AQUEOUS DEVELOPABLE BENZOCYCLOBUTENE-BASP:D POLYMER COMPOSI'I ION AND
METHOD OF USE OF SUCH COMPOSITIONS This invention relates arylcyclobutene-based polymer
compositions that are suitable for development in aqueous solutions. 5 Benzocyclobutenc-based
polymers are known to be useful as insulating materials in various electronics and micro-electronics
applications. In U.S. Patent 6,361,926 an aqueous developable bcnzocyclobutene-based polymer

was taught. This patemtunnthasimlivaﬁg@mbla;mag'@uz(d@@u@mumhbE%%@E@E}iqibﬁﬁdmor positive
tone articles, Sulfonyl e of trihydro ophenone such as diazo naphthol sulfonate esters were
mentioned as 10 potent?é%? glsqéé Eﬁéﬁ %ﬁ(}o@qiﬁﬁg%g%Qg disédiére Wgyéositive tone
arylcyclobutene-based polymerticompositioyisy SpecificabthscA pplicants hrapesfoondithatre suitable

arylcylobutene-pasged.p M{ggrmc&m&)qgig&gﬁ&gmprising dissolution inhibitors characterized by
diazonaphthoquinone (DNQ) moieties where there are at least two DNQ groups and each is pendant

from 15 different phenyFafetipsobrsvidd tetertimeretsntisnvafter prattsfnlng exposgresndals in

subsequent develepmeRrtin aayeumbaselecthaibesthaiancg ah RIGpedies, Noweysy .is.qhiained
when the above dislsoIijggg inhibit?r% are used in a blend with dissolution inhibitors comprisingr an
u

tursubstitnted pHEMYIGrOGRS TG QRLSTHiG ¥s! BRE SfiBBdiart tHe mpistbRtider sshitptssit
comprising a 2G:durablesatylcyciohistene oasetkaligamepori palymerand . disgohtiendnhipitor which
comprises a co n ising. at least two diaz hthaquinone (DNQ) moieties each of-which
is pendant fromldﬁg?é{r%%ﬁgﬁ}é%y 63 ?3& 65 C%rﬁse\élé?égcl) ﬁ%ﬁ%n%qgﬁ%oar %ﬁg?%ra%f’g% LG8 parfses a
compoundtoniprisivig atitedstionenN@moiety pendant from a phenyl group and at least one

unsubstituted pheny! gtgyR. £ salNENE AoselenhBlsRc MAYDE Lsed.ia 28 fagilitats fhin Qlin formation.
Appropriate additives such as antioxidants and coating aids may also be incorporate ih the
formulation. AcEOTHIRYHY the' predeat invamicATr6Mdds A ¢ Brmpbsiasle vormsrising aylamercid
functionalized, curghletandeyeipbutenerbaned palimesotiligomuen vyhichis:Iepariialy polymerized
product of m0n8gn\?6)%1eo(1:gt§§? (N 1%9@”111%1'2'?1% {Jﬂ ere]lcs)tm\SgSD%Q groups and each is pendant from
15 different phenyl groups provide better film retention after patterning (exposure and
subsequent development in aqueous base). The best balance of properties, however, is
obtained when the above dissolution inhibitors are used in a blend with dissolution
inhibitors comprising an unsubstituted phenyl group.
Thus, according to one embodiment the invention is a composition comprising a
20 curable arylcyclobutene based oligomer or polymer and a dissolution inhibitor which
comprises a compound comprising at least two diazonaphthoquinone (DNQ) moieties each
of which 1s pendant from different phenyl groups. The dissolution inhibitor preferably also
comprises a compound comprising at least one DNQ moiety pendant from a phenyl group
and at least one unsubstituted phenyl group. A solvent or solvent blend may be used to
25 facilitate thin film formation. Appropriate additives such as antioxidants and coating aids

may also be incorporated in the formulation.
Accordingly, the present invention provides a composition comprising
a) an acid functionalized, curable arylcyclobutene-based polymer or oligomer,

which is the partially polymerized product of monomer precursors comprising monomers of

30 formula



30 formulal (R)2t RIArtl ("R )2 Wherein B'is an n-valent organic linking group or 13' may be
absent; At is a polyvalent aromatic or heteroaromatic group and the carbon atoms of the 5
cyclobutene ring are bonded to adjacent carbon atoms on the same aromatic ring of Art; m is an
integer of | or more; N is an integer of | or more; R'is a monovalent group; b) a dissolution inhibitor
comprising a compound of the formula: R)M to where L is an n-I valent linking group, R is
independently in each occurrence OH or OY provided on at least two of the aromatic rings at Jeast
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Wherein
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mqre preferably, partia

royp, in isifdependently in each occnnence an
weaneMatenial The arylcyclobutene material may
ly polymerized product (lot example,
r prgcursor{s) comprising monomers the formula: 2 WO
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B’ is an n-valent organic linking group or B! may be absent;

Ar' is a polyvalent aromatic or heteroaromatic group and the carbon atoms of the

5 cyclobutene ring are bonded to adjacent carbon atoms on the same aromatic ring of Ar';

m 1is an integer of 1 or more;

N is an integer of 1 or more;

R' is a monovalent group;

b) a dissolution inhibitor comprising a compound of the formula:

10

(Rlm
OO

where L 1s an n+1 valent linking group,

R is independently in each occurrence OH or OY provided on at least two of the

aromatic rings at least one R is OY, where OY indicates a pendant DNQ group,

m is independently in each occurrence an integer of 1 to 3, andn is 1 or 2.

15 The Aryleyclobutene Material

The arylcyclobutene material may comprise a monomer of the formula or, more

preferably, partially polymerized product (for example, oligomers or curable polymers) of

monomer precursor(s) comprising monomers the formula:



n wherein Bt is an n-valent organic linking group, preferably comprising ethylenic unsaturation, or B’
may be absent. Suitable single valent Bt groups preferably have the 5 formula -CR8=CR9Z, wherein
R8 and R9 are independently selected from hydrogen, alkyl groups of | to 6, most preferably | to 3
carbon atomepanesambgroups, and Z is selected from hydrogen, alkyl groupg-p{;349,9535R9n atoms,
aryl groups, -COZR7 wherein R7 is H, an alkyl group, preferably of up to 6 carbon atoms, an aryl
group, an aralkyl group, or an alkaryl group. Most preferably Z is -CO2R7 wherein R7 is an alkyl 10
group, preferably of up to 6 carbon atoms, an aryl group, an aralkyl group, or an alkaryl group.
Suitable divalentB1 gro [i}g]gqléjde -(CR85CR9)o (Z"o_t, wherein R8 and R9 are as defined

previously, o ig ljor 2, A/ alkyl grolip of | to 6 carbon atoms, an aromatic group, or a siloxane
group. Most préferabty 2 and Z' Is a silpxane group. Art is a polyvalent aromatic or heteroaromatic
group and the carbon at qf! 45 the cyclobutene ring are bonded to adjacent carbon atoms on the
same aromatic ring of Aft. Preferably Art i a single aromatic ring; in is an integer of 1 or more,
preferably 1; n i an integer of 1 or mBre, pteferably 2-4 and more preferably 2; R' is a monovalent
group, preferabl?‘hydrogen, alkyl of up to ® carbon atoms. 20 The synthesis and properties of these
arylcyclobutenes, as well as terms used to describe them may be found, for example, in U.S. Patents
4,540,763; 4,72%58b; 4,783,514; 4,812,588; 4,826,997, 4,999,499; 5,136,069; 5,185,391; and
5,243,068 all of whigh: are incor gr(e\ted herqin l%){ refg[ﬁanc?ef?ér\{:\{)%%%%/OMS?’

PCT/1JS2005/036453 ‘K%‘é&%ng 00 Eénﬁ)cre err mbodiment, the mo%ré%néﬁ?ggl?ﬁécformula: RS Rs

RR6 6~ unsaturation, or B' may be absent. Suitable single valent B! groups preferably have the

5 formula -CR*=CR°Z, wherein R® and R’ are independently selected from hydrogen,
alkyl groups of 1 to 6, most preferably 1 to 3 carbon atoms, and aryl groups, and Z is
selected from hydrogen, alkyl groups of 1 to 6 carbon atoms, aryl groups, -CO,R’
wherein R’ is H, an alkyl group, preferably of up to 6 carbon atoms, an aryl group, an
aralkyl group, or an alkaryl group. Most preferably Z is -CO,R” wherein R’ is an alkyl

10 group, preferably of up to 6 carbon atoms, an aryl group, an aralkyl group, or an alkaryl
group. Suitable divalent B groups include -(CR*=CR®*)-(Z"),.., wherein R® and R’ are
as defined previously, ois 1 or 2, and Z' is an alkyl group of 1 to 6 carbon atoms, an

aromatic group, or a siloxane group. Most preferably o is 2 and Z’ is a siloxane group.

Ar' is a polyvalent aromatic or heteroaromatic group and the carbon atoms of
15 the cyclobutene ring are bonded to adjacent carbon atoms on the same aromatic ring of

Ar'. Preferably Ar' is a single aromatic ring;
m is an integer of 1 or more, preferably 1;
n is an integer of 1 or more, preferably 2-4 and more preferably 2;
R' is a monovalent group, preferably hydrogen, alkyl of up to 6 carbon atoms.

20  The synthesis and properties of these arylcyclobutenes, as well as terms used to
describe them may be found, for example, in U.S. Patents 4,540,763; 4,724,260;
4,783,514; 4,812,588; 4,826,997; 4,999,499; 5,136,069; 5,185,391; and 5,243,068 all of

which are incorporated herein by reference.
3



R4 Si- O Si-R4 R6 (R ~S 5 3 R6 wherein each R3 is independently an alkyl group of 1-6 carbon
atoms, trimethylsilyl, 5 methoxy or chloro; each R4 is independently a divalent, ethylenically
unsaturated organic group, preferably an alkenyl of 1 to 6 carbons, most preferably -CH2=CH2-; each
R5 is indep®dietitdtidfogen, an alkyl group of 1 to 6 carbon atoms, cyclo@kylusealisyssnghenyl;
preferably R5 is methyl; 10 each R6 is independently hydrogen, alkyl of 1 to 6 carbon atoms, chloro or
cyano, preferably hydrogen; n is an integer of | or more; and each q is an integer of O to 3, preferably q
is O (in which case the benzene ring has 3 hydrogen atoms bonded to it). 15 The most preferred
monomers are 1,3-bi§€2‘3%%6?49?%?6€f%}?fé, t. dhsempnomernasttieoramadisiloxane
(referred to herein as DVS-bisBCB). Fhe preferred organosiloxane bridged bisbenzocyclobutene
monomers can he prepared by meth hd&disclose forﬁis(ample in U.S. Patents 4,812,588; 5,136,069;
20 5,138,081 aRd WO 94/25903. The] arylcyelobutgne-based oligomer or polym fRéomprises acid

functionality which gnamplé erial P_ll‘i_d velopetl in aqugou tions/ The acid functionality
is preferably presen Jivalent weighis of uptojabott 600 gra ole| of acid functionality, more
preferably up tgabout 500 grams/moles pf acid 4 WO 2006/044338 1S2 6453 -

functionality. The equiva@n dweight is| pigferably af leasis100 grams/mcﬂgb acid functionality, more
preferably at least 200 grams/mole ofjacid functionajjity. One method for providing such acid

functionality is to include acid functional monomers along with the preferred monomers, preferably,
prior to partial

wherein

each R3 is independently an alkyl group of 1-6 carbon atoms, trimethylsilyl,

5 methoxy or chloro;

each R* is independently a divalent, ethylenically unsaturated organic group,

preferably an alkenyl of 1 to 6 carbons, most preferably -CH,=CH,-;

each R® is independently hydrogen, an alkyl group of 1 to 6 carbon atoms,
cycloalkyl, aralkyl or phenyl; preferably R° is methyl; ’

10 each R® is independently hydrogen, alkyl of 1 to 6 carbon atoms, chloro or
cyano, preferably hydrogen;

n is an integer of 1 or more;

and each q is an integer of 0 to 3, preferably q is 0 (in which case the benzene

ring has 3 hydrogen atoms bonded to it).

15 The most preferred monomers are 1,3-bis(2-bicyclo[4.2.0]octa-1,3,5-trien-3-yl
cthenyl)-1,1,3,3 tetramethyldisiloxane (referred to herein as DVS-bisBCB).

The preferred organosiloxane bridged bisbenzocyclobutene monomers can be
prepared by methods disclosed for example in U.S. Patents 4,812,588; 5,136,069;
20 5,138,081 and WO 94/25903.

The arylcyclobutene-based oligomer or polymer comprises acid functionality
which enables the material to be developed in aqueous solutions. The acid
functionality is preferably present at equivalent weights of up to about 600 grams/mole
of acid functionality, more preferably up to about 500 grams/moles of acid

4



5 polymerization of the materials to form oligomers. This approach is generally taught in U.S. Patent
6,361,926. Suitable acid-containing monomers include the formula: 2 CCR2}2 B- Arz C(.R2)2 p
wherein B2 is a monovalent organic group with acid functionality, preferably also 10 containing
ethylenic urwat%@gjgﬂé z is a polyvalent aromatic or heteroaromatic group and the carbon atoms of
the cyclobutene ring are bonded to adjacent carbon atoms on the same aro‘r’r‘ija'{jlgsfﬁq&%’?(’ﬁ\?é,
preferably Arz is a single aromatic ring; p is an integer of 1 or more, preferably 1; 15 R2 is a
monovalent group, preferably hydrogen, alkyl of up to 6 carbon atoms. Preferably, such additional

monomer i Selgeifn i UAVINS RIS Ry B DR AR, herein 20 R and

R" are independently selected from hydrogen, alkyl groups of I to 6 carbon atoms, ar?/flgroups, or R'
and R" taken fefdtnelfisrmateyukéegrblyprotertv2d Ccgivos mmef ecidHRetistatigpendently an alkyl
group of 1-6 carbon atoms, trimethylsilyl, methoxy or chloro; 5 WO 2006/044338 1°'0/US2005/036453
7 is a carbon to carddReyBaes & awy)éfggg&uch acid functionality is to include acid functional

monomers along with the preferred monomers, preferably, prior to partial
5 polymerization of the materials to form oligomers. This approach is generally taught in

U.S. Patent 6,361,926. Suitable acid-containing monomers include the formula:

2
) ) C(R")»
B— Ar

C(R,

wherein

B? is a monovalent organic group with acid functionality, preferably also

10 containing ethylenic unsaturation;

Ar” is a polyvalent aromatic or heteroaromatic group and the carbon atoms of
the cyclobutene ring are bonded to adjacent carbon atoms on the same aromatic ring of

AP, preferably Ar’ is a single aromatic ring;
p is an integer of 1 or more, preferably 1;
15 R? is a monovalent group, preferably hydrogen, alkyl of up to 6 carbon atoms.

Preferably, such additional monomer is selected from the following two

formulas:

wherein

20 R"and R" are independently selected from hydrogen, alkyl groups of 1 to 6
carbon atoms, aryl groups, or R’ and R” taken together from a cyclic group of 4 to 8

carbon atoms; each R"" is independently an alkyl group of 1-6 carbon atoms,

trimethylsilyl, methoxy or chloro;



x is an integer from O to 3, preferably 1; and q is an integer of O to 3, preferably O; or ~ _R" Z20H R
xY 5 wherein R'and R" and R™ and q are as defined above, xis 1,yis(}or 1, and Z2 is an aryl group.
Alternatively a monomer characterized by the presence of a cyclobutarene 10 group and a pendant
functionalityXieepAt4édist partially reacts during polymerization of monomestarspetbyedeent
processing to form a pendant acid group. Preferably, this alternative monomer has the formula: i * R"
1 !q R' O wherein Wand R" and R™ and q are as defined above and Wand R" are preferably 15
hydrogen. When the above monomer, which can be prepared by a palladium-catalyzed reaction of
bromobenzocyclobufeife arderbiggreeep Aed 9B AErEeEPthe resulting polymer has both acrylate
ester and acrylic acid functionalities. Alternative approaches for including acid functionality may also

be used, such as areltARIHSRONEY BA008eE M 5H e afidy clobutene materials are preferably
B-staged (that is partially polymeri %&D ther.c nents may be added before or after B-staging.
B-staging preferabl)g bsc%%%tgg%ro?\@n ﬁtprﬁeésréggipgjg’n%at (that is without solvent). B-staging
preferably occurs at a temperature in the ran f abouyt125 to about 250C, more preferably about
130 to about 200C. The polymerization m ccuff/for a 'meFéWO 2006/044338 PCT/1182005/036453

determined to provide a partially polymerize idegithe desired properties
R y
5  wherein

R’ and R” and R""" and q are as defined above,

xisl,yisQor 1, and

2% is an aryl group.

Alternatively a monomer characterized by the presence of a cyclobutarene
10 group and a pendant functionality which at least partially reacts during polymerization
of monomers or in subsequent processing to form a pendant acid group. Preferably,

this alternative monomer has the formula:

PN

(&), & o
wherein R; and R" and R’"" and q are as defined above and R' and R" are preferably

15  hydrogen. When the above monomer, which can be prepared by a palladium-catalyzed

reaction of bromobenzocyclobutene and t-butyl acrylate, is polymerized, the resulting

polymer has both acrylate ester and acrylic acid functionalities.

Alternative approaches for including acid functionality may also be used, such
as are taught in WO 04/038505.

20 The arylcyclobutene materials are preferably B-staged (that is partially
polymerized). Other components may be added before or after B-staging. B-staging
preferably occurs in solvent but may occur neat (that is without solvent). B-staging
preferably occurs at a temperature in the range of about 125 to about 250°C, more

preferably about 130 to about 200°C. The polymerization may occur for a time
6



with regard to subsequent processability. Preferably, the curable product has an apparent weight
average molecular weight (Mw) as determined by Gel Permeation Chromatography (GPC) in the
range of at least about 1000, more preferably at least 5 about 1500, more preferably still at least about
2000 and t at least about 5000 g/mol. The Mw of arylcyclobutene oligomers is
preferablynlqé?sés %ﬁlﬁa%r&%%%%/t 50,000, more prefergably less than abou%l 3;000,%8%86&7%’6@ still less
than about 20,000, and most preferably less than about 10,000 g/mol. The dissolution inhibitor 10 The
dissolution inhibitor preferably includes a compound of the formula: (R~n, R)m R Where 15 L is an

n+1 valent lin iQ roup. Preferably L is. g.covalent bond, S, 0, C(=0),. or a hydrocarbyl group of 1 to
12, preferably ﬁdgﬂ%n SRCRETE: p?e%g?arB@lX-%o DHCLEHE DRidpratssdbR desited Rramsatigioup of 2
to 4 carbon ateitiseRaislindefsadentpioeackbiagurresfedbly, ahOXprVvigrdiadeastsome It, more

preferably at Ieasétraﬁt}%éﬁ % \%f R, moczfaﬁgeferagé\éts il a Ieaét 50% of R, and 20 most preferably at
least about 605 SFE &2 (TR B EAHE NS Jéﬁ?]’ A ORIETYRSAR stk aBRFationifonate ester
of DNQ, m is {fistepenoieatiyi( GRCH octisrrengednintegeitofit 1000 preferaRik2185 3t jaid N is 1 or 2.
25 A prefgrredb(k))%t %Ilr;lncl;gng %;f:a le okthti%:otm%oungqiﬁ a diazonaphthoquinone sulfonate ester
of 1,1,1-tris(4hydroxypheny et %@ﬁ?’l—fﬁ P BRNh4 TP BE meaeptakl wat fsashabortwo
2006/044338 FOQ#ABADTBHIIG4H 3 £itylid Yalbbiltdde oligomers is preferably less than about

50,000, more preferably less than about 35,000, more preferably still less than about

20,000, and most preferably less than about 10,000 g/mol.

The dissolution inhibitor

10 The dissolution inhibitor preferably includes a compound of the formula:

(Rdm
\@L_%@/))?R)m

Where

15 L is an n+1 valent linking group. Preferably L is a covalent bond, S, O, C(=0),
or a hydrocarbyl group of 1 to 12, preferably 1to 10, and more preferably 1-6 carbon
atpms. Most preferably, L is an alkyl group of 2 to 4 carbon atoms,

R is independently in each occurrence OH or OY provided at least some R,
more preferably at least about 40% of R, more preferably still at least 50% of R, and
20 most preferably at least about 60% of R are OY, where OY indicates a pendant DNQ
group, preferably a sulfonate ester of DNQ,

m is independently in each occurrence an integer of 1 to 3, preferably 2 or 3,

and

nisior?2,.

25 A preferred, but non-limiting example of this compound is a diazonaphthoquinone

sulfonate ester of 1,1,1-tris(4-hydroxyphenyl)ethane (THPE). The formula may be

represented as follows:



D where 0 N2 D=OH or O=S=0 O Preferably, the dissolution inhibitor further comprises a second
compound of 5 the formula: n L R)ot where L, R, in, and n are as defined above. A preferred, but
non-limiting example of this compound is a diazonaphthoquinone sulfonate ester of 2,3,4 to
trinydroxyb@itz ofgleérdasss (THBP). This may be represented by the formula: POT1USEY &3 0daese D is as
defined above. This component provides the desired solubility in the preferred solvents and good
compatibility with the arylcyclobutene polymer. The mole ratio of the first compound above to the
second compound above 15 (when the second compound is used) in the dissolution inhibitor
composition preferably i mare than about 99:1, more preferably no more than about 90:1, more
preferably stif.ng § O:pl, more preferably still no more than about 10:1, more
preferably still abott-5:1. The mole/ratio of the first compound to the second 8 WO 2006/044338
PCHIUS2005/036453 ¢empound is preferably at least about 1:5, more preferably at least about 1:2.
For illustrative purpose which should not be considered limiting of the scope of the invention, the
dissolution inhibitor compgsition could be made as follows: 0

where
O
D=OHor OQ

02\?20
!
Preferably, the dissolution inhibitor further comprises a second compound of

5  the formula:
nL \_ 7

where L, R, m, and n are as defined above. A preferred, but non-limiting example of
this compound is a diazonaphthoquinone sulfonate ester of 2,3,4-

10 trihydroxybenzophenone (THBP). This may be represented by the formula:

where D is as defined above. This component provides the desired solubility in the

preferred solvents and good compatibility with the arylcyclobutene polymer.

The mole ratio of the first compound above to the second compound above
15  (when the second compound is used) in the dissoiution inhibitor composition preferably
is no more than about 99:1, more preferably no more than about 90:1, more preferably
still no more than about 70:1, more preferably still no more than about 10:1, more

preferably still about 5:1. The mole ratio of the first compound to the second
8



O CH3 I Li/-IN2 COHHO OH C=i=O CI OH 0.5 moles 0.5 moles 2.1 moles (1_.5 eq OH) (1.5 eq
OH)IOCH3 C/D+DCDO DDN2 D=OHorf/0=S=0 sO Diazonaphth.oqumone (DINQ)' f
sulfonate e j de from the reaction of a phenol with DNQ sulfonyl chloride. The 9104Q3rat|o 0
phenol func?t‘%géqﬂg%%%%{) sulfonyl chloride is Ito 0.7 in the DNQ that we cuf'r%WtW%Pé)é’( ,&%_%1 result of
the stoichiometry, we have many compounds from the reaction, especially when we co_n_5|d¢r the
possible isomers 10 in THBP. The amount of dissolution inhibitor added to the composition is

| bly at least ercent hy wejght, and most
oretorabiy at oo B e A P P BNk el Pased component,
P L A i T B Gy BT Bl e o 25

weight percent, and most preferably no greate 0 weig tpercent based on'w the
benzocyclobutéRBeESEE Esisme the OlsehCiom pdnibits composition could be made as follows:

CH Q
?! e N,
@—c—(} ?_OH + HO—{ —C— )—OH + O‘
HO  OH

O=?=O
Cl
OH
0.5 moles 0.5 moles 2.1 moles
{1.5 eq OH) (1.5 eq OH)

0 ?Ha
oo - 00
O
D D
No
D=0CHor O‘
D

0=5=0
o
Diazonaphthoquinone (DNQ) sulfonate ester is made from the reaction of a phenol with
DNQ sulfonyl chloride. The mole ratio of phenol functional group to sulfonyl chloride
is 1 to 0.7 in the DNQ that we currently use. As a result of the stoichiometry, we have
many compounds from the reaction, especially when we consider the possible isomers
10 in THBP.

The amount of dissolution inhibitor added to the composition is preferably at
least 5 percent by weight, more preferably at least 10 percent by weight, and most
preferably at least 15 percent by weight based on weight of the benzocyclobutene-based
component. The amount is preferably no greater than 30 weight percent, more

15 preferably no greater than 25 weight percent, and most preferably no greater than 20

weight percent based on weight of the benzocyclobutene-based component.

Other Components



9 WO 2006/044338 PCT/US2005/036453 The arylcyclobutene and dissolution inhibitor formulation
may preferably also include various other components. Solvents are useful as a means to facilitate
application of the formulation to substrates to form thin films. Suitable solvents include, but are not
limited to amsthatis/B43geirocarbons such as toluene, xylene and mesitylenep CBSHiedanhs;
methylcyclohexanone; N-methylpyrrolidinone; dimethylacetamide, ethoxyethylpropionate, ethyl
lactate, butyrolactone; and glycol-based solvents including (but not limited to) dipropylene glycol
dimethyl ether isomers (commercially available from The Dow Chemical Company as ProglydeT"

DMM), propylene giydt A mEtapnttng padatisrolBomBRIDLIeTIIAIAT Ry PRER Ry Islene

glycol) methylhgthes aaeiateisemeissyaiiable from The Dow Chemical Company). A mixture of
ProglydeTM DMM and PGMEA is preferred. It may be convenient to select solvents such that they can

dissolve the mononmys giienate Bsfiaging (HeahiaPaitindipelypaizaiianfaned iendissoluton 15

inhibitors as well as serve as a suitable sglvent carrjer for the partjially polymerized product .
formulation foStRsHik iufpoRdll %?‘c%ﬂﬁ%’ﬂféf‘ﬂivﬂ?ﬁ }ﬂ&iy‘ﬁ% %Egﬁ%?%gﬁﬁgégi&é‘?ﬁ&t%aﬂng

aids, adhesionyRrerR®IeNs slilerssasaldhe, igemnaniiosiganicy sai@ witbhewzocyclobuterie resins
may be used. 20 Antioxidants with hindered phenol.functignality gre amang the preferred materials.
Particularly prE¥eragYSHaRe R S Tus RNIBY O8RS 155 ﬁ%t]"‘-’?,‘g-gbis(l,l- dimethylethyl)-
phenol, and 2#nbisféhdiptepivieity braanaspiile(@stdabrnel. Sauditahie coalbdgeivmigclude

commercially available materials such as Modaflow. Particularly preferred are copolymers of the ethyl
ester of 2-prob‘éﬂB%Buw&)ﬁW@%WIﬂ@WW{gﬁﬁ&ﬁW t@’%%ﬂ% feSuesSH 6?8?%8‘(@% By also

be used. PartigiaamPreig rereatheIoR ilkaMoaipale &ilpte ghmale RIS sitpaeniCoaid! The silyls
of maelamic acid have - .
10 methyl ethyl acetate (PGMEA), and Dowanol™ DPMA (di(propylene glycol) methyl
ether acetate isomers available from The Dow Chemical Company). A mixture of

Proglyde™ DMM and PGMEA is preferred.

It may be convenient to select solvents such that they can dissolve the
monomers prior to B-staging (that is partial polymerization) and the dissolution
15  inhibitors as well as serve as a suitable solvent carrier for the partially polymerized

product formulation for coating purposes.

Other components that may be used include antioxidants, coating aids, adhesion

promoters, fillers and the like.

Any antioxidant useful with benzocyclobutene resins may be used.
20  Antioxidants with hindered phenol functionality are among the preferred materials.
- Particularly preferred are 4-[[4,6-bis(octylthio)-1,3,5-triazin-2-ylJamino}-2,6-bis(1,1-
dimethylethyl)- phenol, and 2,4-bis(1,1-dimethylethyl)-, phosphite (3:1) phenol.

Suitable coating aids include commercially available materials such as
Modaflow. Particularly preferred are copolymers of the ethyl ester of 2-propenoic acid
25  with 2-ethylhexyl 2-propenoate.

Suitable adhesion promoters may also be used. Particularly preferred adhesion
promoters are silyls of maleamic or citraconic acid. The silyls of maelamic acid have
the formula:

(R"0)3Si-R’-NH-(C=0)-CR=CR-COOH
10



the formula: (R"0)3Si-R'-NH-(C=0)-CR=CR-COON 10 WO 2006/044338 PCT'/U52005/036453 where
R is independently in each occurrence H or a monovalent lower alky! (preferably of 1-4 carbon atoms),

and R’ is ingependrniiysin each occurrence a divalent lower alkyl (preferably of 1.6 Garhop.atoms),
and R" is a monovalent lower alkyl (preferably of 1-4 carbon atoms). 5

N-[3-(triethoxysilyl)propylJmaleamic acid and N-[3-(triethoxysilyl)propyl] citraconic acid are examples
of preferred adhesion promoters. Processing The compositions are preferably coated onto a substrate
from one of the to sokiemtsRrientidued diboyeinayhsotventaoatiigmetiem varybio wsesidut

spin-coating s preferred. A soft-bake to remove splvent is preferably performed at temperatures o_f up
to about 100CHoT %rr%geig 8?@11)20% r?)egﬁl r#ﬁ{ﬂtg S%‘ﬁlgssl?’ ég éjﬂlgpeé}IZWéGW EUIEDGE Aif Y 25Ber time
is used and tHevienalkyayeftonigerdf letativelyrd avw Henpetaites aneusededbidbe eoaed

compositions are fthegml in%%gedwisg expose to activating wavelengths of radiation so as to deactivate
the diSSO|UtiO@III‘$}‘]%?tOIy e eﬁ%%soéh Bg}?Ons of the coated film may then be removed with an

appropriate d 0 ' S;ba ion..The preferred pH.is in the range of
o 14, Exapie B L N P R S O BB B amety
ammonium hyéixide (Me4NOH), Et4NOH. After development, the remaining composition is hard
cured by baking at temperatures of preferably up to about 300C, preferably greater than about 200C.
Example 1 TR0 E 2 psaieshadPreiapiram@Vs-bisBCB copolymer with mole 25 ratio of

67.51t0 32.5 ir})(rjoi e[qcs)%ene glycol)methyl ether acetate (Dowanol DPMA) was

The compositions are preferably coated onto a substrate from one of the
10 solvents mentioned above. Any solvent coating method may be used, but spin-coating
is preferred. A soft-bake to remove solvent is preferably performed at temperatures of
up to about 100°C for times of about ten minutes or less. The temperature may be

higher if a shorter time is used and the time may be longer if relatively low

temperatures are used.

15 The coated compositions are then image-wise exposed to activating
wavelengths of radiation so as to deactivate the dissolution inhibitor. The exposed
portions of the coated film may then be removed with an appropriate developer solution
such as an aqueous base solution. The preferred pH is in the range of 12 to 14.
Examples of suitable developers include NaOH, LiOH, KOH, RbOH, CsOH,

20  tetramethyl ammonium hydroxide (Me,NOH), EtsNOH.

After development, the remaining composition is hard cured by baking at

temperatures of preferably up to about 300°C, preferably greater than about 200°C.

Exampile 1

To 13.52 g of 29 % BCB-acrylic acid and DVS-bisBCB copolymer with mole
25 ratio of 67.5 to 32.5 in di{propylene glycol)methyl ether acetate (Dowanol DPMA) was
added 0.748 g of THBP with 45% DNQ sulfonate ester (16 wt % based on weight of
BCB-based components). By 45% DNQ sulfonate ester of THBP means that
approximate 45% of the hydroxyl groups on the THBP have been reacted with DNQ
sulfonyl chloride to form the sulfonate ester. The solution was filtered with a 1 micron

30 syringe filter. AP3000 was applied to a 4 inch silicon wafer followed by baking on a
11



added 0.748 g of THBP with 45% DNQ sulfonate ester (16 wt % o based on weight of BCB-based
components). By 45% DNQ sulfonate ester of THBP means that approximate 45% of the hydroxyl
groups on the THBP have been reacted with DNQ sulfonyl chloride to form the sulfonate ester. The
solution wawviiltererhyyitksa 1 micron 30 syringe filter. AP3000 was applied teca 4 inedsatican wafer
followed by baking ona 11 WO 2006/044338 PCT/US2005/036453 hot plate at 150C for 90 seconds.
The BCB solution was applied to the wafer followed by spreading at 500 rpm for 10 seconds and
spin-coating at 2100 rpm for 30 seconds. The wafer was baked at 95C for 5 minutes. Film thickness

after bake wado4 186 aitP8nCrne Warsonds ShsdBEBwrhtianarias applisdiosbeewabirwith a dose of 5
300 mljem2. TR @ReRPAWalihIASOSYRIRRGHID & 2RI MR N bl dpsle bah

Development time was 45 seconds. Film thickness after development w ron, tilm retention
being 70.8%. Féenndickitesw afite moarealessap 97 CritorSrmbei8%s from ihitikhédenflickakesyas

Substantially th me rocigure as_ followed but. THF, |{§1 40% DNQ sulfonate ester was used in
stead of the Tﬁ%ﬁvﬁfﬁ%ﬁ 45% Bﬁ% iRcAREE s elrt.E!—j]IIh%a;rlé Ehtion. %?fél%j%é)\?(ﬁalbvﬁ)m%ﬁfog%afgﬂer cure
were 78.4% aHi) TRl49’. rddpentivegd Fhécsamedexetoimd it was P fietraedtjtarmin&Eunith 60%

DNQ sulfonat ter, fil teqtion after development and after.cure were 85.6% and 72.3%
respectvely. THS ST e U R SRS i e SR A B
based DNQ suMfenihil esters:afloompatechtociitgBR. s eli NQickBesaifinatenestars2 Salubility Test.

One gram of THPE wi % DNQ.sulfanate ester was mixed. with.10 g of PGMEA. The mixture had
to warm to 60 }[%l%rﬁé 2'%9 grr%rc{)}lg%%c{)&sﬁ}%sg?ﬁ%%ﬁ ?%n%urg%)%r!r% lg\?ﬁﬁﬁlgégvﬂﬁp é%%%g-bﬁ 6’ Llifonate ester
was mixed witfoBayef DOtPIEME Avithidbeilaie ditfowitp rotrce s herl dgstred ws sl dildRRweth with

warming {0 abye il 2E with 70% sulf (s than that of .THRE with
60% Su|f(l§§‘)l ate%sfe@%%%%%%%%%ﬁrﬁl (\;i%ggrlmt?)rgl %%(‘?lﬁ%%fgﬁﬁgg%%%% f’lg?/v%ﬁrfég&ior;m%
DNQ sulfonatee$igr4basemepietdly dibschmd ¢nfegroent was performed with THPE with 60%

DNQ sulfonate ester, film retention after development and after cure were 85.6% and
72.3%, respectively. This demonstrates the increased effectiveness in regard to film
retention of the THPE based DNQ sulfonate esters as compared to THBP based DNQ

15 sulfonate esters.

Solubility Test. One gram of THPE with 60% DNQ sulfonate ester was mixed
with 10 g of PGMEA. The mixture had to warm to 60°C to make a homogeneous
solution. One gram of THPE with 60% DNQ sulfonate ester was mixed with 5 g of

20 PGMEA. The mixture did not produce a homogeneous solution even with warming to
above 60°C. Solubility of THPE with 70% sulfonate ester is lower than that of THPE
with 60% sulfonate ester in PGMEA. One gram of a 1 to 1 mixture of THBP and
THPE with 60% or 70% DNQ sulfonate ester was completely dissolved in 5 g of
PGMEA . This demonstrates that THPE sulfonate ester is less soluble than DNQ

25 sulfonate esters from mixtures of THPE and THBP.

Example 2

An arylcyclobutene-based oligomer was prepared by heating 398.6 g of BCB-
acrylic acid and 481.4 g of DVS-bisBCB in 1320 g of Proglyde DMM until a Mw of
30 5702 g/mol was reached. Initial BCB-acrylic acid to DVS-bisBCB mole ratio was 65

to 35. BCB content was 40%. The prepolymer (8.485 g) was placed in an amber vial.
12



PGMEA. This demonstrates that THPE sulfonate ester is less soluble than DNQ 25 sulfonate esters
from mixtures of THPE and THBP. Example 2 An arylcyclobutene-based oligomer was prepared by
heating 398.6 g of BCB- acrylic acid and 481.4 g of DVS-bisBCB in 1320 g of Proglyde DMM until a
Mw of 30 5702 glmol was reached. Initial BCB-acrylic acid to DVS-bisBCB mole ratio was 65 to 35.
BCB content WAS %084 *Fhe prepolymer (8.485 g) was placed in an amber & 42T 2066/044338
PCT/US2005/036453 DNQ (0.602 g, 15 wt % based on BCB prepolymer) prepared from a | to 1 mole
mixture of THPE and THBP with 70% equivalent of sulfonyl chloride was added to 6.25 g of PGMEA.

The DNQ readly di d in.PGMEA to,pro a homogenous solution. The sglution was added to
the amber via%&‘ﬁt@f’rﬁﬁ%e%hgsp%t%of e@r?‘ff@e&? 5&&?@#8\?5%%?8%8&%%& 49 ?n?&?é‘ﬁ syringe filter.
AP3000 was applied td #MHECmSTHRP wafie 7 008 ayead, by iaking6onal kbldgplatewals Haldedfas 90
seconds. The BCB solyti a ied to the wafer follow spreading at 500 rpm for 10 seconds
and spin-coaf):?l% éﬁ%ﬁr{p?r# Tgﬁ%%slgg)oﬁe&g}% e Vggﬁegéggﬁ%%é? 5%@%??1}3 &%Im
thickness aftesobatienwdhs w6 ioncnas adbalwafbe wiadaxdabeoniiisg ey ipteiss ifleexpagure tool with

a dose of 200 mJ/cm2. The exppsed wafer was developed. in a 2,38%. fetramethylammoniu
mdroniad oo B e e B RS ST e s R b 0

micron, film rejfigietarwaéngoBo-684d. bl sakpias Saotprtd AN DUTYsiobuaedaseRaiggmer with Mw
of 6123 g/mol was 15 prepared.in a similgggﬁ?ion as described in Example 2. Initial BCB-acrylic acid

to DVS-bisBERHHOR YARGRRLE S ey ShfehbhsRr s B4R WSrEg R DGRt Beploymer

(4.10 g) was pigseshiniap 2Mbes ik RroayideRMMIR50:93 a0 REMEAIS618) Mekgadded to
reduce BCB content to 20 wt%. The wt ratio of Proglyde DMM to PGMEA in the solution became 45

to 55. DNQ sdiiRdhickagss afiqobaby preptaedirdrna The MaBIe WanesrO SETM B ZariSsE with

60% equiyalegkposure tool with a dose of 200 mJ/cm?®. The exposed wafer was developed in a
2.38% tetramethylammonium hydroxide bath. Development time was 74 seconds.

Film thickness after development was 3.139 micron, film retention being 86.6%.
Example 3

Sample 1: An arylcyclobutene-based oligomer with Mw of 6123 g/mol was
15  prepared in a similar fashion as described in Example 2. Initial BCB-acrylic acid to
DVS-bisBCB mole ratio was 65 to 35. BCB content was 40 wt% in Proglyde DMM.
The preploymer (4.10 g) was placed in an amber vial. Progylde DMM (0.50 g) and
PGMEA (3.61 g) were added to reduce BCB content to 20 wt%. The wt ratio of
Proglyde DMM to PGMEA in the solution became 45 to 55. DNQ sulfonate ester
20 (0.36 g) prepared from a | to [ mole mixture of THBP and THPE with 60% equivalent
- of DNQ sulfonyl! chloride (M-60) (that is 0.6 equivalents of DNQ sulfonyl chloride was
used for every 1 equivalent of hydroxyl functionality in the THBP and THPE mixture)
was added, wt percentage of M-60 being 18. A wafer was processed in a similar
fashion as described in Example 2. Filfn retention after development with TMAH was

25 91.9%. Film quality was good.

This experiment was repeated with various photoactive agents as shown in the
table below. Samples 1,3, 5, 7, and 9 were run on the same day. Samples 2,4, 6, 8, and
10 were run on the same day but on a different day from the first set of samples.

Samples 11, 12, and 13 were run on separate days.

13
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of DNQ sulfonyl chloride (M-60) (that is 0.6 equivalents of DNQ sulfonyl chloride was used for every |
equivalent of hydroxyl functionality in the THBP and THPE mixture) was added, wt percentage of
M-60 Bemgkd44538afer was processed in a similar fashion as describaghin&waapg2; Film retention
after development with TMAH was 25 91.9%. Film quality was good. This experiment was repeated
with various photoactive agents as shown in the table below. Samples 1,3, 5, 7, and 9 were run on the
same day. Samples 2,4, 6, 8, and 10 were run on the same day but on a different day from the first

set of samples. Sanpiesdkiiydl2gand 13 were run on separate days. 1330 WO 2006/044338
PCT/US2p05/036453isPhetotctivey agent used (at 18q% by film retention afte §9ﬂrpl%lte§“}/vei ht based
on film quak&PRIRT retéRgBHPaFRS Ove ght @f\BfeBrdayvelppment, Wcaveityo cmpone&f}gi/o PE{70 93
good 82.5 2 THPE-?ngofn;%O?g% By 00 hay 2y 80.3 5
> . - : 0-good-70-5 8

THBP 90 gs-jg{m‘ Ol n: 200 O3 id 1Ol - oo gp 75 Q od
M-60 91 sorme; tazy 79 754091t good 8g 40 06900t 17 75849
65.9 3 THPE-80 100 hazy 79

4 THPE-80 96.4 hazy 80.3

i flakes during

5 THBP-90 95.3 development 80.5

6 THBP-90 97.2 hazy 79

7 M-60 81.9 good 70.5

8 M-60 91 some hazy 79.7

9 M-70 91.1 good 80

10 M-70 30.6 good 79.1

11 THBP-60 75.8 good 65.9

12 THBP-70 76 good 70.16

13 THBP-80 85.3 good 75.23

Legend:

M-60: defined above

M-70:_a I to 1 mole mixture of THBP and THPE. Approximately 70% of the hydroxyl groups
will have reacted with DNQ sulfonyl chioride.

5 THPE-70: THPE with about 70% of the hydroxyl groups reacted with DNQ sulfonyl chloride.
THPE-80: THPE with about 80% of the hydroxyl groups reacted with DNQ sulfonyl chloride.

THBP-60: THBP with about 60% of the hydroxyl groups reacted with DNQ sulfonyl chioride.

THBP-70: THBP with about 70% of the hydroxyl groups reacted with DNQ sulfonyl chloride.

THBP-80: THBP with about 80% of the hydroxyl groups reacted with DNQ sulfonyi chloride.

10 THBP-90: THBP with about 90% of the hydroxyl groups reacted with DNQ sulfonyi chloride.

Example 4

An arylcyclobutene-based oligomer was prepared by heating 398.6 g of BCB-

acrylic acid and 481.4 g of DVS-bisBCB in 1320 g of Proglyde™ DMM until a Mw of

15 5216 g/mol was reached. Initial BCB-acrylic acid to DVS-bisBCB mole ratio was 65
to 35. BCB content was 40%. 579.9 g of this solution was weighed into an amber
glass jar. Phenol, 4-[[4,6-bis(octylthio)-1,3,5-triazin-2-yl]amino]-2,6-bis(1,1-
dimethylethyl)- (4.88 g, available as Irganox 565 from Ciba Specialty Chemicals),
phenol, 2,4-bis(1,1-dimethylethyl)-, phosphite (3:1) (4.88 g, available as Irgafos 168

20 from Ciba Specialty Chemicals), and additional Proglyde™ DMM (22.8 g) was added,
and the contents were mixed. DNQ sulfonate ester (52.5 g) prepared from a 1 to 1
mole mixture of THBP and THPE with 70% equivalent of DNQ sulfonyl chloride (M-
70) (that is 0.7 equivalents of DNQ sulfonyl chloride was used for every 1 equivalent of

hydroxyl functionality in the THBP and THPE mixture) was dissolved in PGMEA
14



12 THBP-70 76 good 70.16 13 THBP-80 85.3 good 75.23 Legend: M-60: defined above M-70:_a | to
1 mole mixture oTHBP and THPE. Approximately 70% of the hydroxyl groups will have reacted with
DNQ sulfonyl chloride. 5 THPE-70: THPE with about 70% of the hydroxyl groups reacted with DNQ

sulfonyl chigriglesdilR5:80: THPE with about 80% of the hydroxyl Groups rpq;g@%éﬂ%ﬁ)!}@ sulfonyl
chloride. THBP-60: THBP with about 60% of the hydroxyl groups reacted with suffonyl chloride.

THBP-70: THBP with about 70% of the hydroxyl groups reacted with DNQ sulfonyl chloride. THBP-80:
THBP with about 80% of the hydroxyl groups reacted with DNQ sulfonyl chloride. to THBP-90: THBP
with about 90%debthe hyddokyl griatips resctechiitadONQ hdfprevichiasideti o sampldAR 15%

arylcyclobutene-based qligomer was prepared by heating 398.6 g,o0f BCB- acryljc acid and 481.4 g of
VS bisBCE 10 SO A Lh N S ST TS G e et i
BCB-acrylic acitl. 56 B\4SaliidBC B Mol flato fras Sorfac3Si8GB CenteOB\GS % (edPgdag of this
solution was wegj into an amber .glassjar, Phenal, 4-[4,6-bis(octylthio)-1,3,5-tri 3zin-2-ylJamino]
s AR T S U od e S R CIES et ihg CHERHEA), phenol,
2,4-bis(1, -dinfeteytdtiwil- thrbo sphite (Brd)gd 86.45 avieiabkl@s ngafomd6S2 draneCibka Sprrialty
Chemicals), and additional ProglydelM DMM (22. W dded, and the contents were mixed. DNQ
sulfonate ester%%sz?@%}) @p%?eﬁy‘%oﬂyﬁof t‘ﬁ%ﬁ%@é’#"iﬁy}?i 8P 2hat Pt Fod8retilivalent
of DNQ sulfonykebiasda (MBTS) (shatistbh eaviusersteiiING sylfenyhed ojdeaasisedsta every 1
equivalent of hydroxyl functionality in the THBP and THPE r%izdure) was dissolved in PGMEA 14 WO

2006/044338 PER/195586%00Rdy ! $REEWYInaAL RLOJomHSH dheceondsintaarHany srdeksds
solution and mixegod 43% nsltion MiR-HRRAAIGRGI BaRWLE S0 AABRIYMerHNiItha:eifadhexyl
2-pr0pen(i)gt € exposed with a Karl Suss exposure tool with a dose of 250 mJ/cm?. The exposed wafer
was developed in a 2.38% tetramethylammonium hydroxide bath. Development time
was 63 seconds. Film thickness after development was 2.77 micron, film retention
being 90.7%. Film thickness after cure (210°C /90 min) was 2.31 micron, 75.5% from

initial film thickness. The sample had no striations.
15 Example 5

To a 500 mL amber jar was placed 150 g of benzocyclobutene (BCB)-based
prepolymer which consisted of 39.22 wt% of BCB-acrylic acid and DVS-bisBCB
copolymer with mole ratio of 65 to 35, 59.14 wt% of di(propylene glycol)
dimethylether (Proglyde DMM), 0.82 wt% of Irganox 563, and 0.82 wt% of Irgafos

20 168. Diazonaphthoquinone (DNQ) sulfonyl ester of o~a-o'-tris(4-hydroxyphenyl)-1-
ethyl-4-isopropylbenzene (12.93 g. Approximately two thirds of the hydroxyl groups
on o-o-a'-tris(4-hydroxyphenyl)- 1 -ethyl-4-isopropylbenzene have been reacted with
DNQ sulfonyl chloride\to form the sulfonyl ester.), propylene glycol monoether acetate
(PGMEA) (81.09 g), ProglydeTM DMM (18.68 g), N-[3-(triethoxysily)propyljmaleamic

25 acid solution (2.94 g, 50 wt% N-[3-(triethoxysily)propyljmaleamic acid in PGMEA),
and Modaflow (0.26 g, 20wt% Modaflow in PGMEA) were added to the jar The
triethoxysilyl propyl maleamic acid can be made by drop-wise adding maleic anhydride
dissolved in PGMEA to a flask of 3-aminopropyltriethoxysilane with stirring.
Exothermic heat may be removed by ice-water bath and maintain the reaction

30  temperature below 40 °C by controlling rate of addition of the maleic anhydride.) The
15



(1.55 g, available as Modaflow from Surface Specialties UCB, Smyrna, Georgia 30080) was mixed
into the formulation. The formulation was stored in a refrigerator, 5 filtered with three passes through a
0.45 micron filter membrane, and bottled. AP3000 was applied to a 4 inch silicon wafer followed by
baking on g/loimgladesassl50C for 90 seconds. The BCB formulation was appliegd<iadbgyader followed
by spreading at 500 rpm for 10 seconds and spin-coating at 1000 rpm for 30 seconds. The wafer was
baked at 85C for -1 minutes. Film thickness after bake was 3.05 microns. The wafer was 10 exposed
with a Karl Suss exposure tool with a dose of 250 mJ/cm2. The exposed wafer was developed in a
2.38% tetram'mhwmm&eium foytirxidmbgthe ewelnpmenlimeolvasH3sefiends thibmghickness after
developmentgsv&; micron, film retention being 90.7%. Film thickness after cure (210C /90 min)
was 2.31 mic eI’f‘om initial film thickness. The sample had no striations. 15 Example 5 To a
500 mL amber jar was placed 150 g of beazocyclobutene (BCB)-based prepolymer which consisted of
39.22 wt% of BCB-acrylic acid and DVS- b BCB copolymer with mole ratio of 65 to 35, 59.14 wt% of
dl(propylene glycol) dlmethylether (Proglye DMM), 0.82 Wt% of Irganox 565, and 0.82 wt% of Irgafos

a-a-a' tns(4 hydr
to form the sulfonﬂy

DNQ sulfonyl ester of a-a-o'-tris(4-hydroxyphenyl)-1-ethyl-4-isopropylbenzene

The solution was applied to a 4 inch silicon wafer followed by spreading at 500
rpm for 10 seconds and spin-coating at 1250 rpm for 30 seconds. The wafer was baked
at 85°C for 2 minutes, and then cured in an air circulated oven at 210°C for 90 minutes.

10  The same experiment was repeated on a silicon nitride wafer.

The wafers were subjected to the modified edge-lift-off test (m-ELT)
(Transactions of the ASME, 122, 28-33, 2000). No delamination failure was observed
on both substrates. K. values were 0.51 MPaVm on silicon substrate and 0.55 MPavm
on silicon nitride substrate. Cross-hatched tape feel tests conducted before and after 48

15 hours in a steam pressure cooker at 121°C and 1 atm above atmospheric pressure at
100% relative humidity (JEDEC 22, Method A102B) gave 5B ratings for thin films on
silicon and silicon nitride.

The solution was applied to a 4 inch silicon wafer followed by spreading at 500
rpm for 10 seconds and spin-coating at 1250 rpm for 30 seconds. The wafer was baked

20 at 85°C for 2 minutes. Film thickness after bake 3.162 pm. The wafer was exposed
with a Karl Suss exposure tool with a dose of 200 mJ/cm”. The exposed area was
developed in a 2.38% tetramethylammonium hydroxide (TMAH) bath. Development

time was 70 seconds. Film thickness after development was 2.803 um, film retention
16



WO 2006/044338 PCT/US2005/036453 jar was shaken to form a homogeneous solution. The solution
was filtered through a 0.45 m filter. OD N2 OD D=Hor O=S=0 5 DNQ sulfonyl ester of
a-a-a'-tris(4-hydroxyphenyl)-1-ethyl-4-isopropylbenzene The solution was applied to a 4 inch silicon
wafer followed by spreading at 500 rpm for 10 seconds and spin-coating at 1250 rpm for 30 seconds.
The wafer Wé%%ﬁf(gﬂ”é? 85C for 2 minutes, and then cured in an air circulak6d/$¥eMa2¢6¢ for 90
minutes. to The same experiment was repeated on a silicon nitride wafer. The wafers were subjected
to the modified edge-lift-off test (m-ELT) (Transactions of the ASME, 122, 28-33, 2000). No

delamination failure was observed .on both supstrates. K10 values were O.5(;L MPaym on silicon
substrate and %egg @%—’éﬁp SHEBVRT E BPRY, Brodfd QAR Y fgef%é/%fﬁﬁﬁﬂ%ted

before and aftgtifBiAR iRHER IR HIRAFLPIEES WS COBKEfiR Ledkifag)d 1 atm above atmospheric
pressure at 100% relative humidity (JEDEC 22, Method Al 02B) gave 5B ratings for thin films on

silicon and silicon nitride. The solution was applied to a 4 inch silicon wafer followed by spreading at
500 rpm for 1@.8ppRds and spin-coating at 1250 rpm for 30 seconds. The wafer was baked 20 at
85C for 2 minutes. Film thickness after bake 3.162 m. The wafer was exposed with a Karl Suss

exposure ool with a d8se Wb AmhshEr Frie B4 drahkrnzesyvelopisenn BEBBascd

tetramethylampaeguupmy daxideohkidAd br bt Revelgrseent, dme wag Z0:58¢andRefdim thickness
after development was 2.803 m, film retention 16 WO 2006/044338 PCT/US2005/036453 being

88.6%. The wARROWALENYER ol TafteREARted Dvth Kt w1 fdli@romiuneslycol)
dimethylether (Proglyde™ DMM), 0.82 wt% of Irganox 565, and 0.82 wt% of Irgafos

168. Diazonaphthoquinone (DNQ) sulfonyl ester of a-a-o'-tris(4-hydroxyphenyl)-1-
10 ethyl-4-isopropylbenzene (6.67 g. Approximately two thirds of the hydroxyl groups on
a-a-o'-tris(4-hydroxyphenyl)-1-ethyl-4-isopropylbenzene have been reacted with DNQ
sulfonyl chloride to form the sulfonyl ester.), propylene glycol monoether acetate
(PGMEA) (18.69 g), and Modaflow (0.11 g, 20% Modaflow iﬁ PGMEA) were added
to the jar. The jar was shaken to form a homogeneous solution. The solution was
15  filtered through a | pm filter.

The solution was applied to a 4 inch silicon wafer followed by spreading at 500
rpm for 10 seconds and spin-coating at 1750 rpm for 30 seconds. The wafer was baked
at 95°C for 3 minutes. Film thickness after bake was 6.467 pm. The wafer was
exposed with a Karl Suss exposure tool with a dose of 300 mJ/cm’®. The exposed area

20 was developed in a 2.38% tetramethylammonium hydroxide (TMAH) bath.
Development time was 155 seconds. Film thickness after development was 5.793 um,
film retention being 89.6%. The wafer was cured in an air circulated oven at 210°C for

90 minutes. Film thickness after cure was 5.032 um (77.8% film retention).

17



Film thickness after cure was 2.60 pm (82% film retention). Example 6 s To a 500 mL amber jar was
placed 78.2 g of benzocyclobutene (BCB)-based prepolymer which consisted of 39.22 wt% of
BCB-acrylic acid and DVS-bisBCB copolymer with mole ratio of 65 to 35, 59.14 wt% kiCdiju®pylene
glycol) dimethylether (ProglydeTM DMM), 0.82 wt% of Irganox 565, and 0.82 wt% of Irgafos 168.
Diazonaphthoquinone (DNQ) sulfonyl ester of a-a-a'-tris(4-hydroxyphenyl)-1 10
ethyl-4-isopropylbenzene (6.67 g. Approximately two thirds of the hydroxyl groups on

a-a-a'-tris(4- hﬁ?d%?phenyl) I-ethyl -4-isopropylbenzene have been reacted with DNQ sulfonyl chloride
to form the sulfonyl ester.), propylene glycol monoether acetate (PGMEA) (18.69 g), and Modaflow
(0.11 g, 20% Modafomwii PGMEAYsee added to the jar. The jar was shaken to form a
homogeneous solution. The solution was 15 filtered through a 1 pm filter. The solution was applied to

a 4 inch silicon waferaﬁolzlmvaeidi byspreadingiathiiepm,fordOhsesansssand sRiNG0aIBE Ahf 50 rpm
for 30 seconds,, The waf rwasrlf<1 ed af 95C. for 3 m| utes. Film thickness after bake was 6.467 pm.
The wafer was' exposed with & Kar Sstids’es xbggur PV\}Ithog GEEEBIFB0B TSRS . THBRISsed area
20 was developetoima203886tetramethylammonium hydrOX|de (TMAH) bath. Development time was
155 seconds. Film thickness after development was 5.793 pm, film retention being 89.6%. The wafer
was cured in an air circulated oven at 210C for 90 minutes. Film thickness after cure was 5.032 pm
(77.8% film retention). 17 MCSLLP ClI | ]BUAprc]:om osition gomprising a) an acid 'lunctionalized,
curable arylcyclobutene-bgased poly geo hich is the partially polymerized product of
onom

monomer precursors cotgprising rs of formula C (R.1)2

¢ ( Ri )2

Wherein
T PR .
B’ is an n-valent organic linking group or B! may be absent;

1 . . .
Ar' 1s a polyvalent aromatic or heteroaromatic group and the carbon atoms of
the cyclobutene ring are bonded to adjacent carbon atoms on the same aromatic ring of

Ar':
m is an mnteger of 1 or more;
N is an integer of 1 or more;

1 -
R" 1s a monovalent group;

b) a dissolution inhibitor comprising a compound of the formula:

R {
Q‘ L
where L 1s an n+1 valent linking group,

i8 -



Bl Ark I C(R1)2 M n Wherein B1 is an n-valent organic linking group or B' maybe absent; Are is a
polyvalent aromatic or heteroaromatic group and the carbon atoms of the cyclobuteneMihglare

bonded to adjacent carbon atoms on the same aromatic ring of Ar, mis an integer of 1 or more; N is
an integer of 1 or more; R1 is a monovalent group; b) a dissolution inhibitor comprising a compound of
the formula: (R R)M ~ O L \/where L is an n+1 valent linking group, 18 MCSLLP R is independently

in each occurrence Gtlior Q% prauided p6-ahlgasiup:eldie AMBIR INgs A IAsL NG R IOV,
Cc

where OY indicates a pendant DNQ group, m is independently in e occurrence an integer of 1 to 3,
and n is 1 or 2¥9TARE BHETHO RGOl Y whERsmAei BilserionInfibitBINGH treepomprises a
compound of the formula: n where L is an n+1 valent linking group, R is independently in each
occurrence OH or OYrprovides:atdedst scatd Reanerdd, avherez @Y fndicates:a pendant DNQ group, m
is independently in each occurrence an integer of [ to 3, and nis | or 2.

2. The composition of claim 1 wherein the dissolution inhibitor further comprises a

compound of the formula:

-G

where L. 1s an n+1 valent linking group,

R is independently in each occurrence OH or OY provided at least some R are

QY, where OY indicates a pendant DNQ group,
m is independently in each occurrence an integer of 1 to 3, and
nislor2

3. The composition of claims | and 2 wherein L is independently in each occurrence a

covaient bond, S, O, C(=Q), or a hydrocarbyl group of 1 to 12 carbon atoms.

4. The composition of claim 3 wherein L is an alky! group of 2 to 4 carbon atoms.
5. The composition of claims 1-4 where at least about 40% of R are OY.

6. The composition of claim 5 where at least about 50% of R are QY.

7. The composition of claims 1-6 further comprising an crganic solvent.

8. The composition of claim 7 where the solvents are a mixture of di(propylene glycol)

dimethy! ether and propylene glycol methyl ether acetate.
4. The composition of claims 1-8 further comprising at least one antioxidant.

10. The composition of claims 1-9 further comprising at least one coating aid.
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3. The composition of claims 1 and 2 wherein L is independently in each occurrence a covalent bond,
S, 0, C(=0), or a hydrocarbyl group of 1 to 12 carbon atoms. 4. The composition of claypg werein L
is an alkyl group of 2 to 4 carbon atoms. 5. The composition of claims 1-4 where at least about 40% of
R are OY. 6. The composition of claim 5 where at least about 50% of R are OY. 7. The composition of
claims 1-6 further comprising an organic solvent. 8. The composition of claim 7 where the solvents are

a mixture of di(prajpyleneglyaol) diviethyl eieriatepropyent gicekmethyl atheragelats:D. The
composition of claims 1-8 further comprising at least one antioxidant. 10. The composition of claims

1-9 further comprising @kigasiieRessoating aid.; 19MCILL Ryt e qgr@&@@@@%ﬁf'amg 4110

further comprising at least one adhesion promoter 12. The composition of claim 9-11 where the
antioxidant is eslectsl o 4- 5[[318“3”1 2-ylJamine]-2,6-bis(1,1-dimethylethyl)-phenol, and 2.4

bis(octylthio)-%;3; b trigziRtByvdlamingl-2.8- pllﬁgbgnqlmngthylethyl) phenol, and 2,4- bis(1
,1-dimethylethyl)-phenol phosphite (3:1). 13. The composition of claim 10-12 where the coating aid is a

copolymer of the ethyl ester.of 2- Bfocggﬂglﬁ)agd%gh 2 ethéllh x pro enoalile %;10 e cognéﬂ?smon

of claim 11-13 where the adhesion promoter is “selecte rom rlet ox§ propy ic acid
and N-[3- (tr|e@ﬁé@(‘y@ﬂ%@i@@l@@@@@oﬁi&é)cﬁh}i@ﬂiﬁé@nmsm@n of claim | wherein the acid
functionality comprises a -COOH group. 16. The composition of claim | wherein the monomer

precursors furtheritemprigestid: containing myroneersief tiedaonwasRoG(R2)edeBed e 6R2)2 p

wherein o e : . . , _
[3-(triethoxysilyl)propylimaleamic acid and N-[3-(triethoxysilyl)propyi] citraconic acid.

15, The composition of claim 1 wherein the acid functionality comprises a —COOH
group.

16. The composition of claim 1 wherein the monomer precursors further comprise acid-
containing monomers of the formula:

5 ) C!J (R*),

¢ ('Rz )2

wherein
B2 is a monovalent organic group with acid functionality;
3. ‘ . .
Ar” is a polyvalent aromatic or heteroaromatic group and the carbon atoms of

the cyclobutene ring are bonded to adjacent carbon atoms on the same aromatic ring of

5

Art;
p 1s an integer of | or more;

7.
R” 15 a monovalent group.

17. The composition of claun 1 wherein the monomer precursers further comprise

monomers of the formula;

20



B2 is a monovalent organic group with acid functionality; Ar 2 is a polyvalent aromatic or
heteroaromatic group and the carbon atoms of the cyclobutene ring are bonded to adjaggng casbon
atoms on the same aromatic ring of Ar’; p is an integer of | or more; R2 is a monovalent group. 17.
The composition of claim 1 wherein the monomer precursors further comprise monomers of the
formula: 20 MCSLLP R" 04 ~q R' O R.'and R" are independently selected from hydrogen, alkyl
groups of 1 to 6 carbon atomg, aryl groups, or R' and R" taken together from a cyclic group of 4 to 8
carbon atoms; each R+ ‘ﬁ&ndentl n alkyl group pf 1-6 carbon atoms, trimethylsilyl, methoxy
or chloro; and g is an m@{ f/O t03.2
() T T° <

q R’ O

R7 and R” are independently selected from hydrogen, alkyl groups of 1 to 6 carbon
atoms, aryl groups, or R’ and R” taken together from a cyclic group of 4 to § carbon
atoms; each R’ is independently an alky!l group pf 1-6 carbon atoms, trimethylsilyl,
methoxy or chloro; and

g 1s an mteger of 0 to 3.
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