POLYBENZOXAZOLE RESIN AND PRECURSOR THEREOF

TECHNICAL FIELD

The present invention relates to polybenszazole
resins which are excellent in electrical characteristics,
thermal characteristics, mechanical characteristics, and

5 physical characteristics, and which are usable as layer

insulation films and protective films for semiconductors,
layer insulation films of multilayer circuits, cover coats
of flexible copper-clad sheets, solder resist films, liquid

crystal-aligned films, etc.

10 BACKGROUND ART
Various materials such as inorganic materials and

organic materials are used as semiconductor materials for
various parts in accordance with characteristics required.
For éxample, inorganic insulation films such as those of

15 silicon dioxide which are prepared by chemiéal gas phase
deposition process, are used as layer insulation films  for
semiconductors.. However, with recent enhancement in
function and increase in performance of semiconductors,
application of inorganic insulation films of silicon

20 dioxide and the like becomes difficult due to problems sﬁch
as high dielectric constant, brittleness and high water
absorption rate. As one means-for improving these

problems, application of organic materials is being

investigated.
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As organic materials for semiconductors, mention
may be made of polyimide resins which are superior in heat
resistance, méchanical characteristics and the like, and
they are used for solder resists, cover layers, liguid
crystal-aligned films, and the like. However, polyimide
resins generally have problems in electrical character-
istics and water absorption since they have two carbonyl
groups in imide ring. .For the solution of these problems,
it is attempted to improve electrical characteristics,
water absorption and heat resistance by introducing
fluorine and trifluoromethyl group into polymer molecules,
but the improvement has not yet reached the desired level.

Under the circumstances, it is attempted to apply
polybenzoxazole resins which are superior to polyimidé
resins in electrical characteristics and water absorption,
to insulation materials to be used for semiconductors. It
is easy for polybenzoxazole resins to satisfy only one of
electrical characteristics, thermal characteristics or
physical characteristics. For example, a polybenzoxazole
resin made from'4,4'-diamino—3,3'-dihydroxybiphenyl and
terephthalic acid has much superior heat resistance such as
high heat decomposition resistance or high Tg, but is not
so good in electrical characteristics such as dielectric
constant and dielectric loss tangent. A polybenzoxazole
resin made from 2,2’'-bis(3-amino-4-hydroxyphenyl)-
hexafluoropropane and terephthalié acid shows good
electrical characteristics such as low dielectric constant,

but is not so good in heat resistance and the like. Thus,
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at present, there have been obtained no resins which are
excellent in all of electrical characteristics, thermal

characteristics and physical characteristics.

DISCLOSURE OF THE INVENTION

The object of the present invention is to provide
heat resistant resins excellent in all of electrical
characteristics, thermal characteristics and low water
absorption.

As a result of intensive research conducted in an
attempt to solve the above problems, the inventors have
found polybenzoxazole precursors represented by the follow-
ing general formulas (1), (3) and (5) and polybenzoxazole

resins represented by the following general formulas (2),

" (4) and (6), and have accomplished the present invention.

(1)




(3)

(5)

(2)
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(4)

(6)

The polybenzoxazole resins represented by the
formula (2) are obtained from the polybenzoxazole
precursors represented by the fo:mula (1), the resins
represented by the formula (4) are obtained from the
precursors represented by the formula (3), and the resins
represented by the formula (6) are obtaiﬁed from the
precursors represented by the formula (5).

In the above formulas (1), (3) and (5) and the
formulas (2), (4) and {(6), n denotes an integer of 2-1000,
Rf, and Rf, which may be the same or different, denote H or

CuFamsi1r With the proviso that at least one of them is
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CyFomi1s M denotes an integer of 1-10, and X denotes a

divalent organic group.

DETAILED DESCRIPTION OF THE INVENTION

Bisaminophenol compounds used for preparation of
the polybenzoxazole precursors and resins of the present
invention are represented by the following general formula
(7), and as examples thereof, mention may be made of 2,2’'-
bis(3-amino-4~hydroxy-5-trifluoromethylphenyl )hexa~
fluoropropane, 2,2’-bis(3-amino-4-hydroxy-6-trifluoro-
methylphenyl )hexafluoropropane, 2,2’-bis(3-amino-4-hydroxy-
2-trifluoromethylphenyl)hexafluoropropane, 2,2’-bis(4-~
amino-3-hydroxy-5-trifluoromethylpheny1)hexafluoropropane,
2,2'-bis(4-amino-3-hydroxy-6-trifluoromethylphenyl)-~
hexafluoropropane, 2,2’-bis(4-amino-3-hydroxy-2-
trifluoromethylphenyl )hexafluoropropane, 2,2’-bis(3-amino-
4-hydroxy-5-pentafluoroethylphenyl)hexafluoropropane, 2-(3-
amino-4-hydroxy-5-trifluoromethylphenyl)-2’-~(3-amino-4-~
hydroxy-5-pentafluoroethylphenyl)hexafluoropropane, 2-(3-
amino-4-~hydroxy~5-trifluoromethylphenyl)-2’~(3-hydroxy-4-
amino-5-trifluoromethylphenyl)hexafluoropropane, 2-(3-
amino-4-hydroxy-5-trifluoromethylphenyl)-2’-(3-hydroxy-4-
amino-6-trifluoromethy1phenyl)hexafluoropropane, 2-(3~
amino-4-hydroxy-5-trifluoromethylphenyl)-2‘-(3-hydroxy-4-
amino-2-trifluoromethylphenyl)hexafluoropropane, 2-(3-
amino-4-hydroxy-2-trifluoromethylphenyl)-2‘-(3-hydroxy-4-
amino-5-trifluoromethylphenyl)hexafluoropropane, and 2-(3-

amino-~-4-hydroxy-6~trifluoromethylphenyl)-2’-(3-hydroxy-4-
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amino-5-trifluoromethylphenyl )hexafluoropropane. These
biséminophenol compoﬁnds can be used each alone or in
combination of two or more. Furthermore, bisaminophenol
compounds which are not represented by the general formula
{(7), such as 4,4’~diamino-3,3’'-dihydroxybiphenyl and 2,2'-
bis(3-amino-4~hydroxyphenyl)hexafluoropropane, can also be
used together as far as they do not damage the perform-

ances.

HoN

NH
I
o=/ L. N\ on 7
Rfy R,

In the above formula (7), Rf, and Rf, which may be the same
or different, denote H or C,F,,,,, with the proviso that at
least one of them is CF, .., M denotes an integer of 1-10,
and the amino group and the hydroxyl group are in the ortho
position.

The value m is 10 or less, preferably 3 or less.
If m is greater than 10, dielect;ic constant is low, but
heaﬁ resistance and mechanical characteristics are
adversely affected.

The dicarboxylic acids used for preparation of
the polybenzoxazole precursors and resins of the present
invention are represented by the undermentioned general
formula (8), and examples thereof are 3-fluoroisophthalic
acid, 2-fluoroisophthalic acid, 3-fluorophthalic acid,

2-fluorophthalic acid, 2-f1u6roterephtha1ic acid, 2,4,5,6-
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tetrafluoroisophthalic acid, 3,4,5,6~tetrafluorophthalic

acid, 4,4‘'-hexafluoroisopropylidenediphenyl-l,1’-

. dicarboxylic acid, perfluorosuberic acid, 2,2’-bis-~

(trifluoromethyl)-4,4’'-biphenylenedicarboxylic acid, 3,3’'-
bis(trifluoromethyl)-4,4’-biphenylenedicarboxylic acid,
2,2’-bis(trifluoromethyl)-5,5’-biphenylenedicarboxylic
acid, 3,3’-bis(trifluoromethyl)-5,5’-biphenylene-
dicarboxylic acid, 4,4’'- bis(trifluoromethyl)-5,5'-
biphenylenedicarboxylic acid, 4,4’'-biphenyldicarboxylic
acid, 2,2’-biphenyldicarboxylic acid, naphthalene-1,4-
dicarboxylic acid, naphthalene-1,5-dicarboxylic acid,
naphthalene-1,6-dicarboxylic acid, naphthalene-2,6-
dicarboxylic acid, bis(4-carboxyphenyl)sulfone, bis(3-
carboxypheny)sulfone, terephthalic acid, isophthalic acid,
and 4,4’-oxydiphenyl-1,1’-dicarboxylic acid. The
dicarbbxylic acids are not limited fo these examples. They

may be used each alone or in combination of two or more.
HO,C — X — COzH (8)

In the formula (8), X denotes a divalent organic group.
Methods for producing the polybenzoxazole
precursor of the present invention include, for example,
the condensation reaction method comprising condensation
reaction of a bisaminophenol compound represented by the
above general formula (7) with a dicarboxylic acid
represented by the above general formula (8) in the
presence of a dehydration condensation agent such as

polyphosphoric acid or dicyclohexycarbodiimide, the acid
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chloride method comprising dehydrochlorination condensation
reaction of a bisaminophenol compound represented by the
general formula (7) with an acid chloride of a dicarboxylic
acid represented by the general formula (8), the active
ester method, and the 1like.

According to one example of preparation of the
polybenzoxazole precursors by the acid chloride method,
first, 4,4'-hexafluoroisopropylidenediphenyl~1,1’-
dicarboxylic acid which is a dicarboxylic acid, is reacted
with an excess amount of thionyl chloride at a temperature
of from room temperature to 75°C in the presence of a
catalyst such as N,N-dimethylformamide, followed by
distilling off excess thionyl chloride by heating under
reduced pressure. Then, the residue is recrystallized by
use of a solvent such as hexane to obtain 4,4’-hexafluoro-
isopropylidenediphenyl-l,1'-dicarboxylic acid chloride
which is an acid chloride. Thereafter, the resulting 4,4’-
hexafluoroisopropylidenediphenyl-1,1’-dicarboxylic acid
chloride énd 2,2’'~bis(3~-amino-4-hydroxy-5-trifluoromethyl-
phenyl )hexafluoropropane which is a bisaminophenol
compound, are dissolved usually in a polar solvent sﬁch as
N-methyl-2-pyrrolidone, followed by carrying out the
reaction at a temperature of -3WT!tp room temperature in
the presence of an acid-acceptor such as pyridine. Thus,
the polybenzoxazole precursor can be obtained.

The polybenzoxazole resins of the present
invention represented by the above general formulas (2),

(4) and (6) can be obtained by subjecting the resulting
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polybenzoxazole precursors represented by the above
general formulas (1), (3) and (5) to condensation reaction
by heating or treating with a dehydrating agent in the
conventional manner. If necessary, various additives such
as surface active agents and coupling agents are added to
the resulting resins, and these can be used as layer
insulation films and protective films for semiconductors,
layer insulation films of multilayer circuits, cover coats
of flexible copper-clad sheets, sol&er resist films, liquid
ciystal—aligned films, etc.

Furthermore, the precursors of the poly-

benzoxazole resins in the present invention can be used

together with naphthoquinonediazide compounds as photo-
sensitive agents to provide photosensitive resin
compositions.

The polybenzoxazole precursor of the present
invention is preferably used in the state of varnish by
dissolving it in a solvent. Examples of the solvent are
N-methyl~-2-pyrrolidone, 7Y -butyrolactone, N,N-dimethyl-
acetamide, N,N-dimethylformamide, dimethyl sulfoxide,

diethyl ether, diethylene glycol dimethyl ether, diethylene

glycol diethyl ether, diethylene glycol dibutyl ether,

propylene glycol monomethyl ether, dipropylene glycol
mbnomethyl ether, propylene glycol monomethyl ether
acetate, methyl lactate, ethyl lactate, butyl lactate,
methyl-1,3-butylene glycol acetate, 1,3-butylene glycol-3-
monomethyl ether, methyl pyruvate, ethyl pyruvate, methyl-

3-methoxy propionate, methyl ethyl ketone, and methyl
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isobﬁtyl ketone. These can be used each alone or in
admixture of two or more.

The polybenzoxazole precursor of the present
invention can be used in the following manner. The
precursor is dissolved in the above solvent, and the
soiution is coated on a suitable support such as glass,
metal, silicon wafer and ceramic substrate. As the coating
method, mention may be ﬁade of spin coating with a spinner,
spray coating with a spray coater, dipping, printing, roll
coating, etc. After formation of a coating film in this
way, the film is preferably heat-treated to convert it into

a polybenzoxazole resin.

BEST MODE FOR CARRYING OUT THE INVENTION

The present invention will be explained in more
detail by way of the following examples. It should be
understood that they are éxemplary only, and should not be

construed as limiting the present invention in any manner.

Example 1

(1) Trifluoromethylation of bisaminophenol

compound

150 Grams of 2,2'-bis(3-amino-4-hydroxyphenyl)-
hexafluoropropane (manufactured by Central Glass Co., Ltd.)
was dissolved in 890 ml of dried N,N-dimethylformamide
(manufactured by Kishida Chemical Co., Ltd., hereinafter
referred to as "DMF"), and to the solution was added 393 g

of S-(trifluoromethyl)dibenzothiophenium trifluoromethane-
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sulfonate (manufactured by Daikin Kaseihin Hanbai Co.,
Ltd.) under cooling with ice. Then, the solution was
heated to 70°C at a heating rate of 10°C/hour, followed by
carrying out the reaction at 70°C for 24 hours. The
reaction was carried out in nitrogen atmosphere. The
reaction mixture was added to water, and the aqueous layer
was adjusted to around neutral, followed by extraction with
diethyl ether (manufactured by Kishida Chemical Co., Ltd.,
hereinafter referred to as "ether"). The ether layer was
collected and ether was distilled off. Then, the
precipitate was sufficiently washed with an organic solvent
such as ethyl acetate to obtain 100.5 g of 2,2’'-bis(3-
amino-4-hydroxy-5-trifluoromethylphenyl)hexafluoropropane.

(2) Preparation of acid chloride

92 Grams of 4,4’'-hexafluoroisopropylidene-~
diphenyl-1,1’-dicarboxylic acid (manufactured by Clariant
Japan Co., Ltd.), 166 ml of thionyl chloride (manufactured
by Kishida Chemical Co., Ltd.) and 1.8 ml of dried DMF were
charged in a reaction vessel, and the reaction was carried
out at 60°C for 2 hours. After completion of the reaction,
the excess thionyl chloride was distilled off by heating
under reduced pressure. The precipitate was recrystallized
using hexane (manufactured by Kanto Chemical Co., Ltd.) to
obtain 84.6 g of 4,4’'-hexafluoroisopropylidenediphenyl-
1,1'-dicarboxylic acid chloride. |

(3) Preparation of precursor and production of

resin film

100.5 Grams (0.2 mol) of 2,2’-bis(3-amino-4-
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hydroxy-5-trifluoromethylphenyl )hexafluoropropane was
dissolved in 400 g of dried dimethylacetamide, and 39.6 g
(0.5 mol) of pyridine (manufactured by Kishida Chemical
Co., Ltd.) was added to the solution, followed by adding
dropwise thereto a solution of 84.6 g (0.2 mol) of 4,4'-
hexafluoroisopropylidenediphenyl—i,1'—dicarboxylic acid
chloride in 200 g of dimethylacetamide at -15°C in dry
nitrogen over a period of 30 minutes. After completion of
the addition, the temperature was restored to room tempera-
ture, followed by stirring at room temperature for 5 hours.
Then, the reaction mixture was added dropwise to 700 ml of
distilled water, and the precipitate was collected and
dried to obtain a polybenzoxazole precursor.

The resulting polybenzoxazole precursor was
dissolved in N-methyl-2-pyrrolidone, and the solution was
filtered by a Teflon filter of 0.2 um in pore diameter to
obtain a varnish. H

The polybenzoxazole precursor obtained above had .
a number-average molecular weight (Mn) of 25000 calculated
in terms of polystyrene using GPC manufactured by Toso Co.,
Ltd.

The varnish was coated on a glass sheet by a
doctor blade having a gap of 300 um. Then, this was dried
at 70°C for 1 hour in an oven, and the coating was peeled
off to obtain a polybenzoxazole precursor film of 20 um in.
thickness. This film was fixed by a metal frame and heated
at 150°C for 30 minutes, 250°C for 30 minutes and 350°C for

30 minutes successively in this order under nitrogen
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atmosphere to obtain a polybenzoxazole resin. This resin
film was evaluated on various characteristics and the

results are shown in Table 1.

Example 2

68.3 Grams of 1,2,3,5-tetrafluoro-4,6-
dicyanobenzene (manufactured by SDS Bioteck Co., Ltd.) was
added to 342 g of 65% aqueous sulfuric acid. The former
was dissolved by heating, and then the solution was heated
for 3 hours under refluxing conditions. The precipitatéd
crystal was subjected to suction filtration, and the
collected crystal was washed with concentrated hydrochloric
acid (manufactured by Wako Jun-yaku Industry Co., Ltd.) and
then air-dried to obtain 49.2 g of 2,4,5,6-tetrafluoro-
isophthalic acid.

A poiybenzoxazole resin was prepared in the same
manner as in Example 1, except that 54.2 g (0.2 mol) of
2,4,5,6-tetrafluoroisophthalic acid chloride obtained from
2,4,5,6~tetrafluoroisophthalic acid by the same method for
preparation of acid chloride as in Example 1 was used in
place of 84.6 g (0.2 mol) of 4,4’'-hexafluoroisopropylidene-
diphenyl-1,1'-dicarboxylic acid chloride of Example 1. The

resulting resin was evaluated similarly to Example 1.

Example 3
A polybenzoxazole resin was prepared in the same
manner as in Example 1, except that 59.0 g (0.2 mol) of

4,4'-oxydiphenyl-1,1’'-dicarboxylic acid chloride obtained
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from 4,4’-oxydiphenyl-1,1’'-dicarboxylic acid by the same
method for preparation of acid chloride as in Example 1 was
used in place of 84.6 g (0.2 mol) of 4,4’'~-hexafluoro-
isopropylidenediphenyl-1,1’~dicarboxylic acid chloride of
Example 1. The resulting resin was evaluated similarly to

Exaﬁple 1.

Example 4

A polybenzoxazole resin was prepared in the same
manner as in Example 1, except that 42.3 g (0.1 mol) of
4,4’ -hexafluoroisopropylidenediphenyl-1,1’~dicarboxylic
acid chloride and 29.5 g (0.1 mol) of 4,4’-oxydiphenyl-
1,1’-dicarboxylic acid chloride were used in place of 84.6
g (0.2 mol) of 4,4’'-hexafluoroisopropylidenediphenyl-1,1’-
dicarboxylic acid chloride of Example 1. The resulting

resin was evaluated similarly to Example 1.

Example 5

A polybenzoxazble resin was prepared in the same
manner as in ﬁxample 1, excep£ that 42.3 g (0.1 mol) of
4,4'-hexafluoroisopropylidenediphenyl-1,1’-dicarboxylic
acid chloride and 27.1 g (0.1 mol) of 2,4,5,6-tetrafluoro-
isophthalic acid chloride were used in place of 84.6 g (0.2
mol) of 4,4’'~hexafluoroisopropylidenediphenyl-1,1'~
dicarboxylic acid chloride of Example 1. The resulting

resin was evaluated similarly to Example 1.
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Example 6

A polybenzoxazole resin was prepared in the same
manner as in Example 1, except that 70.4 g (0.14 mol) of
2,2'-bis(3-amino-4-hydroxy-5-trifluoromethylphenyl)-
hexafluoropropane and 13.0 g (0.06 mol).of 4,4’~diamino-
3,3'-dihydrpxybiphenyl were used in place of 100.5 g (0.2
mol) of 2,2'-bis(3-amino-4-hydroxy-5-trifluoromethyl-
phenyl )hexafluoropropane of Example 1. The resulting resin

was evaluated similarly to Example 1.

Example 7

A polybenzoxazole resin was prepared in the same
manner as in Example 1, except that 50.3 g (0.1 mol) of
2,2'-bis(3-amino-4-hydroxy-5-trifluoromethylphenyl)-
hexafluoropropane and 21.6 g (0.1 mol) of 4,4’~diamino-
3,3’~-dihydroxybiphenyl were used in place of 100.5 g (0.2
mol) of 2,2’-bis(3-amino-4-hydroxy-5~trifluoromethyl-
phenyl)hexafluoropropane of Example 1. The resulting resin

was evaluated similarly to Example 1.

Example 8

A polybenzoxazole resin was prepared in the same
manner as in Example 1, except that 119.7 g (0.2 mol) of
2,2'—bis(3-amino-4—hydroxj—s-pentafluoroethylphenyl)—
hexafluoropropane was used in place of 100.5 g (6.2 mol) of
2,2'-bis(3-aﬁino-4—hydroxy-s-trifluoromethylphenyl)-
hexafluoropropane of Example 1. The resulting resin was

evaluated similarly to Example 1.
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Comparative Example 1

A polybenzoxazole resin was prepared in the same
manner as in Example 1, except that 43.2 g (0.2 mol) of
4,4’'-diamino-3,3’~dihydroxybiphenyl was used in place of
100.5 g (0.2 mol) of 2,2'-bis(3-amino-4-hydroxy-5-
trifluoromethylphenyl)hexafluoropropane of Example 1 and
that 59.0 g (0.2 mol) of 4,4’-oxydiphenyl~1,1’~dicarboxylic
acid chloride was used in place of 84.6 g (0.2 mol) of
4,4'—hexafluoroisoproPY1idenediphehyl-1,1'-dicarboxylic
acid chloride of Example 1. The resulting resin was

evaluated similarly to Example 1.

Comparative Example 2

A polybenzoxazole resin was prepared in the same
manner as in Example 1, except that 43.2 g (0.2 mol) of
4,4'—diamino-3,3'-dihydroxybiphenyl was used in place of
100.5 g (0.2 mol) of 2,2’'-bis(3-amino-4-hydroxy-5-
trifluoromethylphenyl)hexafluoropropane of Example 1. The

resulting resin was evaluated similarly to Example 1.

Comparative Example 3

A polybenzoxazole resin was prepared in the same
manner as in Example 1, except that 43.3 g (0.2 mol) of
2,2’-bis(3-amino~-4-hydroxyphenyl)hexafluoropropane was used
in place of 100.5 g (0.2 mol) of 2,2’-bis(3-amino-4-
hydroxy-5-trifluoromethylphenyl)hexafluoropropane of
Example 1 and that 59.0 g (0.2 mol) of 4,4'-oxydiphenyl-

1,1’~dicarboxylic acid chloride was used in place of 84.6 g
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'(0.2 mol) of 4,4’-hexafluoroisopropylidenediphenyl-1,1’-~

dicarboxylic acid chloride of Example 1. The resulting

resin was evaluated similarly to Example 1.

Comparative Example 4

66.9 Grams (0.2 mol) of 2,2’-bis(4-aminophenyl)-
hexafluoropropane (manufactured by Central Glass Co., Ltd.)
was dissolved in 400 g of dried N-methyl-2-pyrrolidone,
followed by adding dropwise thereto a solution of 88.8 g of
hexafluoroisopropylidene-2,2’~bisphthalic acid anhydride
(manufactured by Daikin Kogyo Co., Ltd.) in 200 g of
N-methyl-2-pyrrolidone, at 10°C in dry nitrogen over a
period of 30 minutes. After completion of the addition,
the temperature was restored to room temperature, followed
by stirring at room temperature for 2 hours. Then, the
reaction mixture was added dropwise to 1000 ml of distilled
water, and the precipitate was collected and dried to
obtain a pblyimide precursor.

The resulting polyimide precursor was dissolved
in N-methyl-2-pyrrolidone, and a polyimide resin was

prepared and evaluated similarly to Example 1.

Comparative Example 5

A polybenzoxazole resin was prepared in the same
manner as in Example 1, except that 150.2 g (0.2 mol) of
2,2’~bis(3-amino-4-hydroxy-5-perfluoroundecaphenyl)-
hexafluoroprdpane was used in place of 100.5 g (0.2 mol) of

2,2’-bis(3-amino-4-hydroxy-5-trifluoromethylphenyl)-
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hexafluoropropane of Example 1. The resulting resin was
evaluated similarly to Example 1.

The results of evaluation in the Examples and the

Comparative Examples are shown in Table 1.

Table 1
Dielectric | Heat resist- | Water absorp-
constant ance (°C) tion (%)

Example 1 2.3 510 0.1
Example 2 2.2 513 0.1
Example 3 2.4 502 : 0.1
Example 4 2.4 505 0.1
Example 5 2.4 511 0.1
[Example 6 2.4 518 0.1
Example 7 2.4 520 0.1
Example 8 2.2 501 0.1
Comparative 3.2 525 0.3
Example 1

Comparative - 3.0 510 0.3
Example 2

Comparative 3.0 503 0.3
Example 3

Comparative 2.7 498 1.1
Example 4

Comparative 2.2 : 420 0.1
Example 5

Dielectric constant: This was measured at a
frequency of 1 MHz by use of HP-4284A Precision LCR meter
made by Hewlett-Packard Co. in accordance with JIS-K6911.

Heat resistance: Temperature at which the weight

reduces by 5%, was measured at a heating rate of 10°C/min.
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in nitrogen gas flow by use of TG/DTA 220 meter made by
Seiko Denshi Kogyo K.K.

Water absorption: Water absorption at a tempera-
ture of 85*3 and a humidity of 85% for 24 hours was measured
by the weight method.

As clear from Table 1, the polybenzoxazole resins
of Examples 1-8 showed good results on dielectric constant,
heat resistance and water absorption. However, the
polybenzoxézole resins of Comparative Examples 1-3 were
higher in dielectric constant than those of the Examples,
the polyimide resin of Comparative Example 4 was much
inferior to those of the Examples in water absorption, and
the polybenzoxazole resin of Comparative Example 5 was
lower in heat resistance than those of the Examples. Thus,
it can be seen that polybenzoxazole resins and polyimide
resins having no structures of the présent invention cannot
satisfy all of dielectric constant, heat resistance and
water absorption.

From the above Examples, it is clear that
polybenzoxazole resins excellent in all of electrical
characteristics, thermal characteristics and low water
absorption can be obtained by the present invention.

Therefore, the polybenzoxazole resins of the
present invention can be applied to various uses which
require electrical characteristics, thermal character-
istics, mechanical characteristics, and physical

characteristics, and can be used, for example, as layer

_insulation films and protective films for semiconductors,
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layer insulation films of multilayer circuits, cover coats
of flexible copper-clad sheets, solder resist films, liquid

crystal-aligned films, etc.
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1. A polybenzoxazole precursor having recurring

CLAIMS

units represented by the following genefal formula (1):

(1)

Rf, Rf,

wherein n denotes an' integer of 2-1000, Rf;, and Rf, which
may be the same or different, denote H or CyFopsisr With the
proviso that at least one of them is C,F,,;, m denotes an
integer of 1-10, and X denotes a divalent organic group.
2. A polybenzoxazole resin having recurring units

represented by the following general formula (2):

X (2)

wherein n denotes an integer of 2-1000, Rf;, and Rf, which
may be the same or different, denote H or C,F,,,,, with the
proviso that at least one of them is C,F, ,,, m denotes an
integer of 1-10, and X denotes a divalent organic group.

3. A polybenzoxazole precursor having recurring
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units represented by the following general formula (3):

H
0 0
- l ' l NH—H— (3)
Rf; Rf, n

wherein n denotes an integer of 2-1000, Rf, and Rf, which
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may be the same or different, denote H or C,F,,., Wwith the
proviso that at least one of them is C,F,,.;, m denotes an
integer of 1-10, and X denotes a divalent organic group.
4. A polybenzoxazole resin having recurring units

represented by the following general formula (4):

X (4)

n
.wherein n denotes an integer of 2-1000, Rf, and Rf, which
may be the same or different, denote H or CpFaoni1r With the
proviso that at least one of them is C,F,,,,, m denotes an
integer of 1-10, and X denotes a divalent organic group.
5. A polybenszazole precursor having recurring

units represented by the following general formula (5):
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(5)

wherein n denotes an integer of 2-1000, Rf, and Rf, which
may be the same or different, denote H or CuFon+ir With the
proviso that at least one of them is C,F,,,,, m denotes an
integer of 1-10,  and X denotes a divalent organic group.
6. A polybenzoxazole resin having recurring units

represented by the following general formula (6):

K (6)

(-n

wherein n denotes an integer of 2-1000, Rf, and Rf, which
may be the same or different, denote H or C,F,,,,, Wwith the
proviso that at least one of them is C,F,,,,, m denotes an

integer of 1-10, and X denotes a divalent organic group.



