DESCRIPTION POLITIMIDE RESIN COMPOSITION, ADHESIVE AGENT AND LAMINAI E EACH
COMPRISING SAME, AND DEVICE TECHNICAL FIELD [0001] The present invention relates to a
polyimide resin composition, and adhesive agent, a laminate, and a device each including the
polyirnide resin composition. BACKGROUND ART [0002] Conventionally, polyamide-imide-based
and polyamide-based hot-melt adhesive agents (see Patent Document 1), polyimide-based adhesive
agents (see Patent Document 2), and thermosetting polyimide-based adhesive agents (see Patent
Documents 3 and 4) have been proposed as heat-resistance adhesive agents which are capable of
thermocompression bonding. However, the adhesive agents in Patent Document | have highly
hydrophilic amide groups, and have a high w. ion coefficient, which are thus not appropriate
as adhesive agents for electronics applications requiring reliability. In addition, the adhesive agents in
Patent Documents 2 to 4 are not appropriate for electronic components sensitive to heat or pressure,

or for app'iCatiW@@M@W@WWW@N@@MQ@@@KW&@E@R@pmm pression
bonding: 275C; 50 kgf/cm2; and 3 qu ’3'\%@ %Q }?g\ﬂmfr hand, adhesive agents such as
epoxy types, phenol types, and acry pes ave advantage of being capable of
thermocompression bonding at relatively low temperature and low pressure. However, these
thennosetting agitagivie agemnts thus not only require a long period of time for curing, but also have
insufficient hea[lro{)%?;stance [0004] resistance. However, the polynnide-based adhesive agents have

the problem of dhesion to inorganic base materials such as silicon, ceramics, and metals. [0005]
In contrast, it has beeA s ppgaidnrertivieraltedion I@iﬂ@é‘ﬁs@%%ﬁ%ﬁ%th@gﬂ%@wansition

temperature of;gedyiaigsithiguah daevivtraduchandaippiongraiaie akiphalisyskeiaton or silicone skeleton
in a polyimide skeleton (for example, see Patent Documents 5 and 6). Prior Art Documents Patent
Documents [0006] Patent Document 1: J P-A-1-282283 Patent Document 2: JP-A-1-58-157190 Patent
Document 3: JBACHEROIBNBERPatent Document 4: JP-A-1-62-235383 Patent Document 5:
JP-A-1-5-1253Rip@@atent Document 6: JP-A-1-2004-176046

Conventionally, polyamide-imide-based and polyamide-based hot-melt
adhesive agents (see Patent Document 1), polyimide-based adhesive agents (see Patent
Document 2), and thermosetting polyimide-based adhesive agents (see Patent
Documents 3 and 4) have been proposed as heat-resistance adhesive agents which are
capable of thermocompression bonding. However, the adhesive agents in Patent
Document 1 have highly hydrophilic amide groups, and have a high water absorption
coefficient, which are thus not appropriate as adhesive agents for electronics
applications requiring reliability. In addition, the adhesive agents in Patent Documents
2 to 4 are not appropriate for electronic components sensitive to heat or pressure, or for
applications requiring mass productivity, because of standard conditions for
thermocompression bonding: 275°C; 50 kgf/cm?; and 30 minutes.

[0003]

On the other hand, adhesive agents such as epoxy types, phenol types, and
acrylic types have the advantage of being capable of thermocompression bonding at
relatively low temperature and low pressure. However, these thermosetting adhesive
agents thus not only require a long period of time for curing, but also have insufficient
heat resistance. '

[0004]
For these reasons, polyimide-based adhesive agents have been studied which

have no need to be thermally cured for use as an adhesive agent, and have excellent heat




DISCLOSURE OF THE INVENTION PROBLEMS TO BE SOLVED BY THE INVENTION [0007]

The polyimide with a large amount of aliphatic skeleton introduced has a low glass transition
temperature, and also has rubber-like elasticity, and the adhesion is thus Unproved to some extent,
However, the heatproof temperature (thermal decomposition temperature) is lowered, and the
polyimide is thus not appropriate as, in particular, an adhesive agent for a device with high heat
generation, such as a power device. In addition, the polyimide with a large amount of silicone skeleton
introduced may be not only generally expensive but also cause defective contact, or the like due to the
volatilization of cyclic siloxane. Therefore, the polyimide with a large amount of silicone skeleton

introduced is aj3g.nQt APAERRKALE A3 AN AIRSIEAIANIOL 2ARVIES 0BRbIcm JFigPresent invention

has been achieved in view of the circumstances, and_an object of the present invention is to provide a
polyimide resirfEsHipbSIBRTEMLP BaTT paigeigls sich 45 B tsSneRtHRIEat resistance and excellent
low-temperatufé@dhesion, as well as an adhesive agent, a laminate, and a device including the

polyimide resin compaiigf SO HTIRNS, 0T BORHENS 10008keq 1yAsamalrRolymides

obtained from aromatic diamines and aromatic tetracarboxylic dianhydrides generally have high heat
resistance, but86% ZIAMERSH FRFETHS REWBANIES diPusiaiesiBlodirise ﬁ?%?eé??@édﬂfi’rintroducing,
into an aromatidiplodiiinsldésten skeldimmadgrlechiiommlsiiodn ekdlemmiriéor Homelg rsahBaskeleton derived
from a siliconegiaming Jngdergoes the volatilization of cyclic siloxane due to thermal decomposition or
the like, or the volatilization of the unpolymerized silicone diamine, thus can be introduced only in not
more than a certain amount, and it is difficult to achieve desired low-temperature adhesion only with
the certain amdauiot afSRetetomtsTherefore, as a result of intensive studies, the inventors have found
that a balance pghyass.sxegilent low-temperature adhesion and heat resistance can be achieved by
further introducing a skeleton derived from an aliphatic diamine in addition to a skeleton derived from a
silicone diamint’ @rthermore, the inventors have found that an inventive method for introducing the
skeleton derivéthfrarP@wieorie Bidmird8 22483 reduce the volatilization of cyclic siloxane or
unpolymerizedsilicepg Qiamine 1p.anhagee-thy heat resistance, The present invention has been
achieved on thg basis of this f'rg?in .g)ﬁgelorgf A first aspect of the present invention relates to a
polyimidc resin 86%6%%?%“5% g}gé g’ eB%ent including the polyimide resin composition. [1]A
polyitnide resinPetsmipdsitiorninE|IRifg ©PHabjikiide obtained by condensation of: a diamine component
containing an grgmatedigaine Aarapsgsented by any of the following general formula (1-1) to (1-3),

a silicone diamjpc (B) represent y. the following general formula (2) and an aliphatic diamine (C)
represented bywﬁ%%x(lf %;v%?ﬁ%ﬁggeﬁg?jgﬁb}%ﬁqﬁ?@){%gnd an acid anhydride component containing an
aromatic tetracarboxylic dianhydride (D) represented by the following general formula (4). [Chemical

Formula 1l] prfortbsaenerahformutastiihoR represents an integer of | to 20.) [Chemical Formula 2]
NH 2 (1-2) -"NldBp1 eMSs TO BE SOLVED BY THE INVENTION
[0007]

The polyimide with a large amount of aliphatic skeleton introduced has a low
glass transition temperature, and also has rubber-like elasticity, and the adhesion is thus
improved to somé extent. However, the heatproof temperature (thermal decomposition
temperature) is lowered, and the polyimide is thus not appropriate as, in particular, an
adhesive agent for a device with high heat generation, such as a power device. In
addition, the polyimide with a large amount of silicone skeleton introduced may be not
only generally expensive but also cause defective contact, or the like due to the
volatilization of cyclic siloxane. Therefore, the polyimide with a large amount of
silicone skeleton introduced is also not appropriate as an adhesive agent for a device.
[0008]

The present invention has been achieved in view of the circumstances, and an
object of the present invention is to provide a polyimide resin composition that can
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(1 -3) [Chemical Formula 4] riaA31- i Ft2N- P31- SIR2-N142- (2) A4fl4M (In the general foimula
(2), R and R2 each independently represents a divalent aliphatic group having 1 to 5 carbon atoms or
a divalent aromatic group having 6 or more carbon atoms, R3 and R4 each independently represents
a monovalent aliphatic group having | to 5 carbon atoms or a monovalent aromatic group having 6 or
more carbon atoms, and m represents an integer of | or more.) [Chemical Formula 5]
H2N-Ft54C,H2"-X3-Rg-N112 (3) (in the general formula (3), R5 and Itc, each independently
represents an organic group including at least one selected from a group consisting of a carbonyl
group, an oxycarbonyl group, an aromatic group having 6 or more carbon atoms, and an aliphatic

group having Qg Q. MBLE. £ BAR A0 High ?1%5?{%'5?&8{&%3&%ei@éném%w:@'gﬂéfaﬂe‘%ési&nteprese”ts an
integer of 1 to 50, and n represents an mtelger, of 1 or more.) [Chemical Formula 6] oo Islll cc r\ O\O (4)
VC110 as weﬂ as an adhesive agent, a Iaminate, and a device including the polyimide resin

composition,

SOLUTIONS TO THE PROBLEMS
[0009]

Aromatic polyimides obtained from aromatic diamines and aromatic
tetracarboxylic dianhydrides generally have high heat resistance, but low adhesion.
Thus, the low-temperature adhesion can be increased by introducing, into an aromatic
polyimide, a skeleton derived from a silicone diamine. However, the skeleton derived
from a silicone diamine undergoes the volatilization of cyclic siloxane due to thermal
decomposition or the like, or the volatilization of the unpolymerized silicone diamine,
thus can be introduced only in not more than a certain amount, and it is difficult to
achieve desired low-temperature adhesion only with the certain amount of skeleton.
Therefore, as a result of intensive studies, the inventors have found that a balance
between excellent low-temperature adhesion and heat resistance can be achieved by
further introducing a skeleton derived from an aliphatic diamine in addition to a
skeleton derived from a silicone diamine. Furthermore, the inventors have found that
an inventive method for introducing the skeleton derived from a silicone diamine can
reduce the volatilization of cyclic siloxane or unpolymerized silicone diamine to
enhance the heat resistance. The present invention has been achieved on the basis of
this finding.

[0010]

A first aspect of the present invention relates to a polyimide resin composition
and an adhesive agent including the polyimide resin composition.

[1] A polyimide resin composition including a polyimide obtained by condensation
of: a diamine component containing an aromatic diamine (A) represented by any of the
following general formula (1-1) to (1-3), a silicone diamine (B) represented by the
following general formula (2) and an aliphatic diamine (C) represented by the following
general formula (3); and an acid anhydride component containing an aromatic
tetracarboxylic dianhydride (D) represented by the following general formula (4).
[Chemical Formula 1]




(In the general formula (4), R7 represents a single bond, an oxygen atom, or a carbonyl group.) [2]The
polyimide resin composition according to [1], wherein the aromatic diamine (A) is represented by the
following general foimula (1), the aliphatic diamine (C) is represented by the following general formula
(3-1), and the aromatic tetracarboxylic dianhydride (D) is represented by the following general formula
(4-1). [Chemical Formula 7] (In the general foimula (1), n represents an integer of | to 20,)
[Chemical Formula 8] H2N-NiC,Ft2,-C)1190*12(3-11 (In the general formula (3-1), R5 and B.6
each independently represents an organic group including at least one selected from a group
consisting of a carbonyl group, an oxycarbonyl group, an aromatic group having 6 or more carbon
atoms, and an aliphatic group having one or more carbon atoms. 1 represents an integer of | to 50,

and n represents integer of | ar morke.) [Chemical Formula9]0 0 (4-1}1/11
p o ! Dl mez (1-1) | i
ot 7

(In the general formula (1-1), n represents an integer of 1 to 20.)

[Chemical Formula 2]

WA 0D

[Chemical Formula 3]

HoN L/~ ==\ L0, ==\ _NH,
s '/"\\‘ 7\ // e(1-8)

[Chemical Formula 4]

Wl
HQN-—Rr?{O —%i*}RfNHZ e (2)
R R

4 4 - m

(In the general formula (2), R; and R, each independently represents a divalent
aliphatic group having 1 to 5 carbon atoms or a divalent aromatic group having 6 or
more carbon atoms, R; and R4 each independently represents a monovalent aliphatic
group having 1 to 5 carbon atoms or a monovalent aromatic group having 6 or more
carbon atoms, and m represents an integer of 1 or more.)

[Chemical Formula 5]
HgN"“Rs’('CnHz,,'X‘);RB“NHz v ()

(In the general formula (3), Rs and Rg each independently represents an organic
group including at least one selected from a group consisting of a carbonyl group, an
oxycarbonyl group, an aromatic group having 6 or more carbon atoms, and an aliphatic
group having one or more carbon atoms. X represents -O-, -S-, -NH-, -ONH-, or -OS-.
1 represents an integer of 1 to 50, and n represents an integer of 1 or more.)

[Chemical Formula 6]




00 (Inthe general formula (4-1), R7 represents a single bond, -0-, or a carbonyl group.) [3]The
polyirnide resin composition according to [1] or [2], wherein the aliphatic &amine (C) is a diamine
represented by the following general formula (3a), Or a diatnine represented by the following general
formula (3b). [Chemical Formula 10] o (In the general formula (3a), o represents an integer of 1
to 50.) [Chemical Formula 11] H2N4-011-dr12-0+(c4 -0 CH3 CH2-04-01042-CH-NH2 MA CH3

) él
o | \Lag ) (4)
3 X X

fl I\

o o

(In the general formula (4), R; represents a single bond, an oxygen atom, or a
carbonyl group.)
[2] The polyimide resin composition according to [1], wherein the aromatic
diamine (A) is represented by the following general formula (1), the aliphatic diamine
(C) is represented by the following general formula (3-1), and the aromatic
tetracarboxylic dianhydride (D) is represented by the following general formula (4-1).

[Chemical Formula 7]

HeN He
t\O——ofO—oj—@ (1)
27 2P

(In the general formula (1), n represents an integer of 1 to 20.)
[Chemical Formula 8]

HZN—RS‘(C,.HQ,,“O )-'RfNHe (@3-

(In the general formula (3-1), Rs and Rg each independently represents an
organic group including at least one selected from a group consisting of a carbony!
group, an oxycarbonyl group, an aromatic group having 6 or more carbon atoms, and an
aliphatic group having one or more carbon atoms. 1 represents an integer of 1 to 50,
and n represents an integer of 1 or more,)

[Chemical Formula 9]

Q
b
F S
O o
(In the general formula (4-1), R; represents a single bond, -O-, or a carbonyl
group.)




(In the general formula (3b), p, g, and r each independently represent an integer of O to 10.) [4] The
polyimide resin composition according to any of [1] to [3], wherein the polyimide is a block copolymer
includes: an irnide block bl obtained from the silicone diamine (B) and the aromatic tetracarboxylic
dianhydride (D); and an imicle block 1)2 obtained from the aromatic diamine (A), the aliphatic diamine
(C), and the aromatic tetracarboxylic dianhydride (D), the imide block (2) introduced at either end of
the imide block bl. [5] The polyimide resin composition according to any of [1] to [4], wherein the
polyimide is obtained through the steps of: obtaining an oligomer by polycondensation of the silicone
dianaine (B) and the aromatic tetracarboxylic dianhydride (D) of more than | mol per inol of the silicone
diamine (B); ar;% ubjectin the I| omer to fur;[her onde:[?iatl h theﬂ?r qtlc diaminc (A) and
the aliphatic didmine ?é) *?gf THE® po iﬂﬁﬁ ?Selslf)ﬁléocr(ﬁpo |ng 81%1n§' %f‘f t6 [5], wherein
the ratio of the detalnsu@ber diemilerprtshetedrbribtiéobinriaagmyshidmbta §ldona diamine (B) is 0.01
to 0.6 to the to@gﬁg{pgg;@gmlggstgg ;t;goqig@géggl @rigr@mmgg}: tetracarboxylic dianhydride
constituting th?@11 Ixumlpl}g polylmlde resin composition according to any of [1] to [6], wherein
the composition'has a glass rans tion temperature of 40 to 150C, and a thermal decomposition
temperature of BQRC or mye. [8] The polyimide resin composition according to any of [1] to [7],
further including an@g% lg_p@mé resin ggmposition according to any of [1] to [8],
further including on more c poun sel d from a group consisting of epoxy compounds,
acrylate compounds, isocyanate compounds, maleimide compounds, and nacihnide compounds. [10]
The polyimide resin cdinssisariddesrdindeo ansreBprseniokgerthérimtluding a polar solvent. [11]
An adhesive agenésRaPUSHgthe polyimide resin composition according to any of [1] to [10]. [0011]
A second aspect of the present invention relates to a laminate and a device each including the
polyimide resin comp@Sition. [12] A lamipate including: a bf&e material; and a resin layer comprising
the polyimide, reﬁth‘@(?l"np%'sTS Eording t8:arfy oP TTFHe T8 M resin fﬁ'if’er placed on the base
material, [13] A laminate |nclud|ng a base matéifal; and a resin layer placed on the base material,
wherein the resin layer.is feinted temper yer
comprising the polyimi etgle %ngg%ggé{llt?agﬁgafé?o dlrll%ie tg#ﬂol]n%%]p%ggﬁ?h ll%?%%%ég%?na%%%ﬁal [14] The
laminate accor@fr‘b‘?d?])Z] or [13], wherein the polyimide resin composition has a glass transition
temperature of 40 to 15 panehthe lgse crqiasiitdnsasibeding 66 anpodylm]cte Bhickhbram aheelastic
modulus of 1 Clo:erAmore BLRAMMINMRPIAINE.E0d asalass Iransiondemaegug,ef 240 to

440C. [15]Ad%vce including; a's uctor element; andaresm%gero tained from the

polyimide resindsmsoL GRGIOTIIG D SRS HPR e fomiMdridssiRYagist Mamide dioskshitface of the
semiconductor ¢lemehtrdof B Gilocm4E dibmANENTEQNp[a8d Zjamind ¢Chraidghe ihenaresent

nvention, & PoltRideEeoi CRmMRRRINE MRS ARvHEd I cAN GNP KRR DAIange fetveen high
heat resistance and ow-temperature adhésion. BRIEF DESCRIPTION OF DRAWINGS
imide block b1,
[5] The polyimide resin composition according to any of [1] to [4], wherein the
polyimide is obtained through the steps of: obtaining an oligomer by polycondensation
of the silicone diamine (B) and the aromatic tetracarboxylic dianhydride (D) of more
than 1 mol per mol of the silicone diamine (B); and subjecting the oligomer to further
polycondensation with the aromatic diamine (A) and the aliphatic diamine (C).
[6] The polyimide resin composition according to any of [1] to [5], wherein the
ratio of the total number of moles of the aromatic diamine (A) and the silicone diamine
(B) is 0.01 to 0.6 to the total number of moles of the diamines and aromatic
tetracarboxylic dianhydride constituting the polyimide.
[7] The polyimide resin composition according to any of [1] to [6], wherein the
composition has a glass transition temperature of 40 to 150°C, and a thermal

decomposition temperature of 350°C or more.




[0013] Fig. | is a side view illustrating an example of a device according to the present invention.
Fig. 2 is a side view illustrating another example of a device according to the present invention.

Fig. 3 is a side view illustrating other example of a device according to the present invention. Fig. 4 is a
schematic diagram illustrating an examplt, of a ball grid array (BOA) package. Fig. 5 is a schematic
diagram illustrating an example of a chip on film (COF) package. Fig. 6 is a schematic diagram
illustrating an example of a wafer level chip size package (WL-CSP). BEST MODE FOR CARRYING
OUT THE INVENTION [0014] 1.Polyimide Resin Composition The polyimide resin composition
according to the present invention contains a specific polyimide, and if necessary, can contain any

other constituepfs (for.example,.such.as inorganic filler é 015 h lyimidc contained in the
polyimide resirt mpo%_%%%‘%o‘l%%%’éﬁ Bé%%i%nea CE?f/gr’?(rel giﬁn é’%[ila]%rﬁefc%ar%ﬁrgénent containing
specific aromatichidingine ipaygaiiicther-diamine (B), and aliphatic diamine (C) with an acid anhydride

component contginingmspssific Rramatisnstacaheodinmgdidnbydidy (Ok (G4l  The aromatic
diamine (A) conl'galigéed in the diamine com on?n¥ r &cted is greferabl%{%a%aromatic diamine including a
IC di

1 1 one or T COMPOUIKIS selecie 01 0 consisty Epox
keto group, an &ther bond, or the fikerand more preterapis an aroma ghine represented by any of

the formulas (15 ReYIdS RTHERNEEITTBAT ifeC IR FChBRTEd Foalsimads gpmpounds, and

nadimide compounds. ,
[10]  The polyimide resin composition according to any of [1] to [9], further
including a polar solvent.
(11} An adhesive agent comprising the polyimide resin composition according to
any of [1]to [10].
[0011]

A second aspect of the present invention relates to a laminate and a device each
including the polyimide resin composition.
[12] A laminate including: a base material; and a resin layer comprising the
polyimide resin composition according to any of [1] to [9], the resin layer placed on the
base material.
[13] A laminate including: a base material; and a resin layer placed on the base
material, wherein the resin layer is formed by drying, at a temperature of 190°C or less,
a coating layer comprising the polyimide resin composition according to [10] applied on
the base material.
[14] The laminate according to [12] or [13], wherein the polyimide resin
composition has a glass transition temperature of 40 to 150°C, and the base material is
silicon, or a polyimide which has an elastic modulus of 1 GPa or more at room
temperature and has a glass transition temperature of 240 to 440°C.
[15] A device including; a semiconductor element; and a resin layer obtained from
the polyimide resin composition according to any of [1] to [10], the resin layer placed

on a surface of the semiconductor element.

EFFECTS OF THE INVENTION
[0012]

According to the present invention, a polyimide resin composition can be
provided which can achieve a balance between high heat resistance and

low-temperature adhesion.




112N \(\] 1 CH3 [Chemical Formula 14) nc.INIH2 -(1-3) [0017] In the formula (1-1), n represents
an integer of 1 to 20, preferably an integer of 1 to 13, and more preferably an integer of 1 to 9. It is to
be noted that the benzene rings may each independently have a substituent (for example, an allcyl
group having 1 to 10 carbon atoms) in the formulas (1-1) to (1-3). [0018] When the aromatic
diarnine represented by any of the formulas (1-1) to (1-3) is used for a portion of the diamine
component to be reacted, the heat resistance of an obtained polyimide can be increased, and the
flexibility thereof can be also increased. Therefore, the heat resistance and adhesion of the polyimide
resin composition are increased. [0019] The aromatic diamine (A) is further preferably an aromatic
diamine represented by the formula (1). [Chemical Formula IS] [0020] In the formula (I), n represents
an integer of Ito 20, preferably an integer of 1 to 13, and more preferably an integer of Ito 9. In the

formula (1), thé3BEHz RS RIS HedY @ABR M EeRdently have a substituent (for example, an alkyl
group having lf@di@carbon atoms). [0021]

Fig. 1 is a side view illustrating an example of a device according to the present
invention.

Fig. 2 is a side view illustrating another example of a device according to the
present invention.

Fig. 3 is a side view illustrating another example of a device according to the
present invention.

Fig. 4 is a schematic diagram illustrating an example of a ball grid array (BGA)
package.

Fig. 5 is a schematic diagram illustrating an example of a chip on film (COF)
package.

Fig. 6 is a schematic diagram illustrating an example of a wafer level chip size
package (WL-CSP).

BEST MODE FOR CARRYING OUT THE INVENTION
[0014]
1. Polyimide Resin Composition

The polyimide resin composition according to the present invention contains a
specific polyimide, and if necessary, can contain any other constituents (for example,
such as inorganic fillers).

[0015)

The polyimide contained in the polyimide resin composition is a polyimide
obtained by reacting a diamine component containing specific aromatic diamine (A),
silicone diamine (B), and aliphatic diamine (C) with an acid anhydride component
containing a specific aromatic tetracarboxylic dianhydride (D).

[0016]

The aromatic diamine (A) contained in the diamine component reacted is
preferably an aromatic diamine including a keto group, an ether bond, or the like, and
more preferably an aromatic diamine represented by any of the formulas (1-1) to (1-3).
[Chemical Formula 12]




When the aromatic diamine represented by the formula (1) is used for a portion of the diamine
component to be reacted, the heat resistance of an obtained polyiande can be further increased, and
the flexibility thereof can be also further increased. Therefore, the heat resistance and adhesion of the
polyirnide resin composition are further increased. [0022] Examples of the diamine represented by
the formula (1) include 1,3-bis(3-aminophenoxy)benzene, 1,3-bis(4-aminophenoxy)benzene,
1,3-bis(3-(3-aminophenoxy)phenoxy)benzene, 1,3-bis(3-(4-aminophenoxy)phenoxy)benzene,
1,3-bis(4-(3-aininophenoxy)phenoxy)benzene, 1,3-bis(3-(3-aminophenoxy)phenoxy)-2-methylbenzene,
1,3-bis(3-(4-arninophenoxy)phenoxy)-4-methylbenzene, 1,3 -bis(4-(3 -aminophenox
y)phenoxy)-2-ethylbenzene, 1,3-bis(3-(2-aminophenoxy)phenoxy)-5-sec-hutylbenzene,
1,3-bis(4-(3-amingphengxy) Xy)-2,5-dima#hylbenzene,

1,3-bis(4-(2-amino-§ﬁ1:%w - y)benzene;)

1,3-bis(2-(2-amino-6- 1p y)pheneXy)benzene,
1,3-bis(243-aminophenoxy)-4-methylphenoxy)benzene,
1,3-bis(2-(4-antipRRheneodrigsbutylphenoxy)benzene,
1,4-bis(3-(3-aminophenoxy)phenoxy)-2,5-di-tert-butylbenzene,
1,4-bis(3-(4-aminophenoxy)phenoxy)-2,3-dimethylbenzene,

1,4-bis(3-(2-amino-3-pro Q@x5) ph§ho :
1,2-bis(3-(3-anaino y)phegoxy-z=mathy, eéze;_, NH,  (1=2)
1,2-bis(3-(4-aminophenoxy)phenoXy)-34tsbutylberaéne, and

1,2-bis(3-(2-amino-3-propylphenoxy)phenoxy)benzene These may be used by themselves, or two or
more thereof mawnagidssedrinutonmbination. [0023] The silicone diamine (B) contained in the
diamine component to be reacted is preferably a silicone diamine represented by the formula (2).
[Chemical Formula } 2N-R, }B\h 2 }’l,égjn [0024] In the formula (2), R1 and R2 each
independently represe@m@li atpe- upy aving 1to® carbon atoms or a divalent aromatic
group having 6 or more tatbon s. Examples of the divalent aliphatic group having 1 to 5 carbon
atoms include an alkylene group having 1 to 5 carbon atoms, and examples of the divalent aromatic
group having 6[gémpre carbon atoms include a phenylene group, a naphthylene group, and an
anthracenylene group. [OOZg; and R4 each indeper}glrent re{;res%pt a monovalent aliphatic

R
group having 1 to 5 cafb8i§ Kione 6*"5%%6%\75%%?3?8%%8 SUp hRVHTE B B HIEFE% £foon atoms.
The monovalent @lighatid groupdHeawiry intaBsakdoniatoml sratemotaldrt drobsatingroup having 6 or

more carbon atgias fof R ad 34 Meayyerbiaineshuqanveting.cachitbefivaientaliphatic group or

divalent aromatic group having 6 o re carbon atoms.for R1 and R2 into a monovalent aliphatic or
aromatic group'40 f%‘]gon at?ﬁ%hgl%% é}% ﬁ]l}é%gggénts an integer of 1 or more, preferably an

integer of 1 to §0M&ents of suppressing the volatilization of cyclic siloxane, m is preferably 1.
When the aromatic diamine represented by any of the formulas (1-1) to (1-3) is

used for a portion of the diamine component to be reacted, the heat resistance of an
obtained polyimide can be increased, and the flexibility thereof can be also increased.
Therefore, the heat resistance and adhesion of the polyimide resin composition are
increased.
[0019]

The aromatic diamine (A) is further preferably an aromatic diamine represented
by the formula (1).
[Chemical Formula 15]

HaN NH;
Ty e
/ =
n

9




[0027] When the diamine represented by the formula (2) is used for a portion of the diamine, the
low-temperature adhesion of an obtained polyimide. [0028] Examples of the diamine represented
by the formula (2) include a,w-bisamino polydimethylsiloxane,
am-bis(3-aminopropyl)polydimethylsiloxane, 1,3-bis(3-aminopropyl )tetram ethyldisilox ane,
1,3-bis(3-aminopropyl)-1,1,3,3-tetramethyldisiloxane,
bis(10-aminodecamethylene)tetramethyldisiloxane, bis(3-aminophenoxymethyptetramethyldisiloxane,
a,ta-bis(3-aminopropyl)polydimethylphenylsiloxane, and a
ct,a)-bis(3-aminopropyl)poly(dimethylsiloxane-diphenylsiloxane)copolymer. [0029] The aliphatic
diamine (C) contained in the diamine component to be reacted is preferably an aliphatic diaminc
represented by the formula (3). [Chemical Formula 17] 1.12N-Ry4C,,H2,,-X)-RG-NH2 (3) [0030] In
the formula (3), R5 anth 6 &echlndeperdentlytsepresentedtlieadl, ondesdibctedifrgen & group consisting

of a carbonyl group, AR AXYCALRI R UR AR ATPIHALC GraKRhawWRY1S, Bl MR fa5kaN atoms, and an
aliphatic group having one or more carbon atoms. X represents -0-, -S-, -NH-, ,-OV#]H-, r-OS-. |
represents an ﬁ?é’g%?kb?@ e%%“g?’eﬁa‘éﬁlﬁ}%ﬁ%?@g(@ (%T% %" ﬁlkéﬁ%éosué’rﬁ%vg}%i E%égr of | or more,
preferably an ireebpay asér2sho 10. [0031] Examples of the organic group containing the aliphatic
group having opgArn more carbon atoms include alkylene groups having | to 10 carbon atoms such as
a methylene wow, an lene group, and a propylene group, and ex les pof the organic group
containing the aromati%%é"‘o([ﬁ)e ﬁgé)&‘.‘ Cg GIrmsre (Izgasr 56% a?’otlir%sf?hc u%g g}%HSeerq(;;ff)ér?é) %lr%ﬂnp. The organic
group containired tedsroirratiorpangpt i prataridslclin terhesisfaehiévingpiezadredidtadee, and the
organic group ceptriningddhe-aiRbatinamupdamngferakla Rdetmshashievingsaftness/flexibility.
[0032] Th Iift%atictgi%mitne represen eqhbg/. the ff%{mu&a}@iis referablg. a diamine represented
by the formulae@C 'f &8 |5 atic dianmine raepFels()éln(}e E‘b%’/o fie Torm aC@?pPslrhograel%referably a
diamine represbutes yyreaeedormula (3a), or a diamine represented by the formula (3b). [Chemical
Formula 18]  [0022]

Examples of the diamine represented by the formula (1) include
1,3-bis(3-aminophenoxy)benzene, 1,3-bis(4-aminophenoxy)benzene,
1,3-bis(3-(3-aminophenoxy)phenoxy)benzene,
1,3-bis(3-(4-aminophenoxy)phenoxy)benzene,
1,3-bis(4-(3-aminophenoxy)phenoxy)benzene,
1,3-bis(3-(3-aminophenoxy)phenoxy)-2-methylbenzene,
1,3-bis(3-(4-aminophenoxy)phenoxy)-4-methylbenzene,
1,3-bis{4-(3-aminophenoxy)phenoxy)-2-ethylbenzene,
1,3-bis{(3-(2-aminophenoxy)phenoxy)-5-sec-butylbenzene,
1,3-bis(4-(3-aminophenoxy)phenoxy)-2,5-dimethylbenzene,
1,3-bis(4-(2-amino-6-methylphenoxy)phenoxy)benzene,
1,3-bis(2-(2-amino-6-ethylphenoxy)phenoxy)benzene,
1,3-bis(2-(3-aminophenoxy)-4-methylphenoxy)benzene,
1,3-bis(2-(4-aminophenoxy)-4-tert-butylphenoxy)benzene,
1,4-bis(3-(3-aminophenoxy)phenoxy)-2,5-di-tert-butylbenzene,
1,4-bis(3-(4-aminophenoxy)phenoxy)-2,3-dimethylbenzene,
1,4-bis(3-(2-amino-3-propylphenoxy)phenoxy)benzene,
1,2-bis(3-(3-aminophenoxy)phenoxy)-4-methylbenzene,
1,2-bis(3-(4-aminophenoxy)phenoxy)-3-n-butylbenzene, and
1,2-bis(3-(2-amino-3-propylphenoxy)phenoxy)benzene. These may be used by
themselves, or two or more thereof may be used in combination.
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N2N-Fis iC 414240 FIPICH H2 [Chemical Formula 19] -(3-1) [Chemical Formula 201 CH3 H3N+CH
-CH2-0) 4 01-13 0 { CH p- CH- 0-)-C112-CH-NH: CH3 b) [0033] In the formula (3-1), R5 and R6
each independently represent at least one selected from a group consisting of a carbonyl group, an
oxycarbonyl group, an aromatic group having 6 or more carbon atoms, and an aliphatic group having
one or more carbon atoms. 1 represents an integer of 1 to 50, preferably an integer of 1 to 20. n
represents an integer of 1 or more, preferably an integer of 2 to 10. [0034] In the fomiula (3a), o
represents an integer of 1 to 50, preferably an integer of 10 to 20. The repeating unit in the formula
(3a) may be introduced as a block, or introduced randomly. [0035] In the formula (3b), p, g, and r
each independently represents an integer of O to 10. Each repeating unit in the formula (3b) may be
introduced as & OB?OXék or introduced randomly. The aliphatic diamines represented by these formulas
(3) have high softnessTlandlcanctiiasprodidedetaorabie thdldesidre evampdneshalbarnauetss

preferably a silicone diamine represented by the formula (2).
[Chemical Formula 16]

HN—R~ §t% -s;}nz NH, e (2)
d

[0024]

In the formula (2), R; and R; each independently represent a divalent aliphatic
group having 1 to 5 carbon atoms or a divalent aromatic group having 6 or more carbon
atoms. Examples of the divalent aliphatic group having 1 to 5 carbon atoms include an
alkylene group having 1 to 5 carbon atoms, and examples of the divalent aromatic group
having 6 or more carbon atoms include a phenylene group, a naphthylene group, and an
anthracenylene group.

[0025]

Rj; and R4 each independently represent a monovalent aliphatic group having 1
to 5 carbon atoms or a monovalent aromatic group having 6 or more carbon atoms.

The monovalent aliphatic group having 1 to 5 carbon atoms or monovalent aromatic
group having 6 or more carbon atoms for Rs and R4 may be obtained by converting each
the divalent aliphatic group or divalent aromatic group having 6 or more carbon atoms
for R; and R; into a monovalent aliphatic or aromatic group.

[0026]

In the formula (2), m represents an integer of 1 or more, preferably an integer
of 1 to 8. Interms of suppressing the volatilization of cyclic siloxane, m is preferably
1.

[0027]

When the diamine represented by the formula (2) is used for a portion of the

diamine, the low-temperature adhesion of an obtained polyimide.
[0028]
Examples of the diamine represented by the formula (2) include a,m-bisamino

polydimethylsiloxane, o,w-bis(3-aminopropyl)polydimethylsiloxane,
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[0036] Polyirnides which are rich in the silicone diamine represented by the formula (2) are not
preferred because the volatilization volume of cyclic siloxane is increased, although the polyimides
have favorable low-temperature adhesion. k contrast, when the aliphatic diamine represented by the
fonnula (3) is used in addition to the silicone diamine represented by the formula (2), favorable
low-temperature adhesion is achieved even in the case of polyirnides which are not rich in the silicone
diamine represented by the formula (2). [0037] The diamine component to be reacted contains other
diamines than the d amines represented by the formulas (1-1) to (1-3), (2), and (3). Examples of the
other diamines include m-phenylenediamine, o-phenylenediamine, p-phenylenediamine,
m-aminoben2ylamine, p-aminobenzylamine, bis(3-aminophenyl)sulfide,
(3-atninophenyl){2e5iABERERAYSHaRtdisdosephenyl)sulfide, bis(3-aminophenyl)sulfoxide,
(3-aminophenyl) #ba@inmplopnyydu o A detchris{Sdgidisibpheayl)sulfone,
(3-aminophenyll))lgflT@_Wg&xgﬁwgg%tgﬁ%ﬁmgﬂgpﬁnyI)suIfone, 3,3'-diaminobenzophenone,
3,4'-diaminob ophenone, 4,4'-diaminobenzophénone, 3,3'-diaminodiphenylmethane,
3,4'-diarninodighEATrHEeRATRe X Ret iR AU Mhane, 4,4'-diaminodiphenylether,
3,3'-diaminodipherykéihenBptopydipilydotipheipiitetyisipiisfdai@-aminophenoxy)phenyljmethane,
bis[4-(4-aminophe! ' Risfd-(3- 'gg@gag thane,
1,1-bis[4-(4-am%%§%%§%§g%g%%% etﬁgﬁﬁ%ﬁ%‘{[ﬁg{g}{ninopl)hgﬁkg%g%ﬁg%ﬁethane,
1,1-bis[4-(4-am[| %%I%enoxy)phenyl [ethane, 2,2-bi44-(3-aminophenoxy)phenyl]propanc,
2,2-bis[4-(4-aminophefibxyliphem fipnopa(e), @2abis{dn(Bxadrimoptrenpepypherdivattaie s
2,2-bis[3-(3-amingasRARNENY Hlahhd:d A3 X HRRRRRARS,
2,2-bis[4-(4-agginophe%\oxy%mfényl]-l,1,1, ,3,3-hexaf|uompropan§;, 4,4-bis(3-aminophenoxy)hiphenyl,
4,4-bis(4-amin Xyahi . bis[4-(3-aminophenoxy)phenyEketone,
his[4-(4-aminog§g§%§§¥g§%ﬂﬁ$ne, bis[4-(3-arninophenoxy)phenyl]sulfide,
bis[4-(4-aminophenoxy)phenyl]sulfide, bis[4-(3-aminophenoxy)phenyEsulfoxide,
bis[4-(aminophenoxy)pherylsiHiokigenbis[4-(aarninophenoxy)phenyl]sulfonc,
bis[4-(4-aminophenoxy)pheny] ]sulfone, 1,4-bis[4-(3-aminophenoxy)benzoyl]benzene,
1,3-bis[4-(3-aminophenoxy)benzoyllbenzene, 14 4,4' -bis[3 -(4-aminophenox y)benzoyl]diphenylether,
4,4'-bis[3-(3-athidpPhenoxy)benzoyl]diphenylether,
4'4"b?5[4'(4'am?no'aﬁjﬁ{ﬁ%ﬁ?%'&%@yii?w&@&%@&m% represent at least one selected
4,4'-bis[4-(4-amino-a,a-dimethylbenzypphenoxy]diphenylsulfone, )

4,4"bis[4-{4-(4 ORAE IS e &%R%m%ﬁa,Oiéfﬁéfﬁgle@t‘?gﬁaiﬁfbﬁ}ﬁ%%ﬁ?&%-
dimethylbenzyllseedne, mo8: bispt(4tamsinop e abipyitia sradiptetindyexn 2y liven zerken
1,2-dodecanedigspine, g necherieans diaminentd38] —os- Thegrid-aphydrdg.compgnent to be
reacted is not psaq;tg‘uéarl imited, but féefer?bly an aromatic, tetrace%rdbmg)liq diang%/ ride in tams of
heat resistance’ Mot Cba;\g?’e?’%ﬁﬁ%eﬁ Grdiati tRFSRESTBLS N AR dritid R RrRSAARY Y the formula
(4), and particulatidgepréferabfy an aromatic taracarboxylic dianhychidc represented by the formula
(4-1). [Chemicabfernula 21] [Chemical Formula 22] 00 1111 CC A 00 -(4-1)

Examples of the organic group containing the aliphatic group having one or
more carbon atoms include alkylene groups having 1 to 10 carbon atoms such as a
méthylene group, an ethylene group, and a propylene group, and examples of the
organic group containing the aromatic group having 6 or more carbon atoms include a
phenylene group. The organic group containing the aromatic group is preferable in
terms of achieving heat resistance, and the organic group containing the aliphatic group
is preferable in terms of achieving softness/flexibility.
[0032]

The aliphatic diamine represented by the formula (3) is preferably a diamine
represented by the formula (3-1). The aliphatic diamine represented by the formula (3)
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\ /0 [0039] In the formulas (4) and (4-1), R7 represents a single bond, -0-, or a carbonyl group.
‘This polyinticle which has an acid dianhydride as a constituent tends to achieve favorable heat
resistance without extremely damaging the softness. The benzene rings included in the
tetracarboxylic dianhydndes represented by the formulas (4) and (4-1) may have a substituent (for
example, a fluorine atom). [0040] Examples of the aromatic tetracarboxylic di anhydrides
represented by the formula (4) and (4-1) include 2,2',3,3'-benzophenonetetracarboxylic dianhydride,
3,3',4,4'-benzophenonetetracarboxylic dianhydride, 2,2',33,-biphenyltetracarboxylic dianhydride,
3,3',4,4'-biphenyltetracarboxylic dianhyclride, 4,4'-oxydiphthalic dianhydride,
2,2'-difluoro-3,3',4,4"-biphenyltetracarboxylic diar}}hy% e, 5,15' -%ﬂuqro13,3',4,4'
-biphenyltetracrBB3YIE GiahyHHEE P efRISr 05 A BB {o Rk AR RSB IE Bianhydri de,
2,2',5,5'6,6LhekafhediondB' (4h4.-biphenyltetracarboxylic dianhydride,
2,2'-bis(trifluoromethyl)-3,3',4,4'-biphenyltetracarboxylic dianhydride,
5,5'-bis(trifluoromethigh Bosivdil4 1Bjphenyltetracarboxylic dianhydride, 6,6' -bis(trilluoromethyl)-3,3',4,4'
-biphenyltetracarboxylic dianhydride, 2,2',5,5'-tetrakis(tifluoromethyl)-3,3',4,4'-biphenyltetracarboxylic
dianhydride, 2,2',6,64etra|§s(nif(le?romethyl)-33',4}4'-biphenyltetracarboxylic dianhydride,
5,5',6,6'tetralcis(trif S FoEtH SIBs 44 -biphéhylictracarboxylic dianhydride, and
2,2',5,5'6,6'-hexakis(trifluoromethyl)-3,3',4,4'-biphenyltetracarboxylic dianhydridc. [0041] The acid
anhydride comf)oner]t to be reacted may contain other tetracarboxylic dianhydrides than the
tetracarboxylie Gﬁﬁﬂ%r‘:@éﬂi‘\é‘ﬁr@é‘ented by the formula (4). The other tetracarboxylic dianhycirides are
preferably aromatic tetracarboxylie dianhydrides in terms of heat resistance, and preferably aliphatic
tetracafboxylic dianfydrides i terms of softgess Oﬂt%] Examples of the other tetracarboxylic
dianhydrides include: \(y ' h@h{-@g&g}l— lliti¢y dianhydrieke, 3-fluoropyromellitie dianhydride,
3,6-ditluoropyromellitic\eidnhydride, 3,6-bistriflu ethyl)pyromellitic dianhydride,
1,2,3,4-benzenetetracarboxylic dianhydride, 3,3",4,4"-terphenyhetracarboxylic dianhydride, 3,3" ',4,4"
Lquaterphenyl acatﬁ lic di rydride, 3,3 "144"-quinquephenylphenyhetracarboxylic dianhydride,
methylene-4,4'tLe %%%3?‘3% m‘h%?g ide, 1,1-ethylidene-4,4"-diphthalic dianhydride,
2,2-propylidene-4,4'-dipathalic dianhydride, 1,2-ethylene-4,4'?1egiphthalic dianhydride, 16
1,3-nimethylene-M%dﬁghtb@MéﬁMd—r&@)&%&?Ltﬁtfaﬂ}eihy-kﬂmwﬂﬂ'-diphelaahe dianhydnde,
[,5-pentamethylene-4,4'-diphthalie dianhydride, éHa r
2,2-bis(3,4-dicarboxyphenyl)-1,1,1,3,3,3-hexafluoropropane dianhydride,
difluoromethylenc-4,4'-diphthalie dianhydride, 1,1,2,2-tetralluoro-1,2-ethylene-4,4'-diphthalic
dianhydride, 1,&0,%3,@,3,3-hexaf|uoro-l,3-trimethylene-4,4'-diphthalic dianhychide, 1,1
,2,2,3,3,4,4-octafluoroiil thet&ramie Byl g ia-ahd Raiphtivalipaidantly dejglesent at least one
1;1’2’2’3'3’4’4éi@c‘;%ﬁ%ﬂi%@ﬂuﬁEﬁﬁﬁ&%ﬂé@i@lﬁﬂﬁﬁﬁﬁg‘x@mQﬁ%!@é%ﬁ%@ﬂ%dgﬂ?p,tAﬁ'4,4'-dlphtha“C
diathydride, sulfony1-4,4'-di hthalg dianh dn’?ﬂe’  hatic eroun havi ‘
1,3-bis(3,4-dic£&8’6§%§}6ﬁ§)ﬁ‘§%ﬁ‘ﬁ% S BHEHLORD 1 K5TB%7E MiRb s gaoup baving one or
1,3-bis(3,4-dicarbmaapberatyipenzbrereienthyn ideger of 1 to 50, preferably an integer of 1 to 20.

n represents an integer of 1 or more, preferably an integer of 2 to 10.

[0034]

In the formula (3a), o represents an integer of 1 to 50, preferably an integer of
10to 20. The repeating unit in the formula (3a) may be introduced as a block, or
introduced randomly.

[0035]

In the formula (3b), p, q, and r each independently represents an integer of 0 to
10. Each repeating unit in the formula (3b) may be introduced as a block, or
introduced randomly. The aliphatic diamines represented by these formulas (3) have

high sofiness, and can thus provide favorable adhesion even in small amounts.
[0036]
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1,4-bis(3,4-dicarboxyphenyObenzene dianhydride, 1,3-bis(3,4-dicarboxyphenoxy)benzene
dianhydride, 1,4-bis(3,4-dicarboxyphenoxy)benzerte dianhydride,
1,3-bis[2-(3,4-dicarboxyphenyl)-2-propyr]benzenc dianhydridc,
1,4-bis[2-(3,4-dicarboxyphenyl)-2-propyl]lbenzene dianhydride,
bis[3-(3,4-dicarbox)phenoxy)phenylimethanc dianhydride,
bis[4-(3,4-dicarboxyphenoxy)phenyllmethane dianhydride,
2,2-bis[3-(3,4-dicarboxyphenoxy)phenyl]propane dianhydride,
2,2-bis[4-(3,4-dicarboxyphenoxy)phenyllpropane dianhydride,

2,2-bis[3-(3,4-dicarboxyphenoxy)phenyl]-1,1,1,3,3,3-hexafluoropropane dianhydridc,

2 5 bisia(3.4.cicarbor DRBRORAHEN SHbHLE SRR GHEune epractied by 6 ol
bis(3,4-dicarbofd)pendpyytinmethsisismibadialahigrite, volume of cyclic siloxane is increased,
1,3-bis(3,4-dicaippxyR el datd eiamsitmdisinxant dianRyeHden contrast, when
2,3,6,7-naphthag]en t%rac rbaxylic Qianrgl rid ,%,32,5,16§ﬁphthﬁlene#§,tracar OXXBC dianhydride,
3,4,9,1 0-peryl&HeALREES BANAC ERERAVARGE 25 LBPHA (ihis bt Asmh 8RS tf8RRy dride,
1,2,7,8-phenanttwenetstrzeciodkylibadimiwal@ldatombdivtane tetharcadbosigticsdicnénadride,
1,2,3,4-cyclobutanstctracasberylisdianbydride. e veloraniametstaahanic Ry ige,
cyclohexane-1,2,3,4-tetracarboxylic dianhydride, cyclohexane-1,2,4,5-tetraearboxylic dianhydride,
3,3‘,4,4'-bicyc|ot %@Hb‘iﬁfa@;boxylic dianhydride,
carbonyl-4,4'-bi8@ydlohexanc-1,2-dicarboxylic)thanhydridc, methylene-4,4 ' -bis(cyclohexane- 1
,2-dicarb oxylic)dianhygiidg andiné-€8RpiaRE 4obRiSENE X8 BBeddZadifarhgxylic)di anhydride,

1,1-cthylidene-4,4'-bis(cyclohexane-1,2-dicarboxylic)diaghydride ] :

23 promyiden AT B A A o) T ARG ). Eramples of he
1,1,1,3,3,3-hexethaotsrizepreiydiiarhepy tnpleyetoneRapidencdiamiesHoRbtie)gradificle
oxy-4,4'-bis(cyalphexapendyRiicarbaxmeneianBiihif 8is(3-aminophenyl)sulfide,

thio-4,4'-bis(cyclohexang-1,2-dicarboxylic)di rige, .
su1fony1-4,4'-g%f%fgﬁ%%ﬁﬁ%wgﬁ%#&%g%|é%%?g}%0&h§f1§12§#|ftitcgfo%4,4'-diphthalic
dianhydride, 5,5istfripireppeas)sdlftidelic-araimnphsrid (6 Brapiergsf Aidsiphthalie dianhydride,
3,3'5,5',6,6™-hexafiuammyrhdydipithalie dinnhydride) @ anbisttflypsarseshyl) oxy-4,4'-diphthalic
dianhydnde, 5,5:-bjs(triflugromethyl)oxy-4,4:-dipirthalic dianhychide,. . ,
6,6--bis<mﬂuor§ﬁns§¥ay o) i ad.{sﬂﬁ%b@ﬁaze?ﬁm“& P saminobensophenone,
3,3',5,5-tetrakid¢friflisriinearsanbsyencad diptitnediphemyagtane,
3,3',6,6'"-tetrakis(trifiiararoaiingd) otyethhediphthnlicdiaphydiidethane,
5,5',6,6'-tetrakis(irifluoromethyDoxy-4,4"-dipbthalic.dianhydride, ,» 4. . .. )
3,3'5,5',6,6‘-he>§2{é{i§ ?r‘u’?l‘ﬁ%‘?‘ fr}n;ég qf/ Sézéffﬁgﬁﬁ‘%ﬁ‘gﬁg‘ﬁgﬁﬁ%ﬁde%‘%?é“-‘é%’g%lsem%’nyl-4,4'-diphthalic
dianhydride, 5,Bistfidoraspbaynpheai sdrecd RirAydrmne BengpheaUBp%, 4'-diphthalic
dianhydride, 3,3.15t5%[6,8-haxaitaiosyibaylicdhndiphtbilic @iamhyatieexy)phenyljethane,
3,3"-bis(trifluoromethyPsulfonyl-4.4 -diphthakie dianhyddde, -, -

5 5-bisiiuoroth fﬁ%ﬁ%ﬁ?ﬁ%ﬁk@%ﬁ%ﬁ%r‘%i”j (h-aminaphenoryphenyllthane,
6,6'-his(trifluorctetisyhsirerReRbeRe xyishen sl 8RaRhy dride,

3,35, 5'-tetraki ﬁ%HBMQmWHOKWbHcAj&QﬂpJﬁhﬁj (_QgﬁE_iﬁlﬂydB@Bﬁnophenoxy)phenyl]butane,
3.3',6,6tetrakis(yy il prometily '%?Eg%%ﬂj%nihqlBbf@%!g-g&m&&g%pane,

5,5'6,6'-tetralcis(trifluoromethy -diphthalic dianhydride,
3,3',5,5'6,6'-hexakididridorainerheamisd; bl dignn e iawrraprns,;
3,3'-difluoro-2, 2 gesid(BoaopnophdidenibiphdistlipAthali¢- diandptdncie;)biphenyl,

5,5'-difluoro-2,2-perfluc |51%519Q|g@ lidey, 65! rglifl SRBLE Qpylidene -4,4'-diphthalie
dianhydridc, 3,%‘?&Qg%@r%g%%oro-z,2-p%ﬁ%%%é%oﬁpgi%g%%%%?ﬁh%h@aﬁgdi]arihydride,

3,3"bis(hifluoroMEtry BB R IBRFB Y ERS L A-(iprASME AR aRal i,
-bis(trifluorometisA-2; 2xpesfluaropiolsdidsndod dé; dishtiahoopbervxgiidenyl Jsulfoxide,
6,6'-ditluoro-2,2-perflus i -4 4-di icrgian '

355 etk e a ol o 55 6.6
-tetrakis(tifluoro]rﬁj’élffﬂ%'-(éjﬁ%@?ﬁbﬁ’r@ﬁ%ﬁ’iﬂf@’ﬁhg@ﬁ?ﬂeﬁdiphthalic dianhydride, 5.5'
,6&6'-tetrakis(trifldrbierhEthi)Rihperilisroprdbylidene-4,4'-diphthalic dianhydride,
3,3',5,5'6,6'-hexakis(trifluoromethyl)-2,2-perfluoropropylidene-4,4' -diphthalic dianhydride,
9-phenyl-9-(trifluoromethyl)xanthene-2,3,6,7-tetracarboxylic dianhydride,
9,9-bis(trifluoromethyl)xanthene-2,3,6,7-tetracarboxylic dianhydride, bicyclo[2,2,2]octo-7-en-2,3,5,6-
tetracarboxylic dianhydride, 9,9-bis[4-(3,4-dicarboxy)phenyl]fluorene dianhydride,
9,9-bis[4-(2,3-dicarboxy)phenyl]fluorene dianhydride, and ethylene glycol bistrimellitate dianhydride.
[0043] The molar ratio between the diaminc component (a mol) and acid anhydride component (b

mol) to be reacted preferably fall within the range of b/a - 0.8 to 1.2. This is to achieve a polymer with
Nnot lece than a cartain dearae of nonlvvmerization T0ONOAA] In tarme OFf bhalancre hetween the haat




In addition, the molar ratio of the silicone di amine (B) contained in the total diamine component to be
reacted is preferably 0.06 to 0.28, and more preferably 0.1 to 0.2. When the molar ratio of the silicone
diamine (B) contained in the total diamine component is excessively low, there is a possibility that the
adhesion to the silicon substrate will be decreased. On the other hand, when the molar ratio of the
silicone diamine (B) contained in the total diamine component is excessively high, there is a possibility
that the transparency of the film will be decreased. [0048] The heat resistance of the polyimide
resin composition including the constituent unit derived from the silicone diamine (B) and the aromatic
tetracarboxylic dianhydride is considered to depend mainly on the volatilization of the unpolymerized
silicone diamine %I,S and the decomposition of the constituent unit. On the other hand, the heat
resistance of a Iigiﬁ{?d%ﬁ?fﬁfﬂﬂ‘i’ﬁﬁ"ﬁé%‘?ﬁﬁ%??’é]ﬁ‘i%ﬁ‘?ﬁﬁ]@thﬁh is considered to depend mainly on the
decomposition 6f tsCotistinisethenitsiixived ldphamdedigphatic diamine (C) and the aromatic
tetracarboxylic gdianfydride (N, 004 ethylbd: Hﬂ%ﬁé{ﬂ}i rithgadatal of the aromatic diamine (A),

[ e tota

silicone diamin ., and aliphatic diamlnellé%) [

B iamine component to be reacted, is 0.7 or
more, and preférabhFe § o HSrE: S ey AT RRea sy m’glﬁflé’m%?@?etracarboxylic dianhydride (D) to

the total of the totabadid{arthydridertorivepaoietyip:dydsudiore, and preferably 0.9 or more. These
ratios make it likglythathigh.beatiesisiance:apaasseieptiondemperature adhesion are achieved.

[0050] This palyimide obtained by reacting the diamine compqnent with the acid gnhydride
component ma;l/%oé’yﬁz&m??m PSS ?Egéﬁygjo%qél??lgﬁﬁe ISP’gfg?gFﬁWdéaBﬁlggkaB%Iymer. This is
because the propérissofieachediamine component are likely to be obtained. [0051] Above all, a
block copolymepig greferable which includes an imide block bl derived from the silicone diamine (B)
and the aromatic tetracarboxylic dianhydride (D), apd inclugdes an imide Qlock b2 derived from a
Ciamine ather than the STEBHE TR 1BT (IR AR TR D JTBHE hamine (G, and
the like) and thersioshhtientermeticioxydicharbioybridediDls wiichsisflinrdthsstuies sither end of the imide
block bl. As desgribadiaRuRAER:UARiTSAibIRskpLEenTigHIRsvIL) the sR.af the silicone diamine

(B) is confined at a site dist t[f:om the end of the molecular chain, cyclic silgxane can be made less
ikely t be vola TS T A S NSO AL LB AT AR ST can he moreased.
In addition, whdprehgarglattion of all of the silicone diamine (B) with a portion of the acid anhydride
component is completed before reacting the other diamine with the acid anhydride component, the
unpolymerized gEheonealdiarmminie ZB)) can be reduced. Therefore, the volatilization of the unpolyrnerized
silicone diamine (B) can be reduced. [0052] The method for synthesizing this block copolymer is
not particularly limited, and examples of the method include, for example, the following methods 1) and
2). Method 1): As affirst step, the silicopie diamine (B) is reacted with the aromatic tetracarboxylie
dianhydride (ID) in & Siv, Qt to obtain a first imide block (imide block bl). As a second

step, a diarnine ot}‘?ecr an e gili eﬁiami‘ri'é'i’B) is further added to the solution containing the
obtained first imide plock to link, at eit%)er end of the first imide block, a second iinide block (imide block
b2) derived from a 81 diamine other than the silicone diamine (B) and the aromatic tetracarboxylic
dianhydride (D), and thus obtain a block copolymer. [0053] Method 2): A solution containing a first
imide block (imi 6E)Iocclhgoiz ot%taaiagd by reacting the silicone diamine (B) with the aromatic
tetraearboxylic |an1ﬁ§/3rl eIﬁB

N
/ A

r %

0 O

[0039]
In the formulas (4) and (4-1), R; represents a single bond, -O-, or a carbonyl
group. This polyimide which has an acid dianhydride as a constituent tends to achieve

favorable heat resistance without extremely damaging the sofiness. The benzene rings
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a solution containing a second itnide block (imide block b2) obtained by reacting a di amine other than
the silicone diamine (B) with the aromatic tetracarboxylic dianhydridc (D) are synthesized in
predetermined solvents, respectively. The solutions are mixed and stirred under a predetermined
condition to provide a block copolymer. [0054] The additive amount of the aromatic tetracarboxylic
dianhythide (D) in an excessive amount in the first step of the 1) may be, for example, more than 1 mol
per mol of the silicone diamine (B). [0055] The viscosity of a solution with 23 weight% of the
polyimide dispersed in a mixed solvent of NM? and trimethylbenzene, which is measured by an E-type
viscoineter at 25C, is preferably 5.0 x 102 to 1.0 x 106 mPa.s, and more preferably 1.0 x 103 to 5.0 x
104 mPa.s. This viscosity improves the mechanical strength and the like of the obtained polyimide film.
[0056] The polVirtidedriadhs teroshcdiaghetrtsnionsrenisd dythepmmat EBmsoiehts other than the
polyimide. Themyptioval:cobsporentmeynipés, tofhexamptendther resins than the polyimide resin,
additives such rface modifiers, and fillers. [0057] The other resins are not particularly limited, and
may be epoxy compounds such as bisphcnol A epoxy compounds and bisphenol F epoxy compounds;

acrylate compounds sE&HRLeE SFRARAMIERADO M6 e e sTRIeHELLY Rfoxylated pheny
acrylates, and &liph#ti¢ epaixg-dgivtatés 2j30Eyabatecpbmpatmcisasuctyisdiasbiigtalee bisphenyl
diisocyanate ('X@,Q,&@A%%gﬁ&%ﬁ%ﬁ%&%oczl;lﬁé\'aiamﬁmatB;vék?ﬁs’%ﬂ&més@aét@mcand xyleme
diisocyante (XD1), maleimide compounds such as 4,4'-diphen ilncthane bismalcimide,
bis-(3-ethyl-5-rﬁ1§‘fﬂ9’ﬂﬂ%§k§irﬁiﬁéﬁﬁgﬁy@ﬁﬁﬂﬁﬁglﬁl@w&%@%eﬁiéﬁﬁfgﬁ%%fcand aminophenoxy
benzene-bismaleithyde dARB-BMIdcahdl Addibptienglicheestatkdmydisuiiyshitdted naditnides. For
example, in the; casengf,desHing 22; foRieyide. i pdhasivedgain composition with photosensitivity,

the adhesive resin composition may be allowed to contain aé[ t curing resin or a light curing agent
such as an acri&E SR Bcehd T0BBEF Y CHHATRARY IS BrSH %%/ an inorganic filler in terms of
improvement i Beasiesistancduanditiedtdc dneheotiltityachiminbegéanieyfilide.is not particularly limited, as

long as the fillej is_gRy.ipQraanissHbstance which has.elesdtiaal iMsmaian and heat release
performance. Examples of the ma]ierigé%wg,r(gof include baron .itgde aélggina, hydrated alumina,
%, VAR

silicon oxide, sicoR THIFIE EMEGY £4 IR RSAPSEY ApSHRD barium titanate, and the
material is prefesabtistofiomomtridisbd.Md.fikéiphkey tomenbofyiedindrgdide. filler in the adhesive resin

composition may be HQvQl%e@IlesInRe HrEie bl PANOIA 1882y lic dianhydride,
2,2’,6,6-tetrakis(trifluoromethyl)-3,3°,4,4’-biphenyltetracarboxylic dianhydride,
5,5’,6,6’-tetrakis(trifluoromethyl)-3,3°,4,4’ -biphenyltetracarboxylic dianhydride, and
2,2°,5,5°6,6’-hexakis(trifluoromethyl)-3,3’,4,4° -biphenyltetracarboxylic dianhydride.
[0041]

The acid anhydride component to be reacted may contain other tetracarboxylic
dianhydrides than the tetracarboxylic dianhydride represented by the formula (4). The
other tetracarboxylic dianhydrides are preferably aromatic tetracarboxylic dianhydrides
in terms of heat resistance, and preferably aliphatic tetracarboxylic dianhydrides in
terms of softness.

[0042]

Examples of the other tetracarboxylic dianhydrides include: oxydiphthalic acid,

pyromellitic dianhydride, 3-fluoropyromellitic dianhydride, 3,6-difluoropyromellitic

dianhydride, 3,6-bis(trifluoromethyl)pyromellitic dianhydride,

1,2,3,4-benzenetetracarboxylic dianhydride, 3,37°,4,4>’-terphenyltetracarboxylic -

dianhydride, 3,3°"’.4,4""-quaterphenyltetracarboxylic dianhydride,

3,3°7”°,4,4”" -quinquephenylphenyltetracarboxylic dianhydride,

methylene-4,4°-diphthalic dianhydride, 1,1-ethylidene-4,4’-diphthalic dianhydride,

2,2-propylidene-4,4’-diphthalic dianhydride, 1,2-ethylene-4,4’-diphthalic dianhydride,
16




[00591 Examples of the surface modifier include a silanc coupling agent. The surface modifier
may be used for treating the surface of the filler. This use can improve the compatibility with the
polyimide, and control the agglomeration and dispersion of the fillet [0060] The polyimide resin
composition may be in the form of infinite varnish or a film. The thickness of the film obtained from the
polyinaide resin composition is preferably 10 to 200 um typically, for example, in the case of using the
composition as a film adhesive agent. The polyimide varnish obtained from the polyimide resin
composition may contain a polar solvent, if necessary. The resin solid content concentration in the
polyimide varnish is preferably 5 to 50 weight%, and more preferably 10 to 30 weight%. [0061]

The type of the polar solvent is nat partjcularly limited, and the palar solyen be
N,N-dimethylfo%”ﬁi?&iﬁ’ﬂ&t Y ,N{icﬁn 5!(‘:%%6 é%‘%\lQl 3&‘?@%@%@% é(,héh%ggfethylacetoanaide,
N,N -dimethylnetigsiidectdgratmatinietbhyiisiifoplide]ihdesmditiglphosphoramide,
N-methyl-2-pyreliggne. gimetyhasiane;: 1.3,5 fimeivdbsngsne spatdyiaddition, mixed solvents of
two or more ofg%ese; so%gpts,é)r,rgixﬁi%gven s}#f. hese solvents with toluene, xylene, benzonitrile,
dioxane, and cYEBHERSHY RGgb1¢ Pt B‘&R;l ifevarnish can be obtained by blending the acid
anhydride combbaéntchnihthe Hiacthnerohiiolethiicalsolxsnidedeveloping a dehydration reaction to
synthesize an amide aeigh-andofarineasasmng Quuinidigationidgplended acid anhydride component

and diamine cqmpanent may be the respective comppnents mentioned above. [0063] The
polyimide for uqs’elz’[lanztﬁg’%éfﬁ?ér% fgfémr%s{rﬁ'ggﬁ%%%%%ﬁ%ﬁ'&%c')dr'cﬁ’?ﬁ}da gfﬁéél&p}fceﬁé%%t invention has favorable

heat resistancd 432 1dhdéhpeteaiieord hé storatetalpe-the -dolinltalindiydiede constituent units
derived from egghy of thghaiaminesn(idide, (Cnyd balansed.manneiy&haecifically, the constituent unit
detived from the_specific aromatic, diami ). provides, favorable heat resistance. In addition, the
constituent un?ﬁaégr)ﬁéé' rom t%kgé}i%& i_(gziﬁ?dtngga |aetgsélsé€ll ?ﬁq)ngél ‘I%.h%%rclg%fstituent unit derived from the

specific aliphatl@distifrdi@ppromideviroraptaliowydidperature adhesion, and above all, the

constituent unit degiyed Rmuhe silsoms: diamimeniBimmpyides favorable low-temperature adhesion and
rom the silicone diamine (B) and the aromatic

heat resistance. fFurthermore, the.imide block bl derived
tetracarboxylichlfé%?@d{%ga{ﬁ%xg%eg%x?’rﬁreo ﬁ%ee(eag%]ﬁ% & distant from the end of the molecular chain
of the polyimidé4disddcEcboyaphaniontibenstnsy/diehsifeidsne or the unpolymerized silicone diamine

(B), and' tt'he hea,gnggjg@rm, t&@@&&gﬁf&ﬁ}l}jﬂg@@?}g@@gﬁd&%ﬂ%ﬂ?e, tTherefotre, th(]::- fcc))lgurlnslgg resig
composition according to the present invegtion a glass transition temperature o 0 , an
preferably 50 tcg%}f&f@ gﬁ%%ﬁ% 2 therr n\aé??lé)ég gg‘%u |erlwet(§?ﬁgg§§ Ute of 350C. The glass transition
temperature oftE bR ifitereskrromipbembirheptalitabyieds the peak value of obtained loss
tangent tan 5 -His[4a{3y-Measuiipig: o siorags ehastsmeauygids.and a loss elastic modulus E" for a film
sample (thickngss; approximately 60 um) of the nolyi idg.re i ccpmposition in accordance with the
temperature di%%%ﬁ%&%@ﬁﬁ%éﬁ%%ﬁéIasticity. [0065] The thermal
decomposition ) , inPe be measured by a
thermogravirnetichisieasurdinebbaphatatypiRioduct, Name-hdaAobpispmcshinhgdideCorporation.

Specifically, a fi@&%;gg%mg&%%%g&ﬂg%ﬁﬁ é§(§4§hgﬁiagﬂmﬁggition IS subjected to grinding, and
ible of the' Produ

put into a quartz crucible’as an attachme 1 roduct Name: TGA-51 from Shimadzu Corporation,
and the thermdid-béisahorrhsersnsimatitmg faMedieasured from room temperature up to
800C under a nigag€h ativadphgrrenbhgnl  ihe heatingttyiipioatucelaniylditde the initial sample weight is
decreased by 5 wgighti GaN ReIoUAE AP Qi lRAIMRIe S RAASHIAN JSTRELAIIS (Rt the point of the
decrease by 5 We,ight% . o i
dianhydride, 3,4,9,10-perylenetetracarboxylic dianhydride,
2,3,6,7-anthracenetetracarboxylic dianhydride, 1,2,7,8-phenanthrenetetracarboxylic
dianhydride, 1,2,3.4-butanetetracarboxylic dianhydride,
1,2,3,4-cyclobutanetetracarboxylic dianhydride, cyclopentanetetracarboxylic
dianhydride, cyclohexane-1,2,3,4-tetracarboxylic dianhydride,
cyclohexane-1,2,4,5-tetracarboxylic dianhydride, 3,3’,4,4’-bicyclohexyltetracarboxylic
dianhydride, catbonyl-4,4’-bis(cyclohexane-1,2-dicarboxylic)dianhydride,
methylene-4,4’-bis(cyclohexane-1,2-dicarboxylic)dianhydride,
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[0066] 2.Application of Polynnide Resin Composition The polyimide resin composition according
to the present invention has favorable heat resistance and low-temperature adhesion (favorable
low-temperature adhesion with various types of base materials including, in particular, inorganic base
materials) as mentioned previously. Therefore, the polyimide resin composition according to the
present invention is used as adhesive materials (adhesive agents), protective materials, interlayer
insulating materials, and the like, and preferably, as adhesive materials for silicon, ceramics, metals,
and the like. [0067] For example, the polyimide resin composition is used preferably for bonding
one semiconductor chip to other semiconductor chip in a device including one semiconductor chip and
other semiconductor chip stacked thereon, or bonding g .substrate to a semiconductor chip in a device
including a su ér’ﬁf@%’ﬂg g@é‘?ﬁ@éﬂ&ﬁ%&%"eﬁFggﬂﬁ%f?fg@d"ﬂuﬁ%ﬁge{é‘? ther semiconductor chip stacked
on one semicohdtettglidhipcanbisTorksanspl&-dicerrivdinfimtardldip mounted on a substrate. The
substrate Wki)th a5 mé)g@agﬁ@ag;eqh@cmmgﬁﬁethgtgfg@rg@@l@dg%%mﬁple, a semiconductorr] package
or a circuit board. |Q More specifi , & device according, to the pre inyention has a
semiconductor{g‘liﬁ’gt%h%xﬁ%\lﬁ"r%%z‘%g?P{%%S}r%}g(ﬁ%i’[‘l’ésrﬁyoﬁ/ﬁé%eﬁ élgédg 6‘#3@%’%?3’?%5@% r(}féce of the
semiconductordehipxyFE-polyitdiciexesin Solivodsitidic)digeiidraddayer obtained from the polyimide resin
composition aggeydingdR(tResHesaBtinVERIeR MR hRIp@lyitnide resin composition layer may be
placed on a surface with a teyminal of a semjconductor chip formed thereon (terminal fonnation
surface), or plzfgz%ng%"lg4d?ih“5{@ﬁ;?%ﬁr agé%frig(riﬁc?%é) ’fé’}rlﬁﬁfﬁ%xﬁ%%lﬁlgtion surface, it is preferable to place
the polyimide Pelinifompositiondwpdrebe daditfdrist sarfddbgrony-tht Ephihabic ibaradsdsurface.
[006|9] The t?icg,@eaﬁl@f&m@ﬂgiyiamldﬁfmﬁmaﬁ@mﬁ@@iﬁgmsI,ay@,rsi%f@t@fﬂamﬁy,@ﬁpﬁ@%m@n the
application, for examp roximately Ito 1001im,in,the e of usi e polyimide resin composition
layer as an adﬁ%%%%cﬁégf'é%?g\iﬁ%@ léop%rpﬁt%q(?gxpégiﬁl ?6‘?‘?1%&%%%% a@gf} 74 used as a protective layer
for a circuit or thé’ tike(tifagrmekiedlowy-prefeiaipippirokiniadely 2 to 200 um. [0070]  Examples of
the semicondugtershigiiicdediodes. 4ransigsiomsicanhbytegeted circuits (IC), and also include power
elements. [0071],, . .Fig. l,is a side view illustrating,a ample of a.device according to the present
invention. As s%’]c%vv?islﬁ%%fél.qf&iﬁiém é’\lﬂg\%y% ’fﬁng%%i’ gtgé}%r}%%% ucr:lfic?f chip 12, and a polyimide resin
composition layet £4 piaeddstrtreinmsdy betd deirdrdacierisiipde2, which is different from the
terminal formatson sérfageikurthesromes wiskhthe polytinitde dasiyaaraposition layer 14 interposed

thembetween, E{? iconducto (;Fi 12is s ck§g4o_g.oﬁter.s mi ogd&ctor chip 12' or the like placed
on a substrate 1 ﬁ%@’tgenﬂr%ag?sfgj L(J)??? (aea:,}g%)((:}6nbluct1 rca}g%ﬁt}%ycgnn’ected to a lead frame (not

shown) or the I 14erossspRpd, WitibbakRrkraishid S fonferamienyhd Sednbdibitctor 12 can be
stacked and fixgignig/dhaepH)er Ganesiidisios chiiphtianodiatedidtaethe substrate 16, with the polyimide

resin compositig),g,lg%g ’%Qﬁg}igm%%ge&ﬁuﬁe;ﬁ\%ﬁitﬁgg%?}E}C%eggwdgven when the semiconductor chips

12 and 12' arecgoyiler ’eﬁements, or t ich uce of heat, favorable adhesion can be
maintained bechdisBfiehspntsideiedipoebbolinsheliadrbrdide nigh heat resistance.

5,5°-bis(trifluoromethyl)sulfonyl-4,4’ -diphthalic dianhydride,
6,6’ -bis(trifluoromethyl)sulfonyl-4,4’-diphthalic dianhydride,
3,3°,5,5 -tetrakis(trifluoromethyl)sulfonyl-4,4’ -diphthalic dianhydride,
3,3’,6,6’-tetrakis(trifluoromethyl)sulfonyl-4,4’ -diphthalic dianhydride,
5,5°6,6’-tetrakis(trifluoromethyl)sulfonyl-4,4’-diphthalic dianhydride,
3,3°,5,5°6,6"-hexakis(trifluoromethyl)sulfonyl-4,4° -diphthalic dianhydride,
3,3’-difluoro-2,2-perfluoropropylidene -4,4’-diphthalic diénhydride,
5,5°-difluoro-2,2-perfluoropropylidene -4,4’-diphthalic dianhydride,
6,6’ -difluoro-2,2-perfluoropropylidene -4,4’-diphthalic dianhydride,
3,3°,5,5°6,6”-hexafluoro-2,2-perfluoropropylidene -4.4’-diphthalic dianhydride,
3,3’ -bis(trifluoromethyl)-2,2-perfluoropropylidene -4,4’-diphthalic dianhydride,
5,5’ -bis(trifluoromethyl)-2,2-perfluoropropylidene-4,4’ -diphthalic dianhydride,
6,6’-difluoro-2,2-perfluoropropylidene-4,4’ -diphthalic dianhydride,
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[0073] In addition, when the polyimide resin composition layer according to thc present invention
further contains an inorganic filler, the layer can be also preferably used, for example, as a material for
the substrate 16, because the layer has favorable thermal conductivity. [0074] Figs. 2 and 3 are
side views illustrating other examples of the device according to the present invention. The device 10'
shown in Fig. 2 is configured as in the case of Fig. 1, except that the polyimide resin composition layer
14 is placed on only a terminal formation surface of the semiconductor chip 12 The device 10" shown
in Fig. 3 is configured as in the ease of Fig. I, except that the polyimide resin composition layer 14 is
placed on both surfaces of the semiconductor chip 12, the terminal formation surface and the surface
which is different from terminal formation surface. In Figs. 2 and 3, a substrate 26 has recessed
portions 26A inte whicheHFR ESiFHIRaIRTE R P <OrrieBrmtitsPeAip LA srmdifszs)  In Fig.
2, the semicondyci®6 el cifluhehahded, topthfusulystiatiéd2te 4l eliphtitelitidgpfgdedgmple, the
terminal formatiag §}é‘%%18£§hﬁ&o§5‘ﬁ&%@f}ﬁ%ﬁ%&ﬁ{%& yheareut irmatienisiiacaof the

e

substrate 26 with fhe polyimide resin composition layer 14. In addition, in Fig. 3, the semiconductor
chip 12 can be hfso BSHId1EMAE S arRb Y s A tHE IR ARYIs e e liion layer 14
interposed therdiochwdéiz, Whitelhditts thokedetnt) fhreickte-2ikodthetr sermeghddietdydhiz.12' (bonded to
substrate 16) M}@_gmgmwﬁi&@gﬂgwgiwe@@f%ﬁ iferRasRddherebetween. In this case, the

polyimide resin composition layer 14 placed on the terminal formation surface of the semiconductor
chip 12 may hat%yﬁlﬁ%ﬁi@?ﬁ@s'g“?&ﬁﬁgSe%éWERW Gl A can be exposed, which is not
particularly limits&tb[£|87 B} -dicaibhis yéumigdihcuciodehlp dvith,the polyimide resin composition layer
formed (the semicgnpueiar SRiRWIYIRG ARG AaeHE My e Abialagdly separating, into
individual pieces, a laminate including a silicon wafer (before the separation into individual pieces) and
the polyimide r@éﬁﬁ”&’SHﬁ??E?s%ﬁfWﬂ%?formed on one surface of the silicon wafer, or by forming the
polyimide resin[@@#aposition layer on separated individual semiconductor chips. The polyimide resin

composition layer mayg feimediayanrlying he-kelyisidentasin semprsiieniinghgdorm of varnish to

a silicon wafer or a semicondyctor chip and then drying the composition, or hy, thermocompression
bonding of the FYRARREE Y& )ct8r%%lée§ﬂ8r(]r1plrr?%%big?ﬁr?£gfl i et’%%%%ﬁif(r:]’({ﬁ '\"/v%i e %rg; semiconductor
chip. [0077]  ThiThaandtisod dorhpsiyirith ths ool fivmideadsindesrempoitbmiigatoform of varnish is not
particularly limitggagnd can be, for example, a dispense method, an ink-jet method, a screen printing
method, or an offset pr'n'gin mg%h?d. Tgengré/iq tgmtperatture pféh coatingtflillm ﬁf the golyimide resin
composition is preferally RS AT S R B TS st Or r At cHBR MY Jhmap e faie
semiconductor bhipelerabadahearial loé Breapprasindiaeipel @ @ndsibeycdiapne fébislihapproximately
150 to 190C. [0@#Bbe the WaIdBSGIHRALARGNE the Palyipudarpsicemprstionaseding to the present
invention has faygrableJonslemperature adhegion. Thetelors, (s Polimide resip,composition layer
according to the presen(f’lnvenﬁo can bond a Seftiiconductor cﬁlp to other semiconductor chip, a
substrate, or ther@Retiadieniteely rod wisope daovias (B)dordheoeasief thateidrdigmigtdition, the polyimide
resin compositigshigyenasstsinada theyarRsentioyeREgaiBoasadhesnagasamieosition
temperature (high heat resistan nd thus, can ress the volatilizati f cyclic siloxane,
suppress defecﬁa\}gl ??bﬁt?agcﬁﬂg %%g% ?aﬁcelvgfatilizgglt?ﬁ#%%’ urt Ogarl h%%?ntgﬁlo%?vogréglsé%ggﬁ%sion without
peeling, even irfitnaieadd andabiphafiotiauie (Chptht tanpke dinmancfodebe sagediheat. [0079] In
addition, the pojysmridely@sis eonmpesdtiasrasedeaislg 03 toe Sresery inventiends also preferably used as
a material consiityfing 2 SRAINGAYS! 1ADMANAIIIRARLIOr VRLIOHS BiRRS Y spiconductor
packages, by maﬁing lise of the excellent adhesion and heat resistance, Fig. 4 is a schematic diagram
illustrating an esdifnpredsmainsip yrrd gl i dimyipu@R-g dhovscansinAiming %), 18 BORIackage 70 has
a semiconductay. x3)ightZeplacerarranasitfassefiadyhskadecdasanohamsha plulradity of bumps 17
formed on the %h%%%f%g thereof. A semiconductor chip 22 has a terminal (not shown) connected
by a wire 19 to a lead 15 on the substrate 36. Further, the upper surface of the semiconductor chip 22
is sealed with a[g%ﬁﬁng layer 24. The polyirnide resin composition according to the present invention
can be used as a sealingtageniftfahtoisiiteiingstiiensealiflg dayerdhgithecBOipackdge 70. [0080]
Fig. 5 is a schemalie gagramullusiiating. &é@{ﬁﬁd&%@%@%ﬁ@aﬁgw 9@%@9@8 shown in

Fig. 5, a COF pdackage 80 has a semiconductor chip 32 placed on one surface of a film substrate 18
with bumps 27 fiR5TERY thkieblnirbmore el R Bl thét tHeBiThpess hé¥nnected to leads 25

on the film substdted®. (Fdrthe rd28mposition temperature) is more likely to be decreased when the
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the gap between the semiconductor chip 32 and the film substrate 18 is sealed with an underfill layer
13. It is to be noted that reference numeral 50 in Fig. 5 denotes solder resist. The polyimide resin
composition according to the present invention can be used as an undcrfill material for constituting the
underfill 13 of the COF package 80. [0081] Fig. 6 is a schematic diagram illustrating an example of
a wafer level chip size package (WL-CSP). As shown in Fig. 6, a package 90 includes a
semiconductor chip 42, a Elm substrate 28 placed on one surface of the semiconductor chip 42, and a
plurality of Al pads 55. Bump underlying metal layers 60, Cu posts 65, and bumps 37 are sequentially
connected to the Al pads 55. Further, the upper surface of the film substrate 28 and the gap between
the Cu posts 65 are sealed with.a sealing layer 34, The polyimide resin compositign according to the
present invention can Oe()liflg“ec Hdgog%ég?@lﬁcgg tr?t% P&%Blr%f}t/ﬁ{%%qﬁzééééﬁﬁsg glfltgrg 34 of the package
90.[0082]  Wheddithorydaslpelipniifevetisislevmpisivorwdodienibetoalie presemarvention can be
used as a bindef.fadbesive-pasialifan fixingiatoalastade MRlersd GrRASILENGaMmelRelode for use in a

battery, onto the siface of an electiade plate (eleqtiode ol ln partisar, e polypnide resin
composition Is pre erre& as a pinaer 1or 1xing si |c%n parflc es ) acting ention as a |gh-capaC|ty

negative electréarrudeibsiisepadiveiarwitbbrevakiilieah HtddailisonadinmiamDrisoattery, onto the
surface of a negativa<alecdeaseRlataiaegativeclentndadofhiQ083he diakiectmdes of a secondary
battery such as a }I;[rl‘%mmnio(%?n Q:‘%t Ty Egyepe)i a%l:!)feinﬂude an electrode plate (foil), and an electrode layer
formed in the f&fm°0 aylayer on the aurface of the electrode plate (foil). The electrode layer includes an
electrode activé%Rfélerial of a number of particles, and a binder. It is to be noted that the electrode
active material of a nunendhpaiiciesissiircohy fixadna (ihadasiaiiatayeioby dhenbiader onto the
surface of the elechade laie, (Ipil Sor SXATRIG e cRse. AL ANIDHMIballang fpe electrode
active material repgats %he storage andrelease of fiium i ns, fhus expands and contracts severely in
the charge andrééeripeMriscess, aldendremelrptriiaetie risprdimasiBhitedoH likely to peel
(drop off) from Hrenbidedidhacaiarpotist bidefalase amaydsid copsttveslymatefialeds the electrode
requires an adhesiqn, force. whi an withst h nsign a acti f the electrode active
material with di%%??%?g" énaé\%ﬁg%gs,‘_% g%%%a%ﬂs%%}bﬁ%%%%%ﬁﬁe%fm% 5 Elflity&%%&)%g 8 In addition, if
the electrode ab#Rd Fristethiars aottinipd thelyirepeiidetn b heiateb ket depdtsted by the
expansion and eengtaehiomdidiabacie ehigde rat vecasiieliahizinyhbe loealbystinligehikabed to cause
electrode break\gg(g&ssg%rﬁi \Rﬁfr‘j'éfh%c%é&% electrode layer from the electrode plate (foil). Therefore,
the binder to serve as a coristituent material of the electrode of the lithium ion battery requires a high
adhesion force [ Ydlan ability to uniformly disperse the electrode active material. The polyimide resin
composition accordingitaddeipiese nidkyenttost thesiaberidhninic{Bisexteaibdnt thderals of heat
resistance and glgglrically,sianle, i addiign, &%%?&%iy 0¥eRJ 634 &3{%&9@5&%@@@ @.high force of

adhesion to an inorganic base material, and éasily disperses the electrode active material uniformly for

the formation of Stabl¥iyathfsmoks i of theitieag e iearns brPRERiHR I SRR to be broken
and excellent ircdenpnsecof katiabilitycljO085 here ida prshdyitoyphodheadhnsele cinbdsilbidem secondary battery
such as a lithiugyigr,RafiaRY Wit eUSOR DS RAHKITIIG HESR RSP OSIT AccAIding to the present

invention, first, an electrode active material such as particulate graphite or. silicon and the polyinaide
resin compositiSRTERSERIEqLpEtindicdp hRmipfConP pheddn B GERR LS fifsidSSivent to obtain
electrode slurrypdssbiiayhibandte taisabtire ywifdhr élratvol betveeradtie electrode active material and the
polyimide resin[gggrg?osition is preferably the electrode active material/polyimide resin composition -
50/50 to 9911 in terms_of volume ratio, and thrther preferably 60/40 toa?glz. Then, the surface of metal
foil such as copper foil TR SPTSIRS O REP HTING SR ARRCERY B %ﬂﬁfgein the form of a layer.
Drying and, if nesessany, uredsiwdrking banibevadimd e (Bieobtnansle tttodatokalsecondary
battery such asgujifiiaeianhatierys 808 mall RELiHOR e RAVIMIdRrGSIBIHRMPASItioN according

to the present inyention, according to the present inveption is ysed preferably as otective film for
metallic wire sutfates. W’b‘gﬁ@ﬂ; g fﬁ%dﬁ?ﬁ\%ﬁg%gﬂh&fﬁfﬁgté’}ﬁgrg l?ét'us%a hFe(ftgFgl%‘ﬁ/n s a protective
film for metallic thélexfosigsodnadoilbimidamnmhetomn{e087he diamipe e erednsitengddtective film
provided on thesspikface.of metallic WiessesiiigsHpsshalieBPerosmRBE e-andheaiakdischarge
endurance (low .elativz%Rer igivitl)(/) .In additiorg in SU&QH% ee@)za metallic wire curved in order to

, ain i

produce a coil STREIKE) FRS BFGTRIATS HTeuEoiPas dianky 1 of softness so as not to peel from
the metallic wild0049]
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[0088] Polyamide-imidc resins used commonly as a protective film provided on the surface of
metallic wires have high softness, but have the problem of high relative permittivity. In addition,
common polyimide resin compositions have low relative permittivity, but have low softness and
adhesion. Therefore, protective films formed with the use of the polyimide resin compositions have a
problem that when the metallic wires are curved, the protective films are likely to peel off from the
surface of the metallic wires. [0089] The polyimide resin composition according to the present
invention has lower elative permittivity and higher heat resistance, as compared with the pot
yamide-imide resins. In addition, the polyimide resin composition according to the present invention is
excellent in terms of adhesion and softness, as compared with conventional polyirnide resin
compositions. Therefold® tHa'BERIAREE L ebiBemeir deengfy 1itensEEaHEREntion can, as a
protective layerfidraliphtailti diwiras ({F)arehseothlalinsilationgpeciommaneecanidipartiat ciseharge
endurance whilg, maintaining he adhesignang soRRSS dR09Ghasic (JRatREaAR Of using the polyimide

resin composition according to the present invention as a protective film for the surface of metallic

wires, the thicki8eardsdhrindsivthintihe Wislesif 2bdbiont Badeame S Ao s 100 pm. The
thickness of thepfoatddsife HimisdesShibandiospmlmayikehdie ingutfteientismglatioh performance and
partial dischargg endyRRCR),SAMme CaReRQR tReiQilier hand, the thickness of the protective film
more than 200 urn may lead to insufficient softness in some cases. [0091] The protective layer
including the pé%%mde resin composition can be formed by, for example, applying the polyimide resin
composition in the forriilof pelymisiddotthmes nfacetofgtietdiliminwrespemditheithdhgingd and if necessary,
firing the polyimige fesin GAFIRARIHAY- 0P BREom pd G P ANABISE RRIMEOTHIGSHER @6GALding to the
present invention can be used preferably as a binder resin for constituting a condyctive adhesive layer
for an electromAgHEREXTRe SHIEIHRGEAIRT. TAC BISREAY & L fASh A g RatR SRR Mt H%Iﬁlfﬂ includes a
protective layebiotharfalm of a film or a sheet, and a conductive adhesive layer placed on this
protective Iayer{ozl)' conductive adhesive layer includes therein a conductive filler and a binder resin.
Further, the conductive adhesjve layer is formed on the protective |ayer by th nductive filler
dispersed and immobifl é)éfeiﬁﬁheébgi’ﬁ%S?If%?gmf.’r[@dgi#mbﬁ)e h@%ﬁ‘?‘%ﬁ@ggﬁ%@!ﬁ%ﬁiﬂon according
to the present idsavreidirohabastighadihasiotbbroe ermicsestibetthesbderisedaiiladidéittDhe conductive
filler. Therefore,pnglastomagnetitowayerhieldinafin; sandadarmacnicbisaihighshielding

performance. | ition, the polyimide resin camposition according to.the present invention has high
Cofiness. ani (b RS SERTANE Ry A T AR Lo R B LML O £ PO formeet
Therefore, the ¢orderbtivaliadirasivdiiy@Dishochie dnteodeehicieiber it thbeimedednioalyhétic-wave
shielding performansgisan.beviiwner incieaseslombie kegpinsdthalexibiitys (R084done Examples of
the conductive filler.include, for.example, flat metal powders such as silver,and copper; flat
metal-coated mgé%%%%ésrgoggc ‘%% %ﬁ%@ggg éI% Iﬁ;ﬁb%%?gp%Pﬁ el?g;fégﬁaln%hé‘\t%)f-_%gt%d resin powders
such as flat styrdneapaetieles cerdsess deadninthenvielaglind) anddhgdhsrimal iepsrppsiiting. In addition, it is
also possible tadigR:sHED SRISPS ERREEBYEnBREIHEIES BSUsRd:HWaRrISOepicieandutihre adhesives.
The average payticle size of the dyctive filler is not particu limited, hut preferably 2 to 20 tm,
and further pre?é?a %Ogeig? iﬂ‘ﬁ?nfgg‘i‘% o? (emr!'i(é eO§ tg?]‘ag:\atél?rf;il e?’é?a{éécgfn &’s?é‘ﬁ'r%fﬁg"ﬁ%ﬁ%%%e shape of the
conductive fillePEataping ke vibeichyaiicdiaibricd ralutadacasrprecpathiele size, the thickness of
the conductive {illpslisnpreiaranbs s @A0% of)the longestadiammatestdR0BB volatiliMiie@Er to produce an
electromagneti%\évar\{% Phigxl;%ir‘ogsff-l@n“é’i&?m%}ee@? C%]; t@eer»g(%lgé@ide resin composition according to the
present invention,]folr) eirgmp e, the polyimide resin composition and the conductive filler are mixed
uniformly alongli#la solvent to prepare a varnish. The mixture ratio between the conductive filler and
the polyimide resin cormpesitiandsoprftiadiyniheicondkctiye filler ipabtipaitieviesiniaamgosition = 70/30
to 99/1, and further prefer 85/1 in terms of m R0 T he.prapated varnish is applied
onto a resin filrﬁnc?fet aénﬁ%egt%% ggR/lg%}?sgt%g%%téocﬁ\)}erﬁlg}céﬁl %ar?ﬁ\k%%l ried. gwére?byﬁmaking it possible
to produce an é}@’éhﬂﬁ%ig?‘ﬁeﬁi@%é(?@émé%ﬁ?ﬁefﬂﬁﬁ%ﬁg%ﬂm react W BIVREAERIYEKIn composition
according to thecpresdotyiivdiibnderle (8 itsetepeefdrahhiastadtibaer # ésinifnideblusiituting a reflective
material for an %RHS@EE%%‘%S’.“dkgg’%g%g%/@éi;@,!ar%ﬂ%‘fﬁé’&m?ﬁ% ILE%E@B:%%&?A@E‘(@U‘EQ”WCW

includes a light reflective filler and a binder resin, Further, the reflective material for an optical
semiconductor frtBeRideRyeths feftiParmertiviTg be ARtparddlshHE SRk Hak i fidher

end of the first imide block, a second imide block (imide block b2) derived from a
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binder resin. The polyimide resin composition according to the present invention has a high adhesion
force, and can be thus densely filled with the light reflective filler. Therefore, a reflective material for an
optical semiconductor can be formed which is able to be bonded reliably anywhere in a chassis or the
like. [0097] Examples of the light reflective filler include metal oxides such as titanium oxide,
potassium titanate; inorganic glass, silica, and alumina; metal salts such as calcium carbonate, barium
carbonate, calcium silicate, and nickel carbonate; and resins such as polystyrene resins,
poly(meth)amylate resins, and cross-linked resins thereof. It is to be noted that the light reflective filler
preferably has hollow particles, and further preferably has hollow particles of 0.01 to 500 gin in outside
diameter in terms of light reflectivity and handling. [0098] In.order to produce a reflective material
for an optical sEAiBHeIeEdIR it i oRe R Fongnditie FegmticdrpeeR Sccording to the present
invention, for edianhpiizidh@polyintideotesinaddnpositidymrend the light reflective filler are mixed, and
molded into a @%gﬁtermined shape. The mixture ratio between the light reflective filler and the
polyimide resin compasition is preferably the light reflective filler/polyi 1i(§je resin gg’ composition =
50/50 to 99/1, MfiRFHe SPEEPRSRPPETESE 6% /EACRIGHS GRidR 80}?;% OPrEReddiing by drying or the
like can providecactiafieltividiomat diriatifer(Bh ottitel semito rtactdro{gdodiinhydided Plolpiinide resin
composition acc%lfﬂit'ﬂgl%ﬁ@@nﬂ{g%‘é&ﬂ?{ﬁﬁ@@‘B]Gé!?(%&%%ﬁ"@f%@@lﬁe@%@@é@gﬁé gesin for obtaining a
conductive paste. A typical conductjve paste ichIFLé(ies c?%ductive, particlesoggx%a binder resin, and the

conductive parfitiBs A gidpar desriticans tHE BOmmideAsaiRoE i position according to
the present invéintioyihds(@highsadhesiehifgredsanuithe sobredisctivecparticles ldarsdletitns densely
dispersed. Thejefarg .2 sAnduelveRAs G GRERSRICMFSHWhiGhRaR @ high slgstyieal conductivity. In
addition, the p(i\l(}/inlde resin composition according to the present invention has high softness, and
thus can effect g?y elax the stress generated between various types of parts and a substrate or the
like when the polyimidéhesiklitompuwsitivreistis etbastis donstiheriinaieniaidoida (E0lderapaste” for
mounting the variQusyRes Rt RRMES anthesubaitate4,ihe, ke tOhiR] morc \While the: tyge of the
conductive particles.i nQI.Eartiéulagy limited as long as the conductive particles are intended for use
in common cor{a?ﬁ:?ﬁ/%epséé gae digip Bhticles are preferred which has a melting point of SO to 240C.
While the comp@&#tidon of the solder particles is also not particularly limited, examples of the

composition can includgalRysse§ in(HNiRs #Base Wdiha oLt sushnat FilkRiag) and copper (Cu),

and alloys of tin with a metal,%H%] as,bismyth_ (Bi), zinc and indjum (In). Jé)/lOl] The
conductive pas?@xfgﬁ%\ée%tr8%uceda8§ %Ii?(?n&dn ﬁ(weélg 88 yi‘?’nhgtzgzﬁe%?ﬁsc%er%% & %rﬁ fith the conductive

particles in accordamengitRssGivancimating. OPhE0hixtute IdfioBetwadmeie mefsritivedparticles and
the polynnide resip® eonpesitionps preferablyctipycansuaiieepacticiesdp ohdnsitenesin igamposition =
20/80 to 90/10, ?r]g fltl)rther prqferagéy ?0/70 to 80/20 in terms of mass ratio. [0102] The polyimide
. .. of the obtained polyinude’film. . . :
resin composition according to-the present invention can be used preferably as a binder resin
constituting a HE4belease material for releasing, to the outside, heat generated from a beat source
such as an electronic deyisgyAniipicainhoaipddtiteleasemaieriaheaiansaibeat release filler and a
binder resin. Further, th Sg%%; [E?I%%}lsee r@al%ar %‘I |51339Jm d by the hea relle e Pller dlsglersed and

. .. . compone 1 0 ona¥cqm onents exampie,” .
immobilized in fhe %lncﬁer resin e p%? miae resin CBmDOSItIO accor g tb ?ﬁe gre eht Invention

has a high adhedigiifaredhanidcaaivbaids s ety sneg vt e neaf iteasedifidssTherefore, a heat
release materighoam be provided which has high heat release performance. In addition, the polyimide

resin composition according to IIQ% present %Mf@é‘mgg ﬂgg egiggdslgézgg P O%dcéglﬁ%lg% effectively relax

the stress generated between various types of parts and a substrate or the like'when the polyimide
resin compositiBithitRiEph e the FRPINS BIRATREHE AR E FREKEFIMREURYSaperyLate

compounds such as carboxyethyl acrylates, propylene glycol acrylates, ethoxylated
phenyl acrylates, and aliphatic epoxy acrylates; isocyanate compopnds such as
methylene bisphenyl diisocyanate (MDI), toluene diisocyanate (TDI), hexamethylene
diisocyanate (HDT), and xylene diisocyante (XDI); maleimide compounds such as

4,4’ -diphenylmethane bismaleimide, bis-(3-ethyl-5-methyl-4-maleimidephenyl)methane,
m-phenylene bismaleimide, and aminopheﬁoxy benzene-bismaleimide (APB-BMI); and
nadimide such as alkenyl-substituted nadimides. For example, in the case of desiring
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[0103] While the type of the heat release filler is not particularly limited as long as the heat release
filler is intended for use in common heat release materials, inorganic filling materials are preferable
such as boron nitride, silicon nitride, aluminum nitride, alumina, aluminum oxide, silicon oxide, and
magnesium oxide. Above all, inorganic filling materials are preferable which have a thermal
conductivity of 20 W/m-K or more, and boron nitride, silicon nitride, aluminum nitride, and alumina are
further preferable. [0104] The heat release material can be produced by mixing the polyimide resin
composition with the heat release filler in accordance with a given method. The mixture ratio between
the heat release filler and the polyimide resin composition is preferably the heat release filler

/polyimide resip cOMACFIRH-AvE it Brlfri AR MR RESIRIARY BoHaR5{ Plgn in terms of mass

ratio. [0105] The_polyimide resin composition according to the present invention is preferred as a
constituent matSHBPBRPABATHAGINBRTiIRL SR fl7Ih LA SERER RS 7 HEREGRAA8EH FBfSrs to a member
used for proteeting aaplous tyges:ef electronic components from heat generated from a heat
generation soyggguch as, foi example, a CPU. The polyimide resin composition according to the
present invention has softness, and thus, even when the polyimide resin composition is molded into a
foam, the obtained fodrfin'hE18IAEAPE: 2 @q@?ﬁ@kfﬂ 5B RHERRY R AIEH mechanical
strength is mairtaiteck inddadittondutte pplyifiid evesincbiepositiopedzobndirigniccthespresent invention
has advantag%%gsh&%ﬁr@wa@mm& 16sPAbdmILe, ISR GamPRslionRemaglded into a foam,
ici

because of its sufficiently low glass transition temperature (Tg). [0106 .The foaming molding
article can be PHSAtFHS %V‘ﬁ?ﬁ?dingximlg%gtﬁ? ﬁ?%%}%fggﬁggl’?féﬂﬁ}%béf%ﬁ"ﬁ? ﬁﬁg&n\?vlﬁﬁ’the use of the
polyimide resirhpbrigbditioma THécpotyigdsliesinisainpositoraibideoitadointo the shape of a plate or
sheet to obtain,a QldesiarticienifneXaAMME -RY Adnekding ethqausysh-asdRifetiprnnolding or
extrusion molding Th obtaine%é%oldeq arti%%is.in&?re ated with an inert gas a agdedetermined
temperature und&r prESSAPETS YelevRorR A Sra g e AR S AP IR SR ST SIC stability to the
resin molded artitteoniyssegrbpedonithy tHevirléroykess-thereby forming a foaming nucleus. [0107]
Examples of thegpert gas include argon, nitrogen, fluorine, and carbon dioxide. The impregnation

temperature of the inest gas.is tqfera y a tegygerrigg r cfaroI n20% ut i!lovgeg nttha%rée lgpsg transition
temperature (1'g). In Bhe,st e |<F’ns;!51 egna foh Fempélratu?eaofﬁweqne%t éas'is prefseraif:ﬁy 5 to 30 MPa.

The resin moldeddafiticteeywithusvd fonmshigaibelautfoanhbd Eher belhisared prowyedha foam. The

temperature of peating thesrsdpoldaddarticiemayiae {aliexample oHieiglrssdrarsiiion temperature
(Tg) of the polyéﬂglde resin composition to the glass transition temperature (Tg) - 70C. [0108] The

polyimide resin"Composition according to the present invention can be used preferably as a binder
resin (a binder [f§idw dielectric material) for constituting an interlayer insulating film. The interlayer
insulating film refers torge H&MRRICREONMI IS0 B tALOMER WHERGS i6f anfHidéikayeMorag board. It is to
pe noted that the nteriavgl RN SISSHESIRRAE A ARIEEHIG GRORIRNt because the
interlayer insulating film'is a member for electrical y insu eﬁlng wirings in the respective layers. A typical

interlayer insulathiey#in i coiids e low caibielon R eapistan the etes ol uting o rCRBRE dielectric
material, and thgnoimdieleatiigtcomstaniynaiesiakisstishensediishiie ingetderdony dielectric material.
0 B DR R e st D 1 chenn,
insulating film ¢aRcBRBeBiEEY MieRiAn e Eighe Prsiebiyie 9oV weight%, and more »

preferably 10 to 30 weight%.

[0061]

The type of the polar solvent is not particularly limited, and the polar solvent

may be N,N-dimethylformamide, N,N-dimethylacetoamide, N,N-diethylformamide,

N,N-diethylacetoamide, N,N-dimethylmethoxyacetoamide, dimethylsulfoxide,

hexamethylphosphoramide, N-methyl-2-pyrrolidone, dimethyl sulfone,

1,3,5-trimethylbenzene, and in addition, mixed solvents of two or more of these

solvents, or mixed solvents of these solvents with toluene, xylene, benzonitrile, dioxane,

and cyclohexane.
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constant. In addition, the polyimide resin composition according to the present invention has high
softness, and thus can effectively relax the stress generated between various types of parts and a
substrate or the like when the interlayer insulating film obtained with the use of the polyimide resin
composition is mounted as a part. [0110] The types of the low dielectric constant material include, but
not particularly limited as long as the low dielectric constant material is intended for usc in common
interlayer insulating films, molten silica, hollow silica, and the like. The interlayer insulating film can be -
produced by mixing the polyimide resin composition and the low dielectric constant material in
accordance with a given method, and then molding the mixture in accordance with various types of
molding metho@%ﬁye mixture ratio between the low dielectric constant material and the polyimide
resin composition 15’ preferably the low dielectric constant materiaUpolyimide resin composition =
20/80 to 70/30, and fuither@refedalyhrddy zanter GbI4i0GHh byl itesdirgribs acrdrohydride] | The polyimide

resin compositigR36eSiciRd R Haresenbinvantiangambadisreinsefasaly.asmaa.sahesive agent for

a planar heating element. Configuration les of the planar. heating.element include (i) polyianide
film/adhesive Iﬁf/éﬁ%gzl%%?%ﬁg ?ﬁ}%fﬁ%rrﬁl%]% I%\af/grlflagd%%éﬁ?edrxﬁég?ls elg?fé%ema%% configuration
example (i), anaahoehids corppnars apspisanter sorghoacsirewiy R PrEHECSUIPMPEEto generate heat. In
addition, in the gerfigidmaiereexample (i), an electric current is applied through a circuit formed in the
SUS layerto g Q&r te heat, and the aluminum layer is allowed to function as a member for cooling,
Applications of'the planar heating elements which have these configurations include, for example,
heaters of laser printerThe aelyimiéhatipihbserpritlershIoRrfiEonat wimstared panel heaters,
The polyimide rasisnearrp@siiam accospinp:io thin preseant invaatipahas adhighgdsesien force, and
ot venidls s GRS i it Sliie RevICe R AOMPRRLIA AGRIING © 1he
present invention B¢ adheEsive agenf or a planar heating element can provide a planar heating
element includim§anssdmesme laywesifiiely albocengitacatim der sdHespRaumgefifot temperature
conditions. [01k2]matic Hlaaektian piba e fvbidsd asinrednpositidn arkesa,ig wikégeiesent invention
has thermoblasiigity, and has i sdequaelvlow glass HIHADISIIRGLAG (Ta) 3 oherefore.

when an adhesive layer is formed on a heating element, after curing is unnecessary, an
low-temperatur@sanfivifteliphrisismine (@aproviderigopbls bt adhsion € produced by, for
example, applyingvihglpolyiaigeresimaanpedifiom orteikcpiedateimiBdarede{thesalsface) of a

neating element,(p (gL 2 GRARGIY Sha e Hsh.ublesipgdhs coatinalay slodhdna by heating or the
like to form an adhesive ayer. It 1s to be noted that the polyimide resin comgosmon mb% be mixed with

a solvent, if nedss¥shrqmrha pilicons dipigg (B qad-Bsiareatisssion beesbrdtighyltits frasent invention
can be used prefarahytaguabdad hesiwdisage fb{iamhadhbsivie agéatuler chadowvdtayplilpinfde constituting an

adhesive agent| Qv fo3 COXBHIAM Iy IR CONSHAY IR GIGSR A, bt agdilr Bjotecting the
surface of a flexible printed circuit (FPC). A tgplca! overlay film includes a polyimide film, and an

adhesive agentiffl/BF BrEES SRS PNt RERFhe noted that a mold release film or the like
is placed on thg@dhesive agent layer, if necessary. The polyimide resin composition according to the

present invention has afAdiRsiaR (oraer andips ekslERteatIssisBRoRThsRelaRnbe Use of the
|

polyimide resin composition according to theapresent invention as an adhesive agent for a coverlay

film can provide'a awEtaFamsHiRRCRIRTEUr GRS EVe oy et RieRBRY ¥kirs Lt Eaadnesion under
hot temperatureheanglitensufodis] tempdratacdifidf) e olyghidarresiioosempesitionddtording to the

present inventiop asg ibeunoRiastisinanshhas ARadaguARIY oW diassiHansiamigmperature (Tg).
Therefore, when an adhesive layer is formed on a polyirpide film, after C%g&gﬁ%@% ssary, and

low-temperaturéihiitate idHBEEBE Hpa P SR PR dRIR L & cording to the
present inventidorhddhigimpftfiddsicandhosicaringirpwve chthderidabilityesbadlorisiaqwinted circuit

(FPC). [0116] ;5 JRGIQVE AW D ERARLR AEBERD PSRN LXRMPIEAPRIKING ShesR@lyimide resin

composition ontqg a plolyjmide film to form a coating layer, and then subjecting the coating layer drying
by heating or thBXRE o an adhesive layer. It is to be noted that the polyimide resin composition
may be mixed W& solvent, if necessary. [0117]

The thermal decomposition temperature of the polyimide resin composition can
be measured by a thermogravimetric measurement apparatus (Product Name: TGA-51)
from Shimadzu Corporation. Specifically, a film sample including the polyimide resin
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The polyimide resin composition according to the present invention can be used preferably as a primer
or a modifying material for a pre-coated metal (PCM) paint. The primer for the PCM paint is a
component applied in advance on the surface of a steel plate to which the PCM paint is to be applied,
In addition, the modifying material for the PCM paint is a component added to the PCVI paint. Each of
the primer and modifying material improves the adhesion of the coating film to the surface of the steel
plate, or provide the coating film with softness. [0118] The polyimide resin composition according
to the present invention has high adhesion, and thus improves the peeling strength of a coating film
formed on a steel plate, when the polyimide resin composition is used as the primer or modifying
material for the PCM paint. In additjon, the polyimide adhesive agent according to the present
invention has hiGRRBHINESS SANECHRUE STESIRSEIRER ARRTY CoitiG AR AATERFBIFA steel plate
has a crack catlsethoddve N dhe: JélimidEcadBesivdza §enp isiuse dmistibérprimigtiobshodifying material for

the PCM paint. Gusthermae: Aty inthal Jows et RRra G NesRmas Pasiiee s dproving the
productivity of pre-coated metal (a ﬁ%zl % te with a coating film for The polyimide

ed), [0119]
resin compositii %ELGHHIRY 15 the MSTREA S ?}s"gacﬁ‘:%ﬁzﬂﬁﬂ/sg?gffiaﬁié}ﬁealing
material for a semtcomackictyrs vreizhtiodilyrfonades didifersoef. dEhapolyiiideneshtcofmposition

according to the,pipagniriRVeBtieR:H8s Nihepefiness, and can thus prevent a semiconductor element
to be sealed froggrq)?ﬁving defects such as cracking caused due to stress relaxation, when the polyimide

resin compositi used as a liquid sealing material for a semiconductor, or a modifying material
thereof. In partizular, thepsisividé FekimotRpositiompostfactive for preventing cracking of

semiconductor elementsd ghipsliwdighhauphaen thinenhaadibineeninsreanh ¥ears. [0120]  In
addition, the poil%/)imi esin com ositigp accordingllto t&e %rezfnt [ ve tion allows low-temperature
(8] A agne, <

. VOT1d0IC at resistance an w-tempera on VOT ow-tempetrature
drying, and can be mixe With othet TesiRtomponents'sich as an e oxyVFeglnP%tLelrefore, when the

polyinaide resirtésmpositiorasoussibes bbiisitasealingdvdiegidh fovsaiicedgniohase a modifying
material thereofnﬁeﬁagﬁgﬁ,m@jg,gﬁa gfi@@{@ealegemgy) hﬁ@%}g@@gi@gg@%ﬁﬁ{%{nﬁin S low _—
temperature range to t tent that the epoxy resin of. the like is.not cyred, and thereby removing the
solvent. 30 EXAMELERIBEA o R R R A RS RS R s and
comparative exafipteseiihtbeatinsignaysicnpulaing rerteainls DirHiadksrmd preferably, as
1,3-bis(3-amincphenaxyhantene (manulackradhsdditss Gbgreicals, Inc.) (B) Silicone Diamine 1-Si:
1,3-bis(3-amin§§5 Wl)tetramethyldisiloxane (C) Aliphatic Diamine 14EL: polytetrarnethylene oxide
di-p-aminobenzoate’(Product Name: Elastomer 1000, manufactured by Than Chemical Industry Co.,
Ltd.) XTJ-542: polyeth&p4stizanieghsswohtaeids ehia folmmtiyTormshNPiBdir N aeiEE FFAMINE,
manufactured yndHentisundande ehig6lojérRemealibasmibm 43 device including one

semiconductor chip and other semiconductor chip stacked thereon, or bonding a
substrate to a semiconductor chip in a device including a substrate and a semiconductor
chip mounted thereon. Other semiconductor chip stacked on one semiconductor chip
can be, for example, a semiconductor chip mounted on a substrate. The substrate with
a semiconductor chip mounted thereon can be, for example, a semiconductor package or
a circuit board.

[0068]

More specifically, a device according to the present invention has a
semiconductor chip, and a polyimide resin composition layer placed on at least one
surface of the semiconductor chip. The polyimide resin composition layer is a layer
obtained from the polyimide resin composition according to the present invention.
While the polyimide resin composition layer may be placed on a surface with a terminal
of a semiconductor chip formed thereon (terminal formation surface), or placed on a

different surface from the terminal formation surface, it is preferable to place the
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CH3 C-CHCH2)--0 4 CH2-c-OYCH2-C-NH2 12H CEIG (D)Aromatic Tetracarboxylic Dianhydride
s-BPDA: 3,3',4,4'-biphenyl tetracarboxylic dianhydtide (manufactured by JFE Chemical Corporation)
PMDA: pyromellitic dianhydride [0122] [Example 1] Preparation of Polyimide Varnish Four types of
diamines (APB, I-Si, 14EL, XTJ-542) and one type of acid dianhydride (s-BPDA) were blended with a
molar ratio of APB: 1-Si: 14EL : XTJ-542 : s-BPDA =0.49:0.1:0.2:021: 1.0, in a solvent of NMP
and mesitylene adjusted to have a ratio of 7/3. The obtained mixture was stirred for four or more hours
in a flask into which a dry nitrogen gas was able to be introduced, thereby providing a polyamic acid
solution with a resin solid content weight of 20 to 25 40 weight%. After sufficient stirring, the reaction
system was heated to approximately 180C while stirring in a flask with a Dean-Stark tube, and water
produced by aRRSHYHF&ABRABRRS AR en@h slitiaet tresydiem ts bRt HPBIFiIMde varnish. The
viscosity of thesgisiaéned polyimide varnish was 8.0 x 1(13 inPa.s, which was measured by an E-type
viscometer at %5&9@123] Preparation of Film
The thickness of the polyimide resin composition layer is preferably,
depending on the application, for example, approximately 1 to 100 pm in the case of
using the polyimide resin composition layer as an adhesive layer. When the polymmide
resin composition layer is used as a protective layer for a circuit or the like, the
thickness is preferably approximately 2 to 200 pm.
[0070]
Examples of the semiconductor chip include diodes, transistors, and integrated
circuits (IC), and also include power elements.
[0071]
Fig. 1 is a side view illustrating an example of a device according to the present
invention. As shown in Fig. 1, the device 10 includes a semiconductor chip 12, and a
polyimide resin composition layer 14 placed on a surface of the semiconductor chip 12,
which is different from the terminal formation surface. Furthermore, with the
polyimide resin composition layer 14 interposed therebetween, the semiconductor chip
12 is stacked on other semiconductor chip 12’ or the like placed on a substrate 16. The
terminal 12A of the semiconductor chip 12 is connected to a lead frame (not shown) or
the like by, for example, wire bonding or the like.
[0072]
Thus, the semiconductor 12 can be stacked and fixed to the other
semiconductor chip 12’ mounted on the substrate 16, with the polyimide resin
composition layer 14 interposed therebetween. In addition, even when the
semiconductor chips 12 and 12’ are power elements, or the like which produce a lot of
heat, favorable adhesion can be maintained because the polyimide resin composition
layer 14 has high heat resistance.
[0073]
In addition, when the polyimide resin composition layer according to the
present invention further contains an inorganic filler, the layer can be also preferably
used, for example, as a material for the substrate 16, because the layer has favorable
thermal conductivity.

[0074]
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The obtained varnish solution was applied at a rate of 10 mm/sec onto a PET film subjected to a mold
release treatment. The obtained coating film was dried at 160C for 1 hour to remove the solvent. After
the drying, the film portion was peeled from the PET film with the use of tweezers or the like to prepare
a polyimide film (film thickness: 60 um). [0124] [Example 2] A polyimide varnish was prepared in a
manner similar to Example 1, except that the four types of diamines (APB, 1-Si, 14EI" XTJ-542) and
the acid dianhydride (s-BPDA) were blended with a molar ratio of APE: 1-Si : 14EL : XTJ-542 :
s-BPDA =0.29:0.3:0.2: 0.21 : 1.0, a polyimide varnish. The viscosity of the obtained polyimide
varnish was 5.0 x 103 mPa,s, which was measured by an E-type viscometer at 25C. From the
obtained polyirnide varnish, a polyimide film was prepared in a manner similar to Example 1. [0125]
[Example 3]  1-Si a%%& aié‘?ﬁiﬁé"%é‘ﬁ?p‘ﬁﬁ%’t“&ﬁ%agng PBA FeaA S ErLHra e M ponent were
blended with atblapiratia ofvdabon. s-BRAAVRO1D: hyin@aFigl2entoffiyiNg 2 antemesityflene adjusted
to have a ratio gf, 743, Lhe: Abiained M e WRSAHbed 0t foun 2t apare e dfiasknto which a

dry nitrogen gas was able to be introduced, thereby ?rowdln a polyamic acid ‘solution with a resin

solid content W@'{ﬁ?’ﬁtﬁpfﬁlfﬁcﬁsf\ﬁ’@iéﬁ{@%?ﬁﬁ‘é?’éﬂﬂ% ént ARy hE resharshie fetrivas heated to
approximately & gunddikes stithingpsn & Rash, witlea Dadne Bodykidbessandwvaiatigrdducéed by a

dehydration reqaclinn.Was JeHen s 0L AYSLE MR NG MAROIRNOS MAMIRH, (@1 26] To
the obtained polyhnide varnish (A), three%ges of dl,amlré%%iAPB, 14EL, XTJ-542) as diamine

components wéPd 1 uaess i e HFAhBASER IRl SormpLiopsarapes Inigs 289 &8 - s BPD A =
0,49: 0.1 :0.2 : @uRtratd 16 imtecoessed povlany264.idth evbiotatimeermindlsrE2wads $tirred for one or more

hours in a flaslgép&ggﬂgjﬁlgbgcg[ﬁ/ PUQGen.9as was able to be introduced. Then, the reaction system
was heated to on the order of 180C while stirring in a flask with a Dean-Stark tube, and water

produced by a E)Oé}ﬁ%ration reaction was taken outside the system to obtain a polyinfide varnish (B)
with an imide block of Ib-Bigs BB #&intedudeddintol hote balesddd hetipolybytide. Zbhvériliscosity of the

ggtcainFed pcllgirmg{%&ﬁ{%iﬁt}lé_ ) ?e?t%&_éﬁﬂ{(ﬁgﬁ %Mﬁinﬂ'&%ﬁ&ﬁ@ﬁtﬁ@%@xﬁw&ﬁ&g&a@iﬁ-ViS?OTet?r at
. From tne alne; olyimiae varnis ,, a POlyItul m was e_are N a Mmanner similar 1o
Earmolo 1. (01391 TS o e o i S Fiar e S BT e SHAPRIUE Aty rice shown
in Table | werelhyentibd im adititiore infiguhtd§solmordtigsy shipwhdm Pables bopdsiyimidie varnishes (B)
were prepared {gpiiS38'% a3 e sase BhBIamRIe L ThedsrRsilies-aftheabtained polyimide
varnishes (B) were respectively 10 x 103 ml'a,s (Example 4), 11 .1% Péjsd(tEx le 5), 15 x 103
mPa-s (Examplé’sf &' &“Tﬁ%?nf’ﬁ@ %3@5%%,%’8@%‘.6 AR @‘C xeamOpngg f4Fhich were
measured by ahSEnithéhoiscoimede ratrP8@pPyidion thzeo bfainedoelyhvicstwemishlegi®), polyimide films
welre p_:jepared_é&&b&@@@ﬂﬁ%@é&@ﬁﬂ@dﬁ@&ﬁﬁg w%axmm&éo{}%f&}mmﬂu@sﬁmpflz 1A
polyimiae varnisp was prepared in a nner similar 10 xa_ xcept that one t lamine
e s e bt A R v p i T SN

1.0 : 1.0. The vigedsigrrsistide vabehirnawipojisniadyvantdsh was 4.0 x 103 mPa's, which was measured
by an E-type visggmeter at 25C. From the obtained polyimide varnish, a polyimide film was prepared

ina manner similar to ’%ﬁasmé%lt‘?c l. u(1: Oglﬁ%%}q}g%gti@ .E)l(é'i\er@gglg1 gcl Osiéogq%m' le g/élrnish was
prepared in a manner Similar 10 EXamplé 1, exceptinat one tpe of dramine t14EL) and one type of
acid dianhydridérrpuesagugerehip with the adhesive agent) may be obtained by separating, into

individual pieces, a laminate including a silicon wafer (before the separation into

individual pieces) and the polyimide resin composition layer formed on one surface of

the silicon wafer, or by forming the polyimide resin composition layer on separated

individual semiconductor chips. The polyimide resin composition layer may be

formed by applying the polyimide resin composition in the form of varnish to a silicon

- wafer or a semiconductor chip and then drying the composition, or by
thermocompression bonding of the polyimide resin composition in the form of a film to

a silicon wafer or a semiconductor chip.
[0077]
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blended with a molar ratio of 14EL : PMDA = 1.0 : 1.0. The viscosity of the obtained polyimide varnish
was 4.0 x 103 inPas, which was measured by an E-type viscometer at 25C. From the obtained
polyimide varnish, a polyimide film was prepared in a manner similar to Example 1. [0130]
[Comparative Example 3] A polyimide varnish was prepared in a manner similar to Example I,
except that three types of diamines (APB, 14EL, )CTJ-542) and one type of acid dianhy-dride
(s-BPDA) were blended with a molar ratio of APB: 14EL : XTJ-542 : s-BPDA =0.8:0.1: 0.1: 1.0. The
viscosity of the obtained polyimide varnish was 5.0 x 103 inPaes, which was measured by an E-type
viscometer at 25C. From the obtained polyimide varnish, a polyimide film was prepared in a manner
similar to Example I. [0131] [Comparative Examples 4 to 7] Paolyimjde varnishes were prepared in
a manner similar to Engﬁﬁ}éﬁfdefg&éﬁ%lmﬁ PR BEEdS RO Ren ARSI de shown in Table 2
were blended inaadslitiveamotntds{ridlateiatios} shioyfoinxiaiple, 1 dBhensésuebitib srof the obtained
polyiraide varnk%ﬂsétm@%%a?g&g%g}mg X I0AMP A SACOMORTAIMEFRMPIE 40 x 103 inPas

, 2.0 X 1

(Comparative Example mPas é}(}:ﬁomparatlve Example 6), and 3.0 x 103 taa-s (Example
7), which were FRRESHHEE BPa RS HEISE St BEA Ry S s s RPN SRR a N RRLE varnishes,
polyimide filmslwers prajideca tares mandhetisingl drtadgexathpkemicfadaapr chipkive sthiility of the
polyimide varnighes. ghiainashin: Gy 200ates: 110, Snantermparaidg-xamiples 4 s6-¢, and the adhesion,
glass transition temperature, melt viscoelastieity, and thermal decomposition temperature for polyimide
films were mea@&?@% in the following ways. These results are shown in Tables 1 and 2. [0133]
1.Varnish Stability — AFhlespribpdrbdvpahdpitienvidenisheswerstsollecteding trdhsprrsent small bottles,

and stored in refrigaiaiakL 3biBithiscRIfWREINanQIROt rERIRMBIEGIRIIgM /I:9glation was caused
was confirmed by observing c angrgs with time in the a tEfearaq)ce of the cg%gimid%jvatmishes in the
€

ng ch
small bottles. ComWﬁ'éPgllﬁ%'ﬁﬁﬁcf(? {BRAOHHRS BiShIBE VAR RS U e KSR g2 ntioned above,
the polyimide vethsistemissndvetiualsp, asuiBtritn orgbt Wesaprediteda lfor twworinerenmonths, evaluated
as "A" if a gel wag,piind ueedealtemn 24 siRefaretwe MantbepandRvaldaiechaBnpoifir gel was
produced within 24 hours.#%lB%%éAd esiop Thetpre ared Oﬁltyéﬁ%g% v?r_QSiséQa%%e ere applied by
a dip coating mEHTSY B R AT o S S S R RS A BT SRS 45 515 dried at 160C
for one hour. Inetidetitinysaotstaiprest Sikcoipslitsvadsrdiverda it renpcebidefoditeg drof the polyimide

varnishes, cuts4qyets dpadefemitheathersrfacesid exriss sklesysatherdhandhesides (mirrored
sides) with the olﬁ/imide arnish‘es?{aapliegF an thleksili on su trateistwplgg givided into two parts
(without dividing {he %aS%ﬁngﬁ*?FrH‘g"{% i énﬁ:o imi 5\1/aeir‘ﬁslr?e§’)1.o or the silicon substrates (with the

coating films), a8#@fed by the divide, the force for pulling up and peeling the coating film in a direction

at 180 degrees with the,divides side agimidasepQithywasitnedsiad: yiegapddimanufactured by
Toyo Seiki Co.,. Lth:OThi qasurgment ae{val&:ate H;e adhes]ion of tlhe coating ﬁh aoefrt}ﬁgg polyimide

: efer itut l d . .
varnish to the sifiéon %ﬁﬁeé?ra e B RE SHAesIon was evafuared as Yo if the forc required for peeling

of the coating fitariarasyPesNisaminonirioreediaate dumahingrusrofdhe exmeliensdisiatgithore and less
than 20 Wen, apd@vaksates asigxdifthectersaiwasdessithanalibgNiConalplsst SodBlass Transition

Temperature array (BGA) package. As shown in Fig. 4, a BGA package 70 has a semiconductor
chip 22 placed on one surface of a substrate 36, and has a plurality of bumps 17 formed
on the other surface thereof. A semiconductor chip 22 has a terminal (not shown)
connected by a wire 19 to a lead 15 on the substrate 36.  Further, the upper surface of
the semiconductor chip 22 is sealed with a sealing layer 24. The polyimide resin
composition according to the present invention can be used as a sealing agent for
constituting the sealing layer 24 of the BGA package 70.

[0080]

Fig. 5 is a schematic diagram illustrating an example of a chip on film (COF)
package. As shown in Fig. 5, a COF package 80 has a semiconductor chip 32 placed
on one surface of a film substrate 18 with bumps 27 interposed therebetween. It is to
be noted that the bumps 27 are connected to leads 25 on the film substrate 18.  Further,
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The storage elastic modulus E' and loss elastic modulus E" were measured for the prepared polyimide
films in accordance with the temperature dispersion measurement (tensile mode) of solid
viseoelasticity. The glass transition temperatures of the films were calculated from the peak value of
the obtained loss tangent tan 8 = E"/E'. r01361 4. Thermal Decomposition Temperature (Heat
Resistance) The thermal decomposition temperatures of the prepared polyimide films were
measured by TGA-51 from Shimadzu Corporation. A predetermined amount of polyimide sample was
weighed in a quartz crucible as an attachment of the TGA-51, and set up on a balance of the
apparatus. Then, the thermolytic behavior (decrease in 44 weight) was measured from room
temperature up_ to 800C under an ajr atmosphere and under a nitrO%\?n atmosphere. The heating

temperature at MHHER IR sAiGe samipradiey a2 autrelloy Bhsaasi§itosalds il ded as the
thermal decompaesitiohidgm peraiuret¢tbendecrdasefoyebonmigletdh [ 01B ¢] Sdeilmed saldsparency The

wansparency wag.evaliaisshfiskalbcohseningRolimide e RiePARMIS A8 Albickness on the

order of 50 um. The trangparency was evaluated as "0" if th %;%gosne side was able to be seen

without being c1d @SBRI materal fo constisninehg qadgill ddohtersuQl HrliRehEfhg clouded. [0138] S
ajdurexa adV 1]j0081]

Fig. 6 is a schematic diagram illustrating an example of a wafer level chip size
package (WL-CSP). As shown in Fig. 6, a package 90 includes a semiconductor chip
42, a film substrate 28 placed on one surface of the semiconductor chip 42, and a
plurality of Al pads 55. Bump underlying metal layers 60, Cu posts 65, and bumps 37
are sequentially connected to the Al pads 55.  Further, the upper surface of the film
substrate 28 and the gap between the Cu posts 65 are sealed with a sealing layer 34.
The polyimide resin composition according to the present invention can be used as a
sealing agent for constituting the sealing layer 34 of the package 90.

[0082]

In addition, the polyimide resin composition according to the present invention
can be used as a binder (adhesive paste) for fixing an electrode material constituting an
electrode for use in a battery, onto the surface of an electrode plate (electrode foil). In
particular, the polyimide resin composition is preferred as a binder for fixing silicon
particles attracting attention as a high-capacity negative electrode material (negative
electrode active material) for a lithium ion battery, onto the surface of a negative
electrode plate (negative electrode foil).

[0083]

Electrodes of a secondary battery such as a lithium ion battery typically include
an electrode plate (foil), and an electrode layer formed in the form of a layer on the
surface of the electrode plate (foil). The electrode layer includes an electrode active
material of a number of particles, and a binder. It is to be noted that the electrode
active material of a number of particles is firmly fixed in the form of a layer by the
binder onto the surface of the electrode plate (foil). For example, in the case of a
lithium ion battery, the electrode active material repeats the storage and release of
lithium jons, thus expands and contracts severely in the charge and discharge process,
and the electrode active material is estimated to be likely to peel (drop off) from the
binder. Therefore, the binder to serve as a constituent material of the electrode
requires an adhesion force which can withstand the expansion and contraction of the
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electrode active material with discharge and charge, electrical stability, and thermal
stability.
[0084]

In addition, if the electrode active material is not uniformly dispersed in the
binder, the stress generated by the expansion and contraction of the electrode active
material may be locally concentrated to cause electrode breakages such as peeling of the
electrode layer from the electrode plate (foil). Therefore, the binder to serve as a
constituent material of the electrode of the lithium ion battery requires a high adhesion
force, and an ability to uniformly disperse the electrode active material. The
polyimide resin composition according to the present invention is a material which is
excellent in terms of heat resistance and electrically stable. In addition, the polyimide
resin composition has a high force of adhesion to an inorganic base material, and easily
disperses the electrode active material uniformly for the formation of stable varnish, so
that an electrode can be formed which is less likely to be broken and excellent in terms
of reliability.

[0085]

In order to produce an electrode of a secondary battery such as a lithium ion
battery with the use of the polyimide resin composition according to the present
invention, first, an electrode active material such as particulate graphite or silicon and
the polyimide resin composition to serve as a binder are mixed in the presence of an
appropriate solvent to obtain electrode slurry. It is to be noted that the mixture ratio
between the electrode active material and the polyimide resin composition is preferably
the electrode active material/polyimide resin composition = 50/50 to 99/1 in terms of
volume ratio, and further preferably 60/40 to 98/2. Then, the surface of metal foil such
as copper foil or nickel foil is coated with the obtained electrode slurry in the form of a
layer. Drying and, if necessary, press working can be carried out to obtain an electrode
of a secondary battery such as a lithium ion battery. V
[0086]

In addition, the pdlyimidc resin composition according to the present invention
according to the present invention is used preferably as a protective film for metallic
wire surfaces. In particular, the polyimide resin composition is used preferably as a
protective film for metallic wires for use in coils such as motors.

[0087]
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In general, the protective film provided on the surface of metallic wires
requires insulation performance and partial discharge endurance (low relative
permittivity). In addition, in such a case as a metallic wire curved in order to produce
a coil or the like, the protective film requires a certain level of softness so as not to peel
from the metallic wire.

[0088]

Polyamide-imide resins used commonly as a protective film provided on the
surface of metallic wires have high sofiness, but have the problem of high relative
permittivity.  In addition, common polyimide resin compositions have low relative
permittivity, but have low softness and adhesion. Therefore, protective films formed
with the use of the polyimide resin compositions have a problem that when the metallic
wires are curved, the protective films are likely to peel off from the surface of the
metallic wires.

[0089]

The polyimide resin composition according to the present invention has lower
elative permittivity and higher heat resistance, as compared with the polyamide-imide
resins. In addition, the polyimide resin composition according to the present invention
is excellent in terms of adhesion and softness, as compared with conventional polyimide
resin compositions. Therefore, the polyimide resin composition according to the
present invention can, as a protective layer for metallic wires, increase the insulation
performance and partial discharge endurance while maintaining the adhesion and
softness.

[0090]

In the case of using the polyimide resin composition according to the present
invention as a protective film for the surface of metallic wires, the thickness of the
protective film is typically 10 to 200 um, and preferably 15 to 100 um.  The thickness
of the protective film is less than 10 pm may lead to insufficient insulation performance
and partial discharge endurance in some cases. On the other hand, the thickness of the
protective film more than 200 pm may lead to insufficient softness in some cases.
[0091]

The protective layer including the polyimide resin composition can be formed

by, for example, applying the polyimide resin composition in the form of vamish to the
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surface of metallic wires, and then drying, and if necessary, firing the polyimide resin
composition.
[0092]

The polyimide resin composition according to the present invention can be
used preferably as a binder resin for constituting a conductive adhesive layer for an
electromagnetic-wave shielding film. A typical electromagnetic-wave shielding film
includes a protective layer in the form of a film or a sheet, and a conductive adhesive
layer placed on this protective layer.  The conductive adhesive layer includes therein a
conductive filler and a binder resin.  Further, the conductive adhesive layer is formed
on the protective layer by the conductive filler dispersed and immobilized in the binder
resin.

[0093]

The polyimide resin composition according to the present invention has a high
adhesion force, and can be thus densely filled with the conductive filler. Therefore, an
electromagnetic-wave shielding film can be formed which has high shielding
performance. In addition, the polyimide resin composition according to the present
invention has high sofiness, and thus has sufficient flexibility even when a thick
conductive adhesive layer is formed. Therefore, the conductive adhesive layer is
formed to be thick, so that the electromagnetic-wave shielding performance can be
further increased while keeping the flexibility.

[0094]

Examples of the conductive filler include, for example, flat metal powders such
as silver and copper; flat metal-coated metal powders such as silver-coated copper
powders; and metal-coated resin powders such as flat styrene particle cores coated with
nickel (Ni) and gold (Au) flash plating. In addition, it is also possible to use such
spherical conductive particles as used in anisotropic conductive adhesives. The
average particle size of the conductive filler is not particularly limited, but preferably 2
to 20 um, and further preferably 5 to 10 um. It is to be noted that in the case of
assuming that the shape of the conductive filler is flat and that the longest diameter is
regarded as the particle size, the thickness of the conductive filler is preferably 5 to 40%
of the longest diameter.

[0095]
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In order to produce an electromagnetic-wave shielding film with the use of the
polyimide resin cdmposition according to the present invention, for example, the
polyimide resin composition and the conductive filler are mixed uniformly along with a
solvent to prepare a varnish. The mixture ratio between the conductive filler and the
polyimide resin composition is preferably the conductive filler/polyimide resin
composition = 70/30 to 99/1, and further preferably 85/15 to 95/5 in terms of mass ratio.
The prepared varnish is applied onto a resin film or the like to serve as the protective
layer, and then dried, thereby making it possible to produce an electromagnetic-wave
shielding film.

[0096]

The polyimide resin composition according to the present invention can be
used preferably as a binder resin for constituting a reflective material for an optical
semiconductor. A typical reflective material for an optical semiconductor includes a
light reflective filler and a binder resin.  Further, the reflective material for an optical
semiconductor is formed by the light reflective filler dispersed and immobilized in the
binder resin.  The polyimide resin composition according to the present invention has a
high adhesion force, and can be thus densely filled with the light reflective filler.
Therefore, a reflective material for an optical semiconductor can be formed which is
able to be bonded reliably anywhere in a chassis or the like.

[0097]

Examples of the light reflective filler include metal oxides such as titanium

oxide, potassium titanate; iﬁorganic glass, silica, and alumina; metal salts such as

~ calcium carbonate, barium carbonate, calcium silicate, and nickel carbonate; and resins
such as polystyrene resins, poly(meth)acrylate resins, and cross-linked resins thereof.
It is to be noted that the light reflective filler preferably has hollow particles, and further
preferably has hollow particles of 0.01 to 500 pm in outside diameter in terms of light
reflectivity and handling.
[0098]

In order to produce a reflective material for an optical semiconductor with the
use of the polyimide resin composition according to the present invention, for example,
the polyimide resin composition and the light reflective filler are mixed, and molded
into a predetermined shape. The mixture ratio between the light reflective filler and
the polyimide resin composition is preferably the light reﬂéotive filler/polyimide resin
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composition = 50/50 to 99/1, and further preferably 70/30 to 95/5 in terms of mass ratio.
Then, curing by drying or the like can provide a reflective material for an optical
semiconductor.

[0099]

The polyimide resin composition according to the present invention can be
used preferably as a binder resin for obtaining a conductive paste. A typical
conductive paste includes conductive particles and a binder resin, and the conductive
particles are dispersed in the binder resin.  The polyimide resin composition according
to the present invention has a high adhesion force, and the conductive particles can be
thus densely dispersed. Therefore, a conductive paste can be provided which has a
high electrical conductivity. In addition, the polyimide resin composition according to
the present invention has high softness, and thus can effectively relax the stress
generated between various types of parts and a substrate or the like when the polyimide
resin composition is used as a constituent material of a “solder paste” for mounting the
various types of parts on the substrate or the like.

[0100]

While the type of the conductive particles is not particularly limited as long as
the conductive particles are intended for use in common conductive pastes, solder
particles are preferred which has a melting point of 80 to 240°C.  While the
composition of the solder particles is also not particularly limited, examples of the
composition can include alloys of tin (Sn) as a base with a metal such as silver (Ag) and
copper (Cu), and alloys of tin with a metal such as bismuth (Bi), zinc (Zn), and indium
(In).

[0101]

The conductive paste can be produced by mixing the polyimide resin
composition with the conductive particles in accordance with a given method. The
mixture ratio between the conductive particles and the polyimide resin composition is
preferably the conductive particles/polyimide resin composition = 20/80 to 90/10, and
further preferably 30/70 to 80/20 in terms of mass ratio.

[0102]

The polyimide resin composition according to the present invention can be
used preferably as a binder resin constituting a heat release material for releasing, to the
outside, heat generated from a heat source such as an electronic device. A typical heat
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release material contains a heat release filler and a binder resin.  Further, the heat
release material is formed by the heat release filler dispersed and immobilized in the
binder resin.  The polyimide resin composition according to the present invention has a
high adhesion force, and can be thus densely filled with the heat release filler.
Therefore, a heat release material can be provided which has high heat release
performance. In addition, the polyimide resin composition according to the present
invention has high sofiness, and thus can effectively relax the stress generated between
_various types of parts and a substrate or the like when the polyimide resin composition
is used to mount the obtained heat release material as a part.
[0103]

While the type of the heat release filler is not particularly limited as long as the
heat release filler is intended for use in common heat release materials, inorganic filling
materials are preferable such as boron nitride, silicon nitride, aluminum nitride, alumina,
aluminum oxide, silicon oxide, and magnesium oxide. Above all, inorganic filling
materials are preferable which have a thermal conductivity of 20 W/m-K or more, and
boron nitride, silicon nitride, aluminum nitride, and alumina are further preferable.
[0104]

The heat release material can be produced by mixing the polyimide resin
composition with the heat release filler in accordance with a given method. The
mixture ratio between the heat release filler and the polyimide resin composition is
preferably the heat release filler /polyimide resin composition = 25/75 to 85/15, and
further preferably 35/65 to 75/25 in terms of mass ratio.

[0105]

The polyimide resin composition according to the present invention is
preferred as a constituent material of a foaming molding article for heat insulation.

The insulation refers to a member used for protecting various types of electronic
components from heat generated from a heat generation source such as, for example, a
CPU. The polyimide resin composition according to the present invention has softness,
and thus, even when the polyimide resin composition is molded into a foam, the

obtained foaming molding article is less likely to be brittle, and a sufficient mechanical
strength is maintained. In addition, the polyimide resin composition according to the

present invention has advantages such as that it is easy for the polyimide resin
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composition to be molded into a foam, because of its sufficiently low glass transition
temperature (Tg).
[0106]

The foaming molding article can be produced by molding into a foam in
accordance with a given method with the use of the polyimide resin composition. The
polyimide resin composition is molded into the shape of a plate or sheet to obtain a
molded article, for example, by a molding method such as injection molding or
extrusion molding. The obtained molded article is impregnated with an inert gas at a
predetermined temperature under pressure to relieve the pressure rapidly, and impart
thermodynamic stability to the resin molded article impregnated with the inert gas,
thereby forming a foaming nucleus.

[0107]

Examples of the inert gas include argon, nitrogen, fluorine, and carbon dioxide.
The impregnation temperature of the inert gas is preferably a temperature from 20°C to
lower than the glass transition temperature (Tg). In addition, the impregnation
temperature of the inert gas is preferably 5 to 30 MPa.  The resin molded article with
the foaming nucleus formed can be heated to produce a foam. The teinperaturc of
heating the resin molded article may be, for example, the glass transition temperature
(Tg) of the polyimide resin composition to the glass transition temperature (Tg) - 70°C.
[0108]

The polyimide resin composition according to the present invention can be
used preferably as a binder resin (a binder for low dielectric material) for constituting an
interlayer insulating film. The interlayer insulating film refers to a member provided
$0 as to cover wirings in a multilayer wiring board. It is to be noted that the interlayer
insulating film is required to have a low dielectric constant, because the interlayer
insulating film is a member for electrically insulating wirings in the respective layers.
A typical interlayer insulating film includes a low dielectric constant material and a

" binder for low dielectric material, and the low dielectric constant material is dispersed in
the binder for low dielectric material.
[0109]

The polyimide resin composition according to the present invention has a high
adhesion force, and can be thus densely filled with the low dielectric constant material.
Therefore, an interlayer insulating film can be produced which has a lower dielectric
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constant. In addition, the polyimide resin composition according to the present
invention has high softness, and thus can effectively relax the stress generated between
various types of parts and a substrate or the like when the interlayer insulating film
obtained with the use of the polyimide resin composition is mounted as a part.

[0110]

The types of the low dielectric constant material include, but not particularly limited as
long as the low dielectric constant material is intended for use in common interlayer
insulating films, molten silica, hollow silica, and the like. The interlayer insulating
film can be produced by mixing the polyimide resin composition and the low dielectric
constant material in accordance with a given method, and then molding the mixture in
accordance with various types of molding methods. The mixture ratio between the
low dielectric constant material and the polyimide resin composition is preferably the
low dielectric constant material/polyimide resin composition = 20/80 to 70/30, and
further preferably 30/70 to 60/40 in terms of mass ratio.

[0111]

The polyimide resin composition according to the present invention can be
used preferably as an adhesive agent for a planar heating element. Configuration
examples of the planar heating element include (i) polyimide film/adhesive layer/SUS
layer and (ii) aluminum layer/adhesive layer/SUS layer. In the configuration example
(i), an electric current is applied through a circuit formed in the SUS layer to generate
heat. In addition, in the configuration example (ii), an electric current is applied
through a circuit formed in the SUS layer to generate heat, and the aluminum layer is
allowed to function as a member for cooling. Applications of the planar heating
elements which have these configurations include, for example, heaters of laser printer
heads, preheating heater of in-car backlights, and far-infrared panel heaters. The
polyimide resin composition according to the present invention has a high adhesion
force, and excellent heat resistance. Therefore, the use of the polyimide resin
composition according to the present invention as an adhesive agent for a planar heating
element can provide a planar heating element including an adhesive layer which also
exerts sufficient adhesion under hot temperature conditions.

[0112]

In addition, the polyimide resin composition according to the present invention

has thermoplasticity, and has an adequately low glass transition temperature (Tg).
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Therefore, when an adhesive layer is formed on a heating element, after curing is
unnecessary, and low-temperature laminate is possible.
[0113]

The planar heating element can be produced by, for example, applying the
polyimide resin composition onto a predetermined area (the surface) of a heating
element to form a coating layer, and then subjecting the coating layer drying by heating
or the like to form an adhesive layer. It is to be noted that the polyimide resin
composition may be mixed with a solvent, if necessary.

[0114]

The polyimide resin composition aecording to the present invention can be
used preferably as an adhesive agent (an adhesive agent for a coverlay film) for
constituting an adhesive agent layer for a coverlay film.  The coverlay film refers to a
member used for protecting the surface of a flexible printed circuit (FPC). A typical
coverlay film includes a polyunide film, and an adhesive agent layer placed on the
polyimide film. It is to be noted that a mold release film or the like is placed on the
adhesive agent layer, if necessary. The polyimide resin composition according to the
present invention has an adhesion force, and has excellent heat resistance. Therefore,
the use of the polyimide resin composition according to the present invention as an
adhesive agent for a coverlay film can provide a coverlay film including an adhesive
layer which also exerts sufficient adhesion under hot temperature conditions.

[0115]

In addition, the polyimide resin composition according to the present invention
has thermoplasticity, and has an adequately low glass transition temperature (Tg).
Therefore, when an adhesive layer is formed on a polyimide film, after curing is
unnecessary, and low-temperature laminate is possible. Furthermore, the polyimide
resin composition according to the present invention has high softness, and thus can
improve the bendability of a flexible printed circuit (FPC).

[0116]

The coverlay film can be produced by, for example, applying the polyimide
resin composition onto a polyimide film to form a coating layer, and then subjecting the
coating layer drying by heating or the like to form an adhesive layer. It is to be noted
that the polyimide resin composition may be mixed with a solvent, if necessary.

[0117]
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The polyimide resin composition according to the present invention can be
used preferably as a primer or a modifying material for a pre-coated metal (PCM) paint.
The primer for the PCM paint is a component applied in advance on the surface of a
steel plate to which the PCM paint is to be applied. In addition, the modifying
material for the PCM paint is a component added to the PCM paint. Each of the
primer and modifying material improves the adhesion of the coating film to the surface
of the steel plate, or provide the coating film with softness.

[0118]

The polyimide resin composition according to the present invention has high
adhesion, and thus improves the peeling strength of a coating film formed on a steel
plate, when the polyimide resin composition is used as the primer or modifying material
for the PCM paint. In addition, the polyimide adhesive agent according to the present
invention has high softness, and thus makes it less likely that a coating film formed on a
steel plate has a crack caused, when the polyimide adhesive agent is used as the primer
or modifying material for the PCM paint. Furthermore, drying at low temperature
becomes possible, thus improving the productivity of pre-coated metal (a steel plate
with a coating film formed).

[0119]

The polyimide resin composition according to the present invention can be
used preferably as a liquid sealing material for a semiconductor, or a modifying material
thereof. The polyimide resin composition according to the present invention has high
softness, and can thus prevent a semiconductor element to be sealed from having defects
such as cracking caused due to stress relaxation, when the polyimide resin composition
is used as a liquid sealing material for a semiconductor, or a modifying material thereof.
In particular, the polyimide resin composition is effective for preventing cracking of

" semiconductor elements (chips) which have been thinner and thinner in recent years.
[0120]

In addition, the polyimide resin composition according to the present invention
allows low-temperature drying, and can be mixed with other resin components such as
an epoxy resin. Therefore, when the polyimide resin composition is used as a liquid
sealing material for & semiconductor, or a modifying material thereof, a B-stage molded
article (sealed body) can be achicved by drying in a low temperature range to the extent
that the epoxy resin or the like is not cured, and thereby removing the solvent.
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EXAMPLES
[0121]

The abbreviations of compounds used in examples and comparative examples
will be shown below.
(A) Aromatic Diamine ,

APB: 1,3-bis(3-aminophenoxy)benzene (manufactured by Mitsui Chemicals,
Inc.)
(BY  Silicone Diamine

1-Si: 1,3-bis(3-aminopropyl)tetramethyldisiloxane
(&) Aliphatic Diamine

14EL: polytetramethylene oxide di-p-aminobenzoate (Product Name:
Elastomer 1000, manufactured by Thara Chemical Industry Co., Ltd.)

XTI-542: polyetheramine represented by the following formula (Product
Name: JEFFAMINE, manufactured by Huntsuman Co., Ltd.)
[Chemical Formula 23]

H

CH; THs
H N‘(“(t)"CH ~0H€CH )‘“O'}‘{‘CH JLO)*CH ~C~NH
N O 2 %%, 2 iHG , e

) Aromatic Tetracarboxylic Dianhydride

s-BPDA: 3,3’ 4,4’ -biphenyl tetracarboxylic dianhydride (manufactured by JFE
Chemical Corporation)

PMDA: pyromellitic dianhydride
[0122]
[Example 1]
Preparation of Polyimide Varnish

Four types of diamines (APB, 1-Si, 14EL, XTJ-542) and one type of acid
dianhydride (s-BPDA) were blended with a molar ratio of APB : 1-Si: 14EL :
XTJ-542:s-BPDA =049:0.1:0.2:0.21 : 1.0, in a solvent of NMP and mesitylene
adjusted to have a ratio of 7/3.  The obtained mixture was stirred for four or more
hours in a flask into which a dry nitrogen gas was able to be introduced, thereby
providing a polyamic acid solution with a resin solid content weight of 20 to 25
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weight%. After sufficient stirring, the reaction system was heated to approximately
180°C while stirring in a flask with a Dean-Stark tube, and water produced by a
dehydration reaction was taken outside the system to obtain a polyimide varnish. The
viscosity of the obtained polyimide varnish was 8.0 x 10> mPa-s, which was measured
by an E-type viscometer at 25°C.

[0123]

Preparation of Film

The obtained varnish solution was applied at a rate of 10 mm/sec onto a PET
film subjected to a mold release treatment.  The obtained éoating film was dried at
160°C for 1 hour to remove the solvent.  After the drying, the film portion was peeled
from the PET film with the use of tweezers or the like to prepare a polyimide film (film
thickness: 60 pm).

[0124]
[Example 2]

A polyimide varnish was prepared in a manner similar to Example 1, except
that the four types of diamines (APB, 1-Si, 14EL, XTJ-542) and the acid dianhydride
(s-BPDA) were blended with a molar ratio of APB : [-Si: 14EL : XTJ-542 : s-BPDA =
0.29:0.3:0.2:0.21: 1.0, a polyimide varnish.  The viscosity of the obtained
polyimide varnish was 5.0 x 10° mPas, which was measured by an E-type viscometer at
25°C. TFrom the obtained polyimide varnish, a polyimide film was prepared in a
manner similar to Example 1.

[0125]
[Example 3]

1-Si as a diamine component and s-BPDA as an acid dianhydride component
were blended with a molar ratio of 1-Si: s-BPDA = 0.1 ; 1.0, in a solvent of NMP and
mesitylene adjusted to have a ratio of 7/3.  The obtained mixture was stirred for four or
more hours in a flask into which a dry nitrogen gas was able to be introduced, thereby
providing a polyamic acid solution with a resin solid content weight of 20 to 25
weight%. After sufficient stirring, the reaction system was heated to approximately
180°C while stirring in a flask with a Dean-Stark tube, and water produced by a
dehydration reaction was taken outside the system to obtain a polyimide varnish (A).
[0126]
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To the obtained polyimide varnish (A), three types of diamines (APB, 14EL,
XTI-542) as diamine components were added so that the final monomer ratio was
APB : 1-Si: 14EL : XTJ-542 : s-BPDA=0.49:0.1:0.2: 0.21 : 1.0 in terms of molar
ratio. The obtained mixture was stirred for one or more hours in a flask into which a
dry nitrogen gas was able to be introduced. Then, the reaction system was heated to
on the order of 180°C while stirring in a flask with a Dean-Stark tube, and water
produced by a dehydration reaction was taken outside the system to obtain a polyimide
varnish (B) with an imide block of 1-Si/s-BPDA introduced into molecules of the
polyimide. The viscosity of the obtained polyimide varnish (B) was 8.0 x 10° mPass,
which was measured by an E-type viscometer at 25°C.  From the obtained polyimide
varnish (B), a polyimide film was prepared in a manner similar to Example 1.

[0127]
[Examples 4 to §]

Except that the types of diamines and acid anhydride shown in Table 1 were
blended in additive amounts (molar ratios) shoWn in Table 1, polyimide varnishes (B)
were prepared in the same way as in the case of Example 1.  The viscosities of the
obtained polyimide varnishes (B) were respectively 10 x 10* mPa-s (Example 4), 11 x
10® mPa-s (Example 5), 15 x 10®> mPa-s (Example 6), 9.0 x 10® mPa-s (Example 7), and
8.0 x 10° mPa's (Example 8), which were measured by an E-type viscometer at 25°C.
From the obtained polyimide varnishes (B), polyimide films were prepared in the same
way as in the case of Example 1.

[0128]
[Comparative Example 1]

A polyimide varnish was prepared in a manner similar to Example 1, except
that one type of diamine (APB) and one type of acid dianhydride (s-BPDA) were
blended with a molar ratio of APB : s-BPDA =1.0: 1.0. The viscosity of the obtained
polyimide varnish was 4.0 x 10° mPa-s, which was measured by an E-type viscometer at
25°C. From the obtained polyimide varnish, a polyimide filim was prepared in a
manner similar to Example 1.

[0129]
[Comparative Example 2]

A polyimide vamnish was prepared in a manner similar to Example 1, except
that one type of diamine (14EL) and one type of acid dianhydride (PMDA) were
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blended with a molar ratio of 14EL : PMDA = 1.0 : 1.0. The viscosity of the obtained
polyimide varnish was 4.0 x 10° mPass, which was measured by an E-type viscometer
at 25°C. From the obtained polyimide varnish, a polyimide film was prepared in a
manner similar to Example 1.

[0130]

[Comparative Example 3]

A polyimide varnish was prepared in a manner similar to Example 1, except
that three types of diamines (APB, 14EL, XTJ-542) and one type of acid dianhydride
(s-BPDA) were blended with a molar ratio of APB : 14EL : XTJ-542 : s-BPDA = 0.8 :
0.1:0.1:1.0. The viscosity of the obtained polyimide varnish was 5.0 x 10° mPass,
which was measured by an E-type viscometer at 25°C. From the obtained polyimide
varnish, a polyimide film was prepared in a manner similar to Example 1.

[0131]
[Comparative Examples 4 to 7]

Polyimide varnishes were prepared in a manner similar to Example 1, except
that the types of diamines and acid anhydride shown in Table 2 were blended in additive
amounts {molar ratios) shown in Table 1. The viscosities of the obtained polyimide
varnishes were respectively 5.0 x 10° mPaes (Comparative Example 4), 8.0 x 10° mPaes
(Comparative Example 5), 5.0 x 10°> mPass (Comparative Example 6), and 3.0 x 10°
mPass (Example 7), which were measured by an E-type viscometer at 25°C.  From the
obtained polyimide varnishes, polyimide films were prepared in a manner similar to
Exampie 1.

[0132]

The stability of the polyimide varnishes obtained in Examples 1 to 8 and
Comparative Examples 1 to 7, and the adhesion, glass transition temperature, melt
viscoelasticity, and thermal decomposition temperature for polyimide films were
measured in the following ways. These results are shown in Tables 1 and 2.

[0133]
1. Varnish Stability

The prepared polyimide varnishes were collected in transparent small bottles,
and stored in refrigerator (3°C). In this case, whether or not resin precipitation or
gelation was caused was confirmed by observing changes with time in the appearances
of the polyimide varnishes in the small bottles.
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After starting to store the polyimide varnishes under the condition mentioned
above, the polyim'i§e‘varhish was evaluated as “o” if no gel was produced for two or
more months, evaluated as “A” if a gel was produced after 24 hours before two months,
and evaluated as “x” if a gel was produced within 24 hours.

[0134]
2. Adhesion

The prepared polyimide vamishes were applied by a dip coating method onto
mirrored silicon substrates cut in a predetermined size, and dried at 160°C for one hour.
In the thus obtained silicon substrates covered with the thin coating films of the
polyimide varnishes, cuts were made from the other surfaces (reverse sides) rather than
the sides (mirrored sides) with the polyimide varnishes applied, and the silicon
substrates were divided into two parts (without dividing the coating films of the
polyimide varnishes). For the silicon substrates (with the coating films), obtained by
the divide, the force for pulling up and peeling the coating film in a direction at 180
degrees with the divided side as a base point was measured by
Strograph-Mlmanufactured by Toyo Seiki Co., Ltd. This measurement evaluated the
adhesion of the coating film of the polyimide varnish to the silicon substrate.

The adhesion was evaluated as “o” if the force required f(;r peeling of the
coating film was 20 N/cm or more, evaluated as “A” if the force was 15 N/em or more
and less than 20 N/cm, and evaluated as “x”if the force was less than 15 N/em.

[0135)]
3. Glass Transition Temperature

The storage elastic modulus E’ and loss elastic modulus E’” were measured for
the prepared polyimide films in accordance with the temperature dispersion
measurement (tensile mode) of solid viscoelasticity. The glass transition temperatures
of the films were calculated from the peak value of the obtained loss tangent tan & =
E”/E’.

[0136] .
4. Thermal Decomposition Temperature (Heat Resistance)

The thermal decomposition temperatures of the prepared polyimide films were
measured by TGA-51 from Shimadzu Corporation. A predetermined amount of
polyimide sample was weighed in a quartz crucible as an attachment of the TGA-51,
and set up on a balance of the apparatus.  Then, the thermolytic behavior (decrease in
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weight) was measured from room temperature up to 800°C under an air atmosphere and
under a nitrogen atmosphere. The heating temperature at which the initial sample
weight was decreased by 5 weight% was regarded as the thermal decomposition
temperature (the decrease by 5 weight%).
[0137]
5. Film Transparency

The transparency was evaluated by visually observing polyimide films

prepared to have a thickness on the order of 50 um. The transparency was evaluated

as “o” if the opposite side was able to be seen without being clouded, and as “A” if the

opposite side was seen cloudy while being clouded.
[0138]
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o- '011 [0140] As shown in Table 1, the polynnide films obtained in Examples 1 to 8 each have a
low glass transition temperature, and thus excellent adhesion to the silicon substrate, and also has a
thermal decomposition temperature of 355C or more, and thus excellent heat resistance. In addition,
the polyimides obtained in Examples 1 to 8 have thvorable varnish stability. [0141] On the other
hand, as shown in Table 2, it is determined that the polyimide obtained in Comparative Example has a
high thermal decomposition temperature, and thus excellent heat resistance, but has low varnish
stability and also low adhesion to the silicon substrate. This is considered to be because the polyimide
obtained in Comparative Example 1 contains no silicone diamine (B) or aliphatic diamine (C), and thus
has low softneiﬁ 4@the case of Comparative Example 2, it is determined that the varnish is turned into
agel. Thisisc % red to be because the polyimide containing the aliphatic diamine (C) has
relatively high reactivitysishtiver éaSebbt Cémpelpamice Eianapleizdindennlasihéidratthe adhesion is
low because Ofﬁa@ret@imglﬁ@t%@@iaﬁ @iﬁﬁ@i@@r@&n@mﬁuﬂ&&eﬁt@mm@ tbexmaicdacomposition

temperature is loyw because aI| atic diamine tends topﬁﬁh decom d. [0142] It
is determined ti3 \{fvst ate 8 ﬁﬁsl a1‘SI$n}~is1 BFalneéam R oroﬁl tglp e xalfﬁ{p i%g\%/gufow varnish

stability. This |Sf—‘é9ﬂ§i@l@?@d eyianse calisuldiopdiyi ﬁﬂb’%@?ﬁﬁh‘i@ﬂ%@%’ﬁ%ﬁa@n\/@ Bkansples 4 and 7
contain no aliphadis-airroinas(Gabanigddition, it is determined that the polyinfide films obtained in
Comparative ET PL s 5 and 6 have low adhesion to the silicon substrate, and low thermal
decomposition temperatures. This is considered to be because the polyimides obtained in
Comparative Example$8 Bin@Beebaitdinsigoarnindilgamiisdgsynipadtspt the npletidifon, it is
determined thabBigRelyinidefiihemoitgha Expiplamaitdhgsiicanegiasine introduced as a

plock structure s 8 296Nt ek AR TRPliARSIARIAIISID RRlteaRLIG fagparable glass

transition temperature, as compare with the polyimide film accor to Examp e 1 with the silicone

diamine introdutigorantieialy. THISIS é@%ﬁ%‘fé’%@eﬁ%@%@é’%ﬁ@ﬁ ebfaigd Block including the
silicone dlamlne:wapaaﬁnewmmuycﬂmim ifeskliocheitiatuiin@ihe diplerididianine, (Cyalic siloxane was

able to be prevepietliam defaesprofiedion deslisanediamios; otoReatsR#lasmall amount of

unreacted silicone diamine. 144 It IS determi that the ‘polyimide film obtained in Example 3,

as compared witAHEE ﬁé}yﬁ?ﬁd@t‘flﬂfﬁeébté%édslwml@ e braus fepalyiaideepRiBRIEUSe the ratio
of the silicone dﬂafmn]ﬁlé&) dientainey hastheapadiimiglerabtaingd im ansple’ 8daljsmatithin a more

appropriate rang, gsce RS Wil NESAe AR S rANEURKIna (il SAANEIRIhe polyimide

obtained in Examp ition, 1t Is determined that the polyimide film obtained in Example 1 is

excellent in terﬂ?@f&?&ﬁéﬁé‘mﬁ‘a{%%%ﬁ#ﬁé]?@&% ﬁ?%%é‘f%ﬁﬁ@pﬂl%%{% REPSHEESSample 2. This is
estimated to bethesaplﬁadid&maﬂe)((m thelsikdandoisaiynid@)esadained in the polyimide obtained in

Example | faIIs a more appropriate range, as compared with the ratio of the silicone diamine (B)
contained in the poI nide obtained in Example 2. [0145] The gesent appllcatlon clalms the
priority based on the appisiGRTEH B ERiRids §501 MalnsHYSATARASES SRR i application

number 1P20 16si 31ik65 ifite danm shushytilli®0 1 Thizarislcthsidgpdi catio bepansetbe J612010:213806 filed on

September 24, 510, IE}%%%@H@ mespecificaiionsefing aRplitrians:Ae@!l ingorporated therein.

INDUSTRIAL APPLICABILIT
addition, it is detcxmmcd that the polyimide films obtained in Comparative Examples 5

and 6 have low adhesion to the silicon substrate, and low thermal decomposition
temperatures.  This is considered to be because the polyimides obtained in
Comparative Examples 5 and 6 contain no aromatic diamine (A).

[0143]

, In addition, it is determined that the polyimide film according to Example 3
with the silicone diamine introduced as a block structure has a 20°C higher thermal
decomposition temperature in spite of the comparable glass transition temperature, as
compared with the polyimide film according to Example 1 with the silicone diamine
introduced randomly. This is estimated to be because when the imide block including
the silicone diamine was sandwiched by the imide block including the other diamine,
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[0146] The polyimide resin composition according to the present invention can be used widely as
an adhesive material between a semiconductor chip and other semiconductor chip or a substrate, a
protective material for a circuit of a semiconductor chip, or an interlayer insulating material. In
particular, the polyimide resin composition according to the present invention is excellent in tenns of
heat resistance, and thus used preferably, in particular, in an adhesive material, a protective material,
or an insulating material for a device including a semiconductor chip which produce a lot of heat.
DESCRIPTION OF REFERENCE SIGNS [0147] 10, 10', 10"device 12, 12% 22, 32, 42semiconductor
chip 12Aterminal (of semiconductor chip) 13underfill layer 14polyimide resin composition Iayer 15,25

lead 16, 26, 365Libst e 17 27d g{%;%ﬁﬁw%g tZ%é‘llm gubstrat(? 1 v?gl %% éflcgleug\

26Arecessed pg |on der resis 3 8 umpeﬁfs% Theta ayer 5CL pos A package
or because of a small amount of umeacted silicone diamine.
[0144]

It is determined that the polyimide film obtained in Example 3, as compared
with the polyimide film obtained in Example 7. This is estimated to be because the
ratio of the silicone diamine (B) contained in the polyimide obtained in Example 3 falls
within a more appropriate range, as compared with the ratio of the silicone diamine (B)
contained in the polyimide obtained in Example 7. In addition, it is determined that
the polyimide film obtained in Example 1 is excellent in terms of transparency, as
compared with the polyimide filin obtained in Example 2.  This is estimated to be
because the ratio of the silicone diamine (B) contained in the polyimide obtained in
Example 1 falls within a more appropriate range, as compared with the ratio of the
silicone diamine (B) contained in the polyimide obtained in Example 2.

[0145]

The present application claims the priority based on the application number
JP2010-013201 filed on January 25, 2010, the application number JP2010-151165 filed
on July 1, 2010, and the application number JP2010-213806 filed on September 24,

2010. The content in the specifications of the applications are all incorporated therein.

INDUSTRIAL APPLICABILITY
[0146]

The polyimide resin composition according to the present invention can be
used widely as an adhesive material between a semiconductor chip and other
semiconductor chip or a substrate, a protective material for a circuit of a semiconductor
chip, or an interlayer insulating material. In particular, the polyimide resin
composition according to the present invention is excellent in terms of heat resistance,
and thus used preferably, in particular, in an adhesive material, a protective material, or
an insulating material for a device including a semiconductor chip which produce a lot

of heat.

DESCRIPTION OF REFERENCE SIGNS
[0147]
10,10°, 10 device
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80COP package 90package CLAIMS 1.A polyimide resin composition comprising a polyimide
obtained by condensation of: a diatnine component containing an aromatic diamine (A)
represented by any of the following general formula (1-1) to (1-3), a silicone diamine (B) represented
by the following general formula (2), and an aliphatic diamine (C) represented by the following general
fonnula (3); and an acid anhydride component containing an aromatic tetraearboxylic dianhydride
(D) represented by the following general formula (4). [Chemical Formula 1] .0-1) (In the general
formula (1-1), n represents an integer of 1 to 20.) [Chemical Formula 2] H,r4TH2 /11-\\ cH3 NH,2)
[Chemical Formula 3]

12,12°,22,32,42 semiconductor chip
12A  terminal (of semiconductor chip)
13 underfill layer

14 polyimide resin composition layer
15,25 lead

16, 26, 36 substrate

17,27, 37 bump

18, 28 film substrate
19 wire
24,34 sealing layer

26A  recessed portion

50 solder resist

55 Al pad

60 bump base metal layer
65 Cu post »

70 BGA package
80 COF package
90 package
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\--4NH2 _rviS [Chemical Formula 4] 11 T31 0-Si R2-NH2- (2) 1l FLIP4 MI (In the general
formula (2), R1 and R2 each independently represents a divalent aliphatic group having | to 5 carbon
atoms or a divalent aromatic group having 6 or more carbon atoms, R3 and R4 each independently
represents a monovalent aliphatic group having 1 to 5 carbon atoms or a monovalent aromatic group
having 6 or more carbon atoms, and in represents an integer of | or more.) [Chemical Formula 5]
H2N-R54C,H20-XYR8-NH2 (3) (In the general formula (3), R5 and 124 each independently
represents an organic group including at least one selected from a group consisting of a carbonyl
group, an oxycarbonyl group, an aromatic group having 6 or more carbon atoms, and an aliphatic
group having one or more carbon atoms. X represents -0-, -S-,-ONII-, or -OS-, | represents an integer
of 1 to 50, and n represents an integer of 1 or mares)i@hemical Formula 6] (In the general formula (4),
R7 represents a single bond, -0-, or carbonyl group.) 2.The polyimide resin composition according to

claim 1,w-herein the/apomiatidediainic@npdyisorapiesesited byliheifelldwingddgneral formula (1),
wherein the alippatic diamine (C) is represented by the following general formula (3-1), and
a diamine component containing an aromatic diamine (A) represented by any
of the following general formula (1-1) to (1~3); a silicone diamine (B) represented by
the following general formula (2), and an aliphatic diamine (C) represented by the
following general formula (3); and
an acid anhydride component containing an aromatic tetracarboxylic
dianhydride (D) represented by the following general formula (4).

[Chemical Formula 1]

- = e VoSs™
PR A (1= 1)
L S n

(In the general formula (1-1), n represents an integer of 1 to 20.)
[Chemical Formula 2]

[Chemical Formula 3]

AT O M
\ 7 ./ \ ./ \ L/
[Chemical Formula 4]

Bl o
H-‘,N—R.-§i~{~o—§i~}nz~rmz eer {2}
R Rs * m

4

(In the general formula (2), Ry and R, each independently represents a divalent
aliphatic group having 1 to 5 carbon atoms or a divalent aromatic group having 6 or
more carbon atoms, R3 and R4 each independently represents a monovalent aliphatic
group having 1 to 5 carbon atoms or a monovalent aromatic group having 6 or more
carbon atoms, and m represents an integer of 1 or more.)

[Chemical Formula 5]
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wherein the aromatic tetracarboxylic ciianhydride (D) is represented by the following general formula
(44). [Chemical Formula 7] H2NNH, (1) (In the general formula (1), n represents an integer of 1
to 20.) [Chemical Formula 81 H2N-F16-{C,,P12"-OfiRs-NFI2(3-11 (In the general formula (3-1),
R5 and R6 each independently represents an organic group including at least one selected from a
group consisting of a carbonyl group, an oxycarbonyl group, an aromatic group having 6 or more
carbon atoms, and an aliphatic group having one or more carbon atoms, 1 represents an integer of 1
to 50, and n represents an integer of 1 or more.) [Chemical Formula 9] .0-11 (In the general formula
(4-1), R7 represents a single bond, -0-, or a carbonyl group.) 3.The polyimide resin composition
according to claim 1, wherein the aliphatic diamine (C) is a diamine represented by the following
general formula (Ba)btﬁﬁ:a{diw’rhﬂi?ﬂsemesen'te@by the following general formula (3b). [Chemical
Formula 10]

(In the general formula (3), Rs and R each independently represents an organic

group including at least one selected from a group consisting of a carbonyl group, an
oxycarbonyl group, an aromatic group having 6 or more carbon atoms, and an aliphatic
group having one or more carbon atoms. X represents -O-, -S-, -NH-, -ONH-, or -OS-,
I represents an integer of 1 to 50, and n represents an integer of 1 or more.)

[Chemical Formula 6]

0 o
iy 7
/C = 1 = G\
o | g o W
RN 0
I W
o o

(In the general formula (4), Ry represents a single bond, -O-, or a carbonyl

group.)

2. The polyimide resin composition according to claim 1,wherein

the aromatic diamine (A) is represented by the following general formula (1),

wherein the aliphatic diamine (C) is represented by the following general
formula (3-1), and

wherein the aromatic tetracarboxylic dianhydride (D) is represented by the
following general formula (4-1).

[Chemical Formula 7}

Ry

(In the general formula (1), n represents an integer of 1 to 20.)
[Chemical Formula 8]

HIN"'R,—,"(G,‘HZ,,"Q)"R(NW e (3=1)

(In the general formula (3-1), Rs and Rg each independently represents an
organic group including at least one selected from a group consisting of a carbonyl

group, an oxycarbonyl group, an aromatic group having 6 or more carbon atoms, and an
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0-0*C4H3-0)-1C  (30) (In the general formula (3a), o represents an integer of | to 50.)
[Chemical Formula 11] CH3 H2N 4' CH -CHI -0-0 ) CH2- r)2 ?Ha-01-N1-1 (36) CH3r (In the
general formula (3b), p, g, and r each independently represent an integer of 0 0 0.) 4.The polyimide
resin composition according to claim 1, wherein the polyitnide is a block copolymer includes: an
itnide block bl obtained from the silicone &amine (B) and the aromatic tetracarboxylie dianhythide (D);
and an imide block h2 obtained from the aromatic diainine (A), the aliphatic diarnine (C), and the
aromatic tetracarboxylic dianhydride (D), the imide block (2) introduced at either end of the imide block
bl. 5. The polyimide resin composition according to claim 1, wherein the polyimidc is obtained through

the steps of:  gjiphatic group having one or more carbon atoms, 1 represents an integer of 1 to 50, and

n represents an integer of 1 or more.)

[Chemical Formula 9]
% P
c Ry C,
o\c c,ct» sata—1)
l W\
0 0O

(In the general formula (4-1), Ry represents a single bond, -O-, or a carbonyl

group.)

3. The polyimide resin composition according to claim 1, wherein

the aliphatic diamine (C) is a diamine represented by the following general
formula (3a), or a diamine represented by the following general formula (3b).
[Chemical Formula 10]

(In the general formula (3a), o represents an integer of 1 to 50.)
[Chemical Formula 11]

$Ha Ha
HeN'éCH‘"‘CHg”"O'}"(’(hHg""O’}‘(‘CH:""CH"O’}‘CHg"CH“"NHz =+ (3b)
p q ClQH 14
3

(In the general formula (3b), p, q, and r each independently represent an integer
of 010 10.)

4. The polyimide resin composition according to claim 1, wherein

the polyimide is a block copolymer includes:

an imide block bl obtained from the silicone diamine (B) and the aromatic
tetracarboxylic dianhydride (D); and

an imide block b2 obtained from the aromatic diamine (A), the aliphatic
diamine (C), and the aromatic tetracarboxylic dianhydride (D), the imide block (2)
introduced at either end of the imide block b1. '
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obtaining an oligomer by polycondensation of the silicone diamine (B) and the aromatic tetracarboxylic
dianhydride (D) of more than) mol per mol of the silicone diainine (B); and subjecting the oligomer
to further polycondensation with the aromatic diamine (A) and the aliphatic diamine (C). 6. The
polyimide resin composition according to claim 1, wherein the ratio of the total number of moles of
the aromatic diamine (A) and the silicone diamine (B) is 0.01 to 0.6 to the total number of moles of the
diamines and aromatic tetracarboxylic dianhythide constituting the polyimide. 7. The polyimide resin
composition according to claim 1, wherein the composition has a glass transition temperature of 40 to
150C, and a thermal decomposition temperature of 350C or more. 8. The polyimide resin composition
according to claim 1, further comprising an inorganic filler. 9. The polyimide resin composition
according to clalm 1, further comprising one or more compounds selected from a group consisting of

epoxy compourids, ac@fjé)[‘@% BETHHE SRR S LIRS IR, IENEHFe compounds, and
nadimide compounds th¢ PolFneigrolyirrtdecdeiBingbdheptpitionh according to claim 1, further commising a

polar solvent, 11, An a&%w%m%&@wmwmﬁ%ﬂm% ma&@amt{tg@ ﬁqqlﬁedlr:jg to claim 1.
aminate com J’ISI ab as r com olyimide resin
composition aced 8% %f;ﬁ? Sideg ’3 t é‘%g 2 Matd @Iﬁg?ﬂg R'faminate

comprising: a b&selméﬁénmdand a resin layer placed on the base materlal, wherein the resin layer

is formed by drying, a%ﬁ:}@dﬁﬂg@@t%&ﬁé&@%% yERORUNDIAYAE RMRHSInG dReRelyimide resin
composition ac&irdlg%f? m 1l a@&gi@g n the base material. 14,The laminate according to claim
ul

12, wherein EelfaFesm co sition has a glass transition temperature of 40 to 150C; and

the base material is silicon, or a polyimide that has an elastic modulus of 1 GPa or more at room
temperature ang has aglassrRasHion RMPRIAtARQhdhe 0AMRNG, Jhefolevice comprising;
the ratio of the total number of moles of the aromatic diamine (A) and the
silicone diamine (B) is 0.01 to 0.6 to the total number of moles of the diamines and

aromatic tetracarboxylic dianhydride constituting the polyimide.

7. The polyimide resin composition according to claim 1, wherein
the composition has a glass transition temperature of 40 to 150°C, and a

thermal decomposition temperature of 350°C or more.

8. The polyimide resin composition according to claim 1, further comprising an

inorganic filler.

9. The polyimide resin composition according to claim 1, further comprising one
or more compounds selected from a group consisting of epoxy compounds, acrylate

compounds, isocyanate compounds, maleimide compounds, and nadimide compounds.

10. The polyimide resin composition according to claim 1, further comprising a

polar solvent.

11. An adhesive agent comprising the polyimide resin composition according to
claim 1.
12. A laminate comprising:

a base material; and
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‘a semiconductor element; and a resin layer obtained from the polyimide resin composition
according to claim 1, the resin layer placed on a surface of the semiconductor element.

a resin layer comprising the polyimide resin composition according to claim 1,

the resin layer placed on the base material.

13. A laminate comprising;

a base material; and

a resin layer placed on the base material, wherein

the resin layer is formed by drying, at a temperature of 190°C or less, a coating
layer comprising the polyimide resin composition according to claim 10 applied on the

base material.

14, The laminate according to claim 12, wherein

the polyimide resin composition has a glass transition temperature of 40 to
150°C; and

the base material is silicon, or a polyimide that has an elastic modulus of 1 GPa

or more at room temperature and has a glass transition temperature of 240 to 440°C.

15. A device comprising;
a semiconductor element; and
a resin layer obtained from the polyimide resin composition according to claim

1, the resin layer placed on a surface of the semiconductor element.
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