ) p@%vi ded that the Jinal polymer i soﬂ)l uble in
t he photosensitive HO

OH

1.0 O O
H
l QOH
o)
Lo~
HO oH HO OH
0 o) =YOH
= O
HO OH
o) o) —=" “OH
15
0
OH
/ O
o’ OH N OH
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conposition solvent. Exanples of XVI include, but are not limted to,
the follow ng 15 di anydrides: 3,3',4,4'-biphenyltetracarboxylic acid
di anhydri d ade0d’ di phenyl sul fidetetracarboxylic L

di anhydri d:ﬁ%ogﬁ%]?sgé- di phenyl sul f ont et racar boxylic ac;315}%)[]5200G’m9394
di anhydri de, 3,3',4,4'-benzophenone tetracarboxylic acid di anhydri de,
3,3 ,4,4" - diphenyl net hanetetracarboxylic acid dianhydride, 2,2',3,3
- di phenyl net hanet et racar boxylic acid di anhydri de,
2,3,3 ,4" -bi phenyl tetracarboxylic 20 acid di anhydri de,
2,3,3',4'-benzophenonetetracarbox¥1ic acid di anhydride, dianhydrides
of oxydiphthalic acids, particulamy 3,3 ,4,4' -0 0O

di phenyl oxi det et racar boxyl i c aci d/e¢+@hhydri de (4l 4' -oxydi phthalic
aci d di anhydride), 23,86, hal enet et r ad& bo i dOH

di anhydride, 1,4,5,7- ng
2, 2-bi s(3, 4-di car boxyphenyl ¥ pr opane 25 di anhydri de,
2, 2-bi s(2, 3-di car boxyphenyl¥pr opane Qianhydride, 2,2-bis(3,4-

di car boxyphenyl ) hexaf | uor opr opane di anhydri de,

1, 3- di phenyl hexaf | uor opropane- 47 WD 2006/ 104803 PCT/ US2006/ 010394
3, 3", 4, 410087 r acar A@xsfeired aizsd adicariioxgliic aleds In #heprésent invention is

ht hal boxylic _di anhydrid
25" 3 SPOUPRILRYIT ofs HEL BORVATCH MRSSIYRRISRY 3. 4, 0, 10-
5

peryl enetetracarboxylic acid-dia ydﬁide, 1, 2.4,

napht hal enet et racar boxylic i ahydri de,
1, 4,5, 8-napht hal enetetraca Odi anhydyide, 1,8,9,10 5

phenant hr enet et racar boxyl i c| aci d dishhydri de,
1, 1- bi s( 2, 3-di car boxyphenyl ) et e an i
1, 1- bi s( 3, 4-di car boxyphenyl ) et harfe dilanhydri de, | 1, 2, 3, 4-
benze§§tetracarboxylic acid 'anﬁ&drFHe. M xt wes of di anhydri des,
such as those nanmed, may al so be used. io (0089] In a preferred
enbodi nent, di anhydride XVI conprisesXat | east one material having
one of the Structures XVIIl - XX0 000 00-0 00O
where b is an integer ranging from about 5 to about 200, and Ar® and A can
independently be aromatic or aliphatic, and preferably Ar® is a divalent aromatic
15 group, a divalent heterocyclic group, a divalent alicyclic group, a divalent aliphatic
group that may contain silicon, or mixtures thereof, and Ar is a tetravalent aromatic
group, a tetravalent heterocyclic group, a tetravalent cycloaliphatic group, or a
tetravalent alicyclic group, with the proviso that each valence has at least one of the
other valences ortho to it. A preferred range for b is from about 25 to about 175. A
20 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
25 monomers XVi and XVII,
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Xvin XIX 0 15 XX where Z= -0-, -S-, -C(CF3)2-, -CH2-, -S02-, -NHCO
or -Si(RI)2-, R" is a linear branched or cyclic alkyl group

cont ai ni ng WP 2as/B488ar bon atons. I n another preferred exinodio®ntezod=
-0-. - 48 WD 2006/104803 PCT/ US2006/ 010394 [0090] In a nore
preferred enbodi nent, at |east 80% of the total anount of

di anhydri de of Formula XVI conprises anhydri des described by
Structures XVIIlI - XX where Z = -0-. In the nost preferred

enbodi ments, the dianhydride of XVIIl are 3,3 ,4,4"-

di phenyl oxi det etracafboxy{fi c acid di anhydride (4, 4" -oxydi phthalic
acid s di anhydri de, A)llor m xture of 95-85% of ODPA and 5- 15% of
1,2,4,5 benzenetetsasa ylic dianhydride (PMDA). [0091] The

di am ne nonomer ofOSt gt ur.® XVII can be a single diamne or a

m xture of two or e dndm nes provided that the final polyner is
soluble in the to phhotoggnsitive conposition solvent. Exanples of
XVIl include, but arg@ notplimted to, the foIId“Hﬁg‘ﬂﬁhﬂﬂHes whi ch
can be used individually or as a part of mxture: 5(6)-

di am no- 1- (4- am nophenyl )-1, 3, 3-tri net hyl i ndane (DAPI),

m phenyl enedi am ne, p- pRenyl enedi am ne, XVII
2,2"-bis(trifluoronethyl)-4,4"-diam no-1,1"-biphenyl, 3,4'-

di am nodi phenyl ether, 4,4'-diam nodi phenyl ether,

3,3 - dganinodiphenyl ether, 2,4 15 tonIenedianine

3, 3' -di am nodi gl fone, nodi uI f.one

di am nodl‘%}P\%’ﬁy‘R ﬁ¥‘f‘o‘§f ,cag @de@feﬁﬁ?%dg]ﬁ r?{TF phqpc4 m0|eties with or
di am nodipigeny |H&ér@é&ﬁns 3arkd Gﬂé@?@ﬁi@ﬁr@h@@ﬁ%ﬁh@@om&tlé group, a divalent
di am nodi phenyl net hane, 4, 4" -di ani nodi phenyl ket on

3, 3" - di amei@mcw@ngnouwetaoﬁ@aienk a&lcyQipagprBdﬁp%lwa rliphstic arpup._that may
(4-am nop&ﬁﬂgﬁygn&ﬁnzﬁnﬁmare%nmﬁé%?ﬁ Ar26s %h?é}%bé)erﬁeé\%ﬁ%m group, a

1,4-bis (,y-am nopropyl)tetra oxane, 2,3,5
t et r amet higtrapalphie hglecomydiiargroey, mtgyayalﬁﬁewmlinbatlcpmwm ehadiciavalent

met hy| enes {c?}&‘ ic groutp?tV\FlfF‘\nﬁﬁt h%ro%nsod&haamé%%h PSRV SBESY BAL W 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 XVl include, but are not limited to, the following
15 dianydrides: 3,3',4,4'-biphenyltetracarboxylic acid dianhydride, 3,344
diphenylsulfidetetracarboxylic acid dianhydride, 3,3'4,4"-diphenylsulfontetracarboxylic
acid dianhydride, 3,3',4,4'-benzophencne tetracarboxylic acid dianhydride, 3,3',4,4"-
diphenylmethanetetracarboxylic acid dianhydride, 2,233 -
diphenylmethanetetracarboxylic acid dianhydride, 2,3,3',4"-biphenyltetracarboxylic
20 acid dianhydride, 2,3,3'4“benzophenonetetracarboxylic  acid  dianhydride,
dianhydrides of oxydiphthalic acids, particularly 3,344
diphenyloxidetetracarboxylic acid dianhydride (4,4-oxydiphthalic acid dianhydride),
2,3,6,7-naphthalenetetracarboxylic acid dianhydride, 1,4,5,7-
naphtnalenetetracarboxylic acid dianhydride, 2,2-bis(3,4-dicarboxyphenyl)propane
25 dianhydride, 2,2-bis(2,3-dicarboxyphenyl)propane dianhydride, 2,2-bis(3,4-
dicarboxyphenyl)hexafluoropropane dianhydride, 1,3-diphenylhexafiuoropropane-
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hexanet hyl enedi am ne, 2, 5-di nmet hyl hexanet hyl enedi am ne, 3-

met hoxyhexanet hyl enedi am ne, hept anet hyl enedi am ne, 2,5 25

di met hyl hep{agidlgeedi am ne, 3- et hyl hept amet hyl ened| 31;3%820&/04}0394
di et hyl hept anet hyI enedi am ne, oct anet hyl enedi am ne,

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

decanet hyl enedi am ne, et hyI enedi am ne, propyl enedi am ne,

2, 2-di met hyl propyl enedi am ne, 1, 10-di am no-1, 10- di net hyl decane, 2,11
- di am ni dpsleranetradarbaxgicanacidocdiadechide, 2,4,3, G‘BO nhpihaloréietseardoxylic

3,3 drrehl-44d enyl.net hane,. bi noac ohex, |
met hanle hydgde. an?%onhgir‘gtﬁwy THAR "% IC%Sa ol 4@3“8\@%6/ S50
s e et 2 s
5. df amdippEEne, | D BTERNGISIE AR Be s pF e, 1.8.9.10-
di am n%n@rrénet?ff&gér%%{i‘% a&d%%hﬁﬁﬂlrf&%cwpl% N Qicarbxpehédl €han58

et enedi ani | ene-bi s oroanlllne
hyl ene:‘rlmmj(dadeet hy|1ambia(&é)dlcarbﬂxym’@ﬂm9$ aee b| s(@laéhWFd@nl || nia?@ 4-

5-

4" -

4' - met hyl ene- h 4

+ ~oxy Hresteehar Bl Fitleenh e, M ROENAMIIES puch qs those
4, 4" - t hi ahed)irhaynglsobediseidni o- bi s- (2- et hyl anl I ine), 4,4'-t h| o- bi s-
(2-nmet hyoxyaniline), 4,4'-thio-bis-(2-chloroaniline),

3,3 sulfonyl-dianiline, 3,3 sulfonyl- dianiline, and m xtures

t her eqp. h@e§$092] ih 8 rofEhicd b dent deamgdnﬂ@m cOivpnisee akdabt one
conpri ses at 1east one nmpound with the Structure XXI 15 H2N / NH2
~ ~ E- - { -matexix| hayieg @nﬁoéth%SfmG‘fsteS X\llep8y 2-, -CcH2-, -Sm2-, - NHCO
or -Si (R28)2-, andR28 is linear 20 branched or cyclic al kyI group

containing up to 8 car bonzca:,t 3

2,
2,
4,
met
4,
4,

o= O
0
XVl XX
A\ z 0
o)
\
o)
15 XX

" is a linear

where Z= -O-, -S-, -C(CFa)z-, -CHa-, -S02-, -NHCO- or —=Si(R™)2-, R
branched or cyclic alkyl group containing up to 8 carbon atoms. In another preferred

embodiment, Z= -O-.
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[0093] A diam ne described by Structure XXI where Eis -0- is a
preferred diamne. In a nore preferred enbodi nent this diam ne
conpri ses nmato200diBmg080% of the total anount of di am ne pMyszoddiBo394
nost preferred diamine XVII is 4,4'- 25 di am nodi phenyl ether. [0094]
A preferred polyam c acid polymer of Structure XV conprises a

pol ynmer synthesized from a dianhydride or dianhydrides of Structure

S XVI1. A
Sret et r edUBEIL anm o Thei OB PRPYRO R CoRB T degt leashiy e(%i‘éi?wqaalp@m”%ﬁf
synt hesi z#shHydeoe a)fd-'*cﬁfﬁhlﬂféiw\ﬂﬂzdﬁrﬁpns@'s aaﬂwafdi@bege%nb%dr 6%% 64\% 3

| XX or re Z = -0- and a di ami ne or "di am nes
PCT/ uszod%%’%@@é - - drifetues p}@(ﬁerr@ﬁ@ﬁ@b@menm th@@mﬁv@@mf XVl are

preferred pof ¥W8$h€ﬁ¥15§i@e@’n‘§§§|ﬁfoa¥nl ' QBnﬂ{f@r ol (Ylain %y@ﬁéﬁ’xaﬂc acid

pol ynmer s synt hesi zed Trom 4 pheny
di phen§| slariwrede.adPBOXyon anixtsirel df a&ﬂa@ﬁ%. oé @mFm MOB-QEV&adﬂ 4,2,4,5

acid di m‘)égﬁé&gﬁﬁc% |cad?§1 nﬁgé}(ﬁmam d pol yner synthesi zed from

4,4 5 diamno ther re of 95-85% of CODPA and
5-15% of 1, 2, 4, 5- benzenet et racar boxylic di anhydride (PVDA). [0095]

| S XV db t XVI
P ", o HE i By LSy AP DB S o
pr ef er r ednikfiiré @f e &f mSW ldi a?ﬁvf heb Spré‘&@@ﬂ! m%eoﬁr% 56d?ytﬁ910iét s&s@lg infthe

nore preferred ratio of XVII/XVI is from about
The r éActANgiPsenFEve somperiliansolveah Rwamples Oél?fé’uhlﬂﬂfsdehlmmage nat limited to,

pr ef er r edhg esRWiIRY diatiBed, %ﬁa&lﬁ’%ﬁ?)%uﬁse% mafyr@ag]g ofBey pgéou;ﬁlﬁg@re /5(6)-

more preferred reacti on 'tinme urs to
hour s. Tmamlélacﬁ%amlrtcmﬁevlwLﬁ,&tnzmeﬁwmmam@ombmp m-prmemjtmﬁdueﬁsﬂm@ A

-10 ,Q..ab
A rore proPEREhetBn T % & Bistnbon AN iapite To Bt hon: 34+
C The paligninodiphenyl eib.er bﬂ@pdlam&’rcﬁmhemylseﬂn@r apd’-tRenins@phémprtRsided:.
|on or i solated hy precipitation into

2 hote cRUEReAaEh P ek RManTPABIL SHIRTE oIvEIAM NGRSy eLifans, 2bd -
vvater or diamifibdipHERylof de- sambred wat es 3aRfdRodbRENAIMeRtTS, S 4.4
met hanol or isopropyl al cohol.

diaminodiphenylmethane; 3,3-diaminodiphenylmethane, 3,4'-
diaminodiphenylmethane, 4,4'-diaminodipheny! ketone, 3,3'-diaminadipheny! ketone,
3,4-diaminodiphenyl ketone, 1,3-bis (4-aminophenoxy) benzene, 1,3-bis(3-amino-
20 phenoxy) benzene, 1,4-bis (y-aminopropyltetramethyldisiloxane, 2,3,5,6-
tetramethyl-p-phenylenediamine, m-xylylenediamine, p-xylylenediamine,
methylenediamine, tetramethylenediamine, pentamethylenediamine,
hexamethylenediamine, 2,5-dimethylhexamethylenediamine, 3~
methoxyhexamethylenediamine, heptamethylenediamine, 2,5-
25 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-diamincoctadecane, 2,17-
30 diaminoeicosane, 3,3’-dimethyl-4,4’-diaminodiphenylmethane, bis(4-
aminocyclohexyl)methane, bis(3-aminonorbornyl)methane, 3,3
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20 The ratio of de-ionized water to al cohol can vary from about 99/1
to about 10/90. A nore preferred ratio of de-ionized water to

al cohol is {yPmhahesss 90/ 10 to about 25/75. A nore pref (e}
is fromabout 75/25 to about 25/75. [0096] The anount ofﬁéf/ﬁgogﬁolbﬁ*

pol ybenzoxazol e precursor polyner | and/or 11l and/or 25 111* in the
phot osensitive conposition of the present invention can range from
about 10 wt%to about 50 wt% of the total forrmulation. In a

pr ef er r edli@nipedipienylethane, defitdiaminetiipheayiétiemel | 1ansindAet-didrhiobibhenyl

from abo 25 W % t % In e . preferred enmbodi pent,
the cont étrlll%fégf I (;n%I)'F gcﬁgwqo%gﬂgﬁqg‘; III&'%?WWEIPE%%D?' 25 vvt;ggtdgf'?m'”o""‘
about 33 tmmhmhfetfm%dﬁdm rruE;ﬂ-c}iiamincgﬂ),}%[@flﬁqﬁhia"ig?, avn\%yg%iggjiri%c é:l&glexane,
conpound($s avin Jructure sed in thi . 4

T USp00HREE DA ‘b HeeVeneHEnngr o BRIV Se - GhaoRBle). o 44"
W . % bsis edethyleAsBS-nedthiBRIineR| whems is(Pr ; 410 -
0.15 wt. ﬁégquoﬂ 6, v,\t'ty O/Img}r)]d%m).st K%E@%@Pﬁ%leﬁ,ﬁé?@nﬁ»hbﬁﬁt Fﬂgfﬂ%éﬁe
W . % t o PiRéeine 0’6&3”"“7(?%&@%‘%‘%%: 6f4’ﬁﬁbbl9pé-m§malaiﬂm)e.4,8'-oxy-
0098]  Thes-@0&H iSSPl Y antnih Ridhe S of pulat i.QnsC ogensi.tive
E:orrpo]si tilﬂ%n of ?tﬁgﬁ_iﬂlﬂégn%’lqo?\m%ghé @ef r%?nwgﬁ%hgqﬁ%&?ﬁ"p%’%%b%3‘(%?‘*’\'&'
% of t he (Z-51&thyoxyengine), 4" phieftis«(2dhlaneaniiine) s3,8isatfomalidniit, & Yelitonyl-
about 75?@“?%’8@@?9@“”%5%“%%0@ anount is fromabout 50 Wt % to about

65 W % e anount of PAG in the photosensitive conposition
of thes present invention ranges fromabout 0.5 wt % to about 20 w %
based on nt of, the ol ybenzoxazol e precursor_polyner. A

preferr eﬁ%cent r 7 H?Prgéﬁ érr qjﬁé"%‘@e% BN RISAY ! Soyises ahirnst ons
W % basedo@notinge withaHe Stekipebylienzoxazol e 15 precursor polynmer. A
nore preferred concentration range of PAGis fromabout 2.5 w%to

about 10 wt % based on the anmpunt of pol ybenzoxazol e precursor

pol yrer . HoN NH,
E
15
XXi

where E = -O-, -S-, -C(CF3)z-, ~CHa-, -SO2-, -NHCO- or —Si(R**),-, andR? is linear
20 branched or cyclic alkyl group containing up to 8 carbon atoms.

[0093] A diamine described by Structure XX| 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 XVH. The most preferred diamine XVII is 4,4-
25 diaminodiphenyl ether.

[0094] A preferred polyamic acid polymer of Structure XV comprises a
polymer synthesized from a dianhydride or dianhydrides of Structure XVIlI, 1XX or
XX and a diamine or diamines of Structure XVIl, A more preferred polyamic acid
30 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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A nost preferred concentration range of PAGis fromabout 3 w%to
about 7 wt% based on the anount of pol ybenzoxazol e precursor

pol ynmer. (ﬁaw(;ﬁgs of optional sensitizer can be from
about 5 vvt% ased on the amount of 20 pol ybenzoxazol e lfé;lg{ﬁzgt%o}osg?

pol ymer. [0100] The amount of |atent crosslinker in the
phot osensitive conposition of the present invention can be about 2

wt% to about 35 wt % based on anobunt of pol ybenzoxazol e precursor
poI yner . ofaSpreites K&l vdibark =ofO-cr deampire of ipseferies peivuerssf thapmseot

about 25|n HadiAse c9 erre%ﬂﬂgﬁéﬁ'neﬁ %&Qﬁ@é%ﬁo'z&%&ﬁ agarhengl ether

poly nor e |on range of ¢ros rom
about 5 and @b’ﬁtét4‘-2dlphm%mdsmramarlctob{plmamdrdianmquniby@eﬁm@hﬂmhc acid

precurso St eferr concentration rapge. of ,

P ooat  riaRRyat Rt e el o5 hpfamS Bl oo Rnd” RS e 4

pol ybanzmaﬂmﬁcﬁprmr@t@tmrawlaymureﬁ@f eam%b oT}[@DBKD%m 501 5%50f 1,2,4,5-
can be from about -

di ssolutjon ra [es
2006/ 10429%P f@é@%@é‘ﬂ §QEW§T (%J\’ﬁ%‘\)about 20 Wt % based on the

anount of polybenzoxazole precursor polyner. |If a polyol conpound is
enpl oyed, i)referred amount is fromabout 5 wt%to about 20 wt %
based onl008E] anourolynersdiamienStuaizet XV mre pierased byl rgasing moneimers XVI

preferr e%.@ gt ﬁ'ﬂ@fratﬂn%fyﬁ\/l! frﬁmféﬁqnt%%’{o R LR p?@fg%g\:l'éuo

wt % base anount o benhzoxazol e precursor poly
nmost 1or edfeXY X VA no fom elboutp@xﬁgldb aboubﬁ@ﬁd A snéreopneddymaat rﬁovﬁf%(WldYXVi is

about 12 wt%ba on the n of benzo azol.e ur sor

pol yrer . froip ‘ab ﬁ§%3ﬁ0 at{o&t@ egr% 'PB 2 O'Eraé:l‘oé'&) gxogﬁg%ﬁpows%
f rom abondurb. W %éf@rra@wéctm Nm%é)mﬁﬂal@diut@ﬁoaw%@jt 24 hours A more
pol ybenzoxazol e precursor polynmer. A nore preferred anmount of

phenol i cPiEEr '8”|T§“Fr’§rff%oﬁﬁo% oD lQsheut 29 dpdishadel iactione
t @
gpvgﬂengflfelmc éMF@&ZﬁeEﬁZéﬂo%t RpE erta%oepbwer A r@@ﬁ{ed%ﬁ /%Lase &?é?‘?ﬁi

is fromabout 8 wt% to about
t he aouistirasn abp@ﬂ yHRHZ dx akoticthr@c i wore prsigmed reacrcloat@nnpmhwe is from

contai ni Aot bex%l !aﬁot?tchg °C. The polyamic acid can be prepared in sifu and the
solution added to the composition or it can be first isolated by precipitation into a
non-solvent. Examples of suitable non-solvents include de-ionized water or a
mixture of de-ionized water and an alcohol such as methanol or isopropyl alcohol.
20 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.

[00%6] The amount of polybenzoxazole precursor polymer | and/or Il and/or
25 |lI* 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 Il and/or |II* is from about 25 wi% to about 40 wit%. In a more
preferred embodiment, the content of | and/or 1ll and/or I* is from about 25 wi% to
about 35 wt% of total formulation.
30

[0097] The amount of compound(s) having Structure VI used in this
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groups is enployed, then a preferred anount is fromabout 2 w%to
about 15 Wt % is based on the amobunt of pol ybenzoxazol e precursor

pol ymer. A wormoguedosr red anount of carboxylic acid conmeyidedisiidnem
about 2% to about 10% based on the anount of pol ybenzoxazol e
precursor polyner. A nost preferred amount of carboxylic acid
conpound i s form about 2 wt%to about 5 wt % based on the anmount of

ol ybenzoxazol e pr.ecursor 20 [ 0102 The negative workin
Bho%/osensopmﬂ?é't'é’g o gpﬁewb%e%ﬁpouﬁ %v‘é’h% 8ASRA PRI UEH %dhﬁ

ot her adqiowb\éﬁ,@oxa@smref@r@él SHorABbeutaed5 i o8 foNabdifts o 1@'3?“"?%

limted to, dyes, surf actants and adhesi on pronoters.

enpl oyed, p@fﬁ@t&fmhw gpouldAdS wh fi deroalmut yﬂltr&hgleaSGerWabmmnt @f lthe
w. %to bz&a\%} % based on the anmpount of pol ybenzoxazol e
precursorp A preferred anmount of adhesion pronoter is from
about 4 w. %to about 5 w. % based on the anmount of

polybenzoxay"le pregur sor r ef rred

adhesi on [p¥0Hot er ' f?%uﬁgo%t sglvﬁ?’[ "%t(tﬁg 5 tp%o%nga%dolm%msgﬁe
t he amu@bw@fasmohwwmm@irﬁcm BE %&oébMIW% tSWHHoaPB? v dh &% tr@totai
53 WD 2006/ 042&3 PCT/ U82006/010394 prompters incl ude, for0 exanpl e,
ani no si I“"fﬁ*\@!]sf aieried AEROWH 18 eFPaRPQHESHE MR 2bOEK FfpMe%. oA more
sui t abl e ppgkRAsH Ahdi; WY, in the invention
may be descrﬁbed%by Rk Ghan 50 Wi tO%O%FESWg St d RIS (3-d)
XI'V wherein each R 14 is independently a C1 - C4 aI kyl group or

- C7 I | S |
group. IR o, FRE P B PRG R the ABRESEDAGT bineBeliby o ﬁﬁs%ég&nf
C7 cycl odheokign geoges from sbant O ed%r td about020 awi3t draded on aindsunt of the

I nteger ff oﬁ/@enzoxazgpe prec%rsor ;?o]yns‘aelg m?ﬂ\ C;)Jfre epr%d concethragonn%r?éé o? PAG is
from about 2 wt% to about 15 wit% based on the amount of polybenzoxazole

15 precursor polymer. A more preferred concentration range of PAG is from about 2.5
wt% to about 10 wt% based on the amount of polybenzoxazole precursor polymer.
A most preferred concentration range of PAG is from about 3 wi% to about 7 wit%
based on the amount of polybenzoxazole precursor polymer. The amount of
optional sensitizer can be from about 0.1 to about 5 wt% based on the amount of
20 polybenzoxazole precursor polymer.

[0100] The amount of latent crosslinker in the photosensitive composition of
the present invention can be about 2 wit% to about 35 wt% based on amount of
polybenzoxazole precursor polymer. A preferred amount of crosslinker is from about

25 5 wi% 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
wi% 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.

30

101013 The amount of dissolution rate modifier, if present, can be from about
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HH1_7 ~NH ~-HNOHRNH2 ~ 00 R16 0 15 0 Ny O, ~SH Rls O 20
wherein each R17 and R18 are independently a C1 - C4 alkyl group or a

S - C7 cyglosddaghsogroup, and R19 is a Cl - C4 al kyl 9rgQupuQhocdifs, -
C7 cycloal kyl group. Preferred adhesion pronoters are those V\%ere

R16 is selected fromHHMHNC OH """""""NH NH2 )r 0 0 and O 25 -
54 WD 2006/ 104803 PCT/ US2006/ 010394 More preferred adhesion
pronoters are those wherein R16 is avww, NH NH2 \O 5 The nost

pref er r ed wtthés Rbouidlowtth desedoa thel2iount Npolybeisicxarele PrefNsempolymer.

 mvent | ot AR ESTEOHPH e Sy AT HENES A ReY vy o Pato sbout
Byl i i A e
conposi t iREAEITed BRI i RRY Y FeMoURErS fiod ¢ WB g%ﬁ at&?‘gc{# E"ngbased
havi ngs t he, §kr bt polybenzoxazole precursor polymer. A most preferred amount of
polyol compound is from about 8 wi% to about 12 wt% based on the amount of
polybenzoxazole precursor polymer. If a phenolic compound is employed, a

preferred amount is from about 5 wt% to about 20 wt% based on the amount of
polybenzoxazole precursor polymer. A more preferred amount of phenolic

10 compound is from about 5 wi% to about 15 wt% based on the amount of
polybenzoxazole precursor polymer. A most preferred amount of phenolic

compound is from about 8 wi% to about 12 wi% 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%

15 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 wi% to about 5§ wit% based on the amount

of polybenzoxazole precursor polymer.

20
[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.

25 [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. %

30 based on the amount of polybenzoxazole precursor polymer. Suitable adhesion
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or Il or I'll*, at |east one conmpound having Structure VI, at |east
one solvent, at |east one photoactive conpound which rel eases acid
upon i rr adiyato . | east one | atent crosslinker each I ,
cont ai ns at Pegg?ﬂ“?ao -N-(CH2OR29)a units where a = 1 &?ﬁgﬁggﬁgﬂmg‘
wherein R29 is a linear or 20 branched C1 - Ca al kyl group), and
optionally at |east one dissolution rate nodifier (all as described
above), with the proviso that when the |latent crosslinker is highly
react i ve prarheteds msbidet farrexampe raydindi silianeg endnaixtyeatali deriveivasoRereact.

acid gro e f ] . r o { i - ;
coated s %g[n P g%e6f%%§g ?EI{ %@gsr'g% @g@gﬁr S g@ﬁ%d‘)%‘g obsf:’t 8')('3-5? g‘}(&% aﬁg qﬁ%ﬁ%& tion
t he coat edhyshibdésaibeddty Structlievded tenperature; (e) devel oping the
coated substrate with an aqueous devel oper, thereby formng a relief
i mage; and (f) baking the suMn eJOeﬁ%aS ed tenperature,
thereby curing the relief i < 30 [ gi] e’ynegati ve acti ng,

phot oacti ve conposition of this inventionigis - 55 WD 2006/ 104803
PCT/ US2006/ 010394 coated on a suitabl e substfFde. The substrate may
be, for exanple, semi conductor materixg/s such as a silicon wafer,
conmpound sem conductor (lI11-V) or (lI1-VI) wafer, a ceramc, glass or
quarz substrate. Said substrates may al so contain filns or

structur o€l eci ' jut.cuit fabricati s\c S '
nor gani amerl st R B BB ic o U el Bl oics G BNy
subst L@t gréur, stbh R'F viedepemderitly saCyafraliod graimiand: eXgxoalkakycgrppera Cs
[0106] Met hods,t at the bst.rat ith the photosensitive resi
Conposi { Fokt PYRTAIGE SR Ot Satol” Ey pRistrt o00epi a5 38 Sepry o 'and
coating, (3t bnektegbofr®ni Nid MbutBYR'TIs GRAdfithg folbWimemoRstisdt i Ng,
extrusion coating, meniscus coating, curtain coating, and inmersion

coating. [0107] To ensure proper adhesion of the photosensitive
conposition toH he H

17 wwwwa NH
WHNMOH R YNHZ
o O I\L R18 O

15

0 e O g9
MON i SH =N R
O

20 wherein each R" and R are independently a C1 — C4 alkyl group ora Cs — Cr
cycloalky!l group, and R' is a Gy ~ C4 alkyl group or a Cs — Cy cycloalkyl group.
Preferred adhesion promoters are those wherein R'is selected from

H H
mHmﬁOH MNH\]/NHZ
0 0 5

25
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substrate the substrate may be optionally treated before coating with
an (external) 15 adhesion pronoter before the first coating step or
t he phot osens fbey@agp@nposi tion may enpl oy an internal adﬂ?ﬁi}@ﬂusm 0394
pronoter. Any suitable nethod of treatnent of the substrate wt

adhesi on pronoter known to those skilled in the art may be enpl oyed.
Exanpl es include treatnment of the substrate with adhesi on pronoter
vapors, . solutions or at 100% concentration. The tine and tenperature
of treat MQTE RiFETed Gdhepiendramoiers apathasewharela s ts at e, adhesi on
pronoter, and nethod, which may enploy el evated tenperatures. Any
sui t abl e ext ernal adhesi on pronotéer ﬁ‘ﬁxﬂb/w-!zerrpl oyed. C asses of

sui tabl e external adhesion pronoters ingfude but are not |imted to
vi nyl ai koxysi | anes, met hacryl oxyal koxyygi | anes,

mer capt oal koxysi | anes, am noal koxysi | anes, epoxyal koxysi | anes and

gl yci doxydkekossigréfemes. adheksivogrbmoéss 2be and gl yci doxysi | anes are nore
preferred. Primary am noal koxysilanes are nore preferred. Exanples

of suitable externq+ adhe5| on § (Sl\g%ters i ncI ude but are not |limted
t o ganma- am Wb&ﬁg hyl d
i met hoxys i1 | ane, ganna egC|doxypropyI yl di oxysi | ane

ganma- mer capt opr ylnethyldlnethd¥V5|lane 33nethacryl 30
oxypr opyl di met hoxynet hyl si | ane, and

3- et hacryl oxypropyl tri net hoxysi |l ane.

gamal®Am nopropyl tri met hoxysilane is nore preferred. Additional

sui tabl e 6 2 Ug2006/ 0 394 .adhe r onot er
are descr[oLoﬁ i nV\H %ﬁéé%ﬁ%ﬁdﬁg@ %ﬁpreég wvﬁnt'o@l'r@%geesrérﬁ{ ca%%r
Pl enum Pfarssing ewegditvektoneGehd]imbe. Mmeeyrbters ddrhpfides thektapaadfl v

prebaked at a Iev t ed t er ature. 5 The bake may be conpl eted at
one or nore t é‘?‘é{ UQ@SS ﬁ‘feh the tenperature bake of from about

70 C to about (5}28afind Ok Sy 8UBStratk NHIrRYaliRe- %Nm?‘%hﬁ%@nsnﬂ@@%ﬁ@o@ﬂon

on the nmethod, to evaporate the renaining solven suit
baki n¥f neans wyw*swr&/@dﬂoaaﬁmmwmz@am%smraomahavm thefieicture |

include, but arenftor \ij*Md§dadiOond YorklothGShAMTy CHAMEEE' O QVERAS: ohd

solvent, at least one photoactive compound which releases acid upon
irradiation, at least one latent crosslinker each of which contains at least
two ~N-(CH20R29)a units where a = 1 or 2, and wherein R* is a linear or
20 branched C4 - Cs 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;
25 (d) postexposure 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.
30

[0105] The negative acting, photoactive composition of this invention is
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[0109] Subsequently, the resulting filmis exposed to actinic rays in
a preferred pattern through a mask. X-rays, el ectron beam

ul travi ol et wioeapse/1ws0si bl e |ight, and the |ike can be usgdrasoaddihiok C
rays. The nost preferable rays are those wth wavel ength of 436 nm
(g-line) and 365 nm (i-line). 15 [0110] Foll owi ng exposure to actinic
radi ati on, the exposed and coated substrate is heated to a

t enper at et ween..about , 70 C d about .,150 G._ The exposed and
coared sipaeR s Blidag Supbitate, nfife BRRkilasd Rimihs. TRE exAB R SeiRfhductor
period ofaténiaie sutly ps @aéilioom@d%r,aéorﬁmﬂmmi@oﬁdm%ﬂlllm R BS/TPRE B
be carried out using 20 an s%iﬁable hgatl:‘wr/\% neans. Preferred neans
Uncl ude GEIETHE SRSR AbOLAABSHER, SAI00HRRIETS MaY GHSO 1andain Hiass o

step is epnRMAlY usell efdredickPoniB EXEIIRFADbRaLBA SEuche X RODMhiPak Mbrganic
[0111] Next, the filmis devel oped usi n% an aqueous devel oper and”a
reliefs gwleniiiese cAPPY Popthetwirngemgtike olbe mesfereg substateaion shiadnusstien

base. awf‘%ﬁr%“}aﬁ'“hb%gﬁs?ﬁé é’r_ncl ude, but are not limted to,

i norganic a e.g., potassium hydroxide, sodium hydroxide,
anmoni a water), primary anmnes (e.g., ethylamne, n- propylam ne),

secondar L nes .q. diethylam pe i,-N-pro am. ne ertiar .
am nes &013@] tri g@ﬁ&]og%i ﬁé) ?eogpcg}?ol glm%@ge (@)ﬁb rR“?i Z?F'ﬁ S’Inﬁﬁ}'%ef?s'n
quat er nacymposidomointiute s dlut saréengt liited r @aiphay asaandg,u @ﬁi‘h%b@tﬁg,ieoffset
t et raet hyl amoni ?m hydr oxi deé, and m xtures thereof. The . i
concehft r RIPH. 5p/IeS £A81BELPEFRA RRINENY RHSIANzCoaNngp tRtyisyigstpating, curtain

PCT/ US20@64ht03R4 imARPSIBAICBELRR  the base solubility of the polymer
enpl oyed and the specific base enployed. The nost preferred

devel opers are those containing tetranethyl anmoni um hydroxi de
( TVAH) . ig-abl e ¢ | .Aho %1
596 DbveR it “card Saoule Pl siihep bf #9BhobEARERCKomAdL Sy 35 HE
puddl i ngsulpatrade tiee sabsirdtarmee bel aitiongllytehtedisbeford eopinatvith e (hdarnal)

about_  10_C to about 40 C_for abpout 30.seconds fo0 about 5 .mnutes. ..
At er' daiardhiRtimol SR uE Bl eorinharRe b Pangeeyeiie SedPositng
de-i oni zethyahelby adnternal adhesion promoter. Any suitable method of treatment of the
substrate with adhesion promoter known {o 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
20 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,
aminoalkoxysilanes, epoxyalkoxysilanes and glycidoxyalkoxysilanes. Aminosilanes
25 and glycidoxysilanes are more preferred. Primary aminoalkoxysilanes are more
preferred. Examples of suitable external adhesion promoters include, but are not
limited to gamma-aminopropylirimethoxysilane, gamma-
glycidoxypropylmethyldimethoxysilane, gamma-glycidoxypropyl-
methyldiethoxysilane, gamma-mercaptopropylimethyldimethoxysilane, 3-methacryl-

30 oxypropyldimethoxymethylsilane, and 3-methacryloxypropyltrimethoxysilane.
gamma-Aminopropyltrimethoxysilane is more preferred. Additional suitable
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dried by spinning, baking on a hot plate, in an oven, or other

sui tabl e means. 10 [0112] The benzoxazole ring is then formed by
curing of tw®Wp@wed relief pattern to obtain the finabchisioduaados
resistant pattern. Curing is perforned by baking the devel oped,
uncured relief pattern at, or above, the glass transition tenperature
T9 of the photosensitive conposition to obtain t he benzoxazole ring

that pro hi IS r|be bef.ore. .
The |ﬁven Qﬁi%%"olns &Erﬁgéar?atagg 6{? ﬁp?e qupling hé\gﬁm %ﬁl"ﬁ% P.
exanpl es Plummm,taﬁezmmmms@euw%ﬂ«ges are by weight unless

ot herw se specified. 20 Synthesis Exanple | Synthesis of
Pol ybenzoxazol e precursor Polyner of Structure (la) 25 CFA _ CFA CF,,

HO OH HCWUH!T@ OH  GChe r[@Eultiﬁ? TfilleHie ogﬂohﬁlﬂ\‘bféwékw Cf(n e}e‘vgtéﬂ"{ew\'éerg%ulre

00 ~J - n 30 (la L, t'hree-necke round bott
fl ask équﬁ}?p@%l‘%ﬁﬂy Cﬁﬁ’tmﬁﬁd c,aéIOF@t O!'r ﬁ@rfe tempeEg@esiwithin thedemperature

addi tion 5 426 :

hexaf | uorB(c)aﬂkgn&rI ?é( éﬁgﬂ% % J roxyp?*lenyl fbgrse[\)lgﬂae] Tlglug:ﬁ?}ﬂ )h,a]fGQIr.' ?Ob'r’

(794.9 mﬂﬂp)end!ﬁgplﬂ’ﬂhalmethodnﬂa Gﬁﬁpcﬂsat@ thé rammmlg/;spwegtg)li\dpsleltdmxakmg
re add Th 0 104803, PCT1 US2006/ 010394, uti on was

\év'?l rred Z‘ﬁearbs ]ﬁaygr?p'gpg OM?é ﬂrﬁﬁmp & Pf 3t quJ%% E‘Egdp%@?ﬁ Ingitge; Rfare not

cool ed i Nimited tb Clectwaidtes abdtdenagctfdntovensTo this solution, 39.3 g (194

mrol ) _of isophthal oyl <chloride, and 56.9 g (194 nmol ) of
1, 4- oxYdi benzoyl chioride dissolved in 427.5 g of NWVP, were added

drop-w sqo1@d]t er t Babaslidrti9n tMeSreelRL CHRE ist BRI b | Binic rays in a
preferred pattern through a mask. X-rays, electron beam, ultraviolet rays, visible
light, and the like can be used as actinic rays. The most preferable rays are those
with wavelength of 436 nm (g-line) and 365 nm (i-line).

15
[0110] Following exposure to actinic radiation, the exposed and coated
substrate is heated to a temperature between about 70 °C and about 150 °C. The
exposed and coated substrate is heated in this temperature range for a short period
of time, typically several seconds to several minutes and may be carried out using

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

[0111] Next, the film is developed using an agueous developer and a relief
25 pattern is formed. The aqueous developer contains agueous 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
30 ammonium salts (e.g., teframethylammonium hydroxide, tetraethylammonium
hydroxide), and mixtures thereof. The concentration of base employed will vary
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5 mxture was stirred at roomtenperature for 18 hours. The viscous
solution was precipitated in 10 liters of vigorously stirred

de-ioni zed wat#mis/103dee pol ymer was collected by filtratignyahdoiaeingd
with de-ionized water and a water/methanol (50/50) m xture. The

pol ymer was dried under vacuum conditions at 1050 C for 24 hours. 10
[0115] The yield was al npst quantitative and t he i nherent viscosity
(iv) of the | ye s 0. nmeasu in NVP at a concentration
of 0.5 gﬁaiieeﬁnwn ne P'Uttﬂ B POl ra%fBPWP@cﬁﬂdth%P%de bRAY

was det eg doy gebk 151119§3tr ”Eﬁx*e'féﬁ’e&hrﬁgﬁélgﬁé@phh]‘és' “tﬂofsé’ur ntammg
Phenogel 10 colums with pore sizes of 104 A, 500 A, 100 A ang

and THE igirametaylaamonivig) hehgxida dTMAkRd 2P ditable cencridtations of TMAH range

cal i brat kg, aEBEt t’lg/g'tﬁ %b%ntgﬁes Q%Egﬁﬁﬁnpfsgaﬁfdcé?ﬁe& P feans of

procedure wa hesi's o
Pol ybenz bwmeddien, Rresyr peddifgl yrertherf sistilan ectevelp{nigl a')ethcfc&laﬂerﬁpemtlkek

t hr ee- ne d bot f ke £QUI QPRE ith a chani cal .sirr

54 g (60" ARatt o rCiheibiobt FherC B ARFE A P PitRE RO ER e e

500 25 ﬁﬁevé!o;bmén’alﬂyéirélfeﬁpaﬂen(nTtHE)/ ionehe einsdd e sifit daioBizédSwvater and
stirred f,qr hen m nut and the solid was fully dissglved. 0.81 g (3

S
mmol e) offfigd &ﬁﬂtnﬁglﬁiug%'ﬁﬂ o & hptRiates i) aip YN, d?ﬁl%h?ro%"tégleﬂga'@) was
t hen added and the m xture was stirred for another 10 m nutes.
Triethylamne, 0.3 g (3 mml), was added gradually within 15 m nutes
and tlffén[Q'Hé}reactTI@ﬁt gnxexpzelensng d4s itherediormmd by tesiting . of the ursaieed oglief

m xture eﬁﬂ@%b@@ﬂwmaf%gﬁﬂ%t s s?arggo%[(&em' 8Lr|H {)é)weds by baRfg

de-ioni z vvat er reciprtated was sep
filtratite demlalmm:hexmcwetmrezetpaﬂesﬂeatl onibevkt, Whe @assTtvaméﬁa)n Enpai@ure

2006/ 104803 .RCT/ US 06/ 10394 duct dded th .
de-i oni z&# e P H Vi S Et\%inu %Wﬂﬁ S?'F%‘%Z?'g”%lﬂ?ﬁtrﬂf%'ggs

After fi htghatga@restiétgnmggluggcﬁm wﬁat@ed with 1 L de-ionized water.
The isolated product was dried at 40 C overnight. The yield was

al nost® quantitative

[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.

20 Synthesis Example 1
Synthesis of Polybenzoxazole precursor Polymer of Structure (la)

25 CF, CF, CE,
o on 0 on so—{ Yl Yon
CFy CF; CF
H-—NH NH: Nft NH—W—Q—Q NH,
v} 0 ) Q
n m

NH

30
(Ia)

[0114] To a 2 L, three-necked, round bottom flask equipped with a

mechanical stirrer, nitrogen inlet and addition funnel," 155.9 g (428.0 mmol) of

35 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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5 [0118] The inherent viscosity of the polymer was 0.21 dL/g neasured
in NMP at the concentration of 0.5 g/dL at 25 C. Synthesis Exanple 3
i 0 Synt hesi WOSH0@10R8#3t oact i ve Conpound (PAC) of Struct ureckodzbds/ondsos
N2 OCH3 0 11 11 7s-O 0O s--8LO N2 15 XIIl p [0119] To a 500 nmi,
3-neck flask equi pped with nechanical stirrer, dropping funnel, pH
probe, thernoneter and nitrogen purge system were added 225 nL of

d 1), i | .
The and, aBuligl s Sefret (ot 8O HBL LI TAE L 5BRIE% dved” SRAEES ralecTa
thi s was aadidedva@t@r B5th af $43F cn?pm hmqmomrm mga% igdet 9&Uh1fnﬁl{l)/bf gé;ip%maﬂtﬁy!
2 m xture was stirr u
Che’sor 1 GhRRRe iy Bb g7 ciihimmoniel f3SydBenan shiopramsrolvas s darved of
in 50 nL NP, wese aftiied Heog-hRe! eé)’-(ﬁérofhe”hé&s%ﬁ ﬂé@%%&te\ﬁh'thé’ rfeeﬁmﬁg'

was kept under 8 during this process. The tenperature
exot het nixigEe W@écﬁti“@ﬁ’ wagoqf@ﬁemeﬁteéwes@rd8 hjp'éfﬁ th@I\@QQO@ﬁ aﬁlutlon was

addi ti onprddith&R et 110Nl bF VRyor Shitbd &fb-foRlzed 8w rST % L WES
?n e‘%ﬁlé de II?onyl (5 %15

added 27.75g of 5-naphthoquin or|
C) and g2slleatecibyTFladind ark washetli m’th ndaianmmdv\mtcst andea wateﬁ&etmo!

i ssol veit 0Sa i err 15, ev i Y e, DO b o liche. o, FA R 22

whi | e t héopitd. was kept under 8 during this process. Again -during this
exotherm c reaction the tenperature was kept under 30 C. Upon
corrpljechon of the addition, the reaction mxture was stirred for 20

hours. T ﬁ]reactTMymmué%w@a dda%m%d@%a%@%@(ﬁ Gi&&gﬁ’gﬁs} Withe
of 6 L of Dl-water_and log o product was tere nd

washed wPPlmer wag0. %%de,@ewﬁ@dtf@N.Ml%aéa sPBeRfgration of 0.5 g/dL at 25° C.

[0116] The number average molecular weight (Mn) was determined by gel

15 permeation chromatography using four Phenogel 10 columns with pore sizes of 10*
A, 500 A, 100 A and 50 A and THF as an eluent. Polystyrene standards were used
for calibration. The typical Mn for a polymer prepared by the above procedure was
5,800.

20 Synthesis Example 2
Synthesis of Polybenzoxazole Precursor Polymer of Structure (l1a)

[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
25 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
suifonyl chioride (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
30 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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was then reslurried by using 3 L of de-ionized water, filtered and
washed with I L O de-ionized water. The product was then dried

i nsi de a vawouoosoeesoz at 40 C until the amount of water gHaRPeRVAESLLW
2% HPLC anal ysis reveal ed that the product to was a m xture of
several esters as shown in Table 1. Table | Structure DNQ nviety
Exampl e 3 Soycl S214 0.61% ~ Ns SOOol S215 0.53% S214 1.72%
nonoest er 5 1,4% nonoester S215 diester

18. 9% elprcx%cfzwe%ﬁﬁéaé@gwﬁ@r%ﬁ ioniFegvater and the mixture vigorously stireg
| JIVY Mrh%ﬁﬁﬁe@shﬁér fiftrafith the\eroRit vﬁﬂs%é%e@@l?t’ﬁ 19i HDBRIRd water.

Exarrple Synt hesi s of a Photoactive Conpound (PA ? of Structure
(X1 j'he Soled orodycbwgs dried\at 40 °C overnight. The vield was almost quantitative

s [0118] The inherent viscosity of the polymer was 0.21 dL/g measured in NMP
at the concentration of 0.5 g/dL. at 25 °C.

Synthesis Example 3
10 Synthesis of a Photoactive Compound (PAC) of Structure (Xlif p)

N2

ﬁ GHs ﬁ
ey .
J I
0 O

ot ® W,

N2
15 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
20 was stirred until bisphenol AP was fully dissolved. To this was added 27.75g of 4-
naphthoquinene 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
25 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
sulfonyi chloride (S-2156 Cl) and 25 mL of THF and the reaction mixture was stirred
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[/ F5 NZ N2 XIll p' (0120] The reaction was simlar to that of

Synt hesi s Exanpl e 3 except 4- napht hoqui none di azi de sul fonyl

chl ori de (Swalkdeddio)sowas onmitted. HPLC analysis to reveaﬁcqﬁngzh@pomgm

about 94% of the product was di ester and 6% was nonoester. Exarrp el

[0121] 100 parts of the polymer obtained in Synthesis Exanple 2, 1.53
parts 15 of gamma- ur ei dopropyl tri net hoxysi |l ane, 2.48 parts of

di phenyl edl ol of PAC s hesi ze n._Exanpl e

7 barts G O fipdabe 0475 Bissiuetine. dsaped i 50 ik THE wan Byesio A
filtered reaUﬁ@nfnﬂktf% ?Fa’oQ@ily\%[léﬁhé‘ p%é@ﬂe]@tfh:ﬁier%ocﬂkﬁ’rﬁ{g wrs ?Focbfé‘@ Mgain
baked on a hotﬁl ate Tor 4 mnutes at 120C, resulting I'n a

t hi cknes§udng thispexpihermigeraaction vihs tq%i@?ﬁr@ms\@@s dtsiok i wiideg 3% 1C- | Yaen
stepper LonpietiBnPat il %Qit@gmﬁg;@ ng(armfm %%ﬁrrsa%tr% hours, The
C W t a star

i ncrease posure energy i'ng exposur e ener gy
of 3006 mFastian nkisrewpedkeeh &ddled gesiuaheto a ﬁﬂxtumm)ﬂﬁjfiﬂmar and 10g of

e ol Dol ot e HRE S Brith dlnack Shie S Ratn, In prootil

3 crat cheel/ﬁwthén eegharried Gl Usivees jlt_{]@f c@no&&eﬁ@u@éﬁ Ifeﬁer@‘df az@cleaagé@wétaM L of
own to the ¢ er supstrate. e SCr C wastenanayze unaer

m cr oscofl& '%?%EW@F%& ﬁ@ Rﬁ'ﬁg‘é?té"é’t%s a@r"eé"d%"ﬁf’@a@‘ VRCHiBsaneat ‘3}93@3@3"
patter nsme'SaEﬁbum a%@tecrmraa é@%mvﬂtz% Fhbprethaflidd fIRRBldPHIR IO PrIRRR

t he substrate (bare opper) and any residue renaining I n the exposed
ar ea. 1NoWaE & B iUTRS S@b%réi oelgrs agplownimlakieilon wi t hout

2- mer capt obenzoxazol e showed a heavy residue of material renaining
in the exposed areas (see Conparative Exanple 1). H 10 INN OSH O
S 2-nercapt obenzoxazol e Table 1

| Structure | DNQ moiety | Example 3 |

0

S

50,81

°‘ . 5214 0.61%

£0,01
8215 0.53%

5214 1.72%

m_o__},l ! . monoester

i S215 1.4%
’% monoester i
S ﬁ~=°-§z O S215 diester | 18.9%
TSR
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I s Exanpl es 2-7 and Conparative Exanples 1-3 [0122] Exanples 2-7 and
Conpar ative Exanples 1-3 had the sanme conposition as Exanple 1
except the WORAIW10¢803 2- ner capt obenzoxazol e varied in eagr/us2006/010394
formul ation. A process sintlar +0o that described in Exanple 1 was
enpl oyed S0l w2Qv€dch conposition. The results are shown in Table 2.
Tabl e 2 Exanpl e Anpbunt of 2-nercapto- Residue after pattern No.

benzoxazol of —tot.al -CoRpo t.ion) 2 1 .33 No.. 3 0 66
4 0.33 No Is 17 _No~y 1 G3) \X 6/ 104804t BspRIqei®i%394 6 0. 08
No 7 0.07 . a snp. BEAQ 0.02 Ygs Conp. Ex. 3

0. 04 Yes [dr enonstjrat ed t hat tlhe copper
conpatible { ¢ nples_4-4 _can be used on_other
substrates |su alch conmd3 4 diestead [2H%t ai ned goog

S

- % 0. .
phot ospeed.| “Bxalmt* 0124 conposijti on of Exanple 4 was spin
coated on g silpcon wef & and {o)bakedlon a hotplatle for 4 ninutes
at 120C, resuH+-hg—+ha—ai+-m-thtekress—6+—-10-96—pm——The-{i-l-mwas

t hen exposed utilizing an i-line stepper in a patterned exposure

array, which incrementally i ncg@anedisseanglesaenergy 5 ml/cnme with a
starting exposure ener]g% of 215 mJ/cnz. The e>8))osed filmwas then

devel oped usi ngynthesispoka Phedoactive Compound (PAC) of Structure (Xill p’)

C

SN\ /N

I
0

:Ci‘):"o
8]

|

Xili p’

[0120] The reaction was similar to that of Synthesis Example 3 except 4-
naphthoquinone diazide sulfony! chloride (S-214-Cl) was omitted. HPLC analysis
10 revealed that about 94% of the product was diester and 6% was maonoester.

Example 1

[0121}) 100 parts of the polymer obtained in Synthesis Example 2, 1.53 parts
15 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 hotpiate for 4 minutes at 120°C, resulting in a film
thickness of 11.22 pm. The film was then exposed utilizing an i-line stepper in a
20 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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puddl es with a 2.38% TMAH sol uti on of water. The exposure energy
required to 1s clear all the material from an exposed area was
observed andoremmnisesl as Eo = 263 mJ/cne. The unexposededdtdioso10394
t hi ckness after devel opnent was 6.43 pm Exanple 9 20 [0125] The
conposition of Exanple 5 was spin coated on a silicon wafer and
baked on a hotplate for 4 mnutes at 120C, resulting in a film

t hi ckness jof 11. The filmwas then exposed utilizing an Hi ne

7 .pm |
st epper i He‘éﬁ'?)%ﬁﬂfewﬁeaweé&m@dwéﬁs wilthpch38 ActdAbhnsalitisn pheateastae
exXposur e sy XS U & r
ml/ cne. Tﬁe e@pgggggéfwé\ﬁgyﬁr%éﬁé@éégﬁggd lus?rfgawt% gfegf:%%(j#ég peel
puddl es wPif BNy mEtgEshdoviRHosbEOPPAr Bfbsikmie rTheTswatek peesuthenemahged under

required . : 03. PCTI 1010394 clear all  th
macerial frnctosias KohaBinhd RNl Bt fope st Reled bafiame
mi/ cmlz.s ﬂibisuaemmﬁd technigtdi a:nmmifs cm?etrentliacibwebeﬂmﬁ th@ss@bsgr‘ét@nﬂba%
Exanple 1 6] , The composi ti.on of . Exa e 6 was spin coated on a
silicon vv%(@gﬁgl (r%%);%%d AN SN FIBING R e PSR ArRat e@o sesidy@was observed.
resul ti ngThe fanfuldtontuittdur @sse@apldbePoRiRole siowdifa hebll Y8Sddd 6 material
exposed utili. zi ng ni-line stepper in a patterned exposure array,

whi oh i ncEGiAng e srcssd steas s Famenahys Examplahl with a
starting exposure energy of 215 mJ/cnR. The exposed filmwas then
devel oped using two 30 second puddles with a 2.38% TMAH so{_luti on of
wat er .;,The expos nyrequired to clear all he matﬁp al from
an exposed area vied and repqgrtett as Eo 3 1s,'ml/cnR. The
unexposed fil m t hig -\ g devel opment was 6 ) nmple 11
[0127] The conposition Ex F‘?bl e 7 was spin coated on@ silS con

waf er and baked on a hot pl atZS for 4 mnutes at 120C, resulting in a
filmthickness of 10.91 pm ZBefFRPIPRENIARBLI® hen exposed utili zing
an i-line stepper in a patterned exposure array, which increnentally
i ncreased exposure energy 5 mJ/cn2 with a starting exposure

15 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 formuilation. A process similar to that described in Example 1 was employed for
20 each composition. The resuits are shown in Tabie 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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energy of 215 mJ/cnR. The exposed fil mwas then devel oped using two
30 second puddles with a 2.38% TMAH sol uti on of water. The exposure
ener gy requwoegod/m4s08] ear aII the material from an exposgglr/ggzg@ﬁ,dq@@4
observed and reported as Eo = 312 25 mJ/cnR. The unexposed fi

t hi ckness after devel opnment was 6. 78 pm Conparative Exanpl es 4 - 7
[0128] Conparative Exanples 4 - 7 had the sanme conposition as Exanple

1 30 except—various mounts of 2 r‘rnrr\nnf obenzothi azole were used in
for il ations i ngpéad of 2-nercapt obenzoxazo'N@ A process

simlar to[yhat descrjged - ©o WO 2006/ 104803 {US20067 0103941
Exanpl e 1 Was enployed for each conposition. The yesults are shown i

t hese

Tabl e

3 Conpar at e—Areunt Rest-due—after pattera—x He—Ne-

2- mer captoog’ﬁ%jt #’F‘a %0 percent of total corragg tlon) 4 2.66 Ye
5 1. 33 Yes| Confp. €% $€50.04 0. 33 yes [0129] This ipgyssirprising that

2- mer capt obenzoxazol-el ' ' L the anpunt used g

=]

1%

5CBMpINEX. 01:9, , ~ S SH S 10 2-nercapt olieslot hi azol e Tabl

\"2J

as low as 0.07% of the total fornulation while 2-

10

i5

20

25

[0123] Examples 8 to 11 demonstrated that the copper compatible
compositions of Examples 4-7 can be used on other substrates such as silicon.
Each composition had maintained good photospeed.

Example 8

[0124] The composition of Example 4 was spin coated on a silicon wafer and
baked on a hotplate for 4 minutes at 120°C, resulting in a film thickness of 10.96 ym.
The film was then exposed utilizing an i-line stepper in a patterned exposure array,
which incrementally increased exposure energy 5 mdiem? with a starting exposure
energy of 215 md/em®. 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 Ep = 263
mJ/em?. The unexposed film thickness after development was 6.43 Hm.

Example 8

[0125] The composifion 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 um.
The film was then exposed utilizing an i-line stepper in a patterned exposure array,
which incrementally increased exposure energy 5 mJiem?® with a starting exposure
energy of 215 mJfem?. 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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mer capt obenzot hi azol e cannot prevent the residue formation at |evels
as high as 2.66%of the total fornulation. Exanple 12 20 [0130] 100
parts of thwouehe/reesozobt ai ned in Synthesis Exanple 2, 3 pefi§offni03oq
gama- ur ei dopropyl tri net hoxysilane, 5 parts of di phenyl si | anedi ol ,
11.9 parts of PAC synthesized in Exanple 4 and 2 parts of

2- mer capt obenzoxazole were - 66 WD 2006/ 104803 PCT/ US2006/ 010394

di | ved Ldet d. The f | atj on was sp
Coat ad o<z o35 B Ao A nestd Ghe AB AbPaNETrald BPAAd et nT 204

120C, remudlt:mﬁgrheﬂumﬁpobgu filh tiokaRss Her 48vEspMBht WhE 674 fAvas then
exposed utilizing an i-line stepper in a patterned exposure array,

whi ch increnentally increased exposure energy 30 5 mJ/cn2 with a
starting exposure energy of 300 miJ/cnR. The exposed filmwas then
devel oped using two 30 second puddles with a 2.38% TMAH sol ution of
wat er .3 The patterned copper wafers were then scratched with a pair

of tweezers so as to peel off any down to the copper
substrate. The scratch was then an%bﬁﬂbﬂhd a mcroscope

concentrati ng on areas were the scratch dissected exposed patterns.

1o No re served. . Exanpl es 13- 15 and Conparative Exanpl es
8- 10 [01 arrplgg < pempgsition %ﬂ?é{? BMEERBIRA OBEEthon @ HiGPTY Wales apd
15 COWDO%eke@BnaashcﬁF[@E@fcﬁ?ﬂtﬁlrﬁ%&ﬁﬂﬁﬁd"@ ?é@@l!{l?k] Jﬁfa film thickness of 11, O?g
2- nercap(t}_%benzoxa e varied in each fornulation. A process simlar

to thit desdiinpess fheredased Lﬂwzmsﬁl%wﬁleo%apw iora eatttﬁmedrq:msmeoarray,
The resubjricifrrethonai C-Féége% E%Pé %nérzc;?@rmj(%‘nt\l%th%ﬁ“ n eg(B?salfre

Resi due after pattern - mer cap t enzoxa erce
conposi t iedANgY1IFE D15BEJfn”. 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 Ep = 315
15 md/iem?. The unexposed film thickness after development was 6.83 um.

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 um.
20 The film was then exposed utilizing an i-line stepper in a patterned exposure array,

which incrementally increased exposure energy 5 mJ/em?® 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 fo

clear all the material from an exposed area was observed and reported as Eo = 312
25 mJiem™. 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
30 except various amounts of 2-mercaptobenzothiazole were used in these

formulations instead of 2-mercaptobenzoxazole. A process similar to that described

- (5 -~



14 0.17 No 15 0.08 No Conp. Ex. 8 0 Yes Conp. Ex. 9 0.02 Yes

Conp. Ex. 10 0.04 Yes 20 Exanples 16-19 - 67 WO 2006/104803

PCT/ US2006/ @D08@41044080132] Exanpl es 16 - 19 had the sane mamg2sdskoh @by
as Exanple | except different anounts of

2- mer capt o- 5- met hyl benzi m dazol e were used instead of 2-

rrercapt obenzoxazol e. Aprocess simlar to that described in Exanple 1

raS S PR WA B P sora S i, e e Thowh maPaie
2- mer capBo- 5- nethylben2|n1dazole Table 5 Exanpl e Anount of Residue
after pattern No. 2-nercapto-5-nethyl benzimidazole (w. percent of
total conposition) 16 0.58 No 17 0.33 No 18 0.17 No 19 0.08 No 1s
[0133] Exanples 20 to 21 denonstrated that the copper conpatible
conpositions of Exanples 16 and 17 can be used on ot her substrates
such &s

H
T, — Ot
s SH s/J\s
10 2-mercaptobenothiazole
Table 3
Comparative Amount of Residue after pattern
Example No. 2-mercaptobenzothiazole
‘ (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-ureidopropylirimethoxysilane, 5 parts of diphenylsilanediol, 11.9 parts of

PAC synthesized in Example 4 and 2 parts of 2-mercaptobenzoxazole were
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silicon. Each resist has good photospeed and excell ent resol ution of
2-3 pm Exanple 20 20 [0134] The conposition of Exanple 16 was spin
coat ed on awsiZesciomopaflf er and baked on a hotplate for ZdpaiyiRib@aeso
120C, resulting in a filmthickness of 11.01 pm The filmwas then
exposed utilizing an i-line stepper in a patterned exposure array,

68 WD 2006/ 104803 PCT/ U82006/ 010394 whi ch increnentally increased

10 t energy. of 100
o oz SHRoL dBeTS Pt bl caritn b ofes SR Ton, S0 e on @
puddl es WopPerowafcs &HdTHANBES 8h W h@!’pkﬁé fhﬁﬁh%muT&@aMQQSM Pes%ﬁ%@% a film

required to clear all the_material from an osed area was bserved
and r epothiegness ao1G:9940n. Bhenfienwas then exa ghlizing ﬁﬂtlHln@kﬁ@sser in a

af ter def%&t@ﬁl@ﬁ”%xﬂ@%r@ 4R g”\mhlr__c?@rfm@m%ﬁt%ngl%}%a% (éggg&%ét !e%'rg?f 30

Exanpl e spin coated ©n a silicon
hot pl a& e niBem2 with rustastingt eXf2Eare ersnglytaf I3POi mJisni-i Thetexpokee §bn ofas then

Lo b or pageydBfied LMo HRR J0'SEamiRRRRled ih w22 BEo At sBG34 SERGer! T8
T o (UG PRI WNST il OF O B o o
5 Bne TRl A T teA Ui e CorReT BURREIS ST o argieh Wal frasrales! Under

clear allg m@os{&bsrdoabeﬁmmgaﬁh BYRRSHErAhB A MR h ASRIKR e A ol SRR
as Eo = 254 . The unexposed filmthickness after devel opnent

was 61@6"{9{159-?’@%8%%@5@2\!% and Conparative Exanples 11 and 12 20
[0136] Exanples 22 - 26 and Conparative Exanples 7 and 8 had the sane
conposition as Exanple 1 except different anounts of 2-mercapto-1-
met hyl i m dazol e wer Exenplesnt3-dadaral Comparatipé ExangdesaBel®e. A process
simlar to that described in Exanple 1 was enpl oyed for each
conposition. The results are shown in Table 6. H

[0131] Examples 13-15 and Comparative Examples 8-10 had the same
15 composition as Example 12 except the amount of 2-mercaptobenzoxazole varied in
each formulation. A process similat 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. 8 0.02 Yes
Comp. Ex. 10 | 0.04 Yes

20
Examples 16—19
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25 N~N N~ SHI "N'-S | | CH3 CH3 2-nercapto-1-nethylimdazole 30
Table 6 69 WD 2006/ 104803 PCT/ US2006/ 010394 Exanpl e Anount of

Resi due af t ™0 18&/10¢803 No. 2- nercapt o- 1-net hyl i ni dazol e BCF/CSHEATN 0394
wafer (wt. percent of total conposition) 22 1.2 No 23 0.67 No 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
conpati ble conpositions of Exanples 22 - 24 can be used on ot her
substrates such as silicon. Each resist maintai ned good phot ospeed.
S EX?_”D' ﬁtoﬁzf][ 01385x§d@p{?@81wosi@ irl?@d tfaé @x?embmpaaitimsassakampmaﬂ axkcopt
a silicon wafer an aked on a t t or .4 mnutes at 120

esul 11 nGiTIATcR MO Ph EnEseEapto-DTNeRY BRTENIAARIe WarBriash MTEa of 2-
exposed lr'ﬁérlséﬁﬂoag Alkazolel & S0BBRE sithilard td dhhedRREriRd) 98 UERaAplkaY . was
whi ch increnenta ?y I ncreased exposure energy 5 md/cn2 with a

st art i g eaxpoysad or each composition. The results are shown in Table 5.

CHs N CHg N/H |
: :NJ\SH \Ozr?s—/l\s
H

H
10
2-mercapto-5-methylbenzimidazole
Table 5
Example Amount of Residue after pattern
No. 2-mercapto-5-methylbenzimidazole
(wt. percent of total composition)
16 0.58 ‘ No
17 0.33 No
18 0.17 No
19 0.08 No
15 [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
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,

-~ (8 -




energy of 200 mJ/cnR. The exposed fil mwas then devel oped using two
30 second puddles with a 2.38% TMAH sol uti on of water. The exposure
ener gy requModoq/i§4808| ear all the material from an exposEU/es20@/006594
observed and reported as Eo = 236 is mlJ/cnR. The unexposed film

t hi ckness after devel opnment was 6.04 pm Exanple 28 [0139] The
conposition of Exanple 23 was spin coated on a silicon wafer and -

70 WD 2 4 PCT/ | te for 4

i nut os ACIERErE, PREASRe BRBo e RERN QI ge S YIS Sia e pqsrs,
was then \ciﬁm@gsﬁdl 00t rinUlcmzin Therexpobéd ﬁidns PN idmvalqpatltfmn%fwcﬁgp@uom

array, | | re I NCr sed exposu ener C t a
ot ngPlfiEe G SEaht, THIAR GORABR cHoWE e B FXCRHUTE PP S CaMErH 1o

devel opedicdp hifthd Wt $REPBA cxpBsktihrs Wad Boderded 8Hd TGP by tH,cN206

wat er. The exposure energy required to clear all the material from

an expos&8W/eR ed hfatnexsgeed, Bl thirkneep sfteedewloment waub.2Ruen2. The
unexposed filmthickness after devel opnent was 6.41 prn. Exanple 29
10 [0140] The conposition of Exanple 24 was spin coated on a silicon
waf er and baked on a hotpl ate forExXamiptei®s at 120C, resulting in a
filmthickness of 11.10 pm The filmwas then exposed utilizing an
i-line stepper in a patterned exposure array, which increnentally
i ncr ease@@3sposur eTinesmposition HEARampleN! awat spini digitak po siikohsyafeeagy

Secont? " BRI 5 AOHHAE BT A0l Foans SRIBROVBEdIM AR SR Y um.
ener gy 1 egdifiiRdvd<Othedl Sdosal |utﬂ2i§gg rémif}fcn'\r?fgdte@r[ié?ffh @péﬁ&ﬁé@%x?ﬁ}%e%ﬁay,

observed and reported as Eo = he unexposed )
t hi cknes¥hightiBeremanselbpireraased £xXposwemnera0 1&ynd/ps vathex shastieg sxposure

Synt hesi Pal or P r : )
o B\ REPT T FBSHE T (oo S Fud S0 sclof
puddles with a 2.38% TMAH solution of water. The exposure energy required to
15 clear all the material from an exposed area was observed and reported as Ep = 254
mdicm®. The unexposed film thickness after development was 6.26 pm.

Examples 22-26 and Comparative Examples 11 and 12

20 [0136] Examples 22 — 26 and Comparative Examples 7 and 8 had the same
composition as Example 1 except different amounts of 2-mercapio-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
cl, = CX
N s N g
CH; CHs
2-mercapio-1-methylimidazole
30 Table 6
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\' CFA/I L@~ | O HHOHHOOH CF, Fa Fa OOC/ CGCNHNHC
C-NHae \ 14H H (Ib) [0141] Polymer Ib was synthesized according to
procedure i WOSydteedts 25 Exanple 1 except that 15 nol ee@tvod2006/010394
hexaf | uoro-2, 2-bi s(3-am no-4- - 71 WD 2006/ 104803 PCT/ US2006/ 010394
hydr oxyphenyl') propane was replaced by 4,4'-oxydianiline. [0142] The
yield was 95 % and the inherent vi scosMy (iv) of the poI yrrer was

0. 242 dL/ g—reastret+a—NVP-af—ea—conecent+rati-on—of—g

Synt hesi s E%Q'W_T% 6 Q’H?Hﬁg?g of Pol ybenzoxazol e B?%%ﬁpgcﬂﬁ%dﬁiﬁp of
Structure|fNog) io0 [Clmeneabydmrmémy\rmdambhea Zash byppdewhiqcedurie
i n Synthesis Exanpl e except that the ratio of |1, 4- oxyd| benzoyl

chloride {o isopht hcu%Pem%}fRiéthh&ﬁgQPSm?% 11 to 4/1. [0144]
The yi el divas quantijtyag i ve and the 1 nherent viscagydy (Tv) of the
polymer is was 0,185 dL/g nmeasured in NVP at a _gdoncentration of 0./5
g/dL at 2528. Synt he$i87 Exanple 7 Synthesis of PgINdenzoxazol e
Pr ecur sor (Pegtyrer—ofi—Si-tieture—(+He)—26—6—60—-0H—+N-NH-6-6-NH—H}{
Rl 017 NG

25 0.08 No

26 0.04 No

Comp.Ex. 0.02 Yes

11

Comp. Ex. | 0.01 Yes

12
[0137] Examples 27 to 29 demonstrated that the copper compatible

compositions of Examples 22 — 24 can be used on other substrates such as silicon.

Each resist maintained good photospeed.
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 pm.
10 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/em? 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 Ep = 236

15 mdliom’. The unexposed film thickness after development was 6.04 um
Example 28

[0139] The composition of Example 23 was spin coated on a silicon wafer and
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Ho OG GO ~t L- HCFA - G~ LFp 25 (Ilc) [0145] Polymer Ilc was

synt hesi zed according to the procedure in Synthesis Exanple 2 except
t hat pol ymewol 2004104898 Exanpl e 6 was enpl oyed and t he ratimcos2besn10394
napht hoqui none di azi de sul fonyl chloride to OH group was changed from
1.5%to 30 1% 72 WD 2006/104803 PCT/ US2006/ 010394 [0146] The
yield was quantitative and the inherent viscosity (iv) of the polyner

was 0. 18 red. in NVP. at oncent rati.on .of 0. /d t 25
&0 oy noried I BIRARRE S AR < oAb 0 B 0 Piekadks o Fim.
Pol yner The$limuedsithen(éxpossd utiitiog Gh3-linBQtébbe? in Crgatteried expodlite difay,
CF3/ ooOli.CFSOC% NHNHSF)P I(lHO/\3/\2C]_I)CF3-_N.OM
(1V*Q) 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
5 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 Eq = 264

mJ/em?. The unexposed film thickness after development was 6.41 um.

Example 29
10
[0140] The composition of Example 24 was spin coated on a silicon wafer and
baked on a hotplate for 4 minutes at 120°C, resulting in a film thickness of 11,10 pm.
The film was then exposed utilizing an i-line stepper in a patterned exposure array,
which incrementally increased exposure energy 5 md/em? with a starting exposure
15 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 Eg = 286
mJ/cm?. The unexposed film thickness after development was 6.75 pm.

20 Synthesis Example 5§
Synthesis of Polyhenzoxazole Precursor Polymer of Structure {Ib)

7 g i i |
HaN NH C—@—D—@—-CwNH NHHG—QG—NH N—]—
CFy CFa CF,
Reseas Res st gRet gt
CFa Fy F3

o]

—(E—Q— %—NH—@—O—@—NH%EO-E—NH—@—G—@—E%
()

[0141] | Polymer |b was synthesized according to procedure in Synthesis
25 Example 1 except that 15 mole % of hexafluoro-2,2-bis(3-amino-4-

- 71 -



[0147] A PBO precursor polynmer prepared according to the procedure in
to Synthesis Exanple 7 (200g) was dissolved in a m xture of 600 g of
di gl yne andw®0006/1¢4868 pr opyl ene gl ycol nethyl ether acetmirer2RGEAYs
Resi dual water was renoved as an azeotrope with PGVEA and di gl yne
using a rotary evaporator at 65 C (10-12 torr). About 550 g of

sol vents was renoved during the azeot ropi c distillation. The

reaction_sol uti.on s placed un ket. and equi pped with a
manet | ¢ PNGoRigr AR Brop B8 s fRRRERe Bk B ngddea F of T owed by 10
g of Pyridine. The reaction was stlrred overnight at 50 C. Then the

reaction mxture was diluted with 500 g of tetrahg&?rofuran (THF and
preci pi t @l nt o Y'de WagFon @fﬁw&rﬂaheﬁﬁé‘f ¥iscasitt (et themolysesnyes

was col | eouodiy nidakbicdl ihaeng auamidalidreet @6 offl. G 228G [0148] The

yield was al nost quantitative and the 1 nherent Viscosity (iv) of the
pol yme¥ was 0.181 dL/g neasured in NVP at a concentration of 0.5 g/dL
at 25 C - 73 WD 2006/104803 hBiOBeaAIRI8% Synthesis Exanple 9
Preparation of Polybenzoxazole ecursor Pol ymer of Structure (1d) 5
HZN NH (O O NAYRibgsis of Balyhguzoxazele Ryecirsqy Hejymas afi$irugtyre (ls)
[0149] To a 2 L, three-necked, round bottom flask equi pped with a
mechani cal stirrer, nitrogen inlet and addition funnel, 110.0 g
(426.0 nnDI) of 2, 2- bi s( 3-am no- 4- hydroxyphenyl)propane 64. 3

(794. a310f p f r

are algjded The SOY%?I%%?I{CS%?? |S?§@e§'2gdrb§’ i 2d'F6 ééwrg?fgturte%éﬁ'?{(w1
sol i ds dexeapt Jeat thaemtie od bd-awdiganzee cw';qu@ie tbaisnplatiﬁa@yscmorlcr@ chehyed
sol uti 0”fro%§1/@t<94f1388 nmol ) of Terephthal oyl chloride in 427.5 g of

NVP a added ‘drop-w se. After the addition is conpleted, the
resultlng m xture is stirred at

[0144] The yield was quantitative and the inherent viscosity (iv) of the polymer
15 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 (lic)

20
H

NV UL P IS
Wotdge o Oy e

25 (Ilc)

[0145] Polymer llc was synthesized according to the procedure in Synthesis
Example 2 except that polymer lc from Example 6 was employed and the ratio of 5-
naphthoquinone diazide sulfony! chloride to OH group was changed from 1.5% to

30 1%.
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roomtenperature for 18 hours. The viscous solution is precipitated
in 10 liters of vigorously stirred de-ionized water. The polyner is
col | ect ed bwdaioha/roagoson and 25 washed with de-ioni zed wap@ru06h/@0394
wat er / net hanol (50/50) m xture. The polynmer is dried under vacuum
conditions at 105 C for 24 hours. [0150] The yield is quantitative
and the inherent viscosity (iv) of the polynmer is 0.21 dL/g neasured
in NMP at a concentration of 0.5 g/dL at 25 C. 30 Synthesis Exanpl e
10 Preparation of Pol ybenzoxazol e Precursor Polyner of Structure (le)
35 74 6/ 104808 yRIF (1D ﬁfl@il@@%ﬂd ﬂQe &h@rénﬂ@n&o | H{f{tﬁe olymer
'}-8- NHV\ﬂlII]-l’QI\‘/fK] &g&- NHyNH~H %}Qﬁ Mw e

- - OH HOWa L/@fcﬁasurredméNl\%P FM@Q]‘CEP‘BF%'OQ CII 0.% Efdéeatr?@c P?ed round
bottom flask equi pped with a mechanical stirrer, nitrogen inlet and
addition funnel, 55.0 g (213.0 mmol ) of 2, 2-

bi s( 3-am no- 4- hydr oxyphenyl ) pr o’%ﬂﬁbesmﬁwye(&lS mol )

hexaf | uor o- 2 ( 9
mmol) of pyr.%vﬂh@éé of Bt R R o P RB B Er St (Y
added. Th Iutlon IS stlrred at roomtenperature to until all

sol i ds dIS ye, then cooled in an ice water bath at 0-5 C. To this
sol ution? 5°6 g (388 mml) of terephthaloyl chloride in 427.5 g of
NVP are acl pNehSe. After the addition is conpleted, the

resul ting mxt wre—ig 34 red at ,\rHoomterrp rature for 18 hours. The
vi scous solution is pte 0| CE L
de- ionized water. The pol?/mer %j d|®y figdtration and washed
Wi th de-ionized 15 water andavvater/rref'?lm 3 A

polymer is dried under vacuum

(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). Residua! 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
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 vyield was almost quantitative and the inherent viscosity (iv) of the
polymer was 0.181 dlL/g measured in NMP at a concentration of 0.5 g/dL. at 25°C.
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conditions at 105 C for 24 hours. [0152] The yield is quantitative

and the i
measur ed

nherent viscosity (iv) of the polynmer is 0.205 dL/g
i NWQV0ER04H®3 concentration of 0.5 g/dL at 25 C. BROVSyntdiaeios

Exanpl e 11 Preparation of Pol ybenzoxazol e Precursor Pol ynmer of
Structure (If) 00 0 0 WNEW-C~"OOH NN 8 8NH Cpd NH n LNH CFa NH
HO "0 HOOHHOCH CWWFa O O HNHV HMNH -r H HOOCH HO V-J' ~ ! OH
CWCFa 25 If - 75 WD 2006/104803 PCT/ US2006/ 010394 [0153] To a 2
L, three-necked, round bottom fl ask equi pped with a nechani cal

stirrer,

nitrogen inlet and addsymthesisufwahples®. 0 g (213.0 mmol ) of

2,2 s bis(3-

hexaf | uor o- 2@931%%%99{ %WR&%%%E&@B%&%W{% %%é(ﬂ?(rz%}’tﬁrwgtl"%% gd) o

nmol ) of pyridine, and 637.5 g of B

: hyl?pyrrolidone (NMP) are

added. ® The sol utégn is stirred w-{coq papevat ure until alNpyalids
di ssol ve, then cooleeni n{dEn /46 wat er\-bse ( n
solution, 39.3 @ AN @t epht halm d®6.9 g
(194 mmol) of 1,4 i% xyﬂi-l;) rZoyl chl ori de di ssc nd R=A27.5 g of
NWP, &Pe added drop-wise. After the additionis corrpa‘ eted, the

resulting mxture is stirred at roomtenperature for 18 hours. The
vi scous solution is precipitated in 10 liters of vigorously stirred
de- ionized water. The polyner is collggted by filtration and washed

with de-i

20

25

30

35

oni zed
[0149] To a 2 L, three-necked, round boitom flask equipped with a

mechanical stirrer, nitrogen inlet and addition funnel, 110.0 g (426.0 mmol) of 2,2~
bis(3-amino-4-hydroxyphenyl)propane, 64.3 g (794.9 mmol) of pyridine, and 637.5 g
of N-methylpyrrolidone (NMP) are added. The solution is stirred 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 resuiting 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 filiration 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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wat er and a water/ et hanol (50/50) m xture. The polymer is dried
under vacuum 15 conditions at 105 C for 24 hours. [0154] The yield
is quantitaMOB0EHd88he i nherent viscosity (iv) of the pptHoEw00d00394
0.20 dL/g neasured in NVWP at a concentration of 0.5 g/dL at 25 C. 20
Synt hesi s Exanpl e 12 Preparation of Pol ybenzoxazol e Precursor Pol yner
of Structure (Illa) QOO OCFR3 ~ Fs OHCF3 CHHOF30 CH OHg O
F3 nk Ilia 25 [0155]921Q0 gnof the PBO precuar ol ymer obt ai ned

fol | ow ng"'he pgpce tHée @ ] }8&@4— di ssol ved mipH
1000 g ofwD g gi dual wat gm\was¢ ReppVed 3S an
D gl yne usi acHs ry evaporat 6+ aty 88/C (10-12 tor

of t W th
500 g

of solvents was renoved during the azeotropic distill atl on. The
reaction solution was placed under a N bl anket, equipped with a
magnetic stirrer 76 WO 2006/ 104803 PCT/ U82006/010394 and cool ed
using an rhepibat h t 5 i
Syri ng% [q:ﬁe }r eact?g\r,]\@wazg "Helt gﬁw?: e |§§E%%t ﬁ&#or a (S)%\?é‘i‘ggﬁ'lgﬂwfﬁeﬁ
the ice begdhanigas stiwemrdéitogard inidteanckadditiom fumsetaBbb dwgd 2t 8. Onammolupf 2,2~

over the i of, 1 hr. .The the m re aa' ool.ed t C

onCthe | GRS -ty ibaprEihohate T LgiLg (5 Hil, BeRERopSbSe-

peri od ofanfinb4-hytihexypbanylhmopaas, Ekle@b (@94 QhﬁmOQQ)ft}:ﬁﬂrlhlri;eObnd'ﬁB@ BTy of N-
O warm up over

fol I ow d | |
the ©per TRRNGRIIoIsenSTRBEL a6t RURER: (1 Goliden oF SCITBH: 3t o AEbeare

of wager upkit & %l!d%rdlé%lve Then Bb@l‘éhﬁh taﬁt:@@'v\@%rmﬁ a‘E‘@55 e@! Ierined shivition,
filtration and air dried overni t he ynmer was dissol ved

i n 500- 606.&9d88&aweedhef @ﬁ@pfﬁhagvmftlgmcmm 4R765 sLofd‘ﬁManrmc@keﬂrf&@haﬂaﬁe
(70/30). ﬁé‘r oy n‘”@%oﬂ%ﬁét&dcmé r%%hﬁiﬂ\g Wlx{gré b Qtt; f}% Lténr}gélla‘?lﬂe

for severa hours e was sso
m xt ure &r T®bBgursf The viscous solutlon is preclpltateci in 10 liters of vigorously stirred de-

ionized water. The polymer is coliected by filtration and washed with de-ionized
15 water and a water/methanol (50/50) mixture. The polymer is dried under vacuum
conditions at 105° C for 24 hours.

[0152] The yield 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.
20
Synthesis Example 11
Preparation of Polybenzoxazole Precursor Polymer of Structure (If)
s by R
e OE Ot
3 HO H
CHs Hy Fa °
0 0 0 0
&y
TLD—U—{ b o NH?RLB’—@_B_D_&—NH o NH?(-H
HO—\{; ;)——i—{ iﬂH Ha [ny]
CHa CFy
25

If
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THE and 70 m of water. An ion exchange resin UP604 (40g), avail able
from Rohm and Haas, was added and the solution was rolled for 1 hr.
The final pWOROEH104%@8 precipitated in 7 L of water, fild@mesdoos/o10394
air-dried overnight followed by 24 hr drying in 15 vacuum oven at 90
C. [0156] The yield was 100 % and the inherent viscosity (iv) of the
pol ymer was 0.205 dL/g nmeasured in NMP at a concentration of 0.5
g/dL at 25 C. 20 Synthesis Exanple 13 Synthesis of Polyner IVa OH
0/ OO0OOHLO ~1--aN{CD-CGCNH NH-CCNH-C HC CFa v CFa CFa
‘mCH  [®153] OHDO-Fo-~al2 LCFmré:ﬂmeﬁk'dkl | Yeund Sdthd 7{ladRol etyuispddvawitts a

ZEQLB?S% RECHBGEST P bl Al ki @&ﬁﬁw o5 8 @l Aheamadoatsae-
n C| -
tThg y|75$ dﬁ)&aﬁiugiigzgg%@gg?} Jg;%%%mglmgil 8 @ﬁ% tnrﬁbi§ i%&éfllﬁoﬁd ¥ 2-95(3

easur 60T RUBY SR EOMBFRRATE Of o8 (5460 ghaph af Pyicioe, ayhoRES of N-
e, TRISTREh Rl SRR et L) 4 S0 AR
Ol HO unu-alhsqr;p%sdm@om thep cooled in an ice water bath at 0-5 °C. To this solution,
39.3 g (194 mmol) of terephthaloyl chloride, and 56.9 g (194 mmol) of 1,4-
10 oxydibenzoyl chioride dissolved 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/methancl (50/50) mixture. The polymer is dried under vacuum

15 conditions at 105° C for 24 hours.

[0154] The yield is quantitative and the inherent viscosity (iv) of the polymer is
0.20 dl./g measured in NMP at a concentration of 0.5 g/dL at 25°C.

20 Synthesis Example 12
Preparation of Polybenzoxazole Precursor Polymer of Structure (llla)

lHa

25 [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 N2 blanket, equipped with a magnetic stirrer
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CF3 NH' ~~-NHCF3 HO _CF3 - OHO Ill*a 10 [0159] A PBO precursor
pol ymer prepared in the same way as in Synthesis Exanple 1 (2009)
was di ssol ve® 20ep/184898 xt ure of 600 g of Diglynme and 300 geaxfius2006/010394
propyl ene glycol nethyl ether acetate (PGVEA). Residual water was
renmoved as an azeotrope with PGVEA and Diglynme using a rotary
evaporator at 65 C (10-12 torr). 1s About 550 g of solvents was

renoved during,t eotropic, djistill ctiaon solutjiopn .

was pl ac@&dtﬁ?%@rdh'émﬁéaﬁilgﬁ%ea%h gl‘?&met&u?%p(gd %I\;i;_ 3‘3%@@'?’85"?% Wa?tﬁciq%éjrwa
Nadi ¢ ankydided €rheTregtiovadas diawl of ahd maashihforl&bgutofo Mir.i thee thd it bath

reaction was stirred gvernight at 50 C. Then the reactjion m xture

was di | ut@d wMayedornd; the reaclion Mgz aliewsdio wamm) up Ryep the ipsripdidd! hr.
into 8 LobnairDmpdurehhis]=inebsledMoXs BEen tﬁ@[c@?%@ggfr@% Fvgﬁ‘-@fqe was

collected by filtration and vacuum dried at 80 C
was al frogdded yist siinge qved thenperiathef €ht. The ¢erdtion was kepifon the ncg@law

o= O, SO BTG BRI b iy o e

Pr epar at iperiodof 4, 1. Theydagidrhaiitereantsy dracijstatetDne) 6 lomf/euamfn withnetirring.
(008 PO Oyt A Mo et bR Fhen,
the polymer was dissolved in 500-800 g of acetone and precipitated into 6L of
10 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 UP804 (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
15 vacyum 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.

20 Synthesis Example 13
Synthesis of Polymer IVa

G NR C—Q—O—Q—C—NH C—NH
HC” _( CH;,
H OH DO \ OH
CFa €F

IVa
25

[0157} Polymer iVa 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

- 77 -



mechani cal stirrer, tenperature controller and nitrogen inlet. 270g
of gamma- butyrol actone was added to this reaction flask foll owed by
addi ti on of WeROGR22¢806 100 mmol ) of 4, 4' -oxydi pht hal i ¢ anfycs20/010394
(ODPA). The ODPA charging funnel was to rinsed with 15g of

gama- but yrol actone. The reaction m xture was stirred at room
tenperature for 15 mnutes and then at 73 -75 C until

4, 4" -oxydi phthalic a dride | 1.,y dissolved. [T |, ea | e
yel | ow ré‘&g'medr‘ﬁ Qéoﬁ%mﬁé”%%ﬁs%@#t% algor&en{rqﬁ@ gf Q%@Q&GE %%f‘ﬁm ic
anhydride was partially precipitated. 19.62g (98 mmol) of

oxydi ani |l i ne was added portion w se over the perjod of an hour. The
oxydi ani line 15 contai ner was ri raddhesisEx@mele Yhnma- but yr ol act one,
whi ch wa QA& ' bAA d lifflde ERbca
reacti on%tr%ﬁ%%rtg)t ure \?gg E&ﬁd@??}f?%?@!l% gﬁgtdﬁgfgﬁmﬁ?ﬁ&t'gg and P
then sPowy increased to 40 C. The reaction mixture was allowed to
stir at this tenperature for 24 hours. The reaction was conpl ete as
evi denced t he absence of an anhydride peak (1800 cm) fromthe IR
spectrum o 20 the solution. The viscosity of the final product was
1384 ¢St .2Tsynt hesi s Exanple 16 Preparation of Polybenzoxazol e

Pr ecur sor HEWH tructure JI1*d 250
OoH3 C OH HO > - T ') 0O _IGH3 - 79

PCT/ US2006/ 010394 || 1*d_10 ]m ‘frgsh s, Exanpl e 14 is rep
except the polyner pre¢pared in 5 33 NSNS .,_' w9 i's used| instead
of polymer prepared it Synthesis Exanple s 63 Eyiel H RS
al nost quantitative and the inherent viscosilty™ PR— ¢F oH

is 0.20 dL/g measured in NMP at a concentratdion of 0.5 3g/dL

0o ' 30 NH8-(' C:b4
O 2006/ 104803

[l*a
10
[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).
15  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 dituted with 500 g of
tetrahydrofuran (THF) and precipitated into 8 L of a 50:50 methanol:water mixiure.
20 The polymer was collected by filtration and vacuum dried at 80 °C.

[0160] The vield 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.

25
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10 Synthesis Exanple 17 Preparation of a PBO precursor polyner end
capped with a p-toluene sulfonic group Pp Hbc ! (c)-SI N Fa O NH fa
NH Fs HFa nWORM6A048015 |11 a' [0164] The PBO precursor pamEszoosmsosos
prepared as described in Synthesis Exanple 1. 100 g or the PBO
precursor was dissolved in a mxture of 500 g of diglyme and 300 g
of propyl ene glycol nethyl ether acetate (PGVEA). Residual 20 water

was renoved as an azeotrope w n L gk.yme using vacuum
distillation at 65 C (10-12 tor%gffh%‘% a%ﬁﬁeg%of sol vents was
renoved duri the. azeotropic distillation [T action sol utiaon
was praced GAReraTomSER ARy bty lie OFEAT R veiin (bR <o
5 Cand 3.2 g of pyridine was addgdiyatnieesd followed by 8.5 g of
p-tol uene sulfonic acid chloride. The reaction m xture was warned up

to 25 roomtenperature d stirreé) overnight. [0165] The reaction
m xture was precipit into 6 L of Whker with stirring. \The

preci pitated pol ynern was | ect y filt \ O ir_dried
overni ght. Then, the r S EIg acet one
and precipitated intlo 6L - 80 WD 9006/ 104803 PCT/ US20061 010394

wat er / met hanol (70/30) m xture. The polynmer was again coll ected by
filtration and air-dried for several hours. The still danp pol yner

cake was [piegol vedAi po@ miLxtiiiee @bck,7Rltdoboltbin @Bsk Aadreqpippeat Qlith a
An ion exchq%gﬂ,e resin UP604 (408) é$aval | abl e ,from Rohm and Haas, was
d

added andachenicg| firsn reprerstyregcenrolier and nifgogamadnlet 30wt gamena-
precipit i : ed T Te (i i

Py oou”" 1 BubfolaBoficlwdt aldblo tHis HRABH a8k folfdhlcath PYAARLE siUaz8 60
showed t el éneé’-otydiphihali ashyrbides (QPPA). STheERBA ehdrgingsfunhel was

absenge of .2y QiR 5y 8@85%%‘!&&/%%?8@& Pefle PLSARN milBhSwal stirred at room

temperature for 15 minutes and then at 73 -75 °C until 4,4’-oxydiphthalic anhydride

was fully dissolved. The clear, pale yeliow 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
15 container was rinsed with 13.3g gamma-butyrolactone, which was then added to the
reaction solution in one portion. The reaction temperature was kept at 15 °C for
another 15 minutes and then slowly increased to 40 °C. The reaction mixture was
allowed to stir at this temperature for 24 hours. The reaction was complete as
evidenced by the absence of an anhydride peak (1800 cm™) from the IR spectrum of
20 the solution. The viscosity of the final product was 1384 cSt.

Synthesis Example 16

Preparation of Polybenzoxazole Precursor Polymer of Structure lil*d
25

0 0
30 o NH-_H_@—E}_NH

Ch CHa n o

Retes Miaiegtog

ChHs CHs
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io 6.4-6.7 ppm This indicates that end cappi ng was conpl ete. The
yield was 77 g. Exanple 30 [0167] 100 parts of the polymer obtained
i n Synt hesi WOR0aHPHEN35, 3 parts of is PCT/US2006/010394
N-(3-triethoxysilyl propyl)nnal eic nonoam de, 1 part of

2- mer capt obenzoxazole, 2.5 parts of diphenylsilanediol, 20 parts of
PAC synthesized in Exanple 3 were dissolved in 175 parts GBL and
filtered. The fornul ati on was spin coated on a copper wafer then
baked on a hotplate for 4 mnutes at 120C, resulting in a film

t hi ckness of 11.1 pm The filmwas then exposed utilizing an i-line
stepper in a 20 patterned exposure arrgyg, which increnmentally

i ncrease osure r 0 g2 Wi th start.ing exposure energy
of 300 P 38" The SEREES Sl uadR refirtediafis MePolfiRE pldradR
seconds pBiaditesisiErdmple Ba%ciNElead lofipbigmed brapired in IPetheHidEL@MTAS 1,

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

t hen analfy underTh@5idld s HIIPes08GaRRaRaN ' r &t
scratch ig?ejct ed exp?éed patter ng. rq?tThi S %ﬁ?%%ﬁ?%:ﬁregﬁﬁ?égﬁem) Sthe

al | owed diohnesrds i dlde nerasiset in NMPsairsseenaestration of 0Sapge e 25h@. any
residue remaining in the exposed area. No residue was observed.

Exanpl e 31 30 [0168] 100 parts of the polyner obtained in Synthesis
Exanpk@ 8, 3 parts of - 81 WOybtidsyid@4@aH18AT/ US2006/ 010394

ganmma- mer capt opr I hex il ane, 1 part of .

2- ner capt obenzox3?'?#%‘"%&'?}%g ?gaX’pI%q)tpgegl,lrslgA@o%mgr pnd GAPPEAWH i s H or
0 N2 S02 5 were dissol ved imﬁ.}&]m@t@|@ﬁcgm,§i |tered. The PAC
used had an esterification I|evel of 75 % of the hydroxyl groups wth

t he DNQ noi ety shown above.

i 0 - o “ it
7 Ny =
e §.‘Enu L g Mg R W - e ch
Ho oH HO 0 Ho~{ }—I—( 4-on
Fa N CFy, Fy

15 la

[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
20 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 N2 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
25 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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[0169] The fornul ati on was spin coated on a copper wafer then baked
on a 1o hotplate for 4 mnutes at 120C, resulting in a film

t hi ckness oWol0@R4898n The film was then exposed util i zpagusaosiorbsone
stepper in a patterned exposure array, which increnmentally increased
exposure energy 30 mi/cnR2 with a starting exposure energy of 300

m)/ cn2. The exposed filmwas then devel oped using two 30 second

puddl es

3 H s Iut| 0, ter The _pat,terned er
Pat or o witdBiRnal ColDthaaing | b, BpuiRr Stes 4080 RRILEEATY FRRRGE pne
of f | anydra&to(n;rredafbr o artrmar@.erwmwmamp pbiyhiericake Wae disgohisehinvemidiverof
analyze er Croscope ent atin ar eas r the scratc
di sseet ed OBY RS<EIF ik 20 el o e Pranseesmu Lol Gheh Avaisble
di f f er entriopd 'Rb'ﬁnb@h&%é Kass aaaécﬂ &né ﬁwbaéc#utﬁﬁ.o%é )ro?éujfc%ni’ HreSrHéUﬁnal
remai ning in the exposed area. No residue was observed Exanpl e 32

[ 0170]5 1000¢t pesairecipdaisgl iink k- dbyaiendiierat, afrn@mpgem;mll@m;% By 24
parts of ﬁrgr\fé {Jﬁpc;\féﬂyét?d crqet hoxy silane, 0.5 parts of
gg g azo

2- rrercapto benzi m 0.5 parts of 2
mer capt obenzoxazol e and 20 parts of PAC XIll o, wherein Qis Hor -

parts CAROTHR] 111t &1 SHIRFREVBACIOUE] e 2b5anee i Bt Sl GRS ot of -
80 % of tphen by denxylthg abs@sceditdrotratic D@J@(Qﬂﬂ@idUﬁéﬁW@d@@MEAf snitDaL’ 1]
The formul ation is ’gln coated on a co %gr waf er then_baked on a

hot pl & e 5P - 7PRINnut &S ingicatop tnat ege iapping Was eemplets-t hne Kiskkwas 7 o1
pm The filmis then exposed utilizing an i-line stepper in a
patterned exposure array, which increnentally increased exposure
energy 30 ml/cn2 with a starting elyesue 38nergy of 300 mJ/cnR. The
exposed filmis then devel oped using two 30 second puddl es

[0167] 100 parts of the polymer obtained in Synthesis Example 5, 3 parts of
15  N-(3-triethoxysilylpropyl)maleic monoamide, 1 part of 2-mercaptobenzoxazole, 2.5
parts of diphenylsilanediol, 20 paris of PAC synthesized in Example 3 were
dissolved in 175 parts GBL and filiered. 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
20 patterned exposure array, which incrementally increased exposure energy 30
mJ/em? with a starting exposure energy of 300 mdicm?®. The exposed film was then
developed using two 30 second puddles with a 2.38% TMAH solution of water. The
patterned copper wafers were then scraiched with a pair of tweezers so as fo peel
off any material down to the copper substrate. The scraich was then analyzed under
25 a microscope concentrating on areas were the scratch dissected exposed patterns.
This scratching technique allowed differentiation between the subsirate (bare

copper) and any residue remaining in the exposed area. No residue was observed.

Example 31
30

[0168] 100 parts of the polymer obtained in Synthesis Example 8, 3 parts of
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iowith a 2.38% TMAH sol uti on of water. The patterned copper wafer is
then scratched wth a pair of tweezers so as to peel off any

mat eri al dowe 200s/t0k893 copper substrate. The scratch is thenyaoaloyaes
under a m croscope concentrating on areas were the scratch dissected
exposed patterns. This scratching technique allows differentiation
bet ween the substrate (bare copper) and any residue remai ni ng in the
exposed is area. No residue |s ob erve | e 100 arts
of "t he. pORIRR PR PY TG oM 6o PR ST pRippEcazalg i 15
ganmma- ”Erp%ﬁato@PrA@XllH Wikdiaxyisstilogne, 1 part of 2-nercapto-5-

met hyl benzi mi dazol e and 20 parts of PAC XII| e, wherein Qis Hor 0 N2
S02 83 WD 2006/ 104803 PCT/ US2006/ 010394 are dissolved in 175 parts
GBL and filteredy The PAC used has an esterification |evel of 50 %
of the hydroxyl |[groups with the DNQ noi ety shown above. [0173] The
formul ati gn ' Wpated on a copper wafer then baked on a s

hot pl at e utes at 120C, resulting in a filmthickness of 11
pm The f hen exposed utilizing an i-line stepper in a
patterned exposure array, which increnentally increased exposure
energy 30 mlhen? with a starting exposure energy of 300 m)/cn2. The
exposed fi Ign I's then devel oped using two 30 second puddles wth a
2.38% TMAH sol ution of water. The patterned copper wafer is then
scratched io with a pair of tweezers so as to peel off any materi al
down to t c tﬁ}&? I

m croscop‘gngeoﬁt%gﬁ VP glf, ﬁslt?%%a%as %\gi;_ea ef;%’%%ﬂ The E%Q(glhééegl g%@ﬁﬁca%.on
exposed patd ef P8 % dhihe Mrmbrawsmﬁmemmbleu&mﬁ apevdt. i ati on
bet ween the substrate (bare copper) and any residue remaining in the
exposed area. No residue is observed. 15

[0169] The formulation was spin coated on a copper wafer then baked on a

10 hotplate for 4 minutes at 120°C, resulting in a film thickness of 10.92 ym. The film
was then exposed utilizing an i-line stepper in a patterned exposure array, which
incrementally increased exposure energy 30 mJd/cm? with a starting exposure energy
of 300 mJ/icm®. The exposed film was then developed using two 30 second puddies
with a 2.38% TMAHM solution 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 analyzed under a microscope concentrating on
areas were the scraich dissected exposed patterns. This scratching fechnique
allowed differentiation between the substrate (bare copper) and any residue

remaining in the exposed area. No residue was observed.
20

Example 32

[0170] 100 parts of the polymer obtained in Synthesis Example 9, 3 parts of
gamma-mercaptopropyltrimethoxy  silane, 0.5 parts of 2-mercaptoc-5-
25 methylbenzimidazole, 0.5 paris of 2 mercapiobenzoxazole and 20 parts of PAC XIl|

0, wherein Qis H or
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Exanpl e 34 [0174] 100 parts of the polymer obtained in Synthesis
Exanpl e 11, 3 parts of gamma-nercaptopropyltrinmethoxy silane, 1 part
of 2- mer capwolzeszioxs@zol e and 20 20 parts of PAC Xl 1| f,pon@d6dsiiddod S
Hor O N2 S02 are dissolved in a mxture of 135 parts GBL and 40
parts PGVEA, and filtered. The PAC used has an esterification |evel
of 75 % of the hydroxyl groups wth the DNQ noiety shown above. 25
84 WD 2006/ 104803 PCT/ US2006/ 010394 [0175] The forrmulation is spin
coated on a coper waf er then baked on a hotplate for 4 mnutes at
120C, resul inglin s fJilmthickness of 11 pm The filmis then

exposed ut 4n 1-1ine stepper in a patterned exposure array,
which i |y i ncreased exposure energy 30 mlJ/cnz with a
starting expostm€ energy 5 of 300 mJ/cne. The exposed filmis then

devel oped using two 30 second puddles wth a 2.38% TMAH sol uti on of
wat er . Theé@ﬁter ned copper wafer is then scratched wth a pair of
t weezers sc as to peel, of f any material down to the copper substrate.

e 2or 246 s dsy2 il yase S P el SR PR I b e S @foagion
t echni quésall bpae Wlbf fhersaird:al bRups vitteheENQ heieuimivpdlgovgbar e

copper) and any residue remaining in the exposed area. No residue is
observed. Exanple 35 15 [0176] 50 parts of the polymer obtained in

Synt he i g ﬁ‘ﬁ@' e '?h?ﬁ‘@nﬁ@ﬂé\hén‘?é SRWEOQ@HY&?%\ Q@é;ﬁrr\ﬁﬂek Ah&Y HaRegich a

parts o - triet %/ rYB.EIC nonoamni de
08 partéwom!a@-ﬁmencmmmamzaz@ resuing in ol thigkness of 11 pm. The fim is

2- er captyQs p- e%%hé/éi b&zing dAZRl%s teppdtdht & BhitdinabeBypsddrangdihp! wnith

parts
incrementally increased exposure energy 30 mJ/em? with a starting exposure energy

of 300 mdicm?®. The exposed film is then developed using two 30 second puddles
10 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

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
0O
N2
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of PAC synthesized in Exanple 4 are dissolved in 175 parts GBL and
filtered. The 20 fornulation is spin coated on a copper wafer then
baked on a wotzpécawesosor 4 mnutes at 120C, resul ting i necanidzboolesos
t hi ckness of 11 pm The filmis then exposed utilizing an i-1line
stepper in a patterned exposure array, which increnentally increased
exposure energy 30 ml/cnz with a starting exposure energy of 300

mJ/ cn2. The expopsed f] IS en ev | oped., usi two, 30 seco

Tl os e KRsoBRg oy FHanprS G Gn dHEsab e PR LS fes e euinatior
wafer i s |deof 6 PabERethydrdYl gradpk M]@}fthbweﬁ(ﬁie@%mﬁ sboveeel of f
any material down to the copper substrate. The scratch is then

anal yzed wunder a mcroscope concentrating on areas were the scratch

di ssect eqopgiosed TRAURRMSor %Pﬁ%é‘ét%g'd}gat rWreflth @ Baked on a

di fferentrati"on between t substrate are copper) and any residue
remai nd nd oitmatehfer dxipides at 420°Moresaliing e ai m Btbclmbseroiéd um. §be filp is

ool yrer QUL RRATh Y AHeEN s B TR g pafttred, Bhistrg sl whicr
Ob;t ai Rgg :mct’reﬁyéntdﬂ?mcﬁe@aélh?tmsare engray 39 m;ﬂ/rcit’t (v@th & starting exposure energy
et hy! bRt BUBRT e T3, SXrpart atars dnéih SRyFIoPRATEicoe 56 3527Pe Pypdies

PAC synt hagy 59058%Tm%moﬂ ARRitéH %@'p\éﬂ@mé&i GopPeX e @fthérﬁgcram
GBL and 10 parts ethyl lactate, and filtered, The forpulation is

spin Eoatvéth anak o dppereraspas toneee! w&k@w oyateyial Hewpl tatthe rcoppar sikbRitade;
at 120C, wesylLdAg tﬂéna?ﬁélgéigoi %é‘é?'beﬁﬁcreéc Mceﬁﬂ%z@obma@asl&%é%elﬂe

exposed uti11zing tterne sure arra
whi ch i recradde dtsabd:tyzd isxpoeed @aﬁemo g hlsescnsaf@hgrg; Bohmiglie sHows tcatffeientlatlon

Gevel opaba0bra s gtrate. e omPacercl ol e SREE B AL b e BRhose

wat er . T@e@atM@reg&meqemeer\mafer is then scratched wth a pair of

tweezers so as to peel off any material down to the copper substrate.
15 The scratch is then anal yzed under a m croscope concentrating on

areas were the scratch dissected &43538 3atterns. This scratching

technique allows differentiation

[0174] 100 parts of the polymer obtained in Synthesis Example 11, 3 parts of
gamma-mercaptopropyltrimethoxy silane, 1 part of 2-mercaptobenzoxazole and 20

20 parts of PAC XHI f, wherein Q is H or
o .

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.

25
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bet ween the substrate (bare copper) and any residue remaining in the
exposed area. No residue is observed. 20 Exanple 38 [0178] 50 parts
of the pol ywerzombieoned i n Synt hesi s Exanpl e 2, 50 part ss@fus2idd®io304
pol ymer obtained in Synthesis Exanple 7, 3 parts of N-(3-
triethoxysilyl propyl)rnal eic nonoam de, 1 parts of 2-nercapto-5 25

met hyl benzi m dazole, 2.5 parts of diphenylsilanediol, 12 parts of PAC

synt hesi zed in Ex le 4 are dissolved in a mxture of 175 parts GBL
and 111t VB! The TROMMEIURIGN S SPELFIREdAod GPPE EBe e Pared 98
baked on h@tﬂ&éﬁbahqﬂirﬁlgeegam POHCE Ses@itind R0 filkreitikhe8d of g ‘ aurh! AR film is

t hi ckness of 11 pm T iImis then exposed utilizing -l ne

st epper itfer e¥aeted nédiziegpas urlineastenper viRi ehpatierpedesxiasiye iaftaye agkigh

exposure; ; | t e

) on. eE@Eﬁ%aﬂggﬁ??ﬁ‘%%%#ﬂ%@%?Qpﬂg TS NREY SEr e Plstle oy
puddl es wif 3A0am/cB8% Mvkipsetdifiimors dien deddopatiDugingaivb03B@8cond puddles
PCT/ US20 0 4 ter. T r r, wafer i.s then

cor at ched (i3 o5 TIPS bofRE AT, PR rRBMEL SRR vy haifus sgptoned
down to ik ppipef iwedsirs 3beas tbhseet offadrghmiateriah dowanaltlig edppemsigsirate.
m crosco concegtr ti n% on@%{]ea were the scratch dissected ecﬁseﬂ
pat t er ns.! MPHAER 1% Al Hﬂ%‘%fea ANPIGREORR F‘f"é‘f‘f‘é}# :’“Elgi%ha'i?é’é R the
the substeaiieh 8istbAEE SEBRY bafdthsaMyisIReAtdMiIAg HEARHiRIEIbWs Hi¥Rrentiation
exposed area. No residue is observed. Exanple 39 to [0179] 100 parts
of theo poehyvean g subgirpte n(beymcreres ehapy degidue Feprainisg gn the exposed
gama- ur gj prmﬁ% ' sl ane, 5 parts of diphenylsilanediol,
11.9 par%ﬁg%f E@%ﬁhggﬁg "in Exanple 4 and 0.5 parts of

2- mer capt obenzoxazol e are dissolved in 175 parts GBL and filtered.

The fornulation is spin coated on &X@BINes® wafer and baked on a
hotplate for 5 mnutes at 90C, resulting in a filmthickness of 15

AL D SR A e AR s S SBBBl sl e o
ener gy 3@hg/ifmid t Bbtaifbd tihnd Synthesis Example 8, 3 parts of N~3-
triethoxysilylpropyl)maleic monoamide, 0.5 parts of 2-mercaptobenzoxazole, 0.5
parts of 2-mercapto-5-methylbenzimidazole, 2.5 parts of diphenylsilanediol, 12 parts
of PAC synthesized in Example 4 are dissolved in 175 parts GBL. and filtered. The
20 formulation is spin coated on a copper wafer then baked oh 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 array, which incrementally increased exposure
energy 30 mJiem? 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
25 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 concenirating 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
30 observed.
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exposure energy of 300 mJ/cn¥Z. The exposed filmis then devel oped
using two 30 second puddles with a 2.38% TMAH sol ution of water. The
patterned ceppedc/mefoar s then scratched wth a pair ofpdMeRe®I0$0380
as to peel off any material down to the 20 copper substrate. The
scratch is then anal yzed under a m croscope concentrating on areas
were the scratch di ssected exposed patterns. No residue is observed.

Exanpl e 40 25 [0180] 100 parts of e | r obtained in Synthesis
Exanpl e 13, 3 parts of ganmma-urei ?q&SF'ﬁ’B?%'?ﬁ nmet hoxysi | ane, 5 parts

of di phenylsilanediol, 11.9 parts of PAC synthesized in Exanple 4

GL and 10113r oo, “HEEFERIIRG HEBRAC0EaREE i RS D BplcT. B lp o
and bakedhen @olyroepl atheaihed 41nm Byhthesist Ex@@ple estyl t Bngpartsa 6fi | m-(3-
Stepper - HERORRIV BRI ERIDs ur BOERGE. Wb £ i PEimenbal | 2 THRFAseS
S SRS it o St MO

then devE&XGpwie dsARg dtswalvsé in §e‘€'@¢a‘éf epridfileRan BBLaand gg%arma@ihyi lactate,
sol ution qf NMRk&d.- TFEefoPrﬂhfa%BHqg sg;?f%éte\ﬁaéﬁ a cb;?péégﬁ&e? Qﬁé\ﬁ]g%ﬁgd "HntQ

a pair of tweezers so as to mat er | coppe
subst r at éotfale ot danistiiess at héW%\rr&Bylﬁegl mul@d@m thluhnessm’:dﬁeum The film |s

ch
o r ot aie Sppsd MfiRorihphe” SeBt et % BRRLEL SERARE AR nhRn
obt ai ned mmerSiyentdﬂge&tme@atmt;msa re éné*@y Barms/onf Qvithf a starting exposure energy
O5EY et SUBROAE SR HIRELSR T e b Jncyhie Srord St
2- mer capigipesz 389z wm%@mnsﬁ%%\@dma paﬁérr%ré@;p@wa@éﬂs ftlhéﬁ 8ératbhed

The formulation is spin coated on a copper wafer then on a
hot pl at e Withra paifioh iveszess sezdo W%ﬁslmﬁt@mrﬁater@l towmte Hh@ I@ﬁé@@f sigystraie.

pm The (Thlen?sdrétcﬁ he é?'?(Qﬁélggecw.{ é%cr‘%@cb | ﬁﬁcé‘knearﬁﬂg orl Areds were the

patterned exposure T NG SITORt & y 1 ncreased exposure
ener gy 3Gcral¢icdBsasted expesedt paﬁgrnsei( pisssoratcbingrigghrifus @lfows /docfeﬂenfﬁ’hen

exposed fbiemgéns tﬁé‘%[]bsq%‘(gl (B%?éj C%BLQS é[lr\l’é) 8%9 residue remaining in the exposed

area. No residue is observed.

20 Example 38

[0178] 50 parts 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-
25 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 um. The film is then exposed utilizing an
i-line stepper in a patterned exposure array, which incrementally increased exposure
30 energy 30 mJ/em’ with a starting exposure energy of 300 mJicm?. The exposed film
is then developed using two 30 second puddles with a 2.38% TMAH solution of
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second puddles with a 2.38% TMAH sol ution of water. The patterned
copper wafer is then scratched with a pair of tweezers so as to peel
of f any nmatwoizabé/mesesm to the copper substrate. The scr ag@hud2606ichEs04
anal yzed under a m croscope concentrating 20 on areas were the
scratch dissected exposed patterns. This scratching technique allows
differentiation between the substrate (bare copper) and any residue

remai ning in the exposed area. No .residue |j bserved, anple 42 25
[ 0182] A%Y?ﬁ%rt Jggrpaﬂ?mﬁ@ GQRGE RFTOR the W@%—EP@M Hﬁsziq'fx&ﬂ'% 3 fe@s o

100 part $eePyrviiydiatefal AcRBAPHRCEGSRI RBLiaR! THRr §Rafchdsi tAek MMaR2ER
way as in Synthesis Exanple 12, 200 parts of GBL, 5 parts of

( 5- pr opy|USdRF eniGRsGarEneRBIRNiMALIBR Ehaeas were the scratch dissected exposed

yl i dene) - h acetonitrile . Of
bt cpar ot Lot SR RRIAEREG Rhhiohb il iRl nokcenli BaLAFERS
2- mer capt{oars- oaigey) bedzami desidle ramainl® prarths expbs&bwaieal i ko IréFidiLe is
Thi s corrpé)%sitiéan is then spin coated onto a copper wafer and -88 WD
2006/ 104893° €57 US2006/ 010394 baked on a hotplate for 3 minutes at
120C to obtain a filmof about 12 min thickness. This filmis
exposed portion w se using increneph@infgRosures on a Cannon 3000i 4
exposure tool starting at 50 mJ/cn® increnenting the exposure dose

by 50 mJ/cnR. The coated, exposed wafer is then baked at 120 C for 3

m n, d ped f (AT i : . 3]25“
aqueogos %ﬁﬁ sol uﬁ’ﬂli%ﬁ?rtg‘:?gﬂ%ﬁg&ﬁﬁbﬁa@%ﬂdﬁ?@@%&%@ﬁ% 1%%% | dg Oa]:
relief paarmenaurdteprppyitrenetbdxysilappe pafierofi diphbeyisibredtothéd. Snpatis aof
pai r of zers so .1 eel, off any terial, .down to . the copper
st rat S DieHigeeh 7 RGN aAaP)d CAPURGEr o P BEPLE oRaRdE are
concent r fidsdyeann a763mrshCBE dnbgilResdt The forafdeticedis Wpex pested on a copper
patterns. This lo scrat %3'? ng teghni que all O§/S° differenti ati'h on bet vveg%r}
the substfaeeaihhprketepFigiPlamyioranindet alel Cerariiing N A Mdhigkiss
ar ea. ﬁé\bﬂ?ﬁﬁ.dﬁf‘e fiffn @abgﬁernv%os!é&%rfmmg% Lind Qibpler A RNPARSRBS iddb¥sure
formulation is prepared by m xing togéether 100 parts 2
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 soluiion of water. The patterned copper wafer
is then scratched with a pair of tweezers so as to peel off any material down to the
20 copper substrate. The scratch is then analyzed under a microscope concentrating

on areas were the scratch dissected exposed patterns. No residue is observed.

Example 40

25 [0180] 100 parts of the polymer obtained in Synthesis Example 13, 3 parts of
gamma-ureidopropyltrimethoxysilane, 5 paris of diphenylsilanediol, 11.9 parts of
PAC synthesized in Example 4 and 0.5 parts of 2-mercapiobenzoxazole are
dissolved in 175 parts GBL and filiered. The formulation is spin coated on a copper
wafer and baked oh a hotplate for 4 minutes at 120°C, resulting in a film thickness of

30 11um. The film is then exposed utilizing an i-line stepper in a patterned exposure

array, which incrementally increased exposure energy 30 mdiem® with a starting
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by wei ght of a PBO precursor polyner, prepared in the same way as in
Synthesis Exanple 14, 180 parts of GBL, 20 parts of PQVEA, 5 parts
of (5- WO 2006/104803 PCT/US2006/010394
propyl sul f onyl oxyi m no- SHt hi ophen- 2-yl i dene) - 2- et hyl phenyl - acet oni t
rile, 1.4 parts of 2-nmercapto-1-nethylimdazole, 3 parts of

beta- (3,4 20 epoxycycl ohexyl)ethyltri methoxysilane and 10 parts of

Cymel 303. This conposition .is,then spin cgated onto a copper wafer
and bake(?XBHS‘éfefﬁﬂegg%P%sgpﬁrm‘gc'ﬁi nlife xaesed Bigds hegtexelprgdiysing dyo 30
about 12 ggchid bOHGKESath a DS AN shigieRoselaiRe FlOPattbPed dbpl

I ncrenment al exgosures on a Cannon 3000i 4 ex oasure tog? s'?la?tc%éﬁggg\tfvage(s
ml/ cn? i e thenestratehed Mathex paks af dwaezars isp S0tonpee il arthmaterial elgwn to the
exposed ' 0 f.0r '

ceconds toner Sesiad. 1ol Beredth & bR ytaBq dhdRron cHERABE ot =g
and ri nseuh ateahwees thendaraidhwidsectadoexposed ipddemsr Bbiresidpatd ebservdde
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 anal yzed under a microscopxaoyledritrati ng on areas where the
scratch 30 di ssected unexposed patterns. This scratching technique
allows differentiation - 89 WD 2006/104803 PCT/ US2006/ 010394

bet ween tIHE8Hubst r 4@ peparcd teopebimeraidainng in Synthesisr Bxamplen?) 1.53 tpads
expos Qi : _

oot ofendt BROTP AL B0l RORRNARE B BAR, Bt Abpsnub iy sy pars
by wei ghtof oPAG BBehesieedirisoExpoblensr andr éppadofi R-mbraptohenzayazate i are

Synt hesi s, anmnl .50 ts wei ght of a.PBO.precursqr pol ynmer,

ot opar ed tssOVRETS 478 P, SAL e st 2Ehe Rmlidiion Bispy it Bt Bbrer
GBL, 20 peféistheh HakdEAdn & hpeilate fof 4irinutes at 120°C, resulting in a film thickness
(5-propyl syl fonyl oxyi m no- 5Ht hi ophen- 2-yl | dene) - 2- net hyl phenyl - acet o
N tri Lo, 03 1uMm e Yl lappareRse pelilizifgrarptijsasteRPe NSy Retirrgpd exposure
Exanph £ Ja?ragrgml?dﬁ &cﬁl@%mgmﬁné}éﬁéé@%&g@éﬂé éﬁ@%{(‘%’ﬁyﬁﬂl /¢ Ier'\ﬁ(tt% Radiking

r
of 2-mercapto-1-nethylimdazole, and 10 parts Powder |'i 1174.

Thi s coms¥BPEUrareresgy AbAOL pdicoal el exprssdafilooispiben wieivelopeddising 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
20 on areas were the scratch dissected exposed patterns. This scratching technigue
allows differentiation between the substrate (bare copper) and any residue

remaining in the exposed area. No residue is observed,

Example 42
25
[0182] A photosensitive formulation is prepared by mixing together ’!O{O 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-
yvlidene)-2-methylphenyl-acetonitrile, 31.25 parts of ODPA/ODA polymer prepared in
30 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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baked on a hotplate for 4 mnutes at 115C to obtain a filmof about
11.5 min 15 thickness. This filmis exposed portion w se using

I ncrenment al waxpogns®s on a Cannon 3000i 4 exposure tool gdandostdhiddy
50 mJ/cnR increnmenting the exposure dose by 25 ml/cnR. The coated,
exposed wafer is then baked at 125 C for 150 seconds, devel oped for
80 seconds under a continuous spray of 0.262N aqueous TMAH sol uti on,

Dot t or nodob BB RAIGIoN § MM e dBLHEdo v ANaS JUFY ObRDPiebd g in
SO as totfﬂé‘lﬂies@ffTﬁi&Wﬁ[ﬁﬁtiﬁréxébsedj?)Wﬁldrpmﬁdéeu§ﬁ@piﬁfzre$ﬁ@%élr akSosuld® on a
scratch i s then analyzed under a mcroscope .concentratihg on areas

wher et h&aieratioR0Y; @@@@ﬂ@j@hé@@ﬁ@% ‘i%w&nmmcrﬁm@tmsdhg%m%e dose
e auByase Mot TRe Rbbfld, AoBesaaRter RenRARARAL Bt 428", F0PBSfIn,

and any residue remaining in't exposed ar ea. resi S
obser ved degsloped pt @5458c[0®1ﬁ85q1nderpanaxonkemmst sp@ayf of Meﬂi\r aquesus TMAH

d i Xi.ng - t 5 t P
ooy < slgBh AP inSEF WS g2 8nBRb BetoPlo IRV o 3614 Jardnh Hfife b3ftmge
parts gy c\n/ﬁp@hﬁ/af@f ;sathBB@cm‘tel%uS gAth mlyﬁﬁﬁ&?eﬂé% ed td peélhc:fjﬁ aawmamayal |
as I n nt hes ts art I pro ene
hveor Y Hous REnesspes AsRst By T b8 5ot GhaIEaR HdeBnTICRasops
parts of cBAGrdiinh" Y6t ate8s SRMR %%}atc%;ésé&éd %@xm@%@%s This

pol ymer prepared n Synthesis Exanple 4 parts of

tri et HoxpPSTAtShing égsynidue, esloww&ermﬂamb@tv@enzths qa@ﬁtrgteo&bare copper) and
2- ”ercaptaﬂg%sr&@é F%fﬁ%ﬁ&g':ﬁ%ﬁ@é%é‘se%rﬁgéo 9&dSia :s%%%ﬁféd‘ nk 1174.

This co it1on S spi'n coated onto a cop wafer and baked
on a hotpl ate for 3.5 mnutes at 125C to obtain a fllmof about 13 m
in thickness. This filmis exposed['i_._;e)(ort | orr13W| se using increnental
exposures on a Cannon 3000i 4 expos starting at 50 mJ/cnR

i ncrementing the exposure dose by 50 mJ/cnR. The coat ed, exposed
wafer is then baked at 130 C for 175 seconds, devel oged for

10
second#s [RH a coﬂtﬁhﬁ’ﬁfbﬁ%‘sﬁﬁ’es@?"ﬁ?‘a’&?” i pigpRIe by SuisngNportbs! GP@&?“S
and rinsed wight 8ea IFEY 2RSS Epoller, prepared in the same way as in Synthesis

Example 14, 180 parts of GBL, 20 parts of PGMEA, 5 parts of (5-
propylsulfonyloxyimino-5H-thiophen-2-ylidene)-2-methylphenyl-acetonitrile, 1.4 parts
of 2-mercapto-1-methylimidazole, 3 parts of beta-(3,4-
20 epoxycyclohexyhethylirimethoxysilane and 10 parts of Cymel 303. This composition
is then spin coated onto a copper wafer and baked on a hotplate for 3 minutes at
120°C to obtain a film of about 12 pm in thickness. This film is exposed portion wise
using incremental exposures on a Cannon 3000i4 exposure tool starting at 50
md/em? incrementing the exposure dose by 50 mJ/cm?. The coated, exposed wafer
25 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 patiterned 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 scraich

30 dissected unexposed patterns. This scratching fechnique allows differentiation
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provide a relief pattern. The patterned copper wafer is then
scratched with a pair of tweezers so as to peel off any materi al

down to thewgopmeissgbstrate. The scratch is then anal yg&Gudsosanods
m croscope concentrating on areas where the scratch dissected

unexposed patterns. This scratching technique allows differentiation
1s between the substrate (bare copper) and any residue remaining in

the exposed area. No residue is observed. /-, NO CN OSF 111 O
FF 20 PA@&EIE%mﬁubstzme[(@@%pom%&r@séﬁ\é|r@$idéefr§mm'a@n@ﬁhfesexposed

prepar ed jhy, My @gidhgggbggdvégo parts 25 by weight of a PBO

precursor poly , prepared n the same way as in Synthesis Exanple
16, 170 parts of GBL, 30 parts of d| glyne, 7.5 parts of PAG B
(structure shown bel ow), 2 parts

n- but yl am nopr opyl tri nmet hoxysi | ane, xﬁ"!?l%g?ts of 2- - 91 WO

2006/ 194803 PCT/ U82006/010394 rrercapto 5- et hyl benzi m dazol e, 0.75
parts o

f 2- t | d d 15 t f l,, 30
Tt s combSEA on'1 & RiRFasitNeBRTMaton o PIERRSRR oY AT 10 bk earts
on a hot l%ly%@g}ﬁt%f éf F%@‘ﬁ?é'étﬁ%l%d}l%@? prépalidaihnna sfa'njlém\%fy APpusytBesis

m in thickneSs. This Imis exp osed portion w se using increnental

exposur e&xempée 8, @amﬂm taowg&rté&@ogapep@@@qsosﬂoafymafgpzﬁp%@ iy Ihenpame
s eI B BIRSRUESaARAE 1021oB 0o f . Weosfet R eppRongire o
seconus ngerpyisLtfonylioryimirso- 5Hrthyopbén@.—ﬂﬂﬁhbhﬂumthslpmwﬂ-acstﬂrumIeon 225
pat t er nedorts g AR BRbntareanpabtst o bl P Bods ol dmp
as to peekeigbpropplriri@ihexysilane, 2 parts of 2-mercapto-1-methylimidazole, and 10 parts
of Powderlink 1174. This composition is then spin coated onto a copper wafer and
baked on a hotplate for 4 minutes at 115°C to obtain a film of about 11.5 ym in
15 thickness. This film is exposed portion wise using incremental exposures on a
Cannon 3000i4 exposure tool starting at 50 mJfem? incrementing the exposure dose
by 25 mdfem?®. The coated, exposed wafer is then baked at 125 °C for 150 seconds,
developed for 80 seconds under a continuous spray of 0.262N adqueous TMAH
solution, and rinsed with de-ionized water fo provide a relief pattern. The patterned
20 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 patierns. This
scratching technique allows differentiation between the substrate (bare copper) and
any residue remaining in the exposed area. No residue is observed.
25

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
30 Example 14, 50 parts by weight of a PBQO precursor polymer, prepared in the same
way as in Synthesis Example 16, 175 parts of GBL, 25 parts of dipropylene giycol
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1o down to the copper substrate. The scratch is then anal yzed under a
m croscope concentrating on areas where the scratch dissected

unexposed pabtesens4sodhi s scratching techni que all ows diddigidsioadsbpn
between the substrate (bare copper) and any residue renaining in the
exposed area. No residue is observed. CH3 OCH3 S03 I+ OCH3 15 CH 3
PAG B Exanple 47 20 [0187] A photosensitive formulation is pr epar ed

ot cpar cdditAtRe ctishe Ay Pals i % S Has(UoRkanBIans, begnbary S Gprs of
wei ght obmw@@mr SR’ pRYHEE' in PEFRAESHE HXahilfe SATEY asofl IN-3-
Synt hesi s Exanpl e 6 5}165 Sﬁs of mGBL9 35 parts Ofedl acet \c,)k?%-tsal cflohrNoI

10 - 92frfe\mxzeld}@?r99w2;~&35 -B YRG0k 3042 . 5par PaItSf PAG C 3-BEreRiterde
shown beh.%\e%;, (o) CF]QBAé IR e

Exanpl e 3, I%e’;rét'rgﬂg?élfcé% ohexy ampﬁlomat Iw{R) ri et ﬂ-&%/gf)ﬁéﬁgﬁsé.@ghen
part s sof spinmmatethontosa repps waler ianit deketi en @ hotplgarfos 3dF minutes at 125°C
2- rrercap ar Powder|li,nk 1174. Thi.
conpos: ISR T Aot BPRPEP ButBdnie™s s fly S oriak tpetitid
h(r)]t plkat etrfccemrl]énta} B red ohBQGémﬁmmBU@le @xposlire @fol attating 18 50 infl/icm?
thi ckness. This, fi mlsexoe usi I ncre

exposur e OGS G, P BOB A G B BP NGB JHier AR P PBeRERRH ' ther
i ncr emenbhidd Ehe3@ROOBHMF5ARTRNBY, SE/BH L or 1-5@93%%H§%nd%¥@0§c?rﬁmuous
wafer is then baked at 130 C for 175 seconds, developed for 10

secorids EPa¥r ofa 082N maeasus oTMAHagolstion, apd Ninapdeits desionizes Ma’t@h to
d | T
and ri nsgﬂ:’g‘g&gﬁ) é; r_rQ%T %ﬂb?neq'lﬁaﬁﬁferﬁ cﬁéggé@ \E’%fﬁfizsr ﬁlehegcr?[@ﬁ%c? With & Eglsr of

patterne I's t scra a pair weezer

as to peblearkfs amps hmpeei aif adpmtemaltdwmmnbercoppblsssmlmtnaieTﬁm sarahds

s then analyzed under a microscope concentrating on areas where the scratch
dissected unexposed patterns. This scratching fechnique allows differentiation

15 between the substrate (bare copper) and any residue remaining in the exposed

area. No residue is cbserved.

S
i
O
= F
20 PAG A
Example 46
[0186] A photosensitive formulation is prepared by mixing together 100 parts

25 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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t hen anal yzed under a m croscope concentrating on areas where the
scratch dissected unexposed patterns. This scratching technique

al  ows di f fwioepbdmidodn 15 between the substrate (bare colgﬂ%s)m@ﬂ,qﬂ_@py
residue remaining in the exposed area. No residue is observed.

zo HBC O ja~N-j N N=< CC3 25 PAG C Exanple 48 (0188] 100 parts of
the polyner obtained in Synthesis Exanple 17, 1.53 parts 30 of
gama- ur ei dopr opyl tri met hoxysi |l ane,_ 2.48 parts of di phenyl sil anedi ol ,
IR pamescare Smetnsjhermstiacelel 876, kAps 6f -mebantparmoiyimidazole and

2- mer capy ?gﬁ?%ot%‘faé%gl e T‘ﬂ'issé&wggtléﬁ‘[sl%%n ﬁ%o%ld &g 4 gbéﬁére\ﬂafer

The formu nis I h coated on" a en bake
hot pl at eahdbakedionwd betp&tte 1@0€s5 mmtﬂst aatn1320°ﬁ> @ dhtaima fiinc lbhabsut 2.5 Lin

The f] h d utiljzi -
ot ermeln PsBa-o THEEET G Edbtnd BhlBIMerral iiisBRRa0 Fo Sy on @
whi ch § nCaenentabby dxposersed ﬁéﬁID@LE[tFSOemech*}? |ﬁ&emyr@iﬁ§tm BRodsure dose

starting posur ergy of 300 expose i S_then
devel opeBY§§m CFE\D FefPP YV@ W}!@n?ai‘eg@%‘?%ﬁr?é’bﬁaﬁﬁﬁﬁow

wat er . TB@vélaﬁé@"f&e‘ﬂo@%BSﬁdé"@ﬁﬂér al éorﬁlhﬁﬂu§ P?éycbﬁ@ 2@2N1 aﬁu@é\hg TRIAH
tweezers so as to peel off any materi al 0 'the

subst r at 80lufpR =t Epeas wih td@etﬁnaﬁdlvyez@ﬁtmhr@ytdeaa gltef mt:t@rm The patterned

ConCC !S5 BURES 55y e S B36 PN PIBER B it

This scr erenti a | on
subst rat doWhaoetheopmpe) subdtratey Trrmssm‘ateh iseimen MmedyZed thderea possbcope

area. No r ue is_observed toCo le 13 1

ohot osenSP 4ol nof ATEGH Waep B ALEithyiheniah UEyetses Prggs. This
scratching technique allows differentiation between the substrate (bare copper) and
any residue remaining in the exposed area., No residue is observed.

CHs
OCH;4
@

OCH34
15 CHs4
PAG B
Example 47
20 [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 8, 165 paris of GBL, 35 parts of diacetone alcohol, 10
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parts by weight of a PBO precursor polyner, prepared in the sane way
as in Synthesis Exanple 12, 200 parts of GBL, 5 parts of

(5- propy! suwbaogsi103ggs m no- 5H 15 o PCT/US2006/010394

t hi ophen- 2-yl i dene) - 2- et hyl phenyl -acetonitrile, 31.25 parts of

ODPA/ ODA pol ymer prepared in Synthesis Exanple 15, and 10 parts of
Powderlink 1174. This conposition was then spin coated onto a copper
waf er and baked on a hotplate for 3 mnutes at 120C to obtain a film

of about PEES GhA® ChistRESE ShPNNPaIoWinSneRarseaAbEMABA Peime gespared
usi ng i NG{ HRfHRls EXRRPIE &8 @;btaif?ftr?gCa?E%I@@Qhﬁiﬁcﬁ@?@?@fjie@%%@iﬁcnﬁz 0.75

starting at "50 mj/cn® I'ncrene hie exposure
The coabads exdpogdaersapiorSvrahyibenzividegaleat 029 @arty 3fr id-mercapto-1-

devel - ' ' '
et 00 i A S RPEABRAROPAEPTPY Sp AENARA

pat t ersn. chhedpaitbea medpeopaéer avad bakedon & heiplats &trcéhedinvidshan 1p&IC to

of tweezers.so as t eel, off any.material,.dgwn. to the 25 copper .
Subst 1 at E0taina A o b s’ e YiekRssta sl s’ ShreRBd el Bide using
concent r fdr&@ientan eRp&aFevhal @ CAET BaboR @bgﬁﬁ_aﬁé e5b| LEIRIRG SAA50 mJd/em?
patterns. This scratching technique allowed differentiation between

the substicgemering hecomsetie apee Bnp0 mdemiue eerratad rxRased eafekisdben
area. A rb%kga t@}iﬁbw_@fothse%ég;ge?wévé? Ycﬁd‘rOQgQ?&chgmmdérﬁ]g&ﬁinuous

processes 0 i's invention ormng the relief inages,

subst &t epiay pf $K2021blaguecvabEvAdt sotuian, lsad disgsgse withe datipnized | wajer -to
94 WD 20086/104803 P 2006 | ' i

been desEi ISt ARERE TR T e Paraos cPBPemaey Sbleh dctdich gy Fil £ Ba 2
t her eof , tweezsirs bo lae tepeetoff aingdnateds] ddvantiethe cupgef bulsdtiade. Binelscratch is

ariations can be de wi thout departing fromthe spirit,6 and scope 0
Uhe 2y onRery analzeadser Ao BT e S caN e RE: O nRge ST the Lraien
to enbr ag@ssgbieds URBxERRA @SiterrED ATHiL CadrhRRirN dedtMidi! i MOwst Bfferémidtion

with the spirit and scope of the appended clains. 95 WD 2006/ 104803
PCT/ u@o@@ﬁmem syiasteatg (harer coppeh sk anyiresigee riediainipg np dbpt Pgesed

conpri si Rga. No residue is observed.

[ CCla
20 HaC OXNN—{N

=

CCl3
25 PAGC
Exampie 48
[0188] 100 parts of the polymer obtained in Synthesis Example 17, 1.53 parts

30 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, resuiting 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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5 (a) at |east one pol ybenzoxazol e precursor polyner; (b) at |east
one conpound having Structure VI R2 YY S H 10 VI wherein, Vis

sel ected frwm2bdwogoup consisting of CH and N, Y is sel®gai@dodsiopidvs
the group consisting of 0 and NR3 wherein R3 is selected fromthe
group consisting of H CHs and C2H5, Rl and R2 are each

I ndependently selected from the group consisting of H Cl - C4 al kyl

group, Cl1L - 4 al kox roup, .cycl opentyl as and cycl ohexyd, or Rl and
R2 can bé”ﬁ&sé’&@o'”ﬁ?ﬁfgﬁgéﬁh'@%%%ﬁeiq GRiePHO? eﬂ%ﬁ@UéQt V'D?Fﬂ'%édwﬁén%eﬁ%ﬁmg
ring; andxp&durdlenefibbi 90C nRREHENHe el filml B&haneNbioBkd Wsthg two 30
conpound of Structure VI present in the conposition is an anount
ef f ect i veeend puddes wWithsa 438 % Mt solting aftveaier hidecpatiriaed icopperswafzo
coated o rate. |

B RUbPERLE WAN bUE of ARLEAS B Bl fod SrEAURPRONGTA bibwn tg the

processe orman 1 nagé on thé subsirate, provi so
that if thepgotuldsémizn XdEoberafnheisuthsorarabfzederndsol 2 microeospes tenaentrating

pol ybenzoxazol e precursor | yer hat do n contain a ot oacti.ve
ot oty | e e e HaiBR Al BRPe bl Bk RHBLCE b
i s al so presentiffereritiBBors ob@Pskhi dile  SubsfraRhobasensSdidere ARMOS tredifue
according to claim21 conprising a positive photosensitive resin
conposi t FOR3IAEYBithe EXROSSSI BB R 89%idve [srehsgrssk pol yner - 96 WO
2006/ 104803 PCT/ US2006/ 010394 conprises: at | east one

pol ybenzoxazol e precursor pol érrer havi n% Structure | or Il or Il or
[11* & IVor IV or V. 5 omparative Example 13

[0189] A photosensitive formulation was prepared by mixing together 100
parts by weight of a PBO precursor polymer, prepared in the same way as in
Synthesis Example 12, 200 parts of GBL, 5 parts of (5-propylsulfonyloxyimino-5H-
15 thiophen-2-ylidene)-2-methylphenyl-acetonitrile, 31.25 parts of ODPA/ODA polymer
prepared in Synthesis Example 15, and 10 parts of Powderlink 1174. This
composition was then spin coated onto a copper wafer and baked on a hotplate for
3 minutes at 120°C to obtain a film of about 12 um in thickness. This film was
exposed portion wise using incremental exposures on a Cannon 3000i4 exposure
20 tool starting at 50 mdJ/em? incrementing the exposure dose by 50 mJ/em?®. 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 patitern. The patierned copper wafer was
then scratched with a pair of tweezers so as to peel off any material down to the
25 copper substrate, The scratch was then analyzed under a microscope concentrating
on areas where the scraich dissected unexposed patterns. This scratching
technigue allowed differentiation between the substrate (bare copper) and any
residue remaining in the exposed area. A relatively thick residue was observed.

30 J00190] In the processes of this invention for forming the relief images, the

substrate is preferably a substrate that has copper metallization.
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H NH Ara-NH Ar30NH _Arl NH Ara 1 NHAre-NHy H Al (OH 10 1 -11- ~
1 HNHAra-NH Ara NAk( i r D)-K NH Ara NHAr2 NHy H 15 (OHk2 11
01 H G NH Awé-2bidjbesds NH Arr- NHLAr3 NH-Ar2 NH G 20" OH | Ifderr@BoddofhseH
0 1Q NA --NHA'3 11 NHA1-NH -Ar '--NH-A N G OHY 30 111*
r IRS ~ (DK ~ GNHA"-NH[ Ar' NHIA -NH Ara NHAr2 NH) Y G

(OH)K 2 - 97 WD 2006/ 104803 PCT/ US2006/ 010394 |V 0 0 SO00)k1 0 O

G-Nd -NH-J-Ar3--11 N Arl-NH)-(--AiP NHAre-NAG* (OHk2 v 5 |V*

(OH) nt (OH)nB

[00191] While the invention has been described herein with reference to the
specific embodiments thereof, it will be appreciated that changes, modification and
variations can be made without departing from the spirit and scope of the inventive
5 conhcept disclosed herein. Accordingly, it is intended to embrace all such changes,
modification and variations that fall with the spirit and scope of the appended claims.
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10 +CO- Al r7-CONH-Ar8-NH 3 (COOR4) m2 x V wherein Art is selected
fromthe group consisting of a tetravalent aromatic group, a 15

t et raval entwioeheviogps! i ¢ group, and m xtures thereof; Arm1gs20@l0esbed
fromthe group consisting of a divalent aromatic, a dival ent

het er ocycl i

c, a divalent alicyclic, and a divalent aliphatic group

that may contain silicon, Ara is selected fromthe group consisting
of a divalent aromatic group, a divalent aliphatic group, a divalent

het er ocycl i

c group, and m xtures thereof; Ar4 is selected fromthe

group cohée skimyg of 20 Art (OH)2 and Are, x is fromabout 10 to about

1000; vy is
consi sting

fromO to about 900; Dis selected fromthe group
of one of the following noieties: 0 25 ON2 N2 N2/ O R

R 02 301021 AZhotosePBitivé2siN@EMPO4BER cBaphitingp06/ 010394 0 N2 NZ 0
RR 5 S 02 S 02 wherein, Ris selected fromthe group consisting of

H, hal®gen, a Ca - 4 al kyI group, a Cl - C4 al koxy group,
cycl opentylqy gnd §tY(§r|eD$tf| dnzokazdls ?éBU KEdiyrvsr: val ue of 1o up to
about 0.5, k éﬂ|~!saany va ﬁy'}zﬁomza ut ] S%t oy about 2, with the

provi so t hab) @ﬂ(@a&mnﬂcor@(bwcbhmﬁw@tﬁfe ¥t gani c group having a
group selected fromthe group

10

is

20

25 (d)

2,

R'l
V
RZ:[[Y)L
Vi

wherein, V is selected from the group consisting of CH and N, Y is selected from

SH

the group consisting of O and NR® wherein R® is selected from the group
consisting of H, CHs and CzHs, R' and R? are each independentily selected from
the group consisting of H, C1 — Cs4 alky! 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

at least one photoactive compound is aiso present in the composition.

A photosensitive composition according o claim 1 comprising a positive

photosensitive resin composition wherein the polybenzoxazole precursor polymer
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consi sting of carbonyl, carbonyl oxy and sul fonyl group, G is a

di val ent organic group having at |east one carbonyl or sulfonyl
group, Ar' wemodiovabent to octaval ent organic group W pdirrgdz0dcRAGH4
two carbon atons, Are is a bivalent to hexaval ent organic 1s group
with at | east two carbon atons, and R4 is selected fromthe group
consisting of hydrogen and an organic group with | to 10 carbons, ml
and n8 are integers in the range of 0 to 4 but mlL and n8 cannot be
si nul t an€BWBIN§®Y and n2 is an integer in the range of 0 to 2; 20

W th the pravesg dﬁé%o%eﬁ%&‘a?&bﬁﬁ@&?r%@ﬁ&{/ﬁephﬁGaHQSS%Fud?&’@/I”@F[I%‘P'IFP'OY
consists of Structure or a mxture containing any of

t hese t hr edllSer beeiVor V.t hen the photosensitive resin conposition
al so conprises (d) at |east one photoactive conmpound. 25 3. A
positive photoresist conposition according to claim?2 wherein the

pol ybenzoxazol e precursor polyner is at |east one pol ybenzoxazol e

pr ecur sor polyner sel ected fromthe group consisting of those of

Structures |, 1, 1V and V 4 A ositive photosensitive resin
conposition accordlng t oyicl a |n th 30 nponent of
Structure VI selecte fr e g_o_p istin )9
2006/ 104503 glo CH§‘H '*F N—"S’h ) ${11 |Af? %F}Ay% H N
s and N) ~SH CH3 5 A p05|t|ve phoigﬁen5|t|ve resin composition
according to claim3 wherein the 10 nponent of Structure VI is
sel ect®ed fromthe group consisting of Z'l1i'"i1SH J~ \ | N~SH CH3 J\
d 4 Trad b
H™NH—AM—NH Ar NH_AH“NH}—E Ar® NH*AF—NH}‘H
15
(OH)
i
LT wd |
C-)-'"“[\Jl-l—m"’f““'NH‘Pﬁ';ﬂ«r3 NH‘“AH—NH]X[ A NH"’AYE'—NH};G
20 ]
CH
[
25 ? o] ?)
gt mNH{-LAr -~H-~NH %\r e NH {5 PER NH=~AP —N-+G*
x
OH Y
30 [

L

H (?Dh
G—NH—AM— NH%H“AP H—AH—NE;{H“AF NH—A#—MQYG

(Osz
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Ol NSH H1 15 ~N and N~.SH CH3 20 6. A positive photosensitive
conposition according to claim2 additionally conprising an adhesion
pronoter. 2&02006M0m0si tive photosensitive conposition ackotek06/oheso4
claim6 wherein the adhesion pronoter is a conmpound of Structure XV
1sk,* (OR14 d Rqg Sig RL 5 (3_d) 30 XIV - 100 WD 2006/ 104803

PCT/ US2006/ 010394 wherein each R14 is independently selected from

the group consisting of a C1 - &4 alkyl group and a C5 - C7
cycl oal kyl group, each R15 is indepen ntIy selected from the group
consisting of a C1 - C4 al kyI %roup, - C4 al koxy group, a G5 -

C7 cycl oal kyl grou C7 cﬁq It't)al ko rogp, d is an integer
fromO to 3 aﬁﬁ‘bj*ﬁg—s‘l ﬁit NHT ﬂ:'H[‘}O—&D‘N NRt6ArF-sNs6F ect ed
fromthe group consisting of one of {dwk2 f6l | owi ng noi eties: YH H NHZ
MVHN OH R~ -NH 0 OR18 0 10 o

5 YA
(OH) (OH) g
10 {—CO—AF—CONH ArS—NH%-
(COOR) X
\

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

15 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 atiphatic 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

20 Ar' (OH); and Arz, 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
25 0] Ny
Ny
= N,
/

0,5

30 E 0,8 0,9

: :



-0 NJ sn*™v.SH'-Ni 0. Rls ~~JJ 0 wherein each R1l7 and R18 is

I ndependent|ly selected fromthe group consisting of a Cl - C4 al kyl
group and awdmoes/@I8oeycl oal kyl group, and R19 is sel ect escfrvmddiesos
is group consisting of a CL - C4 alkyl group or a C5 - C7 cycl oal kyl
group. 8. A positive photosensitive conposition according to claim3
additionally conprising an adhesion pronoter and wherein the
adhesion pronoter is a conpound of Structure XIV 20 16'- , (OR14 a
R q S R15(3-a) XV 25 wherein each R14 is independently gel ected

fromthe group consisting|of a Cl1 - C4 alkyl group and a - 7
cycl oal kyl group, ea inydependent |y sel ected froml the _group
consisting of a 4 group, a ClL - C4 algk oup, & C5 -
C7 cycl oal kyl rg C7 cycl oal koxy mg i nt eger
fromO to 3 and WO 2006/ 104803 PCT/ US an

I nteges from| 7 R16 is selected fromtheYygroup>tonsi sting
of one of the follpbwing noieties: HH-HNYIOH/ R7Z7IN\ /NH2 0 O -
R18 (0 5 ~ O ww SH NQR s WM 0 wherein each B9 and R18 is

i ndependent |y sel ec ed fromthe group consisting of(saio G - C4

?lhléyl ar Olh%reainR is selected fcgm ’81%' lg(%upgéoon%%tmg glf ﬁl%aiosé;e%?laeeg qgc:];rﬁ@l
group, a Ct — C4 alkoxy group, cyclopentyl, and cyclohexyl; k'is any positive value of
10 up to about 0.5, K2 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 carbony! or suifonyl group, Ar’ is a bivalent to octavalent
organic group with at least two carbon atoms, Ar¥ is a bivalent to hexavalent organic
15 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 o 2;

26 with the proviso that if the polybenzoxazole precursor polymer solely consists of
Structure 1 or lll or V or a mixture containing any of these three Structures , then the
photosensitive resin composition also comprises

(d) at least one photoactive compound.

25 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 |, I, IIl, IV and V
4. A positive photosensitive resin composition according to claim 2 wherein the

30 component of Structure Vi is selected from the group consisting of
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group consisting of a G - C4 alkyl group or a C5 - C7 cycl oal kyl
group. 9. A photosensitive conposition according to claiml

conpri si ng wonewanisee 1 s wor ki ng phot oresi st conpositi Grwigliosbhe
pol ybenzoxazol e precursor conprises one or nore pol ybenzoxazol e

precursor polyners of Structures | or Il or I1l* (?H H NH Ar4-NH
Ar3 NH i ri-NHAr3 NHHAr-NHH 20 (OH G NH Ar4- NH Aa NHHr 1- NH Ara
NHA-NHGOHIIl 25 -102 0o Od O G'I V- Ar - NH-A NHAr~N|—|\/\WV\Ar
LINH-Ar N & N 111* w : is selecte OMP
consi sti ng A tetiraval ent

iC roup, a tetraval “
het er ocycl Ar2 is selegted f égpe

&€ : s m
group consisting of a givalent aro tlc a divalent het erocycyi c,
di valent alicyclic, and a dival ent Iiphatic group that may Ilontain
silicon, Ar3 is selected from oup consisting of a divalent
aromatsi ¢ group, a dival ent alﬂphat c group, a divalent heterocyclic
group, and m xtures thereof; noval ent organi ¢ group having
a group sel ect fromthe group gonsisting 10 of carbonyl,
car bonyl oxy and sul fonyl groups,C8s 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
addi tionglly &%rtwé%o@&)en%ﬁwé%ﬁh dbﬂﬁad%h@noéé‘éokd‘iﬁ @@M@WH@E'QH the
rel eases acid upon radi ation, is (e) | east one | at ent
crosslo nﬁ@ﬂpmr&wf&mcmrﬁé/laﬁ S¢le@t§ﬁ ftqmtha\grpepim'wég ghits where a

selected from1l or 2, and R29 is a |inear or
CH
Ig\] SH | Ii\i SH
H
15 H
[
and ll\l SH
CHaj
20
8. A positive photosensitive composition according to claim 2 additionally
comprising an adhesion promoter.
25 7. A positive photosensitive composition according to claim 6 wherein the
adhesion promoter is a compound of Structure XivV
Rms/(/ﬁ; - OR"),
RIS (3-d)
30 XV
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branched Cl1-C6 al kyl group. 10. A photoresist conposition according
to claim9 conprising a negative working 20 photoresist conposition
wher ei n t heworsodm4si®r e pol ybenzoxazol e precursor pol yn®sud2806/010394
sel ected from pol ybenzoxazol e precursor polynmers of Structures | and
IIl. 11. A negative photosensitive resin conposition according to
claim9 wherein the 25 conponent of Structure VI is selected from

t he group, consi st| of, | NI ~NSH / ~ HNSH HH, & - 103 WO

2006/ 104858 SBEEALRIH O %egader%a %?i%f’te%ﬁgﬁ‘ roug %S'sﬂnﬁéﬁﬁ Py Ce

phot osengjkyi yiBup %@Iuna e@nm§ b&d]@mkﬂ%@wlwhws% B AdEhE Slldoted "Fr%m

corrponent of  Structure i s selected fromthe group consisting of

/ 1 N CHhe/ giouR 001@!8@519314‘1 aNf>+ —sﬁwikyﬁsrgroum E CH HCanalseny srosm, 2165 eHé7

&ger A negalbR RRALPEESIC Ve c?&b&lk&ﬂ}@%bt 4 WaAFREGEH M (oo &hdy %
5 an integer from 1 to about 8, R is selected from the group consisting of one of the

following moieties:

H H

17 AR
WHNMOH R NH\(NHQ

O O R’fS 8]

10 o
e Q. 19
O

wherein each R" and R™ is independently selected from the group consisting of a
— C4 alkyl group and a Cs — C7 cycloalkyl group, and R" is selected from the
15 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
compound of Structure XIV

20
16%%1\ (OR )

R
RIS (3-d)

XV

25 wherein each R" is independently selected from the group consisting of a C4 — C4
atky! group and a Cs — C7 cycloalkyl group, each R is independently selected from
the group consisting of a C1 — C4 alkyl group, a C1 — C4 alkoxy group, a Cs — C7
cycloalkyl group and a Cs — C7 cycloalkoxy group, d is an integer from O to 3 and g is



| atent crosslinker is selected fromthe group consisting of CH30 NI
NON OCH3 C4x90-] N N N Oc4H9 CaH90~HNYN ,NH ,O0CaH9 CH30L Y INI'Y
LocH3 c4i 9ow® 2006110689 N , N Y Y OCH3 OCH3 CAHOOL OCAH9 OrcAliss2008@10394

CH3O- 1 |- OCH3 C4H90-1 F-OC4H7 CH30CH2 CHZOCH3 N N N N)N
CH3OCH2, N_CH2OCH3 NI | INOYY~OCHQYYINLO—IN/IamNI~NICHGZHB
J~ CH20CH3 CH30J LOCH3 ~ CH30CHZ, N "CH20CH3 104 WO

2006/ 104803 ,PCT/ U82006/ 10 4 _.44. A ti hot osensj t.i ve _resi
compos! ¢ FBMEEI G g Ll by 15 saletted Fom s PRLBENRIstad Bf AR of fhe
sel ect edfdjm@mgtmg[egégup consisting of CH3O-1 Y Y I-0OCH3 C4HOO7 y

r OCAH9 Jjj_ ~OC4AH9 CH30-1 INN L _OCH3 CAHOO J Y N N IN
Nl--oc4H9 N /N

for formpgia re
conposition, t

Y T &8CH3 OCl -1 3 C4H90 m4H9 0CAH9 5 15. A process

patdgrn using thR positive phot | LT W,
s conprising, yhe steps of: (a) coathrig on a
Substrate, a p r ki ng photos igst | ve conposition cording

to claim?2; 10 (b) pr ki ng the coat substrate; (c) exposing the
prebaked coated substrate to actinic radiation,;

P i Q. 19
wwwa () wwwSH wwwi——N R
0]

wherein each R" and R is independently selected from the group consisting of a

5

10 G — C4 alkyl group and a Cs — C7 cycloalkyl group, and R is selected from the
group consisting of a C4 — C4 alkyl group or a Cs — C7 cycloalkyl group.

9. A photosensitive composition according to claim 1 comprising a negative
15 working photoresist composition wherein the polybenzoxazole precursor comprises

one or more polybenzoxazole precursor polymers of Structures | or lll or IIf*

B S
H™NH—ArM—NH ‘[—H*Ar3 NH—Ar1 _NHJ—JI'AP NH““‘Arz—NH}'H

OH)
20 |
i I
G“NH—Ar‘?""NH[ A3 NH—Tri—NHJX£ A3 i\lH—Arz“‘NHJ;G
OH
25
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(d) devel opi ng the exposed coated substrate with an aqueous

devel oper, thereby form ng an uncured relief inmage on the coated
substrate; and (e) baking the devel oped coated substrate at an
el'evated tenperature, 15 thereby curing the relief imge. 16. A
process for formng a relief pattern using the positive

phot osensitive conposi €} on, tcbe process conpricsi ng tie steps of: (a)

coating on..a.sub éﬁg riKi hotliosensi §i ve conposi.tion
20 accordi @o%aﬁ\}ﬁ ’gﬁ pre :M% ﬂg oat ed™is i "é*ﬂﬁig?“cl)l'l@*
exposi ng the prebaked coated substraf®l to actinic radiation; (d) Y %
devel opi ng the exposed coated substrate with an aqueous devel oper,

thereby form ng an uncured reli &% inage on the coated substrate; and
25 (e) baking the devel oped coated substrate at an el evated

tenperature, thereby curl ng t he wmelar@h iArQges seftbfed VIbA0GHE 104803
PCT/ USZO 6/.01039 I%F'et e pr oce?s according to claim15 wherein

prior t& E?'étﬂ’g(gf & HE G (HPRAPE ITBVRC BAPEEVRIPTH hatesepyremtaroup, and
cont ai niniguess REReE] A DseBASRT frof ﬂq% ardlis cBﬁQQﬁﬁoﬁ&Wﬂéﬁ%r&ﬂaﬁb% m
16 wherein prior to step (a) the substrate is precoated wt

sol vent d&’@!ﬁ“&lr}ﬁt‘?@c%’caéh ¥elsit plerrieernd Fo divalgnt stisbatia groumthﬁtngaﬁ
negativ eh s e 0 e

A Og?g{ggg sliebi A gagae%%)ﬂ frBi ﬁﬁgﬁgo%fﬁggéﬂasﬁ i of BCARERA? fbmati®
negat i vErampy Ri mwfmlwbemngeam|ml&mcycac(gmtdn raagxdtmtxtxlras thedeof;

xbosur & BabrisaSyHEM SPR B0I8 Byl LBM SedS Bt Bin ubkp kRt sy
(e) devef opibogyl berbmamyl asldtmﬂfbayiegrmumd) Ghiseg dReitsht deyatio pedup having

ther eby Teas aﬂ rbonys gr sul?ar%/?group, x is from about 10 to about 1000; and v is

from O to about 900;
and the composition additionally comprises
{d) at least one photoactive compound which releases acid upon radiation, and
15 (e) at least one latent crosslinker which contains at least two
~N-(CH20R*), units where a selected from 1 or 2, and R?® is a Iiﬁear or
branched C+-Cg alky! group.

10. A photoresist composition according to claim 9 comprising a negative working

20 photoresist composition wherein the one or more polybenzoxazole precursor

polymers is selected from polybenzoxazole precursor polymers of Structures | and
.

11. A negative photosensiﬁve resin composition according to claim 9 wherein the
25 component of Structure VI is selected from the group consisting of

oo, Aok, O
O)KSH , ’?I)LSH {]q/lLSH
H | H
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(f) baking the substrate at an el evated tenperature, thereby curing
the relief 1image. 20 20. A process for form ng a negative tone
relief 1 mag®odsacodcess conprising the steps of: (a) quTOE2006RG0384
substrate, (b) coating on said substrate, a negative-working

phot osensitive conmposition according to claim 10; 25 (c) exposing
the coated substrate to actinic radiation; (d) post exposure baking
the coated substrate at an el evated tenperature; (e) devel oping the
coated substrate with an aqueous deNeI oper, thereby formng a relief
i mge; and (f) baking the substratejat an el evated tenperature,

t hereby curing the relief 30 ~=, 106 WD 2006/ 104803

PCT/ US2006/ 01834 21. The proce acebr di ng to claim19 wherein
prior to step (b) the substrate icH, precoated with a sol vent

cont ai ni ng an adhesion pronoter. 22. The process according to claim
20 wherein prior to step (b) the substrate is 5 precoated with a

sol vent nt ajni ; QR Ar t ; i i ;
substr at ggf or %‘gﬁaé%ﬁ? @%E(r?%ég %@ Iggo g@l géwﬁtlorﬁﬁﬁgéﬂgﬁfgetﬁgﬁp Frlg)g grhg Fle'%
subst r at ¢hd csmpshen of S&ruptuoe &4 & sdlectkdifronilthe groéOp 26nsigtingedi ef | mage
on a substrate fornmed by the process of claim19. 26. Arelief imge
on a substrate forned by the process of claim?20. 107

and N SH
15 CHa

13. A negative photosensitive resin composition according to claim 8 wherein the

latent crosslinker is selected from the group consisting of.

N NN N NN ~ m)ﬁ"\/
CH30———J 1}/\ \;q( I——OCH3 (341{90—j I\ ?[: |—OC4Hg N\]/N
N N
cggﬂg—cl)cm cmgc’)_ _c!)c,,Hg OC4Hy

20

CH30CH;~—N—CH,OCH,3

CH;O OCH. C4Hy OCH;
3 —;I\I NI— 3 O_—IL /N\rli\;— CH30CH2\N/CH20CH3 N S N
O=<NIN>=O cyps0—) \111/\ \ Lon Py [ A -cmmocH;

\
_ L N\ 4 CH,0CH;

CH;0 OCH, CHS%H&N}_N

“\
CH,0CH;
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14. A negative photosensitive resin composition according to claim 10 wherein

the latent crosslinker is selected from the group consisting of

CH;O—TL g I\|T—OCH3 C4HyO N] N I\i}"OC@Hg CaHs O/\H:N /N\l)q'l'k/ OC,Ho
# |
e (P P ¢
T T
) = by
OCH; OCIH; CyHyO OC4Hg 0OCyHy

15. 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 2;
(b) prebaking the coated subsirate;
(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.

16. 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 agueous developer,

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

(e) baking the developed coated substrate at an elevated femperature,

thereby curing the relief image.
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17. The process according to claim 15 wherein prior fo 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 comptising
the steps of:

(a) providihg a substrate,

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

according fo claim 9;

(¢) 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
(fy 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
() 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 containing an adhesion promoter.

22.  The process according to claim 20 wherein prior fo step (b) the substrate is
precoated with a solvent containing an adhesion promoter.

23.  Arelief 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 subsirate 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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