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solutlons as coating materials and to articles coated
The present invention relates to solutions of polyimide~forming

5 substances, containing

A) polyamines and
B) amides or esters or a mixture of amides and esters of tetra-
carboxylic acids, the amide or ester groups carrying substi-
10 = tuents selected from the group consisting of carboxyl, sulfo,
silyl and siloxyl groups.

The present invention furthermore relates to the use of such
. solutions as coating materials and to articles coated with a
15 polyimide.

An important field of use of the polyimide coatings, which are
solutions of polyimide~forming substances, is microelectronics,
where polyimide coatings are used as insulation layers in the

20 structures of microchips or as buffer layers between the finished
chip and the chip housing. '

An important requirement for the polyimide layers is good adhe-
sion to the base material of the chips, ie. to wafers of silicon

25 or modified silicon. This problem has been solved to date by pre-
treating the inorganic substrates with adhesion promoters, for
example aminoalkoxysilanes, or by adding adhesion-promoting sub-
stances to the coating solutions.

30 Thus, DE-A 41 07 664 describes solutibns of polycondensates hav-
) ing nitrogen-heterocyclic structural units, to which azidosilanes
- are added as adhesion promoters.

A further requirement for such polyimide coatings is very low
35 water absorption, in order to ensure functioning of the micro-
chips even under humid conditions. Since the imide group is known
' to be hydrophilic, attempts have been made to compensate this by
the use of very hydrophobic polyimides, for example by using
starting materials having a very high molecular weight in order
40 to reduce the imide'group density in the polymer.

It is also desirable to obtain structurable polyimide coatings.
For this purpose, the polyimide layers are first predried and
then coated with a photoresist. Imagewise exposure is then ef-
45 fected through a mask and, as a rule, development is then carried
out with dilute agueous alkali solutions. As a result, the photo-
resist can be removed in the exposed parts. In the next step, the
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whi ch are sol utions of polyinide-formng substances, is mcroelec- tronics,
where polyi mde coatings are used as insulation |ayers in the structures of
m crochi ps or as buffer |ayers between tthe finished chip and the chip

housing. 2. Pe3gimpié Wbef, ttae Rek ag1ch &rehaeadlﬁpéﬁtaﬁt deeen!bﬁéam;sur Lr the
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the coatin§ estettorikat They, aDE-ne Jbngprogitackas ityethecbhntanesist pol yloon-
solvents present therein. .

However, particularly when polyimide intermediates which can be
cured to give polyimides having low water absorption are used,

10 problems are encountered in the development because, after suffi-
cient predrying, said polyimides can no longer be dissolved by '
aqueous alkaline developers.

It is an object of the present invention to provide improved
15 polyimide cocatings.

We have found that this object is achieved by the'solutions of
polyimide—~forming substances defined at the outset.

20 The technically most important polyheterocycles for the purposes
of the present invention are polyimides, but other polyhetero-
cycles, such as polyisoindologuinazolinediones or polyaryleneben-
zimidazoles, are also included. The term polyimide is used below
as a synonym for all N—containing polyheterocycles.

25 _ _

The individual components of the solutions are described below.

Preferred polyamine components A) are aromatic and/or partly aro-
matic polyamines, diamines, very particularly aromatic diamines,
30 being preferred. '

p—phenylenediamine,
m—phenylenediamine,
4,4'—diaminodiphenyl oxide,
35 3,3'—diaminodiphenyl oxide,
3,4’'~diaminodiphenyl oxide,

4,4'—~diaminodiphenyl sulfide,
3,3'~diaminodiphenyl sulfide,
40 3,4’'—diaminodiphenyl sulfide,

4,4’'—diaminodiphenyl sulfone,

3,3'—diaminodiphenyl sulfone,

3,4'—diaminodiphenyl sulfone,
a5 '
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are added as adhesion pronoters. A further requi renment for

such pol yi m de coatings is very Iom/mater absorption, ‘in order to ensure
functioning of the microchips even under 3humi d conditions. Since the imde

group is knowti4 -Hiamidgedpphenyl )-metdapes have been made to conpensate
this by the up®, di-dianminbiiiphehyb)-anarnbyem ides, for exanple by using
starting nate(ga4a4ﬁ§Mhﬁgd§?H§ﬁgqjndg%hgggecular melght in order to reduce

the imde group density in

he pol yner If is also desirable to obtain
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(3, 4'—dlamlnodlphenyl)—propane,

(4,4'—diaminodiphenyl)—ethane,
(3,3'—diaminodiphenyl )—ethane,
(3,4'—~diaminodiphenyl )—ethane,

4,4'-bis—(4,4'—-aminophenoxy)-biphenyl,
4,4'-bis—(4,3'~aminophenoxy)—biphenyl,

2,2~bis[4—(4,4—aminophenoxy)phenyl ]-propane,
2,2~-bis[4—(4,4—aminophenoxy)phenyl ]-perfluoropropane,
2,2~-bis[4~(3,4—aminophenoxy)phenyl ]-propane,
2,2~bis[4~(3,3'—aminophenoxy)phenyl ]—propane,

2,2—bis[4—(4,4'—aminophenoxy)phenyl] sulfone,
2,2-bis[4—(3,4—aminophenoxy)phenyl] sulfone,
2,2-bis[4—(3,3’'~aminophenoxy)phenyl] sulfone,

4,4'—dimethyl—3,3'—diaminodiphenyl sulfone,

2,2-bis[4—(4,4’'—aminophenoxy)phenyl] sulfide,
2,2-bis[4-(3,4—-aminophenoxy)phenyl] sulfide,
2,2-bis[4—(3,3'—aminophenoxy)phenyl] sulfide,

2,2-bis[4—(4,4'—aninophenoxy)phenyl j—-methane,
2,2=-bis[4—(3,4—aminophenoxy)phenyl ]-methane,
2,2-bis[4—(3,3'—ami nophenoxy)phenyl]—methane,

1,4—b1s—(4,4'—aminophenoxy)4phenylene,'
1,4-bis—(3,4'—aminophenoxy)—phenylene,
1,4-bis—(3,3’'-aminophenoxy)—phenylene,

4,4'—diaminocbiphenyl (benzidine),
3,4’'—diaminobiphenyl, 3,3’ —dlamlncblphenyl,
3,3’'—dimethoxy—4, 4'—d1am1noblpheny1,
3,3’—dimethoxy-3,4’—diaminobiphenyl,

3,3'—dimethyl—4,4'—diaminobiphenyl,
3,3'—dimethyl—3,4’'—diamincbiphenyl,
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then carried BASFV\LABkEI #uraraeaenus al kag3oEgy utionsp As @062/8218% t,
the photoresist can be renoved in the exposed parts. In the next step, the
polylnlde coat, too, is then renoved fromthe devel oped parts, and the

predried polyinide | ayer is structured i this manner. For structuring

under photore ts mnth ggueous al kal i ne devel opers, the polyimde inter-
medi at es nusttd WARVLran extent that they are no | onger '
attacked by thes Fﬁhtb@1Q¢E>solvents present therein. However

particularly when polyimde internedi ates
p—terphenyl—4,4"—diamine, p—terphenyl-3, 3”—d1am1ne,
5 5—tert-butyl—-2,4—toluylenediamine,
3—tert—~butyl—-2, 6—toluylenediamine,

3,5~diethyl~2,4—toluylenediamine,
3,5—-diethyl~2, 6—toluylenediamine,
10
alkylisopropyltoluylenediamines, such as diisopropyltoluylenedia-
mine, : '

a,w—diamino—(polyphenylenesulfides),
15

m—xylylenediamine,

p—xylylenediamine,

bis—4,4'—[ (2, 6—diisopropyl)aminophenyl jmethane,
20 bis—4,4'—[ (2-methyl—6—isopropyl)aminophenyl Jmethane,
bis~4,4’—~[(2,6—dimethyl)aminophenyl Jmethane,

bis—4,4'~[ (2,6—diisopropyl)aminophenyl] ether,
bis—4,4'—[ (2—-methyl—6—~isopropyl)aminophenyl] ether or
25 bis—4,4'—[(2,6—dimethyl )aminophenyl] ether.

Other suitable polyamines are tetraamines, such as 3,3’,4,4'—
tetraaminodiphenyl, 3,3’,4,4’—tetraaminodiphenylmethane,
3,3’,4,4'—tetraaminodiphenyl ether, 3,3’,4,4’'—tetraaminodiphenyl-

30 sulfone or 3,3',4,4'—tetraaminodiphenyl sulfide. Such tetraamines
give polyarylenebenzindazoles as a final structure.

A further important group of diamines comprises aromatic poly-
nuclear compounds which are bonded via benzanilide groups, eg.

35 3,3’—diaminocbenzanilide, 3,4’'—diaminobenzanilide, 4,3’'—diamino-
benzanilide, 4,4’'—diamincbenzanilide or 4,3'—diéminobenzanilide,
and the N—alkyl substitution products of these anilides, as well
as the a,w—diaminopolyanilides according to EP-A-271736.

40 As a rule, polyimides having the best possible combinations of
properties are desirable. These are obtained in general by means
of a wholly aromatic structure. The novel polyimides are there-~
fore preferably prepared using purely aromatic diamines.

45 Although diamines which are not purely aromatic generally
adversely affect the thermal stability of the end products,

cycloaliphatic, heterocyclic and aliphatic amine compounds having
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“ problems are encountered in the devel - opnent because, after su cl ent

predrying, said polyimdes can no | onger be dissol ved by aqueous al kal i ne
devel opers. SUMVARY OF THE | NVENTI ON It %s an object of the present
I nvention to provide knproved _polyi mde Toatings. We_have found that this
obj ect is aclife?@dPByTIPREIRAMTINETBIEPOIHAN de- PERFRTAPLIUISSRARCER 2 or
cont ai ni ng Amorel,yBaY nkevelrar Bilsanbecvserd arsmaysberpresentt fiozr obtaimites and
esters of tetspecAfhoxpromertdieds, foheexmiple surfsdesngottipessarflexibigity,
substituents gx@l,ected fromthe group consisting of carboxyl, sulfo, silyl
and sil oxylg groups. S
These are, for example, diamino(dimethyl)dicyclohexylmethane,
diamino(dimethyldiisopropyl)dicyclohexylmethane, diamino
(tetra isopropyl)dicyclohexylmethane, diamino(diisopropyl)dicy-
clohexylmethane, diaminoalkylenes or diaminopolyoxyalkylenes.
10 '
The term diamines is also intended to include compounds which
contain the structural element N-N, ie. derivatives of hydrazine.

Aromatic diamines which are further substituted in the nucleus by

15 reactive groups are also important. Such reactive substituents

' are, for example, carboxyl, hydroxyl, aminc and amido groups.

Polyheterocycles having a non-imide structure are then also
formed with such substituted amines. In the case of the o~carbox-
amidoamines, for example anthranilamide, polyisoindoloquinazoli-

20 nediones are obtained as the final structure. Dihydroxydiamines
give polybenzoxazoles and tetraamines result in polyarylenebenzi-
midazoles. The present invention alsc relates to such polymers.

According to the invention, salts and partial salts of the amines
25 may also be used or may be present, for example the carbonates,

acetates, trifluorocacetates, trichloroacetates, formates, oxa-

lates, maleates, methanesulfonates, benzenesulfonates, chlorides,

etc. It has been found that the use of such salts suppresses the

strong discoloration, particularly of the aromatic diamines, and
30 gives smoother films in the case of some combinations.

The stated starting materials are known or can be prepared by
- conventional processes.

35 The starting materials are listed only by way of example, and the
invention is not restricted to the use of these substances.

According to the invention, esters or amides or mixtures of
esters and amides of tetracarboxylic acids, which are cbtainable

40 by reacting tetracarboxylic acids or, preferably, tetracarboxylic
dianhydrides with compounds having hydroxyl and/or amine func-
tional groups and carrying’at least one substituent from the
group consisting of carboxyl, sulfonyl, silyl and siloxyl groups
are used as components B).

45 '
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pol yhet erocycl es for the purposes of the present invention are polyimn des,
but other pol yheterocycles, such as polyi soi ndol oqui nazol i nedi ones or

pol yaxyl enebenzi m dazol es, are al so incl@ded. The term polyinmde is used

bel ow as a syfomHarducal thdt L BYL BY BeL FORIICReKEE S Stetiifod iidixyh dual
conponent s Ofdiaﬂﬁ;y%%%%ogée &%%%pﬁ’?gaé‘@éawitﬁf ﬁEﬁ&{ﬁr&&} QGinds

conponents A) a ar o ic a or aromati c._polya es,” diam nes,
Tery part: cul P ES BREY | oA R. AR F HBABEY HODRRBHISR| ancd ani ne,
5 Suitable monohydroxy compounds are in particular aliphatic and
aromatic hydroxycarboxylic acids or hydroxysulfonic acids, for
example glycolic acid and lactic acid, and hydroxy-fatty acids,
such as butyric acid or valeric acid, aromatic hydroxycarboxylic
acids, such as salicylic acid, hydroxyalkanesulfonic acids, such
10 as l-hydroxyethylsulfonic acid or l-hydroxypropanesulfonic acid,
and arcmatic sulfonic acids, such as the hydroxybenzenesulfonic
acids or the toluenesulfonic acids.

Particularly suitable monoamine components are aminocarboxylic

15 acids or aminosulfonic acids. Examples of suitable aminocarboxy-
lic acids are saturated aminocarboxylic acids, such as aminoacet-
ic acid, o—aminopropanecarboxylic acid, B—aminopropanecarboxylic
acid or higher homologs of the amino-fatty acids, and aromatic

- aminocarboxylic acids, such as o-aminobenzoic acid. Suitable ami-

20 nosulfonic acids are aminoethanesulfonic acid, aminopropenesul-
fonic acid or aromatic sulfonic acids, such as o—amincbenzenesul-
fonic acid.

The silyl or siloxyl groups aré likewise introduced via compounds
25 having hydroxyl or amino functional groups, for example

aminocalkylalkoxysilanes, such as
aminoethyltris(trimethylsiloxy)silane,
4—aminobutyltrialkoxysilanes,

30 4—aminobutylmethyldialkoxysilanes,
4—amincbutyldimethylalkoxysilanes,

3—aminopropyltriethoxysilane,
3—aminopropyldiethoxymethylsilane,
35 3-—aminopropylethoxydimethylsilane,
aminoethyltriethoxysilane,
aminoethyldiethoxymethylsilane,
aminoethylethoxydimethylsilane,

40 aminopropyltrimethoxysilane,
aminopropyldimethoxymethylsilane,
aminopropylmethoxydimethylsilane,

- aminoethyltrimethoxysilane,
45 aminoethyldimethoxymethylsilane,
aminocethylmethoxydimethylsilane,

TR
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3, 4' -di am nodi phenyl oxide, 4, 4-diam nodi phenyl sulfide,

3, 3' -di am nodi phenyl sul fide, 3,4'-dianm nodi nhenyl sulfide,

4, 4' - di am nodi phenyl sul fone, 3,3'-dianihodi phenyl sulfone,

3, 4- di ani nodi (ardmpletiyl imireomethyl') pheayl etin lxrdmg khoskyws 1lare,
N—( 2—aminoethyl )~3—aminopropylmethyldimethoxysilane,
N—(2-—aminoethyl )~3—aminopropyltrimethoxysilane,
3—(3—aminophenoxy)propyltrimethoxysilane,

5 3—(4—aminophenoxy)propyltrimethoxysilane,
aminophenyltriethoxysilanes as various isomers,
aminophenyltrimethoxysilanes as various isomers,

3—aminopropyltris(trimethylsiloxy)silane,

10 1,3-bis(4—aminobutyl)tetramethyldisiloxane,
bis(p—aminophenoxy)dimethylsilane,
1,3—bis(3—aminopropyl)-1,1,3,3—tetramethyldisiléxane,

(cyclohexylaminomethyl )methyldiethoxysilane,
15 (cyclohexylaminomethyl)triethoxysilane,

(cyclohexylaminomethyl )dimethylethoxysilane,

(N—ethyl-3-aminopropyl)trimethoxysilane,

1,3~bis(4~hydroxybutyl)tetramethyldisiloxane,

20 1,4~bis(hydroxydimethylsilyl)tetramethyldisiloxane,
bis(2-hydroxyethyl )—~3—aminopropyltriethoxysilane,
1, 3-bis(3-hydroxypropyl)tetramethyldisiloxane,

tert-butylaminotriethylsilane,
25 tert-butylaminotrimethylsilane,

(cyclohexylaminomethyl )methyldiethoxysilane or amino-terminated
oligomeric siloxanes having a molecular weight of up to 2000 or
hydroxyl-terminated oligomeric siloxanes having a molecular

30 weight of up to 2000. ' '

Preferably used silyl or siloxyl compounds are aminopropyltri-
ethoxysilane and tert-butylaminocethylsilane.

35 The novel tetracarboxylic esters and/or amides may be modified
either only with acidic groups, such as carboxyl or sulfonyl, or
only with silyl or siloxyl groups or, preferably, with acidic and
silicon-containing groups. Unless all amido or ester groups are
substituted in this manner, alcohols and/or primary and/or sec-

40 ondary amines which carry no such groups are additionally reacted
as compounds having hydroxyl and/or amino functional groups. Par-
ticularly suitable alcohols are C;—Cg—alkanols, such as methanol,
ethanol, propanol, isopropanol, n-~butanol, isobutanol, n—pentanol
and its isomers, n—hexanol and its isomers and 2—ethylhexanols,

45 and furthermore cycloalkjl alcohols, such as cyclohexancl, aro-
matic alcohols, such as phenol, kresol or cumol, and alkoxyaryl
alcohols, such as 3—-phenoxypropanol or 2—phenoxyethanol,'and
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(4,4' -di am nodi phenyl ) - propane, (3, 3'-di am nodi phenyl) - propane,

(*3, 4' - di am nodi phenyl ) - pr opane, (4, 4-di am nodi phenyl) - et hane,

(3..3' -di am nodi phenyl ) -et hane, (3, 4'-di agi nodi phenyl) - et hane,

. j:jj_gzz_gj g; g%ﬂkggggﬁigg%’ﬁ#ye gﬁ§¥h’polyalkoxyglycol esters or mixtures
2, 2-bi s[ 4- (4, f‘iﬁ?ﬁbphenoxy)phenyl] pr opane,
2, 2-bi s[ 4- (-4, 4- am nophenoxy) phenyl ] - perf | uor opr opane, 2,2-bis[ 4(3
, 4- am nophen&@he) prepgtrtion qpfameide, or béster (@@oups which are substituted by
' -am nopherpxhepBeayéd - pimffifal groups depends on the required perfbrmance

‘characteristics.

In order to achieve good wet developability by substitution with
acidic groups, such as carboxyl or sulfonyl, it is advisable to

10 use from 10 to 100, preferably from 20 to 50, mol$, based on the
total amount of compounds used which have functional amino or
hydroxyl groups.

In order to achieve good adhesion, it is advisable to use 0.5-30,

15 preferably 5-25, mol%, based on the total amount of compounds
used which have OH and amino functional groups, of silyl or -
siloxyl—substituted compounds having aminc or hydroxyl functional
groups.

20 Suitable amines are primary and/or secondary saturated C;—Cg—mono-
amines, such as ethylamine, l—aminopropane, 2—aminopropane, dime-
thylamine, ethylmethylamine or diethylamine, or aromatic mono-
amines, such as aniline or toluidine.

25 The tetrécarboxylic acid components used are in particular the
dianhydrides of the tetracarboxylic acids stated below.

_Aromatic and partly aromatic tetracarboxylic acids, such as
30 pyromelitic acid,
benzene~1,2, 3, 4—tetracarboxylic acid,

37,4 4’—blphenyltetracarboxyllc acid,
35 2,2’,4,4'-biphenyltetracarboxylic acid,
+3,3',4'-biphenyltetracarboxylic acid,
¢2’,3,3'-benzophenonetetracarboxylic acid,
3,3’ ,4'-benzophenonetetracarboxylic acid,
40 , 7-naphthalenetetracarboxylic acid,
,6—naphthalenetetracarboxylic acid,
,5-naphthalenetetracarboxylic acid,
, 8—naphthalenetetracarboxylic acid,
,7-naphthalenetetracarboxylic acid,
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I s[ 4- (3, 4- am nophenoxy) phenyl ] sul f one,
i s[4-(3,-3' -am nophenoxy) phenyl ] 'sul f one,
‘- di net hyl - 3, 3' - di ami nodi phenyl sul f orf®,

5 n
2

2-

4

2-bis[4-(4, 2, 6&dinh¢¢mnnngﬁ¢ph&ayé+kunISxﬂ&tetracarboxylic acid,
2-b

2-

2-

2-
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i s[4- (3, £,3xanepiersnaphtaalhesl) { s —tetracarboxylic acid,
bi s[4-(3, 3" - an1nophenoxy)phenyl]sulflde

bi s[ 4-(4, é aﬁ?kgqgeﬁ%%: oﬁn¥i%ththa 1495 8pfetracarboxylic acid,

g|§[4ag%h&pﬁeﬁo§7§% Horﬁg ﬁ qpe— ,3,6,7-tetracarboxylic acid,

4-
4- g|s (4,4 - énﬁnépmgﬁhﬁayﬁq§h§m§pén%rhqxahydronaphthalene—l 2,5,6-tetracar-
4-bi s- (3, 4' - boxpdpdbexmid,) - phenyl ene,
, 4-bi s- (3, 3 4@3:-&9@@@{@@1),29@%%ﬁmue:fhwdrdhaﬁhmdﬂa&wb 6D e0Ed i N

boxylic acid,

10 4,4’'—oxydiphthalic acid,

3,3'-oxydiphthalic acid,

4,4'-sulfonyldiphthalic acid,

4,4'—thiodiphthalic acid,

_ 3,3'~thiodiphthalic acid,
15 4,4'~acetylidenediphthalic acid,

bis(2,3—dicarboxyphenyl )methane,

bis(3,4—dicarboxyphenyl)methane,

1,1-bis(2,3~dicarboxyphenyl )ethane,
20 1,1-bis(3,4—dicarboxyphenyl)ethane,

2,2-bis(2,3~dicarboxyphenyl )propane,
2,2-bis(3,4~dicarboxyphenyl)propane,

25_phenanthrene—l,z,7,8—tetracarboxylic acid,
phenanthrene-1,2,6, 7—tetracarboxylic acid,
phenanthrene-1,2,9,10—tetracarboxylic acid,

,10—perylenetetracarboxylic acid,
(10—perylenetetracarboxylic acid,
:9—perylenetetracarboxylic acid,
,10,1l—perylenetetracarboxylic acid,

~
@ O WO

2
30 3,
2
4

3,3",4,4"~p-terphenyltetracarboxylic acid,
35 2,2",3,3"—p-terphenyltetracarboxylic acid or .
2,3,3",4"-p—terphenyltetracarboxylic acid, are preferred.

Butane-~1, 2, 3,4—tetracarboxylic acid, cyclobutanetetracarboxylic
acid, cyclopentane-l,2,3,4~tetracarboxylic acid, pyrroli-

40 dine-2,3,4,5-tetracarboxylic acid, thiophene-2,3,4,5—tetracarbox~
ylic acid, pyrazine-2,3,5,6—tetracarboxylic acid, tetrahydrofu-~
rantetracarboxylic acid, 9-bromo—l0-mercaptoanthracenetetracar-
boxylic acid, 9,10-dimercaptoanthracenedicarboxylic acid,

2, 6—endovinylenecyclohexane—~1, 2, 4,5—tetracarboxylic acid and hex-

45 afluoroisopropylidene—2,2-bis(phthalic anhydride) are also suit-

i
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3, 3' - di net hoxy- 4 - di am nobi phenyl, 3 , 3'-di net hoxy- 3, 4' - di am nobi phenyl ,

3,3 - dinethyl-4,4'-dianinobiphenyl, 3,3'-dinethyl-3,4'-dianinobiphenyl,

1, 8- di am nonapht hal ene, 1, 5-di am nonaphtj@l ene, p-terphenyl-4.4"

- di ami ne, p- t epphERYAuShabredlaBhass .-;Sné %tbsieuwu& :fo%uxkeafdt@éﬂs&%med

3-tert-butyl - h 4 toI y

3, 5- di et hyl - 8.|6. é%xl.'ﬁjc?(:é&q% a@%@ 3’1 %{% %}bﬁ ﬁut:.lolﬁ § J.ﬂs PR =2

di i sopropy! - FbFﬁ % 95&Pﬁe°r per oro s bs tutlon pro ucts, and/or alkyl
substltutlon products and polycarboxylic acids contalnlng sili-

5 con.

The dimerization and oligomerization products of trimelitic anhy-
dride with alcohols, amines and isocyanates having a functional-~
ity of >2 and especially the 4,4 esterification, 4,4 etherifica-

10 tion and 4,4 amidation dimers of trimelitic acid are also suit-
able. According to the invention, the salts or partial salts of
the tetracarboxylic acid compounds may also be used or concom-
jtantly used, provided that they still have free carboxyl groups,
for example ammonium salts and salts with teadily volatile

15 amines, such as mono—, di— and trimethylamine, mono—, di— and
triethylamine and other amines. The phosphonium and sulfonium
salts of acidic tetracarboxylic acid compounds may also be used
or concomitantly used. The use of such salts generally leads to
desired lower viscosities in conjunction with a higher solids

20 content.

The tetracarboxylic acids stated are known or can be prepéred by
known processes. ‘

25 Mixtures of tetracarboxylic dianhydrides are also suitable.

The tetracarboxylic esters and amides may be prepared by conven-
tional methods. The anhydride rings are cleaved by reaction with
the compounds having hydroxyl or aminc functional groups, an

30 ester or amido group and a carboxyl group initially being formed
from an anhydride ring. Whether further esterification/amidation
takes place depends, as is known, on the reaction temperature; at
from 50 to 150°C, only the diesters or diamides are'usually
formed, whereas at higher temperatﬁres of up to 200°C tri or tetra

35 derivatives_may alsc be formed. Mono derivatives are formed only
in minor amounts. The transesterification/amidation can be car-
ried out in the presence of catalysts, such as dimethylaminopyri-
dine or p—tolulenesulfonic acids.

40 Diesters or diamides or mixtures thereof are preferably prepared.
The diesters or diamides may be prepared simultaneocusly or sepa-
rately. The amount of hydroxy or amino component employed is pre-

~ ferably such that from 0.5 to 3, preferably from 1.5 to 2.5, mol
of the hydroxy and amine component are used per mole of tetracar-

45 boxylic acid or tetracarboxylic dianhydride. Equivalent amounts
are particularly preferably used, ie. 2 mol of alcohol or amine

\
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p-xyl yl enedi am ne, bis-4,4"-[(2,6-diisopropyl)am nophenyl]nmethane,

bi s-4,4"-[ (et hyl - 6-i sopropyl )am nophenyl ] met hane,
bis-4,4"-[(2, 6- d|nethyl)an1nophenyl]nech?
bis-4,4"-[(2, 6-diisopr-opyl an1nopheny|] her,
bis-4,4' -{(2-R&tR y¥“°£ E y 8FH-RO FRISFHATP BERcRoly of tetracarboxylic
bis-4,4"-((2, GCanerh?¢§¥ﬁﬂanh9KUhy¢]dkﬁﬁhxdrléﬁher sui tabl e polyanlnes are
tetaan1nes such as 3,3
According to the invention, ester/amide mixtures may be used, and
5 the amount of amide may be from 5 to 40, preferably from S to 20,

mol%.

The novel intermediates are, as a rule, synthesized in suitable
organic solvents, preferably polar substances, such as
10 '
formamide,
acetamide,
N—methylformamide,
N,N—dimethylformamide,
15 N,N—diethylformamide,
N—methylpyrrolidone,

dialkylacetamides, such as
N,N—dimethylacetamide or

20 N,N—diethylacetamide,

' alkylalkylenediureas, such as
dimethylethylenediurea or
dimethylpropylenediurea, .

25 alkyleneureas, such as
ethylenediurea or
propylenediurea,
butyrolactone,
caprolactanm,

30
pyrrolidone, -

N—alkylpyrrolidones, such as
N-methylpyrrolidone (NMP),

35 N—ethylpyrrelidone,
N—cyclohexylpyrrolidone or
N—acetylpyrrolidone, and
dimethyl sulfoxide,
dimethyl sulfone, or

40 hexamethylenephosphorotriamide.

These polar substances may be completely or partially replaced
by further solvents, such as alcochols, esters, ketcnes, ethers
and cycloaliphatic ketones, alcohols, esters, amines, especially
45 tertiary amines, such as triethylamine, water, glycols, glycol
esters, glycol ethers and hydrocarbons. The choice of solvent
depends on the solubility of the other substances and on the

This Sheet Has Been Re'i ced
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4, 4-teraam n%ﬁﬁhé’ﬁﬁ‘? M Fafb,eg‘ AE 4 -te??%lag nodi ph@‘fﬁ °r9eﬁ%(£r?e14°s 3'.,4,4

*-tetraam nodi phenyl ether, 3,3 ,4,4" -tet- raam nodi phenyl sul f one

3,3 ,4,4" -tetraam nodi phenyl sulfide. Such tetram nes give

pol yaryl enebenzi ndazol es as a final strd&ture. A further inportant group of

di am nes conpesiesd ayanrEniteapbdy narsd era:scoenpy)mc&; hasi th beeopuinticbd/iin

benzani | i de ﬁnatmdlﬁcmaﬁcssedimﬁmheaa@éa ) it tatﬂaciﬂ'ﬂiﬁyll@&eaéiﬂiéom-

i de, 4,3 dl Aebenza)i |a'r@eref'af‘:.véi VALROPEIZAN LY 8 qRids, so that i

4 3 - di anino nzabu t%amiﬂgy RS al\&ﬁéi%hﬁiué’ﬁx}én% o?:”oRigd YL S eSe
&

anllldes acc

EP- A-27173§ a‘ﬁgu%tr‘iﬁ F?F PrB t u%%%?s?ﬁ%%l@cﬁﬁoﬁ?éuﬁsans
of properti ekaging @ésuqﬁéb’?@elxﬂe@ #odidat 'aPWé%Pﬁ-n

The novel solutlons contain the polyamine A) and the tetracarbox-
ylic acid derivatives B) preferably in a molar ratio of from
10 1.5:1 to 1:1.5, particularly preferably 1:1.

The novel solutions may also contain free tetracarboxylic acids.
These may be added separately or may be produced in the solution
by adding water.
15
The solids content of the solutions is preferably from 35 to 60%
by weight. The viscosities are preferably from 500 to
10,000 mPa.s. For special applications, however, the desired
parameters can be adjusted as required by corresponding dilution.
20 ' ,
For the preparation of the solutions, tetracarboxylic acid deriv-
atives, polyamine and solvent may be combined in any order. For
example, it is possible thus to prepare the tetracarboxylic acid
derivatives and to add the diamine and, if required, a further
25 solvent to the mixture obtained. In order to dissolve all compo-
nents, if necessary stirring is carried out at room temperature
or at elevated temperatures, for example from 30 to 120°C, in par-
ticular from 40 to 80°C.

30 The novel solutions may contain conventional additives, such as
catalysts for the imide formation, dyes, pigments, fillers, lev-
elling agents and viscosity regulators.

They are suitable as coating materials for the production of
35 coatings on a very wide range of substrates, for example metal,
glass or silicon. The coating is preferably cured at final tem-
peratures of from 150 to 450°C, particularly preferably from 300
to 400°C. It has proven particularly advantageous to carry out the
curing process in a plurality of stages by gradually increasing
40 the temperature to the final temperature.

The novel solutions are used for coating silicon wafers for the
production of electronic circuits, ceramic and metal for the pro-
duction of composite circuits, in particular for the production
45 of multi-chip modules, for coating wire, for coating optical
waveguides of glass or quartz, for coating metal films for the
production of flexible printed circuit boards, for coating,

“ﬁﬁ?im‘iiilﬁﬂi”uﬂiu



general by n&ﬁ&F&racak%"blTV‘é?%r&?l c st P30 9%. The Robel 095%9311885 are
thérefore preferably prepared using purely aromatic di am nes. Although
di ami nes which are not purely aromatic gener- ally adversely affect the
thermal stability of the end prod- uctsl3cycloaliphatic, heterocyclic and
al i phati c anmixpregiatpfy nalsd hihedd valy abbridingu ke tiepad | Add BnRMCT shbap- 1,
pr ef 3[)?2: Yy equdle bAa2eGimd®' SndRY ﬂgg@yﬂlsal ForDepUasth e HeY oBEcEEEN
flexibility, g‘ ifﬁéglg gﬂe t anIi a%nﬁofo ?Fgﬁ% ?éu%g’c%r?&yf’w‘
met hane, ders' f’-bersdl ﬁegg lé’@ﬁropyl )di - cycl ohexyl met hane,
dlamlu)(teﬁra |sopropyl)d|cyclohexyl nethane
dlanlno(dl|sammoppv¢ﬁlsq&ﬁtﬂunsybaathenwsed to produce coatings which ‘can be
developed very readily in an alkaline aqueous medium and exhibit
little water absorption.

10 Furthermore, the novel coatings which contain polyimides modified
with organosilicon groups have such good adhesion to the sub-
strate that it is possible to dispense with the use of adhesion
promoters.

15 Novel coatings which contain polyimides modified with acidic and
organosilicon groups have good wet developablllty in conjunction
with good adhesion.

A further advantage of the novel solutions is the relatively low
20 viscosity in combination with a high solids content, with the .

result that blister formation is avoided during baking of the

coatings. '

The examples which follow illustrate the invention.

25
Examples
Abbreviations:
30 oppa Oxydiphthalic dianhydride
BAPP 2,2~Bis[ (4—aminophenoxy)phenyl ]propane
MPG Ethylene glycol monophenyl ether
NMP N-Methylpyrrolidone
DMAP Dimethylaminopyridine
35 APTES Amlnopropyltrlethoxys1lane
DADO Diaminodiphenyl oxide (bls[4—am1nophenyl] oxide)

General method for the preparation of the solutions of polyimide-—
forming substances

40
In the Examples and Comparative Examples which follow, the ester
and/or amide of the tetracarboxylic acids are first prepared by
reacting the tetracarboxylic anhydrides with the compounds having
hydroxyl and/or amino functional groups by stirring at 120°C

45 (30 minutes) in the presence of DMAP as a catalyst and of the
first portion of the solvent. After cooling to 60°c, the diamines
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I ntended to include conpounds which contain the structural elenment N-N, ie.
derivatives of hydrazine. Aromatic diam nes which are further substituted
i-n.the nucleus by reactive groups are algp inportant. Such reactive

substituents f‘é&n%éﬂni:eézn'&ﬁ&; SR ed VAP $BT)OR: HE AAE GH LR

Pol yhet erocycl gs_"havi,ng _a.non-i mgde struc-_ture ar

such subst it UTHEYAR F8s! fﬁred_9$%£%§%3°gPtfﬂ% ﬁkgpﬁgﬁghidoanines, f or

exanpl e anthra- nilam de, polyisoi ndoloqui nazol i nedi ones are obtai ned as
Comparative Example. (VB): . .

5
Stir
93.08 g of ODPA (0.30 mol)
82.80 g of MPG (0.60 mol)
10 100.00 g of NMP
0.50 g of DMAP for 30 minutes at 120°C, cool to 60°C, add
a suspension of :
123.15 g of BAPP (0.30 mol) and '
100.00 g of NMP, stir for a further 60 minutes at 60°C and
15 cool.

Example 1 (Bl):

stir
20
93.08 g of ODPA (0.30 mol)
69.00 g of MPG (0.50 mol)
7.71 g of aminoacetic acid (0.10 mol)
100.00 g of NMP |
25 00.50 g of DMAP for 30 minutes at 120°C, cool to 60°C,
add a suspension of
123.15 g of BAPP © (0.30 mol) add
- 100.00 g of NMP for 60 minutes at 60°C and cool.

30 Example 2 (B2):

Stir
93.08 g of ODPA - (0.30 mol)
35 55.20 g of MPG (0.40 mol)
14.42 g of aminocacetic acid (0.20 mol)
100.00 g of NMP
00.50 g of DMAP for 30 minutes at 120°C, cool to 60°C,
add a suspension of
40 123.15 g of BAPP (0.30 mol) and
100.00 g of NMP, stir for a further 60 minutes at 60°C and
cool. '
45
—_—
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the final structure. hydroxygl am nes gi ve po?ybenzox- azol es /an

f'etraam nes result in polyaryl enebenzi m dazol cs. The present invention also
rel ates to such polyners. According to the invention, salts and parti al
salts of the am nes may al so be used.or :hﬁy be present, for exanple the

car bonat es, aEaean%,3t(rﬁ,3f)l=uoroacetates, trichl oroacetates, for- mates,
oxal at es, nul eates, nethanesul fonates, benzene- sul fonates, chl.orides, etc.
It has been f guingd that the use of such salts suppresses t he strong

di scol oration, particularly of the aromatic di am nes, and gi ves snoot her
fllrnslnth f s nblnat ogs.. The stated starting materials are
known or §§ ?§ é?n%ggxconveﬁp gﬁéTo ocesses. The stgrting materi al s
arellsted onI b PO ol) a

23.13 g of amlnoacetlc aczd (0.30 mol)
100.00 g of NMP _
00.50 g of DMAP for 30 minutes at 120°C, cool to 60°C, add
10 a suspension of
123.15 g of BAPP (0.30 mol) and
100.00 g of NMP,  stir for a further 60 minutes at 60°C and
cool. -

15 Exaﬁple 4 (B4):

Stir
93.08 g of ODPA (0.30 mol)
20 55.20 g of MPG (0.40 mol)
15.21 g of glycolic acid (0.20 mol)
100.00 g of NMP
00.50 g of DMAP for 30 minutes at 120°C, cool to 60°C, add
a suspension of
25 123.15 g of BAPP (0.30 mol) and
100.00 g of NMP, stir for a further 60 minutes at 60° c and
cool.

Example 5 (BS):

30
Stir
93.08 g of ODPA (0.30 mol)
_ 55.20 g of MPG (0.40 mol)
35 " 20.47 g of(88% strength lactic acid)(0.20 mol)
100.00 g of "NMP | . :
00.50 g of DMAP ~for 30 minutes at 120°C, cool to 60°C, add
a suspension of
123.15 g of BAPP ~ (0.30 mol) and
40 100.00 g of NMP, stir for a further 60 minutes at 60°C and
" cool. '

Example 6 (B6):

45 stir

93.08 g of ODPA (0.30 mol)
' This Sheet Has Been Replaced




and the invenBASH Lacket+rBarbenta€ to t 1930199 of t he®eZsul862/028340
According to the invention, esters-or amdes or m xtures of esters and
am des of tetracarboxylic acids, which are obtainable by reacting
tetracarboxylic acids or, preferably, tatgacarboxylic dianhydrides with
conpounds havi rbygr g¥yﬂ,u, and/ or am ne functd lmf)g_ oups and carrying at
| east one subs t %;e group conS|sL%q% arboxyl sul fonyl ,
silyl and S|Id¥§'%g Es£§$ used as conponent gf To |ntroduce t he
car boxyl or -(P&ylg gFoWB, tetracar- boxylic dianhydrides are preferably
reacted with rinhgtyg df ORNAR onpoufris @ndﬁnn’cpsmﬂarlyﬁoncnoamhas: & tor addc-
ondary nonomm nes. Suitabl e nonohy duspensgsRobfids are in particular ali-
123.15 g of BAPP ~ (0.30 mol) and
100.00 g of NMP, stir for a further 60 minutes at 60° C and
cool. :

10 Example 7 (B7):

Stir
93.08 g of ODPA (0.30 mol)
15 62.10 g of MPG ' (0.45 mol)
- 33.21 g of APTES (0.15 mol)
100.00 g of NMP _
00.50 g of DMAP for 30 minutes at 120°C, cool to 60°C, add
a suspension of :
20 123.15 g of BAPP {0.30 mol) and
90.00 g of NMP, stir for a further 10 minutes at 60°C, add
10.00 g of water, stir for a further 50 minutes at 60 °C and
cool.

25 Example 8 (B8):

Stir

93.08 g of ODPA : ' (0.30 mol)
30 34.50 g of MPG _ (0.25 mol)

33.21 g of APTES (0.15 mol)

14.42 g of aminocacetic acid (0.20 mol)

100.00 g of NMP _

00.50 g of DMAP for 30 minutes at 120°C, cool to 60°C, add a
35 . ~ suspension of

123.15-g of BAPP (0.30 mol) in

100.00 g of NMP, stir for a further 60 minutes at 60 °c and

cool. :

‘40 Example 9 (B9):

stir
. 93.08 g of ODPA ' (0.30 mol)
45 34.50 g of MPG : (0.25 mol)
33.21 g of APTES (0.15 mol)
14.42 g of aminocacetic acid (0.20 mol)

This Sheet Has Been Replaced
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phatic and arBhSFikadkerbxBavbénx®Gi c acia®01®® hydr ox@szl - 0062/02440ds, for
egxanpl e glycolic acid and lactic acid, and hydroxy-fatty acids, such as
butyric acid or valeric acid, aromatic hydroxycarboxylic acids, such as
salicylic acid. hydroxyalkanesulfonic aqipds, such as 1-hydroxyet hyl sul -
fonic acid oryqg ¥prgpsnesul fonic acid, and aronatic sul fonic aC|ds

such as the hy en | foni Ids.or the toluencsul fonic acjds
Particularly sul t%% ﬁrg‘i#n ne c%?ﬁ)gr?eﬁf'gus?se U %tacr%(‘}xﬁ"l g LJ'c’ Fddp
ami nosul foni ¢ aci ds. Exanpl es of %HﬁHﬁ%&FBnaﬁFnocarboxyl|c acids are
saur at ed am ri@ZliSogyof| BAPRCi ds, (&#fhmed ) aknoaceti ¢ aci d,

[err]-ani napr guanacar of M) i ¢ acswdr [ferr k- surtivsyr qandnatdoxyt i60° g ddar
hi gher homol 0g%.0 §her a0 f atdiraGodSa ARELIEOTR! WEndHeHOLE'60°C and

cool.

Testing of substrates coated with the polyimide solutions (PI
10 coatings)

Determination of the minimum predrylng and of the wet develop-
‘ability

15 The PI coatings must be predried to such an extent that they are
not dissolved on the surface by the photoresists or the solvents
of the photoresists. Important solvents of such photoresists are
2—acetoxy—l-methoxypropane and 2—ethoxyethyl acetate. For these
solvents, the minimum drying (MD) was therefore determined as the

20 drying after which the coatings showed no change after 5 minutes
under a cottonwool ball moistened with the solvent.

To test the developability, the coatings were then applied to
sheet metal strips with a knife coater having a gap height of

25 100 ym and were subjected to the minimum predrying in a through-
circulation dryer, after which a layer thickness of about 30 um
was obtained. - '

Development was effected in a beaker with a magnetic stirrer at
30 25°C. The sheet metal strips were about half immersed in the
developer.

After five minutes, the samples were rinsed off with water and
blown dry with compressed air, and the difference between the

35 immersed and non-immersed part was determined as removal of mate-
rial using a magnetic layer thickness measuring instrument.

The developers used were 0.25 and 0.4 normal aqueous solutlons of
tetramethylammonlum hydroxide (TMAH).

40
The results are listed in Table I.

45
———’_//*ﬂ_d_’ﬁ___,ﬂ_
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are am noet hanesul foni ¢ acid, am nopro- 6 penesulforic acid or aromatic
sul fonic acids, such as o-an nobenzobenzenesul fonic acid. The silyl or

si | oxyl groups are |ikew se introduced ¥8a .conpounds havi ng hydroxyl or

am no functi eaghegtoups, for exanpl e anonoal kyl al koxysi | anes, such as

am noethyltris(trinethylsiloxy)silane, 4-am nobutyltrialkoxysilanes,

Coatings |Minimum predrying : Removal rate during MD
Ex. No. |Time T?mperature 0.25 N TMEH 0.40 N TMEH
. [min] [C] [pm/min] [pm/min]
5 [vB 35 130 0 0o
B1 40 . 130 1.2 2.8
Bz 20 135 1.9 3.6
B3 45 135 2.8 5.3
10 |B4 30 ' 135 0.8 2.1
BS 30 135 1.3 3.2
B6 ' 35 140 . 0 0
B7 _ 35 140 0 0
15 |B8 ' 30 130 3.1 S 4.4
B9 30 - 130 2.9 4.7

Adhesion test

20 Test substrates

brand new, polished wafers of very pure
silicon

Test substrate Si

25 pest substrate O : brand new wafers oxidized to SiO; at
their surface in oxygen plasma

brand new wafers wet with an adhesion
promoter soclution comprising 0.01% of
30 o 3—aminopropyltriethoxysilane in 95:5

' methanol/water and dried for 10 minutes
at 150°C in a through-circulation dryer

Test substrate Si/HV

Test substrate O/HV oxidized wafers aftertreated with
35 - ' adhesion promoter as in the case of
si/uv

Production of the test specimens

40 ppe p1 coatings are applied to the test substrates on a spin
. coater. The speed is adjusted so that layer thicknesses of from
15 to 18 um result after the drying process. After application of
the coatings by spincoating, the wafers are heated to 360°C under
reduced pressure on heatable plates at a heating rate of 10°C/min-
45 ute. After the final temperature has been reached, the oven is

This Sheet Has Been RT
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~ aim nopr opyl t

ri et hoxysil ane, 3-am nopropyl di et hoxynet hyl sil ane,

3~ anmi nopr opyl et hoxydi net hyl si | ane, am noet hyl tri et hoxysi | ane,

am.noet hyl di et
am nopropyl tri
am nopr opyl nmet

hoxymet hyl si | ane, amni noet hyd%t hoxydi net hyl si | ane,
sl tuneds olf fneAf aetr rejpurp ¢l Hours hoehenplllaykesi have reached room
IRirRY bal | BRe waABr308klYémdviRt Fe¥Y tbbe:

am noet hyl di net hoxynet hyl si | ane, am noet hyl net hoxydi net hyl si ane,

10

- 15

20

The test specimens are stored first for 48 hours at room tempera-
ture and then in a steam sterilizer for 24 hours at 121°C and

1 bar in the steam space (pressure cooker test). Immediately
after removal, the test specimens are dried off with with absorp-
tive paper. The coating is then scratched in a crosshatch with a
spacing of 1 mm using a sharp knife, down to the wafer surface. A
self-adhesive film is stuck over this crosshatch and is pulled
off again. In the case of good adhesion, the coating remains com-
pletely adhering to the wafer, whereas in the case of poor adhe-
sion parts of the crosshatch are removed and in the case of very
poor adhesion the complete coating is removed.

. The evaluation is based on ratings, ratings from 2 to 4 being

intermediate stages between 1 = perfect adhesion and 5 = complete
loss of adhesion.

The results of the adhesion test are listed in Table II.

Table II

25 Examples Adhesion ratings on substrates

- Coating No. si o} . 8i/BV . o/BV
VB 5 5 1-2 1
Bl 5 5 1 1
B2 5 5 1

30 B3 5 5 1
B4 5 5 1 1
B5 5 5 1-2 1-2
B6 2 1 1 1

35 B7 1 1 1 1
B8 2 1 1 1
B9 1 1 1 1

40

45

Mechanical properties of the polyimide coatings

The coatings were applied to glass sheets with a knife coater
having a gap height of 100 pm and were heated to 350°C under
reduced pressure in an oven at a heating rate of 5°C/minute, and
the oven was then switched off. After cooling, the glass sheets
were placed in water, which was then brought to the boil; the
films became detached from the glass.

This Sheet Has Been
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N (2- ami noet hyl ) - 3- anmi nopr opyl et hyl di met hoxysi | ane, '
N-(2- am noet hyl ) - 3- am nopropyl tri net hoxy5| | ane,

3~ (.3- am nophenoxy) propyl tri met hoxysi | ang

3-(4-am noph 0X o] |rreth 5|I n am nophenyl tri et hox anes as
‘various iso )%%? g#rf% ﬁgx?iq’a?ngsl%s \FQ% F%Bﬁ%f%tmn oven.
3- ami nopr opyI¥he IRt PPﬁEF’F%/I%ﬁ Reaid were °°mPa’-'ed and were found to
1, 3- bi 5( 4- anibeovdrphplly ridantiradi exrertrgor small deviations due to the

bls(p am nopheasxyifdgneédhydixidean@®he mechanical properties of the films were
1, 3- bi s( 3- @MideaRrARNED - By Indhand gt an’e&ﬁyira Yels®X aMBe data in the table are

(cycl ohexyl a@h'éogEEE M‘Ptt}w g'tﬁ%b% nczél aluation of eight individual mea-
yI

‘(cycl ohexyl am nonet %t rd et 0X

(cycl ohexyl amnonet c‘ihnal Fhoxy5| | anc,

Furthermore, the free films were stored at 98% humidity until

10 their weight remained constant, and the water absorption was de~
termined in this manner. The data in Table III are the mean of
three tests in each case. '

Table III
15
Coating Tensile Elongation | Modulus of | Water absorption
strength at break | elasticity [$ by weight]
[N/mm2] - [%] [N/mm2]
VB 89.4 31.3 2586 0.93
20 1= Bl 93.2 36.3 2678 0.89
B2 90.7 29.1 2733 0.96
B3 92.4 33.6 2774 0.91
B4 88.9 28.5 2557 0.88
25 B5 87.3 34.0 2689 0.92
B6 92.4 27.7 2712 1.14
B7 88.7 - 33.4 - 2522 _ 0.97
B8 91.6 29.4 2669 1.21
30 B9 89.6 34.4 2512 0.93

The Examples show that polyimides having gocd mechanical proper-

ties comparable to those of VB are obtained with the novel coat-

ings. The water absorption, too, is comparable with that of VB;
35 the differences are within the error of measurement.
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TN et hyl - 3- arP 8P BSKS Fi FRFRER)AF ane, 9392BP5(4- ©-2. 0062/02140
ttydr oxybut yl ) t et ranmet hyl di si | -oxane, 1
. »4-bi s(hydr oxydi nmet hyl silyl)tetranethyl di sil oxane,

"3ty onypropyiy et raret iy o i oxane, ([N ARRIN

tert-butyl émﬁgtéiﬁmw silane. tert-butyl am notri nmethyl*si l|cané,
(cycl ohexyl am nonet hyl ) met hyl di et hoxysi | ane or ami no- terninated_o!igoneric
si | oxanes havjng a nol ecul ar mggggt of, up to 2000 Q%prOXéLﬁ%§££1nated

r
ol i goneric gi } ox AP RRARg ©F Xﬁ'g'rde\?\ig%ﬂf'n%fs%ﬁtt C£00 ng
A) polyamines and
B) amides or esters or mixtures of amides and esters of
tetracarboxylic acids, the amido or ester groups carrying
. substituents selected from the group consisting of car-
10 ; boxyl, sulfo, silyl and siloxyl groups.

2. A solution as claimed in claim 1, containing, as components
A), aromatic or partly aromatic diamines.

15 3. A solution as claimed in claim 1, containing, as components
B), diamides, diesters or mixtures of diamides and diesters
of tetracarboxylic acids. '

4. A solution as claimed in claim 1, containing components B)

20 . which are obtained by reacting tetracarboxylic anhydrides
with compounds having amino or hydroxyl functional groups or
mixtures of said compounds, which are selected from the group
consisting of the hydroxycarboxylic acids, aminocarboxylic
acids, hydroxysulfonic acids, aminosulfonic acids, hydroxyl-

25 substituted silanes and siloxanes and the amino—-substituted
‘silanes and siloxanes.

5. A process for the production of coatings, which comprises
using a solution as claimed in claim 1.

30 _ :
6. An article coated with a polyimide and obtainable using a
solution as claimed in claim 1 as a coating material.
35
40
a5
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7 Preferably BASE batke brFarberyAGconposzield9 e ani oE.00062/02140
pPyl'triethoxysilane and tert-butyl ami noetihyl si | ane. The movet
tetracarboxylic esters and/or am des may be nodified either only with
acidic groups, such as carboxyl or sulfonyl, or only with silyl or siloxyl
groups or, preferably; with acidic and silicon-containing groups. Unless
all am do or ester, groups e, supstituted in this manner . al cohols and/ or
primary and/ ﬁ%@%&a?@ B%hl’é? ATORTEAd (SUIRTFARTER 3PAUTREHR &%8ddi tional Iy
reacted as conpounds havi ng hydroxyl and/or am no functional- groups.
Particul arl y Ahsttracgbl e al cohols are Clerr]-C[err]-al kanols, such as

nmet hanol , e¢ hanol, propanol, isopropanol, n-butanol, isobutanol, n-pentanol

and its i SOMB¥SLuticheX880bo A idnildes FoSRIRY St adcl N¥biex@aNol s,

A) polyamines and

10 B) amides and/or esters of tetrécarboxylic acids, the amido or
ester groups carrying substituents selected from the group
consisting of carboxyl, sulfo and silicon-containing groups,

and are used as polyimide coatings.
15
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%Dﬁw‘@txsﬂcgmhkyl“ @éﬁ@t{pl@, Such as cycl lc<)

ghal 2 ki & d orcumol, and al
3-pheno YPOORARAL) ¢ aphe Qi‘¥ftﬁ'hbl, and poly
£

al”

pol yal k ; ol . 5 8 s ‘Ur'es) t her eof . Tlne goil
ester grgups. waich are subst |pf"ut el by, the stated]| ¥

" on the : fef)l St rder t achleve good met
developabllﬁ? “EkP%ﬁn&§tPP ﬁﬁ*“&b?&gﬁt e hsl Carboxalkltor

sulfonyl, it is advisable to use from10 to 100 pr ‘f“ér"at)1‘"y‘“f‘"r“O‘nT“Zﬁ“t“t)—~56~""-~“~“-j
ol % bas ethe rptéaantoﬁaiveaui:umtreifammouadkutm Wi pelirimbdérirmiiagal '
am no or hygapsvandiisiuesnthindigler to achi eve good adhesion, it is
. advi sabl e to use
. A) polyamines and :
B) amides or esters or a mixture of amides and esters of tetra-
carboxylic acids, the amide or ester groups carrying substi-
tuents selected from the group consisting of carboxyl, sulfo,
silyl and siloxyl groups.

The present invention furthermore relates to the use of such .
solutions as coating materials and to articles coated with a
polyimide.

An important field of use of the polyimide coatings, which are
solutions of polyimide—forming substances, is microelectronics,
where polyimide coatings are used as insulation layers in the
structures of microchips or as buffer layers between the flnlshed
chip and the chip housing.

An important requirement for the polyimide layers is good adhe-
sion to the base material of the chips, ie. to wafers of silicon
or modified silicon. This problem has been solved to date by pre-
treating the inorganic substrates with adhesion prombters, for
example aminoalkoxysilanes, or by adding adhe51on—promot1ng sub-
stances to the coating solutions.

Thus, DE-A 4] 07 664 describes solutions of polycondensates hav-
ing nitrogen-heterocyclic structural units, to which azidosilanes
are added as adhesion promoters.

A further requirement for such polyimide coatings is very low
water absorption, in order to ensure functioning of the micro-
chips even under humid conditions. Since the imide group is known
to be hydrophilic, attempts have been made to compensate this by
the use of very hydrophobic polyimides, for example by using
starting materials having a very high molecular weight in order
to reduce the imide group density in the polymer.

It is also desirable to obtain structurable polyimide coatings.
For this purpose,_thé'polyimide layers are first predried and
then coated with a phoforesist. Imagewise exposure is then ef-
fected through a mask and, as a rule, development is then carried
out with dilute aqueous alkali solutions. As a result, the photo-
resist can be removed in the exposed parts. In the next step, the
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0.5-30, preferably 5-25, nol% based on the total amount of conpounds used
whi ch have OH and am no functional groups, of silyl or siloxyl-substituted
conpounds havi ng am no or hydroxyl functianal groups. Suitable am nes are
primary .and/ or secondary saturated Clerr]-C err]-nonoan nes, such as

et hyl am ne, 1-am nopropane, 2-am noproane, dinethylam ne, ethyl nethylam ne

or di et hyl a'ﬁb@?mﬂie Hhymt bsommafﬂé}?%em%%a 2fom NtHd f&v@lobeliu giee, The

tetracar bOXBALaCB %FI%Q“@B&? xyfc? ae{y%f ERPQEL{:&&A&J‘ f’ | des

of the tetracar 0 Qfﬂ f aQPna

tetracarbox?PFc qﬁyrlggcﬁn er photare51sts w1t agueous aline deve op—
ers, the polylmlde intermediates must be predried to such an .
extent that they are no longer attacked by the photoresist or the
solvents present therein.

However, particularly when polyimide intermediates which can be
cured to give polyimides having low water absorption are used,
problems are encountered in the development because, after suffi-
cient predrying, said polyimides can no longer be dissolved by
agueous alkaline developers.-

It is an object of the present invention to provide improved
polyimide coatings. '

We have found that this cbject is achieved by the solutions of
polyimide—forming substances defined at the outset.

The technically most important polyheterocycles for the Purposes
of the present invention are polyimides, but other polyhetero-
cycles, such as polyisoindologuinazolinediones or polyaryleneben-
zimidazoles, are also included. The term polyimide is used below
as a synonym for all N—containing polyheterocycles.

The individual components of the solutions are described below.

Preferred polyamine components A) are aromatic and/or partly aro-
matic polyamines, diamines, very particularly aromatic diamines,
being preferred.

p—phenylenedianine,
m—phenylenediamine,
4,4'—diaminodiphenyl oxide,
3,3’—diaminodiphenyl oxide,
3,4’—diaminodiphenyl oxide,

4,4'—diaminodiphenyl sulfide,
3,3'~diaminocdiphenyl sulfide,
3,4’'—diaminodiphenyl sulfide,

4,4'—diaminodiphenyl'sulfone,
3,3'—diaminodiphenyl sulfone,
3,4’'~diaminodiphenyl sulfone,
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pyronelitic acid, benzene-1,2,3,4-tetracarboxylic acid,

3,3 ,4,4" - blphenyltetracarboxyllc acid, 2,2',4,4" -biphenyltetracarboxylic
acid, 2,3,3", blphenyltetracarboxyllc aC|d .

2,2',3,3 - benzophenonetetracarboxyl|c aci d, 8-

2,3, 3 , 4' - benzophenonet et racar boxyl i ¢ agi d,

2,3, 6, 7 naph Imﬂ ha§ ﬁ@ﬁ?@ _Ghed 1,2,5.6- naphthalenetetracarboxyl|c
MR 1) vt o s Dot

(3,4'—diaminodiphenyl)-methane,

_ (4,4'—diaminodiphényl)epropané;'
(3,3’'—diaminodiphenyl)-propane,
(3,4'—diaminodiphenyl)~propane,

(4,4'-diaminodiphenyl)—ethane;
(3,3'—diaminocdiphenyl }—ethane,
(3,4’'—diaminodiphenyl )—ethane,

.4,4'—bis—(4,4'-aminophenoxy)—biphenyl,_
4,4'-bis—(4,3’—aminophenoxy)—biphenyl,

2,2-bis[4~(4,4—aminophenoxy)phenyl J—propane,
2,2-bis[4~(4,4—aminophenoxy)phenyl }—perfluoropropane,
2,2-bis(4~(3,4—aminophenoxy)phenyl ]—propane, .
2,2-bis[4—(3,3'—aminophenoxy)phenyl ]-propane,

2,2-bis[4~(4,4'—aminophenoxy)phenyl] sulfone,
2,2-bis[4—(3,4—aminophenoxy)phenyl] sulfone,
2,2-bis[4—(3,3’'—aminophenoxy)phenyl] sulfone, -

4,4’'—dimethyl—3,3’'~diaminodiphenyl sulfone,

2,2—bis[4—(4,4'—aminophenéxy)phehyl]-sulfide,
2,2-bis[4—(3,4—aminophenoxy)phenyl] sulfide,
2,2—bis[4—(3,3'—aminophenoxy)phenyl] sulfide,

2,2—bis[4—(4,4'—aminophenoxy)phenyi]—methané,
2,2-bis[4~(3,4—aminophenoxy)phenyl ]~methane,
2,2-bis{4—( 3,3 '—aminophenoxy)phenyl J—-methane,

1,4-bis—(4,4’'—aminophenoxy)—phenylene,
1l,4~bis—(3,4’—aminophenoxy)—phenylene,
1,4-bis—(3, 3 '—aminophenoxy)—phenylene,

4,4'-diaminobiphenyl (benzidine),
3,4’'—diaminobiphenyl, 3 3'—d1am1nob1phenyl,
3,3’'—dimethoxy—4,4'—diaminobiphenyl,
3,3’~dimethoxy—3,4’—diaminobiphenyl,

3,3’~dimethyl—4,4'—diaminocbiphenyl,
3,3’'~dimethyl-3,4’'—diaminobiphenyl,
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1, 4,5, 8-napht hal enet etracar boxylic acid, 1,2,6.7- naphthalenetetracarboxyl|c
aC|d 2, 6-di chl oronapht hal ene- 1, 4, 5, 8- tetracarboxyllc acill aSB%MRﬁlmmd
-dlchloronaphthalene 1,4,5.8-tetracarboxylic acid, 2,3 6'“

-tetrachl oronapht hal ene- 1 , 4,5, 8- tetrafarboxyllc aC|d

1,4.5, 8- tetrachloronaphthalene 2,3,6,7-Tetracarboxyic acid

4. 3- di met hy[L S—dizmnenaphtBaadRper onapht hal ene- 1, 2: 5, 6-t et - ncar boxyl ic
acid, 4, 3- dﬂnﬁ%&ytm;ﬂpdhphﬂhp&gﬁehexahydronaphthaIene 2,3,6,7-tet-
racarboxylic acid, 4,4'-oxydiphthalic acid, 3.3'-oxydiphthaiic aci d,

4, 4" -sul fonyl dipPh&RI-G a0 di athi fle ; p ¥ PHenyDAB] S~ 28idhine,
S5-tert-butyl—2, 4—~toluylenediamine, -
3—tert-butyl-2, 6~toluylenediamine,

3,5—diethyl—2, 4~toluylenediamine,
3,5~diethyl—2, 6—toluylenediamine,

alkylisopropyltoluylenediamines, such as diisopropyltoluylenedia-~
mine,

a,w—diamino—(polyphenylenesulfides),

m—xylylenediamine, -
p—xylylenediamine,

bis-4,4'—[(2,6-diisopropyl)aminophenyl]methane,
bis—4,4'~[ (2—methyl—6—~isopropyl)aminophenyl Jmethane,
bis—4,4’~[(2,6—dimethyl Jaminophenyl Jmethane,

bis—4,4’~[(2,6—diisopropyl)aminophenyl] ether,
bis—4,4'—[ (2-methyl—6-~isopropyl)aminophenyl] ether or
bis—4,4'—[(2,6—dimethyl)aminophenyl] ether.

Other suitable polyamines are tetraamines, such as 3,3',4,4'—
tetraaminodiphenyl, 3,3',4,4'~tetraaminodiphenylmethane,
3,3',4,4'—tetraaminodiphenyl ether, 3,3',4,4'—tetraaminodiphenyl-
‘sulfone or 3,3’,4,4'—tetraaminodiphenyl sulfide. Such tetraamines
give polyarylenebenzindazoles as a final structure.

A further important group of diamines comprises aromatic poly-
nuclear compounds which are bonded via benzanilide groups, eg.
3,3’'—diaminobenzanilide, 3,4'—diaminobenzanilide, 4,3’'—diamino~-
benzanilide, 4,4’~diaminobenzanilide or 4,3’'—diaminobenzanilide,
and the N—alkyl substitution products of these anilides, as well
as the «,w—diaminopolyanilides according to EP-A—271736.

As a rule, polyimides having the best possible combinations of
_properties are desirable. These are obtained in general by means
of a wholly aromatic structure. The novel polyimides are there-
fore preferably prepared using purely aromatic diamines.

Although diamines which are not purely aromatic generally
adversely affect the thermal stability of the end products,
cycloaliphatic, heterocyclic and aliphatic amine compounds having
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3,3 -thiodiphthalic acid, 4,4'-acetylidenedi phthalic acid,

bi s(2, 3-di car boxyphenyl ) et hane, bi s(3, 4-di carboxyphenyl ) nmethane, 1, 1
-bi s(2,3- dicarboxyphenyl)ethane, 1, 1-bis(3,4-dicarboxyphenyl)ethane,

2, 2-bis(2 3-di carboxyphenyl ) propane, 2, 2-bis(3,4-dicarboxyphenyl) propane,
phenant hr.ene- 1 2, 7 8-tetracarboxylic id

phenant hrene- 1. 7 tetracarbo lic acl

phenanthrerm?@la?1§315uT%ﬁ*9ﬂﬁ%l F?Et%EHQPan 1, preferably equal to 2 or

2,3,9, 10- per“jﬂr@net“élfr%‘é‘éﬁ‘{ﬁxﬂlﬁe gi used of mayobgePyrEeRt A9k CRBIRIPT C

aC|d 2,3, EBqumifybepﬁmpnntmasnbﬁnylexampmedsurface smoothness, flexibility,
etc. .

These are, for example, diamino(dimethyl)dicyclohexylmethane,
diamino(dimethyldiisopropyl)dicyclohexylmethane, diamino

(tetra isopropyl)dicyclohexylmethane, diamino(diisopropyl)dicy-
clohexylmethane, diaminoalkylenes or diaminopolyoxyalkylenes.

The term diamines is also intended to include compounds which
contain the structural element N-N, ie. derivatives of hydrazine.

Aromatic diamines which are further substituted in the nucleus by
reactive groups are also important. Such reactive substituents
are, for example, carboxyl, hydroxyl, amino and amido groups.
Polyheterocycles having a non—imide structure are then also _
formed with such substituted amines. In the case of the o—carbox-
amidoamines, for example anthranilamide, polyisoindoloquinazoli-
nediones are obtained as the final structure. Dihydroxydiamines
give polybenzoxazoles and tetraamines result in polyarylenebenzi-
midazoles. The present invention also relates to such polymers.

According to the invention, salts and partial salts of the amines
may also be used or may be present, for example the carbonates,
acetates, trifluoroacetates, trichloroacetates, formates, oxa-
lates, maleates, methanesulfonates, benzenesulfonates, chlorides,
etc. It has been found that the use of such salts suppresses the
strong discoloration, particularly of the aromatic diamines, and
gives smoother films in the case of some combinations.

The stated starting materials are known or can be prepared by
conventional processes.

The starting materials are listed only by way of example, and the
invention is not restricted to the use of these substances.

According to the invention, esters or amides or mixtures of
esters and amides of tetracarboxylic acids, which are obtainable
by reacting tetracarboxylic acids or, preferably, tetracarboxylic
dianhydrides with compounds having hydroxyl and/or amine func-
tional groups and carrying at least one substituent from the
group consisting of carboxyl, sulfonyl, silyl and siloxyl groups
are used as components B).

/"—"—
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4,5, 18"ss eetHas acar boxylic acid,
3,:3", tetracarboxylic acid,
1

2,2", etracarboxylic acid or 2,3,3",4"
- p- terphenyltetracarboxylrc acid, are preferred
But ane-1, 2, 3, 4-tetracarboxylic acid cygl obut anetetracar- boxylic acid,

?gf: glpﬁgt gn?."o n.gtgmdlucei @E;Hegea&iae%yi | & ai1%onl irgrou s, tetracarboxyla.c I E

ic
acid, pyrazi %3 gl’éf%‘;% %eta r ’grea@& %? uran et ra oxgl i C
aci d, 9-br oRF BT nREIBATY t“!?&ﬁ?ﬂ?"é %n’e‘l t@aé&f’ﬁﬁ?@f‘ cm°°°<fé’il

9,10-d|nercaptoan- t hr acenedi car boxyl i c acid,

2, 6- endovi nguésabye | mirestgriroky apﬂpdhﬁdsrameaibopyrtinu&ﬁnjaéﬁnhatic and

hexaf | uor oi a@BmABRYE | ca2bbkgl Db dwEldsC o3 hydEbRPSuichial aeias) tedt €.

Qher sui t aRlgnbP@MPIyedAl® SUBE LAY LMY QRYAL SaRd Aftfroxy-fatty acids,
such as butyric acid or valeric acid, aromatic hydroxycarboxylic
acids, such as salicylic acid, hydroxyalkanesulfonic acids, such
as l-hydroxyethylsulfonic acid or l-hydroxypropanesulfonic acid,
and aromatic sulfonic acids, such as the hydroxybenzenesulfonic
acids or the toluenesulfonic acids.

Particularly suitable monoamine components are aminocarboxylic
acids or aminosulfonic acids. Examples of suitable aminocarboxy-
lic acids are saturated aminocarboxylic acids, such as aminoacet-
ic acid, o—~aminopropanecarboxylic acid, P—aminopropanecarboxylic
acid or higher homologs of the amino—fatty acids, and aromatic
aminocarboxylic acids, such as o—aminobenzoic acid. Suitable ami-
nosulfonic acids are aminoethanesulfonic acid, aminopropenesul-
fonic acid or aromatic sulfonic acids, such as o—aminocbenzenesul-
fonic acid.

The silyl or siloxyl groups are likewise introduced via compounds
having hydroxyl or amino functional groups, for example

aminoalkylalkoxysilanes, such as
aminoethyltris(trimethylsiloxy)silane,
4—aminobutyltrialkoxysilanes,
4—aminobutylmethyldialkoxysilanes,
4—aminobutyldimethylalkoxysilanes,

3—aminopropyltriethoxysilane,
3—aminopropyldiethoxymethylsilane,
3—aminopropylethoxydimethylsilane,
aminoethyltriethoxysilane,
aminoethyldiethoxymethylsilane,
aminocethylethoxydimethylsilane,

aminopropyltrimethoxysilane,
aminopropyldimethoxymethylsilane,
‘aminopropylmethoxydimethylsilane,

aminoethyltrimethoxysilane,
aminoethyldimethoxymethylsilane,
aminoethylmethoxydimethylsilane,
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°8da0|ds are hal ogen substitution prod- 9 ucts, in
or perfluoro substitution products, and/or alkyl

staté[B
partlc
substl s and pol ycarboxylic acids containing silicon. The

di rrerlzatlon and ollgorrerization produgts of trimel- itic anhydride wth

al cohol s, apLpes, A ABEhPR DRId Ry LLPGHd GRAlyslN ARk >2 and
espeC|aIIy fﬁmli 3' ¥ é%ff ng etx d 4,4 dat

di mers of tMrhe T?TﬁQ9%%EVE —aﬁﬁﬁﬂ?ﬁﬂﬁxﬁgﬁFSYiﬁﬁ%%e n a? "8he ?Hbeﬁt:gg
the salts oN—pm09§éwﬁé-éfa@¥@ﬂw&§§ﬁﬁﬁi‘}?¥¥§‘é@inﬁ'corrpounds may al so
be 3—~(3—aminophenoxy)propyltrimethoxysilane,

3—(4—aminophenoxy)propyltrimethoxysilane,
aminophenyltriethoxysilanes as various isomers,
aminophenyltrimethoxysilanes as various isomers,

3-aminopropyltris(trimethylsiloxy)silane,
1,3-bis(4~aminobutyl)tetramethyldisiloxane,
bis(p—aminophenoxy)dimethylsilane,
1,3-bis(3—aminopropyl)-1,1,3,3~tetramethyldisiloxane,

(cyclohexylaminomethyl )methyldiethoxysilane,
(cyclohexylaminomethyl)triethoxysilane,
(cyclohexylaminomethyl )dimethylethoxysilane,
(N—ethyl-3—aminopropyl)trimethoxysilane,

1,3-bis(4-hydroxybutyl)tetramethyldisiloxane,
1,4-bis(hydroxydimethylsilyl)tetramethyldisiloxane,
bis(2-hydroxyethyl)—3—aminopropyltriethoxysilane,
1,3—bis(3—hydroxyprcpy1)tetramethyldisiloxane,

tert-butylaminotriethylsilane,
tert-butylaminotrimethylsilane,

(cyclohexylaminomethyl)methyldiethoxysilane or amino-terminated
oligomeric siloxanes having a molecular weight of up to 2000 or
hydroxyl-terminated oligomeric siloxanes having a molecular
weight of up to 2000.

Preferably used silyl or siloxyl compounds are aminopropyltri-
ethoxysilane and tert-butylamincethylsilane.

The novel tetracarboxylic esters and/or amides may be modified
either only with acidic groups, such as carboxyl or sulfonyl, or
only with silyl or siloxyl groups or, preferably, with acidic and
silicon-containing groups. Unless all amido or ester groups are
substituted in this manner, alcohols and/or primary and/or sec-
ondary amines which carry no such groups are additionally reacted
as compounds having hydroxyl and/or amino functional groups. Par-
ticularly suitable alcohols are C;—Cg—alkanols, such as methanol,
‘ethanol, propanol, isopropanol, n—butanol, iscbutanol, n—pentanocl
and its isomers, n—hexanol and its isomers and 2—ethylhexanols,
and furthermore cycloalkyl alcohols, such as cyclohexanol, aro-
matic alcohols, such as phenol, kresol or cumol, and alkoxyaryl
alcohols, such as 3—phenoxypropanol or 2~phenoxyethanol, and
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used or concomtantly used, provided that they still have free carboxyl
groups, for exanple ammoniumsalts and salts with readily volatile am nes,
such as nono-, di- and trinmethy- |amne, nono-, di- and triethylam ne and
ot her am nes. The phosphonium and sul foniumsalts of acidic tetracarboxylic
acid conpounds may al so be used or conog)m'tantly' used. The use of such

salts gener%ﬁg,ghﬁaﬁfgi%&fwh%@s' 248 X@% %ﬂgﬁ,@?igcw SO ANy Ql'ix%}.gsa-

hi gher sol i e tetraca tated are known or can be
prepared by pr ocesses. M xtures of tetracarboxylic dianhydrides are
al so suitable. The tetracarboxylic esters and anmi des may be prepared by
convent i onalTheepirodertikire ofhlapddederr ester groupseubich re aubstituked Y he
conpounds hatengthyéd ofyictiionall G@oups depends on the required performance

characteristics.

In order to achieve good wet developability by substitution with
acidic groups, such as carboxyl or sulfonyl, it is advisable to
use from 10 to 100, preferably from 20 to 50, mel%, based on the
total amount of compounds used which have functional amino or
hydroxyl groups.

In order to achieve good adhesion, it is advisable to use 0.5-30,
preferably 5-25, mol%, based on the total amount of compounds
used which have OH and amino functional groups, of silyl or
siloxyl—substituted compounds having amino or hydroxyl functional
groups.

-Suitable amines are primary and/or secondary saturated C;—Cg—mono-
amines, such as ethylamine, l—aminopropane, 2—aminopropane, dime-
thylamine, ethylmethylamine or diethylamine, or aromatic mono-
amines, such as aniline or toluidine.

The tetracarboxylic acid components used are in particular the
dianhydrides of the tetracarboxylic acids stated below.

Arcmatic and'partly aromatic tetracarboxylic acids, such as
pyromelitic acid,

benzene—1, 2, 3, 4—tetracarboxylic acid,
’,4,4'-biphenyltetracarboxylic acid,
',4,4'-biphenyltetracarboxylic acid,

3 r4'~biphenyltetracarboxylic acid,

+3,3'=benzophenonetetracarboxylic acid,
3’ ,4'~benzophencnetetracarboxylic acid,

NNNNw
wwwww

2,3,6,7-naphthalenetetracarboxylic acid,
1,2,5,6—-naphthalenetetracarboxylic acid,
1,2,4,5—-naphthalenetetracarboxylic acid,
1,4,5,8-naphthalenetetracarboxylic acid,
1,2 6,7-naphtha1enetetracarboxylic acid,

This Sheet Has Been Replaced

IRA A

l"l ' - This is the replacement sheet.

2 4 DEC 199

Date: _



functional groups, an ester or am do group and a carboxyl group initially
being fornmed from an anhydride ring. Wether further
esterification/am dation takes place depends, as is known, on the reaction
tenperature; at from50[err] to 150[err] C, only the diesters or diam des
are usual ly forned, whereas at higher ftgenperatures of up to 200[err] C tri
or tetra depl ¥ak] 4o uhaphtig: Be 14Tl o MaRGaderisdhiieacdag formed only
in mnor anmQl _}3 e tr sgsierl-fsicdtl%n gm. atlox Gan edéarrled out in
t he presengg'g 1RLAEARAPhERRL AR (o i SR PR RBIRPTe 2572
p-tol ul enesul fonic acids. Diesters or diamdes or mxtures thereof are
preferably py2péstekettiachdoronaphtimletieadi, des , fratetraqarboxydiic saeid -
t aneously op, §ppp8-aietinachlbeonaphitialeinel 2] BB Y 70t e ttricayboayhiaesdidpl oyed
i's preferablygsgahedialaf,208 8, §, - hekahydronaphthalene-1,2,5, 6~tetracar-

boxylic acid, ' _ _

4,8—dimethyl-1,2,3,5,6, 7~hexahydronaphthalene-2, 3,6, 7-tetracar-

boxylic acid, '

4,4’'—oxydiphthalic acid,

3,3’—oxydiphthalic acid,

4,4’'-sulfonyldiphthalic acid,

4,4'~thiodiphthalic acid, o

3,3’~thiodiphthalic acid, _

4,4'—acetylidenediphthalic acid,

bis(2,3—dicarboxyphenyl )methane,
bis(3,4—~dicarboxyphenyl)methane,
1,1-bis(2,3~dicarboxyphenyl)ethane,
1,1-bis(3,4~dicarboxyphenyl)ethane,

2,2-bis(2,3—dicarboxyphenyl)propane,
2,2-bis(3,4~dicarboxyphenyl)propane,

phenanthrene—-1,2,7,8=tetracarboxylic acid,
phenanthrene~l, 2,6, 7-tetracarboxylic acid,
phenanthrene-1,2,9,10-tetracarboxylic. acid,

3,3",4
2,2”,3,3"~p—~terphenyltetracarboxylic acid or
2,3,3",4"—-p~terphenyltetracarboxylic acid, are preferred.

Butane-l, 2,3, 4—~tetracarboxylic acid, cyclobutanetetracarboxylic
acid, cyclopentane—l,2,3,4~tetracarboxylic acid, pyrroli-

- dine—2,3,4,5~tetracarboxylic acid, thiophene-2,3,4,5-tetracarbox-~
ylic acid, pyrazine-2,3,5,6~tetracarboxylic acid, tetrahydrofu-
rantetracarboxylic acid, 9-bromo-l0-mercaptoanthracenetetracar-
boxylic acid, 9,10-dimercaptoanthracenedicarboxylic acid,
2,6—endovinylenecyclohexane—-l,2,4,5—~tetracarboxylic acid and hex-
afluoroisopropylidene—2,2-bis(phthalic anhydride) are also suit-
able. :
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preferably from1l.5 to 2.5. nol of the hydroxy and am ne conponent are used
per nole of tetracarboxylic acid or tetracarboxylic dianhydride. Equival ent
anounts are par- ticularly preferably used, ie. 2 nol of alcohol or am ne
or 2 nol of alcohol/am ne m xture per nole of tetracarboxylic acid or
tetracarboxylic dianhydride. According@@o the invention, ester/am de
m xt ures magthér uattabaedibbtediind sabsefitdei dm\prhaductencd tie 4Fated
preferably éffg& ﬁd&y&gc gRladbare nhIofBR BONSLiduHi¥nTBELAEEEs Al pRE-2
ru[e, synt hgs Ifluorlne or perfluoro substitution products, and/or alkyl
substitution products and polycarboxyllc acids containing sili-

con.

The dimerization and oligomerization products of trimelitic anhy-
dride with alcohols, amines and isocyanates having a functional-
ity of >2 and especially the 4,4 esterification, 4,4 etherifica-
tion and 4,4 amidation dimers of trimelitic acid are alsoc suit-
able. According to the invention, the salts or partial salts of
the tetracarboxylic acid compounds may also be used or concom-
itantly used, provided that they still have free carboxyl groups,
for example ammonium salts and salts with readily volatile
amines, such as mono—, di— and trimethylamine, mono—, di— and
triethylamine and other amines. The phosphonium and sulfonium
salts of acidic tetracarboxylic acid compounds may alsc be used
or concomitantly used. The use of such salts generally leads to
desired lower viscosities in conjunction with a higher solids
content. ‘

The tetracarboxylic acids stated are known or can be prepared by
known processes.

Mixtures of tetracarboxylic dianhydrides are also suitable.

The tetracarboxylic esters and amides may be prepared by conven-
tional methods..The anhydride rings are cleaved by reaction with
the compounds having hydroxyl or amino functional groups, an
ester or amido group and a carboxyl group initially being formed
from an anhydride ring. Whether further esterification/amidation
takes place depends, as is known, on the reaction temperature; at
from 50 to 150°C, only the diesters or diamides are usually
formed, whereas at higher temperatures of up to 200°C tri or tetra
-derivatives may also be formed. Mono derivatives are formed only
in minor amounts. The transesterification/amidation can be car-
ried out in the presence of catalysts, such as dimethylaminopyri-
dine or p~tolulenesulfonic acids.

Diesters or diamides or mixtures thereof are preferably prepared.
The diesters or diamides may be prepared simultaneously or sepa-
rately. The amount of hydroxy or amino component employed is pre-
ferably such that from 0.5 to 3, preferably from 1.5 to 2.5, mol
of the hydroxy and amine component are used per mole of tetracar-
boxylic acid or tetracarboxylic dianhydride. Equivalent amounts

are particularly preferably used, ie. 2 mol of alcohol or amine
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Sui t abl e @hig SkvetHas BLen R preferabl y pol ar substances, such as formam de,

acet am de, N. N- di met hyl f or mam de, N, N-di et hyl f or mam de,
N- net hyl pyr kylacetanldes such as N, N-di net hyl acet anm de or
N, N- di et hyl yl al kyl enedi Lgeas such as di net-hyl et hyl enedi ur ea

or dlnethylpr ylenedlurea
mol of alcohol/amine mixture per mole of tetracarboxylic

acid or tetracarboxylic dianhydride.

According to the invention, ester/amide mixtures may be used, and
the amount of amide may be from 5 to 40, preferably from 5 to 20,
mols.

The novel intermediates aré, as a rule, synthesized in suitable
organic solvents, preferably polar substances, such as

formamide,

acetamide,
N—methylformamide,
N,N—dimethylformamide,
N,N—diethylformamide,
N-methylpyrrolidone,

dialkylacetamides, such as
N,N~dimethylacetamide or _
N,N—diethylacetamide,
alkylalkylenediureas, such as
dimethylethylenediurea or
dimethylpropylenediurea,

alkyleneureas, such as
ethylenediurea or
propylenediurea,
butyrolactone,
caprolactam,

pyrrolidone,

N—alkylpyrrolidones, such as
N-methylpyrrolidone (NMP),
N—ethylpyrrolidone,
N—cyclohexylpyrrolidone or
N-acetylpyrrolidone, and
dimethyl sulfoxide,

dimethyl sulfone, or
hexamethylenephosphorotriamide.

These polar substances may be completely or partially replaced
by further solvents, such as alcohols, esters, ketones, ethers
and cycloaliphatic ketones, alcohols, esters, amines, especially
tertiary amines, such as triethylamine, water, glycols, glycol
esters, glycol ethers and hydrocarbons. The choice of solvent
‘depends on the solubility of the other substances and on the
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al kyI en Has ceét hyl enedi urea or propyl enedi urea, butyrol actone,
capr ol act m N- al kyl pyrrol i dones, such as N-nethyl pyrrolidone
(NMP) , one N—cyclohexylpyrrolldone or N-acetyl pyrrolidone,

and di net hyl squOX|de di et hyl sul fogg, or

hexamet hyl enephosphor ot ri ani de.
y ggreg concentraeion and viscosity and has to be optimized in

the individual case. In some cases, the tetracarboxylic acid com-
pounds, too, are relatively low-viscosity liquids, so that it is
possible to employ no additional solvent or only a very small
amount of additional solvent and thus produce polyimide coatings
having an extremely high solids content. :

The novel solutions contain the polyamine A) and the tetracarbox-
ylic acid derivatives B) preferably in a molar ratio of from
1.5:1 to 1:1.5, particularly preferably 1l:1.

The novel solutions may also contain free tetracarboxylic acids.
These may be added separately or may be produced in the solution
by adding water. ' -

The solids content of the solutions is preferably from 35 to 60%
by weight. The viscosities are preferably from 500 to

10,000 mPa-s. For special applications, however, the desired
parameters can be adjusted as required by corresponding dilution.

For the preparation of the sclutions, tetracarboxylic acid deriv-
atives, polyamine and solvent may be combined in any order. For
example, it is possible thus to prepare the tetracarboxylic acid
derivatives and to add the diamine and, if required, a further

. solvent to the mixture obtained. In order to dissolve all compo-
nents, 1f necessary stirring is carried out at room temperature
or at elevated temperatures, for example from 30 to 120°C, in par-
ticular from 40 to 80°C.

The novel solutions may contain conventional additives, such as
catalysts for the imide formation, dyes, pigments, fillers, lev-
elling agents and viscosity regulators.

They are suitable as coating materials for the production of
coatings on a very wide range of substrates, for example metal,
glass or silicon. The coating is preferably cured at final tem-
peratures of from 150 to 450°C, particularly preferably from 300
to 400°C. It has proven particularly advantageous to carry out the
curing process in a plurality of stages by gradually increasing

- the temperature to the final temperature.

The novel solutions are used for coating silicon wafers for the
production of electronic ciréuits, ceramic and metal for the pro-
duction of composite circuits, in particular for the production
. of multi~chip modules, for coating wire, for coating optical
waveguides of glass or quartz, for coating metal films for the
production of flexible printed circuit boards, for coating,
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These pol ar substances may be conpletely or partially replaced by further
sol vents, such as al cohols, esters, ketones, ethers and cycloaliphatic
Ket ones, al cohols, esters, am nes, especially tertiary am nes, such as
triethylamne, water, glycols, glycol esters, glycol ethers and hydrocar-
bons. The choi ce of solvent depends omi3he solubility of the other
substances apd-odhdditigd@akr 8dheHNFAY Haht9AgaBFaeted aneSrhiasnd diet-0 be
o e ' Ryt and) Hobnld k1 6856 dddte3UTo0 226 o dipeldabEfig OO 18! ¢
conmpounds, TUO0Q, are ‘rerative OW Vi,SCOST{y | so that 11 1
possi bl e t 02BAPPIRF THCaGdF ERbRE 2%h MFBALDE? &L‘]’é' &BFyPE?ﬁH‘Ht"é’ﬁbﬁﬁtp%V’
addi ti onal dersentibers .t Kusepfbtnr ©xpBOyAinde-. coati ngs having an extremnely
hi gh-solids content. The novel solutions contain the polyamne A) and the
The novel solutions can be used to produce coatings which can be
developed very readily in an alkaline aqueous medium and exhibit

little water absorption.

Furthermore, the novel coatings which contain polyimides modified
with organosilicon groups have such good adhesion to the sub-
strate that it is possible to dispense with the use of adhesion
promoters. i

Novel coatings which contain polyimides modified with acidic and
organosilicon groups have good wet developability in conjunction
with good adhesion.

A further advantage of the novel solutions is the relatively low
viscosity in combination with a high solids content, with the
result that blister formation is avoided during baking of the
coatings.

The examples which follow illustrate the invegtion.

Examples
Abbreviations:
ODPA Oxydiphthalic dianhydride
BAPP 2,2-Bis[ (4—aminophenoxy)phenyl ]propane
MPG "Ethylene glycol mcncocphenyl ether
NMP N—Methylpyrrolidone
DMAP Dimethylaminopyridine
-~ APTES Aminopropyltriethoxysilane
DADO Diaminodiphenyl oxide (bis[4—aminophenyl] oxide)

General method for the preparation of the solutions of polyimide-~
forming substances

In the Examples and Comparative Examples which follow, the ester
and/or amide of the tetracarboxylic acids are first prepared by
reacting the tetracarboxylic anhydrides with the compounds having
hYdroxyl and/or amino functional groups by stirring at 120°c

(30 minutes) in the presence of DMAP as a catalyst and of the
first portion of the solvent. After cooling to 60°C, the diamines
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tetracarboxylic acid derivatives B) preferably in a nolar ratio of from
1.5:1to 1:1.5, particularly preferably 1:1. The novel solutions may al so
contain free tetracarboxylic acids. These nay be added separately or may be
produced in the solution by adding mater 11 The solids content of the
solutions is preferably from35 to 60%py wei ght. The viscosities are

ferably f 500 00, | th
oo red par SUTRSAERE, h%m P I s%-plge#‘é?%%%ﬁee%gwﬁ Fthe on.

mixture 1s stlrre until a solution has formed.

Comparative Example (VB):

stir
93.08 g of ODPA (0.30 mol)
82.80 g of MPG (0.60 mol)
100.00 g of NMP
0.50 g of DMAP for 30 minutes at 120°C, cool to 60°C, add
a suspension of
123.15 g of BAPP (0.30 mol) and
100.00 g of NMP, stir for a further 60 minutes at 60°C and
cool.

Example 15(81):

Stir

93.08 g of ODPA _ (0.30 mel)

69.00 g of MPG (0.50 mol)

7.71 g of aminoacetic acid {(0.10 mol)
100.00 g of NMP '
00.50 g of DMAP for 30 minutes at 120°C, cool to 60 c,
add a suspension of
123.15 g of BAPP (0.30 mol) add
100.00 g of NMP " for 60 minutes at 60°C and cocol.

Example 2 (B2):

Stir
93.08 g of ODPA ~ (0.30 mol)
55.20 g of MPG _ (0.40 mol)
14.42 g of aminoacetic acid {(0.20 mol)
100.00 g of NMP _
00.50 g of DMAP for 30 minutes at 120°C, cool to 60°C,
add a suspension of
123.15 g of BAPP (0.30 mol) and
100.00 g of NMP, stir for a further 60 minutes at 60°C and
cool. '
This Sheet Has Been Repl
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For the preparation of the solutions, tetracarboxylic acid derivatives,
pol yam ne and sol vent nmay be conbined in any order. For emarshteEHasiBeed eplac
possible thus to prepare the tetra- carboxylic acid deriva m&g
the diamne and, if required, a further solvent to the mx Hﬂmgmuﬁ n
order to dissolve all conponents, if nd®essary stirring is r

room t enper @xampler3af{B¥)evat ed tenperatures, for exanple from30[err] to
120 C., in particular from40[err] to 80[err] C. The novel solutions may
contai n conwgiti onal additives, such as catalysts for the imde formation,

dyes, pignents, fillers, levelling agents and viscosity regulators. They
are suitable as coating materials for the production of coatings on a very

wi de range 019358559r%§e%991"f or exdmifemol)
g o

d
In
t

41.40 MPG (0.30 mol)
23.13 g of aminoacetic acid (0.30 mol)

100.00 g of NMP -
00.50 g of DMAP for 30 minutes at 120°C, cool to 60°C, add

' a suspension of

- 123.15 g of BAPP _ (0.30 mol) and
100.00 g of NMP, stir for a further 60 minutes at 60°C and
cool. )

Example 4 (B4):

Stir
93.08 g of ODPA (0.30 mol)
55.20 g of MPG ' (0.40 mol)
15.21 g of glycolic acid (0.20 mol)
100.00 g of NMP
00.50 g of DMAP for 30 minutes at 120°C, cool to 60°C, add
a suspension of
123.15 g of BAPP (0.30 mol) and
100.00 g of NMP, stir for a further 60 minutes at 60°C and
cool.

Example 5 (B5):

"Stir
93.08 g of ODPA (0.30 mol)
55.20 g of MPG (0.40 mol)
20.47 g of 88% strength lactic acid (0.20 mol)
100.00 g of NMP :
00.50 g of DMAP for 30 minutes at 120°C, cool to 60°C, add
a suspension of
"123.15 g of BAPP {0.30 mol) and
100.00 g of NMP, stir for a further 60 minutes at 60°C and
cool.

Example 6 (B6):
Stir

93.08 g of ODPA (0.30 mol)
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metal, glass or silicon. The coating is preferably cured af. {i
tenperatures of from 150[err] .to 450 C, particularly pref2$ dHas Boen Replaced
300[err] to 400[err] C It has proven particularly advant a% HDHHI Ill
~out the curing process in a plurality of stages by graduall he
tenperature to the final tenperature. e novel solutions are used for :
coating sili€8nl0c¥ % MB& the production (%48 ®eL)onic circuits, ceramc
and netal foB3tRd graftiABTESN of conposite (@.ASumb3) in partlcular for the
production Qbonvbtd-shinmenodul es, for coating wire, for coating optical

vavequi des obogbgss OF b 12, fdk 99%&&4@% 150"EP Q01 'l 6B eAud on

of flexible printed circult boa Qr _coat| i npr egnating and

adhesi vel y bondi ng ordered and raaﬁag DR |ke and formed fibrous
mat eri - 123.15°g of B (0.30 mol) and

100.00 g of NMP, stir for a further 60 minutes at 60°C and
cool.

Example 7 (B7):

Stir

93.08 g of ODPA (0.30 mol)

62.10 g of MPG (0.45 mol)

33.21 g of APTES (0.15 mol)

100.00 g of NMP '

00.50 g of DMAP for 30 minutes at 120°C, cool to 60°C, add

' a suspension of

123.15 g of BAPP : (0.30 mol) and

90.00 g of NMP, stir for a further 10 minutes at 60°C, add
10.00 g of water, stir for a further 50 minutes at 60°C and

coocl.

Example 8 (BS8):

Stir
93.08 g of ODPA (0.30 mol)
34.50 g of MPG o (0.25 mol)
- 33.21 g of APTES (0.15 mol)
14.42 g of aminocacetic acid (0.20 mol)
100.00 g of NMP
00.50 g of DMAP for 30 minutes at 120°C, cool to 60°C, add a
suspension of -
123.15 g of BAPP : ' (0.30 mol) in
100.00 g of NMP, stir for a further 60 minutes at 60°C and
cool.

Ekample 9 (Bé):

Stir

93.08 g of ODPA (0.30 mol)
34.50 g of MPG (0.25 mol)
33.21 g of APTES (0.15 mol)
14.42 g of aminocacetic acid (0.20 mol)
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als, for encapsulating electronic and electric circuits and w ndi ngs and
for the production of powlers, fibers, free filns or noldings. The novel
sol utions can be used to produce coatings which can be devel oped very
readily .in an al kal i ne aqueous nedium and exhibit little water absorption.
Furt hernore, the novel coatings which contain polyim ides nodified with
organosi |l i con groups have such good adiddsion to the substrate that it is
possi bl e t o HéGengeodi Pt he use of adhesion prondbters. Novel coatings

whi ch cont ai ng@ oy ighodepma®di f i egomiddh mdahees @@cizv'aﬁn@&i DB o0E PURES have

good wet developabll- ity in con**gggdéygdwbkh good adhesi on.
123.15 g of BAPP (0.30 mol) in
1 90.00 g of NMP, stir for a further 10 minutes at 60°C, add
10.00 g of water, stir for a further 50 minutes at 60°C and
cool.

Testing of substrates coated with the polyimide solutions (PI
coatings)

Determination of the minimum predrying and of the wet develop-
ability

The PI coatings must be predried to such an extent that they are
‘not dissclved on the surface by the photoresists or the solvents
of the photoresists. Important solvents of such photoresists are
2—acetoxy-l-methoxypropane and 2-ethoxyethyl acetate. For these
solvents, the minimum drying (MD) was therefore determined as the
drying after which the ccatings showed no change after 5 minutes
under a cottonwool ball moistened with the solvent.

To test the developability, the coatings were then applied to
sheet metal strips with a knife coater having a gap height of
100 pm and were subjected to the minimum predrying in a through-
circulation dryer, after which a layer thickness of about 30 um
was obtained.

Development was effected in a beaker with a magnetic stirrer at
25°C. The sheet metal strips were about half immersed in the
developer.

After five minutes, the samples were rinsed off with water and
blown dry with compressed air, and the difference between the
immersed and non-immersed part was determined as removal of mate-
rial using a magnetic layer thickness measuring instrument.

The developers used were 0.25 and 0.4 normal aqueous solutions of
tetramethylammonium hydroxide (TMAH).

The results are listed in Table I.'

-
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12 A further advantage of the novel solutions is the relatively |ow
vi,scosity in conbination with a high solids content, with the result that
blister formation is avoi ded during baking of the coatlngs The exanpl es
which follow illustrate the invention. EXAMPLES Abbreviations: ODPA

Oxydi pht hal i ¢ di anhydri de BAPP 2 2- Bi s[ (4- am nophenoxy) phenyl ] pr opane
MPG Et hyl ene -gl ycol nononphenyl %ﬂher NVP - N-Met hyl pyrrolidone.

Table I

Coatings ﬁinimum predrying Removal rate during MD

Ex. No. |Time Temperature 0.25 N TMEH 0.40 N TMEH

(min] ['c] {pm/min] [um/min]

VB 35 130 0 0

Bl 40 130 1.2 2.8

B2 40 135 1.9 3.6

B3 45 135 2.8 5.3

B4 30 135 0.8 2.1

B5 30 135 1.3 3.2

B6 35 140 0 0

B? 35 140 0 0

B8 ' 30 130 3.1 4.4

B9 30 130 2.9 4.7

Adhesion test

Test substrates

Test substrate Si

brand new, pollshed wafers of very pure
silicon

brand new wafers oxidized to SiO; at
their surface in oxygen plasma

Test substrate O

brand new wafers wet with an adhesion
promoter solution comprising 0.01% of
3—aminopropyltriethoxysilane in 95:5
methanol/water and dried for 10 minutes
at 150°C in a through-circulation dryer

Test substrate Si/HV

oxidized wafers aftertreated with
adhesion promoter as in the case of
si/nv

‘Test substrate O/HV

Production of the test specimens

The PI coatings are applied to the test substrates on a spin
coater. The speed is adjusted so that layer thicknesses of from.
15 to 18 um result after the drying process. After application of
the coatings by spincoating, the wafers are heated to 360°C under
reduced pressure on heatable plates at a heating rate of 10°C/min-
ute. After the final temperature has been reached, the oven is

“This Sheet Has Been Repl This is the replacement sheet
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DVAP Di net hyl ami nopyri di ne APTES Ani nopr ofblyit Shieét@laliBty Rl a%%}ﬁ DADO
Di.am nodi phenyl oxi de (bis[4-am nophenyl] oxi de) Gene e
preparation of the solutions of polyimde-formng sub ,@lﬂmu

Exanpl es and Cornparati ve Exanpl es which fol- low, the es

the tetracarboxylic acids are first pragmwared by reacting the

tetracar boxy;‘sfth,rgﬁyg&deﬁf&é *tho%% 30 d%ﬂ@éhaqeiyﬂéw%ea@a%%o&m no
&

DVAP as o cATRATHRE BF% (IS MARSFS,BFF) EAPQYed AE*CEPYBIRS: Af or cool i ng

to 60[err]C., the diam nes (conponent A) and, if required, further solvent
are added arfhe Hesti speciméns auwer staredtfirst forué B oreuRss atoreed . tempera~
ture and then in a steam sterilizer for 24 hours at 121°C and

1 bar in the steam space (pressure cooker test). Immediately
after removal, the test specimens are dried off with with absorp-
tive paper. The coating is then scratched in a crosshatch with a
spacing of 1 mm using a sharp knife, down to the wafer surface. A
- self-adhesive film is stuck over this crosshatch and is pulled
off again. In the case of good adhesion, the coating remains com-
pletely adhering to the wafer, whereas in the case of poor adhe-~
sion parts of the crosshatch are removed and in the case of very
.poor adhesion the complete coating is removed.

mdé of

The evaluation is based on ratings, ratings from 2 to 4 being
intermediate stages between 1 = perfect adhesion and 5 = complete
loss of adhesion.

The results of the adhesion test are listed in Table II.

Table II

Examples Adhesion ratings on substrates

Coating No. si o Si/Bv O/BvV
VB 5 5 1-2 1
Bl 5 5 1 1
B2 5 5 1 1
B3 5 5 1 1
B4 5 5 1 1
BS 5 5 1-2 1-2
B6 2 1 1 1
B7 1 1 1 1
B8 2 1 1 1
B9 1 1 1 1

Mechanical properties of the polyimide cocatings

The coatings were applied to glass sheets with a knife coater
having a gap height of 100 pm and were heated to 350°C under
reduced pressure in an oven at a heating rate of 5°C/minute, and
the oven was then switched off. After coocling, the glass sheets
were placed in water, which was then brought to the boil; the
films became detached from the glass. ‘
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(0.60 mol) 100.00 g of NVP 0.50 g of DVAP  for 30 mi
to 60[err]C, add a suspension of 123.15 g of BAPP
100.0 g of NWP, stir for a further 60 m nutes at 60[e

cool

Conparative Exanple (VB): Stir 93.08 g of ODPA (030 rmﬁ 82.80 g of MPG

Example 1 (Bl):

; i Wﬁ“d

The free films were dried at 140°C in a through-circulation oven.
The IR spectra of the dry films were compared and were found to

. be virtually identical except for small deviations due to the

measuring technique. The mechanical properties of the films were
determined by means of a tensile test. The data in the table are
the result of the statistical evaluation of eight individual mea-
surements in each case.

Furthermore, the free films were stored at 98% humidity until

their weight remained constant, and the water absorption was de-
termined in this manner. The data in Table III are the mean of
three tests in each case.

Table III
Coating Tensile Elongation | Modulus of | Water absorption
strength at break elasticity [% by weight]
[N/mm2] %) [N/mm2) :
VB 89.4 31.3 2586 0.93
Bl 93.2 36.3 2678 : 0.89
B2 90.7 - 29.1 2733 0.96
B3 94.4 33.6 2774 0.91
B4 88.9 28.5 . 2557 0.88
B5 87.3 34.0 2689 0.92
B6 92.4 _ 27.7 2712 1.14
B7 88.7 ' 33.4 2522 0.97
B8 91.6 29.4 2669 _ 1.21
B9 89.6 34.4 2512 0.93

The Examples show that polyimides having good mechanical proper-
ties comparable to those of VB are obtained with the novel coat-
ings. The water absorption, too, is comparable with that of VB;
the differences are within the error of measurement.

This is the replacement sheet

Date: 2 4 DEC 1996
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Stir .08 g of CDPA (0.30 nol) 69.00 g of MPG | (0.50
mal) 7.71 g o ' | (0.10 nol) acid 100.00 g of NWP 00.50 g of

suspenJ’"ﬂ,H”'”Z"lIH@E .. U'IIBiEPat 20l err](cc):: BSO%I ;Oagg[ %B] CC):O -gdgf aNI\/P

for 60 nindtes ]C and cool. Exanple 2 (B2): Stir 93.08 g of ODPA
(0.30 nol) 55.20 g of MPG - (0. 40210I )

We claim:-—
1. A solution of a polyimide-~forming substance, containing

A) polyamines and :

B) amides or esters or mixtures of amides and esters of
tetracarboxylic acids, the amido or ester groups carrying
substituents selected from the group consisting of car-
boxyl, sulfo, silyl and siloxyl groups.

2. A solution as clalmed in claim 1, containing, as components
A), aromatic or partly aromatic diamines.

3. A solution as claimed in claim 1 or 2, containing, as compo-
nents B), diamides, diesters or mixtures of diamides and
diesters of tetracarboxylic acids.

4. A sclution as claimed in any of claims 1 to 3, containing
components B) which are obtained by reacting tetracarboxylic
‘anhydrides with compounds haﬁing amino or hydroxyl functional
groups or mixtures of said compounds, which are selected from
the group consisting of the hydroxycarboxylic acids, amino-
carboxylic acids, hydroxysulfonic acids, aminosulfonic acids,
hydroxyl-substituted silanes and siloxanes and the amino-sub-
stituted silanes and siloxanes.

5. Use of a solution as claimed in any of claims 1 to 4 for the
production of coatings.

6. An article coated with a polyimide and obtainable using the
solution as claimed in any of claims 1 to 4 as a coating
material. '

This Sheet Has Been Reﬂlaced

1T — R

Date: 2 4 DEC 1998
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14 42 g of am noaceti c (0.20 nol) acid 100.00 g of NWP 00.50 g of DVAP
for 30 minutes at 120[err]C, cool to- 60[err]C, add a suspension of 23.15 g

of BAPP (.0.30 nmol) and 100.00 g of NWP, stir for a further 60
m nutes at 60[err] C and cool. Exanple 3 (B3): Stir 93.08 g of ODPA
(0.30 nol) 41.40 g of MPG (030 nol) 23.13 g of am noacetic , (0.30

nol) acid 22

HSolﬁtions of polyimide-forming substances and their use

Abstract

Solutions of polyimide-forming substances contain

A)' polyamines and

B) amides and/or esters of tetracarboxylic acids, the amido or
ester groups carrying substituents selected from the group

consisting of carboxyl, sulfo, silyl and siloxyl groups,

and are used as polyimide coatings.

This Sheet Has Been e

laced
T b e the replacement shast

Date: 2‘4"058’@ o
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100. 00 g of Rk, ,:M@%é'g: ﬁﬁgmp ' . for 30 nintkesCEUEIZ0ferriC, caol
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o DATH OF RECEIPT .Y,
SOLUTIONS OF POLYTMIDE-FORMI!
SUBSTANCES AND THEIR USE AS COATING

3 MATERIALS

BACKGROUND OF THE INVENTION

1. Fieid of the [nvention
-The present invention relates to solutions of polyimide-
forming substances, containing

A) polyamines and

B) amides or esters or a mixture of amides and esters of
tetracarboxylic acids, the amide or ester groups carry-
ing substituents selected from the group consisting of
carboxyl, sulfo, silyl and siloxyl groups.

The present invention furthermore relates to the use of
such solutions as coating materials and to articles coated
with a polyimide.

An important field of use of the polyimide coatings, which
are solutions of polyimide-forming substances, is microelec-
tronics, where polyimide coatings are used as insulation
layers in the structures of microchips or as buffer layers
between the finished chip and the chip housing.

2. Description of the Related Art

An important requirement for the polyimide layers is
good adhesion to the base material of the chips, ie. to wafers
of silicon or modified silicon. This problem has been solved
to date by pretreating the inorganic substrates with adhesion
promoters, for example aminoalkoxysilanes, or by adding
adhesion-promoting substances to the coating solutions.

Thus, DE-A 41 07 664 describes solutions of polycon-
densates having nitrogen-heterocyclic structural units, to
which azidosilanes are added as adhesion promoters.

A further requirement for such polyimide coatings is very
low water absorption, in order to ensure functioning of the
microchips even under humid conditions. Since the imide
group is known to be hydrophilic, attempts have been made
to compensate this by the use of very hydrophobic polyim-
ides, for example by using starting materials having a very
high molecular weight in order to reduce the imide group
density in the polymer.

It is also desirable to obtain structurable polyimide coat-
ings. For this purpose, the polyimide layers are first predried
and then coated with a photoresist. Imagewise exposure is
then effected through a mask and, as a rule, development is
then carried out with dilute aqueous alkali solutions. As a



14 -conti nued:_.
120[err] C, cPpEt
(9. 30 nol ) afpiipeH
C and cool E
of = MPG
aci d)

#2=00. 50 g of DMAP for 30 minutes at
dEEBYdd a suspension of 123.15 g of BAPP

NVP ~stir for a further 60 mnutes at 60
i | 93.08 g of ODPA (0.30 mol) 55.20 g
.47 g of (88%'str-ength_ (0..20 rml)-lactic

e-photoresist can be removed in the exposed parts.
_In thc zext step. the polyimide coat, too, is then removed
from the developed parts, and the predried polyimide layer
is stractured in this manner. For structuring under photore-

. sists with aqueous alkaline developers, the polyimide inter-

mediates must be predricd to such an extent that they arc no

longer attacked by the photorcsist or the solvents present -

therein.

However, partcularly when polyimide intermediates
which can be cured to give polyimides having low water
absorption are used, problems are encountered in the devel-
opment because, after sufficient predrying, said polyimides
can no longer be dissolved by aqueous alkaline developers.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide
improved polyimide coatings.
We have found that this object is achieved by the solutions
of polyimide-forming substances containing
A poiyarmnes and
B) amides or esters or a mixture of amides and esters of
tetracarboxylic acids, the amide or ester groups carry-
ing substituents selected from the group consisting of
carboxyl, suifo, silyl and siloxyl groups.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

The technically most important polyheterocycles for the
purposes of the present invention are polyimides, but other
polyheterocycles, such as polyisoindoloquinazolinediones
or polyarylenebenzimidazoles, are also included. The term
polyimide is used below as a synonym for ail N-conta:mng
polyheterocycles.

The individual components of the solutions are described
below.

Preferred polyamine components A) are aromatic and/or
partly aromatic polyamines, diamines, very particularly aro-
matic diamines, being preferred.
p-phenylenediamine,
m-phenylenediamine,
4,4'-diaminodiphenyl oxide,
3,3'-diaminodiphenyl oxide,
3,4"-diaminodiphenyl oxide,
4,4'-diaminodiphenyl sulfide,



100. 00 g of

Mﬁﬂ“ﬁ pe o for 30 minutes at 120[err]C, |

cool t.o 60 M —gda—a _sul:pansi_oh of 123.15 g of BAPP - (0.30 nol)

“and 100.00 § ¢f

cool . . Exanplej6 ¥

(0.45 nol) $3)2

'9 stir for a further 60 nminutes at 60[err]C. and
EB B8, |3 08 g of ODPA * (030 nol) 62.10 g of MPG |

for 30 m nu_i es

L g of ARTES] |(0.15.4ml) 100.00 g of NVP 00.50 g of DMAP
at 120[err]C, tool to 60[err]C, add a suspension of -

———33~diamincdipoenyl sulfide,

3,4'-diaminodiphenyl suifide,
4,4'-diarninodiphenyi suifore,
3,3'-diaminodiphenyl sulfone,
3,4'-diaminodiphenyl suifore,
(4,4 -diamincdipkenyl)-cethane,
(3.3'-diaminodipkenyl)-methane,
(3.4'-diaminodiphenyl)-methane,
(4,4'-diaminodipkenyl)-prorane,
(3,3'-diaminodiptenyl)-propane,
(3,4'-diaminodiphenyl)-propane,
(4,4'-diaminodiphenyl)-ethane,
(3,3'-diaminodiphenyl)-ethane,
(3,4'-diaminodipbenyl)-ethane,
4,4'-bis-(4,4'-aminophenoxy)-biphenyl,
4,4'-bis-(4,3'-aminophencxy)-biphenyl,
2,2-bis[4-(4,4-aminophenoxy)phenyl]-propane,
2,2-bis{4-(4,4-aminopkenoxy)phenyl]-perflucropropane,
2,2-bis[4-(3.4-aminopkenoxy)phenyl}-propane,
2,2-bis[4-(3,3'-aminophenoxy)phenyl}-propane,
2,2-bis[4-(4,4'-aminophenoxy)phenyl]suifone,
2,2-bis[4-(3,4-aminophenoxy)phenyl]sulfone,
2,2-bis(4-(3,3"-aminophenoxy)phenyl]sulfone,
4,4'-dimethyl-3,3"-diaminodiphenyl sulfone,
2,2-bis[4-(4,4"-aminophenoxy)phenyl]sulfide,
2,2-bis[4~(3,4-aminophenoxy)phenyl]sulfide,
2,2-bis[4-(3,3"-aminophenoxy)phenyl]sulfide,
2,2-bis[4-(4,4"-aminophenoxy)phenyl]-methane,
2,2-bis[4-(3,4-aminophenoxy)phenyl]-methane,
2,2-bis[4-(3,3'-aminophenoxy)phenyl]-methane,
1,4-bis-(4,4'-aminophenoxy)-phenylene,
1,4-bis-(3,4'-amirophenoxy)-pbenylene,
1,4-bis-(3,3'-aminopbenoxy)-phenylene,
4,4'-diaminobiphenyl (benzidine),
3,4"-diaminobiphenyl, 3,3'-diaminobiphenyl,
3,3"-dimethoxy-4,4'-diaminobiphenyl,
3,3'-dimethoxy-3,4'-diaminobiphenyl,
3,3-dimethyl-4,4'-diaminobiphenyl,
3,3'-dimethyl-3,4'-diaminobiphenyl,
1,8-diaminonaphthalene,
1,5-diaminonaphthalene,
p-terphenyl-4.4"-diamine,p-terphenyl-3,3"-diamine,
S-tert-butyl-2,4-ioluylencdiamine,
3-tert-buryl-2,6-toluylenediamine,
3,5-diethyl-2,4-toluylenediamine,
3,3-diethyl-2,6-toluylenediamine, - '
alkylisopropyltoluylenediamines, such as diisopropyl-
toluylenediarine,



123.1 TQ' .10rml) and 100. 0090f NVP, stlr for afurther
60 'm gutje _ﬁ_ﬁg apdjcool . 15 Exanple 7 (B7): Stir 93.08 g of CDPA
(0= 30 §myl 0 %ﬁ) G (0.45 nol) -33.21 g of APTES (0.15 nol)
100.0 .of NVP 00.50fgfiof DVAP for 30 minutes at 120[err]C., cool to
60[ er] C . . : T L

4

o, w-diamino-{golyrheaylenesulfdes),
m-xylylenediamine,

p-xyivienediamine,

bis-<3,4'-{ ..,S-c..z.soumnv')ammonnenyl]me..hane,
bis-4,1'-{(Z-werhyi-6-isopropylJaminophenyijmethane,
bis-4,4'-{(2, c-cxnethyi)aminoghenyl]methane, '
bis-4,4'-{(2,5-diisopropyl)aminophenyl] ether,
bis-4,4'-[(2-methyi-6-isopropyl)aminophenyl] ether or
bis-4,4'-[(2,6-dimethyl)aminophenyi] ether.

Other suitable polyamines are tetraamines, such as 3,3,
4,4'-ieaaminodiphenyl, 3,3',4,4'-tetraaminodiphenyl-
methane, 3,3'.4.4‘-temaminod1pncny1 ether, 3,3'.4,4-tet-
raaminodiphenyisulfore or 3,3'.4,4'-tetraaminodiphenyl
suifide. Sach tetraamines give polyarylenebenzindazoles as
a final structure. :

A further important group of diamines compnses aromatic
pelynuclear cornpounds which are bonded via benzanilide
groups, ¢.g. 3,3"-diaminobenzanilide, 3,4'-diaminobenzanil-
ide, 4,3'-diaminobenzanilide, 4,4'-diaminobenzanilide or
4,3'-diaminobenzanilide, and the N-alkyl substitution prod-
ucts of these anilides, as well as the a,®-diaminopolyanil-
ides according to EP-A-271736.

As a rule, polyimides having the best possible combina-
tions of properties are desirable. These are obtained in
general by means of a wholly aromatic structure. The novel
polyimides are therefore preferably prepared using purely
aromatic diamines.

Although diamines which are not purely aromatic gener-
ally adversely affect thc thermal stability of the end prod-
ucts, cycloaliphatic, heterocyclic and aliphatic amine com-
pounds having an amine functionality greater than 1,
preferably equal to 2 or more, may however also be used ar
may be present for obtaining specific properties, for example
surface smoothness, flexibility, etc.

These are, for example, diamino(dimethyl)dicyclobexyl-

methane, - diamino(dimethyldiisopropyl)di-
cyclohexylmethane, diamino (tetra isopropyl)dicyclohexyl-
methane, diamino(diisopropyl)dicyclobexylmethane,

diaminoalkylenes or diaminopolyoxyalkylenes.

The term diamines is also intended to include compounds
which contain the structural element N-N, ie. derivatives of
hydrazine.

Aromatic diamines which are further substituted in the
nucleus by reactive groups are also important. Such reactive
substituents are, for example, carboxyl, hydroxyl, amino and
amido groups. Polyheterocycles having a non-imide struc-
ture are then also formed with such substituted amines. In



ad ’;123 15 g of BAPP (030 rml) and 90. 00 g of NWP - stir
fo LS 1 hit es 60{err]C, add 10.00 g of water, stir for a
fugt er o ep bt 60[err]C and cool. Exanple 8 (88) ‘Stir 93.08 g of

A Eé? mpl § 34.50 g of MPG (0.25 nol) 33.21 g of APTES
(041 rm]) 14. 42 jo® am noacetic  (0.20 nol) acid 100. 0090f NMVP 00. 509
of —or "30%ni nut es at 120[err]d'> cool to

“the case of the o-carboxamidoamines, for example’ anthm- o
nilamide, polyisoindologquinazolivediones are obtained as
the Snal structure. Dihydroxydiamines give polybenzox-
azoles and tetraamines result in polyarylcnebenzxmdazolcs
The present invention also relates to such polymers.

According 0 the invention, salts and partial salts of the
amines may also be used or may be present, for example the
carbonates, acatates, trifluoroacstates, trichloroacetates, for-
mates, Oxalates, maleates, methanesulfonates, benzene-
suifonates, chiorides, etc. It has besn found that the use of
such salts suppresses the strong discoloration, particularly of
the aromatic diamines, and gives smoother films in the case
of some combinations.

The stated starting materials are known or can be prepared
by conventional processes.

he starting materials are listed only by way of example,
and the invendon is not restricted to the use of these
substances.

According to the invention, esters or amides or mixtures
of esters and amides of tetracarboxylic acids, which are
obtainable by reacting tetracarboxylic acids or, preferably,
tetracarboxylic dianhydrides with compounds having
hydroxyl and/or amine functional groups and carrying at
least one substituent from the group consisting of carboxyl,
sulfonyl, silyl and siloxyl groups are used as components B).

To introduce the carboxyl or sulfonyl groups, tetracar-
boxylic dianhydrides are preferably reacted with monohy-
droxy compounds and/or primary monoamines and/or sec-
ondary monoamines.

Suitable mopohydroxy compounds are in particular ali-
phatic and aromatic hydroxycarboxylic acids or hydroxysul-
fonic acids, for example glycolic acid and lactic acid, and
hydroxy-fatty acids, such as butyric acid or valeric acid,
aromatic hydroxycarboxylic acids, such as salicylic acid,
hydroxyalkanesulfonic acids, such as 1-hydroxyethylsul-
fonic acid or i-hydroxypropanesulfonic acid, and aromatic
sulfonic acids, such as the hydroxybenzenesulfonic acids or
the tolucacsulionic acids.

Particularly suitable monoamine components are ami-
nocarboxylic acids or aminosulfonic acids. Examples of
suitable aminocarboxylic acids are samurated aminocarboxy-
lic acids, such as aminoacetic acid, «-aminopropanecar-
boxylic acid, B-aminopropanecarboxylic acid or higher
homeologs of the antino-fatty acids, and aromatic aminocar-
boxylic acids, such as o-aminobenzoic acid. Suitable ami-
nosulfonic acids are aminoethanesulfonic acid, aminopro-
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bnsi on of 123.15 g of BAPP ~(0.30 nol) in 100.00
or a further 60 mnutes at 60[err] C and cool .

q

f ODPA- - - (0.30 nol) 34.50 g of MPG

Exanpl e
(0. 25

(0.15 -nol ) 14.42 g of am noacetic - (0.20 nol)

-06-g-of "NVP Q0. 50 g of DVAP

b a suspension of 6

penesuhomc acid or aromatic sulfomic acxds such as
o-aminctenzezesulfonic acid. -

Tke silvl or siloxyl groups are likewise introduced via
compounds having aydroxyl or amino functional groups, for
example ) '
aminocalkylalkoxysilanes, such as

- amincetiyltris(timethylsiloxy)silane,

4-amincbutyitiaikxoxysilaces,
4-amincbutylmethyldialkoxysilanes,
4-amincoutyldimethyialkoxysilanes,
3-aminopropyitriethoxysilane,
3-aminopropyidiethoxymerhyisilane,
3-aminopropylethoxydimethyisilane,
aminoethyltriethoxysilare,
aminoethyldiethoxymethylsilane,
aminoethylethoxydimethylsilane,
aminopropyltrimethoxysilare,
aminopropyldimethoxymethylsilane,
aminopropylmethoxydimethyisilane,
aminoethyltrimethoxysilane,
aminoethyldimethoxymethylsilane,
aminoethylmethoxydimethylsilane,
(aminoethylaminomethyl)pheaylethyltrimethoxysilane,
N-(2-aminocethy!)-3-aminopropylmethyldimethoxysilane,
N-(2-aminocthyl)-3-aminopropyltrimethoxysilane,
3-(3-aminophenoxy)propylirimethoxysilane,
3-(4-aminophenoxy)propylirimethoxysilane,
aminophenyltriethoxysilanes as various isomers,
aminophenyltrimethoxysilanes as various isomers,
3-aminopropyltris(trimethylsiloxy)silane,
1,3-bis(4-aminobutyl)tetramethyldisiloxane,
bis(p-aminophenoxy)dimethylsilane,
1,3-bis(3-aminopropyl)-1,1,3,3-tetramethyldisiloxane,
(cyclohexylaminomethyl)methyldiethoxysilane,
(cyclohexylaminomethyl)triethoxysilane,
(cyclohexylaminomethyl)dimethylcthoxysilane,
(N-ethyl-3-aminopropyl)trimethoxysilane,
1,3-bis(4-hydroxyburyl)tetramethyldisiloxane,
1,4-bis(hydroxydimethylsilyl)tetramethyldisiloxane,
bis(2-hydroxyethyl)-3-aminopropyltriethoxysilane,
1,3-bis(3-aydroxypropyi)tetramethyldisiloxane,
tert-butylaminotriethylsilane,
tert-butylaminotrimethyisilane,
(cyclohexylaminomethyl)methyldiethoxysilane or amino-
terminated oligomeric siloxanes having a molecular weight
of up to 2000 or hydroxy!-terminated oligomeric siloxanes
l:(avxr'«7 a molecular weight of up to 2000.

for 30 mnutes at 120[err]C,



12B3 68T BED (0.30 nol-) -in-90.00 g of NWP, ~stir for. a

f U e : 60[err] C, add 10.00 g of water, - stir for a
futther g%éa%es af 60[err]C and cool. = "16 Testing of substrates coated
wi{hlt 9 i¥@de| spl utions (Pl coatings). Determ nation of the. m ninmm
prediyi ng and _of the|l wet developability.” The Pl coatings nust be predried
to|sUCh an extent thht _ 1 S

Prereradly used silyi or siloxy! cormpounds are aminopro-
pyitdethoxysilane ard ent-butylamincethylsilane,

The novel tetracarboxylic esters anc/or amides may be
mocified @ither oniy with acidic groups, such as carboxyl or
sulfonyl, or only with silyi or siloxyl groups or, preferably,
with acidic and silicon-containing groups. Unless all amido
or ester groups are substituted in this manner, alcohols
and/cr primary and/or secondary arcines which carxy no
sucl groups are additionally reacted as compounds having
hydroxyl and/or amino funcdonal groups. Particularly suit-
able aicohols are C,—Cg-alkanois, such as methanol, ethanol,
propanol, isooropanol, n-tutanol, isobutarol, n-pentanol and
its isomers, n-kexanol and its isomers and 2-ethylhexanals,
and furthermore cycloaikyl alcohols, such as cyclohexanol,
aromatic alcobols, such as phenol, kresol or cumol, and
alkoxyary! alcohols, such as 3-phenoxypropanol or 2-phe-
noxyethanol, ard polyalkoxyglycol ethers and polyalkoxyg-
lycol esters or mixtures thereof.

The proportion of amido or ester groups which are
substituted by the stated functional groups depends on the
required performance characteristics.

In order to achieve good wet developability by substitu-
tion with acidic groups, such as carboxyl or sulfonyl, it is
advisablc o use from 10 to 100, preferably from 20 to 50,
mol %, based on the total amount of compounds used which
have functional amino or hydroxyl groups.

In order to achieve good adhesion, it is advisable to use
0.5-30, preferably 5-25, mol %, based on the total amount
of compounds used which have OH and amino functional
groups, of silyl or siloxyl-substituted compounds having
amino or hydroxyl functional groups.

Suitable amines are primary and/or secondary saturated
C,-C4-monoamines, such as ethylamine, 1-aminopropane,
2-aminopropane, dimethylamine, ethylmethylamine or
diethylamine, or aromatic monoamines, such as aniline or
toluidine.

- The tetracartboxylic acid components used are in particu-
lar the dianhydrides of the tetracarboxylic acids stated
below.

Aromatic and partly aromatic tetracarboxylic acids, such
as _
pyromelitic acid,
benzene-1,2,3,4-tetracarboxylic acid,
3,3',4,4"-biphenyltetracarboxylic acid,
2,2',4,4'-biphenyltetracarboxylic acid,
2,3,3',4"-biphenyltetracarboxylic acid,
2,2',3,3'-benzophenonetetracarboxylic acid,



of 100 [err]m
t hrough- ci r cul

3 rrportant sol vent's- of such photoreS|sts are

bpane and 2-et hoxy- ethyl acetate. For these solvents,
MD) was therefore determined as.the drying after which
dd np change after 5 ninutes under a cotton- wool ball

\tened'vm th t sofvent To test the @8evel opability, the coatings were
To¥=t e—streer= metal strips with a knife coater having a gap hei ght

—nd ver e s @y, ¥ot deniaphichendthwhdidpoxyliecicid,ng in a :
ation dryen3 ghies Yﬁﬂl@ﬂﬂ&'ﬂcﬁ?fiﬁx fibisgigess of about 30 pm was

obt ai ned. Devel opment wag fgﬁ SithdldheferRRd yl%tap.ufi magneti c sti rrer -at

25 C. The sheet netal stri'ijia_ )

n% é)"éttc' racar boxyhc acid,
1,4,58- nanhthalcqetezmcarboxyhc acid,
1,2,6,7-naphthalenetetracarboxylic acid,
2,6-dichloronaphthalene-1,4,5,8-tetracarboxylic acid,
2,7-dichicronapitthalere-{,4,5 8-tetracarhoxylic acid,
2,3.6,7-tewrachicronaphthalene- 1,4,5,8-tetracarboxylic acid,
1,4.5.8-tetrachioronaphthalene-2,3,6,7-tetracarboxylic acid,
4,3-dimethyi-1.2.3.5,6,7-hexahydronaphthalene-1,2,5,6-tet-
racarboxylic acid,
4 S-ume.nv' 1.2.3.5,6,7-hexahydronaphthalene-2,3,6,7-tet-
racarboxylic acid, .
4,4"-oxydipithalic acid,
3.3"-oxydipathaiic acid,
4,4'-sulfonyldiphthalic acid,
4,4'-thiodiphthaiic acid,
3,3'-thiociphthalic acid,
4,4'-acstylidenediphthalic acid,
bis(2,3-dicarboxyphenyl)methane,
bis(3,4-dicarboxyphenyl)methane,
1,1-bis(2,3-dicarboxyphenyl)ethane,
1,1-bis(3,4-dicarboxyphenyl)ethane,
2,2-bis(2,3-dicarboxyphenyl)propane,
2,2-bis(3,4-dicarboxyphenyl)propane,
phenanthrene-1,2,7,8-tetracarboxylic acid,
phenanthrene-1.2.6,7-tetracarboxylic acid,
phenantbrege-1,2,9,10-tetracarboxylic acid,
2,3,9,10-perylenetetracarboxylic acid,
3,4,9,10-perylenetetracarboxylic acid,
2,3,8,9-perylenetetracarboxylic acid,
4,5,10,11-perylenetetracarboxylic acid,
3,3",4,4"-p-terphenyltetracarboxylic acid,
2,2",3,3"-p-terphenyltetracarboxylic acid or '
2,3,3",4"-p-terphenyltetracarboxylic acid, are preferred.
Butane-1,2,3,4-tetracarboxylic acid, cyclobutanetetracar-
boxylic acid, cyclopentane-1,2,3,4-tetracarboxylic acid, pyr-
rolidine-2,3,4,5-tetracarboxylic acid, thiophene-2,3,4,5-tet-
racarboxylic acid, pyrazine-2,3,5,6-tetracarboxylic acid,
tetrahydrofurantetracarboxylic acid, 9-bromo-10-mercap-
toanthracenetetracarboxylic  acid, 9,10-dimercaptoan-
thracensdicarboxylic acid, 2,6-endovinylenecyclohexane-1,
2,4,5-tetracarboxylic acid and hexafluoroisopropylidene-2,
2-bis(phthalic anhydride) are also suitable.
Otber suitable isomers and substitution products of the
stated polycarboxylic acids are halogen substitution prod-
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or alq)l suusnnmon :Jrodgc:s and nolycamoxyhc aci
containing silicon.

The dxme':zauon and oligomerization products of trimel-
itic anhydride with alconols, amines and isccyanates having
a functionality of >2 and especially the 4,4 esterification, 4,4
etherification and 4.4 amidaticn dirzers of trimelitic acid are

also suitable. According to the invention, the salts or partial -

salts of the tetracarboxylic acid compounds may also be
used or concomitantly used, provided that they still have free
carboxyl groups, for example ammonium salts and salts with
readily volatile amines, such as mono-, di- and tdimethy-
lamine, mono-, di- and triethylamine and other amines. The
phosphonium and sulfonium salts of acidic tetracarboxylic
acid compounds may also be used or concomitantly used.
The use of such salts generally leads to desired lower
viscosities in conjunction with a higher solids content.

The tetracarboxyiic acids stated are known or can be
prepared by known processes.

Mixtures of tetracarboxylic dianhydrides are also suitable.

The tetracarboxylic esters and amides may be prepared by
conventional methods. The anhydride rings are cleaved by
reaction with the compounds having hydroxyl or amino
functional groups, an ester or amido group and a carboxyl
group initially being formed from an anhydride ring.
Whether further esterification/amidation takes place
depends, as is known, on the reaction temperature; at from
50° 0 130° C., only the diesters or diamides are usually
formed. whereas at higher temperatures of up to 200° C. tri
or tetra derivatives may also be formed. Mono derivatives
are formed only in minor amounts. The transesterification/
amidation can be carried out in the presence of catalysts,
suci as dimethylaminopyridine or p-tolulenesuifonic acids.

Diesters or diamides or mixtures thereof are preferably
prepared. The diesters or diamides may be prepared simul-
taneously or separately. The amount of hydroxy or amino
component employed is preferably such that from 0.5 to 3,
preferably from 1.5 to 2.5, mol of the hydroxy and amine
component are used per mole of tetracarboxylic acid or
tetracarboxylic dianhydride. Equivalent amounts are par-
ticularly preferably used, ie. 2 mol of alcohol or amine or 2
mol of alcohol/amine mixture per mole of tetracarboxylic
acid or tetracarboxylic dianhydride.

According to the invention, ester/amide mixtures may be
used, and the amount of amide may be from 5 to 40,
preferably from 5 to 20, mol %.

el oper. After five mnutes, the sanples were rinsed off
wn dry with conpressed air, and the difference between
pn-i mrersed part was deter- mined as renoval of material
qyer thick- ness measuring instrunent. The devel opers
aqueous sol utions of tetranethyl ammoni um

he results are listed9n Table |I. TABLE 1 M ni-num

0.25 N -
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The novel intermediates are, as a rule, synthesized in
suitable organic solvents, prefcrably polar substances, such
as _
formamide,
acetzmide,

N-methylformamide,
N,N-dimethylformamide,

N, N-diethylformamide,
N-methyipyrrolidone,
dialkylacetamides, such as
N,N-dimethylacetamide or
N.N-diethylacetamide,
alkylaikyienediureas, such as
dimethylethylenediurea or
dimethylpropylenediurea,
alkyleneureas, such as
ethylenediurea or
propylenediurea,
butyrolactone,

caprolact

pyrrolidone,
N-alkylpyrrolidones, such as
N-methylpyrrolidone (NMP),
N-ethylpyrrolidone,
N-cyclohexylpyrrolidone or
N-acetylpyrrolidone, and
dimethyl sulfoxide,

dimethyl sulfone, or
hexamethylenephosphorotriamide.

These polar substances may be completely or partially
replaced by further solvents, such as alcohols, esters,
ketones, ethers and cycloaliphatic ketones, alcohols, esters,
amines, especially tertiary amines, such as triethylamine,
water, glycols, glycol esters, glycol ethers and hydrocar-
bons. The choice of solvent depends on the solubility of the
other substances and on the desired concentration and vis-
cosity and has to be optimized in the individual case. In
some cases, the tetracarboxylic acid compounds, too, are
relatively low-viscosity liquids, so thar it is possible to
employ no additional solvent or only a very small amount of
additional solvent and thus produce polyimide coatings
having an extremely high solids content.

The novel solutions contain the polyamine A) and the
tetracarboxylic acid derivatives B) preferably in a molar
ratio of from 1.5:1 to 1:1.5, particularly preferably 1:1.

The novel solutions may also contain free tetracarboxyhc
acids. These may be added separately or may be produced in
the solution by adding water.



Te @Et@gﬂgﬁ&g}mﬁ substrate Si:brand new, polished wafers of very pure
Tept FSUBSEFREE aphd new wafers oxidized to SiQ2 at their surface in
oxygen g ﬁ?f%ﬁ sbbstrate Si/HV:brand hew wafers wet with an adhe- sion
prénpter solution popprising 0.01% of -3-am no- propyltriethoxysilane in
9515 - and dried for 10 minutes at 150[err]C in a

t hj ough-circul at.i on ryer Test subst ratd1Q HV: oxi di zed wafers aftert reat ed .
Wi tﬁmw as in the case" of SI/H\/ Product i on of t he test .

speci nens The Pl co a test su rat on a spin |
coater. The speed |%§§g§gfé§m§ P ‘}hgg ‘ﬁlpcf ér ggrom 15 to 18

[errImresult afté&? "Zir'fﬁ’ﬁﬁt- c‘gg"é’s‘ taé'f’ pref om 30
10,000 mPas. For special applicatiors, :owever the

desu'cd parameters can Je aajusted as required by corre-
'sponcnnﬂ dilution. '

For the preparation of the solutions, tctmcar"oxyhc acid
derivatives, polyamine and solvent may be combined in any
order. For example, it is possibie thus to prepare the tetra-
carboxylic acid derivatives and to add the diamine and, if
reqmred. a further solvent to the mixture obtained. In order
to dissolve ail components, if necessary stirring is carred
out at room temperature ar at clevated temperatures, for
example fom 30° w0 120° C., in particular om 40° to 80°
C. .

Tae novel solutions may contain conventional additives,
such as catalysts for the imide formation, dyes, pigments,
fillers, levelling agents and viscosily regulators.

Taey are suitable as coating materials for the production
of coatings on a very wide range of substrates, for example
metal, glass or silicon. The coating is preferably cured at
final temperatures of from 150° to 450° C., particularly
preferably from 300° to 400° C. It has proven particularly
advantageous to carry out the curing process in a plurality of
stages by gradually increasing the temperature to the final
temperature.

The novel solutions are used for coating silicon wafers for
the production of electronic circuits, ceramic and metal for
the production of composite circuits, in particular for the
production of multi-chip modules, for coating wire, for
coating optical waveguides of glass or quartz, for coating
metal films for the production of flexible printed circuit
boards, for coating, impregnating and adhesively bonding
ordered and random, sheet-like and formed fibrous materi-
als, for encapsulating electronic and electric circuits and
windings and for the production of powders, fibers, free
films or moldings.

The novel solutions can be used to produce coatings
which can be developed very readily in an alkaline aqueous
medium and exhibit little water absorption.

Furthermore, the novel coatings which contain polyim-
ides modified with organosilicon groups have such good
adhesion to the substrate that it is possible to dispense with
the use of adhesion promoters.

Novel coatings which contain polyimides modified with
acidic and organosilicon groups have good wet developabil-
ity in conjunction with good adhesion.



. ___,____---—-—-——__--:—-—--”EET ati ngs by spincoati ng, the wafers are heated to 360 C.
T

=s3ufe on heatable plates at a heating rate of

10[err]§/3r§$§t12?q fit ér- the final terrper_ature_has been reached, the oven is
swilt ghe gbout 4 -hours, ‘the plates have reached room tenperature
rgnmoved for testing. The test specinens are stored first
~for 48 hours at roomjtenperature and thdd in a steamsterilizer for 24
F2EerFFe=4nd 1 bar in the. st eam space (pressure cooker test).
| mredi ately after renoval, the test specinmens are dried off with with

absorptive paper. The coat| ng i s then scratched in a crosshatch W|th a
spacing of 1 nm usi pofRchehadvankdpel oF thel @¥hellsolitishsyatiire

sel f-adhesive fil %&%@oﬁﬁi‘ﬁ&&ﬁbﬁ&hén%&?éﬁ%&ﬁ%@@oﬁn@%&%d of fagain.
In the case of go ?ﬂ

e result that blister formation is avmded during baking of

the coatings.
The examples which follow ilustrate the invention.
EXAMPLES
Abbreviations:
ODPA  Oxydiphthalic dianhydride
BAPP 2,2-Bis{(4-amincphenoxy)pheayl]propane
MPG Ethylere glycol monopbenyl ether
NMP ‘N-Methylpyrrolidone
DMAP Dimethylaminopyridine

APTES Aminopropyltriethoxysilane
DADO Diamirodiphenyl oxide (bis(4-aminophenyl] oxide)

General method for the preparation of the soluuons of
- polyimide-forming substances.

In the Examples and Comparative Examples which fol-
low, the ester and/or amide of the tetracarboxylic acids are
first prepared by reacting the tetracarboxylic anhydrides
with the compounds having hydroxyl and/or amino func-
tional groups by stirring at 120° C. (30 minutes) in the
presence of DMAP as a catalyst and of the first portion of the
solvent. After cooling to 60° C., the diamines (component A)
and, if required, further solvent are added and the mixture is
stirred until a solution has formed.

Comparative Example (VB):

Stir
93.08 gof ODPA  (0.30 mol)
8280 g of MPG {0.60 mol)
100.00 g of NMP '
0.50 g of DMAP for 30 minmtes at 120° C., cool to 60° C,,
: add a suspesnsion of
123.15 g of BAPP (030 mol) and
100.00 g of NMP, stir for a further 60 minutes at §0° C. and
cool.




ariel ke

bet ween l=per

sfemai ns conpl etely adhering to-the wafer,
; on parts of the crosshatch are renoved and in the
ne{ sion the conplete coating is renoved. The
bnjratings, ratings from2 to 4 being i-nternediate
ekt adhesi on and 5=conplete | oss of adhesion. The

the adne5|01 test are listedl8n Table IL 18 TABLE Il Exanples -

rates o ]
Example 1 (BI):
Stir S
93.08 gof ODPA (0.30 mal)
69.00 g of MPG (C.50 mol)
7.71 g of aminoacetic (0.10 mol)
acd . .
100.00 g of NMP . _
00.50 g of DMAP for 30 minutes at 120° C,, cool to
: §0° C., add a suspension of
23.15 g of BAPP (0.30 mol) add .
100.00 g of NMP for 60 minates at 60° C. and cool.
Example 2 (B2):
Stir
93.08 g of ODPA (0.30 mol)
5520 g of MPG (0.40 mol)
14.42 g of aminoacetic  (0.20 mol)
acid
100.00 g of NMP
00.50 g of DMAP for 30 minntes at 120° C,, cool to
60° C,, add a suspension of
23.15 g of BAPP (030 mol) and
100.00 g of NMP, stir for a further 60 mimes a2 60° C.
and cool.
Example 3 (B3):
Stir
93.08 g of ODPA (0.30 mol)
41.40 g of MPG (0.30 mol)
23.13 g of amincacetic  (0.30 mol)
acid
100.00 g of NMP . '
00.50 g of DMAP for 30 minutes at 120° C., cool to
60° C., add a suspension of
123.15 g of BAPP (0.30 mol) and
100.00 g of NMP, snrfornﬁutha-GOmmcsntGO’C.
and cool.
Example 4 (B4):
Stir
03.08 g of ODPA 0.30 mol)
§5.20 g of MPG {0.40 mol)

15.21 g of glycolic acid  (0.20 mol)

whereas in



S/HV OH/VB 5 5 1-2

Coatin ¥ _ _ _ _

1 Bl . | 1 : 1 B2 -5 5 1

1.B3 I 1 1 B4 5 5 1

1 B5 § é % i 1-2- - - 1-2 B6 2 1 1

1 B7 | L B | | 1 B8 . 2 1 1

1 B9 3 _1 1 1 - . 14 Mechani cal properties of the

pol yi m de—roattAgs—Fhe—eoat i ngs were’ appl ied to glass sheets W|th a knife

coater having a gap hei ght of 100 [err] mand were heated to

| ' -continued

100.00 g of NMP -

00.50 g of DMAP for 30 minutes at 120° C,, cool to

. 60° C,, add a suspension of
123.15 g of BAPP {(0.30 mol) and
-100.00 g of NMP, stir for a further 60 minutes at 60° C,
and cool.
Example 5 (B5):
Stir '

93.08 g of ODPA (0.30 mo)

55.20 g of MPG (0.40 mol)

20.47 g of (88% streagth  (0.20 mol)

lactic acid)

100.00 g of NMP

00.50 g of DMAP for 30 minutes at 120° C,, cool to

60° C., add a suspension of
123.15 g of BAPP (0.30 mol) and
100.00 g of NMP, stir for a further 60 minutes at
60° C. and cool. )
Example 6 (B6):
Stir

93.08 gof ODPA (030 mol)
62.10 g of MPG (0.45 mol)
3321 gof APTES  (0.15 mol)
100.00 g of NMP _
00.50 g of DMAP for 30 minutes at 120° C,, cool to 60° C,,
add a suspension of
123,15 gof BAPP  (0.30 mol) and
100.00 g of NMP, stir for 2 further 60 minutes at 60° C. and
cool. )




- 350 C | B gure in an oven at a heatlng rate of 5 C/ ninute,

and t hd ‘gven-nas 4$Wjt ched .off. After cooling, the glass sheets were
pkaced}in hiwas then brought to the boil; the filnms becane
- det achgd f\rﬁgﬁ%‘% fr

[
d ¢e filnms were dried at 140[err]C in a through-
ci r cul gt ilop—oven—Fre—t Rispectra of the dry filns were conpared and were
found tlo be vi rtuaIIy i d¢ntical except f&2 small deviations due to the
measur i Irg—tectmr-gre——Fhe~ nechani cal properties of the filns wer e det erm ned
by neans of a tensile test. The Eat Q#nlj;ﬁ table are the result of the
statistical evaluation-of eight 7 Cd 2asurenments in each case.
Furthermore, the free films were stored at 98%hum d|ty until their weight
remai ned const ant”, ag tne war er absor p-

93.08 gof ODPA  (0.30 mol)
- 62.10 g of MPG (0.45 mol)
33.21 gof APTES  (0.15 moD)
100.00 g of NMP
00.50 g of DMAP  for 30 minutes at 120° €, cool to 60° C,,
add a suspeasion of
123.15 g of BAPP (030 mol) and
90.00 g of NMP, stir for a further 10 minutes at 60° C,, add
10.00 g of water, stir foraﬁmhu'solnn’nm at 60° C. and
cool

Example 8 (BS):

Sdr
93.08 g of ODPA (0.30 mol)
3450 g of MPG (0.25 mol)
33.21 g of APTES (0.15 mol)
14.42 g of aminoacetic  (0.20 mol)
acid
100.00 g of NMP
00.50 g of DMAP for 30 minutes at 120° C,, cool to
60° C,, add a suspension of
123.15 g of BAFP {0.30 mol) in
100.00 g of NMP, snrfora.funhu'ﬁﬂmnntcsatﬂ)'c.
and cool.
Example 9 (B9):
Str
93.08 g of ODPA {0.30 mmol)
34.50 g of MPG (0.25 mol)
3321 g of APTES (0.15 mol)
14.42 g of aminoacetic  (0.20 mol)
acid
100.00 g of NMP
00.50 g of DMAP for 30 minutes at 120° C,, cool to
60° C., add a snspension of
123.15 g of BAPP {0.30 mol) in
90.00 g of NMP, stir for a further 10 minutes a 60° C,,
add
10.00 g of water, stir for a forther SO minutes at 60° C.

and cool.




tion _ BB hi's manner . The data in Table Il are t'he mean of
threg tiesk ¢ase. 19 TABLE IIl Tensile Elongation  Modulus of
st rengtth 6§§E§€@k : el asticity. Wat er absorption Coating - o
[Nmi érrl]l. L9 4 [Nm{err] " [% by weight] VB~ 89.4
31.3 2586 0.93 Bl 93.2 363 2678
0. 89 kg2 907 29.1 2183 0.96 B3 94.4
33.6 2774 - 0.91 ' o _ :
' Tcsuno of substrates coated with the polyxmxde solutmns
F1 coaungs)
Determination of the minimum predrymg and of the wet
developability.

- The P! coatings must be predned to such an extent that
they are not dissolved on the surface by the photoresists or
the solvents of the photoresists. Important solvents of such.
photoresists are 2-acetoxy-1- mcthoxynropane and 2-ethoxy-
ethyl acetate. For these solvents, the minimum drying (MD)
was therefore determined as the drying after which the
coatings showed no change after 5 minutes under a cotton-
wool ball moistened with the solvent.

To test the developability, the coatings were then applied
to sheet metal strips with a knife coater having a gap height
of 100 pm and were subjected to the minimum predrying in
a through-circulation dryer, after which a layer thickness of
about 30 um was obtained.

Development was effected in a beaker with a magnetic

stirrer at 25° C. The sheet metal strips were about half
immersed in the developer.

After five minutes, the samples were rinsed off with water
and blown dry with compressed air, and the difference
between the immersed and non-immersed part was deter-
mined as removal of material using a magnetic layer thick-
ness measuring instrument.

The developers used were 0.25 and 0.4 normal aqueous
solutions of tetramethylammonium hydroxide (TMAH).

The results are listed in Table 1L

TABLE 1
Minimum predrying Removal rate during MD

Coatings Time Temperamre 025 NTMEH  0.40 N TMEH
Ex. No. ([min] (°Cl {sxm/min] {um/min]

VB 35 130 0 0

Bl 40 130 1.2 28

B2 40 135 1.9 3.6

B3 45 135 23 53

B4 30 . 135 038 2.1

BS 30 135 13 32

B6 35 140 0 0

B7 35 140 0 0

B8 30 130 31 44

B9 30 130 9 4.7




pa (REHAENENTSHERTl 0 25570 0 o0.ssBS - 87.3

34.0 ; 3689 0.92 B6 - 92.4 27.7 2712
t.14 B | Q93EES §e8 33.4 . 2522 -~ 0.97 B8 1 91.6
29.4 | "“zg%- | 1.20B9 89.6 34.4 2512

0. 93" Thet—Exauptes-—sHov that polyim des having ‘good nechanical
properfti es conparable ta those .of VB ar¥ obtained with t he novel coatings.
The wat-er—absorptiom=—too, is conparable with that of VB; the differences
are within the error of measurenggiiesion test -

_Test substrates

Test substrate Si:brand new, polished wafers of very pure
silicon : | _ '

Test substrate O:brand new wafers oxidized to SiO, at
their surface in oxygea plasma

Test substrate Si/HV:brand new wafers wet with an adhe-
sion promoter solution comprising 0.01% of 3-amino-
propyltriethoxysilane in 95:3 methanol/water and dried
for 10 minutes at 150° C. in a through-circulation dryer

Test substrate O/HV:oxidized wafers aftertreated with
adhesion promoter as in the case of SYHV '

Production of the test specimens

The PI coatings are applied to the test substrates on a spin
coater. The speed is adjusted so that layer thicknesses of
from 15 to 18 um resuit after the drying process. After
application of the coatings by spincoating, the wafers are
heated to 360° C. under reduced pressure on heatable plates
at a heating rate of 10° C/minute. After the final temperature
has been reached, the oven is switched off. After about 4
bours, the plates have reached room temperature and the
wafers are removed for testing.

The test specimens are stored first for 48 hours at room
temperature and then in a steam sterilizer for 24 hours at
121° C. and 1 bar in the steam space (pressure cooker test).
Immediately after removal, the test specimens are dried off
with with absarptive paper. The coating is then scratched in
a crosshatch with a spacing of 1 mm using a sharp knife,
down to the wafer surface. A self-adhesive film is stuck over
this crosshatch and is pulled off again. In the case of good
adhesion, the coating remains completely adhering to the
wafer, whereas in the case of poor adhesion parts of the
crosshatch are removed and in the case of very poor adhe-
sion the complete coating is removed.

The evaluation is based on ratings, ratings from 2 to 4
being intermediate stages between 1=perfect adhesion and
S=complete loss of adhesion.

The results of the adhesion test are listed in Table II



SHEEyOn or a pol yi m de-forning substance, contain- ing A)
. - fles or esters or -m xtures of am des and esters of
g"tﬁ%wl &is,i the ami do or ester ,groups carry- ing substituents
g ?up consi sting of carboxyl sul fo. silyl and siloxyl
gro p . 2. A soluti tas defined in-claim1l, containing, as com ponents
armt—r*c“trr“perrt‘l

l

i ‘ponents B), dianides, diesters or mxtures of-
d| am des and d| esters of tetracamixXBWEIR acids. 4. A solution as defined in
claim1, cont di-i-Ag—corperReri-g— : .

. Examples Adbesion ratings on substrates
Coating No. si . O sSimav oRy
V3 5 5 1-2 1
Bl 5 5 1 1
- B2 5 5 1 1
B3 5 5 1 1
B4 5 5 1 L
8s 5 5 1-2 1-2
B6 2 1 1 1
B7 1 l L 1
B8 2 1 1 1
B9 1 1 1 1§

Mechanical properties of the polyimide coatings

The coatings were applied to glass sheets with a knife
coater having a gap height of 100 um and were heated to
350° C. under reduced pressure in an oven at a heating rate
of 5° C/minute, and the oven was then switched off. After
cooling, the glass sheets were placed in water, which was
then brought to the boil; the films became detached from the
glass.

The free films were dried at 140° C. in a through-
circulation oven. The IR spectra of the dry films were
compared and were found to be virtually identical except for
small deviations due to the measuring technique. The
mechanical properties of the films were determined by
means of a tensile test. The data in the table are the result of
the statistical evaluation of eight individual measurements in
each case. :

Furthermore, the free films were stored at 98% humidity
until their weight remained constant, and the water absorp-
tion was determined in this manner. The data in Table IT are
the mean of three tests in each case.

iiaromatlc diaminds. 3. A solution as defined in clai'm o



by reacting tetracarboxylic anhy- drides with

or hydroxyl functional groups or mxtures of said
el ected fromthe group consisting of the o
s, am nocarboxylic acids, hydroxysulfonic acids,

hydr oxyl -substituted silanes and sil oxanes and the
nes and siloxaned9 5. An article coated with a

using a solution as defined in claiml as a coeating -

‘TABLE I
Tensile  Elongation Modulas of :
streagth at break elasdcity Water absorption

Coating (N/mm?} (5%} AN/mm* (% by weight]
V8 854 313 2586 093
Bl 932 36.3 2678 - 0.89
B2 %0.7 29.1 2733 : 0.96
B3 94.4 33.5 2774 0.91
B4 38.9 2835 2557 . 0.88
BS 87.3 340 2689 092
B6 92.4 27.7 712 1.14
B7 B8.7 334 2522 0.97
BS 91.6 29.4 2669 121
BY 39.6 344 2512 0.93

The Examples show that polyimides having good
mechanical properties comparable to those of VB are
obtained with the novel coatings. The water absorption, too,
is comparable with that of VB; the differences are within the
error of measurement.
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We claim: : . : |
1. A soiution of a polyimide-forming substance, contain-
ing : ' :

A) polyamines and

B) amides or esters or mixtures of amides and esters of
tetracarboxylic acids, the amido or ester groups carry-
ing substiments selected from the group consxsung of
carboxyl, sulfo. silyl and siloxyl groups.

2. A solution as defired in claim 1, containing, as com-

ponents A), aromatic or partly aromatic diamines. .

3. A solution as defined in claim 1, containing, 2s com-
ponents B), diamides, diesters or mixtures of diamides and
diesters of tetracarboxylic acids.

4. A solution as defined in claim 1, containing components
B) which are obtained by reacting tetracarboxylic anhy-
drides with compounds having amino or hydroxyl functional
groups or mixtures of said compounds, which are selected
from the group consisting of the hydroxycarboxylic acids,
aminocarboxylic acids, hydroxysulfonic acids, aminosul-
fonic acids, hydroxyl-substituted silanes and siloxanes and
the amino-substituted silanes and siloxanes.

S. An article coated with a polyimide and obtained using
a solution as defined in claim 1 as a coating material.
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. SOLUTIONS OF POLYIMIDE-FORMING SUBSTANCES AND THEIR
USE AS COATING MATERIALS

ABSTRACT

Solutions of polyimide-forming substances contain

A) polyamines and :

B) amides and/or esters of tetracarboxylic acids, the
amido or ester groups carrying substituents selected
from the group. consisting of carboxyl, sulfo and sili-
con-containing groups,

and are used as polyimide coatings.



