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NOVEL PHOTOSENSI TI VE RESI N COVWPOSI TIONS Field of the

I nvention [0001] The present invention relates to
woubdeas29spat resin conpositions. Mre specificaCrgs2dohe21441

present invention relates to positive tone

phot osensitive conpositions, a process of use for said

conpositions and el ectronic parts produced by said

Processy EE%H@?@#@N#I?WE’&%\ hbwwﬂdﬁgoﬂ In

n1croe|ectron|c appli i ons

denonstrate high tenperature reS|stance such as
pol yi m des and pol ybenzoxazol es are generally well
known. Precursors of such polynmers can be nade

phot oreactive with suitable additives. The precursors
are converted to the desired polyner by known

t echni ques such as 0 high tenperatures. The
pol ymer precursors APBJPQEQH? {"(y F@’ﬂar e protective
I ayers insulating layers, and relief structures of

hi ghly heat-resistant polynmers. [0003] As the
[0001Hi rrensThm prgsart ényerdion fieldteg ta dnifier ot sesingeomapaogifiens. More

SRR R T L ——
compd@?ﬂicﬁ{sl A Srocéss Beabe b $ai€ tammanst BAd wttesHic pareproduced

i ndust ry is changing from
by said process of use.

Background of the Invention

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

heat-resistant polymers.

[0003] As the dimension of the photolithographic pattern on a wafer continues
to shrink below 0.18 microns, greater demands are placed on lithographic equipment
and materials. To meet this challenge, the semiconductor industry is changing from
aluminum based alloys and silicon dioxide to copper metal and low dielectric
constant (low-k) materials to manufacture chips. When using the new low-k
dielectrics there is a decrease in capacitance, which is critical to improving
integrated circuit performance, especially for higher density memory chips. Copper is
known to have as much as 40% decreased electrical resistance, carries higher
current densities, and has improved electromigration resistance compared to

aluminum. Thus, copper interconnects allow decreasing transistor size and shorter
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al um num based all oys and silicon di oxide to copper

nmetal and |ow dielectric constant (lowk) materials to
woansfiazgser € chi ps. Wien using the new | owk  PCT/US2006/021441

dielectrics there is a decrease in capacitance, which

is critical to inproving integrated circuit

performance, especially for higher density nenory

wire Iééﬂjéﬁ%tha@?@&ﬁ{ ir{i%sk%?omréfﬁo%ml géviesgh as 40%

ased e ec_rlcal resi stance, carries higher
current densities, and has inproved el ectromgration

[0004] eSi St BBpecmtaliationgpralidesuhalleigesto thepmmatings industry since
i nterconnects all ow decreasing transistor size and .
coppartan afias 8 GatalEhand estabiizer 1y Stems d8ekare REfiraized for coating

| . . . - - r -
over AL i, SOPR BRGfo et gy surtace
can Hed sionglycalital ysmeapdlydess aid reducsy thembilithdo dissolve off the
optim zed for, coa%‘ei ng over alum.num Jln.addition
poly i s Casir o RELeT BiReoRPe entiiaroeHis difisrEEppag of some
resid @R cBPpét 'spPBl¥s Vaftdr ROISE oMY S?tﬁb@éh@é mposition,
Lg\%ﬁrlptysi)o d?i%g%o?\s/e oéf}f tﬁg g%t:e @?sa uritg ce?\{ a:br? postion
softbatedce rexposed ssesdevEibped. e Tkt residuet advessely tpadhesien of the

overtyjig SluEErs fo B Giipdar oY Bt GBE ridheork iph et efk oxides can
form ?ﬁéétﬁ!(i)r\ﬁ};g?r?j delit@ fAakaug/iddirer FRleaidl a8 ofastipprir anetillization in

_ ying structures to the Cu, and wthout good
semicatitestarn denisesadheise impoxadie do c develepmeeatingt ygiems that are

compizGPleits Bopl snt SRR OTaLERIM Gevi ces, it To
i nportant to devel op coating systens that are

[0005] Conventional positive-working photosensitive polybenzoxazole (PBO)
compositions contain an alkaline soluble PBO precursor and a diazoquinone
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 aqueous
base. However after exposure to light, the diazoquinone compound undergoes
photolysis and converts to indene carboxylic acid, which promotes solubility of the
PBO precursor in the aqueous base. U.S. Patent No. 5,037,720 disclosed a
positive-working photosensitive polybenzoxazole composition containing an alkaline
soluble PBO precursor in which part of OH groups were substituted with a
diazoquinone moiety. In this case no PAC was used in the composition. U.S.
Patent No. 6,177,225 and U.S. Patent No. 6,214,516 disclosed compositions
containing both PBO precursor in which part of the OH groups were substituted by

diazoquinone moiety and PAC.

Summary of the Invention



conpati ble with copper and copper processing. [0005]
Conventi onal positive-working photosensitive
weoaboshieresoxazol e (PBO conpositions contai n anpariakione21441
sol ubl e PBO precursor and a di azoqui none photoacti ve
conmpound (PAC) as disclosed in U S. Patent No.
4,339,521 , U S Patent No. 4,371 ,685, U S. Patent
[oood)°: 4 §4d Madent iﬁ\r/‘@nt(\;bnsrs cﬁﬁé&éﬁ tcﬁ@-ph@t@%&% reBite composition
i azoqui ndne conpound I nhibits the 'solubility of PBO
comppisi@ur sor i n an aqueous base. However after exposure
to light, the di azoqui none conpound under goes
photol ysis and converts to indene carboxylic acid,
' bdid precursor in the
(32’35e@oéﬁgbﬁg?g%@%w%‘%'iﬁe&@%% I?,@520 di scl osed a
5 () @t letsist enavsokipayindhmavisg Al uetiute Vpol ybenzoxazol e
conmposition containing an al kal i ne sol ubl e PBO
precursor in which part of OH groups were substituted
with a di azoqui none iﬁtﬁ, p this case no PAC was
used in the conpositioh. U'SY Patent No. 6,177,225 and
U S. Patent No. 6,214,516 thclosed composi tions
cont ai ni ng both PBO precursor in which part of the OH
groups were substituted by di azoqui none noiety and
PAC. Summary of the Invention[0006] The pre t
10 i wheseinon is selasteddrem the gsowheeruising of $e0; B n (HOCH),, and
conposition conpri sing:

(R‘)JR/AIN
2 \)

N

each R' is independently selected from the group consisting of H, an alkyl
group, an alkenyl group, an alkynyl group, an alkoxy group or a halogen, each
R?is independently selected from the group consisting of H, SH, CHs, CzHs,
15 and a linear or branched C4-C4 alkyl group containing a thiol group; p is an
integer of from 1 to 4, and wherein V' and V? are independently selected from

the group consisting of

1
R)s-n

20 (SH)

wherein, m is independently an integer from 0 to 4 with the proviso thatm =0

only when Y =
2
SN
25 n is an integer from 1 to 5; and each R'is defined as above; and

(c) at least one solvent;
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(a) at |east one pol ybenzoxazol e precursor polymer (b)

at | east one conpound having structure VI V- Y-V 2 V|
woherea3zreY i s sel ected fromthe group consi sti RQTAS2086/021441

O NR2, (HOCH) P, and each Rl is independently

sel ected fromthe group consisting of H an al kyl

group, an al kenyl group, an al kynyl group, an al koxy

r -

wiRr PR ot BOT oBRPBTE of Bt EARR I EFRSS i PSS apositon
is lananamounit difeatich dd iThibit rebikiuke omuferming aihenntheacemipesition is

1% B el R b b GO Bobose
fofrR"4H ﬁ'ﬁéd@oﬁfthé“%%gaﬁﬂgé‘te, Bht Switl fHRPSRARSY hat ﬁf’th;émrﬁéﬁ;@f\?“n_zoxazole

rom0O to 4 wt proviso that' m= 0 only =
precisoapolymesgeaielfoonsists of Bolyhenzaxaenlerarecyransiiohgrerssthat do

T e A A
(d? afmest bhe photozttivaBerpouridfis @ldo/grdsent imhthei donnsssitibre

rom formng when the conposition is coated on a
substrate and the coated substrate is subsequently

[Oooﬂrocesﬁ% E)roesent invention also concerns a process for forming a relief
pattern and electronic parts using the composition.

Detailed Description of the Invention

[0008] The present invention is directed to photosensitive resin compositions
comprising:

(a) at least one polybenzoxazole precursor polymer;

(b) at least one compound having structure VI

vi-y—v?
Vi

wherein Y is selected from the group consisting of S, O, NR?, (HOCH),, and

R" JL/A|N
2

\NJ .
each R' is independently selected from the group consisting of H, an alkyl
group, an alkenyl group, an alkynyl group, an alkoxy group or a halogen, each
R?is independently selected from the group consisting of H, SH, CHs, C2Hs,
and a linear or branched C1-C4 alkyl group containing a thiol group; p is an

integer of from 1 to 4, and wherein V' and V? are independently selected from
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forman image on the substrate, and with the proviso
that if the pol ybenzoxazol e precursor polyner solely
woanmsi13ts2 of pol ybenzoxazol e precursor pol yner 8Criuatoodo21441

not contain a photoactive noiety on the polyner, then

(d) at |east one photoactive conpound is al so present

in the conposition. [0007] The present invention also

for formng a relief pattern and

gﬁggﬁ)%c@n%gﬁ’iﬁﬁﬁy ng the conposition. Detailed
Description of the Invention [0008]1 The present

vention is directed to photosen t)s <
HS- (éc‘:g | tions conprisi aTol (a) at | east c@
pol ybenzoxazol e precursor polyner; (b) 2 east one
conmpound having structure VI V1- Y-V 2 V| rein Yis
sel ected fromthe group consisting of S, © ﬁlRZ
(HOCH) P, and each Rl is independently selected from
\Pﬁer‘él HHis ﬁfb‘é%'eﬁﬁbﬁ%gn mt@ er frofh 6t ‘@’\Mﬂgﬂ%iﬁrov?éb thatm 0

ken group, an al kynyl g oup, an al koxy group or
mlily)gﬁlmm ¥a&ch R2 is independently selected fromthe
group consisting of H, SH, CH3, C2H5,

R’ JK/A h
)2 \N)l

n is an integer from 1 to 5; and each R'is defined as above; and

(c) at least one solvent.

wherein the amount of the compound of Structure VI present in the composition
is an amount effective to inhibit residue from forming when the composition is
coated on a substrate and the coated substrate is subsequently processed to
form an image on the substrate, and with the proviso that if the polybenzoxazole
precursor polymer solely consists of polybenzoxazole precursor polymers that do
not contain a photoactive moiety in the polymer, then

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

[0009] One embodiment of the present invention is directed to a positive
photosensitive resin composition comprising:
(a) at least one polybenzoxazole precursor polymer having Structure | or Il or lll
or llI* or IV or IV* or V.

AL d
H=NH—AM—NH{T"—AP H——Ar1—N AP——NH— AF“NHJ—H

OH)
|



and a linear or branched Cl-C4 al kyl group containing

a thiol group; pis an integer of from1l1l to 4 , and
woherea3zre¥1l and V2 are i ndependently sel ected PCcomsShm®e/021441

group consisting of HS- (CHo (SH) n wherein, mis

i ndependently an integer fromO to 4 with the proviso

that m= Oonly when Y = n is an integer froml to 5;

and each Rl is defi d a bove; nd ( at | east one

sol vent vvher |nt t of t und of }

£ ﬁg

fectlve O inhibit reS| r%nwforn1ng mhen
conp05|t|on i s coated on &ubstrate and the coated
substrate is subsequently afocessed to forman inmage
on the substrate, and withithe proviso that if the
pol ybenzoxazol e precursor_pol yner solely consists of
pol ybenzoxazohe pre ursor*golyner that do not contaln

a_photoacti vellnoiety in the pol I{{-ﬂd ggat
oke Npibalit T ve ABmpould 1S éﬂ ent t'ﬁe NH
conposition. [0009] One erLbodi ment of t he present

invention is directed to @ positive photosensitive
resin conposition conprising:

o) 9 OH 0
; ﬁ
Ity e MNH{‘E—»NSMEMN HM%PMNH»QX—-(-LAP NH-=-A MNQ:G*
OH

1=

ﬁ (TD)K ﬁ ﬁ
G™NH—Ar*NH [ Ar® H—Ar1—NH AP NH_Arz—NH}‘G

(OH)K
1%

10

15

(ODJW 0 ;
Gr—N—AF NH{—“——Ar NH——AH———NH} A ap NH——Arz—N}yG*
X
(OH)K?

v*

20
(OH) (OH) 3
{—CO Ar7—~CONH Ar“-NH
(COOR) 2 X

\Y
wherein Ar' is a tetravalent aromatic group, a tetravalent heterocyclic group, or
mixtures thereof: Ar® is a divalent aromatic, a divalent heterocyclic, a divalent

25 alicyclic, or a divalent aliphatic group that may contain silicon; A is a divalent



(a) at |east one pol ybenzoxazol e precursor polyner

having Structure | or Il or Il or IIl* or IV or IV
wonrooé/1B2o6EYV | V¥ V wherein Arl is a tetraval ent Parasaios021441

group, a tetraval ent heterocyclic group, or m xtures

thereof; Ar2 is a divalent aromatic, a dival ent

heterocyclic, a divalent alicyclic, or a dival ent

aromaiici groapi 8 divaemt éllmbtuwoﬁpré Gi\félé‘ﬂ’t'ﬂéi %léﬁo?glfo‘ijpa or mixtures
di v Ient@romatlc group di val ent alip rou

thereqfi AR iy Hetiba @ohe] Kés poupbodr Qﬁ%mlésmqfileb/é%frompdo about
o from about 10 to about 1000;
900’5ﬁ?§8¢? Fﬁ%f?@égﬁ%ﬁP°gﬁ8§'D is one of the follow ng
noi eties: wherein, Ris H halogen, a G - C4 alkyl
group, a G - C4 al koxy group, cyclopentyl, or
Ocycl ohexyl; k1 can be @

OzShexaval ent organic grc?lé
atonms, and R4 N

0

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

10 organic group having a carbonyl, carbonyloxy or sulfonyl group; G* is a divalent
organic group having at least one carbonyl or sulfonyl group; Ar" represents a
bivalent to octavalent organic group with at least two carbon atoms, Ar® represent a
bivalent to hexavalent organic group with at least two carbon atoms, and R*
represent hydrogen or an organic group with 1 to 10 carbons, m' and m® are

15 integers in the range of 0 to 4 but m' and m® cannot be simultaneously 0 and m? is
an integer in the range of 0 to 2;

(b) at least one compound having structure VI

vi-y—?



represent hydrogen or an organic group with 1 to 10

carbons, mlL and nB8 are integers in the range of 0 to 4
woubosrni2snd nB8 cannot be simultaneously 0 and RCTA/S2W6/021441

integer in the range of 0 to 2 ; (b) at |east one

compound having structure VI V1- Y-V 2Vl wherein Y is

sel ected fromthe group consisting of S, O NR2,

(HCCH) P, and each Rl is iygdependently selected from

the group consisting of H an al kyl group, an al kenyl

group, an alkynyl group, an al koxy group or a hal ogen,

galﬁ%rie?{z |YIH§ sgPecl_é)(f %den@%grggb%éhggﬂé& g)?]ﬁ[ %alglf{m(PIOCH)p, and

branched G -C 4 al kyl group taining a thiol group;
p is an integer of frzig"ll t® 4,Nand wherein V1 and V2
are i ndependently sel t)éd Qon{the group consi sting
of HS (C P2 wherein, mis ind¢pendently an integer
fromO to 4 with the proviso that m= 0 only when Y =
5 neééh /& 5nhes ndérﬂm delb6ted; fravndiheagiouglconsistirig o€, asn alkyl

above; and (c | east one sol vent,
group, an alkenyl group, an alkynyl group, an alkoxy group or a halogen, each

R? is independently selected from the group consisting of H, SH, CHs, CzHs,
and a linear or branched C4-C4 alkyl group containing a thiol group; p is an

integer of from 1 to 4, and wherein V' and V? are independently selected from

10 the group consisting of
R)
HS—(CH °-n
( Z)I’AT/]WV‘ and @W
(SH)y
15 wherein, m is independently an integer from 0 to 4 with the proviso that m =0
only whenY =
R) {P
2 \N)

n is an integer from 1 to 5; and each R is defined as above; and
(c) at least one solvent,
20 with the proviso that if the polybenzoxazole precursor polymer solely consists of
Structure | or 11l or V or a mixture containing any of the three, then

(d) at least one photoactive compound is added.

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

the presence of a base to synthesize polybenzoxazole precursor polymers of
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with the proviso that if the pol ybenzoxazol e precursor
pol yner solely consists of Structure | or Ill or V or
wa 2mi6xB2a6e cont ai ni ng any of the three, then (#@LTAIS2006/021441
| east one photoactive conpound is added. [0010] The
pol ymers of Structure | can be prepared from nononers
having Structures X, Xl and Xl I. Mononers having
Strucfarg ictures X, XI and XlIl are reacted in the presence
of a base to synthesize pol ybenzoxazol e precursor
pol ymers o ructure X Xl Xl | Nl Ar2, AN;meas

previ ously f| ned, W | C(Iﬂ or
and whdhi r|s NE-LG iJ‘ﬁ%\lll ear 3 branch aﬁ\lg( oup

or a Cs - cycl oal kyl group. [0011] In Structures I,
1 TR I I I , 1V, IV and X, Ar,l:is.atetravalent
aromatic or a tetraval ent heterocyclic group. Exanples
of Ar,1 :iMclude, but arXlnot limted to: whdiein X1
is -0, -S, -C(CFs) 2- , -C(CHs) 2- , -CH2- , -SO 2-
, -NHCO or -SiR 1V and each R13 is independently a C

A Az g B ShaPeuSil el At o 5.prQl KO o EuIoR™ and
wherdif R'? {8 C1—-C@Hinear ofBHhchbd @MY grdiiéHe .Cs —Céj"%yc@&ﬂ(yl group.
cycl ohexyl. [0012] Exanples of ‘nbnoners having t

Structure X containing Arl include, but are not

limted to,
2, 2- bi s(3-am no- 4- hydroxyphenyl)hexafl uor opr opane,
[00113. 3' - In Structures |, II, Ill, II*, IV, IV* and X, Ar' is a tetravalent aromatic or

a tetravalent heterocyclic group. Examples of Ar' include, but are not limited to:

‘** T oYY (
o X XX >
, s N o
/
wi:i% Xt Xt
H

wherein X' is -O-, -S-, -C(CF3)2-, -C(CHs)2-, -CHz-, -802-, -NHCO- or -SiR"%- and
each R™ is independently a C1 — Cy linear or branched alkyl or Cs — Cg cycloalkyl
group. Examples of R™ include, but are not limited to, -CHs, -C2Hs, n-CsHz, i-CsHyz,
n-C4Hg, t-C4Hg, and cyclohexyl.

[0012] Examples of monomers having the Structure X containing Ar' include,
but are not limited to, 2,2-bis(3-amino-4-hydroxyphenyl)hexafluoropropane, 3,3'-
dihydroxy-4,4'-diaminodiphenylether, 3,3’-dihydroxybenzidine, 4,6-diaminoresorcinol,
and 2,2-bis(3-amino-4-hydroxyphenyl)propane. The substitution pattern of the two
hydroxy and two amino'groups in the monomer of Structure X may be any of the
possible substitution patterns with the proviso that the each amino group has an

ortho relationship with a hydroxyl group in order to be able to form the benzoxazole
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di hydr oxy- 4, 4' - di am nodi phenyl et her,
3, 3' -di hydr oxybenzi di ne, 4, 6-di am noresorcinol, and
wa 200632963~ ani no- 4- hydr oxyphenyl ) propane. The PCT/US2006/021441
substitution pattern of the two hydroxy and two am no
groups in the nononer of Structure X may be any of the
possi bl e substitution patterns with the proviso that
ring. t heudhemnerg nﬂﬁ%r@glybﬁaéowolﬂtmcu@oat ib@sehigelyineh Eay be
synth e%gzogx)i}’aélrﬁré)%@ﬁhe?%g rtrhﬁ"rﬁg r'g‘OB?HLe% "&é@&lbed by generic
Structpd Xbenzoxazol e precursor base polynmer may be
synt hesi zed using a m xture of two or nore nononers
descri bed by generic Structure X. [0013] In Structures
[001311 ) |n' é’tru{,]}f*es fngl ml A 2 Pﬁd@(ld Yali§ﬁtd|9élgﬂ’t3tal'&natlc a
di val ent heterocyclic, 'a divalent é I cyc or a
divaledt \mlterm;yella phativalegt adjpyallhatornaydlﬂaleohtaélpham Igroop.that may

conta%w%%nﬁsgg @resé%%rw%]ecluc?%m(b@zrg)% { ll“m ed to’

1V and each R13 |s

r -
md:éeac*u r or qI or Cs
cyc ..Ikyl ar

&) 2- -, - '302 or ’
”M(CHz)% _lSIchgarw br a}n

od_ormcycl |.r.,’y.l _',L * _< >
erfromi1 to Exanpl e suitedl e Z gre

|nclude but ame ngt kinmted to, nmethyl, ethyl,
propyl, isopropyl, */i-butyl, secbutyl, f- but yI,
p-octyl, cycl opentyl, cyclﬂhexyl and cyclooctyl.

| H
wherein X' is -O-, -S-, -C(CFa)2-, -C(CHs)2-, -CHz-, -SO2-, -NHCO- or —SiR"%>- and
each R” is independently a C1 — Cy linear or branched alkyl or Cs — Cg cycloalkyl

group, X? is -O-, -S-, -C(CF3)2-, -C(CH3)2-, -CH2-, -SO2-, or -NHCO-, Z=H or C1- Cs

linear, branched or cyclic alkyl and p is an integer from 1 to 6. Examples of suitable

Z groups include, but are not limited to, methyl, ethyl, propyl, isopropyl, n-butyl, sec-
butyl, -butyl, n-octyl, cyclopentyl, cyclohexyl and cyclooctyl.

[0014] Examples of monomers having the Structure XI containing Ar? include,
but are not limited to, 5(6)-diamino-1-(4-aminophenyl)-1,3,3-trimethylindane (DAPI),
m-phenylenediamine, p-phenylenediamine, 2,2-bis(trifluoromethyl)-4,4’-diamino-
1,1’-biphenyl, 3,4'-diaminodiphenyl ether, 3,3'-diaminodiphenyl ether, 2,4-
toluenediamine, 3,3’-diaminodiphenyl sulfone, 3,4’-diaminodiphenyl sulfone, 4,4'-
diaminodiphenyl sulfone, 3,3-diaminodiphenylmethane, 3,4'-
diaminodiphenylmethane, 4,4’-diaminodiphenyl ketone, 3,3'-diaminodiphenyl ketone,

- 10 -
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[0014] Exanpl es of nonomers having the Structure X
contai ning Ar2 include, but are not linmted to,

WO (26)6/1d29%mmi no- 1- (4- am nophenyl ) -1 , 3, 3-tri met hpCrud2006/021441
(DAPI'), m phenyl enedi ani ne, p-phenyl enedi am ne,
2,2"-bis(trifluoronethyl)-4,4"-diamno- 1,1'-biphenyl,

3, 4" -di am nodi phenyl ether, 3,3'-diam nodi phenyl
e o4 T R g , R i/ i
3.4-cigh{ilprendt JANHETH L RRASmIRohaS AT BlgHeEnY.S-bis(3-amino
phenogv)ZITbembméjenyJ4-Isis(g‘ammea-a?n'(Blbpcbwlﬁetcaihpﬂwlqmsilm(tahane,2,3,5,6-
,4' - di am nodj. phenyl net hane, 4, 4'.-di.am nodi phenyl I
tetramﬁ@bﬁé’%@%”ﬁﬁ'%ﬁi”ﬁgdi pheffpfyilenedigmine,; pxyllenediamine,
methyl'gée&fa‘rrﬂhé,m nodi pheféﬂarﬁ@thﬁ!éﬁedibnﬁné! s( 4- geritapRieyIengdiamine,

nzene, 1, 3-bi s(3-am nophenoxy) benzene,

hexan?il?l?h?igmhm- ani Rolpr @§djmethy. mathylsnedirarae, 3-
, -, tet L. - p- ph i i .

methoRyRE IS URBRRA Y, b- Xy || BRBH M fehediamine, 2,5-
dimethyfidprameatiienadigmirnest r ameBhyikaiyéfipaameenylenediamine, 4.4-

_ pent anmet hyl enedi am ne, hexanet hyl enedi am ne, I
dimetiyjfepdamethyencdiamincy | eplamethylgBediamine, nonamethylenediamine,

25 B YRGB MRS 0 6 ncciamine,

propylénédibmindiept amet h2l Bdgdéethylprepyldnddiamine, 1,10-diamino-1,10-
di met hyl hept anet hyl enedi am ne, o%tﬁnéalgh | enedi am ne,

dimethyiieoasehy| edet] -gignpigidodecane, inooctadecane, 2,17-
S 5- di.net hyl non J® 2di A ne: : oA
dlam"@ggcé%gﬂgyl enedi g?%Eﬁpﬁ%gn@éﬁﬁg\r%d”)eftenylmethane, bis(4

aminopyciphéaetithanee3, 32dandnodipheghpletharies Hetlidiainingdiphenylethane,
4 4'-dEroo g eI Psdlfide 5 6-diaminopyridine, 2,5-diaminopyridine, 2,6-diamino-
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-
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 XI.
[0015] In Structures 1, 11, 11, IlI*, 1V, IV*, and XII, Ar’ is a divalent aromatic, a

divalent aliphatic, or a divalent heterocyclic group. Examples of Ar® include, but are
not limited to:

yoRoNeh el
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di met hyl decane, 2,1 1-di am ni dodecane,
1, 12-di am nooct adecane, 2, 17- di am noei cosane,
W@ 2806/1d29set hyl - 4, 4" - di ami nodi phenyl et hane, bi 8C#AIS2006/021441
am nocycl ohexyl ) net hane, 3, 3' -di am nodi phenyl et hane,
4, 4' -di am nodi phenyl et hane, 4, 4'-di am nodi phenyl
sul fide, 2,6-diam nopyridine, 2,5-diam nopyri di ne,
2,6-diam no- 4-trifluoronethyl pyridine, 2,5-diam no-1
, 3,4, -oxadi azol e, 1, 4-di am nocycl ohexane,
4, 4" - met hyl enedi ani | i ne,
4, 4" - met hyl ene- bi s(o-chol oroani |l i ne),
4, 4" -met hyl ene-bi s(3- methyl aniliné
4,4 nethylenexgls(z ethylanlllne)

nmet hyoxyaniline), 4,4 -thio-bis- (2 chloroanlllne)
Furthernore, the polybenzoxazole precursor basg
pol ymer may be synthesized using a m xture of {3

nore nonong desgei bed Ry generic S

[ 0015] | gt ’ur es N
X, Ar i val ent At i c, a di

or a di Het er o group. Exa

i ncl ude, are not A o: wherein
-S-, -C(CFs) 2- , -C(CHs)2- , -CH 2- ,

-NHCO-. [0016] In Structure XIlI, Wis C(OdC, CCI]—Ior
C(OOR 12 wherein R12 is C - Clinear or br anched
al kyl group or a C - GCs cycl oal kyl

wherein X?is -O-, -S-, -C(CF3)2-, -C(CHs)2-, -CHz-, -SO5-, or -NHCO-.

[0016] In Structure Xll, W is C(O)Cl, COOH or C(O)OR12 wherein R is Cq—
C7 linear or branched alky! group or a Cs — Cs cycloalkyl group. Examples of R"
include, but are not limited to, -CHs, -C2Hs, n-CsH7, i-CsHy, n-CsHe, t-C4Hs, and

cyclohexyl.

[0017] Monomers having the Structure XIl are diacids, diacid dichlorides and
diesters. Examples of suitable dicarboxylic acids (W = COOH) include, but are not
limited to, 4,4’-diphenyletherdicarboxylic acid, terephthalic acid, isophthalic acid and
mixtures thereof. Examples of suitable diacid chlorides (W = COCI) include, but are
not limited to, isophthaloyl dichloride, phthaloyl dichloride, terephthaloyl dichloride,

1,4-oxydibenzoyl chloride and mixtures thereof. Examples of suitable dicarboxylic
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include, but are not |limted to, -CH3, -C2Hs, /7-C3H,

/-C3H7, HC Hg, -C Hg, and cycl ohexyl. [0017] Mbnoners
waavieng296he Structure XIl are diacids, diacid PCT/US2006/021441

di chl orides and diesters. Exanples of suitable

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

limted to, 4,4'-diphenyletherdicarboxylic acid,

esterst(‘t?ve@g(? ZZnﬂfFué’e Bt P8 hblimfedtd (Hlﬁ‘%)ml éﬂ'rtﬁélate dimethyl

l'es 'of suitable diacid chlori

phthalagx;l )imetb&bderepﬂmtha!atee diethyll i indphibatate, idisthyit Ipatttg}ate diethyl
ht hal o di chl ori de, terephthal oyl
terep}ﬂhelﬁleogn@ghx ras ﬂWéﬂJenzoyl chlori de and m xtures
t hereof. Exanpl es of suitable dicarboxyl i cesters

; WEC(O) OR12) include, but are not |limted to, dinethyl
[0018] sophtManakners diawingBtrysianes| Xt and &Kln@ﬂﬁyxll feact to produce a

a | ate, e
oo RSPt ) B ORI BLEL, AL Mo o o
reactin§ Gl 8lcakbmyiier scithaoh ity d‘fdrﬂmﬂnwbeﬁlé‘stendwﬂﬂ a‘ambs)KIdne aromatic
react to produce a pol ybenzoxazol e precur

and/oahear@wlgpmdroxm§mﬁnﬂmwma"wewm@tf tpglgﬁmwe may
be us@? d:ééég{se?gl}y lh& r@&ét?;nolror'dﬁ |de h|d?fd'e9.3VY’L (SREIFTs ¥ArtiBd out at

ne aronatlc an eteroc
aboutd41ﬁy‘tﬂ tox yathioaitri3deC dax abpuf 6rtalat;qutv4& hoats lretha pm&ence of an

appror S e s ST b 42 £ SE545 0 utatle arine

basesab‘?h‘élude 10 bQ@ t Qre2boidt 3fimitEdf Ofo,abpyiidifel O wWBMIartihe, 1,8-
hours Tn the presence of an approxinately

dnazabmmlo[ﬁ @ﬁiill‘rde:c—bmm&nt(QBU)a n, oeliazadieyclaf4 apimonss-ene s(DBN),

dlmetHyIpyrldlne, and &lmethylanllme. The polybenzoxazole precursor polymer of

Structure | may b e isolated by p recipitation into w ater, recovered by filtration and

dried. Descriptions of suitable syntheses employing diesters or diacids may be

found in US Patent Nos. US 4,395,482, US 4,622,285, and US 5,096,999, herein

incorporated by reference.

[0019] The preferred reaction solvents are N-methyl-2-pyrrolidone (NMP), N-
ethyl-2-pyrrolidone (NEP), gamma-butyrolactone (GBL), N,N-dimethylformamide
(DMF), N,N-dimethylacetamide (DMAc), dimethyl-2-piperidone, dimethylsulfoxide
(DMSO), sulfolane, and diglyme. The most preferred solvents are N-methyl-2-
pyrrolidone (NMP) and gamma- butyrolactone (GBL).

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

Distribution of the polymeric units resulting from monomers having the Structures X
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bases include, but are not limted to, pyridine,

triethylamne, 1,8- diazabicyclo[5.4.0]undec-7-ene
wODRBId)132962 5- di azabi cycl o[ 4. 3. 0] non- 5- ene ( DBN) PCT/US2006/021441

di met hyl pyri di ne, and di methyl aniline. The

pol ybenzoxazol e precursor polynmer of Structure | may b

e i solated by precipitationi nto water, recovered

and XPi thiel fol@séridxazeoe stet@sor BasSE boRhdrhapbesttiahl 6r in blocks.
synt heses enpl oyi ng diesters or diacids may be found

in US Pat ent No_s. _US 4,395,482, US 4,622,285, and US
[ooz1ih°96’ |%9§trugtgfr§é D fINEPNIReT &) 8? 19y x;i%fa?ﬁ SReRer A SAbout 10 to

e preferr feaction solvenis af

about(Nlelgl; lyyis-ah mt%geﬂ irdn;mn@bcﬁlNMP%o ngletth(DG abdpixrypid Bssethan about

. ganma- but yro| act one L),

1000-w39f@r2%ymﬁ teki @efr?@mqum,d\m@b@m%ﬂ%e@ ghPegferred range
_ ) i F D6y ot .

or i BB ooy 2B00 e grofi B MBS B4 S bout 101

aboutsidlOvend & raoee prafetrbytiraBge gy @ frdmnebdXNPio abdutydd@reFhe most

butyrol actone (GBL),.. [ 0020] .M rs,havi ng Structure
preferssd Yariae iy S ralhatigs o e AGHtio0 At & MoSF BieTBITEH Thige for v
is frort a¥blif Kb abepupsneral ly from about 1 to about 1.2.

Preferably, the ratio of [X + XI]/XIl is generally

fromabout 1 to about 1.1 . The nononer having the
10022 58 oS eSS RO B0 AAPRS o grerece
moledgﬁr@w@ﬁv&ﬂnfémb@w& ¢t SteucilreutbyPherdictade dholbéular weight of
the repeat unit. The value of Mn can be determined by such standard methods as
membrane osmometry or gel permeation chromatography as described, for
example, in Jan Rabek, Experimental Methods in Polymer Chemistry, John Wiley &
Sons, New York, 1983.

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

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

[0024] Polybenzoxazole precursor polymer of Structure Il may be synthesized
by reaction of the polybenzoxazole precursor polymer of Structure | with about 0.5 %
to about 25 mole % of a diazoquinone (based on the number of OH groups from the
monomer of Structure 1) in the presence of a base to yield the polybenzoxazole

precursor of Structure Il according to Reaction 1.

- 14 -



Distribution of the polyneric units resulting from
nmononers having the Structures Xand Xl in the
weoaboshieresoxazol e precursor base pol yner may bePcamusziwe/021441

or in blocks. [0021] In Structures | , I I , I I,

i 111*, IVor IV xi s an integer fromabout 10 to
about 1000, y is an integer fromabout 0O to about 900
and (x+y) is |ess than about 1000. A preferred range
for x is fromabout 10 to about 300 and a preferred

range f f r & about 250. A nore
~mt4enH§mte£eme %miﬁ” Hﬁan f_20oL i of pei

nd a nore preferr d rahge or y |s f'r ot abo
about 100. The nosoH)preferred range for x is from
about 10 to about %0 and a nost preferred range for y
5 is fromabout O tol&b@ut 5. [0022] The anmount of (x+y)
can be calculated y dividing the nuneric average
nol ecul ht (¢ of polgymer of Structure | by
~the4ave | ecu é%&@qg‘ f the repgeat unit. The
H NrhlAieN Nﬁ canNﬁ_ @ byHs 46 nNEy Hndar d et hods
as nenbrane osnnne Ly or gel perneation chromatography
as described, for ‘exanple, in Jan Rabek, Experirggntal
Met hods in Polyner Chem stry, John VVIey & Sons, New
10 York, 1983. [0023] | tRedudidhd! be noted t hat mol ecul ar
wei ght and i nherent viscosity of the pol yners and
therefore, x and y at a constant stoichionmetry, can
have a wi de range depending on the reaction conditions
chosen and conS|derat|ons such as the purity
wherein Ar', Ar®, Ar®, Ar®, D, k', K% x and y are as previously defined

15 [0025] Examples of the diazoquinone compound DCI that can be reacted with

the PBO polymer | inciude, but are not limited to, one of the following:
N, R
cl

Oz

Na

Oz

b

Q—m

20 wherein, Ris H, a halogen, a C+ - C4 alkyl group, a C+ - C4 alkoxy group, cyclopentyl
or cyclohexyl. Examples of suitable R groups include, but are not limited to, methyl,

- 15 -~
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of the solvent, the hum dity, presence or absence of a
bl anket of nitrogen or argon gas, reaction
woenpasear e, reaction tine, and ot her vari abl e6T/US2006/021441
[ 0024] Pol ybenzoxazol e precursor polymer of Structure
Il may be synthesized by reaction of the
pol ybenzoxazol e precursor polyner of Structure | with

ethyl, ;?rggglté és%aﬁro:éxé %ﬁﬁﬁggﬁseﬁad@r EpifyPlcyBlopEARPBH bVé]Bﬁexyl

_ groups from t'he nonomer
Structure |I) in the presence of a base to yi eId the

o2 L R e SET B e P S ik o b o
about é t%%bﬁt 244{01113 ™ 8 soffeht irfie pr@sehée oka ba(seanGeMeMI? a slight
previously defined [0025] Exag‘gl es of the

excessjofabasw to &Y is @mmdw@ld DExanipies ehhases inchuda doutiars natdimited
to, ar{ﬁﬁg g)msr!.awsHé \%ﬁ e:f)gfgln%m r%fl&lleﬂﬂﬁﬁﬁla: @etélﬁﬂpgﬁ’ddmgnq%ﬁéme n-

methymh Fhomﬂeﬂu@nd ahé&llike. CAThe lnost pﬂe@emed @arsbopetnbwuylmhme The
ohexyl npl es of suitable

preferr@r:!e remthn. ﬁPlV@@tQ @rerﬁﬁtWVdEthWﬂn méﬁ Nndtbﬂz?gwfm"done
-b E

e L, e B5idthe LIGBLY)  NEhPEGitinEe (M), N

dlmethﬁéceaém&tmu(DMAQﬁi tdmaétbwz-@[pe@lﬁoﬁer dbnetlhy&ullfoxﬂbou(ﬂ)MSO)
hours in a sglvent in }he resence

sulfola@@n@ng| diglyne.s| [ gmost preferred reaction solv r?ts Sre tetrahydrofuran

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

[0027] The molar amount of DC| may range from about 0.5% to about 25% of
the quantity of OH groups from monomers of Structure X to yield k' from 0.01 to
about 0.5. A preferred amount of DCl is from about 0.5 % to about 10 % 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 DCl is from about 0.5 % to about 5 % of
the quantity of OH groups from monomers of Structure X to produce k' from about
0.01 to about 0.10. A most preferred amount of DCI is from about 0.5 % to about
2.5 % of the quantity of OH groups from monomers of Structure X to produce k'
from about 0.01 to about 0.05.

[0028] Polybenzoxazole precursor polymers of Structure li:

[ T I
G—NH—Ar‘*_NH{ Ard NH"‘TI’"‘NHL[ A NH_Arz"‘NHJ;G

OH
]

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

mixtures thereof; Ar® is a divalent aromatic, a divalent heterocyclic, a divalent
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excess of base to DCl is enployed. Exanples of bases

i nclude, but are not Iimted to, am ne bases such as
woyoicdiBzee2 trial kyl am ne, methyl pyridi ne, | uti #@CTNAIS2006/021441

nmet hyl nor phol i ne, and the |ike. The nost preferred

base is triethylamne. The preferred reaction solvents

are tetrahydrofuran acetone, N-nethyl-2-pyrrolidone

oyl o 7T SHRHAR SRS eameln slisan Argds @ chvalen

aromati®igéolp, a:ldivaidrlylalzhatlogroumrmdlvdiemahb;éreuyolmxgrdep, or mixtures

thereof, A ol sPTnt & A Tt Pl 6 OAPYSRh ST aRUE dHotp aving a
carboﬁﬁa@dr@éhdﬂibﬁ Usre stfeHYId Jesupr ?C‘b%d dyhfHeswsdd rb)ﬁ reaction of

27]" The nol ar anount o range from
polybmouazcule Mymeabbﬁtruzwﬁdfwmmé% -yuahere &g isf aopEgeRIeRt organic

aroup 8RS 28y caBbP YRR Ao BB £ M Rdstpots laving

group Y%Exdmpleewf G thdladd, Burardwankimityd €, thE falowipg struetfares:
nononers of Structure X to produce k1 from about 0.01

to about 0.20. A nore preferred amount of DCl is from
about 0.5 %to about 5 %of the quantity of OH groups
from mghoners of Structyre X to produce k1 4rom about

0.01 to™abeyt O.10. Arm<:t—‘:meferred amount af £ S
fromabout 0.5 %to about .5 % of the quantity of OH
groups from nononers of ucture X to producg¢ k1l from
about 7 0R{ 0 about 0. O

F

O\
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[ 0028] Pol ybenzoxazol e precursor polynmers of Structure
[11: 11l wherein Arl is a tetraval ent aromatic group,
wa 20wstiB2sal ent heterocyclic group, or m xturesPChasembp21441
Ar2 is a divalent aromatic, a divalent heterocyclic, a
di valentalicyclic, or a divalent aliphatic group that
may contain silicon; Ar is a divalent aromatic group,
a divalent aliphatic group, a divalent heterocyclic
group, or mxtures thereof; Ard is Arl (OH)2 or Ar2
and G is a nonoval ent organic group having a carbonyl,
car bonyl oxy or sul fonyl group may be synt hesi zed by
reacti on of pel ybenzoxazol e pol yner of Structure |
with GMwherd Gis a nonoval ent organi c group having
a carbopyl, ¢ {Qonyloxy or sulfonyl group angl Mis a
reactigve Vi ngodr oup. Exanpl es of A |l udg, but are
not limted to, the foll ow ng stt+ued 3GH(-EH2) P-
es-Priflate, substituted_cafborll oxy
groups, and sygbstituted carbonate groups. [0030]
Exanpl es of sditabl e classes of GM conpounds i ncl ude
but are not Iinmted to, carbon and sulfonic acid
chl ori des, carbon and sulfonic acid brom des, |inear
and cyclic carbon and sul fonic acid anhydri des, d
al koxy or aryl oxy substituted acid chlorides.~Exanpl es
of suitable G|M conpounds include mal ei ¢ anhydri/de,

succi,ni c anhydtide, acetic anhydride, propio /S
anhygi?c!f o(g?lg)ﬁorl or nene ‘
WVWWS @]
VAN
o o
[0029] Examples of M groups include, but are not limited to, Cl, Br, mesylate,

triflate, substituted carbonyloxy groups, and substituted carbonate groups.

[0030] Examples of suitable classes of G-M compounds include but are not
limited to, carbon and sulfonic acid chlorides, carbon and sulfonic acid bromides,
linear and cyclic carbon and sulfonic acid anhydrides, and alkoxy or aryloxy
substituted acid chlorides. Examples of suitable G-M compounds include maleic
anhydride, succinic anhydride, acetic anhydride, propionic anhydride, norbornene
anhydride, phthalic anhydride, camphor sulfonic acid anhydride, trifluoromethane
sulfonic acid anhydride, methanesulfonic acid anhydride, p-toluenesulfonic acid
anhydride, ethanesulfonic acid anhydride, butanesulfonic acid anhydride,
perfluorobutanesulfonic acid anhydride, acetyl chloride, methanesuifonyl chloride,
trifluoromethanesulfonyl chloride, benzoyl chloride, norbornene carboxylic acid
chloride, di-t-butyl dicarbonate, dimethyl dicarbonate, diethyldicarbonate,
dibutyldicarbonate, t-butyl chloroformate, ethyl chloroformate, n-butyl chloroformate,
and methyl chloroformate. Further examples include compounds having the

Structures shown below.
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15

anhydri de, phthalic anhydride, canphor sulfonic acid

anhydride, trifluoronethane sulfonic acid anhydride,
worbttsanzsel f oni ¢ aci d anhydri de, p-tol uenesul f eaTwsawsd21441

anhydri de, ethanesul fonic acid anhydri de,

but anesul foni ¢ aci d anhydri de, perfl uorobutanesul fonic

acid anhydri de, acetyl chloride, nethanesulfonyl

chl oride, trifluoronmethanesul fonyl chloride, benzoyl

cdl ori de, norboriyene carboxylic acid chl ofl de,

HaC

dil- f-butyl di car Bonate, dinethyl
ietBY| di capbonat e, di butyl dica
chl or of ofsfat e, et hyl chl opofep

-0——S~—CF;
e, f-butyl
te, /7-butyl

di ca

chl orof ormat e, and net chl orof ormate. Furt her
exanpl es include conpounds having the Structures shown
bel ow. [ 0031] The reaction can be carried out in a

cl Sul

Fbc//organic or inorg

abl e solvent by addition of GMto a dry sol ution
the pol ybenzoxazaol e precursor base polyner at a

St -25 OC to about 40 OC. The. nore

g _reaction tinejjis fr abouty 1 hour
jlhe nol ar anou of M enp”pyed S
-69% of the sum t he~pul-&—CcH.

of Structlses X and XI lesslkhe -
pnonmer of Structure Xl I.Addition of
ni c base may al so be enpl oyed.

Exanpl es of sui t &blse organi ¢ am ne bases include, but
are not limted to, pyridine, triethylamne, 1, 8-

di azabi cycl o[ 5. 4. 0] undec- 7- ene (DBU),

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

Br 0] Br /O
B o]
= r %
~ o O/CH3
Lo

[0031]

" SCH,

The reaction can be carried out in a suitable solvent by addition of G-M

to a dry solution of the polybenzoxazole precursor base polymer at a temperature
from about —25 °C to about 40 °C. The more preferred temperature is from about 0

°C to about 25 °C. The most preferred temperature is from about 5 °C to about 10

°C. The reaction time is from about 1 hour to about 24 hours. The molar amount of

G-M employed is a slightly excess (3-6%) of the sum of the molar amounts of

monomer of Structures X and Xl less the molar amount of monomer of Structure XII.
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di met hyl pyridine, and di nethyl aniline. Exanples of

ot her suitabl e bases include sodi um hydroxi de, sodi um
woananztee, and sodiumsilicate. [0032] The preCemseme/021441

reacti on solvents are propyl enegl ycol nethyl ether

acetate (PGQVEA), N-nethyl-2-pyrrolidone (NW),

N- et hyl - 2- pyrrolidone (NEP), ganmma- but yr ol act one

" f

pasod oo BRI RS M miloreg Exapples ofsutabo

organic ran?lhgl Isa&éslopcﬁaade{ BiSeye nbétlmtqdjf]@,f pyMn(eTmﬂethylamme 1,8-
cet one, sul fol ane, T

ezl ALY 2 o e O BB, 0B

dlmeth&hgéﬁ(ﬁlﬂéa%ﬁhnﬁin{&ﬁﬁbhmﬂew Eﬁarﬁﬁfésabf‘ ofHEICaRRIDM bases include

, such as tyclic anhydrides, may not stop
5 sodiumahyenoxides sedidoappihepateand sodium silidgstequent
dehydration step may al so occur to forma dival ent
endcap (G in Structures Il11* and |IV*). Exanples of

[00321cYC! | Thanhysier@es rabitdh rg@wemntwleasr@o ptrdapwea@@iymiométhyl ether
reaction include, but are not [imt

acetataan|Ed>é, Nﬁﬁ@‘ihbﬂ &-pyrelidenele(NMB), waﬁWé/' Brnwmhﬂeee (NEP),

h
gammBH WIRAERHE BRI, SN ARmREvBRgaer, (BRI, NN
10 dlmetf@%@lfé}hw@mﬂﬁlcp)dlmfeﬂrg&ont of pol ybenzoxazol e
ecursor
piperidaeutl TasthyAtovdsr (AMSCr iR eSO, BEeOER oﬁul%'ane
and d@;}ﬁ{éu ”’f’ﬁé n%st??bi%ﬁ%ﬁ%l\‘;%rﬁéggw&gmﬁé’%ﬂ EEMEtA uct ur e

e presence of a
[0033] In some cases, the endcapping reaction with certain endcapping
15 reagents, such as cyclic anhydrides, may not stop after the endcapping reaction. A
subsequent dehydration step may also occur to form a divalent endcap (G* in
Structures III* 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.

20
oH. ° o)
l—‘!.N \c//
O 0
25
[0034] Polybenzoxazole precursor polymer of Structure IV may be

synthesized by reaction of polybenzoxazole precursor polymer of Structure [ with

about 0.5 % to about 25 mole % of a diazoquinone compound (based on the



to yield the pol ybenzoxazol e precursor IV according to
Reaction 2 . LO + k equivalent of DO Base L5 Reaction

wa 0emzeei n Arl, Ar2, Ar3, Ard4, D, k1, k2, x PCYUS2006/021441
G are as previously defined. Simliarly, the polynmner
having Structure |IV* can be synthesized fromthe
poI ymer having Structure I11*. [0035] Exanples of the

numbel o ?@%@r&%@ifrﬁ?ﬂﬁﬁ‘ﬁ%m@&%ﬁﬁﬁ% r&%ﬂr@%&:@gﬁe 9ﬁeoét’éérfcﬁ & a base

to yield ﬂh@ﬁd@bémxan&leqﬂeb%ofNbomrﬂgwg/\helkeaﬁlom& s H a
hal ogen, a G - C alkyl group, G - C al koxy group,
cycl opentyl or cycl ohexyl. Exanples of suitable R
groups include, but are not Iimted to, nmethyl, ethyl,
propyl, isopropyl, n-butyl, sec-butyl, t-butyl,
cycl opentyl or cycl ohexyl. [0036] The nol ar anmount of
DCI nmay range from about 0.5 %to about 25% of the
quantity of OH groups from nononers of Structure X to

y| el d 0. OJ( tp aboyt . A preferred anmount of
ﬁ %L 85 o@a t 10% the quantity
G‘Nbif‘AGEINIg ou s~ of  StNcATr }X;tﬂ) bt wefypse of DCI
k1 from about 0. Oloh about 0.20. A nore preferred

amount of DCl is fro)mabout 0.5 %to about 5 % of

lBase
L N G
GTNHTAr*NH AR NH'—Ar"'N AP NH_—AIZ—NFJ_G

(OH)(Z

Reaction 2

wherein Ar1, Ar2, Ar3, Ar4, D, k1, kz, X, y, and G are as previously defined. Similiarly,
the polymer having Structure IV* can be synthesized from the polymer having

Structure IHF*.

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

the PBO polymer Il (I1I*) include, but are not limited to, one of the following:

0 . N,
N 0 Ny
R R R
0,
?2 é02 il
0 l N,
N»o 0
R
O
?02 |
Cl
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the quantity of OH groups from nononers of Structure X

to produce k1 from about 0.01 to about 0.10. A npst
wonrefeaszasel anount of DCl is from about 0.5 % t eCalsmi6/021441

2.5 %of the quantity of OH groups from nononers of

Structure X to produce k 1 from about 0.01 to about

0.05. [0037] The reaction conditions are identical to

nershB (SRSEIAN, £ L5 PSR P CRANS G0 ltopen

or cyclobkeyple r@mm{ablse)fmudabi&elargrpmpg/ metudsf, bt aoe not Bmited to, methyl,
can a b
ethy, biofyhdraITR BVl N SRt BB ot ey PP R Yoy ¢

GV The definition of G and M are as defi ned before
and the reaction condition is the sane as describ

ed
[0036] or t Hhemabaramowit &ffDGbMalsanes f2o ebwfe%ér%dﬂ about 25% of

e clBFBHIEL 5% R IHE Ll sy BREEDX RO 5, R 001 6

about y4lr ox yseRstdd uhfb@lndlo&fD(DIGE m)mhalﬂd)lﬁﬂ@%d% tteabaat 10 % of the
described in US Patent No. 524,764 which is,

quantiphebPpbemaups fmén@nwer%pfestm@@re Poloyprerisicgrk’ from about 0.01
to aboﬁtc Qr ey S‘j’gg[éTpVethﬁeé%%aﬁﬁ'o? ¢y fmrﬁta%ﬁfoq % to about 5 % of

ed diam nes or m Xt
the quénatyhaﬁOHJl gfou s frivat ﬂmonBMeysmf §tnw&wnegX$brpmdum@ kVfrom about

when cured, can for po d
0.01 tg,abawt &.19. nd’s mgst gr fregy@%pgntspfﬁ) Iggm %b[)lupgﬁ % to about
2.5 % of the quantity of OH groups from monomers of Structure X to produce k'
from about 0.01 to about 0.05.

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

synthesis of polybenzoxazole precursor polymer of Structure .

[0038] A polybenzoxazole precursor polymer of Structure IV (IV*) can also be
prepared by reaction of a polybenzoxazole precursor polymer of Structure Il with G-
M. The definition of G and M are as defined before and the reaction condition is the
same as described for the preparation of polybenzoxazole precursor polymer of
Structure HI (11*).

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

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

[0040] The positive acting photosensitive resin composition of this invention
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[ 0040] The positive acting photosensitive resin
conposition of this inventionconprises at |east one
woanpaarid2 havi ng structure VI: V1- Y-V 2 VI wWheceius2006/021441
is selected fromthe group consisting of S, O NR,
(HOCH) m and each Rl is independently selected from
the group consisting of H, an al kyl group, an al kenyl
compr%é%%’c ledst &%&M@M@oﬁh&%vm@%ﬁ]é@@/\/l@r oup or a hal ogen,
each R2 1s independently Selected fromthe group
consi sting of H, SH, B, and a linear or
branched C -C 4 al kyl 9gliri()\(up containing a thiol group;
and wherein V1 and V2 are Ynhdependently sel ected from
the group consisting of HS - CHo (SH n wherein, mis
an integer fromO to 4 with the proviso that m= 0

5 ﬂ’gh%ree\fﬂzlﬂﬁg %eﬂeclt n}@%ﬁ?ﬁ%xcroﬂ imb XY @WReg%(ﬁjl)m, and

as a ove Coﬂpouﬁ
havi ng structure V | |nclud t are not limted
to: [ 0042] Exanpl es of und of Structure VI can be
pur chased connerciall nt h S|zed usi ng synthetic
procedures known to those skiNl ed in the art.

each R is independently selected from the group consisting of H, an alkyl
group, an alkenyl group, an alkynyl group, an alkoxy group or a halogen, each
R?is independently selected from the group consisting of H, SH, CHs, C2Hs,
10 and a linear or branched C+4-C4 alkyl group containing a thiol group; and

wherein V' and V? are independently selected from the group consisting of

1
R )5 n

(SH)
15
wherein, m is an integer from 0 to 4 with the proviso that m = 0 only when Y =
R") J(AP
2
N
n is an integer from 1 to 5; and each R' is defined as above
20 [0041] Examples of compounds having structure VI include, but are not

limited to:

ool o oA O

25 4/_/ OISH _/——SH
I IS
ﬁ/‘ S HS HS



[0043] Sone of the conpounds generally described by
Structure VI can al soexist (and may preferentially
wexietip2d96n t he tautonmeric formWVl' in certain PCT/US2006/021441

situations. For the purposes of the description of
this invention, both tautoneric fornms are consi dered
to be described by Structure VI. [0044] A preferred
range for mis froml to 3. Another preferred range
for mis from2 to 4. Anore preferred range for mis
from2-3. Another nore preferred range for mis from3
to 4. A nost preferred mis 2. A preferred range for n
is from1l to 3. Anore preferred range for nis froml

Mt preferred nis 1. 9[d8045] Pr e rralﬂie
c ds of Struct S are se.whe Y &S
HS el ecte ﬂnpgig/ﬁgﬁp conststi ngﬁgf @0 SH
Exanpl es of preferred conpounds of Structure VM
5 i nclude, but are not limted to:[0046] More preferred
conpounds of S ﬁucture VI are those wherein Y is
sel ected fromAhe group consi ti ng of and .
ZX aR e preferred St rggt ure Vi
e not limts ui tabl e

solvents include, but are not limted to,
N- et hyl - 2- pyrroli done (NWP), N-ethyl-2-pyrrolidone,
gamabut yrol actone \(GBL), N, N-di met hyl act

DVAC) ,—di met hyl - 2- pi-per i dong—\N, Ndi net h \ 1 de
re

HS
CH,SH
H—C—OH
HS S—@-SH HS O SH
~ \ H—C—OH
Me CH,SH
(H2SH P 7 HS
10 H—(I)—OH HS N . \f\rl
HO—C—H x )\
I = and N SH
CH,SH SH
15
[0042] Examples of compounds of Structure VI can be purchased
commercially or synthesized using synthetic procedures known to those skilled in the
art.
20 [0043] Some of the compounds generally described by Structure VI can also
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15

gamma- butyrol actone, N-ethyl-2-pyrrolidone and
N- et hyl - 2- pyrrol i done. The nost preferred solvent is
waqgansa3296but yr ol act one. [ 0048] The phot oacti vePcomsewnd21441

(d) of the photosensitive resin conposition conprises

one or nore di azonapht hoqui none phot oactive conpounds

whi ch are the condensation products of conpounds

i X ns.

exist (GREHEY bererREnF et | e ol JORTVI, 7, Seta altuati
For thé Okaﬁpbs@@dafatheveéscrlhtueﬁeoﬁamlg invention, roth tagtemeric forms are

5- napht hqoqui pong, di.azi Ifonyl conpound and/or a 4-
Conﬁdﬁﬁﬁhgﬂﬁﬁa ;h?%P%E%Hgﬁgﬁ Monyl conpound. Exanpl es of

phot oacti ve conpounds are illustrated in structures

XlI'la-r. [0049] The phenolic conpounds (i.e. the

backbone) typ$cally enpl oyed iQ,the preparation of a

phot oactive c np?ﬂgd may be pr Bhred by any suitable

thod of sy

met hod. A esis is by reaction of
a suitabl ej hen der| vativew t N a suitabl e al dehyde
or ketone i b,g\pregence_of a s | vent such as

nmet hanol . The read$|on I S NMOSTN Hcat al yzed by a
strong acid (g.g. sulfuric acid or p-toluenesul fonic
aci d). Gbnerally, the reaction is carried out at about
15 0C to about 80 OC for about 3 hours to about 48

hours. [0050] The photoactive comrpoun Xl 11 ar
[0044)synt hé&,p@qﬁgrrgg ram{qrcm igfrophd t%gpwgﬁéewﬁﬁer&ﬁ range for m
is fron}% chgf O LA K’Lﬂ{& Dtefct A 1A' fSr ARGIHEH 298t ARbtRIGHbrdpiferred
range for m is from 3 to 4. A most preferred mis 2. A preferred range for n is from

1 to 3. A more preferred range for n is from 1 to 2. A most preferred n is 1.

[0045] Preferred compounds of Structure VI are those wherein Y is selected
(RB—{?%\P
2 \\N/J
from the group consisting of S, (HOCH)m, and . Examples of
preferred compounds of Structure VI include, but are not limited to:
S sH H¢TOH
ﬁ/_ s/ HO—C—H
HS s—/ CHoSH

SH

=4

N
I
HS_%<::>%_S_%<::>%—SH \N/i\SH
and.
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OC for about 4 to about 36 hours in a solvent in the
presence of a base. Cenerally, a slight excess of base
woOQodsadB2963 enpl oyed. Exanpl es of bases i ncl udepCbuS2@6021441

not limted to, am ne bases such as pyridine,

trial kyl am ne, nethyl pyridine, |utidine,

nmet hyl nor phol i ne, and the |ike. The nost preferred
[0046]02s¢€ 'I§Iotr% ﬂ%@f#&jﬂceﬁp I@s%ﬁéﬁhbﬁﬁler\ﬂaapé WoS WHRIER Y is

are tetrahydrofuran HF), gamma- butyrol actone (GBL),

N, N- di et hyl f or mam de (DMF), acetone, ~

N, N- di net hyl acet am de ( DVAC), dl( - 2Npi peri done,

di met hyl sul f oxi de (DMSO), sul fol'an d diglynme. The
selectd®P Hork e g‘r&gﬁj c%ﬂ%l‘éﬁﬁ%%f% et r ahydr of T an EkBMples of more
acetone ard ganma - butyrol actone (GBL). The reactl on

prefermdﬁammow’fdmbfcswﬂactprewbm&we‘ botraechotlinitediics. [ 0051]
Exanpl es of compounds Xl Il include, but are not
limted to, one or nore of the follow ng conpou
where each Q is independently a hydrogen atom ot

h the proviso that at |east one Q = er

HS ne§ @ 11 a) (X )+bg g) (

X AT X
0) (X1 [5%%2 ) 0 (N MH

XIHhor ] The anount of
pol ybenzoxazol e precursor polyner(s) of Structures I,

[0047] Suitable solvents of this photosensitive composition are polar
organic solvents. Suitable examples of polar organic solvents include, but are not
limited to, N-methyl-2-pyrrolidone (NMP), N-ethyl-2-pyrrolidone, gamma-
butyrolactone (GBL), N,N-dimethylacetamide (DMAc), dimethyl-2-piperidone, N,N-
dimethylformamide (DMF), and mixtures thereof. The preferred solvents are
gamma- butyrolactone, N-ethyl-2-pyrrolidone and N-methyl-2-pyrrolidone. The most

preferred solvent is gamma - butyrolactone.

[0048] The photoactive compound (d) of the photosensitive resin composition
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-
naphthoquinone diazide sulfonyl compound. Examples of photoactive compounds

are illustrated in structures Xllla-r.

[0049] 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
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L, 1, b, 1V, 1V or Vin the photosensitive
conposition is fromabout 5 wt%to about 50 wt% The
wounnws/1p2ss erred anount of pol ybenzoxazol e pr ecBCSMIS2006/021441

polymer(s) of Structures | , I, LI, IlI* 1V, IV or
Vis fromabout 20 wt % to about 45 wt % and t he nost
preferred anount of pol ybenzoxazol e precursor

sulfonRPéd’le réér}er%flxjsthglféééﬁcﬁwsls oartiéd obgé’e abhdidt™15 *¢/to b¥ouP80 °C for
Vis fromab % to about wt %

about Rohgurerie abanbé 8 houesur sor pol ynmers of Structures |
e, ek, 1rrx, 1V, 1V or V can be used singly or be
conbined in any ratio. Up to 25% of the anmount of the

[0050}30I ybﬂﬁ@’ﬁﬁ%&t%eéémﬁgﬂnwWﬂeéreoéyrﬁhééiﬁééﬂrb%ﬁ réaction of the
(I I 1 R I I may b e replaced’b y

backbengewith| D(‘daﬁie@egailwm r%ﬁﬂtl@Bl i8 caam@cb@uta ababeuk8| Gbiceabout 30

o ZBRILE ol SR bSNERLT B BE Rl BB Bbraly,

slight extedd ef basenatDCl @renhplo@édcy@kampascufnoawsymemeorbut are not
copol ynrers may i ncl ude pol yi m des

||m|teq,@¢,y@@mpﬁ§ggzsy|cgsas anlg@nir@ﬁllmlgmqi@ethylpyndme lutidine, n-
meth;mﬂ|o )ﬁﬁdllﬁé(ﬂa th%ohk’&“' "f"f\é%q%@?ﬁref@%)ﬁ%‘éé@%&ltﬁé’:ﬂ&l%ﬂﬁﬁe The

natr benxaz
prefermﬂ pwtmbh&nwemeare metlra&wdadﬁum (B4F), ganyigd botyoolastone (GBL),

do nazi pol yt hi adi azol es.

N N-ofeRoaRaTas e G, SerBBe ol W BD I aAR DMEGy diethyl-

In$,aC O u W44 O 3 YHho t
2 oipdfichpc RIS LiRe! OMOP:Luf et dhd Sp, 2 Th46 mos
preferedxbsblvents ave tetrahyrirofuvan {iHFyoacetpnefanthlybsmnadeiutyrolactone
(GBL)C.)"Pt?e reaction mixture should be protected from actinic rays.
[0051] Examples of compounds Xlll include, but are not limited to, one or
more of the following compounds where each Q is independently a hydrogen atom

or D with the proviso that at least one Q = D wherein D is as defined before:

(X1t a) (XNib)

- 27 -



wt%to about 1 wt% [0054] The sol vent conponent (c)

conpri ses about 40 wt % to about 80 wt % of the
wohoticaszesi ti ve conposition. A preferred sol veRCTHAD®6/021441

is fromabout 45 W% to about 70 wt% A nore preferred

range of solvent is fromabout 50 wt% to about 65 w %

[ 0055] The anpbunt of di azoqui none conpound (XII1),

used in this conpositionis fromabout 0 wt%@®Q about

25 wt % of _the total_ weight of the conpositio

: { 2 w%to about 12 wt %%

, Yess di azoquid ‘ ,
. th large k1, there is ho negdt0 use t
Cllsazoqui foda conmpod#e (X1 11) because the anount of the
di azoqui none noiety in the polymer is sufficient to
produce a positive tone photoactive conpogiti,Qn.
[ 0056] Cp(f@ﬂ@lly, an adhesi on pronoter %39‘83
i ncluded in the photosensitive conposition. If
enpl oyed, the anmount of adhesion pronoter ranges from
about 0.1 WMt%to about 2 wt % of total wej
conmposition. A preferred amount of af8fes
is fromabout 0.2 wt%to about 1.5 wt% A

preferred anmount of adhesion pronoter is fro
0.3 wt%to aboutle wt %

ST T,
$ %

5 (XIll e) (X )

OQ

w ? CPOR®
© @ ad oY s o

QO oQ

oo
CHs

(X1l g) (XIli h)
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Sui t abl e adhesi on pronoters include, but are not
l[imted to, am no silanes, and m xtures or derivatives
woOherea10t962 Exanpl es of suitabl e adhesi on pronot ecs/uvsmioch21441
may be enployed in the invention nay be described by
Structure XIV XIV wherein each R14 is independently a
G - C akkyl group or a C - C cycloalkyl group, each
i s jndependently a G - C4 alkyl group, a G - C4
a C- C7 cycloalkyl group or a C5 - C7
dis an i"eger 1 ®® 3 and g
o3 Ve S >R the
les:~ OH LLL ' each R
|ndependently - p a C -
al kyl group, and Ris a Cgg C4 al kyl group
C cycl oal kyl group. Preferred adhesion
pronoters are those wherein R16 is selected from and
More prE&Rerred adhesi on pronoters are those wherein
R16 is The nost preferred adhesion pronoters are
[ 0057 The phot osensiti ve conpositions of the present

i nvertd may further include &Hér additives.
SU|tabIe addi tives include, for exanmple, |eveling
agents,
Q 0Q
QO
0Q
(X1l k) (XIHr
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di ssolution inhibitors and the |ike. Such additives
may be included in the photosensitive conpositions in
wahost13603 t o about 10 wmt % of the total wei ghPCOfUS2006/021441
conmposition. [0058] Another enbodi nent of the present
I nvention concerns a process for formng a relief
pattern using the positive photosensitive conposition.
The processconprises the steps of: (a) coating on a
sui tabl e substrate, a positive- morklng phot osensitive
?Qon conpri sing one oY 0x22Ql e
precur sor polynmers having Struc ‘ or Il or
vV oor I'V¥ or V or mXxturs

polyner soIer co
ure of any of .
vie conpound is also | S
tled substrate; (b) g [ hé “coat ed
substr at e; sing the pre
to actinic nadiation; (d) devel;i_g aexposed
coated subs@Qte with an aqueous
form ng an uncured relief inmage og
substrate; and (e) baking the devel oped coafed
substrate at an el evated tenperature, thereby

QO

(Xl m) (XHI n)

oQ

(XIll p)

(XIIl O)

0Q
HsCO l I OCHj
I CHj

CHs
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curing the relief image. [0059] The process may
optional Iy include the step of pre-coating a substrate
waoi2bls/1a2%0| vent cont ai ni ng an adhesi on pronot ePCTAIS006/021441
suitable method of treatment of the substrate with
adhesi on pronoter known to those skilled in the art
may be enPoned. Exanpl es include treatnent of the
substrat&llWt h adhesion pronot er vapors, solutions or
at 100% concentration. The tine and tenperature of
treatnment will depend on the particular substrate,
adhesi on pronoter, and nethod, which nay enpl oy
el evated tenperatures. Any suitabl e external adhesion
pronoter nmay be enpl oyed. C asses of suitable externa

[0052]2dhesiraR RhBHRE 8f Hoiypehrsiezo bravigsaropolyimdrisydft Structures |,
vi nyl al koxysi | anes, nethacryloxyalkoxyﬁ§|lanes

1L, 111, liife I Al caxl \k bxthsi plagtesensitiveneampesiien i freg about 5 wi% to about
o£Phaxyal koxysil ane n | wcj [
s0 wegTHECEER SRS A SRR, RSy ptyperte) o
StructUpes TN YIIRMIINO®, koxys iV fngemaaisounto2® wivefeabedt 45 wt% and the
Exanpl es of suitable external adhesion promte
most preferiedeameunt &f @ohtienzpxazalel precursor polﬁner?sts o{ Structures I, I,
*gm i\noRr ARYI LEj Sj 0
i, g | 32}\3&}/@?%&%@??9' | ﬁe{to!hggégtl I4gn\3,:[ %. Polybenzoxazole
precurSGpElygleys Ioﬁ@tmmtumelﬁl It by 16T, eivh dYY o Maoan be used singly or be
_ganma- mer capt opr.opyl et hyl di met hoxysi | ane
combi e e AT e Aot B B3bonzeramole precursor
- YR oY il i\pgt [ ; .
polymef, JFSIERANCS Ty Pl I8 IET LAY BT o SREiResa D omictrganic
solvens 8bludld, eaqueous base soluble, aromatic or heterocyclic group polymers or
copolymers. Examples of organic solvent soluble, aqueous base soluble, aromatic
or heterocyclic group polymers or copolymers may include polyimides,
polybenzoimidazoles, polybenzothiazoles, polytriazoles, polyquinazolones,
polyquinazolindiones, polyquinacridones, polybenxazinones, polyanthrazolines,

polyoxadiazoles, polyhydantoins, polyindophenazines, or polythiadiazoles.

[0053] 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
wi% to about 1 wt%.

[0054] The solvent component (c¢) comprises about 40 wt% to about 80 wt%
of the photosensitive composition. A preferred solvent range is from about 45 wi% to
about 70 wi%. A more preferred range of solvent is from about 50 wt% to about 65

wit%.

[0055] The amount of diazoquinone compound (X!Il), used in this composition
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adhesi on pronoters are described in "Silane Coupling

Agent" Edwi n P. Pl ueddemann, 1982 Pl enum Press, New
woande/13296060] The positive acting, photoacti vePCT/US2006/021441

conposition of this invention is coated on a suitable

substrate. The substrate may be, for exanple,

sem conductor materials such as a silicon wafer,

is fromompoun@® s¢% ¢onabimitons (W% \Bf @ie (tbial \ﬂ/élglﬁ@fcﬂrthea composition,
afm bg)&zé Qr quartz substrate. Said substrates

PreferﬁE(Y Q@ Widh 19 ARRUDTZ withuard meestuyeterably from about 3 wt%

to abBLELS! WM. CTIK F &blini %tfral‘é%égﬂﬁ'oﬁé‘ r@ﬁo%&?ﬁgg'ﬁﬁ% s, more of

i norgani c dielectrics or o
polymgKe) of &mwessluma;tlk/amnelv*oaret msal |Adserthe darges Id pwiopties, less
nt ai ni nqg_exppsed co ti ng met hods
d'aZOﬁ?Lﬁ%?%é: NERAUT 35 dr%BmWE%q re dat Mpgreashitp use the

diazoquARdne @onfidurett (arl 'B)bbBGSe i 'a‘?r'iou.ﬁﬂaéf' he: d%z&&@ﬁﬁp@ moiety in

rinting, extrusion coating, neniscus coatin

the palysae Iﬁ@uffmt@nﬁ terreduem aqmsitivedong pherjactive ooemdsnmmg
filmis prebaked at an el evated tenperature. The bake
may be conpleted at one or nore tenperatures within

[0056] he t eDpitsradlly| e dpakadhésibhorprohmiter 7tAC be akeidet3Oin  the

OC for several mnutes to half an hour,” dependi ng on
photosensitive: FRIAPOSIHOBY dpsmitieyachdhe emautraf Meﬁm prmntprsanges

rom 548548 S oD g “TBPLER BRI oA proerea
amouritoof adhesion promoter is from about 0.2 wt% to about 1.5 wt%. A more
preferred amount of adhesion promoter is from about 0.3 wt% to about 1 wt%.

Suitable adhesion promoters include, but are not limited to, 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

1em ~(OR"),

R
R (3-d)

XV

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

q is an integer from 1 to about 6, R'® is one of the following moieties:

H H 17 wwwwwNH

R NH,
— OH e N
Rw 0]
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pl ates and convection ovens. The resulting dry film

has a thickness of fromabout 3 to about 50 m cron or
wounnws/1p2ssd er ably from about 4 to about 20 m cr 8aTAIS2006/021441

nost preferably fromabout 5 to about 15 m cron.

[0063] After the bake step, the resulting dry filmis

exposed to acbl nic rays in a preferred pattern through

a m [ , el ectrgPI beam ul travi ol et™r - Q0 19

oePbl e 1igkt/ and tHESM ke caf"B&=wsld as act] nic R

rays. The nost preferred rays are those with QO

wavel ength of 436 nm (g-1ine) and 365 nm (i-line).
where[rpglgé%ﬁ@'%wga é(r?r?c%éétg‘j\gt A Iggafs tC:? %k tbl%ﬂ!@ Ionr gnCs - Cy

cycloaﬁqypgsmpaanuaé%\we\ csubs@x allgl bfo be&p@ at gr e
7Q 0C and, about 130 l% bThlfep 6exposEéd %d y'goa;f@@@roup

abpu

Prefergqszgggl?%sy%n PEORELRrS @re Hqse WhersimBY ais seleatedfom or a s
hort period of time, typically s everal s econds t o s
everal mnutes and may be carried out using any
sui t abl'¢ heatiHhg means. Prefered nieans i ncl ude baki ng

0 e or,jn a convection en.NHghi s process
s‘t%g"\r '5|7'eferred toin thg%/t as
post - exjposur e |[baki ng. [0065] Next, tbe filmis

devel opeéd usi 8§ an aqueous d evel oper a nd a relief
pattern is fornmed. The aqueous devel oper contains
aqueous base. Exanples of suitable bases include, but
are not limted to, i norg%rﬁidc al kalis (e.g., potassium
hydr oxi de, sodi um hydr oxi anmoni a water), prinmary
am nes (e.g., ethylam ne, npropyl anm ne),

More preferred adhesion promoters are those wherein R is

wwwwNH

YNHZ

o)

The most preferred adhesion promoters are

NH Si(OMe)- :
0O

and 5

[0057] The photosensitive compositions of the present invention may further
include other additives. Suitable additives include, for example, leveling agents,
dissolution inhibitors and the like. Such additives may be included in the
photosensitive compositions in about 0.03 to about 10 wit% of the total weight of
composition.

[0058] Another embodiment of the present invention concerns a process for

forming a relief pattern using the positive photosensitive composition. The process
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secondary am nes (e.g. diethylam ne,
di -n-propylamne), tertiary amnes (e.g.,
wonrbwstidgdéam ne), al cohol anmi nes (e.g. triethanoPamiuse)s/021441
quat ernary amoni um salts (e.g., tetranethylamoni um
hydr oxi de, tetraethyl amoni um hydroxi de), and m xtures
t hereof. The concentration of base enployed wll vary

Compﬁé@%eth@lsﬂjgpg)aft he base solubility of the polyner
enpl oyed and the specific base enpl oyed. The nost

(a)nostivprarda d&wéblggﬁtbﬁrateg a pesitveeworidngiphgtosensitive composition

Ay oA 1 iR PR ETrGRD Bl o Petyners heving

Btrudtarexddott 1l @n.[11 @0 [EPEF PPbI Al*eoEThix@ired tﬁ@ﬁé‘oﬂcétaéést one
can be added to_the devel oper. Devel opment can

MP@&%D?VW SteuptureoV| PRghat oSt or@pwyentpm f@e proviso that
SR B2 bR RS RS B IRSLR K, By P or v

atroaitmixture noft asy oAftInerfodre\thémm‘rEleast tbnh\e pheltoadtiveatdrapound is
naII ri nsed us oni zed wat er and
m:}%/% ?ﬁﬁp’gfpﬁ W,Of%na ﬁgoaf?ogstﬂﬁ a:ate, in an oven,
(b Obréﬂdkﬁ{ ?ggg sBaftste; [ 0066] Fol | owi ng devel oprent,
I ona

|n an o step I't may be advant ageous to heat the
(c)eeowmmg theqzrebdkedh doa@dam&atestmamtm eadiatien;

rature bet ween ahoyt 70 0C and about 130, 0C
(O SHBERENS Ui SRS G0 e, BE el itieotiveig iorat: thereby
thfrﬁlrigeéFP@hé@#éﬁerehé‘ﬂﬁ%g‘e%n thesbwited %@lbbﬁ’gtéi’fanﬁ' e,
typically several seconds to several
(e) baking the developed coated substrate at an elevated temperature, thereby

curing the relief image.

[0059] The process may optionally include the step of pre-coating a substrate
with a solvent containing an adhesion promoter. Any suitable method of treatment of
the substrate with adhesion promoter known to those skilled in the art may be
employed. Examples include treatment of the substrate with adhesion promoter
vapors, solutions or at 100% concentration. The time and temperature of treatment
will depend on the particular substrate, adhesion promoter, and method, which may
employ elevated temperatures. Any suitable external adhesion promoter may be
employed. Classes of suitable external adhesion promoters include, but are not
limited to, vinylalkoxysilanes, methacryloxyalkoxyysilanes, mercaptoalkoxysilanes,
aminoalkoxysilanes, epoxyalkoxysilanes and glycidoxyalkoxysilanes. Aminosilanes
and glycidoxysilanes are more preferred. Primary aminoalkoxysilanes are more
preferred. Examples of suitable external adhesion promoters include, but are not
limited to, gamma-aminopropyltrimethoxy-silane, gamma-
glycidoxypropylmethyldimethoxysilane, gamma-glycidoxypropyl-
methyldiethoxysilane, gamma-mercaptopropylmethyldimethoxysilane, 3-methacryl-
oxypropyldimethoxymethylsilane, and 3-methacryloxypropyltrimethoxysilane.

- 34 -



10

15

20

25

30

m nutes and may be carried out using any suitable
heating nmeans. Preferred neans include baking on a hot
wohetea3za62i N a convecti on oven. This process SPEP/US2006/021441

iscommonly referred to in the art as post-devel op

baki ng. [0067] The benzoxazole ring is then formed by

curing of the uncured relief pattern to obtain the
gammatarainoprgybylitiesdthorpsidrant ispanbes npréderredg | SA@ditiboalmeslitable

by baking the deve] oped, upcufed relief pattern at or .
adhesg%bverqrﬂ%te& adke t Ae88ikebnn erptang: uPeURing fAgent’ Edwin P.
Plued®YALARENSES DY L tNQRD Yigpk obt ai n t he benzoxazol e

ring that proé\jjltggrsmﬁ%hm‘ﬂgat resi stance. Typically,

t enper atures above about 200 OC are used. Formation of

ol ybenzoxagzol e ri.ng Preferahbly, .tenperatuyres om C
10060501t 250 0L GORHURACHDS. BRaPEHiE APIneS PRI fyention is
coated bA® baitAtleBubRaHte. 1 ThEISNBEREtd MadIBItfor &xBMME semiconductor

dependi ng on the particular heating nmethod e A

! ) _ mpl oyed.
materigisy UG @8 @r siiepn wiader, comppHad semiegnduadier aa-\f)rcmé le¥op wvafer, a

coranf, g8 5 By B B0 S LR A L il gy o

structiteBoused faur eRgtroal kircdion@ibribaidr SUchPr=Rf &rgdhik, or inorganic
_ under a bl anket of nitrogen _and may be carried by any _
dieleckics: @PRENI9thEE Wikng Sretalser Ehe pEpThEad SubsiRiRIoridhls inyention

: ;o tion oven, tube furnace,
'SaW%F?PEﬁ“'?Q%@PSﬁ%@@&% rapid thermal processor.
Al'ternatively, curing may be effected by the action of

m crowave, or infrared radiation.
[0061] oating methods einclude, but are not limited to, spray coating, spin

coating, offset printing, roller c oating, s creen p rinting, e xtrusion c oating, meniscus

coating, curtain coating, and immersion coating.

[0062] The resulting film is prebaked at an elevated temperature. The bake
may be completed at one or more temperatures within the temperature bake of from
about 70 °C to about 130 °C for several minutes to half an hour, depending on the
method, to evaporate the remaining solvent. A ny suitable baking means maybe
employed. Examples of suitable baking means include, but are not limited to, hot
plates and convection ovens. The resulting dry film has a thickness of from about 3
to about 50 micron or more preferably from about 4 to about 20 micron or most

preferably from about 5 to about 15 micron.

[0063] After the bake step, the resulting dry film is exposed to actinic rays in a
preferred pattern through a mask. X-rays, electron beam, ultraviolet rays, visible
light, and the like can be used as actinic rays. The most preferred rays are those

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

[0064] Following exposure to actinic radiation, in an optional step it may be
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[0068] The invention is illustrated by, but not

limted to, the follow ng exanples in which the parts
wanadepezwent ages are by wei ght (W% unless ot RETWISS®6/021441

speci fied. Synthesis Exanple 1 Synthesis of

Pol ybenzoxazol e Precursor Polymer of Structure (Ia)

(la) [0069] To a 2 liter, three-necked, round bottom

advant%bé&'fs ﬁﬂhbﬁpﬁﬁb Bkpdseti HRE h@ét%utﬁétrate 1)) ,a mmp@@mre between
inlet and addition funnel, 155.9 (426.

about A &fansbabowt, 13hP6( SLhempxrnsedrang 6&%@&%8}@%&%‘9"‘9‘1 in this

)
e fohttrd PR Bl LS Rl S3icRug e g sovera
minutestdrnd @dyde caeiadicanpemef amesuitablé hebling oigaths. Preferred means
di ssol ved, then cooled .in an ice water b

includer GANS OFoRAPbPIB908 1§ 7 IIVEREPY BN ooDHBhRISGRS Step s
comm@ﬂ&g{afl el&d N tﬁ%gﬁt %nﬁégtégkg‘&@hae Bhkidg4- oxydi benzoyl

de di'sso of NWP, were added
drop-w se. After the addition was conpl eted, the

10065T15° ol et de et feind ik SRR FTRELELle A ip reief
patterﬁ %%ﬁnég VTP%’%@;H%MS Hevelop@r Entalhg eshusdiuer basdeExamples of

mer was collected by filtration and washed with
swtabkée basesz giclude e but rare anolatimitedeion an@ngapgn,ag@hsn{g(gu rRotassium

ydrow,f%i.dléﬁwsidg{ I@%‘%‘? ngﬁ%atéﬂe ﬁﬂ?ﬂﬁi@ réglﬁ h%é’?é.gﬁt ethPBmine, n-
propylSHE)i t SddorRiampdainited Nieey. ediethyianmse,t Wil wpyfartine), tertiary
amines (e.g., triethylamine), alcoholamines (e.g. triethanolamine), quaternary
ammonium salts (e.g., tetramethylammonium hydroxide, tetraethylammonium
hydroxide), and mixtures thereof. The concentration of base employed will vary
depending on the base solubility of the polymer employed and the specific base
employed. The most preferred developers are those containing
tetramethylammonium hydroxide (TMAH). Suitable concentrations of TMAH range
from about 1% to about 5%. In addition, an appropriate amount of a surfactant can
be added to the developer. Development can be carried out by means of
immersion, spray, puddle, or other similar developing methods at temperatures from
about 10 °C to about 40 °C for about 30 seconds to about 5 minutes. After
development, the relief pattern may be optionally rinsed using deionized water and

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

[0066] Following development, in an optional step it may be advantageous to
heat the exposed, coated and developed substrate to a temperature between about
70 °C and about 130 °C. The exposed, coated and developed substrate is heated in
this temperature range for a short period of time, typically several seconds to several
minutes and may be carried out using any suitable heating means. Preferred means

include baking on a hot plate or in a convection oven. This process step is
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pol ymer was 0.20 dl/g neasured in NWP at a
concentration of 0.5 g/dl at 25 0C. Synthesis Exanple
wa 28nBtesi s of Pol ybenzoxazol e Precursor Pol yRrer/usoo6/021441

Structure (Ha)[0071] To a 1 liter three-necked round

bottom fl ask equi pped with a nechanical stirrer, 54.2

g (100 nmmol ) of the polynmer obtained in Synthesis

t ran (THF) were

Commgﬁ'ggg%eﬁﬁbe@%ﬂﬁ%%ﬁ vsa Sstt(fér\{ezé@}ypél% en m'(nut )es and the

solid was fully dissolved. 0.81 g (3 mmle) of ‘

10067 do 1aBERENAZRI% B0 Ua<en RBBARY CHHGS (i heguicured relief

patterrﬁ“tcf‘gﬁ?ﬂ?n the flﬁ%lhﬁbﬁ'ﬁe%? reé?stﬁngpé%m&rlnd\%s 846@skd by baking

m nut es and hen he reactlon
the denebopedeumedtrehequttezm a an@boye trr@glasesdcanswpnﬁemmer@ture Tg

of the §FtosoiB SRS AR & Solda 17 Relfspazalh RloctiRk broyiges hioh

heat réﬁ@t@h@é eqypiafly) tbhﬁiersmr@@ dbv@s BBeuvR0(°Q dré tueed. of
dei oni zed "water. To the product was added another 6

liters deionized water and the m xture vigorously
stirred for 30 mnutes. After filtration the product
wa shed wth iter deionized water. The isol ated
produ Nas r|t 40 OC overni ght. The inherent

Vi 5co |ty of tha pélymer was 0.21 dl/g neasured in NW

at th n entrat| on of O .Fpn@¥atibndf pdfybeGzoaAile eings
Exan'pl

iIH‘

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

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

action of microwave or infrared radiation.

[0068] The invention is illustrated by, but not limited to, the following examples

in which the parts and percentages are by weight (wt%) unless otherwise specified.
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Synt hesi s of a Photoactive Conpound PAC A (PAC A)

[0072] To a 500 m, 3-neck flask equi pped with
worelsanzswal stirrer, dropping funnel, pH probePCT/US2006/021441

t hernoneter and nitrogen purge system were added 225

m of THF and 30 g of

(4,4 -(1-phenyl et hyl i dene) bi sphenol ) (Bi sphenol AP).

The m xture was stigyethedid ExaRipigienol AP was fully

di ssol ved. To this was added 27.75g of 4-

n&phthesisiof falybenzoxazale PreayrsarrPolymiy ¢fS3tructine (la)d

25 m of THF. The reactionm xture was stirred until

the solid was ful di ssol ved. 10.48 g of

HOWH e e s |kep tcrj *
" durisng ' . : 3 oL, @ @ mg—this M

exot herm ¢ °r was kept b

conpl eti on of additiqm¥ the reaction m xture was

stirred for 48 hours." To this was added 27.75g of

5- napht hoqui none di azi de sul fonyl chloride (S215-Cl)

nd 25.m _of THF apnd the reaction mixture s stirred .

100697 07 50T Auebler: s GoeHsEE Aol Sk, efuiripegh witn a
mech#hicdiHetines Aitdgent didthand eatdificen fohsélur B30 agu@iZeyd mmol) of

whil e the pH was kept bel ow 8 during this process.
hexaﬂngm-a,%bﬁ(ﬁgwmé—@;@w@whﬁwi)pmaﬂeon 6k Her(BOf& upwnol) of

. e : ' f i LippR:
pyricf artERY7 800 N e RO T s adhies P gbflton was
stirred staobirptemperiatire umis all Beldsdidedived aithenl doplédiramiod water bath

of 6_liters of deionized water and 10g of HCl. The
at 0-5 "C. To this solution, 39.3 g (194 mmol) of isophthaloyl chloride, and 56.9 g
(194 mmol) of 1,4-oxydibenzoyl chloride dissolved in 427.5 g of NMP, were added

drop-wise. After the addition was completed, the resulting mixture was stirred at

room temperature for 18 hours. The viscous solution was precipitated in 10 liters of
vigorously stirred deionized water. The polymer was collected by filtration and
washed with deionized water and a water/methanol (50/50) mixture. The polymer

was dried under vacuum conditions at 105 °C for 24 hours.

[0070] The yield was almost quantitative and the inherent viscosity (iv) of the

polymer was 0.20 dl/g measured in NMP at a concentration of 0.5 g/dl at 25 °C.

Synthesis Example 2
Synthesis of Polybenzoxazole Precursor Polymer of Structure (lla)

3 i 3§ \

HaN NH-{C—@—O—@—C—NH NH>+C~©70—NH N—}—H
CF3 CF3 CFs
CF3 CFa CF3

(Ha)
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product was filtered and washed with 2 liters of

dei oni zed water. The product was then reslurried by
wawsg3deki ters of deionized water, filtered ardTwasived21441

with 1 liter of deionized water. The product was then

dried inside a vacuum oven at 40 OC until the anount

of water dropped bel ow 2% HPLC anal ysis reveal ed t hat

[0071] he prwust 1\Wigera tifest il ckeaf ré@rv&r%tt@rﬁt @lb%kaéqéibia% with a
In Table 1. Table 1Synthesis Exanple 4 Synthesis of

mech%wtﬁéhﬁrp@x@% 8l & (Hkoumalpef the palymesfobinad imSynthesjs Example

1 and (éq@) mi 89 qhﬁé@ﬂfﬂtﬁﬁﬁkﬁg%?@dﬁé o éa;ﬁ’%tﬂ}eel Ya\‘/rg&sgrrgfi for ten
mlnutés éndﬁhélélﬂudzwaé falh} aissdretio (D80p@t(3&hmdle)cbﬂ Sirigpthoquinone
ged from1l/1 to 4/1 . Synthesis Exanp

d'aZ'dwfﬁ@gu chleidepias ban added ancbthe midure W@rsﬁférﬁdoﬁor another 10
F 4
mlnut%ygeltﬂmlﬁgﬁﬁ%,?.%g 3%15191@& Jrva@/ i %e%rédeél)fW|tWﬁe£5 Hinutes and
then tbe cepttiqoinyiriere lweasvatirred edr |5nbd)wad Ehepebszmm nhiatur@dvas then
the ra - hi hoqui none zi de ulfony .

added il Bl to S0GR ol 60 yioRaaein e deiomead sugtes Thie precipitated
product was separated by filtration and washed with 2 liters of deionized water. To
the product was added another 6 liters deionized water and the mixture vigorously
stirred for 30 minutes. After filtration the product was washed with 1 liter deionized
water. The isolated product was dried at 40 °C overnight. The inherent viscosity of
the polymer was 0.21 di/g measured in NMP at the concentration of 0.5 g/dl at 25
0

C.

Synthesis Example 3
Synthesis of a Photoactive Compound PAC A

N2
CH
0 3 0
OF-O1-0O—H0-
o] — 0
~ ) ®
N2
(PAC A)
[0072] To a 500 ml, 3-neck flask equipped with mechanical stirrer, dropping

funnel, pH probe, thermometer and nitrogen purge system were added 225 ml of
THF and 30 g of (4,4’-(1-phenylethylidene)bisphenol) (Bisphenol AP). The mixture
was stirred until Bisphenol AP was fully dissolved. To this was added 27.75g of 4-
naphthoquinone diazide sulfonyl chloride (S214-Cl) and 25 ml of THF. The reaction
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Synt hesi s Exanple 6 Synthesis of Pol ybenzoxazol e

Precursor Polymer of Structure (IV+c) (1V*c) [0075] A
weB@potyzer prepared in the sanme way as in SyRCHES2®6/021441

Exanple 5 (200 g) was dissolved in a mxture of 600 g

of diglynme and 300 g of propylene gl ycol nethyl ether

. d
mlxturgg\zltg E%clloré W F%%E%I lgﬁ Wﬁ.} @Lg?ggégvrﬁém\ﬁre%@ £ yof triethylamine
dlssolmdapvﬁetmt TalF Gas05dddd1d 2hé @ééanorﬁ%&hrégpa&é?ﬁ/ while the pH

ents was renoved during the azeotro
was k&PE\EQWV&&(ﬁP“%@Isea@eeﬁ §beutammer‘aa£repdamegj thmdels(othermlc

reactld;‘ﬁv\%gaﬁegﬁtbﬁgg) nggpa %r%pfé&%ggfe 9d§8 Ej{e sacad Sixture

was stiyed dond8 Htwrst a‘a:ctmsmmamadaéd g@ﬂeg\gh@?gbhtr@huﬁ%n@%aznde
ute

sulfoni/rlgﬁ‘%ﬁg{}dgéﬁeﬁ? EhS np[lk? tnﬁﬁﬁg\ﬁ% APH A6 seRationgmixiuerwas stiffed for

30 mirut&d: @48‘@{)ﬂi@ﬂﬂ}lamﬂ@ Sirssm/g& 80 JP?H%M??HQ%@E&the.ﬁ%actlon

col l ected tration an acuum dr
mmturg.g@@@{h/swhllemlse pllwaisi kept ibetow Brxdaphg t&s[pﬂ@@é&s W@am during

I rrer obt ai ned i n nt hesi s
this ex?ﬂ{%ﬁbcgﬁeasc%gpqg % %w@gdﬁp@%e,@y Qx)g‘s,umcompkglon of
the adﬂmbhsth@‘ re3cEbR w.b(mré Wéﬁed i’cﬁ ﬁhB&Fg j’ h%fretgéﬁe? mixture was
ynt hesi zed in Synthesis Exa an
then aéd%géafbﬁﬂ&ttﬁﬁ médufe b6 ieare qﬁummmuwaterlaﬁd nagtos HCI. The
producBras?fifterbl! 453 Ghished with 2 liters of deionized water. The product was
then reslurried by using 3 liters of deionized water, filtered and washed with 1 liter of
deionized water. The product was then dried inside a vacuum oven at 40 °C until the
amount of water dropped below 2%. HPLC analysis revealed that the product was a

mixture of several esters as shown in Table 1.

Table 1
Structure DNQ moiety | Example 3
i ) S214 0.61%
S215 0.53%
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[0077] A copper-coated wafer was then coated with the

formul ati on and hotpl ate baked for 4 mnutes at 120
wO@posriezmekting in a filmthickness of 11.16 mmMPCThS2006/021441

filmwas then exposed utilizing an i-line stepper with

a patterned exposure array, which increnentally

increased the exposure energy by 30 ml/cnR after each

exposur g vvlth a stapting eq(posure energy of 300

()

t hen deévZlbped usj hg2fho 30

oaﬁueoqs TMAH sol ution
to provide a

of: 8] The [patterned clopper-coated

waf e, was_t hen scr at ched w\é& pair of tweezers so ap

' 3 R aterial dqwét the cobﬂe@ substrate

- then anal y2efoabeigsr @ M croscope

, ) Oon areas Were€ tﬂe scratch di ssected the

exposed patterns. This scrctching technique al | owed

dirfferentiattom bet WEET thg—substrate(bare—copper)

| ng sfiegespesers guea. No

he flormul ati on w t hout

oshqwed a heavy| resi due of

he @xposed areds (see

rercaptoethyl sulfij de_

—Gempar—at—l—ve—éea#pl_e%_._z_r
Exal tnCorrz)ara i ve Eﬁ@ﬂ%&% h[ggérf%s Exanmpl e R

PAC

d water| 8

S214 diester | 29%

Synthesis Example 4

Synthesis of Polybenzoxazole Precursor Polymer of Structure (Ic)

F3
HOHOH HO OH HO O Q OH
CF;
NH NH,
o]
m
(Ic)

[0073] Synthesis of polymer Ic was similar to polymer la in Synthesis Example

1 except the ratio of 1,4-oxydibenzoyl chloride to isophthaloyl chloride changed from
0 1/1to4/1.

Synthesis Example 5

Synthesis of Polybenzoxazole Precursor Polymer of Structure (lic)
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formul ati on as described in Exanple 1 except the
anount of 2-nercaptoethyl sulfide varied in each

woanmwuBz6z on. A process simlar to that descri bed/uismo6/021441

Exanple 1 was enpl oyed for each conposition. The
results are shown in Table 2 . Table 2 Exanple 3
[ 0080] A copper-coated wafer was coated with the
formul ati on from Exanple 1 and hotpl ate baked for 4
m nutes at 120 0OC, resultlng ina filmthickness of

o 10.87 mm 19 i lm Snt hen exposedN t° m?lgq an M ne
st eppe pat 6d exposur e ‘@F CFa
Ho -@ PIy mcreasedo <@ 0S D @1 energy '.v@z Q OH

ml/ ¢ after each exposure wi th & starting exposur@
energy of 100 m)/cn2. The (fjc} m was then devel oped
using two 30 second puddles with a 2.38% aqueous TMAH
solution, rinsed with deionized water and dried to

oorafl, % S e s bRl ol RE B B S e

ExamM@SZ BXeepipoivther Id Wa@ﬂ@@@dﬁ@t@aﬂldfrpdlymekwﬁd tfd mtio of 5-

naphth@we@n% gigzide wdfqg}yl ﬁlal@rl@lsé@
1%.

evelorrent was 5. nm e 4] 0081]

ﬁw@lﬂp VRS q*@.neﬁfiéfqreﬁ 5% to
from Exanpl e 2 and hot pl ate baked for 4 mnutes at 120
OC, resulting in a filmthickness of 10.98 mm The
filmwas then exposed utilizing an i-line stepper with

a patterned eXpoS’urgynthesis Example 6

Synthesis of Polybenzoxazole Precursor Polymer of Structure (IV*c)

ﬁ

Ho< ) Q

[0075]

CF3

A PBO polymer prepared in the same way as in Synthesis Example 5

(200 g) was dissolved in a mixture of 600 g of diglyme and 300 g of propylene glycol
methyl ether acetate (PGMEA). Residual water was removed as an azeotrope with
PGMEA and diglyme using a rotary evaporator at 65 °C (10-12 torr). About 550 g of
solvents was removed during the azeotropic distillation. The reaction solution was

placed under a N2 blanket and equipped with a magnetic stirrer. Nadic anhydride (7

g) was added followed by 10 g of pyridine. The reaction was stirred overnight at 50
°C. Then the reaction mixture was diluted with 500 g of tetrahydrofuran (THF) and
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array, which increnentally increased the exposure
energy by 10 mJ/cnR after each exposure with a
weteret13zag2 exposur e energy of 100 ml/ cnR. The fPCMUSA®G6/021441
t hen devel oped using two 30 second puddles with a
2. 38% aqueous TMAH solution, rinsed wth deionized
water and dried to provide a relief pattern. The

premp@éﬁ@@SMf& ER/eSr8Yof 9‘450*5@(1 rﬁéthéh@lad!’/aték |mtxhﬁe”81'r€h"d @lolymer was
froman exposed area (Eo) was 220 ml/cn?

collectad dyfiisatibr andwvepierries atf4®rC deme wislebwes wérs’logt @eantitative.
mm [0082] Exanples 3 and 4 denonstrated that the
copper conpati bl e conpositions of Exanples 1 and 2 can
be used on other substrBkampieldh as silicon. Each
resi st had good phot ospeed and excellent resol ution of
2-3 mm Conparative Exanple 4 [0083] 100 parts of the

[0076]'00' YM8io Oﬁérgéo )@3;@}; ggmrﬁﬁﬁweﬁﬁﬁ@rﬁh&li?Ep%@éoz]gf1.53 parts

amma- gl ycCi ane
of ganma&meidbbmpyltrlrrktﬁomllase .4 BAarshafwdiphemylsitanedialy €3.81 parts

of PAGEIIEE 2pcl gt 8V ihesi GRAPIR 3 PO ARRoCR 2 i captbsthyl sulfide
were J.ééog\%oﬁm PREAL BICaRRTipfRAt ed wal er was then coat ed

at1on and hotpl ate baked for 4 m nutes
[0077IThe 1 ih roRgSTCREIPENBE VAR PR GRAGH, WEh [ e Taigpgaton and
hotplat¥ blkad R8F hEhifiHeS R ODY €, resulting in a film thickness of 11.16 um.
The film was then exposed utilizing an i-line stepper with a patterned exposure
array, which incrementally increased the exposure energy by 30 mJ/cm? after each
exposure with a starting exposure energy of 300 mJ/cm® The film was then
developed using two 30 second puddles with a 2.38% aqueous TMAH solution,

rinsed with deionized water and dried to provide a relief pattern.

[0078] The patterned copper-coated wafer was then scratched with a pair of
tweezers so as to peel off any material down to the copper substrate. The scratch
was then analyzed under a microscope concentrating on areas were the scratch
dissected the exposed patterns. This scratching technique allowed differentiation
between the substrate (bare copper) and any residue remaining in the exposed
area. No residue was observed. The formulation without 2-mercaptoethyl sulfide
showed a heavy residue of material remaining in the exposed areas (see

Comparative Example 1).

HSI SI

2-mercaptoethyl sulfide

Example 2 and Comparative Examples 1-3
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array, which increnentally increased the exposure
energy by 30 mJ/cnR after each exposure with a
wetenet13zeg2 exposur e energy of 300 mlJ/ cnR. The fPCMUSA®G6/021441
t hen devel oped using two 30 second puddles with a
2. 38% aqueous TMAH solution, rinsed wth deionized
water and dried to provide a relief pattern. [0085]
The patterned copper-coated wafer was then scratched

th a pair of tweezers so as to peel off any materi al
[0079]:Iown tExxamelecca)pamd s@bmpaaia’reve Thxaspleat dh wad usmrh the same

formu B 7oA R el ek B licing BF pBe@ahTastan sulfide

variedSipr s farendlgidmi queraddsevashilgh td eratndéstiibed Ret¥®fple 1 was
the substrate (bare copper) and any residue remaining

emplaygd fpieeactheamgosition. Saesesidisiatgshauwe ippsie@d in t he
exposed area. Structure of PAC Xl 11O (82% of OH groups
are esterified) Nonanedithiol Exanple 5 [0086] 100
parts of the polymer obt Jabésl2i n Synt hesis Exanple 6,

[ of, dithi gt hr ei tkot@ parts pof see
bgﬁ%ﬁjg e dijsdomergaptoethyl %khlfltde GBL aﬁﬁ ﬁ é
10087] A coppelr - coat ed Wetf%) was t heh coat 8§t rf‘h t he

fornmul ati on and hot pl ate baked for 4 mnutes at 120
DC, resdéilting |in a fil m&®tckness of | 11. 1 nMo The

Comp. Ex. 1 0 Yes
Comp. Ex. 2 0.17 Yes
Comp. Ex. 3 1.27 Yes
Example 3
[0080] A copper-coated wafer was coated with the formulation from Example

1 and hotplate baked for 4 minutes at 120 °C, resulting in a film thickness of 10.87
um. The film was then exposed utilizing an i-line stepper with a patterned exposure
array, which incrementally increased the exposure energy by 10 mJ/cm? after each
exposure with a starting exposure energy of 100 mJ/icm®. The film was then
developed using two 30 second puddies with a 2.38% aqueous TMAH solution,
rinsed with deionized water and dried to provide a relief pattern. The exposure
energy required to clear all the material from an exposed area (Eo) was 235 mJ/cm?.

The unexposed film thickness after development was 5.95 um.

Example 4
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filmwas t hen exposed utilizing an i-line stepper

wWth a patterned exposure array, which increnentally
wonereaazee t he exposure energy by 30 ml/cm 2 aPCemsem®ei21441

exposure with a starting exposure energy of 300 mJ/cm

2. The filmwas then devel oped using two 30 second

puddl es with a 2.38% aqueous TMAH sol ution, rinsed

[0081Y t h dRicoppeedonidelafitdval EEsteti OVl Gd ftﬁnﬂnéﬁ‘éﬁ flom Example
pattern, [ 0088] The patterned copper-coated wafer was

2 and;hpiplate: Pak@%é@r %mwugeqoat 120 Ct ialéng insa ik thickpees of 10.98
um. -l'ﬂEffIh%waéTm&{ ﬁ?g gé;%vptlﬁﬁ oé d‘iﬂepﬁé et ng%%epattérrrﬁ%d exposure

scratch was yze er a

array,oﬂmcleMmamGMaIMImr@wBMEeexdmeum: eatady By S@emtlﬁtﬁngf BRer each
This scratching technique all

t t
exposgl§ BTG eTDE BEbORER SneaYy BEtON dnylbite T i was then

qf e
e
rinsedCcwitBHIgionizédt Wiaterhaed t driesy ta rmsewdeEaa'epé‘é pattern. The exposure

energy required to clear all the material from an exposed area (Eo) was 220 mJ/cm?,
The unexposed film thickness after development was 5.60 um.

[0082] Examples 3 and 4 demonstrated that the copper compatible
compositions of Examples 1 and 2 can be used on other substrates such as silicon.

Each resist had good photospeed and excellent resolution of 2-3 pm.

Comparative Example 4

[0083] 100 parts of the polymer obtained in Synthesis Example 4, 3 parts of
gamma-glycidoxypropyltrimethoxy silane, 2 parts of nonanedithiol, 7.5 parts of PAC
shown in structure X111O (see below), 15 parts of PAC synthesized in Example 3
were dissolved in 175 parts GBL and filtered.

[0084] A copper-coated wafer was then coated with the formulation and
hotplate baked for 4 minutes at 120 °C, resulting in a film thickness of 10.92 um.
The film was then exposed utilizing an iHine stepper with a patterned exposure
array, which incrementally increased the exposure energy by 30 mJ/cm? after each
exposure with a starting exposure energy of 300 md/cm?. The film was then
developed using two 30 second puddles with a 2.38% aqueous TMAH solution,
rinsed with deionized water and dried to provide a relief pattern.

[0085] The patterned copper-coated wafer was then scratched with a pair of

tweezers so as to peel off any material down to the copper substrate. The scratch

was then analyzed under a microscope concentrating on areas were the scratch
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Preparation of Pol ybenzoxazol e Precursor Pol ynmer of
Structure (Ha) (ma) [0089] 100 g of the PBO precursor
weoabosnmoepbt ai ned foll owi ng the procedure fronPCT/US2006/021441
Synt hesi s Exanple 1 was dissolved in 1000 g of
di gl ynme. Residual water was renoved as a n azeotrope
with diglyme using a rotary evaporator at 65 0 C (
dissecki AR Qlosed D3 11k EPITNHG NoEHEE ARTRAE Ciferentation
betwesol tinei substeate plbace ccappeer and | B1y2 rédiduk eematgjpgpipethe exposed
V\%th a _magnetic tirr(ejr. nd cooled using a n ice bath
area. 18RN1G '§SIaCopas 0gsgvVeUddR 815 PXRPRSS 71§ was added vi a
syringe. Okhe reaction was held o n the ice bath for
about 10 |m nutes. Then the ice bath was renoved and
the reagfha allowed to warmu p over the period
hen, the m xture was again cooled to 5 0C
e/ bath. 3.6 g pyridine was added vi a syrﬁhge

&Q.m nutes followi ng the py

h for -
9 s allowed to warmup o

e -

was col |l ected by filtratiSd, and

air Qijed oveOHght . Then,d\xl % ol rr__v,a!_I s di ssol ved
in 500-600 g of acetone an p ed into 6 liters

5 of
Structure of PAC XIlIO (82% of OH groups are esterified)
Nonanedithiol
10
Example 5
[0086] 100 parts of the polymer obtained in Synthesis Example 6, 3 parts of

gamma-mercaptopropyltrimethoxy silane, 1 part of dithiothreitol and 12 parts of PAC
15 Xlliq (see below) were dissolved in 175 parts GBL and filtered.

[0087] A copper-coated wafer was then coated with the formulation and
hotplate baked for 4 minutes at 120 °C, resulting in a film thickness of 11.1 pm. The
film was then e xposed utilizing an i-line stepper with a patterned exposure array,

20 which incrementally increased the exposure energy by 30 mJ/cm® after each
exposure with a starting exposure energy of 300 mJ/cm® The film was then
developed using two 30 second puddles with a 2.38% aqueous TMAH solution,
rinsed with deionized water and dried to provide a relief pattern.
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L0

wat er / met hanol (70/30). The pol ymer was again

collected by filtration and air-dried for several
waawes3296khe still danp pol yner cake was di ssol ved/uismos/021441

m xture of 700 g of THF and 7 O ml of water. A n ion

exchange resin UP604 (40 g), avail able from Rohm and

oo 158 oAb 8 e o poe o
tweezefs wotay to pekl 6ffethy @iaterfHl iRWOMSHY Sgégéroédbﬁﬂ%‘ierﬁgh@%cratch

hours drying in a vacuumoven at 9 0 [ 0091]
was t9ea| analgzed 00des anMiemecopm soppentvating oNt gregisviverd théscratch

. Y r S a . . g
cisso B R RSP B TR Ut MU e e sigprntation
betweesosthe sabsiraten (harb otappmn} iandvenyg aesidai! iePlainhgP e B &kposed

Mgom :%ﬁ%dﬁart of a polynmer p repared b y the nethod
area. P! ?ﬁogﬁ‘ﬁ'i"ﬁgsi s Exanple 4, 3 parts of
gamma- gl yci doxypropyl tri met hoxy silane, 4 part of

D,L-d ith ioth reitol , 9 parts of PAC shogn in
structure XI110O (see above), 13 parts of Pg

nmet hyl ether acetate (PGVEA) and 50 s GBL and
filtered. [0093] A copper-coated wake S n coat ed
with the fornulati on and hotpl ate bak@&d fof” 5 m nutes

filmis then exposed utilizing an i-line stepper with
a patterned exposure array, which 0

EtO OMe
MeO OMe
MeO
?
0=S=0
AN
N2
0]
(Xlllq)
and

(|3H23H

H——C|3—OH

HO~?—H

CH,SH

D,L-dithiothreitol
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increnmental ly increases the exposure energy by 50

mJ/ cnR after each exposure with a starting exposure
wenearegp29t 50 mJ/cnR. The filmis then devel opedTfuseoo8s21441

seconds under a continuous spray of a 2.38% aqueous

TMAH sol ution, rinsed with deionized water and dried

to provide adrelief pattern. [0094] The patterned

copper - coat ed waf erg,j ed with a pair of

tweezers so as to 5%@$h%$$qg§§hﬁgfgrial down ?o t he

copreraratibatofR elybeheoxazaledrecurs oieRohymaey ot Sturedure dlla)

m croscope concentrating on areas where the scratch

di ssects the exposed patterps. This_scpat ching 0

o techni qug ows [di i BN ubggrf"é'k
{bare cop M ' Ho-HE) ek poJeaH
1 e re i dye M OHExanpl e 7 [ D095] A~
t acti ng phot ose Bitive conmpositi'®n i s prepared

from 100 parts of a poly repared by the nethod

described in Synthesis Ex e 2, 3 partof

D L-dithiothreitol, 14 parts of PAC synthesized as in
[0089]Exanpl@03y of #3e RBO pr&@irsanpolymepattained following the procedure

N- met hyl - 2- lid NP fil d,

rom S Eiairble Ikt SRSohAF JHHD & ot e, L08Rl yer wes
omovBEH A BATPEL I GRRR, SoRs ol yapardian 7 (10-12
torr). Abate80@id bf shivehts wererérnved dunvgghatazesiopis distillatipn. The

. M nut . . R
reaction sgluﬁcs)n %asg c;)Jlaoc%’d under a N2 blanket, equipped with a magnetic stirrer

and cooled using an ice bath down to ~5 °C. 3.6 g acetyl chloride was added via
syringe. The reaction was held on the ice bath for about 10 minutes. Then the ice
bath was removed and the reaction was allowed to warm up over the period of 1
hour. Then, the mixture was again cooled to 5 °C on the ice bath. 3.6 g pyridine
was added via syringe over the period of 1 hour. The reaction was kept on the ice
bath for ~10 minutes following the pyridine addition, and then was allowed to warm

up over the period of 1 hour.

[0090] The reaction mixture was precipitated into 6 liters 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 6 liters of
water/methanol (70/30). The polymer was again collected by filtration and air-dried
for several hours. The still damp polymer cake was dissolved in a mixture of 700 g of
THF and 70 ml of water. An ion exchange resin UP604 (40 g), available from Rohm
and Haas, was added and the solution was rolled for 1 hour. The final product was
precipitated in 7 liters of water, filtered, air-dried overnight followed by 24 hours

drying in a vacuum oven at 90 °C.

[0091] The vyield was 100 % and the inherent viscosity (iv) of the polymer was
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resulting i n a filmthickness of 13 mm The filmis
then exposed utilizing an Mne stepper with a
woabteaseeel exposure array, which increnental | yPCT/US2006/021441
i ncreases the exposure energy by 50 ml/cn2 after each
exposure with a starting exposure energy of 50 mJ/cnR.
The filmis then devel oped for using two 50 second
i % i [ oH nsed
02054 ne8s et In AP 4 SH(RS 'W&%WOS?Q@F 8280 et
pattern. [0097] The patterned copper-coated wafer is
then scratched with a pgir ofI tweezers so as to peel
of f any material down t Xppwpig per substrate. The
scratch is then anal yzed under a m croscope
concentrating on areas where the scratch dissects the
[0092}xposett pasitiee ractinghphotoseasive mpropesiioyus arepefed from 100

prs 1 5 GEPA) RrRERUEER RS BBLIMS (R AAARE e 4. o

Inirng 1 e expos

parts begatinea-ghycldm@proys/ltrimethodyesifBine) @9Gdrt f mkidithicthreitol, 9 parts

acting photosensitive conposition is prepared from 100

of PASarshoWsx iy shicyer XHHR piEredava)nd mPERS IO EAG | DEdhesized in
hesi . ]
Cramp 81526 S TBhAoke gy 6, g BEBTG (POMEA) and 50 pars
GBL ahdhiilteradt oet hyl sul fide, 24 parts of PAC shown in
structure Xll1q (see above) and 5 parts of

[0093] A copper-coated wafer is then coated with the formulation and hotplate
baked for 5 minutes at 120 °C, resulting in a film thickness of 11 ym. The film is then
exposed utilizing an i-line stepper with a patterned exposure array, which
incrementally increases the exposure energy by 50 mJ/ecm? after each exposure with
a starting exposure energy of 50 mJ/cm?. The film is then developed for 95 seconds
under a continuous spray of a 2.38% aqueous TMAH solution, rinsed with deionized

water and dried to provide a relief pattern.

[0094] The patterned copper-coated 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
dissects the exposed patterns. This scratching technique allows differentiation
between the substrate (bare copper) and any residue remaining in the exposed

area. No residue is observed.

Example 7

[0095] A positive acting photosensitive composition is prepared from 100

parts of a polymer prepared by the method described in Synthesis Example 2, 3 part
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di phenyl si | anedi ol , 135 parts PGVEA and 40 parts et hyl

lactate and filtered. [0099] A copper-coated wafer is
wohess/isated with the fornul ati on and hot pl at ePbaksen06/021441

for 6 mnutes at 110 OC, resulting in a filmthickness

of 10 mm The filmis then exposed utilizing an i-line

stepper with a patterned exposure array, which

of D L-ioﬁfnro%%ﬁ{aﬁlﬁwpéﬁg IRISRE dyEnESIRIE HE Gn EHRITEYIeY, $25 parts GBL
ter each exposure witha starting exposure

and 50epastsyM-roetad-2ryrotidong{BIMR) and 8ltareen devel oped usi ng
two 30 second puddles with a 2.38% aqueous TNAH
solution, rinsed with deionized water and dried to

[oogs]pr ovi ¢\ec@p;5&4-¢cf€fte@3&é1@r’ﬁs prieddt0 withhan mmsrmb type adhesion
opper -coated wafer is then scratched w

promotame(@z&e&mra@ef@albeevaIabie EanF UHEEAY aﬁlea%quﬁ‘éaieﬁa s US.A,
Inc.) tqﬁ?ﬁggétgg%ﬁ% b2 ?omTJl?tlé.g %@Igcﬁbt fatd B Re@”f@h)iéeﬂuﬂﬂ bt 30 °C,

_ pe concentra e e the scratc
resultit s acfilgn tthiekeesoed 3ppht. €Fhres flInT hs gher rexpoisedgutilizing an i-line
technique allows differentiation between thféH ubstrate

stepper bt copsieynethdSRREUEs PEAY rUNED nigeTEN{RlY d3pEeees the
expostlé"}{%I eirgg bga:fd AFcrh® aRBPF 85¥S Exp&A#ERLith 8 8RR exposure energy

ng p ofosensit i ve composition | repar ed
of 50 TJMmigmqaahn ds dhera devkloped for eqsmgstW@;ﬁOt a@comf puddles with a
2.38%05(18%015@ H}]-l g\éﬂl gﬁ;pg%eE%]W% gelohlzed Wehker %fnd dried to provide a

relief PSR- ur ei dopropyl tri met hoxysil ane, 24 parts of PAC

[0097] The patterned copper-coated 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
dissects the exposed patterns. This scratching technique allows differentiation
between the substrate (bare copper) and any residue remaining in the exposed

area. No residue is observed.

Example 8

[0098] A positive acting photosensitive composition is prepared from 100
parts of a polymer prepared by the method described in Synthesis Example 7, 2.5
parts of gamma- mercaptopropyltrimethoxy silane, 2 part of 2-mercaptoethyl sulfide,
24 parts of PAC shown in structure Xlllg (see above) and 5 parts of
diphenylsilanediol,135 parts PGMEA and 40 parts ethyl lactate and filtered.

[0099] A copper-coated wafer is then coated with the formulation and hotplate
baked for 6 minutes at 110 °C, resulting in a film thickness of 10 um. The film is then
exposed utilizing an i-line stepper with a patterned exposure array, which

incrementally increases the exposure energy by 50 mJ/cm? after each exposure with
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shown in structure X110 (see above), 100 parts PGVEA,

50 parts GBL and 25 parts ethyl lactate and filtered.
wOQABABR2982 copper - coat ed wafer is then coated weCI/USh®6/021441

formul ati on and hot pl ate baked for 4 m nutes at 125

0C, resulting in a filmthickness of 9 mm The filmis

then exposed utilizing an ,-1ine stepper wt

a Starijad GLPRRTOIRSIURS B Pkl fimds ShahEvPipped using two 30
secong ) W%ithﬁZ?@:f?%&{ﬁoﬁg%ﬂxm%la o l’)f/é% %h%{ﬁj(ﬁ@%d water

i
osure w I'Ng exposure energ

and difdeetd plovidesa rélisf pdeteet.oped for 110 seconds under a
conti nuous spray of a 2.38% aqueous TMAH sol uti on,
rinsed with deionized water and dried to provide a

[0100‘ eli efTr@ﬁ:‘éﬁéﬂwec{ %@ﬁér—gﬁﬁeﬁ%é%rrﬂ@%%ﬁpﬁétc‘ﬁ%ﬂt &fh a pair of
fer 1's then scratched wmth a pair of tweezers so as
tweezers geas topeehoff amytraatesial down todheé lteppepsebsteatbsThatseratch is

th Th«’ﬁ s(%:é atch is then anal yzed uFdFr a m croscwgle

en AAVES U9, g2 oMISTRECARS SONMRBIEURG OR ATRAS h WHFLR dbifs Scratch

dissedt$19chéxBQ?@ébqO%ét@r%.- ThY ScPRtAhgNthliQ HIRMS Jifféhehtiation
di fferenti ati onbetween the substiate (bare copper) and

betwegnytheeslbgiete haraiooppen ane anpossiduarremainiogr issthreuexposed
[ bserved, Dithjouracil Exanple 10 [0104] A positive

: )
area. é\iq Feﬁ l‘fﬁ]@t%’égﬁﬁd'i ve conposition is prepared from 100
Example 9

[0101] A positive acting photosensitive composition is prepared from 100
parts of a polymer prepared by the method described in Synthesis Example 7, 3 part
of dithiouracil, 3.5 parts of gamma-ureidopropyltrimethoxysitane, 24 parts of PAC
shown in structure XH1O (see above), 100 parts PGMEA, 50 parts GBL and 25 parts
ethyl lactate and filtered.

[0102] A copper-coated wafer is then coated with the formulation and hotplate
baked for 4 minutes at 125 °C, resulting in a film thickness of 9 um. The film is then
exposed utilizing an i-line stepper with a patterned exposure array, which
incrementally increases the exposure energy by 50 mJ/cm? after each exposure with
a starting exposure energy of 50 mJ/cm®. The fim is then developed for 110
seconds under a continuous spray of a 2.38% aqueous TMAH solution, rinsed with

deionized water and dried to provide a relief pattern.

[0103] The patterned copper coated 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 the areas where the scratch

dissects the exposed patterns. This scratching technique allows differentiation
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parts of a polyner prepared by the nmethod described in
Synthesis Exanple 7, 3 part of 4,4'-thiobenzenethiol,
wa@.2606pa2963 of ganma- ur ei dopr opyl tri met hoxysi | areT/UR2006/021441
parts of PAC shown in structure XIIIf (see below), 100
parts PGQVEA, 50 parts GBL and 25 parts ethyl lactate
and filtered. [0105] A copper-coated wafer is then
(o AT r i Bl at afd o0
DotweEAoBCSStbth ABgte BRLR) Afld 4y RyBNE RrRARY holhe! grposed
area. iNn reBidud islohsesvadhen exposed utilizing an i-line
stepper with a patterned exposure array, which
increnental ly increases the exposure energy by 50
mJ/cn2 after gach exposure with a starting exposure
energy of 50 fu/cn2. The filmiSHthen devel oped for
110 seconds er & continuous |spray of a 2.38%
aqueous T sol'fition, rinsegAmtfy dei oni zed water and
dried to pravidela retief>patitern| [0106] The
patterned copper - gai'ed waf ery n scratched with a
pair of tmeezéLs so as to peel "Of f mat eri al down
to the copper "substrate. The scratch is then anal yzed
under a m croscope c Li Ng on areas where the
scratch dissects thquﬁﬁggg%ﬁpatterns. Thi s scratching
technique allows differentiati onbetween the substrate
(bare copper) and any residue remaining in the exposed
area. No residue is obdofaraple Wructure of PAC XIIIf
(75% of OH groups are esterified)

[0104] A positive acting photosensitive composition is prepared from 100
parts of a polymer prepared by the method described in Synthesis Example 7, 3 part
of 4,4'-thiobenzenethiol, 3.5 parts of gamma-ureidopropyltrimethoxysilane, 22 parts
of PAC shown in structure XIlIf (see below), 100 parts PGMEA, 50 parts GBL and
25 parts ethyl lactate and filtered.

[0105] A copper-coated wafer is then coated with the formulation and hotplate
baked for 4 minutes at 125 °C, resulting in a film thickness of 9 pym. The film is then
exposed utilizing an i-line stepper with a patterned exposure array, which
incrementally increases the exposure energy by 50 mJ/cm? after each exposure with
a starting exposure energy of 50 mJ/cm®. The film is then developed for 110
seconds under a continuous spray of a 2.38% aqueous TMAH solution, rinsed with

deionized water and dried to provide a relief pattern.

[0106] The patterned dopper—coated 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

dissects the exposed patterns. This scratching technique allows differentiation
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4,4' -t hi obenzenethiol [01 07] Wile the invention has
been described herein with reference to the specific
wenhwdBment s thereof, it will be appreciated tRar/US2006/021441
changes, nodification and variations can be nade
wi t hout departing fromthe spirit and scope of the
i nventive concept disclosed herein. Accordingly, it is
betweémttba daubstrate rtbare €oppér)sant arlyarepidye mehainioatin oiheaaxposed
are riay’é%ns %ﬁhat fall with the spirit and scope of the
a. E@H@ﬁ IBIORSHEY&Re claim 1. A photosensitive resin
conposition conprising: (a) at |east one
pol ybenzoxazol e precursor polyner; (b) at |east one
conmpound havi n tructure VI V- Y-V 2 VI wherein Yis
sel ecte \ 3 consisting of S, O NR2,

(HQO ‘ ORL is independently
sel ecte e ovoup consisting of H, an al kyl
gr oup, group, an al kynyl group, an al koxy

group, and a
sel ected from
C2H5, and a lin

gen, each R2 is independently
e/group consisting of H SH, CHS,
ar or branched G -C 4 al kyl group

cont ai ni ngH?C oup; and wherein V1 and VR are
I ndependent Ty d fromthe group /Nz
/
SO,
oQ Q=Hor

Structure of PAC XIIIf (75% of OH groups are esterified)

e

4.4'-thiobenzenethiol

[0107]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 concept
disclosed herein. Accordingly, it is intended to embrace all such changes,

modification and variations that fall with the spirit and scope of the appended claims.
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consisting of (SH) n wherein, mis independently an
integer fromO to 4 with the proviso that mcan = 0
wonbos/1dfpen Y =n is an integer from1l to 5; p i BCAUS2006/021441

integer of froml to 4, and (c) at |east one organic
sol vent; wherein the anmount of the conpound of
Structure VI present in the conposition is effective
to inhibit residue fromform ng when a photosensitive
conposition is coated on a substrate and the resulting

We claimat ed substrate is subsequently processed to form an
i mge on the substrate with the proviso that if the
pol ybenzoxazol e precursor polymer solely consists of

1. Wﬂ)ﬁ&%@éﬁ’éﬁﬂ#@Pé%inﬁ’bémﬂo%ﬂfonﬂiﬂrﬂﬁfﬁéiﬁgzt hat do not contain
a photoactive noiety in the polyner, then (d) at | east

5 one phot oactive conpound is also present in the

C QSi ti . 1.1 osition accordin
@ R he PR AT b VBRI ccensi i ve resin
(b) e@mRsohe@ormpBirRl Rating sbatiubevioxazol e precursor

pol ymer conprises: at [east one pol ybenzoxazol e

precursor polyner having the structure selected from

the group consisting Sfructuge 1 I'l, I, Il >, IV

or 1V*, and V. V—Y—V

10 VI

wherein Y is selected from the group consisting of S, O, NR?, (HOCH)p, and

R’ )2‘(\ |N
<

N

¥

wherein each R' is independently selected from the group consisting of H, an
15 alkyl group, an alkenyl group, an alkynyl group, an alkoxy group, and a
halogen, each R? is independently selected from the group consisting of H,
SH, CHs, C2Hs, and a linear or branched C1-C4 alkyl group containing a thiol
group; and wherein V' and V? are independently selected from the group

consisting of

20 1
(R )5- n
HS-(CH
(CHaon - @
(SH)
wherein, m is independently an integer from 0 to 4 with the proviso that m can
25 =0onlywhenY =
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I1TG-NAr1l G IV V wherein Arl is selected fromthe
group consisting of a tetravalent aronmatic group, a

woebtteaszeent heterocyclic group, and m xtures paemsefop/021441
Ar2 is selected fromthe group consisting of a

di val ent aromatic, a divalent heterocyclic, a divalent
alicyclic, and a divalent aliphatic group which may

cont ai il L ARSI

et itefiy BF701 1 b &5t HHERREPLISRLIT AR oy
(c) at lé‘d_s‘t Bhétdrgarﬁib%%men% di v_al ent heterocyclic group, and

m xtures thereof; Ard is selected fromthe,

whereit hesRsraun aifthaccomERyT ahUackTe 1 RSSEBhTTR iR, Eomposion is
eftectiE il Fsighis forh dOihitq stk g phoRSénsRve aifip @il is coated

on a subdtetd and Brd résdtinyg Sobket ditstrale isesuhseRuently grecessed to form
fromthe group

an imagexon tge oﬁ}ﬁ)’strgt%%ﬁwl %{é g?%gg& %tgiﬁbﬁg%y%‘%gﬂx%&% prgcursor
AP E¥MSistskdr ¢ blei glot contai

polym G858 b3y B AR echinyogimet lha abaet conan

photoaktiee mmwsnthmpblytmarit&@mz, G is a nonoval ent organic

@ ot o B AR SRR P SRR

one carbonyl or sulfonyl
2. A photosensitive composition according to claim 1 comprising a positive
photosensitive resin composition wherein the polybenzoxazole precursor polymer
comprises:

at least one polybenzoxazole precursor polymer having the structure selected from

the group consisting Structure 1, i, 11, 1Ii * IV or IV*, and V.
R AR
H*NH“‘Ar“"NH[ Ar® NH_Tr1_N - AP NH—AF—NHJ;H
(OH)

ﬁ ﬁ (TD)K1 ﬁ— ﬁ
T NH—Al\ﬂ-“NH;;;@ AP NH—ArZ“NHJ;H

(OH),2
Il

ﬂ ﬁ OlH 1 [
G—NH—Ar4—NH { Ars NH"TN"NHJ—dx LArS NH—AF—NH};G
OH

R
MNH*}-‘(—H‘“A? NH-AP mN%G*
X

0 Q o
:
G AT MNH{J“‘AramﬁwNHmﬂix
0O
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group; Ar7 is a bivalent to octaval ent organi c group
with at | east two carbon atons, Ar8 is a bivalent to
woenmvatent organic group with at | east two caPbOOMS2006/021441
atons, and R4 selected fromthe group consisting of
hydrogen and an organic group with 1 to 10 carbons, ml
and n8 are integers in the range of 0 to 4 but nl and
n8 cannot be simnultaneously 0 and n2 is an integer in
the range of 0 to 2. 3. A positive photosensitive
resin conposition according to claim2 wherein the
conpound having structure VI is selected fromthe
group consisting of4. A positive photoresi st
conposi tion according toypd aim 2 wherein the conponent
of structure VI is selected fron1the group consi sting

ofand 5. A p@sitive@ phot( |t| sition
accordi ng tg ' | ai m|l addl tio corrp i sing an
&angisT Aot in S|N B 0S ENSHTAYE NHIT G

conposi tion accor d| ng to claim2 additionally
conprising an adhesi on 0%{)13’1 7. A positive
phot osensi tive conposition accor di ng to claimé®6
wherei n the adhesion pronoter is a conpound of
structure XIVC,16 Rag( S( (@MO Rly (3-dp

G*—N—AF —NH NH ;‘i\r—-NH\’ {H af —L NH—ar —N-}G*
(OH)K2
IV*
'(OH)m1 (OH)
‘<'CO /?\r —CONH— Ar NH‘>
(COOR% X
\/

w.herein Ar' is selected from the group consisting of a tetravalent aromatic group, a
tetravalent heterocyclic group, and mixtures thereof, Ar® is selected from the group
consisting of a divalent aromatic, a divalent heterocyclic, a divalent alicyclic, and a
divalent aliphatic group which may contain silicon; Ar® is selected from the group
consisting of a divalent aromatic group, a divalent aliphatic group, a divalent
heterocyclic group, and mixtures thereof, Ar* is selected from the group consisting of
Ar' (OH)2 and Ar2, 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:
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XI'V wherein each R14 is independently selected from
the group consisting of a G - C alkyl group and a C -
wQ2006cBz0Ek Kyl group, each R15 is independent! yPeeiusedoed21441
fromthe group consisting of a G - C4 alkyl group, a
G - C4 alkoxy group, a C - C7 cycloal kyl group and a
C - C7 cycl oal koxy group, dis an integer fromO to 3
and g is an integer from1l to about 6 , R16 is
sel ected fromthe group consisting of one of the
foll owi ng noi eties: wherein each R17 and R18 is
i ndependently selected fromthe group consisting of a
C - C4 alkyl group and a C - C cycl oal kyl group, and
R19 is selected fromthe group consisting of a G - C4
al kyl group or a C - C7 cycloal kyl group. 8. A
positive photosensitive conposition according to claim
D-1 7 wherein the adh@si on pronoter is selected fr8the

group consisi ng of 9. A process for formng a relief

t he process orrpriﬁi ng the steps of: (a) coaf|ing og a
PN ST o

subs ¥e-wor ki ng phot os
(o] 0] f’ Trding toclaiml; (b)) preb he
doa ¢; (c) exposing thBprebake
sub Q#tinic radiation; X
SO, SO,
g §
D-4 D-5

wherein, R is selected from the group consisting of H, halogen, a C1 — C4 alkyl
group, a C1 — C4 alkoxy group, cyclopentyl, and cyclohexyl; k'is any positive value of
up to about 0.5, K* is any value from about 1.5 to about 2 with the proviso that
(k1+k2)=2, G is a monovalent organic group having a carbonyl,‘carbonyloxy or
sulfonyl group, G* is a divalent organic group having at least one carbonyl or sulfonyl
group; Ar" is a bivalent to octavalent organic group with at least two carbon atoms,
Ar® is a bivalent to hexavalent organic group with at least two carbon atoms, and R*
selected from the group consisting of hydrogen and an organic group with 1 to 10
carbons, m' and m® are integers in the range of 0 to 4 but m' and m® cannot be

simultaneously 0 and m? is an integer in the range of 0 to 2.

3. A positive photosensitive resin composition according to claim 2 wherein the

compound having structure VI is selected from the group consisting of

e O e
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(d) devel opi ng the exposed coated substrate with an

aqueous devel oper, thereby form ng an uncured relief
woneasme2t he coated substrate; and (e) baki ngPChaIS2006/021441

devel oped coated substrate at an el evated tenperature,

thereby curing the relief imge. 10. A process for

formng a relief pattern using the positive

phot osensitive c@hbosition, the process conprising the

steps of: (a) ating on a substrate, a

positive-worki ng photosensitive comp@Hti on accordi ng

to cl A . (b) prebaking the goated substrate; (c) SH
%xpeéégg t he prebaked %gggga_éubstrate to actinics
Hgadiation; (d) devel opt the exposed co t§d ubstrate

Wi th an aqueous devel oper, thereby form an uncured

relief image on the coated substrate; and (e) baking

t he devel oped coated substrate at an el evat ed

tenperature,thereby curing the relief inage. 11. A

proiﬁSs for formng a relief pattern usipng.theMe
posifyive phot osensi tA osi BHon,.t hé oceés
HS_J£ﬁ$f#é\ngpengmgﬁgifgqgﬁ/EOJH%g § subst SH
a positive-working photosensitive conposition
according to claim3;

SH
Hs _QS _Q Q—OQSH
SH HS OMe
/
OreCred ol s DO
HS

10
?HZSH
H—C—OH
Hs SQSH HS—_ O sH M
~ H—C—OH
Me CH,SH
CH,SH SH SH
I HS HS NN
H—G—OH \ \ U
HO—C—H x
15 | Z and N~ “SH
CH,SH SH
4, A positive photoresist composition according to claim 2 wherein the
component of structure VI is selected from the group consisting of
20

HS

_/__S_/_SH HS‘QS—Q'SH [5\//,[\,\
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(b) prebaking the coated substrate; (c) exposing the
prebaked coated substrate to actinic radiation; (d)
wdevwliopieng t he exposed coated substrate with BaT/US2006/021441
aqueous devel oper, .o thereby form ng an uncured
relief image on the coated substrate; and (e) baking
t he devel oped coated substrate at an el evated
tenperature, thereby curing the relief imge. 12. A
process for formng a relief pattern using the
positive photosensitive L5 conposition, the process
conprising the steps of: (a) coating on é"§hbstrate, a
positive-working photosensitive conposition according
to claim4; (b) prebaking the coated substrate; (c)
5. X psitive e tpsersitied coogiasiticsu Excoudiegt to aalaimi t additionally
radiatiaB; 0 (dé devel opi ng the exposed coat ed
comprisifigsan ap8eqiePHr H“ﬁﬂheous devel oper, thereby form ng
an uncured relief imge on the coated substrate; and
(e) baking the devel oped coated substrate at an .
6. & qusitee tphotesensitive, compasitiore ladeatdingeta etlaigt 2 nadditionally
rocesgﬁgccording to claim9 wherein prior

5.13. TB )
comprigica AP op RISTIREE r at e 1 s
7. A positive photosensitive composition according to claim 6 wherein the
adhesion promoter is a compound of structure XIV

16” /(OR14 )d

R q° S
R15(3-d)

XV

wherein each R™ is independently selected from the group consisting of a C1 — C4
alkyl 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 — Cr
cycloalkyl group and 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 selected from the group consisting of one of the

following moieties:

0
R;7 wwwNH
/ NH,
\/vvvv‘N\ wwwiNH \ OH
R'8 o
0
0 W O\
19
vvwo/\</ wmwSH =N 2" N\ﬂ/ R
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precoated with a sol vent containing an adhesion
pronoter. 14. A relief inage on a substrate forned by
woheospBmeess of claim 9. 0 15. A relief inmage 8aTAS2006/021441
substrate fornmed by the process of claim10.16. A
relief image on a substrate forned by the process of
claim1l. 17. Arelief image on a substrate forned by
whereihheadprRVesisd &'® ¢4 frideptadenBy sélectdd &b theggraup eonsisting of a

substrate f '
C1~Cs aIlS<y| group grrxorIT%dCEy—— gec c‘o%‘fl?y?sgrgap,(:laﬁc'j F&@S’IS selected from the

group consisting of a C1 — C4 alkyl group or a Cs — C7 cycloalkyl group.

8. A positive photosensitive composition according to claim 7 wherein the

adhesion promoter is selected from the group consisting of

i - i(OEt)-
HzN\I(NHWSI(OMe)“‘ HzN\”/NH\/\/SI( Et):
© and ©
9. 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'1;

(b) prebaking the coated substrate;

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

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

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

thereby curing the relief image.

10. 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 substrate;
(c) exposing the prebaked coated substrate to actinic radiation;
«d) developing the exposed coated substrate with an aqueous developer,
thereby forming an uncured relief image on the coated substrate; and

(e) baking the developed coated substrate at an elevated temperature,
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11.

WO 2006/132962 PCT/US2006/021441

thereby curing the relief image.

A process for forming a relief pattern using the positive photosensitive

composition, the process comprising the steps of:

12.

(a) coating on a substrate, a positive-working photosensitive composition
according to claim 3;

(b) prebaking the coated substrate;

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

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

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

thereby curing the relief image.

A process for forming a relief pattern using the positive photosensitive

composition, the process comprising the steps of:

13.

(a) coating on a substrate, a positive-working photosensitive composition
according to claim 4;

(b) prebaking the coated substrate;

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

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

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

thereby curing the relief image.

The process according to claim 9 wherein prior to step (a) the substrate is

precoated with a solvent containing an adhesion promoter.

14.

15.

A relief image on a substrate formed by the process of claim 9.

A relief image on a substrate formed by the process of claim 10.
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16. A relief image on a substrate formed by the process of claim 11.

17. A relief image on a substrate formed by the process of claim 12.

5 18. Arelief image on a substrate formed by the process of claim 13.

- 62 -~



