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- HEAT RESISTANT RBSIN'COMP?SITION, HEAT RESISTANT

FILM ADHESIVE AND PROCESS FOR PRODUCING THE SAME-

BACKGROUND OF THE INVENTION *

This invention relates to a heat resistant
resin dompositibn which is excellent in heat resist-
ance, soluble in 6rganic solvents aﬁd excellent in
moldability, to a film adhesive which has both heat
resistance and low-tempefatﬁre processability and is
excellent in bonding strength to a silicon substrate
and a metal which are suitable for electronics uses,
particularly suitable as an IC packaging material, and
to a process for producing the same.

Recently, tends of high performance and large
capacity have'brought large-sized silicon chips.
However, a restriction in printed circuit design and
requirement of miniaturization of consumer electronic
products demand the same or smaller outer size of IC
package. 1In response to this tendency, new several
packaging techniques have been proposed which meet the
requirements for high density semiconductor chip and
high density packaging. For example, there have been
proposed a COL (chip on lead) Structure in which chips
are mounted on a lead frame without a die pad proposed
for a memory device and a LOC (lead on chip) structure
which is a developed form of the COL structure and in
which lead is located on chip. On the other hand, in

the case of a logic device, there is a multilayer lead
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frame structure in which a power sourée ground is
formed as a different frame and a metal plate for heat
dispersion is multilayered. According to them,
rationalization of wiring in a chip and rationalization
of wire bonding, high speed signal by wire-shortening,
dispersion of heat generated with an increase of
consumed power and miniaturization 6f a device can be
achieved.

In these new packaging techniques, there are
bonding interfaces between same materials and between
different materials such as silicon chip and lead
frame, lead frame and plate, lead frame and lead frame -

and the like, and the bonding reliability very greatly

affects the reliability of a device. That is to say,

not only such reliability that the device can stand the

step temperature during the device assembling but also

bonding reliability at a time of moisture absorption,

"heating under moisture or the like are required.

Moreover, bondability is an impoftant matter.
Heretofore, in bonding them, a pasty adhesive
and an adhesive coated on a heat resistant sﬁbstrate
have been used. As the adhesive, there are used
thermosetting resins of epoxy type, acrylic type and
rubber-phenol resin type; however, it cannot be said
that they satisfy the requirements as a highly reliable
adhesive because a large amount of ionic impurities are
contained, a high temperature and;a long period of time

are required for curing so that the productivity is bad
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and a large amount of volatile matter is generated and R

contaminates leads and hygroscopicity is high. Thus,
satisfactory materials have not been found by now.
Accordingly, the development of an adhesive suitable
for the new packagé has been desired. As one of fhe
adhesives, there is mentioned a hot-melt type film
adhesive using a polyimide resin.

| Since the polyimide résin is excellent in
heat resistance, is flame-retardant and is excellent in
electric insulation property, the polyimide resin is
widely used as a film in substrates for a flexible
printed wiring board and a heat resistant adhesive
tape, and also use& in the form of a resin varnish for
a semiconductor interlaminar insulation film, a
surface-protective coating and the like. However,
conveniional polyimide resins have high hygroscbpicity
and excellent heat resistance, while they are insoluble
and infusible and have a very high melting point, and
hence, cannot be said to be a material easy to handle
in respect of prdcessability. The polyimide resins are
also used as a packaging material fof semi-conductors
in an interlaminar insulation film, a surface
protective coating and the like. However, in this
case, an organic solvent solution of a polyamic acid
which is an organic solvent-soluble precursor of a
polyimide resin is coated‘on the surface of a semicon-
ductor and then heated to remove the solvent and

simultaneously imidize the polyamic acid. In this
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case, in ctder.to allow the imidization to proceed
completely, and also to volatilize the high boiling
poiﬁt'amide type solvent, a drying step at a high
temperature of 300°C or more is reéuired. Therefore,
it follows that the semiconductor is exposed to such a
high temperature, and hence, heat damage of other
méterials and dégradation of the device are brought
about and the yield in the asseﬁbly step is lowered.
Also) since the hygroscopicity of the film is high,
there are such problems that the moisture absorbed is
vaporized at one time when it is exposed to a high
temperature to cause blisters and cracks.

As a method for overcoming the above defects,

. a method has been proposed in which a film-shaped

adhesive is formed from an organic solvenf-soluble,
already fully imidized polyimide resin composition and
this is subjected to thermal compression bonding to an
adherend (see Jépanese Patent Application Kbkai.Nos. 5-
105,850; 5-112,760; and 5-112,761). However, in such a
case that the polyimide resin is used as a hot melt
adhesive, when the polyimide resin has a high glass
transition temperature, a very high temperature is
required for processing and there is a great fear that
the adherend may_be thermally damaged. On the other
hand, when the glass transition temperature of the
polyimide resin is lowered for imparting a low-
temperature processability to the polyimide resin,

there is a problem that the characteristics of
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poiyimide.fesin being heat resistant cannot be suffi-

~ ‘ciently utilized.

SUMMARY OF THE INVENTION

The present inventors have made_extensive re-
search on a heat resistant resin having excellent heat
resistance and 1ow-tempera£ure processability, and have
consequently found that when an.epoxy resin and a com-
pound having an active hydrogen group which can react
with the epoxy resin ére added to a polyimide resin
having a specific structure, the above problem of
polyimide resin can be solved and that when said heat
resistant resin is used it is possible to obtain a film
adhesive which has excellent heat resistance and which
can adhere at a low temperature in a short time, and
thus have accomplished the present invention.

According to this invention, there are
provided a heat resistant resin composition, which
comprises, as the main components:

(A) 100 parts by weight of a polyimide resin which is
soluble in an organic soivent and has a glass transi-
tion tempe.rature of 350°C or less,

(B) 5 to 100 parts by weight of an epoxy compound
having at least two epoxy groups in one molecule, and
(C) 0.1 to 20 parts by weight of a compound having an
active hydrogen group which can react with the epoxy
compound (B);

a heat resistant film adhesive composed essentially of
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the above'coﬁponents (A) to (C)f and a process for pro-
ducing the heat resistant filﬁ adhesive.

One embodiment of this invention is the
above-mentioned heat resistant resin composition
wherein the component (A) is a polyimide resin
containing a diaminosiloxane compound represented by

the following general formula (1):
AV
H,N—R Si=0+4Si—~R,~NH
2 1 1 - ] 2 2 ( 1 )
. 4 y Rs ) )

wherein R, and R, represént independently divalent ali-
phatic groups having 1 to 4 carbon atoms or divalent
aromatic groups; Rs, R,, R; and R; represent indepen-
dently monovalent aliphatic or aromatic groups; and m
represents an integer of 1 to 20, in a proportion of 5
to 50 mole % of the total amount of the amine
components ; |
a heat resistant film adhesive composed of the heat
resistant resin composition;-ér
a process for producing the heat resistant film
adhesive. |

Another embodiment of this invention is the
above-mentioned heat resistant resin composition,
wherein the component (A) is a polyimide resin composed

of 4,4'—oxydiphthalid dianhydride as the main acid

AT
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component and a diaminosiloxané*compound represented by
the above general formula (1) and 1,3-bis(3-aminophe-
noxy )benzene as theimain amine components}

a heat resistant fiim adhesive composed of the above
heat resistant resin composition; or

a process for producing the heat resistant film
adhesive.

A stili another embodiment of this invention
is the above heat resistant resin composition wherein
the component (A) is a polyimide resin composed of
3,3',4,4'-biphenyltetracaiboxylic dianhydride and
3,3',4,4'-benzophenonetetracarboxylic dianhydride as
the main acid components and a diaminosiloxane compound
represented by the above general formula (1) and at
least one diamine selected from the group consisting of
2,2-bis[4-(4-aminopﬁenoxy)phenyl]propane, 1,3-bis(3-
aminophenoxy)benzene and dimethylphenylenediamine as
the main amine components;

a heat resistant film adhesive composed of the above
heat resistant resin composition; or

a process for producing the heat resistant film
adhesive.

A further embodiment of this invention is the

above heat-resistant resin composition wherein the

-component (A) is a polyimide resin obtained by mixing:

a polyamic acid A obtained by reacting a moles of a

siliconediamine represented by the following formula

(2):
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| AAT
NH,—{CH Si- j— -
2—(CHy)3 3 o ?l (CH,)3~NH, (2)
Hz 4n CH, |

wherein m is an integer of 1 to 13, and b moles of
another diamine as the amine components with ¢ moles of
at least one tetracarboxylic dianhydride selected from

the group consisting of 4,4’'-oxydiphthalic dianhydride,

3,3",4,4'-biphenyltetracarboxylic dianhydride and

3,3’,4,4'-benzophenonetetracarboxylic dianhydride as

the acid component in a proportion satisfying the

following relations:
0.02 < a/(a + b) < 0.10 and

0.960 < c/(a + b) < 1.04,

with a polyamic acid B obtained by reacting d moles of
a siliconediamine represented by the above formula (2)
and e moles of another diamine as the amine components
with £ moles of at least one tetracarboxylic |
dianhydride selected from the group consisting of 4,4’'-
oxydiphthalic dianhydride, 3,3’,4,4'-biphenyltetra-
carboxylic dianhydride and 3,3’,4,4’'-benzophenonetetra-
carboxylic dianhydride as the acid component in a

proportion satisfying the following relations:
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0.20 g d/(d +e) £0.70 and R AT

£/(d + _e_.) < 1.10,

0.920 <
in a proportion satisfying the following relation:

0.12 <5 (a+d)/(a+b+d+e) g 0.5
and imidating the mixture;

a heat resistant film adhesive composed of the heat re-
sistant resin composition; or.

a process for producing the heat resistant film adhe-
sive.

A still further embodiment of this invention
is the above heat resistant resin composition which |
further contains (D) 0.1 to 50 parts by weight of a
coupling agent;

a heat resistant film adhesive composed of the heat re-
sistant resin composition; or.

a process for producing the heat resistant film
adhesive.

A still further embodiment of this invention
is the above heat resigtént resin composition wherein
component (D) is a silane cdupling agent; a heat
resistant film adhesive composed of the heat resistant
resin composition; or a process for prodﬁcing the heat

resistant f£ilm adhesive.
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The polyimide resin of this invention is

preferably a resin obtained by polymerizing an aromatic

diamine with at least one tetracarboxylic dianhydride

selected from the group consisting of 3,37,4,4'-
biphenyltetracarboxylic dianhydride, 3,37,4,4'-
benzophenonetetracarboxylic dianhydride, 4,4~
oxydiphthalic dianhydride and eﬁhylene glycol
bistrimellitic dianhydride.

| The aromatic diamine to be used in the
production of the polyimide resin includes, for
example, 2,2-bis[4-(4-aminophenoxy)phenyl]propane, 1,3~
bis(3-aminophenoxy)benzene, 2,2-bis[4-(4-aminophenoxy)-
phenyl jhexafluoropropane, 2,2-bis-(4—aminophepoxy)-
hexafluoropropane, bis-4-(4-aminophenoxy)phenylsulfone,
bis-4-(3-aminophenoxy)phenylsulfone and the like.
These may be used alone or in combination of two or
more.

It is preferable that the diamine component
of the above polyimide resin contains 5 to 50 mole %,
of the total amount of the diamine components, of a
diaminosiloxane compound represented by the general

formula (1):

13. s o
N—R Si=04-Si—R,—~NH .
Hz ] i i 2 2 ( 1 )
s nRe '
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wherein quand'RQ'ére independenﬁly divalent aliphatic

groups having 1 to 4 carbon atoms or divalent aromatic

groups; R;, R,, R; and R; are independently'monovalentﬁhﬁ

aliphatic or aromatic groups; and m is an integer of 1
to 20.

It is also preferable that in the polyimide
resin of this invention, the main acid component is
4,4’-oxydiphthalic dianhydride; as ﬁhe other acid
component, there is used at least one tetracarboxylic
dianhydride selected from the group consisting of
3,37 ,4,4" -bipheny]_.te#racarboxylic dianhydride,
3,3',4,4'-benzophenonetetracarboxylic dianhydride and
ethylene glycol bistrimellitic dianhydride in such an
amount as not to exceed 50 mole % of the total amount
of the acid components; and the main amine component is
a combination of 1,3-bis(3-aminophenoxy)benzene with
the diaminosiloxane Qompound represented by the general
formula (1).

In this case, as the other amine component,

for example, 1,4~bis(3-aminophenoxy)benzene, 1,4-bis[2-

(4-aminophenyl )propyl]benzene, 1,4-bis(4-aminophe-

noxy )benzene, 2,2-bis[4—(4¥aminophenoxy)phenyl]propane,
2,2fbis[4-(4-aminophenoxy)phenyl]hexafluoropropane,
2,2-bis(4-aminophenoxy)hexafluoropropane, bis-4-(4-
aminopheﬁoxy)phenylsulfone, bis~4~(3-aminophenoxy)-
phenylsulfone or the like can be used alone or in
combination of two or more in such an amount not to

exceed 50 mole % of the total amount of the diamine
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components.

It is also preferable to use, as the
polyimide resin of this invention, a resin composed of
3,3’,4,4’-biphenyltetracarboxylic dianhydride and
3,37,4,4’ -benzophenonetetracarboxylic dianhydride as
the main acid components; and at least one diamine
selected from the group consisting of 2,2-bis[4-(4-
aminophenoxy )phenyl Jpropane, 1,3-bis(3-aminophenoxy)-
benzene and dimethylphenylenediamine, and a diamino-
siloxane compound represented by the general formula
(1) as the main amine cdmponents.
| _ When the acid components are a moles of
3,3',4,4'-biphenyltetracarboxylic dianhydride and b
moles of 3,3',4,4';benzophenonetetracarboxylic dianhyd-
ride; and the amine components are ¢ moles of 2,2-
bis[4-(4~aminophenoxy)phenyl ]propane, d moles of at
least one diamine selected from the group consisting of
1,3-bis(3-aminophenoxy)benzene and dimethylphenylene-
diamine and ¢ moles of a diaminosiloxane compound
represented by the general formula (1), it is
preferable that a, b, ¢, d, and ¢ satisfy the

relations:

As the other acid component, it is possible to co-use
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at least one tetraCafboxylic dianhydride selected from
the group consisting of 4,4’-oxydiphthalic dianhydride
and ethylene glycol bistrimellitic dianhydride in sﬁch
an amount as not to adversely affect the character-
istics. As the other amine component, it is also
possible to use 2,2-bis[4-(4-aminophenoxy)pheny11-
hexafluoropropane, 2,2-bis(4-aminophenoxy)héxa-
fluoropropane, bis-4;(4-aminophehoxy)phenylsulfone,
bis-4-(3-aminophenoxy)phenylsulfone and the like alone
or in combination of two or more in such an amount as
not to adversely affect the characteristics.’

In any of the above cases, it is preferable
to use the diaminosiloxane compound in an amount of 5
to 50 mole % of the total amount of the diamine
components. When the amount of the diaminosiloxane
compound is less than 5 mole % of the total amount of
the diamine components, the solubility in an organic
solvent becomes iow, and when it exceeds 50 mole %, the
glass transition'température becomes remarkably ldw to
cause a problem in respect of heat resistance.
Specifically, the diaminosiloxane compound of the
general formula (1) is preferably «,e-bis(3-amino-
propyl)polydimethylsiloxane (APPS) represented by the

followihg formula (2):

CHy
NHz—(CH2)3%:—0281—(CH2)3-NH2 (2)
CH3 ’ .
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wherein m is an iﬁtegerlof 1 to 13. It is particularly
preferable that the Qalue of m is in the range of 4 tow
10 in view of glass transition temperature, adhesive-
ness and heat resistance. These siloxane compounds may
be used alone or in combination of two or more.
Particularly, a blend of the compound of m = 1 with the
compound of m = 4-10 is preferably applied to a use in
which adhesiveness is an iﬁportént factor.

Moreover, as the polyimide resin of this
invention, there may be pieferably used those obtained
by mixing a polyamic acid having a low silicone content
with a polyamic acid having a high silicone content in
the form of solutions and then imidizing the mixture.
This is characterized in that in the mixed polyiﬁide.
resin obtained by mixing two kinds of polyamic acids,
trade off characteristics can be realized by allowing
the portion derived from the polyamic acid having a low
silicone content to bear heat resistance, particularly
excellent mechanical strenéth at high temperatures and
allowing the portion derived from the polyamic acid
having a high silicone content to bear excellent
characteristics of silicone-modified product such as
low moisture absorbability, adhesiveness and the like.
Moreover, by conducting the imidization after mixing in
the amic acid form, it is made possible to prevent the
separation of the two components and assure the
solvent-solubility.

_Speéking in more detail, there can be
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pteferably used a polyimide fesiﬁ éharécterized by
being produced by mixing:
a polyamic acid A having a low silicone content in
which a moles of a silicone diamine represented by the
formula (2) and b moles of another diamine ére used as
the amine components; and ¢ moles of at least one
tetracarboxylic dianhydride selected from the group
consisting of 4,4'-oxydiphthalic dianhydride, | |
3,3’,4,4'-biphenyltetracarboxylic dianhydride and
3,3',4,4’'-benzophenonetetracarboxylic dianhydride is
used as the acid componeht wherein a, b and ¢ satisfy

the relations:

0.02 < a/(a + b) £0.10 and

0.960 < c/(a + b) < 1.04,

with a polyamic acid B having a high silicone content
in which d moles of the silicone diamine represented by
the formula (2) and e moles of another diamine are used
as the amine components; and £ moles of at least one
tetracarboxylic dianhydride selected from the group
consisting of 4,4'-oxydiphthalic dianhydride,
3,3",4,4'-biphenyltetracarboxylic dianhydride and

3,37,4,4'-benzophenonetetracarboxylic dianhydride is

‘used as the acid components wherein d, e and f satisfy

the following relations:

0.20 < d/(d + e) < 0.70 and
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0.920 < £/(d + & ) < 1.10

in the solution form so that a , b, d and g_satisfy'the

following relation:

0.12 < (a +d)/(a+b+d+e)g 0.5
and thereafter imidizing the mixture.

More preferable is a polyimide resin cha-
racterized ih that in the polyamic acid A,.said other
diamine component which is used along with the
siliconediamine is a combination of h moles of at least

one diamine represented by the general formula (3):

"‘“2—@—’“@"""2 (3)

wherein X is a divalent organic group, for example,
2,2-bis[4-(4-aminophenoxy)phenyl Jpropane or 4,4’-
diaminodiphenylmethane, with i moles of at least one

diamine répresented by the general formula (4):

(4>

wherein ¥, and Y, are independently H or alkyl groups,

for example, p-toluenediamine, 4,6-dimethy1-m—
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phénylenediamine'or 2,5-dimethyl-p-phenylenediamine;

and in the polYamic acid B, said other diamine

component which is used albng with the siliconediamine
is a combination of j moles of at:least'one diamine
represented by the general formula (3) with k moles of
at least one diamine represented by the general formula

(4), wherein h, i, j and k satisfy the relation:
0.1 < (h + {1)/(1 + k) < 10.

As the tetracarboxylic dianhydride used in
this invention, there are preferably used 4,4'-
oxydiphthalic dianhydride, 3,3’,4,4’'-biphenyltetra-
carboxylic dianhydride and 3,3’,4,4’-benzophenonetetra-
carboxylic dianhydride in view of the balance of
solvent-solubility and heat resistance. These
tetracarboxylic dianhydrides may be used alone or in
combination of two or more. The tetracarboxylic
dianhydrides constituting the two kindé of polyamic
acids to be mixed may be the same as or different from
each other and the propbftions of the tetracarboxylic
dianhydrides in the polyamic acids may be the same as
or different from each other.

The siliconediamine represented by the
formﬁla (2) used in this invention is «,e-bis(3-
aminopropyl )polydimethylsiloxane or the like, m is
preferably 1 to 13, particularly preferably 4 to 10, in

view of glass transition temperature, adhesiveness and
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heat resistance. It is also preferable to use a blend
of the siliconediamine having m = 1 with the silicone-
diamine having m = 4-10 particularly in a use in which
adhesiveness is an important factor.

The diamine represented by the general
formula (3) includes 2,2-bié[4-(4—aminophenoxy)-
phenyl Jpropane, 2;2-bis[4-(4-aminophénoxy)phenyl]-
hexafluoropropane, 2,2-bis-(4-aminophenoxy)hexafluoro-
propane, bis~4-~(4-aminophenoxy)phenylsulfone, bis-4-(3-
aminophenoxy)phenylsulfone, 1,3-bis(3-aminophenoxy)-
benzene, 1,4-bis(3-aminophenoxy)benzehe, 1,4-bis(4-
aminophenoxy )benzene, 4,4';diaminodiphenyl ether, 3,4'-~
diaminodiphenyl ether, 4,4’'-diaminodiphenylsulfone,
3,3’-diaminodiphenylsulfone, 4,4’-diaminodiphenyl-
methane, 4,4'-bis(4-aminophenoxy)biphenyl and the like.
Among them, diamines having an aminophenoxy structure
are preferable in an application field in which
adhesiveness is an important factor.

The diamine fepresented by the general
formula (4) includes o-phenylenediamine, m~
phenylenediamine, p-phenylenediamine and monoalkyl- and
dialkyl-ring substituted derivatives thereof. In the
case where heat resistance is an important fadtor, it
is particularly preferable to use diamines having p-
phenylenediamine skeleton. The ratio 6f the amounts of
the diamines represented by the general formulas (3)
and (4), namely (h + j)/(i_+ k) is preferably in the

range of 0.1 < (h + 1)/(i + k) £ 10 from the viewpoint
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of balance of processability such as solubility, heat

resistance, adhesiveness and the like. Ratios outside
this range are not desirable because the solvent-
solubility is lost and no improvement effect on heat
resistance is confirmed.

The mole ratios of the diamines and the acids

must satisfy the relations:

in the case of the polyamic acid having a low silicone
content. When the mole ratio 6f the siliconediamine is
less than 0.02, the feature pf solvent-solubility of
the mixed polyimide resin obﬁained is lost, and when it
exceeds - 0.10, the heat resistance of the mixed
polyimide resin obtained is lowered, so that said mole
ratios are not desirable. Also, when the_acid/amine
mole ratio is outside the above range, the molecular
weight of the polyimide resin obtained becomes low and
the object of bearing mechanical strength is not
achieved, so that said mole ratio outside the range is
not desirable.

In the polyamic acid having a high silicone
content, the mole ratios of the diamines and the acids

must satisfy the relations:

0.20 < d/(d + e) < 0.70 and
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10.920 < £/(d + e) < 1.10.

When the mole ratio of the siliconediamine is less than
0.20, it becomes impossible to develop the excellent
characteristics of the silicone-modification in the
mixed polyimide resin obtained, and when it exceeds
0.70, the mechanical strength of the mixed polyimide
resin obtained is remarkably loﬁered, so that said
ratios are not desirable.

Also, when the acid/amine mole ratio is
outside the above range, the molecular weight of the
polyimide resin obtained becomes low, and heﬁce the
heat resistance of the mixed polyimide resin is
remarkably lowered, which is not preferable.

-Purthermore, it is preferable to mix the
above two polyamic acids so that the mole ratio of the
total siliconediamine becomes 0.12 < (a + d)/(a +b + 4
+ &) £ 0.50, more preferably 0.20 < (a + d)/(a + _13'+'_c_1_
+ e) £ 0.50. It ié important that the mole ratio falls
within the above range, and when the mole ratio of the
siliconediamine is less than 0.12, low moisture
absorption, solubility, adhesiveness and the like which
are excellent characteristic features of silicone-
modification do not appear, and when it exceeds 0.50,
the mechanical strength at high temperatures is
remarkably lowered and a problem is caused in heat

resistance.

The equivalent ratio of the acid component to
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' the amine component in the polycondensation reaction is

an important factor for determining the molecular
weight of the polyamic acid obtained. It is well-known
that there is a correlation between the molecular
wéight of a polymer and the physical properties of the
polymer, particularly between the number.average
molecular weight and the mechanical properties. The
larger the number average molecular weight, the better
the mechanical properties. Accordingly, in order to
obtain a ptactically excellent strength, it is
necessary that the molecular weight be high to some
extent. 1In this invention, the equivalent ratio r of
the acid component to the amine éomponent is preferably

in the range of:
0.900 < r < 1.06,
more preferably in the range of:
0.975 = x < 1.025,

provided that r = [number of equivalents of total acid
component]/[number of equivalents of total amine compo-
nent]. When r is less than 0.900, the molecular weight_
is low and the polymer becomes brittle, and hence, the
bonding strength becomes weak. Also, when r exceeds

1.06, the unreacted carboxyli¢ acid undergoes

decarboxylation under heating to generate a gas,
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whereby foéming-is caused. This is not désirable-in
some cases.

The addition of a dicarboxylic anhydride or a
monoamine for controlling the molecular weight of the
polyimide resin is not particularly objectionable as
far as the acid/amine mole ratio falls within the
above-mentioned range.

The reaction of the tétracarboxylic
dianhydride with the diamine is carried out in an
aﬁrotic polér solvent in a known manner. The aprotic
polar solvent includes N,N~dimethylformamide (DMF),
N,N-dimethylacetamide (DMAC), N-methyl-2-pyrrolidone
(NMP), tetrahydrofuran (THF), diglyme, cyclohexanone,
1,4-dioxane (1,4-DO) and the like. The aprotic polar
solvents may be used alone or in admixture of two or
more. In this case, the aprotic polar solvent may be
used in admixture with a nonpolar solvent compatible
therewith. As the nonpolar solvent, an aromatic
hydrocarbon is preferably used such as toluene, xylene,
solvent naphtha or the like. The proportion of the
nonpolar solvent in the mixed solvent is preferably 30%
by weight or less. This is because when the proportion
of the nonpolar solvent is more than 30% by weight,
there is a fear that the dissolving powei of the
solvent may be reduced whereby the polyamic acid may be
precipitated. When the tetracarboxylic dianhydride is
reacted with the diamine, the diamihe component is well

dried and dissolved in the above-mentioned reaction
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sdlvent which'haé been subjec£ed to dehydration-pﬁrifi-
cation, and to the solution is added the well-dried
tetracarboxylic dianhydride which has a ring-closure
percentage of 98% or more, preferably 99% or more,
after which the mixture is subjected to the reaction.

The polyamic acid solution thus obtained is
subsequently subjected to heat-dehydration-cyclization
in an organic solvent to imidize the polyamic acid into
a polyimide. The water generated by the imidization
reaction inhibits the cyclization reaction, so that an
organic solvent which is not compatible with water is
added to the system and the mixture is subjected to
azeotropic distillation to discharge the water out of
the system through a means such as a Dean-Stark tube or
the like. As‘the érganic'solvent which is not compati-
ble with water, dichlorobenzene is known; however, when
this is used, there is a fear that a chlorine component
may be mixed into the product. This is not desirable
in the field of electronics, so that the above- .
mentioned aromatic hydrocarbon is preferably used for
electronics. Anhydrous acetic acid, f-picoline,
pyridine or the like may be used as a catalyst for the
imidization reaction.

In this invention, the higher the degree of
imide-ring closure, the better, and when the degree of
imidization is low a further imidization is caused by
the heat generated during the use to produce water,

which is not desirable. Therefore, it is preferable
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that the degree of imidizatioﬁ reaches 95% or more;w
more preferably 98% or more. |
The epoxy compound (B) used in the heat
resistant resin composition of this invention may be
any epo#y compound as far as it has at least two epoxy

groups in one molecule and is compatible with the

polyimide resin (A); however, it is preferable that the

epoxy compound has a good solubility in the solvent for
the polyimide resin (A). There are mentioned, for
example, bisphenol A type diglyéidyl ether, bisphenol F
type diglycidyl ether, phenol-novolak type epoxy resin,
biphenyl type epoxy compound and the like.

The amount of the above epoxy compound is
preferably 5 to 100 parts by ﬁeight, more preferably 10
to 70 parts by weight, per 100 parts by weight of the
polyimide resin (A). When the amount is less than 5
parts by weight, there can hardly be obtained such an
effect as to lower the softening point of the resin
composition and increase the low-temperature proces-
sability by adding an uncured epoxy compound, and when
it exceeds 100 parts by weight, it follows that ﬁhe
heat resistance of the polyimide resin is impaired.
Such amounts outside the range are not desirable.

The-compound having an active hydrogen group
which can react with the epoxy compound (C), used in
the heat resistant resin composition of this invention,
is preferably one which has a good compatibility with

the polyimide resin (A) and the epoxy compound (B) and
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'has a good solubility in a solvent for the polyimide

resin. For example, resol, novolak, amine compound and
the like are included therein. The proportion of the
component (C) blended is 0.1 to 20 parts by weight,
preferably 0.5 to 10 parts by weight, per 100 parts by
weight of the polyimide resin (A). When the proportion
is less than 0.1 part by weight, the conversion of the
uncured epoxy compound becomes éxtremely low and the
desired effect of this invention does not appear.

Also, the control of the flow of the resin becomes
difficult when the elasticity of the resin at high
temperatures is low. When the proportién exceeds 20
parts by weight, the resin in the form of a solution
tends to cause a gel, the processdbility is impaired
and the heat resistance of the resin composition is
impéired, so that these proportions outside the rahge
are not desirable.

The heat resistant resin composition of this
invention may contain (D) a coupling agent in addition
to the above components (A), (B) and (C). In this
case, the coupling agent (D) is preferably one which
has a good compatibility with the polyimide resin (A)
and the epoxy compound (B) and a good solubility in a
solvent for the polyimide resin. For example, silane
typé coupling agents, fitanium type coupling agents,
zircon type coupling agents and the like are included
therein. 1In particular, silane type coupling agents

are preferable in respects of compatibility and
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solubility. The proportion of the cbupling agent

contained is preferably 0.1 to 50 parts by weight, more
preferably 0.5 to 30 parts by weight, per 100 parts by
weight of the polyimide resin (A). When the above
proportion is less than 0.1 part by weight and when the
resin composition is used in an adhesive use, such an
effect does not appear that intimate adhesion to an
adherend is improved, and when it exceeds 50 parts by
wéight, the heat resistance of the resin composition is
impaired, so that said proportions outside the range
are not desirable.

| The heat resistant resin composition of this
invention may contain a fine inorganic filler in such
an amount that the processability and heat resistance
of the composition are not damaged.

In this invention, it is possible to directly
add, to the obtained polyimide solution per se, the
epoxy compound and the compound having an active
hydrogen group which can_reéct with the epoxy compound,
to prepare a heat resistant resin composition solution.
Also, it is possible to pour the polyimide resin
solution into a poor solvent to precipitate the polyim-
ide resin, remove the unreacted monomers to purify the
polyimide resin, then'dry the polyimide resin and use
the same as a solid polyimide resin. In uses in which
a high temperature step is hated, particularly in uses
in which impurities and foreign matters become a

problem, it is preferable to dissolve the solid resin
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in an organic solvent again and filter and purify the i &

solution to prepare a varnish. 1In this case, the
solvent used is preferably selected from solvents

having low boiling points taking its processability

-into consideration.

As the low-boiling solvent having a boiling
point of 200°C or less for the polyimide resin of this
invention, there can be used kefone solvents such as
acetone, methyl ethyl ketone, methyl isobutyl ketone,
cyclopentanone and cyclohexanone; and ether solvents
such as 1,4-dioxane, tetrahydrofuran and diglyme.

These solvents may be used alone or in admixture of two
or more. Alternatively, said low-boiling solvent may
be added to the polyimide resin solution and the
resulting solution may be used.

. The resin varnish may,.if necessary, have
added thereto various additives such as a smoothing
agent, a leveling agent, a defoaming agent and the
like. Also, in order to adjust the vaporization speed
of the.solvent, an aromatic hydrocarbon solvent can be
used in such an amount that the same is dissolved
uniformly.

The film adhesive to be formed from the resin
varnish in this invention is obtained by casting or
coating the resin varnish. For example, a film layer
of the resin varnish can be formed on one or both sides
of a heat resistant film substrate as a support and the

resulting assembly as such can be used as the film
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adhesive, or alfilm can be formed by applying the résin
varnish onto a release sheet such as a roll, a metal
sheet, a polyester sheet or the like by means of a flow
coater, a roll coater or the like, heat-dried and
thereafter peeled from the release sheet to prepare a
film adhesive.

The heat resistant film substrate used in
this invention is preferabiy a polyimide resin film
because it has a small thermal expansion coefficient,
and is excellent in dimension stability against
temperature change, rich in flexibility, easy to handle
and excellent in adhesion to the resin of this
invention. In particular, a polyimide resin having a
glass transition temperature of 350°C or more is
excellent in workability and stability -in the step of
drying the coated varnish.

In the coating and drying of the resin
varnish, there can be used an apparatus in which a
coating means such as flow coater, roll coater or the
like is combined with a hot-air drying oven, or the
like. After the coating of the resin varnish on a
support, the resulting assembly is introduced into the
hot-air drying oven, in which the coating is diied at a
temperature and air flow enough to volatilize the
solvent of the varnish.

The method of use of the film adhesive of
this invention is not particularly limited; and, it can

be used as an adhesive tape prepared by cutting the
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£ilm adhesive into the desired_shape, which is bonded
to some adherend by a hot press.

.The heat resistaht resin composition obtained
by adding, to the polyimide resin of this invention, an
epoxy compound and a compound having an active hydrogen
group which can react with the epoxy compound, and a
film adhesive comprising éaid resin composition as the
main resin component ﬁave an apﬁarent glass transition
temperature lower than the glass transition temperature
of the polyimide resin and have an improved low-
temperature processability. On the oiher hand, the
adhesions of the resin composition and the film
adhesive in a higher temperature zone than the glass
transition temperature of the polyimide resin are
improved as compared with that of the polyimide resin,
and the physical properties in a high temperature zone
are so improved that even when a thermal shock such as
IR reflow or the like is applied, no delamination is
observed. Thé detailed mechanism of this peculiar
phenomenon has not completely been clarified; however,
it seems that a low molecular weight product formed by
reaction between the epoxy compound and the compound
having an active hydrogen group acts as a plasticizer
on the polyimide resin having the specific structure to
lower moduius of the polyimide resin in the lower
temperature zone than the glass transition temperature
of the polyimide resin, théreby bringing about an

improvement in workability at a low temperature such as
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adhesiveness, processability and the like. On théﬁf SO

other hand, in a higher temperature zone than the glaés
transition temperature, it is 6onsidered that a three-~
dimensional reticular structure is formed by heat given
in said zone to lower the flow properties of the
polyimide resin, thereby keeping or improving the heat
resistance of the polyimide resin. By the above-men-
tioned mechanism, 1OWhtemperatu£e proceésability and
heat resistance reliability at high temperature are
achieved simultaneously.

According to this invention, a highly
reliable film adhesive which has both heat resistance
and processability can be provided. The film adhesive
is soluble in a solvent having a low boiling point, so
that it is possible to vaporize the residual solvent
substantially completely, and since the adhesive has
already been imidized, no high temperature stép for
imidization is required in processing and hence water
is not generated. Also, the film adhesive can be used
as a tack-free film, so that the film adhesive is very
effective for uses requiring continuous workability and
clean circumstances. Therefore, the film adhesive has
a very high utilization value in industry as an
electronic material requiring high reliability and heat
resistance.

The method of using the resin composition of
this invention is not particularly limited; and, the

resin composition can be used in coating and dipping as
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a resin varnish in which all the resin constituents are

uniformly dissolved in an organic solvent, can be
formed.into a film by a casting method, and also can be
used as an insulating material, an adhesive film or the
like in which both heat resistance and processability

are satisﬁied.

DESCRIPTION OF REFERRED EMBODIMENTS OF THIS INVENTION
This invention is explained below in detail
referring to Examples; however, this invention should

not be construed to be limited thereto.

[Synthesis of polyimide resin PI-1]
In a four-necked flask equipped with a dry

nitrogen-introducing tube, a condenser, a thermometer

. and a stirrer was placed 791 g of dehydration-purified

NMP, and vigorous stirring was conducted while a
nitrogen gas was allowed to fléw for ten minutes.
Subsequently, 73.8926 g (0.180 mole) of 2,2-bis[4-(4-
aminophenoxy)phenyl Jpropane (BAPP), 17.5402 g (0.060
mole) of 1,3—bis(3-aminophenoxy)benzehe (APB) and
50.2200 g (0.060 mole) of a,m-bis(3-aminopr6pyl)poly-
dimethylsilokane having an average molecular weight of
837 [APPS represehted by the formula (2)] were poured
into the flask, after which the system was heatéd to
60°C and stirred until the system became uniform.
After uniform dissolution, the system was cooled to 5°C

in an ice water bath, and 44.1330 g (0.150 mole) of
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3,37 ,4,4" -biphenyltetrecarboxylic dianhydride (BPDA)
and 61.5445 g (0.150 mole) of ethylene glycol
bistrimellitic dianhydride (TMEG) in the form of powder
were added to the solution in fifteen minutes, after
which the stirring was continued for three hours,
during which the flask was kept at 5°C.

Thereafter, the nitrogen gas-intioducing tube
and the condenser were taken apert from the flask and
the flask was fitted with a Dean-Stark tube filled with
xylene, after which 198 g of the xylene was added to
the system. The system was heated to 175°C in an oil
bath to remove the water generated out of the system.
The heating was conducted for four hours, upon which
the generation of water from the'system was not
observed. After cooling, the reaction mixture was
poured into a large amount of methanol to precipitate a
polyimide resin. The solid content was separated by
filtration and then dried at 80°C for 12 hours under
reduced'pressure to remove the solvent, whereby 227.79
g (yield: 92.1%) of a solid resin was obtained. The
infrared absorption spectrﬁm was measured by e KBr
tablet method to observe abSorption at 5.6 um due to
cyclic imide bond; however, no absorption at 6.06 um

due to amide bond was observed. Therefore, it was

confirmed that the above resin was substantlally 100%

imidized.
The polyimide resin thus obtained was

confirmed to have a glass transition temperature of
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148°C and a tensile modulus of 180 kgf/mm? and to be
well soluble in dimethylformamide (DMF), 1,4-dioxane

(1,4-DO) and tetrahydrofuran (THF).

[Synthesis of polyimide resiﬁs PI-2 and PI-3]

In the same manner as in the synthesis of
polyimide resin PI-1l, polyimide resins PI-2 and PI-3
were obtained. |

The physical properties of the polyimide
resins PI-1, PI-2 and PI-3 obtained are shown in Table
1.

Incidentally, the abbreviations used in
Tables 1 to 3 have the following meanings:

BTDA: 3,3’,4,4’'-Benzophenonetetracarboxylic dianhydride

ODPA: 4,4’'-Oxydiphthalic dianhydride

DPX: 2,5-Dimethyl-p-phenylenediamine

APDS: 1,3-Bis(3-aminopropyl)tetramethyldisiloxane (in
the formula (2), m = 1)

APB: 1,3~Bis(3-aminophenoxy)benzene

'BPDA: 3,3’,4,4’-Biphenyltetracarboxylic dianhydride.

PPA: para-phenoxy aniline

In the "Solubility" sectipn, "S" ghows that
the resin was dissolved in the corresponding solvent.
The glass transition temperature was determined by the
DSC measurement. The tensile test was conducted at
room temperature at a drawing speed of 5 mm/min. The
Young’s modulus was determined by a viscoelastospectro-

meter.
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[Synthesis-of polyimide resins PI-4, PI-5, PI-6 & PI-~7]

" In the same manner as in the synthesis of
poljimide resin PI-1, polyimide resins PI-4, PI-5, PI-6
and PI-7 were prodﬁced. The physical properties of the
thus obtained polyimide resins PI-4, PI-5, PI-6 and PI-

7 are shown in Table 2.
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Note:

*3 "S" means "soluble".

| | Table 1
" | PI-1 PI-2 PI-3 ]]
Acid BPDA 50 60 - _
compo-
(mole _ _
ratio) ODPA 70
) TMEG 50 - -
Recipe Amine BAPP 60 20 65
compo-
(mole - -
ratio) DPX 20
APPS 20 23 15
APDS - 2 -
Acid/amine equivalent 1.00 1.00 1.00
ratio (r) _
DMF
Item
Solubility* 1,4-DO S
THF _ S
Glass transition temp. (°C) 148 133 176 _
WﬁEnsile modulus (kgf/mm?) 180 170 219 “
Elongation (%) 6.02 5.81 5.94
Tensile strength (kgf/mm?) 5.33 5.13 5.82
Young’'s | @ 30°C GPa 2.05 1.58 1.94
modulus .
@ 250°C MPa < 0.5 < 0.5 0.80
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‘Table 2
Item PI-4 PI-5 | PI-6 | PI-7 jl
Acid ODPA 100 80 100 - “
compo-
nent BPDA - - - 50 :
(mole
ratio) BTDA _ - 20 - 50 ]I
" | aPB 70 40 90 - JI
; Amine
Recipe | compo- | BAPP 15 40 - 39 |
nent APPS 15 20 8 30
(mole _
ratio) | APDS - - 2 -
DPX - - - 30
PPA - - - 2
Acid/amine _ 1.00 1.00 0.98 1.00
equivalent (r)
DMF S . S S S
Solubility* 1,4-D0 s S S S
THF S s s s ]|
: Glass transition 151 138 150 158
temp. (°C)
Tensile modulus 211 196 205 229
(kg £ /mm?)
|[Elongation (%) | 5.52 4.91 5.73 5.83 “
Tensile strength 6.11 5.72 6.21 5.62
(kgf /mm?)
Young’s | @ 30°C GPa 1.62 1.34 2.25 1.54
| modulus
@ 250°C MPa < 0.5 < 0.5 1.18 0.60

Note: *: "S" means "soluble".
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(1) Preparation'of polyamic acid A .

In a four-necked flask equipped with a dfy
nitrogen-introducing tube, a condenser, a thermometer
and a stirrer was placed 213 g of dehydration-~purified
NMP, and vigorous stirring was conducted for ten
minutes while a nitrogen gas was allowed to flow.
Subsequently, 25.4519 g (0.0620'mole) of 2,2-bis[4-(4~-
aminophenoxy)phenyl ]Jpropane (BAPP), 4.2221 g (0.0310
mole) of 2,5-dimethyl-p-phenylenediamine (DPX) and
5.8590 g (0.0070 mole) of o,w-bis(3-aminopropyl)-
polydimethylsiloxane'(APPS) having an average molecular
weight of 837 were poured into the flask and the system
was heated to 60°C and stirred until the system became
uniform. After uniform dissolution, the system was
cooled in an ice-water bath to 5°C and to the solution
was added 31.0222 g (0.1000 mole) of 4,4'-oxydiphthalic
dianhydride (ODPA) in the form of powder in ten min-
utes and thereafter stirring was continued for five
hours to obtain a polyamic acid solution, during which

the flask was kept at 5°C.

(2) Preparation of polyamic acid B

In the same manner as in the preparation of
polyamic acid A, 303.6 g of NMP was vigorously stirred
for ten minutes while a nitrogen'gas was allowed to
flow. Subsequently, 11.4944 g (0.0280 mole) of 2,2-

bis[4~(4-aminophenoxy)phenyl ]propane, 1.9067 g (0.0140
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mole) . of 2,5-dimethyl-p-phenylenediamine and 48.5460 g |
(0.0580 mole) of a,e~bis(3-aminopropyl)polydimethyl-
siloxane having an average molecular weight of 837 were
poured into the NMP, and the system was heated to 60°C
and stirred until the system became uniform. After
uniform dissolution, the system was cooled to 5°C in an
ice-water bath and then 31.0222 g (0.1000 mole) of -
4,4’-oxydiphtha1ic dianhydride ﬁas added in the form of
powder to the solution in ten minutes, after which
stirring was continued for five hours, during which the

flask was kept at 5°C.

(3) Preparation of polyimide resin

| The same weights of polyamic acid A and
polyamic acid B were weighed and placed in a flask. At
this time, the average amount of siliconediamine was
32.5 mole % of the total amount of the amine compo-
nents. The nitrogen gas;introducing tube and the
condenser were taken.apart from the flask and the flask
was fitted with a Dean-Stark tube filled with xyleﬁe,
after which the xylene was fed to the flask. The ice-
water bath was replaced with an oil bath and the system
was heated while the water generated was taken out of
the system. When the system was heated for four hours,
the generation of water was not observed. After
cooling, the reaction mixture was poﬁred into a large
amount of methanol to precipitate a polyimide resin.

The solid content was separated by filtration and dried
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“under reduced pressure at 80°C for 12 hours to obtain a

solid resin. The infrared absorption spectrum of the
resin was measured by a KBr tablet method to confirm
absorption due to cyclic imido bond at 5.6 um; however,
no absorption due to amido bond at 6.06 um was not
confirmed. Thus, it was confirmed that the resin was
approximately 100% imidized. The acid/amine mole

ratios at this time were as follows:

a +b) =0.07, ¢/(a+b) =1,

(
e=1ii+k, d/(d +e) =0.58, (b + 31)/(L+k) = 2,
f/(d+e)=1, (a+d)/(a+b+d+e)=0.325.

It was confirmed that the polyimide resin thus obtained
was well dissolved in dimethylformamide (DMF), 1,4-
dioxane (1,4-DO) and tetrahydrofuran (THF). The glass

transition temperature was 166°C and the tensile

modulus was 215 kgf/mm?.

[Synthesis of polyimide resin PI-9]

In the same manner as in the synthesis of
polyimide resin PI-8, polyimide resin PI-9 was
obtained. The results of evaluation of these polyimide

resins are shown in Table 3.
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Table 3

“ - Item

——

P

I-8

Monomers

Polyamic
acid A

acid B

Polyamic

Polyamic
acid A

Polyamic
acid B

BAPP

62

. 28

APB

55

30

DPX

31

14

37

20

APPX

7

58

8

50

ODPA

100

100

30

27.5

BPDA

72.5

70

Mole ratio

a/(atb)

0.07

0.08

c/(atb)

1.00

1.025

d/(dte)

0.58

0.50

£/(d+e)

1.00

0.975

Mole ratio after
mixing '

2.0

1.49

(h+i)/(itk)
(BF7) /(7%
(a+d)/ (atbtd+e)

0.325

0.29

Solu-

bility
*

Glass transition
temp. (°C)

166

142

Tensile modulus
(kgf /mm?)

215

198

IlEloqggtion (%)

4.72

5.28

Tensile strength

6.77

6.54

(kgf/mm?)

e30°C

Young'’s GPa

1.52

1.62

dul
TOGUIE | e2s0°

MPa

<

0.5

0.64

Note:

-
—

*: "S" means "soluble".
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Exémple 1

s Sheet Has Been RTlaced i

DU i

In a glass flask were placed 100 g of

polyimide'resin PI-1 and 355 g of DMF, and they were
sufficiently stirred at room temperature to completely
dissolve the polyimide resin in DMF. After the uniform
dissolution, 40 g of a bisphenol A type epoxy'compound
(Epikote 828'manufactured by Yuka Shell Epoxy, Co.,
Ltd.) was added to the solution'énd.the resulting
mixture was stirred for two hours at room temperature.
After it was confirmed that the epoxy compound was
uniformly dissolved, 5.0 g of a resol resin (PR-50781
manufactured by Sumitomo Durez, Co., Ltd.) was
gradually added while the system was stirred. The
stirring was continued for a further two hours to
prepare:a heat resistant resin solution. This solution
composition did not gel and was kept in a uniform
solution state even when allowed to stand at room
temperature for five days.

The resin solution thus obtained was coated
on a planished stainleés steel plate by means of a
doctor blade to obtain a film having a thickness of 50
um. The drying temperature was at most 195°C and tﬁe
drying time was 20 minutes. Solubility, glass
transition temperature, tensile characteriétics and
Young'’s modﬁlus are shown in Table 4.

This varnish was coated on oné_side of a
polyimide film (Upilex SGA having a thickness of 50 um,

a trade name of Ube Industries, Ltd.) by means of a
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reverse roll coater, to obtain an adhesive tape in
which the thickness of the adhesive layer was 30 Mm.
The drying temperature was at moét 200°C and the drying
time was 15 minutes. This adhesive tape was subjected
to thermal-compression'bonding to a plate of 42 alloy
to prepare a test piece (Thermal compression bonding
was effected at 250°C for two seconds and after release
of pressure, annealing was effeéted.at 250°C for 30
seconds. Tﬁe pressure applied to the bonding surface
was 4 kgf/cm? as calculated from gauge pressure and
bbnding aréa). The results obtained by measuring a
180° peel strength in a tensile tester are shown in
Table 4. The bonding strength is the result of
measuring a 180° peal strength (drawing speed: 50

mm/min) at room temperature in the normal state and

after the treatment in a pressure cooker (125°C, 48

hours, R.H. 100%). At the ruptured cross-section of

- the test piece, the bonded resin layer underwent

cohesive failure and no bubble or void was found.

Example 2

The same varnish as in Example 1 was coated
on a biaxially oriented polyester filﬁ (Diafoil héving
a thickﬁess of 50 pm, a trade name of Diafoil Hoechst
Co., Ltd.) by means of a reverse roll coater, and after
drying; was peeled from the polyester film to obtain a
uniform moﬁolayer film adhesive having a.thickness of

30 ym free from support}' Peeling was easy and no
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~ particular trouble was caused. The results of bonding

to a plate of 42 alloy in the same manner as in Example

1 are shown in Table 4.

Examples 3 to 6
In the same manner as in Examples 1 and 2,
resin solutions were prepared with the recipés shown in
Table 4 and a film and an adhesive tape were obtained.
The evaluation results obtained are shown in Table 4.
Incidentally, the abbreviations shown in
Tables 4 to 10 have the following meanings: |
S in the "Solubility" section means that the
resin was dissolved in the corresponding solvent. The
glass transition temperature was determined by a DSC
measurement. The tensile test was conducted at room
temperature at a drawing speed of 5 mm/min.
YX-4000H: Biphehyl type epoxy compound, Epikote ¥X-
4000H manufactured by Yuka Shell Epoxy
Co., Ltd; |
EOCN-1020: Phenol-novolak type epoxy compound, EOCN-
1020 manufactured.by NIPPON KAYAKU CO.,
LTD.
Epikote 828: Bisphenol type epoxy compound,

manufactured by Yuka Shell Epoxy Co., Ltd.

PR-50781: Resol resin manufactured by Sumitomo Durez
Co., Ltd.
PR-175: Resol resin manufactured by Sumitomo Durez

Co., Ltd.
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PR~22193: Novolak resin manufactured by Sumitomo

Durez Co., Ltd.
PR-53647: Novolak resin manufactured by Sumitomb

Durez Co., Ltd.

Comparative Examples 1, 2 and 3

A film'composed only of each of polyimide
resins PI-1, PI-2 and PI-3 was prepared and the bonding
strength to a plate of 42 alloy was measured in the
same manner as in the Examples to obtain the results

shown in Table 5.

Comparative Example 4

An adhesive tape was obtained from a resin
prepared from only 100 g of polyimide resin PI-1 and 20
g of Epikote 828 and subjected to measurement of
bonding strength in the same manner as in the Examples
to obtain the results shown in Tablé 5.

From Tables 4 and 5, it can be seen that the
bonding strengths of the resin films of the Examples
are only slightly lowered even after absorption of
moisture; however, the bonding strengths of polyimide
resin films of the Comparative Examples after
absorption of moisture are.remarkably lower than those.

in the normal state.

i



Table 4

Recipe Example 1 | Example 2 | Example 3 | Example ¢ Example 5 | Example 6
Component (A) PI-1 - PI-1 PI-2 PI-3 '
(*1) .
Amount (9) 100 100 100 100
Component (B Epikote Same as YX-4000H | EOCN-1020 | Epikote Same as
P ( (.},2) p 828 left : P 828 left
Amount _ (g) 40 20 50 20 |
Component (C) PR-50781 PR-175 PR-53647 PR-22193
(*3)
Amount (g) 5.0 10 10 1.0
Characteristics .“
g »| DMF S
b g | 1,4-D0
i o
* THF ) S = k
Glass transition 125 134 111 158
temp. (°C) .

- to be continued ~
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Table 4 (continued)

2  |Modulus 203 196 188 220
E;r;‘: E (kgf/mm?) |
§%E Elongation (%) 5.54 5.46 5.92 5.73 '
H 0 |strength 5.12 5.24 5.08 . 5.64
(kgf/mm?)
Young’s | @30°C GPa 1.92 1.97 1.62 1.72
d
modulus | eo500c MPa 1.21 1.18 1.64 2.23
Film adhesive
Support to be coated Upilex Diafoil Upilex Upilex Upilex Diafoil
Bonding Normal 1.89 1.56*%%* 1.73 1.81 1.92 1.42%*
strength state
to 42
alloy After PC- 1.44 1.50%* 1.38 1.52 1.48 1,35%%*
(kgf/cm) treatment |
====———=g==g======g=

Note: *: "S" means "soluble".

**: Bonding strength when film adhesive was broken.

(*1): Polyimide resin

(*2):
(*3):

Epoxy compound

Compound having active hydrogen group which can react wiﬁh the epoxy compound.

1l
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Table 5.
Recipe Comp. Comp. Comp. Comp.
Ex. 1 Ex. 2 Ex. 3 Ex.
Component (A) PI-1 PI-2 PI-3
(*1)
Amount (g) 100 100 100 100 “
Component (B) - ~ - Epikote
(*2) 828
i Amount (9) - - -~
Component (C) - - -~
' (*3)
Amount (9) - - -
Bonding Normal 1.98 2.07 1.82
strength | state
to 42
alloy After PC~ 0.72 0.68 0.83
kgf/cm treatment

- Note: (*1):

(*2):

Polyimide resin

Epoxy compound

(*3): Compound having active hydrogen group
which can react with the epoxy compound.
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In a glass flask were placed 100 g of

Examplé 7

polyimide resin PI-4 and 355 g of DMF, and they were
sufficiently stirred at room temperature to completely
diésolve the polyimide ;esin in DMF. After uniform
dissolution, 40 g of bisphenol A type epoxy compound
{Epikote 828 manufactured by Yuka Shell Epoxy Co.,
Ltd.) was added to the solution and the resulting
mixture was stirred at room temperature for two hours,
after which it was confirmed that the epoxy compound
was uniforﬁly dissolved in the solution. With
stirring, 5.0 g of a resol resin (PR-50781 manufactured
by Sumitomo Durez Co., Ltd.) was gradually added to the
system, and stirring was continued for a further two
hours to prepare a heat resistant resin solution. This
solution composition did not gel even after allowed to
stand at room.temperature for five days and was kept in
the uniform solution state.

The resin solution thus obtained was coated
on a planished stainless steel plate by means of a
doctor blade to obtain a film having a thickness of 50
um. The drying temperature was at most 195°C and the
drying time was 20 minutes. Solubility, glass
transition temperature, tensile characteristics and
Young'’s modulus are shown in Tabie 6.

This varnish was coated on one side of a
polyimide film (Upilex SGA having a thickness of 50 um

manufactured by Ube Industries Co., Ltd.) to obtain an
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adhesive tape in which the thickness of adhesive layer'

- 49 -

. was 30 pm. The drying temperature was at most 200°C

and the drying time was 15 minutes. This adhesive tape
was subjected to thermal compression bonding to a plate
of 42 alloy to prepare a test piece (Thermal compres-
sion bonding was effected at 250°C for two seconds and
after release of pressure, annealing was effected at
250°C for 30 seconds. .The preséure applied to the
bonding surface was 4 kgf/chﬁ as calculated from the
gauge pressure and bonding area.), and a 180° peel
strength was measured in a tensile tester to obtain the
results shown in Table 6. The bonding strength means
the 180° peel strength at room temperature measured

(drawing speed: 50 mm/min) in the normal state and

ﬁ after.the treatment (125°C, 48 hours, R.H. 100%) in a

pressure cooker. At the ruptured cross-section of the

‘test piece, the bonded resin layer underwent cohesive

failure and no bubble or void was confirmed at all.

Examples 8 to 12

In the same manner as in Example 7, resin
solutions were prepared with the recipeé shown in Table
6 and films and adhesive tapes were prepared therefrom.

The evaluation results obtained are shown in Table 6.



Table 6

Recipe

Example 7 | Example 8 | Example 9 | Example Example
10 11
Component (A) PI-4 PI-4 PI-5 . PI-6
(*1)
Amount (g) 100 100 100 100
Component (B) Epikote Si‘me as YX-4000H | EOCN-1020 | YX-4000H
(*2) 828 eft
Amount (g) 40 20 50 20
Component (C) PR-50781 PR-175 | PR-53647 PR-175
(*3) .
Amount (g) 5.0 10 10 1.0
I Characteristics
5. | DMF S
ke |1,4-D0
S .
* THF S S
Glass tramnsition 118 137 116 132
temp. (°C)
- to be continued -~
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Table 6 (continued)

b 85 [Modulus 174 192 183 189
R (kg f/mm?)
1 m—
w ok Elongation (%) 5.43 5.28 5.14 5.42
% |strength 6.28 6.37 5.88 6.15
! (kgf/rm?)
Young’s @30°C GPa 1.45 1.75 1.15 2.03
dul '
moduius 1 ga50°c Mpa 0.92 1.56 1.49 2.40
Film adhesive
Support to be coated Upilex Diafoil Upilex Upilex Upilex Diafoil
Bonding Normal 1.88 1.42%%* 1.75 1.86 1.97 1.56%%*
strength state !
to 42 o
alloy After PC- 1.12 1.40%+ 1.08 1.05 1.34 1.48%+ |
(kgf/cm) | treatment

Note:

*%:; Bonding strength when film adhesive was broken.

(*1):
(*2):
(*3)

*: "S" means "soluble".

Polyimide resin

Epoxy compound

Compound having active hydrogen group which can react with the epoxy compound.

—
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Examples 13 to 17 .

In the same manner as in Example 7, resin
solutions were prepared with the recipes shown in Table
7, and films and adhesive tapes were prepared there-
from. The evaluation results obtained are shown in

Table 7.

Comparative Examples 5, 6 and 7

A film composed only of polyimide resin PI-4,
PI-5 or PI-6 was prepared, and the bonding strength to
a plate of 42 alloy was measured in the same manner as
in the Examples, and the results obtained are shown in

Table 8.

Comparative Example 8

An adhesive tape obtained from only 100 g of
polyimide resin.PI—4 and 20 g of Epikote 828 was
subjected to measurement of bonding strength in the
same manner as in the Examples to obtain the results

shown in Table 8.

Comparative Example 9

A film composed only of polYimide resin PI-7
was prepared, and the bonding strength to a plate of 42
alloy was measured in the same manner as in the

Examples to obtain the results shown in Table 8.



10

Sheet Has Been Reilaced

o T

An adhesive tape was prepared from a resin

Cdmparative Example 10

solution prepared only from 100 g of polyimide resin
PI-2 and 20 g of Epikote 828 and subjected to measure-
ment of bonding strength in the same manner as in the
Examples to obtain the results shown in Table 8.

Form the results shown in Tables 6 to 8,it is
seen that the bonding strengths.of the resin filﬁs of
the Examples are only slightly lowered even after the
moisture abs§rption} while the bonding strengths of the

polyimide resin films of the Comparative Examples after

. moisture absorption are remarkably lower than those in

the normal state.




Table

Recipe Example 13 | Example 14 Example 15 Example 16 | Example 17 J
Component (A) PI-2 PI-2 PI-7 PI-7
(*1)
Amount (9) 100 100 100 100
Component (B) EOCN-1020 YX-4000H YX-4000H | Epikote Same as
* left
(*2) 828
Amount (9) 50 20 20 20
Component (C) PR-53647 PR-175 PR-175 PR-22193
(*3)
Amount (g) 10 10 1.0 1.0
Characteristics "
9% | bMF S S S ||
b
* THF S S S S
Glass transition 111 122 139 142

.temp. (°C)

- to be continued -
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Table 7 (continued)

h 8% | Modulus , 188 190 207 210 |l
§§ E (kgf/mm")
w Qb Elongation (%) 5.92 5.37 6.03 6.12
% | strength 5.08 4.92 5.41 5.38
- (kg £/mn?)
Young's @30°C GPa 1.62 2,01 1.68 1.47 "
dul
moduius | gas0°c mpa 1.64 2.27 1.12 1.05 |
Film adhesive
Support to be coated Diafoil Upilex Upilex Upilex Diafoil
Bonding Normal 1.52%% 2.01 1.83 1.76 1.44%*
strength state
to 42
alloy After PC- 1.24%* 1.63 1.24 o 1.17 1.38%%
(kgf/cm) | treatment

Note:

*; "S" means "soluble".

**: Bonding strength when film adhesive was broken.

(*1): Polyimide resin

(*2): Epoxy compound

(*3):

Compound having active hydrogen group which can react with the epoxy compound.

- 00 -
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Table 8

Recipe Comp. - Comp. Comp. Comp. Comp. Comp. “
Ex. 5 Ex. 6 Ex. 7 Ex. 8 Ex. 9 Ex. 10
Component (A) PI-4 PI-5 PI-6 PI-4 PI-7 PI-2
(*1)
Amount (9g) 100 100 100 100 100 100
Component (B) - - - Epikote - Epikote
(*2) 828 828
Amount  (g) - - - 20 - 20 |
Component (C) - - - - - -
(*3)

Amount (9) - - - - - -
Bonding | Normal 1.57 1.83 2.14 1.38 1.72 1.86
strength || state
to 42
alloy After PC- 0.66 0.42 0.71 0.42 0.53 0.41

kgf/cm) treatment

- 909G -

Note: (*1): Polyimide resin
(*2): Epoxy compound

(*3): Compound having active hydrogen group
which can react with the epoxy compound.

LR
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In a_glass'flask were placed 100 g of

Ekample 18

polyimide resin PI-8 and 355 g of DMF, and they were
sufficiently stirred at room temperature to completely

dissolve the polyimide resin in DMF. After uniform

~dissolution, 40 g of bisphenol A type epoxy compound

(Epikote 828 manufactured by Yuka Shell Epoxy Co.,

Ltd.) was added to the solution and the resulting

" mixture was stirred at room temperature for two hours,

after which it was confirmed that the epoxy compound
was uniformly dissolved in the solution. With
stirring, 5.0 g of a resol resin (PR-50781 manufactured
by Sumitomo Durez Co., Ltd.) was gradually added to the
system, and stirring was continued for a further two
hours to prepare a heat resistant resin solution. This
solution composition did not gel even after allowed to
stand at room temperatﬁre for ten days and was kept in
the uniform éolution state.

The resin solution thus obtained was cbated
6n a planished stainless steel plate by means of a
doctor blade to obtain a film having a thickness of 50
um. 'The.drying temperature was at most 195°C and the
drying time was 20 minuies. Solubility, glass
transition teﬁperature and tensile characteristics are
shown in Table 9.

This varnish was coated on one side of a
polyimide film (Yupilex SGA having a thickness of 50

um, a trade name of Ube Industries Co., Ltd.) to obtain
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an adhesive tape in which the thickness of adhesive_.

layer was 30 ym. The drying temperature was at most
200%!énd the drying'time was 15 minutes. This
adhesive tape was subjected to thermal compression
bonding to a élate of 42 alloy to prepare a test piece
(Thermal compression bonding was effected at 250°C for
two seconds and after release of pressure, annealing
was effected at 250°C for 30 seconds. The pressure
applied to the bonding surface was 4 kgf/cm? as |
calculated from the gauge pressure and bonding area.),
and a 180° peel strength was measured in a tensile
tester to obtain the results shown in Table 9. The
bonding strength means the 180° peel strength at room
temperature or 240°C measured (drawing speed: 50
mm/min) in the normal state and after the treatment
(125°C, 48 hours, R.H. 100%) in a pressure cooker. At
the ruptured cross-section of the test piece, the
bonded resin layer underwent cohesive failure and no

bubble or void was confirmed at all.

Examples 19 to 23 |

In the same manﬁer as in Example 18, a heat
resistant resin soiution was prepared with the recipe
shown in Table 9 and a film or an adhesive tape was
prepared therefrom. The evaluation results obtained

are shown in Table 9.
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Comparative Examples-il and 12

In the same manner as.in Example 18, an adhe-
sive tape composed only of polyimide resin PI-8 and an
adhesive tape composed only of polyimide PI-9 were pre-
pared, and the bonding strengths to a plate of 42 alloy -

were measured to obtain'thé results shown in Table 10.

Comparative Example 13

An adhesive tape was prepared from a resin
composed only of 100 g of polyimide resin PI-8 and 20 g
of PR~50781 and subjected to measurement of bonding

strength in the same manner as in Example 18 to obtain

_ the results shown in Table 10.

Comparative Example 14

An adhesive tape was prepared from a resin
composed.only of 100 g of polyimide resin PI-8 and 20 g
of Epikote 828 and subjected to measurement of bonding
strength in the same manner as in Example 18 to obtain
the results shown in Table 10.

From Tables-9 and 10, it is seen that the
strengths at a high tempefature of the adhesive tapes
of the Comparative Examples after the treatment in a
pressure cooker are remarkably lower than those of the
adhesive tapes obtéined from the resin compositions of
the Examples.

From the above Examples, it is seen that a



TN

. £film adhesive excellent in heat resistance and 7 %/
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moldability is obtained by this invention.



Recipe Example Example Example Example Example Example
18 19 20 21 22 23
Component (A) PI-8 PI-8 PI-9 PI-9
(*1) :
Amount (9) 100 100 100 100
: : Same as - - _ Same as
Component (?12)_ Eplggge left YX-4000H | EOCN-1020 YX-4000H left
Amount (9) 40 20 50 20
Component (C) PR-50781 PR-175 PR-53647 PR-22193
(*3)
Amount (g) 5.0 5.0 1.0 5.0
Characteristics
g‘_g’ DMF
kgl1,4-p0
Gl
* THF S
Glass transition 144 155 112 127

temp.

(°C)

- to be continued -
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Table 9 (continued)

b 85 | Modulus 186 201 161 191 ll
g_% 4 (kg f/mm?)
|
wow Elongation (%) 5.98 .5.46 6.90 6.12
% |strength: 6.38 6.96 6.90 6.48
! (kgf/mm?)
Young’s @30°C GPa 1.55 1.28 2.01 1.68 “
dul
170" | e250°C Mpa 2.28 2.54 1.56 1.99 |
“ Film adhesive Jl
mSupport to be coated Upilex Diafoil ﬁpilex Upilex Upilex Diafoil J
Normal 2.43 1.66 2.80 1.80 2.00 1.45%%
‘Bonding state o
strength [after pc- 1.82 1.34 2.22 2.12 1.86 1.22%+
alloy treatment
(kgf/cm) @ RT i
After PC- 0.98 0.78%+ 0.72 0.99 0.95 0.68%*
treatment
@ 240°C

Note: *: "S" means "soluble”.

**: Bonding strength when film adhesive was broken.

(*1): Polyimide resin

(*2): Epoxy compound

(*3): Compound having active hydrogen group which can react with the epoxy compound.

SR,
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Table 10
Recipe Comp. Comp. . | Comp. Comp.
Ex. 11 Ex. 12 | Ex. 13 Ex. 14
Component (A) PI-8 PI-9 PI-8 PI-8
(*1) _
Amount  (g) 100 100 100 100 "
Component (B) - - - Epikote
(*2) 828
Amount (9) - - - 20 “
Component (C) - - PR-50781 -
(*3)
Amount (g) 1. - - 20 - "
Normal 2.71 2.43 1.88 2.25
Bonding state
t th
to a2 " I after pc- | 2.10 1.98 | 1.76 1.78
alloy treatment
(kgf/cm) @ RT
After PC- 0.36 0.20 0.18 0.23
treatment
@ 240°C o
Note: (*1): Polyimide resin

(*2): Epoxy compound

(*3):

Compound having active hydrogen group

which can react with the epoxy compound.

laced
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The case where a coupling agent is further

- 64 -

added to the heat resistant resin composition of this
invention is explained in detail below referring to

Examples}

Example 24

In a glass flask were placed 100 g of
polyimide resin PI-1 and 350 g of DMF, and they were
sufficiently stirred at room temperature to completely
dissolve the polyimide resin in DMF. After uniform
dissolution, 40 g of bisphenol A type epoxy compouﬁd
(Epikote 828 manufactured by Yuka Shell Epoxy Co.,
Ltd.) was added to the solution and the resulting
mixture was stirred at room temperature for two hours,
after which it was confirmed that the epoxy compound
was uniformly dissolved in the solution, and 5 g of a
silane coupling agent (trismethoxyethoxyvinylsilane,
KBC 1003 manufactured by Shin-Etsu Chemical Co., Ltd.)
was added and stirring was effected at room temperature
for one hour. After it was confirmed that the silane
coupling agent was completely dissolved in the solu-
tion, 5.0 g of a resol resin (PR-50781 manufactured by
Sumitomo Durez Co., Ltd.) was gradually added to the
system while the system was stirred. Stirring was
continued for a further two hours to prepare a heat
resistant resin solution. This solution composition
did not gel even after allowed to stand at room

temperature for five days and was kept in the uniform
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solﬁfion state; |

The resin solution thus obtained was coated
on a planished stainless steel plate by means of a
doctor blade to obtain a film having a thickness of 50
pm. The drying temperature was at most 195°C and the
drying time was 20 minutes. Solubility, glass
transition temperature, tensile characteristics and
Young’s modulus are shown in Table 11.

This varnish was coated on one side of a
polyimide film (Upilex SGA having a thickness of 50 um,
a trade name of Ube Industries Co., Ltd.) to obtain an
adhesive tape in which the thickness of adhesive layer
was 30 um. The drying temperature was at most 200°C
and the dryihg time, was 15 minutes. This adhesive tape
was subjected to thermal compression bonding to a plate
of 42 alloy to prepare a test piece (Thermal compres—
sion bonding was effected at 250°C for two seconds and
after release of pressure, annealing was effected at
250°C for 30 seconds. The pressure applied to the
bonding surface was 4 kgf/cm? as calculated from gauge
pressure and bonding area.), and a 180° peel strength
was measured in a tensile tester to obtain the results
shown in Table 11. The bonding strength means the 180°
peel strength at room temperature or 240°C measured
(drawing speed: 50 mm/min) in the normal state and
after the treatment (125°C, 48 hours, R.H. 100%) in a
pressure cooker. At the ruptured cross-section of the

test piece, the bonded resin layer underwent cohesive
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failure anﬂ no bubblé or void was confirmed at all.

Examples 25 to 29
In the same manner aé in Example 24, resin
solutions were prepared with the.recipes shown in Table
11 and films and adhesive tapes were prepared there-
from. .The evaluation results obtained are shown in
Table 11. |
Incidentally, the abbreviations for the cou-
pling.agent (D) used in Tablés 11 to 18 have the:
following meaningss
KBC 1003: Trismethoxyethoxyvinylsilane (manufactured by
Shin-Etsu Chemical Co., Ltd.)
KBE 1003: Triethoxyvinylsilane (manufactured by Shin-
Etsu Chemical Co., Ltd.)
KBM 573: N-Phenyl-y-aminopropyltrimethoxysilane (manu-

factured by Shin-Etsu Chemical Co., Ltd.)



Table 11

temp.

(°C)

Recipe Example Example Example Example Example
24 25 26 27 28
Component (A) PI-1 PI-1 PI-2 PI-~-3
(*1)
Amount (9) 100 100 100 100
Component (B) Epikote Sime as YX-4000H | EOCN-1020 Epikote
(*2) 828 eft . 828
Amount (g) 40 20 50 20
Component (C) PR-50781 PR-175 PR-53647 PR-22193
(*3)
Amount (g) 5.0 10 10 1.0
Component (D) KBC1003 KBE1003 KBM573 KBM573
(*4)
Amount (g) 5.0 10 5.0 1.0
Characteristics
EES DMF
»gl1,4-DO
o
% | THF S
Glass transition 129 138 121 155

-~ to be continued -




Table 11 (continued)

by & 5| Modulus 191 | 180 | 175 205 J
g.g E (kg£/mm¢) _
w @ | Elongation (%) 5.73 5.61 5.78 i 6.05
& | strength . 5.03 5.18 5.17 5.25
! (kg £/mm?) '
Young’s @30°C GPa 1.84 ' ' 2.11 1.47 1.83
dul
moduius | e2s50°¢ Mpa | 2.32 | 3.45 2.51 3.19

Film adhesive

Support to be coated ‘Upilex Diafoil Upilex Upilex 'ggilex Diafoil
Normal 1.89 1.24%%* 1.73 1.81 1.58 1.12%%
Bonding state
t th
to 220" | after pc- 1.44 1.30%+ 1.38 1.52 1.35 1.22+%
alloy treatment
(kgf/cm) | @ RT
After PC- 0.87 0.66*%* 0.92 0.90 0.84 0.68%*
treatment
@ 240°C

-~ 89 -

Note: *: "S§" means "soluble”.

**: Bonding strength when film adhesive was broken.
(*1): Polyimide resin (*2): Epoxy compound
(*3): Compound having active hydrogen group which can react with the epoxy compound.

(*4): Coupling agent
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‘Comparative Examples 15 to 18

A resin composition comprising the polyimidé
resin alone or in combination of one or two of the
components (B) to (D) was prepared. Subsequently, in
the same manner as in the Examples, adhesive tapes were

prepared and subjected to measurement of bonding

- strength to a plate of 42 alloy. The results obtained

are shown in Table 12.

From Tables 11 and 12, it is seen that the
bonding strengths of the resin films of the Examples
are only slightly lowered even after moisture absorp-
tion. Also, the hot bonding strengths after moisture
absorption are lower than those in the normal state;
however, as compared with the Comparative Examples, it
is possible to prevent the bonding strength from being

greatly lowered.



- 70
Table

12
Recipe Comp. Comp. Comp. Comp.
Ex. 15 Ex. 16 | Ex. 17 Ex. 18
" Component (A) PI-1 PI-2 PI-3 PI-1 o
(*1) '
Amount  (g) 100 100 100 100
Component (B) - EOCN- - Epikote
(*2) 1020 828
Amount  (g) - 50 - 20 “
Component (C) - PR~ PR-175 -
(*3) 53647
Amount (9) - 10 10 -
Component (D) - - KBM573 -~
(*4)
Amount  (g) - - 5.0 -
Normal 1.98 2.07 1.82 2.05
Bonding state :
t th
s o [ after pc- | 0.72 0.68 0.83 0.51
alloy treatment
(kgf/cm) @ RT
After PC- 0.24 0.43 < 0.1 0.26
treatment
@ 240°C

Note:

(*1): Polyimide resin

(*2): Epoxy compound

(*3): Compound having active hydrogen group
which can react with the epoxy compound.

(*4): Coupling agent
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'Eiémple 30

In a glass flask were placed 100 g of
polyimide resin PI-4 and 350 g of DMF,.and they'were
sufficiently stirred at room temperature to compleiely
dissolve the polyimide resin in DMF. After uniform
dissolution, 40 g of bisphenol A type epoxy compound
(Epikote 828 manufactured by Yuka Shell Epoxy Co.,
Ltd.) was added to the solution'and the resulting
mixture was stirred at room temperature for two hours,
after which it was confirmed that the epoxy compound
was ﬁniformly dissolved in the solution, and 1 g of a
silane coupling agent (trismethoxyethoxyvinylsilane,
KBC 1003 manufactured by Shin-Etsu Chemical Co., Ltd.)
was added and stirring was effected at room temperature
for one hour. After it was confirmed that the silane
coupling agent was completely dissolved in the
solution, 5.0 g of a resol resin (PR-50781 manufactured
by Sumitomo Duréz Co., Ltd.) was gradually added to the
system while the system was stirred. Stirring was
continued for a further two hours to prepare a heat
resistant resin solution. This solution composition
did not gel even after allowed to stand at room
temperature for five days and was kept in the uniform
solution state.

The resin solution thus obtained was coated
oﬂ a ﬁlanished stainless steel plate by means of a
doctor blade to obtain a film having a thickness of 50

pm. The drying temperature was at most 195°C and the
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drying time was 20 minutes. Solubility, glass
transition temperature, tensile characteristics and
Young’s modulus are shown in Table 13.

This varnish was coated on one side of a
polyimide film (Upilex SGA having a thickness of 50 um,
a trade name of Ube Industries Co., Ltd.) to obtain an
adhesive tape in which the thickness of adhesive layer
was 30 um. The drying temperatﬁre was at most 200°C
and the drying time ﬁas 15 minutes. This adhesive tape
was subjected to thermal compression bonding to a plate
of 42 alloy to prepare a test éiece (Thermal compres-
sion bonding waé effected at 250°C for two seconds and
after release of pressure, annealing was effeéted at
250°C for 30 seconds. The pressure applied to the
bonding surface was 4 kgf/cm? as calculated from gauge
pressure and bonding area.), and a 180° peel strength
was measured in a tensile tester to obtain the results
shown in Table 13. The bonding strength means the 180°
peel strength at room temperature or 240°C measured
(drawing speed: 50 mm/min) in the normal state and
after the treatment (125°C, 48 hours, R.H. 100%) in a
pressure cooker. At the ruptured cross-section of the
test piece, the bonded resin layer underwent cohesive

failure and no bubbie or void was confirmed at all.

Examples 31 to 35
In the same manner as in Example 30, a resin

solution was prepared with the recipe shown in Table

f . fp R
S hET
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13, and a film and an adhesive tape were prepared -

therefrom. The evaluation reSults obtained are shown

in Table 13.

Comparative Examples 19 to 22

_Résin compositions composed of the polyimide
resin alone or in combination with one or two compo-
nents of the components (B) to (D) were prepared.
Subsequently, in the same manner as in the Examples,
adhesive tapes were prepared and subjected to measure-
ment of bonding strength to a plate of 42 alloy. The
results obtained are shown in Table 14.

From the results in Tables 13 and 14, it is
seen that the bonding strengths of the resin films of
the Examples are only slightly lowered even after
moisture abéorption. Also, the boﬁding strengths at a
high temperature after moisture absorption are lower
than those in the normal state; however, as compared
with the Comparative Examples, it is possible to

prevent the bonding strength from being greatly

| lowered.



Table 13

Recipe Example Example Example Example Example Example
30 31 32 .33 34 35
Component (A) PI-4 PI-4 PI-5 PI-6
(*1) N
Amount (g) 100 100 100 100
: Same as - - - Same as
Component (?12) Eplggge left YX-4000H | EOCN-1020 XY-4000H left
Amount (9) 40 20 50 20
Component (C) PR-50781 PR~175 PR-53647 PR-175
(*3)
Amount (q) 5.0 10 10 1.0
Component (D) KBC1003 KBM573 KBC1003 KBM573
(*4)
Amount (g) 1.0 5.0 10 1.0
Characteristics
£ 6| DMF s
-
~
* | TaF S S
Glass transition 117 141 120 128

temp. (°C)

- to be continued -~




Table 13 (continued)

5'3§ Modulus 160 179 202 181

E'E i (kgf/mm?) \

@ %:; Elongation (%) 5.52 5.62 5.07 5.66
N Strength 6.25 6.44 5.53 6.10

(kg £/mm?)

Young'’s @30°C GPa 1.25 1.83 1.23 1.82
dul

modulus | @250°C MPa 1.14 1.62 1.27 2.13

Film adhesive

Support to be coated Upilex Diafoil Upilex Upilex Upilex Diafoil
Normal 1.63 1.26%% . 1.91 1.74 1.65 1.24%%*
Bonding state
t th
to a9 | After pC- 1.18 1.10%* 1.21 1.00 1.25 1.00%%
alloy treatment
(kgf/cm) | & RT
treatment
@ 240°C

Note: *: "S" means "soluble".
**3 Bonding strength when film adhesive was broken.
(*1): Polyimide resin (*2): Epoxy compound
(*#3): Compound having active hydrogen group which can react with the epoxy compound.

(*4): Coupling agent
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(*2):
(*3):

Epoxy compound

Table 14
Recipe - Comp. Comp. Comp. Comp;y
: Ex. 19 Ex. 20 | BEx. 21 Ex. 22
Component (A) PI-4 PI-5 PI-6 PI-4
(*1)
Amount (9) 100 100 100 100 “
Component (B) - XY- - Epikote
- (*2) 4000H 828
Amount (g) - - 20 - 20
Component (C) - PR~-175 PR- -
(*3) 53647
Amount  (g) - 10 10 - ll
Component (D) - - KBC1003 -
(*4)
Amount  (g) - - 10 - "
Normal 1.57 1.75 1.51 1.38
Bonding state
t th
taan " I after pc~ | 0.66 1.08 0.37 0.42
alloy treatment
(kgf/cm) @ RT
After PC-~ 0.18 0.32 < 0.1 < 0.1
treatment
@ 240°C
Note: (*1): Polyimide resin

Compound having active hydrogen group

which can react with the epoxy compound.

(*4):

Coupling agent
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Example 36 o | B Lo A

In a glass flask were placed 100 g.of
polyimide resin PI-2 and 330 g of DMF, and they were
sufficiently stirred at room temperature to completely
dissolve the bolyimide resin in DMF. After uniform
dissolution, 50 g of phenol-novolak type epoxy compound
(EOCN-1020 manufactured by NIPPON KAYAKU CO., LTD.) was
added.to the solutioh and the resulting mixture was:
stirred at room temperature for two hours, after which
it was confirmed that the epoxy compound was uniformly
dissolved in the solution, and 10 g of a silane
coupling agent (trismethoxyethoxyvinylsilane, KBC 1003
manufactured by Shin-Etsu Chemical Co., Ltd.) was added
and stirring was effected at rooﬁ temperature for one
hour. After it was confirmed that the silane qoﬁpling
agent waé completely dissolved in the solution, 10 g of
a novolak resin (PR-53647 manufactured by Sumitomo Du-
rez Co., Ltd.) was gradually added to the system while
the system was stirred. Stirring was continued for a
further two hours to prepare a heat resistant resin
solution. This solution composition did not gel even
after allowed to stand at room temperature for five
days and was kept in the uniform solution state.

The resin solution thus obtained was coated
on a planished stainless steel plate by means of a
doctor blade to obtain a film having a thickness of 50
pm. The drying temperature was at most 195°C and the '

drying time was 20 minutes. Solubility, glass
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transition-téﬁperature, tensile chaiactéristics ahd
Young’s modulus are shown in Table 15;

| This varnish was coated on one side of a
polyimide film (Upilex SGA having a thickness of 50 um,

a trade name of Ube Industries Co., Ltd.) to obtain an

adhesive tape in which the thickness of adhesive layer

‘'was 30 pm. The drying temperature was at most 200°C

and the drying time was 15 minufes. This adhesive tape
was subjected to thermal compression bonding to .a plate
of 42 alloy to prepare a test piece (Thermal compres-
sion bonding was effected at 250°C for two seconds and,
after release of pressure, annealing was effected at
250°C for 30 seconds. The pressure applied to the
bonding surface was 4 kgf/cm? as calculated from gauge
pressuré'and bonding area), and a 180° peel strength
was measured in a tensile tester to obtain the results
shown in Table 15. The bonding strength was obtained
by measuring a 180° peel strength (drawing speed: 50
mm/min) at room iemperature or 240°C in the normal
state or after the treatment (125°C, 48 hours, R.H.
100%) in a pressure cooker. At the ruptured cross-
section of the test piece, the bonded resin layer
underwent cohesive failure and no bubble or void was

confirmed at all.

Examples 37 to 41
| In the same manner as in Example 36, a resin

solution was prepared with the recipe shown in Table 15
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and a film and an adhesive tape were obtained there-

from. The evaluation results obtained are shown in

Table 15.

Comparative Examples 23 to 26

A resin composition comprising a polyimide
resin alone and resin compositions comprising a poly-
imide resin and one or two members selected from the
components (B) to (D) shown in Table 16 were prepared.
Subsequently, in the same manner as in Example 36,
adhesive tapes were prepared therefrom and subjected to
measurement of bohding strength to a plate of 42 alloy.

The results obtained are shown in Table 16.

.From the results in Tables 15 and 16, it is
seen that the bonding strengths of the resin films in
the Examples were only slightly lowered even after
moisture absorption. Also, the hot bonding strengths
after moisture absorption were lower than those in the
normal state; however, as compared with those in the
Comparative Examples, it is possible to prevent the

strength from being greatly lowered.



Table 15

Recipe Comp. Comp. Comp. Comnp. Comp. Comp.
Ex. 36 Ex. 37 Ex. 38 Ex, 39 Ex. 40 Ex. 41
Component (A) PI-2 PI-2 PI-7 PI-7
(*1)
Amount (9) 100 100 100 100
- Same as - - s Same as
Component (?12) EOCN-1020 left YX-4000H | YX-4000H Epgggte left
Amount (g9) 50 20 20 20
Component (C) PR-53647 PR-175 PR-175 PR-22193
(*3)
Amount (g) 10 10 1.0 1.0
Component (D) KBC1003 KBM573 KBE1003 KBMS73
(*4)
Amount (g) 10 5.0 1.0 1.0
Characteristics
o v | DMF S
H- O
E|1,4-D0 s
o1
% | THF S
Glass transition 118 130 145 140
temp. (°C)

-~ to be continued -
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Table 15 (continued)

;'g.*g Modulus 201 195 198 204
Lk (kgf/mm?)
he b
) 2_51 Elongation (%) 6.04 5.74 6.11 5.89
® | strength 5.35 5.16 5.20 4.92
| (kgf/mm’)
||Young’s @30°C GPa 1.57 1.83 1.88 1.32
dul
mocduits | a250°C Mpa 2.45 2.70 1.85 1.37
Film adhesive
Suggprt to be coated Upilex biafoil Upilex Aggilex Ugilex Diafoil
Normal 2.03 1.65%% 1.91 1.88 1.85 1.55%%
Bonding state
t h
| 25759 | after ec- 1.78 1.44%% 1.83 1.65 1.54 1.34%%
alloy treatment
(kgf/cm) @ RT _
After PC- 1.05 0.88%%* 1.12 0.94 1.04 0.91%*
treatment
@ 240°C

Note: +*: "S" means "soluble”.

*%: Bonding strength when film adhesive was broken.

(*1): Polyimide resin

(*2): Epoxy compound

(*3): Compound having active hydrogen group which can react with the epoxy compound.

(*4): Coupling agent

_’[8_
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Table 16 -
Recipe Comp. Comp. Comp. Comp.
Ex. 23 Ex. 24 | BEx. 25 Ex. 26
Component (A) PI-1 PI-1 PI-2 PI-1
(*1)
Amount (9) 100 100 100 100
Component (B) - XY~ - Epikote
(*2) 4000H 828
Amount (g) - 20 - 20 "
Component (C) - PR-175 PR~ -
(*3) 53647
Amount (g9) - 10 10 -
Component (D)' - - KBC1003 -
(*4)
Amount (g9) - - 1.0 -
Normal 2.07 2.01 1.43 1.86
Bonding state
t th
to 22 || After pc- | 0.68 1.63 0.35 0.41
alloy treatment
(kgf/cm) @ RT
treatment
@ 240°C
Note: (*1): Polyimide resin

(*2):
(*3):

Epoxy compound

Compound having active hydrogen group

which can react with the epoxy compound.

(?4):

Coupling agent
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Example 42 |

In a glass flask were placed 100 g of
polyimide resin PI-1 and 355 g of DMF, and they were
sufficiéntly stirred at room temperature to completely
dissolve the polyimide resin in DMF. After uniform
dissolution, 40 g of bisphenol A type epoxy compound
(Epikote 828 manufactured by Yuka Shell Epoxy Co.,
Ltd.) was added to the solution.and the resulting
mixture was stirred at room temperature for two hours,
after which it was confirmed that the epoxy compound
was uniformly dissolved in the solution, and 1 g of a
silane coupling agent (trismethoxyethoxyvinylsilane,
KBC 1003 manufactured by Shin-Etsu Chemical Co., Ltd.)
was added and stirring ﬁas effected at room temperature
for one hour. After it was confirmed that the silane
coupling agent was completely dissolved in the |
solution, 5 g of a resol resin (PR-50781 manufactured
by Sumitomo Durez Co., Ltd.) was gradually added to the
system while the system was stirred. Stirring was
continued for a further two hours to prepare a heat
resistant resin solution. This sélution composition
did not gel even after allowed to stand at room
temperature for five days and was kept in the uniform
solution state.

-The resin solution thus obtained was coated
on a planished stainless steel plate by means of a
doctor blade to obtain a film having a thickness of 50

pum. The drying'temperature was at most 195°C and the
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s

drying time was 20 minutes. Solubility, glasé - = %
transition temperature and tensile characteristics are
sﬁown in Table 17. |

This varnish was coated on one side of a
polyimide film (Upilex SGA having a thickness of 50 um,
a trade name of Ube Industries Co., Ltd.) to obtain an
adhesive tape in which the thickness of adhesive layer
was 30 pm. The drying temperature was at most 200°C
and the drying time was 15 minutes. This adhesive tape
was subjected to thermal compression bonding to a plate
of 42 alloy to prepare a test piece (The thermal
compression bonding was effected at 250°C for.two
seconds and, after release of pressure, annealing was
effected at 250°C for 30 seconds. The pressure applied
to the bonding surface was 4 kgf/cm? as calculated from
gauge pressure and bonding area.), and a 180° peel
strength was measured in a tensile tester to obtain the
results shown in T&ble 18. The bonding strength was
obtained by measuring a 180° peel strength (drawing
speed: 50 mm/min) at room temperature or 240°C in the
normal state or after the treatment (125°C, 48 hours,
R.H.'lod%) in a pressure cooker. At the ruptured
cross-section of the test piece, the bonded resin layer
underwent cohesive failure and no bubble or void was

confirmed at all.

Examples 43 to 47

In the same manner as in Example 42, heat
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resistant fesih'éélutiohs weré'prepared with the
recipes shown in Table ‘17, and films and adhesive taée;
were obtained therefrom. The evaluation results

obtained are shown in Table 17.

Comparative Examples 27 to 30

A resin éomposition comprising a polyimide
resin alone and resin compositibﬁs.comprising a boly-
imide resin and one or two components sélected from the
components (B) to (D) shown in Table 18 were prepared.
Subsequently, in the same manner as in Example 42,
adhesive tapes were prepared and subjected to.
measurement of a bonding strength to a plate of 42
alloy. The results obtained are shown in Table 18.

From the results in Tables 17 and 18, it is
seen thaﬁ the hot strengths of the adhesive tapes in
the Comparative Examples after the treatment in a
pressure cooker were remarkably lower than those of the
adhesive tapes obtained from the resin compositions in
the Examples.

From the above Examples, it is seen that this
inventioﬁ enables the prevention of the hot bonding
strength after moisture absorption from being greatly
lowered, whereby film adhesives excellent in heat

resistance and moldability can be obtained.



Table 17
Recipe Example Example Example Example Example Example
42 43 44 45 46 47
Component (A) PI-1 PI-1 PI-2 PI-2
(*1)
Amount (9) 100 100 100 100
: Same as Same as
X- - -

Component (?lz) Eplggg left YX-4000H | EOCN-1020 XY-4000H left

Amount (9) 40 20 50 20

Component (C) PR-50781 PR-175 PR-53647 PR-~22193

~(*3) ' :
Amount (g) 5.0 5.0 1.0 5.0
Component (D) KBC1003 KBM573 KBE1003 KBM573
| (*4)

Amount (g) 1.0 5.0 10 1.0
Characteristics
o.% | DMF
b g
~
* THF
Glass transition 140 149 125 132
temp. (°C)

- to be continued -
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Table 17 (continued)

~ L8 -

b8 2| Modulus \ 175 | 199 159 201
E§§ (kgf/mm?)
wob Elongation (%) 5.88 5.52 6.68 6.01
& | strength 6.25 7.05 6.78 |  6.55
' (kgf/mm?)
Young's @30°C GPa 1.64 - 1.56 1.98 1.28
d _
modulus  ['er500°¢ mpa 2.55 2.85 2.01 1.68
Film adhesive '
Support to be coated Upilex Diafoil Upilex Ugilex' Upilex Diafoil
| Normal 2.48 1.70 2.68 2.10 1.99 1.65%*
Bonding state '
t th
to 290 | After pc- 2.11 1.55 2.30 2.12 2.01 1.48%+
alloy treatment ' '
(kgf/cm) | @ RT . .
After PC- 1.02 0.89%* 0.88 1.05 0.99 0.86%*
treatment '
@ 240°C
| — ——_

Note: *: "S" means "soluble".
**: Bonding strength when film adhesive was broken.
(*1): Polyimide resin (*2): Epoxy compound
(*3): Compound having active hydrogen group which can react with the epoxy compound.

(*4): Coupling agent
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(*2):
(*3):

Epoxy compound

Compound having active hydrogen group

Table 18
- ;—-—-—r_—
Recipe Comp. Comp. | Comp. Comp.
Ex. 27 Ex. 28 | Ex. 29 Ex. 30
Component (A) PI-1 PI-2 PI-1 PI-1
Amount (9) 100 100 100 100 n
Component (B) - XY- - Epikote
- (*2) 4000H 828
Amount  (g) - 20 - 20
Component (C) - PR-175 PR~ -
(*3) 50781
Amount (9) - 10 20 - J
Component (D) - - KBC1003 -
(*4)
Amount '(g) - - 10 -~ AJ
Normal 2.71 2.20 2.01 1.99
Bonding state
t th
2o a9 " | after pc- | 2.10 1.65 1.55 1.64
alloy treatment
(kgf/cm) € RT
After PC- | 0.36 0.15 0.15 0.11
treatment
@ 240°C
Note: (*1): Polyimide resin

which can react with the epoxy compound.

(*4):

Coupling agent
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1. ' A heat resistant resin composition,

|
|
WHAT IS CLAIMED IS: |

characterized by comprising, as the main components,

(A) 100 parts by weight of an organic solvent-soluble
polyimide resin having a glass transition tempera-
ture of 350°C or less, |

(B) 5 to 100 parts by weight of an epoxy compound
having at least two epoxy-groups in one molecule,
and

(C) 0.1 to 20 parts by weight of a compound having an
active hydrogen grdup which can react with the
epoxy compound (B).

2. The heat resistant resin composition

according to Claim 1, characterized in that the

component (A) is a polyimide resin comprising a

diaminosiloxane compound represented by the fplléwing

general formula (1) in an amount of 5 to 50 mole % of

the total amount of the amine components:

AV
HoN—R,—{$i-0 ?i"'ﬁz“NHz (1)

wherein R, and R; represent independently divalent
aliphatic groups having 1 to 4 carbon atoms or divalent
aromatic groups; Rss Rir R and R, represent indepen-
dently monovalent aliphatic or aromatic groups; and m

represents an integer of 1 to 20.

* [ L M S *
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according to Claim 1, characterized in that the
polyimide resin (A) comprises, as the main acid
component, 4,4’'-oxydiphthalic dianhydride and, as the
main amine components, the diaminosiloxane compound
represented by the general formula (1) as recited in
Claim 2 and 1,3-bis(3-aminophenoxy)benzene.

4. The heat resistant résin composition accord-
ing to Claim 1, characterized in that the polyimide
resin (A) comﬁrises, as the main acid components,
3,3’,4,4’-biphenyltetracarboxylic dianhydride and
3,3',4;4'-benzophenonetetracarboxylic dianhydride and,
as the main amine components, the diaminosiloxane
compound represented by the general formula (1) as
recited in Claim 2 and at least one diamine selected
from the group consisting of 2,2-bis[4-(4-amino-
phenoxy)phenyl Jpropane, 1,3-bis(3-aminophenoxy)benzene
and dimethylphenylenediamine.

5. The heat resistant resin composition accord-
ing to Claim 1, characterized in that the component (A)
is a polyimide resin obtained by mixing:

a polyamic acid A obtained by reacting g,moles of a

siliconediamine represented by the following formula

(2)s
CHy
NHz—(CH2)3~€|-O Si—(CH,)3~NH, (2)
CH:, N

* [ L M S *
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wherein mhis an integerlof l to 13, and b moles of .

- 91 -

another diamine as the amine components with ¢ moles of
at least one tetracarboxyllc dianhydride selected from
the group consisting of 4,4’-oxydiphthalic dianhydride,
3,3’,4,4’'-biphenyltetracarboxylic dianhydride and
3,3",4,4'-benzophenonetetracarboxylic dianhydride as
the acid component wherein a, b and ¢ satisfy the
following relations: N
0.02 < a/(a +b) < 0.10 and
0.960 < c/(a + b) < 1.04,

with a polyamic acid B obtained by reacting d moles of
a siliconediamine represented by the above formula (2)
and e moles of another diamine as the amine components
with £ moles of at least one tetracarboxylic dian-
hydride selected from the group consisting of 4,4'-
oxydiphthalic dianhydride, 3,3',4,4’-biphenyltetra-
carboxylic dianhydride and 3,3’,4,4’'-benzophenone-
tetracarboxylic dianhydride as the acid component
wherein d, e and £ satisfy the following relations:

0.20 < d/(d + e) £ 0.70 and

0.920 < £/(d + ) < 1.10

in such a proportion that 0.12 < (a + d)/(a +b +d +
e) £ 0.50, and then imidizing the mixture.

6. The heat resistant resin composition

-

) 0 A A VA
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according to .any one of Claims 1 to 5, characféiiigé by
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further comprising, as another component,

(D) 0.1 to 50 parts by weight of a coupling agent.

7. The heat resistant resin composition

according to Claim 6, characterized in that the

component (D) is a silane coupling agent.

8. A heat resistant film adhesive, characterized.

by comprising, as the main compbnents,

(A) 100 parts by weight of an organic solvent-sdluble
polyimide resin having a glass transition tempera-
ture of 350°C or less,

(B) 5 to 100 parts by weight of an epoxy compound
having at least two epoxy groups in one molecule,
and

(C) 0.1 to 20 parts by weight of a compound having an
active hydfogen group which can react with the
epoxy compound (B).

9. : The heat resistant f£ilm adhesive according to

Claim 8, characterized in that the component (A) is a.

polyimide resin comprising a diaminosiloxane compound

represented by the general formula (1) as recited in

Claim 2 in a proportion of 5 to 50 mole % of the total

amount bf the amine components.

10. The heat resistant film adhesive according to

Claim 8, characterized in that the component (A) is a

polyimide resin comprising, as the main acid component,

4,4'-oxydiphthalic dianhydride and, as the main amine

components, a diaminosiloxane compound represented by

* c L M b *
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the general formula (1) as recited in Claim 2 and 1 3~
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bis(3—aminophenoxy)benzene.

11. The heat resistant film adhesive according to
Claim 8, characterized in that the component (A) is a
polyimide resin comprising, as the main acid compo-
nents, 3,3',4,4'-biphenyltetracarboxylic dianhydride
and 3,3,4,4'-benzophenonetetracarboxylic dianhydride
and, as the main amine components, the diaminosiloxane
compound represented by the general formula (1) as
recited in Claim 2 and at least one diamine selected
from the group consisting of 2,2-bis[4-~(4-amino-
phenoxy)phenyl]prépane, 1,3-bis(3-aminophenoxy)benzene
and dimethylphenylenediamine.

12. The heat resistant film adhesive according to
Claim 8, characterized in that the component (A) is a
polyimide resin obtained by mixing:

a polyaﬁic acid A obtained by reacting a moles of a
siliconediémine represented by the formula (1) as
reéited in Claim 2 and b moles of another diamine as
the amine components with ¢ moles of at least one
tetracarboxylic dianhydride selected from the group
consisting of 4,4’-oxydiphthalic dianhydride,
3,3’,4,4'-biphenyltetracarboxylic dianhydride and
3,3’,4,4'-benzophenonetetracarboxylic dianhydride as
the acid componént wherein‘g, b and ¢ satisfy the

following relations:

0.02 < a/(a + b) £ 0.10 and

* C L M 5 %
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c/(a + b) < 1.04,

0.960 < ¢
with a polyamic acid B obtained by reacting d moles of
a siliconediamine represented by the formula (1) as
recited in Claim 2 and e moles of another diamine as

. the amine components with £ moles of at least one
tetracarboxylic dianhydride selected from the group
consisting of 4,4’-oxydiphthalic dianhydride,
3,37,4,4'-biphenyltetracarboxylic dianhydride and
3,3',4,4'-benzophenoﬁetetracarboxylic dianhydride as
the acid component wherein d, e and f satisfy the

following relations:

0.20 < d/(d + ¢) £ 0.70 and

0.920 < £/(d + ¢) < 1.10,
in such a proportion that 0.12 < (4 + d)/(a +b +d +
e) £ 0.50 and then imidizing the mixture.
13. The heat resistant film adhesive according to
any one of Claims 8 to 12, characterized by further
comprising, as another component,
(D) 0.1 to 50 parfs by weight of a coupling agent.
14. The heat resistant film adhesive according to
Claim 13, wherein the component (D) is a silane
coupling agent;
15. A process for producing a heat resistant film
adhesive, characterized by casting a solutipn of the

heat resistant resin composition according to any one

* C L L} S *
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of Claims 1 to 7 on one 51de or both sides of a

support.

16. The process for producing a heat resistant
film adhesive according to Claim 15, characterized in
that the solvent for the solution of the heat resistant
resin composition is an organic solvent having a
boiling point of 200°C or less, and after the casting,
the casted film is dried and thén.peeled from the

support.

* c L n S *



