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17 HEAT-RESIST ARHESI VE

BACKGROUND OF T, .El &a of the Inventiof0S COPY This
i nvention rel at €§e sthnt adfesi ve i E&ﬁ y suitable for
t he bondi ng of sem C n r chipto a | ead & laSEPaM®an adhesi ve

menber using the adhesi ve. More particularly, this invention
relates to a heat-resistant 10 adhesive suitable for use in a

sem conduct or package, especially a package of LOC (lead on chip)
structure, which is capabl e of preventing or mninzing occurrence of
cracks when solder is subjected to reflowin conditions noisture is
absor bed. 15 2. Description of the Related Art The

sem conduct or package is fabricated by connecting a |l ead frame to a
sem conductor chip using an adhesive or resonance sol der and

electrically connecting el ecty, ' he | ead frane,
foll owed by sealing the enti rﬁgﬁ'ﬁéﬁﬁg?ﬁi“ﬂ rﬁ@@%@‘f ed form as
illustrated in Figs. 1 thru 3. ' In general, a conventiona
package has a structure as shown in Fi.g. 3 where the chip is nounted

on a tab (die pad) of the IeaEACKGHGUWOFWEWEWoNn between the |ead
frame and the chip is made Au- SI resonance sol der or a

t her nosetti ng epoxy
5 1. Field of the Invention
This invention relates to a heat-resistant adhesive
especially suitable for the bonding of a semiconductor chip to a
lead. frame and an adhesive member using the adhesive.
More particularly, this invention relates to a heat-resistant
10 adhesive suitable for use in a semiconductor package, especially a
package of LOC (lead on chip) structure, which is capable of
preventing or minimizing occurrence of cracks when solder is

subjected ‘to reflow in conditions moisture is absorbed.

15 2. Description of the Related Art

The semiconductor package is fabricated 'by connecting a
lead frame tb -a semiconductor chip using an adhesive or
resonance solder and electrically connecting electrodes of the
chip to the lead frame, followed by sealing the entire structure

20 into a molded form as illustrated in Figs. 1 thru 3.

In general, a conventional package has a structure as shown
in Fig. 3 where the chip is mounted on a tab (die péd) of the lead
frame. The connection between the lead frame and the chip is
made by Au-Si resonance solder or a thermosetting epoxy

25 adhesive (a die bonding agent).



25 adhesive (a die bonding agent).

2 However, as an integration degree in the package has

beconme higher and a size of a chip to be nounted therein has becone

| arger, the percentage of the volunme occupied by the chip has becone
hi gher to such an extent that the chip cannot 5 conpletely be encased in
the structure as shown in Fig. 3 where the chip is nmounted on the tab
of the lead frame. To solve this probl em such a package having no tab
as shown in Fig. 1 or Fig. 2 has beepn proposed, for exanple, in US.
Pat ent 5, 140, 404, Japanese Patent Application Publications (KOKAI)
61-218139 10 and61-241959, U.S. Patent 4,862,245 and Japanese Patent
Application Publications (KOKAl) 2-36542 and4-318962. The package
structures of Figs. 1 and 2 are called LCC (|l ead on chip) and COL

betwben the | ead 1r EVaYEr S iHERERER BTRe [Wane agl RS,

adheseive o a fiagime SRgheRBnda! sl 61 a chip ta be MiichelhmerbiipkgT es as

shown in Figs It is atrend t he package size i1s
becon ng snal | eegdrtiet !ﬁrﬂéﬁrtfﬁnée?é@ntage oﬂQhé%lﬁﬂ@e ch@'p@e@wmﬁélc‘!ﬂp y
the chip is becom ng highe thi ckness of the sealing materia
beconmmi ng t hi nneas X@come dhigheglty . sudteaal extentnthiatt ihee chls calnedt by t he

adhesi ve or the sealing material used would nore often cause cracks in

the - paBkageomplatein bevapeaaeegnothewpmmm as shown in Figs@ wheargi s
robl e sone a s,to inprove

P m tth 1Ip is mmr};ﬁ)ted an the tab of the lead frame. To solve this

problem such a package having no tab .as shown in Fig. 1 or Fig. 2
has been proposed for example, in U.S. Patent §, 140 404,
Japanese Patent Application Publications (KOKAI) 61 -218139

10 and61-241959, U.S. Patent 4,862,245 and Japanese Patent
-Application Publications (KOKA!) 2-36542 and4-31.8962. The
package‘stfuctures of Figs. 1 and 2 are called LOC (lead on phip)
and COL (chip on lead), respectively. In these packages, the
connection between the lead frame and the chip is made by a

15 thermosetting adheseive or a heat-resistant hot melt.

With the structures as shown in Fxgs 1 and 2, it is a trend
that the package size is becoming smaller and thinner and the
percentage of the occupation by the chip is becoming higher, the
thickness of the sealing material is becomming thinner

20 accordingly. Therefore, moisture absorbed by the adhesive or the
sealing material used would more often cause cracks in the
package when it evaporates or expands. |

To solve this problem, some attempts to improve the
sealing materials and/or the adhesives emplpyable for the

25 pacakage have been proposed. For example, with respect to the

sealing materials, lowering of moisture absorption and



sealing materials and/or the adhesives enployable for the 2 5 pacakage

- .have been proposed. For exanple, with respect to the seal i ng

materials, |owering of noisture absorption and

3 i mprovenent of mechani cal strength have been di scussed

(Japanese Patent Application Publication (KOKAI) 5-67703). Wth

respect to the adhesives, it has been proposed to reduce the noi sture
absorption or to divide an adhesive nenber into snmall 5 pieces to pronote
escape of vapor during reflowin the soldgring (Japanese Pat ent
Application Publication (KOKAlI') 3-109757). However, there has been no
proposal about the approach fromthe properties of the adhesive to be
enpl oyed for the LOC package. There has been anot her attenpt
which intentionally allows 10 a solvent to remain with a view to |owering
a bondi ng | owerin t he,.resin (Japanese

Pat ent . App{q?%re%ggafi anhéﬁ‘gﬁt&g%&\éﬁ@‘oaié%%%ﬁ” zﬂi?%‘t}%s sol vent to
e bl TP Y B bt AB860E 280G RORN] %.67703)! OWRf"S
SLARY o, UG ne acegives, Ripds Sb¥ piosman it
sem conduct or 2fhoigarsagBsofRRATICH to/ divitiimapoadiheisive naelasr itol SMall
5 pieces to promote escape of vapor during reflow in the soldering
(Japanese Patent Application Publication (KOKAl) 3-109757).
However, there has been no prbposal about the approach from the
properties of the adhesive to be employed for the LOC package.
There has been ancther attempt which intentionally allows
10 a solvent to remain with a view to lowering a bonding
temperature, lowering the viscosity of the resin (qapanese Patent
Application Publication (KOKAI) 3-64386) or allows a solvent to
remain to improve the fluidity and increase the adhesion for
lowering a possible leak current between inner leads.
15

SUMMARY OF THE INVENTION

-}t is therefore an object of the present invention to
provide an adhesive suitable for use in a semiconductor
20 paékage, especially a semiconductor package of LOC
structure, which is capable of preventing possible cracks
from occurring during reflow of solder under the conditions
the package has absorbed moisture.
The inventors of the present invention has
25 unexpectedly found, as a result of their reserch about a

relationship between cracks developed in the LOC package



structure, which is capable of preventing possible cracks from
“occurring during reflow of solder under the conditions t he package has
absor bed noi sture. The inventors of the present invention has 25
unexpectedly found, as a result of their reserch about a relationship
bet ween cracks developed In the LOC package

4 during reflow of the solder under the conditions that the

package has absorbed noi sture and the properties of the adhesi ve

enpl oyed, that the fluidity or hardness4of the adhesive at a high
tenperature is nore attributable to the 5 package cracks than the

noi sture absorption or the glass transition poing Tg of the adhesive.
More particularly, they have found that an adhesive having a specific
har dness or fluidity may advantageously be enpl oyed to prevent the

k t T 0] ti h b
package oreciifly RHPR AN Wil Wkter IR KGRIHRE a1 o has been
har dness of tgcianiie Hageab Eaﬁnédﬂ?né.ew@nanaathé)zampemésnb@rthbona' ly left

with a viewt ring t e bond e to lower the viscosity

of the resin 4dk¥dieembloydd, 38t metmﬁdﬁ?l geHartnesseot @he to enhance the
fluidity and i nprove the adhesi on for reducing | eak current between

the inner | eaaidh¢si@xrat & 3gH Remperdiace rist morenattributable to Hhéore t he
pres-ent ! gvenéégﬁagtehegraéﬁse tfqg;d{]h?smgirsture absorption or the glass

transition pging Tg of the adhesive. More particularly, they
have found that an adhesive having a specific hardness or
fluidity may advantageously be employed to prevent the
package cracks in the LOC package. Thus, the present

10 invention has been achieved.
| Heretofore, there have only been known about the
hardness of the adhesive that the solvent may be
intentionally left with a view to lowering the bonding
temperature to lower the viscosity of the resin (KOKA[ 3- -

15 64386) or the solvent may be'.left to enhance the fluidity
and improve the adhesion for reducing leak current between
the inner leads (KOKAI 2-36542). It has not been known
before the present invention that the 'hardness or
retardment to flow of the adhesive is more attributable to

20 the package cracks than the moisture absorbence or Tg of
the adhesion and that the adhesive having the specific
hardness or fluidity is surprisingly effective to irﬁprove
the resistance against the package cracks.

The present invention therefore providés:
25 (a) a heat-resistant adhesive suitable for use in an adhesive

member for the fabrication of a semiconductor package by bonding



retardnment to flow of the adhesive is nore attributable to 20 the package

cracks than the noi sture absorbence or Tg of t he adhesion and that the
adhesi ve having the specific hardness or fluidity is surprisingly
effective to inprove t he resi stance agai nst the package cracks.

The present invention therefore provides: 25 (a).a heat-resistant
adhesi ve suitable for use in an adhesive nmenber for the fabrication of
a sem conduct or package by bondi ng

5 a sem conductor chip to a lea frane with the adhesive nenber

and nol ding at |east the sem conductor chip and a bonded part bet ween
the sem conductor chip and.the lead frame with a nol di ng conpound, in
whi ch t he adhesive has a com ng-out-length 5 of not nore than 2 mm and a
wat er absorption rate of not nDre than 3 w. (b) a
heat - r esi st agt gagiest [ | & a [ for the
fabrication gf ¢ senq"eélg% Ec‘%}gp pac 'eé§§§é@gngl'ﬂpl?ﬁé é(&haessné% @?r?gﬁ%{ or chip
toaleadfrgﬁa mdldinghat JEARY n t he

sem conductor chip afgpa ggﬁﬁigm%art hd&gg?agg Hdgeﬁ?ggegﬁaéor chip
and the | eadbetweenwiteh semiconduetat Bbipe @m0 g, leaa antd witle adhesi ve has
a com ng-out |ength of not nore than 2 nm a water absorption rate of
not nore thamoldlng Tampeuadd im whicks the sadhesive hasparcdmirg-autdéngtast
200[err] 15 c) a heat-resistant adhesive, in which the adhesive
menber Pt netBidsesthan %m.a@dsmereatecoﬁ?ﬁqrﬂtlng eatgeaf nodsmerant film

than 3 wt.%,

{b) a heat-resistant adhesive suitable for use in an adhesive
member for the fabrication of a semiconductor package by bonding
a semiconductor ciiip to a lead frame with the adhesive member

10 and molding at least the semiconductor chip and a bonded part
‘between the semiconductor chip and the lead frame with a
moldmg compound in which the adhesive has a coming-out length
of not more than 2 mm, a water absorption rate of not mare than
3 wt.% and a glass transition temperature of at least 200°C,

15.  (c) a heat-resistant adhesive, in which the adhesive member
is a composite édhesive sheet comprisidg a heat-resistant film
and the heét-resi_stant adhesive applied in the form of a coating
layer on one sucface or opposite surfaces of the heat-resistant
film, and

20 (d) a heat-resistant adhesive, in which the adhesive member
consists of the heat-resistant adhesive alone. '

The heat-resistant adhesives according to the present invention
have excellent package-crack resistance and are effective |
especially for the improvement of the reliability of

25 semiconductor packages.



and the heat-resistant adhesive applied in the formof a coating

on one sucface or opposite surfaces of the heat-resistant

| ayer

film and 20

(d) a heat-resistant adhesive, in which the adhesive nenber consi sts

of the heat-resistant adhesi ve al one.

according to the present invention have excel | ent package-crack

resi stance and are effective

reliability of 25 sem conductor packages.

6

BRI EF DESCRI P&l ON OF THE DRAW NGS

The heat-resi stant adhesi ves

especially for the inprovenent of the

FIG 1 schematically illustrates a sem conductor package 5 fabricated by

bondi ng a sem conductor chip to a lead frame with

an adhesi ve nenber

maki ng use of a heat-resistant adhesive of t he present invention and
t hen nol di ng the sem conductor chip and a bonded part between the
sem conductor chip and the | ead frame with a nol ding conpound, in
whi ch the sem conductor chip 1 0 is located below the |ead frane;

FIG 2 schematically ill uBRIEFBESCHPTION QRTHE DRAVANIGS
that of FIG .1 except that a sem conductor chip is

| ead frane; and

10

15

20

25

FIG. 1 schematically illustrates a semiconductor package
fabricated by bonding a semiconductor chip to a lead frame with
an adhesive member making use of a heat-resistant adhesive of
the present invention and then molding the semiconductor chip
and- a bonded part between the semiconductor chip and the lead
frame with a molding compound, in which the semiconductor chip
is located below the lead frame;

FIG. 2 schematically illustrates a semiconductor package

similar to that of FIG. 1 except that a semiconductor chip is

located above a lead frame; and
FIG. 3 schematically illustrates a semiconductor package
similar to that of FIG. 1 except that a semiconductor chip is

located above a lead frame.
DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

The present invention will hereinafter be described in
detail.

No particular limitation is imposed on the specific heat-
resistant adhesive employed in the present invention insofar as
its water absorption rate and coming-out length are not more
than 3 wt.% and not mare than 2 mm. The heat-resistant adhesive

which principle constituent is a heat-resistant thermoplastic

simlar to
| ocat ed above a



FIG 3 schematically illustrates a sem conductor package 1 5 simlar to
that of FIG 1 except that a sem conductor chip is | ocat ed above a

| ead frame. DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCODI MENTS
20 The present invention will hereinafter be described in

detail. No particular limitation is inposed on the specific
heat - resi stant adhesive enployed in the present invention insofar as
its water absorption rate and com ng-out |ength are not nore 25 than 3

W . % and not nore than 2 nmm The heat-r®@si stant adhesive whi ch
principle constituent is a heat-resistant thernoplastic

7 resin, preferably has a glass transition tenperature of at |east
200[ err] C. For these reasons, a polylnlde adhesive or a pol yam de
adhesive is preferred. The term "polyi m de" as used herein should

be construed @sin 5préf@hﬁw Kad %'qlﬁsgoﬂhﬁbﬂid?g tefsera ges ang?”l‘é'&s‘t‘s

pol yam de- I mdes, polyester-Tmdes yether-1m pol yi m de.
The water abspo@iC onFaattneeé redgoheata p@ﬁ;nﬁﬁ@@ta@w&mem a Eoly@ﬁu@@dl ng to

the present invention is 3 w.%or |ess, preferably % or | ess,
mor e pr ef er abagh@siewis Yprafetreds. [ts com ng: out
The term "pclyimide" as used herein should be construed as
5 embracing resins containing imido groups, such as palyamide-
imides, polyester-imides, polyether-imides and polyimide.
The water absorption rate of the heat-resistant adhesive
accdrding to the present invention is 3 wt.% or less, preferably
2.5 wt.% or less, more preferably 2.0 wt.% or less. Its coming-out
10 length is 2 mm or less, preferably 1 mm or less, mare preferably
0.5 mm or less. In particular, the heat-resistant adhesive
according to the present invention desirably has, iﬁ addition to
the proﬁerties described above, é glass transition temperature of
at least 200°C, preferably 225°C or higher, more preferably
15 250°C or higher.

The term "coming-out length” as used herein means the
length of a 6ame-_out peripheral portion of a 19 x 50 mm wide
adhesjve film of 25 um in thickness as measured at a central part
in the direction of the longer surfaces of the adhesive film when

20 the adhesive film is pressed at 350°C under 3 MPa for cne minute.

Where the glass transition temperature is lower than 250°C
or the coming-out length is greater than 1 mm in 'the present
invention, the water absorption rate is preferably nat mare than
15 wt%. ' |

25 The adhesive according to the present invention can be

formed of a polyimide or a polyamide alone. It is preferred to



10 length is 2 mmor |less, preferably 1 mmor l|less, nore preferably

0.5 mMmmor less. In particular, the heat-resistant adhesive accordi ng
to the present invention desirably has, in addition to the properties
descri bed above, a glass transition tenperature of at | east 200[err]C,
preferably 225C or higher, nore preferably 1 5 250[‘err]C or higher.

The term "com ng-out |ength" as used herein neans the | ength of a
came-out peripheral portion of a 19 x 50 nm w de adhesive filmof 25
[err]min thickness as neasured at a cgntral part in the direction of
the |l onger surfaces of the adhesive filmwhen 20 the adhesive filmis
pressed at 3500C under 3 MPa for one mnute. : Where the gl ass
transition tenperature is |lower than 250[err]C or the com ng-out

| ength is greater than 1 mmin the present i nvention, the water

absorption r ' erabl ' . : .00 25 The
adhesi ve acc%%rglairﬁf; ﬁﬁ%ﬁ?%ssgﬁmmin#?gﬁpg%t 8é s %‘r nmed of a
pol yi m de or a pofneitbAA "ﬂrﬁi@l@- ??'duch"_ 8% fd Béré mean amido graups

u
contain am do groups fromthe standpoint of adhesion. The term

"am do groupstill aemainthd eafeem thearingncitssureodos the foshationr efrehei ng after
the ring closure for the formati on of the pol yi m de. These am do
groups t her ggalyimide. nothese lamidot groups dbefefoge dp ndtnindiudartbeaamidas an
i m de precursor. . Am_do groups may nount to 10-90 nole %
preferabfy 28ropgs in anngmicogCidmae afy éNIGRIRrgCUBAO nol e % of the sum of

' mdo groups Amido groups may mount to 10-90 mole %, preferably 20-70
mole %, more preferably 30-50 mole % of the sum of imido groups
and -amido groups. Percentages smaller than 10 mole % lead to
small adhesion but percentages greater than 90 mole % result in a

10 large water absorption rate.
The heat-resistant adhesive according to thg present
invention can be synthesized principally from (A) a diamine or (A’)
a diisocyanate and (B) an acid anhydride and/or (C) a dicarboxylic
acid or an amide-forming derivative thereof. The heat-resistant
15 adhesive can be easily produced by combining the above reactants
and also adjustihg their reaction ratio, reaction conditions and .
molecular vs)eight, optionally adding additives while selecting
their types and optionally adding an additional resin such as an
epoxy resin in such a way that the resuiting heat-resistant
20 adhesive has the prescribed properties described above, namely, a
coming-out iength of not more than 2 mm a water absorption rate
of not more than 3 wt.% and preferably a glass trénsition
temperature of at least 200°C.
Examples of the diamine (A), which are usable in the present
25 invention, include:

alkylenediamines such as hexamethylenediamine,



and am do groups. Percentages smaller than 10 nole %l ead to smal |
adhesi on but percentages greater than 90 nole %result in a 10 |arge water
absorption rate. The heat-resistant adhesive according to the

pr esent i nvention can be synthesized principally from (A) a dianm ne or
(A) a diisocyanate and (B) an acid anhydride and/or (C) a

di car boxylic acid or an am de-formng derivative thereof. The

heat -resi stant 15 adhesive can be easily produced by conbi ning the above
reactants and al so adjusting thei9 reaction ratio, reaction conditions
and nol ecul ar wei ght, optionally adding additives while selecting
their types and optionally adding an additional resin such as an epoxy
resin in such a way that the resulting heat-resistant 20 adhesive has the
prescri bed properties described above, nanely, a com ng-out |ength of

not nore than 2 nar&t.tgr B leﬁé’&ﬁﬁ%bm&n@t d Camg“&{’%g%’ﬁ%an 3 w. % and

preferably a gl ass t|on tenperature o [-err] C.

Exanpl es of thed hcl&sa éﬁﬁﬁﬁ@eh@dh&lﬁ:d@ esent 25 invention,
as

i ncl ude: al enedlan1nes anet enedi am ne,

9 octmbuéﬂmdvmmgndndowﬁmubmednam ne;
aryl enedi am nes such as paraphenyl enedi am ne,

met aphenyl enedi disminediphenyl 2, dedivativest shahnas 4 4'-diaminaxiphenyheny|
derivatives such as 4,4 dlanlnodlphen et her (DDE),
4, 4' - di afi nodi phegtyqernﬂap;ﬁ)e 4,4'-qi1am|nodxphenyl methane, 4,4'-

- diaminadipheny! sulfone, 3,3'—d1ammcdlphenyl
sulfone, 4,4-diaminobenzophenone, 3,3'-
' diaminobenzophenone and 4,4‘-diaminobenzanilide;
1,4-bis[1-(4-aminophenyl)-1-methylethyllbenzene (BAP);

10 1,3-bis[1-(4-aminophenyl)-1-methylethyl)benzene;
1,3-bis(3-aminophenoxy)benzene;
1,4-bis(3-aminophenoxy)benzene;

1 ,.4-bfs(4-aminophenoxy)benzene;
2,2-bis[4-(4-aminophenoxy)phenyllpropane (BAPP);

15 '2,2-bis[4-(3-aminophenoxy)phenyl]propane;
bis[4-(3-aminophenoxy)phenyl)] sulfone (m-APPS);
bis[4-(4-aminophenoxy)phenyl] sulfone; and _
2,2-bis[4-(4-aminophenoxy)phenyilhexafluocropropane.

Also usable as the diamine (A) in the present invention

20 include, for example, diamines represented by the fallowing

formula (1)..

R R



dlan1nod|phenyl sul fone, 3, 3'-di am nodi phenyl sul f one,

4, 4" -di am nobenzophenone, 3, 3'- di am nobenzophenone and

4, 4' -di am nobenzani | i de;

1, 4- bi s(1- (4-am nophenyl ) - 1- net hyl et hyl ] benzene (BAP); 1 0O 1

, 3-bi s(1-(4-am nophenyl ) -1-net hyl et hyl ) benzene,; 1

, 3- bi s(3-am nophenoxy) benzene; 1 , 4-bi s(3-am nophenoxy) benzene;
1 , 4-Dbi s(4-am nophenoxy) benzene;
2,2-bis[4-(4-aninophenoxy)phenyl]propaﬁé (BAPP); 1 5

2, 2- bi s[ 4- ( 3- am nophenoxy) phenyl ] pr opanhé,

bi s[ 4- ( 3- am nophenoxy) phenyl )] sul fone (m APPS);

bi s[ 4- (4- am nophenoxy) phenyl] sul fone; and

2, 2- bi s[ 4- (4-am nophenoxy) phenyl ] hexaf | uor opr opane. Al so usabl e

as the diamne (A) in the present invention 20 |n d for e | e,
d| am nes repr‘@B@Fﬂ'@dthﬁpfwfﬂ&a@vafﬁ@O graypir Fﬂ? Eﬂﬁe?ﬂ ﬁ?ﬂp

SN i o AT i L
gnd >F<),is Tea ro%]"}'\éﬁaa '?5[ H'&Fg'ewgapgrﬂk i - CO ory-RIHCOp
5 Il ustéﬁbl ’vec%gmeﬁg dsot e%gaenteq) byr tRg4EOMUl @ (1) i ncl ude:

5 llustrative compounds represented by the formula (1)

include:
4_-,4’-diamino-3,3',5,5'-tetramethyldiph'enylmethane,
4,4'-diamino-3,3',5,5'-tetraethyldiphenylmethane,
4,4'-diamino-3,3',5,5'- tetra-(n-propyl )diphenylmethane
10 4,4'-,diamino-3,3',5,5'-tetraisop¢_'opyldiphenylmethane.
4,4’-diamino-3.3',5,5'-tetrabutyldiphenylmethane,
4,4'-diamino-3,3'-dimethyi-5,5'-diethyldiphenylmethane,
4,4’-diamind—3,3'-dimethy|-5,5'-diisopropy!diphenylmethane,
__ 4,4'-diamino-3,3'-diethyl-5,5'-diisopropyidiphenylmethane,
15 4,4'-diamin073,S-dimefhyl-é’,5'-dieth_y1diphenylmethane,
4,4'-diamino;3,5-dirriethyl-3',5'-diisopropyldiphenylmethane,
4,4'-diamino-3,5-diethyl-3',5'-diisopropyldiphenyimethane,
4,4'-diamino-3,5-diethyl-3',5'-dibutyldiphenylmethane,
 4,4'-diamino-3,5-diisopropy!-3',5'-dibutyldiphenyimethane,
20 4,4'-diamino-3,3'-diisopropyl-5,5'-dibutyldiphenylmethane,
4,4'-diamino-3,3'-dimethyl-5,5'-dibutyldiphenylmethane,
4,4'-diamino-3,3'-diethyl-5,5'-dibutyldiphenyimethane,
4,4'-diamino-3,3'-dimethyldiphenylmethane,
4,4'-diamino-3,3'-c_|iethy!dipheny!methané,
25 4,4'-diamino-3,3'-di(n-propyl}diphenyimethane,
4,4'-diami'no-3,3'-diisoprcpyldiphenylmethane,



4,4 -di am no-3,3",5,5" -tetranet hyi di phenyl net hane,

,4' -diam no-3, 3 ,5,5" -tetraet hyl di phenyl net hane, 4, 4" -di am no-3
, 3,5 ,5" -tetra-(n-propyl )dipheyl net hane 10

' -diamno-3,3",5,5 -tetrai sopropyl di phenyl et hane,

‘-diamno-3 ,3,5, 5 -tetrabutyl di phenyl net hane,

'-di am no- 3, 3' -di net hyl -5, 5" -di et hyi di phenyl net hane,

‘-diam no-3, 3" -di nethyl -5,5"-diisopropyl di phenyl nmet hane,

‘-diam no-3, 3 -diethyl-5,5"-diisopropyl di phenyl net hane, 15

"-di am no- 3, 5-di net hyl - 3", 5" -di et hyl di phenyl net hane,

'-diam no-3,5-dinethyl-3" ,5"-diisopropyl di phenyl net hane,

"-di am no-3,5-diethyl-3",5" -diisopropyl di phenyl net hane, 4,
di am no- 3, 5-di et hyl -3', 5" -di but yl di phenyl net hane,

e b b BRI e 20
- an no-3, 44 a&f@%&gé Sob Bt Sl RIAERE:
G am no- 3, 5 AT GAEAG P B FL IR Ry Imethane,

' - di ami no- 3, 3' adi i
i am no- 3, S4 MO o) 8- RICE B Mfbhenylmethane,
' -di ang no- 3 4 Ar-didming 4, Bhenyirigwiyidiphenylmethane,

'-dianino-3,3',5-trinethyldiphenylnethane,
4,4'-diamino-3,3',5-tributyldiphenyimethane,

N
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4,4'-diamino-3-methyl-3'-sethyldiphenylmethane,
4,4'-diamino-3-methyl-3'-isopropyldiphenylmethane,
4,4'-diamino-3-ethyl-3'-isapropyldiphenylmethane,

10 4,4'-diamino-3-ethyl-3'-butyldiphenylmethahe,
4,4'-diamino-3-isopropyl-3'-'butyldiphenylmeth_ane,
2,2-bis(4-amino-3,5-dimethyiphenyl)propane,
2,2-bis{4-amino-3,5-diethyiphenyl)propane,
2,2-bis[4-amino-3,5-di{n-propyl)phenyl]propans,

15 2,2-bis(4-amino-3,S-diiSoprbpylphenyl)propane,
2,2-bis(4¢-amfno-3,5-dibuty|phenyl)prépane.
4,4'-diamino-3,3',5,5'-tetramethyldiphenyl ether,
4,4'-diamino-3,3',5,5'"-tetraethyldipheny! ether,

' 4,4’-diamin043,3',5,5'—tetra-(n-propy1)diphenﬁ

20 4,4'-diamino-3,3',5,5'-tetraisopropyldiphenyl ether,
4,4'-diamino-3,3',5,5'-tetrabutyldiphenyl ether,
4,4'-diamino-3,3',5,5'-tetramethyldiphenyl sulfone,
4,4'-diamino-3,3',5,5'-tetraethyldiphenyl sulfone,
4,4'-diamino-3,3',5.5'~tetra(n-propyl)diphe-nyl sulfone,

25 4,4'-diamino-3,3',5,5'-tetraisopropyldiphenyl sulfone,
4,4'-diamino-3,3',5,5'-tetrabutyldiphenyl sulfone,



4,4 -di am no-3, 3" ,5-triethyl di phenyl net hane,
4,4 -diamno-3,3" ,5-tri(n-propyl)di phenyl nethane, 5
4,4" -di am no- 3, 3 ,5 triisopropyidi phenyl met hane,

U'IU'I

4, 4" -di am no-3, 3", 5-tri butyl di phenyl net hane, 4, 4" -di am
no- 3- net hyl - 3' - et hyl d|p henyl nmet hane, :

4, 4" -di am no- 3- nethyl 3' -i sopropyl di phenyl nethane,

4, 4" -di am no- 3-et hyl - 3' -i sopropyl di phenyl net hane, 10

4, 4" -di am no- 3-et hyl -3' - butyldlphenylnqpfane 4, 4" -di am

no- 3-i sopropyl - 3' - but yl di phenyl net hane,

2, 2- bi s(4-am no- 3, 5-di net hyl phenyl ) propane,

2, 2- bi s(4-am no- 3, 5-di et hyl phenyl ) pr opane,

2, 2- bi s[ 4-am no- 3, 5-di (n- propyl)phenyl]propane

2 2B LA B B R oneny tone.
4, 4" -di am no- 3, 34 40 @arﬂl‘ﬁtor tgygcg élﬁ)H ? e nyl ketone,

4,4 -diam no-3, 3 -tetraé hy1d|
4,4'-diamn033445, miflg-8-1"
,4' -diamno-3,3,5 (ga- tlgﬁ gé@%ﬁ;ﬁ@ﬁ%ﬁ@“?‘ﬂ gfﬁgg,nyl ketone,

- di ami no- 3, 34A51d3afﬂ|ﬂbr-8mft,5151mebe¢ ?tdiphenyl ketone,
-diami no-3,3",5,5 -tetranet hyl di pheny f one,

4

4

4' -di amo- 3, 34%-diamm-&@'hsl‘.iii-tdtealymnddimmemyl ketone,
4'-diamno-3,3"',5,5 -tetra(n- propyl)dl phenyl sul fone, 25
4" -
4'
2

4
4
4
4,
4,
4 di ani no- 3, 34,4-diamie-8,355.5mtetramethyibenzacilide,
4 h

1 ~diamno-3, 3, 4»5 dl:'lant'uf'\rgé Lét‘yé% Retr: ethylLenzamhde

4,4'-duamino-3,3',5,5‘-tetra(n-prcpy!)benzanilide,

4,4'-diamino-3,3',5,5'-tetraisopropylbenzanilide, and
10 - 4,4'-diamino-3,3',5,5-tetrabutyibenzanilide.
It is also possible to use, as the diamine (A), siloxydiamines

represented by the following formula (2):

Tls' ) 1lzls
15 g,N - RIS —si o - ?1 R — NH, (2)

wherein R15 and R18 each represents a divalent organic group,

R16 and R17 each represents a monavalent organic group and m
20 stands for an integer of 1-100.

In the above formula (2), R15 and R18 may independehtly be

a trimethylene group [-%CHz)s-], a tetramethylene'group [-(CH2)4-

], a toluylene group | Q2 ] or a phenylene group | ‘@' ], while

R16 and R17 may independently be a methyl, ethy! or phenyl group.
25 Plural R16s and R17s can be either the same or different.

Where R13 and R18 each represents a trimethylene groups



4,4 -diam no-3,3",5,5" -tetranet hyl di phenyl ket one,

4,4 -diamno-3,3",5,5 -tetraet hyl di phenyl ket one,

4,4' -diam no-3,3",5,5 -tetra(n-propyl)di phenyl ketone,

4,4' -diam no-3,3",5,5" -tetrai sopropyl di phenyl ketone, 5

4,4" -diam no-3,3",5,5" -tetrabutyl di phenyl ketone,

4,4 -diamno-3,3",5,5' -tetranet hyl benzani |l i de, 4,4" -di am no-3
,3',5,5 -tetraethylbenzanilide, : 4, 4" -di am no-3

,3',5,5 -tetra(n-propyl)benzanilide,

4, 4 -diam no-3,3",5,5 -tetral sopropyl benzanilide, and 1 0

4,4 -diamno-3,3",5,5 -tetrabutyl benzani |l i de. It is al so possible
to use, as the diamne (A), siloxydi am nes represented by the
following formula (2): [err] wherein R err] and R err] each

Tonoval ont. oMo FETLT et Bemrasanis ' GeufiTarbLET ¥ FopgR *o °
In the above f h?x%@{[ r%ﬁ’% @]“Qﬁh':ﬂ'ﬁrrﬁ] isTRY dtﬁﬂﬁp?@d@ﬁ“é\)érgﬁe about

trimet hyl ene g a tetrahet ene gro
[-(CH err] )[erzdx -on averdge aabh@tuBbeHe dePa@e, abllt Boobnaaﬁr@@ké@rﬁ@a‘ﬁowp

[err], whil Rl err] and R err] may |ndependently be a nethyl, ethyl or
phenyl group P00 Shuaverdgesr réspectiveip) rdrecali lcenuneh@allyhavamueotrom '
different. Where R15 and R18 each represents a trinethyl ene

groups 5 Shin-Etsu Chemical Co., Lid. under the trade names of "LP-7100",
"X-22-161AS", "X-22-161A", "X-22-161B", "X-22-161C" and "X-
22-161E".
| Examples of the diisocyanate (A'), which are usable in the
present invention, include those similar to the above-exemplified
10 diamines except for the substitution of isocyanate groups for the
amino groups. | |
Examples of the acid anhydride (B), which are usable in the
present.invention, include: |
trimellitic anhydride,

15 pyromellitic dianhydride,

' 3,3'4 4'-benzophenonetetracarboxyllc dlanhydnde (BTDA),
3,3'4 4'-blphenyltetracarboxyhc dianhydride
2,2-bis(3,4-dicarboxyphenyl)hexafluoropropane dianhydride

" bis(3,4-dicarboxyphenyl)ether dianhydride,

20 bis(3,4-dicarboxyphenyl)sulfone dianhydride,
4,4'-bis(3,4-dicarboxyphenoxy)diphenylsulfone dianhydride,
2,27bis[4-(3.4-dicarboxyphehoxy)phenyl]propané dianhydride,
ethylene glycol bistrimellitate dianhydride (EBTA),
decamethylene glycol bistrimellitate dianhydride (DBTA),

25 bisphenol A bistrimellitate dianhydride (BABT),
2,2-bis[4-(3,4-dicarboxybenzoyloxy)phenyl]lhexafluoropropane



13 and R16 and R17 each represents a nethyl group in the formula

(2), siloxane diamnes in which mis 1, about 10 on average, about 20
on average, about 30 on average, about 50 on average and about 100 on
average, respectively, are all commercially available from 5 Shin-Etsu
Chemi cal Co., Ltd. under the trade names of "LP-7100", "X-22-161 AS',
X-22-161A", "X-22-161B", "X-22-161C' and " X- 22-1 61E".

Exanpl es of the diisocyanate (A ), which are usable in the pr esent

i nvention, include those simlar to thie4above-exenplified 10 diam nes
except for the substitution of isocyanate groups for the am no groups.
Exanpl es of the acid anhydride (B), which are usable in the pr esent

i nvention, include: trimellitic anhydride, 15 pyromellitic

di anhydri de, 3,3 ,4,4" -benzophenonet etracar boxyl i ¢ di anhydri de
(BTDA) , 3, Bantvar 1pheny|tetracarboxy|ic di anhydri de

2, 2-bi s(3, 4-di car boxypheny hexaf | uor opr opane di anhydri de

bi s(3, 4- di car boxypheiyh )} sidtery it 4a.-{y d-diearBOxybenzoyloxy)-
bi s( 3, 4-di car boxyphenyl ) sul f one di anhydri de,

4, 4" - bi s( 3, 4- di cargpvayyhethylipedizenenydianhydridedi anhydri de,
2, 2-bi s[ 4- (3, 4-di car boxyphenoxy) phenyl ] propane di anhydri de,
et hyl ene gl ycol Mileiq j aghydridee di anhydri de (EBTA), decanet hyl ene

0250 Bl el 2%, !
,4-dicarboxyben%%%ﬁémgaﬁygﬁH$Jhexafluoropropane
allylnadic anhydride
methyinadic anhydride
tetrahydrophthalic anhydride, and
10 methyltetrahydrophthalic anhydride.

lHustrative of the dicarboxylic acid, which are usable in the
present invention, include terephthalic acid, isopﬁthalic acid,
biphenyfcarbdxylic acid,'phthalic acid, naphthalenedicarbokylic.-
acid and diphenyletherdicarboxylic acid. Examples of the amide-

15 forming derivatives of these di.carboxylic acids include
dichlorides, dialkyl esters and the like of the dicarboxylic acids
exemplified: above. |

:Further. the diamine (A) or the dicarboxylic acid (C) may
partially be replaced by an aminocarboxylic acid such as

20 aminaobenzoic acid.

Preferred examples of the diamine (A), which_ are usable for
the provision of the heat-resistant adhesives according to the
present invention, include:

alkylene diamine,
25 metaphenylene diamine,

2,4-diaminotoluene,



14 di anhydri de, 1
, 4-bi s[ 1-nmet hyl - 1-{4- (3, 4- di car boxybenzoyl oxy) -

phenyl ) et hyl ] benzene di anhydri de, mal ei ¢ anhydride, 5

met hyl mal ei ¢ -anhydri de, nadi ¢ anhydri de, al Iyl nadi c

anhydri de met hyl nadi ¢ anhydri de t et rahydropht halic
anhydri de, and 10 nmet hyl t et rahydr opht hal i ¢ anhydri de.

II'lustrative of the dicarboxylic acid, which are usable in the pr esent
i nvention, include terephthalic acid, { ophthalic acid,

bi phenyl car boxylic acid, phthalic acid;~“naphthal enedi carboxylic acid
and di phenyl et herdi carboxylic acid. Exanples of the am de- 15 formng
derivatives of these dicarboxylic acids include di chl ori des, di al kyl
esters and the |like of the dicarboxylic acids exenplified above.
Further, the diam ne (A) or the dicarboxylic acid (C) may partially be
repl aced by an 4t riegrpeiphenycertherudPRE).20 ani nobenzoi ¢ aci d.

Preferred exanple f the diamne (A), which are usable for t he

provi si on of th%ﬁé&?—”ﬁ'@& E’EﬂFch{&F@yﬂ%@g- according to the present
|2nze3|t :agin,nolt (r)\?:L ﬂ@;-diaminodipﬁlehw egﬁlfgln%tn ne, 25 met aphenyl ene di am ne,

3,3'-diaminodiphenyi sulifone,

5 3.3'-diamin6benzophenone,
1,3-bis(4-aminocumyl)benzene,
1,4-bis(4-aminocumyl)benzene,
1,3-bis(3-aminophenaoxy)benzene,
1,4-bis(3-aminophenoxy)benzene,

10 1,4-bis(4-aminophenoxy)benzene,
2,2—bis[4-(4-aminophenoxy)phenyl]propane (BAPP).
bis[4-(3-aminophenoxy)phenyl]sulfone (m-APPS),
bis(4-(4-aminophenoxy)phenyl]sulfone,
2,2~bis[4-(4-aminophenpxy)phenyl]hexaﬂuoropropane,

15 4,4'-diamino-3,3',5,5'-tetramethyldiphenyimethane,
4,4'-diamino-3,3',5,5'-tetraethyldipheny/methane,
4,4'-diamino-3,3',5,5'-tetraisopropylidiphenyimethane,
4,4"-diamino-3,3'-dimethyl-5,5'-diethyldipheny!methane,

~ 4,4'-diamino-3,3'-dimethyl-5,5'-diisopropyldiphenylmethane,

20 4,4'-diamino-3,3'-diethyl-5,5'-diisopropyldiphenylmethanes,
4,4'-diamino-3,3'-dimethyldiphenyimethane, '
4,4'-diamino-3,3'-diethyldiphenylmethane, or
4,4'-diamino-3,3'-diisopropyldiphenylmeth_ane.

In addition, it is also preferred to use commercially-

25 available "LP-7100", "X-22-161AS" and "X-22-161A" as the

siloxanediamine of the formula (2).



5 4, 4' -di am nodi phenyl ether (DDE),

1

4, 4" -di am nodi phenyl net hane, 4, 4" -di am nodi phenyl sul fone,

3, 3" -di am nodi phenyl sulfone, 5 3, 3' -di am nobenzophenone, 1

, 3- bi s(4-am nocunyl ) benzene, 1 , 4-Dbi s(4-am nocunyl ) benzene,

1 , 3- bi s(3-am nophenoxy) benzene, 1 , 4-Dbi s(3-am nophenoxy) benzene, 1

0 1 , 4-bi s(4-am nophenoxy) benzene,

2, 2- bi s[ 4- (4- am nophenoxy) phenyl | propane (BAP P),

bi s[ 4- ( 3- am nophenoxy) phenyl ] sul f one (1%} APPS) ,

bi s[ 4- (4- am nophenoxy) phenyl ] sul f one,

2, 2- bi s[ 4- (4- am nophenoxy) phenyl | hexaf | uor opropane, 1 5

4, 4" -di am no-3, 3" ,5,5" -tetranet hyl di phenyl net hane,

4,4' -diam no-3, 3" ,5,5" -tetraet hyl di phenyl net hane, 4, 4" -di am no-3
3 , 5, 5' -tetra| sopro yl di phenyl net hane, 4,4' -di am no-3
. 3-di met hyl - - dire Efyedllq:xamplesetolﬁathe acid anhydride (B) include:

4 4' - di am no- 3 - di met hyl - - di i sopropyl di phenyl nmet hane, 20

4, 4' - di ami no- 3, @'méilgﬂ%yla@@‘“@el sopr opyl di phenyl net hane,

34 “di an no- 3. 33 & ArheTapBRERPMRIRKRRRBaxYIic dianhydrige. (BFRAD. 3

(3 L1 sopr opy! e PRSP rohonyhgys BBk Sae rngkiRal oLy

as the 5  silgQaliacaoRprdifyiinmes! Hiahhydride,
bis(3,4-dicarboxyphenyl)sulfone dianhydride,
4,4'-bis(3,4-dicarboxyphenoxy)diphenyisulfone dianhydride,
2,2-bis[4-(3,4-dicarboxyphenoxy)phenyl]propane dianhydride,
ethyleneglycaolbistrimellitate d'ianh-ydride (EBTA),

10 decamethylene glycol bistrimellitate dianhydride (DBTA),
bisphenal A bistrimellitate dianhydride (BABT),
1,4-bis[1-methyl-1-{4-(3,4-dicarboxybenzoyloxy)-
phenyl}‘ethyl]benzene dianhydride,
maleic anhydride,

15 nadic anhydride, and
aﬂy!nadic anhydride.

Incidentally, nadic anhydride has the following structural

formufa:
co
~
20 Qo>
co”
and allylnadic anhydride has the following structural formula:



¥ 6 Preferred exanples of the acid anhydride (B) include:

trinmellitic anhydride, 3,3 ,4,4" -benzophenonet etracar boxylic
di anhydri de (BTDA), 2, 2-bi s(3, 4-di car boxyphenyl ) hexaf | uor opr opane
di anhydride, 5 bi s( 3, 4-di car boxyphenyl ) et her di anhydri de,

bi s( 3, 4-di car boxyphenyl ) sul f one di anhydri de,

4, 4" - bi s(3, 4-di car boxyphenoxy) di phenyl sul f one di anhydri de,

2, 2-bi s[ 4- (3, 4-di car boxyphenoxy) phenyl ] pr opane di anhydri de,
ethyleneglycolbistrinellitate di anhydri de (EBTA), 10 decanet hyl ene
glycol bistrinellitate dianhydride (DA, bi sphenol A
bistrinmellitate di anhydride (BAST), 1

, 4-bi s[ 1-nmet hyl - 1-{4- (3, 4- di car boxybenzoyl oxy) - phenyl } et hyl ] benzene
di anhydri de, mal ei ¢ anhydride, 1 5 nadi ¢ anhydri de, and

al I yl nadi ¢ anhydri de. I nci dental |l y, nadic anhydride has the

fol 'ow ng struct uggh (Hro%’ciﬁq)"lhe 1e&id loy using theadi@nsihky(ARdihe apfeydri de
rmul a:

has the foll ow ng stru ura
anhydride (B) and the dicarboxylic acid (C), it is necessary to

select and combine these monaomers so that the resulting resin
preferably has Tg of 200°C or higher, more preferably 250°C or
5 higher. '

To obtain a heat-resistant adhesive having characteristics
specified in this invention, a palyimide and a polyamide may be
mixed so that the resultant adhesive preferably has Tg of 200°C
or higher. |

10 Without needing being limited to the polyimide and
| polyamide, polymaleimides and polyallylnadimides can also be
employed likewise for the préduction of heat-resistant adhesives
of the present invention.

Polyihides can be obtained by thermal or chemical ring

15 closure of the corresponding polyamic acids. It is not necessary
but desirable that the polyimide used in this invention has been.
completely imidéted

| ‘The heat-resistant adhesive accordmg to the present
mvent:on may be composed of a polyimide or a polyamide alone or

20 may be a mixture obtained by combining the polyimide and the
polyamtde and, if necessary, an epoxy resin, a cunng agent, a
curing accelerator and/or the like.

In this case, it has been found that even if a heat-resistant
adhesive has Tg lower than 200°C, mixing of an additional resin

25 such as an epoxy resin and one or more of below-described

additives, such as a coupling agent, make it possible to adjust its



25 [err] 17

When producing the resin by using the diamne (A, the acid anhydri de
(B) and the dicarboxylic acid (C), it is necessary to sel ect and
conbi ne these nononers so that the resulting resin preferably has Tg
of 200[err]C or higher, nore preferably 250[err]C or 5 higher.

To obtain a heat-resistant adhesive having characteristics specified
in this invention, a polyimde and a pol yam de may be m xed so that
the resul tant adhesive preferably has Tg of 200[err]C or higher. 10
Wt hout needing being limted to the pog8yi m de and pol yam de,

pol ymal ei m des and pol yal | yl nadi m des can al so be enpl oyed | i kew se
for the production of heat-resistant adhesives of the present

i nventi on. Pol yi m des can be obtai ned by thernmal or chem ca

ring 1 5 closure of the corresponding polyamc acids. It is not necessary

but _desi r abl Qujfet abaergebH! 8 aHaCohiingut |G WnfAThEeen.

conpl etely i m dat ed. e heat-rési stant™ adhesive according to the
present ﬁespectii/enrm%e@%pam@dem Qheappsdentitieerftior® pol yam de al one
0

or 20 may be a m xture tai ned by conbining the polyimde and the
pol yam de and, if MNecpagioujar dimitetiory iseihposedcaoni the aaporty, rasin which
can be_ mixed with a specific heat-resistant polyimide adhesive of
5 the present invention, in so far as it has at least 2 epoxy groups
on average per molecule. Examples of such an epoxy resin include
the glycidy! ether of bisphenol A, the glycidyl ether of bisphenol
F., phenolnovolak type epoxy resins, polyglycidyl esters of
pol'y'hydric alcohols, polyglycidyl esters of polybasic acids,
10 alicylic epoxy resins and hydantoin epoxy resins.
| In addition, fillers such as ceramic powder, glass powder,
silver powder and copper powder and coupling agents can aiso be
added to the heat-resistant adhesive of the present invention.
The heat-resistant adhesive according to the present invention
15 can also be used after impregnating with it a base sheet such as
glass fabric, aramid fabric and carbon fiber fabric.
Usable examples of the coupling agent include:
. vin');lsilanes such as vinyltriethoxysilane,
vinyltrimethoxysilane, and y-methacryloxy-
20 propyltrimethoxysilane;
epoxysilanes such as y-glycidoxypropyltrimethoxysilane, y-
glycidoxypropylmethyldiethoxysilane, and B.-(3.4-
epoxycyclohexyl)ethyltrimethoxysilane;
aminbsilanes such as y-aminopropyltriethoxysilane, y-

25 aminopropyltrimehtoxysilane, and N-phenyl-y-

aminopropyltrimethoxysilane;



curing accelerator and/or the I|ike. In this case, it has been
found that even if a heat-resistant adhesi ve has Tg | ower than
200[err]C, mxing of an additional resin 25 such as an epoxy resin and one
or nore of bel ow descri bed additives, such as a coupling agent, nmake
It possible to adjust its . 18
wat er absorption rate and com ng-out length within the respective
ranges specified in the present invention. No particul ar
limtation is inposed on the epoxy resin which can be mxed with a
speci fic heat-resistant polyimde adhegigve of 5 the present invention, in
so far as it has at |east 2 epoxy groups on aver age per nol ecul e.
Exanpl es of such an epoxy resin include the gl ycidyl ether of

bi sphenol A, the glycidyl ether of bisphenol F, phenol novol ak type
epoxy resins, polyglycidyl esters of pol yhydric al cohol s, polyglycidyl

estens of ol vORRuegathinds Sudf L ERaRlab RN AMBIIaNAgED, PO

powder , si l.wer powder and copper powder and coupling agents can al so
be added to the heat-resistant adhesive of the present invention.
The heat- 1 esi st galphfgeabyhtssoendhacitanatbs, BIARRUMI eNERkOMg 5  can
al so be used after inpregnating with it a base sheet such as gl ass
fabric, aram d fabzircoahsmématesy fi ber fabric. Usabl e exanpl es
of the coupling agent include: vi nyl si | anes such as

vi nyl tri efhoxysi | 2@¢, these, silane ogupjingr agente are Ipreterrathawith

[err]- nethacrglox -
poxysilane coupling agents being particularly preferred.

Incidentally y-methacryloxypropyltrimethoxysilane has the

following structural formula:

10 cuz=c-f‘:-o-(cnz)3-—si-(ocn3)3'
! .
' HaC O
whereas y-glycidoxypropylitrimethoxysilane has the following
structural formula:
15

c{iz‘/CHCHz'O‘ (CH2) 3"51‘ (0CH3) 3

“In the adhesive member, the heat-resistant adhesive
according to the present invention can be used either alone, that
20 s, by itself or by coating it on a base film or impregnating a base
sheet with it. When the heat-resistant adhesive is used alone, it
can be coated directly on an object to be bonded, such as a
semiconductor chip or a lead frame, or can be formed into a
sheet-like form in advance, applied to the object and then
25 compression bonded on the object under heat.

The adhesive member comprising the adhesive of the



20 propyl tri net hoxysil ane; ~ epoxysi |l anes such as
y-gl yci doxypropyl tri net hoxysil ane, [err]-
gl yci doxypr opyl net hyl di et hoxysi |l ane, and [err]-(3, 4-

epoxycycl ohexyl ) et hyl tri nmet hoxysi | ane; am nosi | anes such as

y-am nopropyl tri et hoxysil ane, y- 25 am nopropyl tri meht oxysi | ane,
and N-phenyl-[err]- am nopropyl tri met hoxysi | ane;

19 mer capt osi | anes such as [err]-mnercaptopropyltrinmethoxysil ane;
and coupling agents such as titanates, alum num chel ates and
zircoalum nates. 5 Of these, 2iQ ane coupling agents are preferred
wth epoxysi | ane coupling agents being particularly preferred.
Incidentally [err]-nethacryl oxypropyltrimethoxysilane has the

follow ng structural formula: [err] wher eas

[err]-glycidoxypropyltrinethoxysilane has the foll ow ng
present invetion is formed in a shape and and imparted with

properties suitable for bonding the semicanductar chip to the lead
frame in the manufacture of a sealed type semiconductor package,
especially an LOC semiconductor package. More specifically, the
5 adhesive member empioying the adhesive of the present invention
has a shape and properties suitable for bonding between the
semiconductor chip and the lead frame of the sealed type
semiconductor package where wire honding for connecting the
semiconductor chip and the lead frame is made on the

10 semiconductor chip.

When the heat-resistant adhesive according to the present
invention is used as a compasite adhesive sheet by coating it on a
base ﬁlm. (or sheet), the composite adhesi\)e sheet can be
obtained by coating a heat-resistant adhesive having a water

15 absorption rate of not more-than 3 wt.% ahd a coming-out length
of not more.than 2 mm and, preferably, a glass transition
temperature of at least 200°C or a varnish thereof on baoth
sqrfai:és of a heat-resistant film, preferably a surface-treated
héat-resistant film.

20 The coating layer of each major surface of the heat-
resistant film is formed by the same or different heat-resistant
adhesive according to the present invention.

Examples of the heat-resistant film usable as the base film
in the present invention include films of engineering plastics |

25 such as polyimides, polyamides, polysulfones, polyphenylene

sulfides, polyetheretherketones and polyarylates.



structural formula: 15 [err] I n the adhesive
~ menber, the heat-resistant adhesive according to the present invention
" can be used either alone, that 20 is, by itself or by coating it on a base
filmor inpregnating a base sheet with it. Wien the heat-resistant
adhesive is used alone, it can be coated directly on an object to be
bonded, such as a sem conductor chip or a lead frane, or can be forned
into a sheet-1ike formin advance, applied to the object and then 25
conpressi on bonded on the object under heat. The adhesi ve nenber
conprising the adhesive of the 21
20 present invetion is fornmed in a shape and and inparted with
properties suitable for bonding the sem conductor chip to the | ead
frame in the manufacture of a seal ed type sem conductor package,
especially an LOC sem conductor package. Mre specifically, the 5 adhesive
menber enpl oyi ng t heThdhbeateesistaht fimeskas & ngkassi dransitianhésmaesahpe and
properties suitable for bonding between the sem conductor chip and the
| ead frane of thkg)swmdtiel isypigher thaenthasnilig)t of thec keg-resistantiadhesiveli ng
for connecting the sem conductor_ chip and the lead frane is made on
t he according to the present invention and is preferably at least
200°C, more preferably 250°C or higher. The heat-resistant film
5 has a water absorption rate of not more than 3 wt.%, preferably 2
wt.% or lower.
. -Accordingly, the heat-resistant film employed in this
invention may preferably be a polyimide film in view of Tg, water
absorption rate and coefficient of thermal expansion. Particularly
10. preferred is a film equipped with the physical properties that the
' Tg is at least 250°C, the water absorption rate is 2 wt.% or less
and a coefficient of thermal expansion of 3 x10-5/°C or lower.
To increase adhesion with the adhesive, it is desired to
apply surface treatment to the heat-resistant film. Surface
15 treatment methods include chemical surface treatment methods
such as alkali treatment and silane coupling treatment, physical
treatment method such as sand blasting, plasma etching, and
corona etching. Although they are all usable, it is desired to
choose and use a most suitable treatment method depending on
20 the adhesive. As surface treatment applied to a heat-resistant
film upon application of the heat-resistant adhesiye of this
invention, chemical treatment or plasma etching is particularly

preferred. _
No particular limitation is imposed on the manner of coating
25 the heat-resistant adhesive (varnish) on the heat-resistant film.

The coating can be applied in any suitable manner by using, for



10 semi conductor chip. When the heat-resistant adhesive
according to the present I nvention is used as a conposite adhesive
sheet by coating it on a base film (or sheet), the conposite adhesive
sheet can be obtai ned by coating a heat-resistant adhesive having a
water 15 absorption rate of not nore than 3 w.% and a comni ng-out |ength
of not nore than 2 mmand, preferably, a glass transition tenperature
of at least 200[err]C or a varnish thereof on both sur faces of a
heat-resistant film preferably a surface-treated heat-resistant film
20 The coating |l ayer of each majX2 surface of the heat-

resistant filmis formed by the sane or different heat-resistant

adhesi ve according to the present invention. Exanpl es of the
heat-resistant filmusable as the base film in the present invention
include filnms of engineering plastics 25 such as polyim des, polyam des,
po: ysul }‘o?es, RXaymiienyd eloetor biada!! &i Kieite dutee! Bedry &@h@t ?Bqaeam@e.

pol yaryl at es.

The heat - r esi stldve filil madyabeacoatass byr feexding ab thewggh &t waenish. ThIg) which
Is higher than that (Tg) of the heat-resistant adhesive - according to
the present inve@thash ianaowever enet swefersed| bacause it EditfiouitCto noortrol
preferably 250 errlc or hi gher. The heat-resistant film 5 has a water
absor ption rat &NBf tNEKNASSe than 3 wt.% preferably 2 wt . % or | ower.

Accordi ngl Y3 the he%h{aﬁsiﬁé ¥ fciolarpegn%’ﬁy ?ﬂlei Hetatt]-'rzsistant adhesive of

this invention is subjected to heat treatment for the elimination

of a 'solvent or for imidation, the temperature of the heat
treatment varies depending on whether the heat-resistant
adhesive so coated is a varnish of a polyamic acid or a varnish of

10 a polyimide.

In the case of the varnish of the polyamic acid, a _
temperature of Tg or higher is needed to achieve imidation. In the
case of the varnish of the polyimide, no particular limitation is
imposed insofar as it is high enough to eliminate the solvent.

15 To improve the adhesion between the adhesive and the heat-
resistant film, it is preferred to conduct the above heat
treatment at a temperature of 250°C or higher.

__ "}rhe adhesive member making use of the heat-resistant
adhesive according to the present invention is particularly

20 effective for the bonding between a lead frame and a
semiconductor chip. .

When the adhesive accarding to the present invention is
used for the bonding of the semiconductor chip and the lead
frame, no particular limitation is imposed on the manner of the

25 bonding. This bonding can be achieved by a method most suited

for each package so fabricated.
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preferably be a polyimde filmin view of Tg, water
e and coefficient of thermal expansion. Particularly 10

preferred is a fil mequi pped with the physical properties that the

is at | east 250C, the water absorption rate is 2 w.%or |ess and a
t hermal expansion of 3 x10[err]/C or | ower. To
I ncrease adhesion with the adhesive, it is desired to apply surface

coefficient of
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and silane coupling treatment, physical23

bl asting, plasma etching, and corona etching. Although they are al
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desired to choose and use a nost suitable treatnent
ng on 20 the adhesive. As surface treatnent applied to a

Tg

treat nent nethod such as sand

fil mupon application of the heat-resistant adhesive of

this i nvent i onyatoesi bendingemtetbads ocarmp!bes usedt, chichuding, farti cul arly
preferred. No particular limtation is inposed on the manner of
coating 2 5 t®¥AMPIR-resistant adhesive (varnish) on the heat-resistant
film The coatj,ng,can be applied in any.suitable manner by, using, for
22 exanpl e,ha %Gpﬂp%?‘g%e?h%ekmﬁf adnatrresisiand aghesiveor the

i ke. The_f i v,.bg. coated by feeding it, through a varnish. This
method s howederOrAE Hpofs iaeSRal inkERon Teddtett pBL PRrBSBLRiFhices ° he

thickness.5

10

thereof is first compression-bonded onto a lead frame under heat.
A semiconductor chip is then compression-bonded under heat anto
the heat-resistant adhesive of this invention on the opposite
sur face.

~ (2) A sheet with a heat-resistant adhesive according to the
present invention coated on one surface thereof is first
compression-bonded onto a lead frame under heat. The opposite

surface of the sheet is then coated with the same adhesive or

‘another adhesive according to the present invention, onto which a

15

20

25

semiconductor chip is compression-bonded.

(3) A film consisting of a heat-resistant adhesive of this
invention alone is held between a semiconductor chip and a lead.
frame and is then compression-bonded under heat.

| ! ('4) A heat-resistant adhesive according to the present
invention is coafed on a semiconductor chip or a lead frame and is
compression-bonded with a lead frame or a semiconductor chip.

Specific methods for bonding a semiconductqr chip to a lead
frame by using an adhesive member making use of a heat-
resistant adhesive according to the present invention will be
described with reference to FIGS. 1 to 3.

FIGs. 1 to 3 are schematic illustrations of the

semiconductor packages, in which the shapes of the lead frames
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When the filmcoated wth the heat-resistant adhesive of
. invention is subjected to heat treatnent for the elimnation of a
solvent or for imdation, the tenperature of the heat treatment varies
dependi ng on whet her the heat-resistant adhesive so coated is a
varni sh of a polyamc acid or a varnish of 10 a polyim de.
the case of the varnish of the polyamc acid, a tenperature of Tg
is needed to achieve imdation. In the case of the varnish
the polyimde, no particular limtation is i mposed insofar as it
hi gh enough to elimnate the solvent. 245 To inprove the adhesi on between
t he adhesi ve- and t he heat - resistant film it is preferred to conduct
t he above heat treatment at a tenperature of 250[err]C or higher.
The adhesi ve nmenber naki ng use of the heat-resistant adhesi ve
according to the present invention is particularly 20 effective for t
bondi ng bet weatd dhé epaisitioaseofatite asemiconsieteootips aondeidoon the lead
t he adhesive according to the present invention is used for the
bondi ng of tHEamesi atshdiferantchiBGacnsemicondugtor packagediandeem ti cul ar

| nposed .on the manner of the 25 bonding. This bonding can be
JahBRatee
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¥ banding fthe semicgpdugtar phtkdgeths leag irameed.
with t¥| ria%ses?\(f)en drinré trsreelI rr]'r?éljl incgarﬁs%eo%'st%de’ hie% lrlé%l%sqght For
adhesive according to the present invention and then molding the
semiconductor chip and a bonded part between the semiconductor
chip and the lead frame with a molding compound.
In FIG. 1, the semiconductor is positioned below the
lead frame. _
In FIG. 2, the semiconductor is positioned above the
lead frame.
in FIG. 3, the semiconductor is also positioned above the
lead frame. | |
In FIGS. 1 to 3, there are shown the adhesive members at
numeral 1, the semiconductor chips at numeral 2, the lead frames
at numeral 3, wires at numeral 4 and the sealants at numeral 5..
The adhesive member making use of the heat-resistant
ag_iheSi’Ve according to the present invention are effective for
bonding a semiconductor chip with a lead frame so as to fabricate
the semiconductor package in LOC structure as illustrated in Fig.
1. The package of LOC (lead an chip) structure as shown in Fig. 1
is different from the COL (chip on lead) package of.Fig. 2 and the
package of Fig. 3 in that the rate of the volume occupied by the
chip in the package is larger as compared with those of the two
others. This is because (1) the package of Fig. 1 has not a tab

while the package Fig. 3 has; and (2) the wire banding is made

this
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of

S

he
When



exanpl e: (1) A conposite sheet with a heat-resistant adhesive
according to the present invention coated on opposite surfaces

is first conpression-bonded onto a | ead frame under heat.

5

A

sem conductor chip is then conpression-bonded under heat onto

heat - resi stant adhesive of this invention on the opposite

and a | ead.

(4) A heat -r@?ioélﬁame &cmﬂeé” lﬁgeaﬁ%@ﬁﬂq@f Ot he Wh

t hen conprﬁ§5|on bogded under
t'o

t her eof

t he

sur face.
(2) A sheet with a heat-resistant adhesive according to the 10 present

i nvention coated on one surface thereof is first conpr essi on- bonded
onto a lead frame under heat. The oppgs 5te surface of the sheet is
then coated with the sanme adhesive or anot her adhesi ve according to
the present invention, onto which a sem conductor chip is
conpressi on-bonded. 1 5 (3) Afilmconsisting of a heat-resistant
adhesive of this invention alone is held between a sem conductor chip

heat .

8dhtis made; R hei on i s

conpr s on- %@%‘a%‘)“d‘é?ﬁﬂa *%"gﬁmﬁ 3 'a&?gagé‘é&‘? ERR S G ths saving 2

Specific rret %Eef Br

usi ng an adhe Ve nme ma |ng us gﬁﬁ?;tg%q 98 ﬂ]et %Ip%glhgﬁvﬂe{e t&'ﬁeéﬁ&’g >

according t0ig hﬁoaﬁwntmevm&ré&bywhé e of thélapacbagolpiel bgitigence to
FIGS. 1 to. ) to 3 are schenmatic ustrati1 ons of
t2 ze 5 semhd:p)ridutneopaphageg@fs F:gm vane haddrdirigipeedulceshthd etidkhegges

of the sealing material, increasing the possibility of occurrence

of the package cracks due to the adhesive, as compared with the

10
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25

packages of Figs. 2 and 3. Thus, an effective measure for reducing
the possibility of occurrence of the cracks has been awaited. The
adhesive of the present invention is especially effective for
prevention or reduction of occurrence of the cracks in the package
as shown in Fig. 1.

Without needing being limited thereto, it can also be effectively
applied for the bonding of objects such as ceramic .plates. metal
plates, metal foils, plastié fiirﬁs, plastic plates and laminates.

Upon _bonding each of such objects, the abject can be bonded
to another object by coating the adhesive onto the first-
mentioned object or where the adhesive is in the form of a sheet,
interposing it between the objects, heating the adhesive at a
temperature equal to or higher to the softening point of the
adhesive and then applying pressure. _

The present invention will hereinafter be described
specifically by the following examples. It should however be
borne in mind that this invention is by no méans limited to or by
the examples.

Example 1 |



and the positions of the sem conductor chips bonded on the | ead frames
_are different. Each sem conductor package has been fabricated by

bondi ng the sem conductor chip to the |ead franme wi th the adhesive
menber maki ng use of the heat-resistant 5 adhesive according to the
present invention and then nolding the sem conduct.or chip and a bonded
part between the sem conduct or chip and the lead frame with a nol di ng
conpound. In FIG 1, the sem conductor is positioned bel ow
t he | ead frame. 10 In FIG 2, the sem conductor is
posi ti oned above the | ead frane. 2 In FIG 3, the

sem conductor is al so positioned above the | ead frane. I n
FIGS. 1 to 3, there are shown the adhesive nmenbers at 1 5 nuneral 1, the
sem conductor chips at nuneral 2, the lead franes at nuneral 3, wires
at nuneral 4 and the sealants at nuneral 5.. The adhesi ve nenber
maki ng use of the hdatartmirsnecked flaskaeiquipped awitbr di stirmeo, the present

i nvention are e fective for bondi ng a sem conductor Chh% with a |l ead
frame so as to PEEPPEAtEr2@ nitiegesninieintuke RNPa_eRjsium cligrisler feber e as

Shown { n Fi g, B8 @ (10GTHMEISNOT AdhrdIREEIS s -on | oad) package of
EL%up?eS“SytPﬁéetfa'sﬂﬁﬁﬁ%ﬁaﬁ%ﬂyﬂgst@%a CPEOM BreZeB g N {1t hose
Cab it e TSt ontaRAg (TIFY Fek Zf"%@?e?ﬁ%‘*éf?{e E”:é TR Ge
being cooled below 5°C, the resulting solution was added with
5.76.g (10 mmole) of bisphenol A bistrimellitate dianhydride
(BABT) in portions. They were reacted for one hour under cooling
below 5°C and then for 6 hours at room temperature, whereby a
10 polyamic acid was synthesized in the form of varish. To the
resultant varnish of the polyarﬁic acid, 2.55 g of .acetic anhydride
and 1.98 g of pyridine were added, followed by reaction at room .
temperature for 3 hours, whereby a palyimide was synthesized in
the form of varnish. “
15 The 9arni§h of the polyit:nide so obtained was _poufed into
water and the resulting precipitate was collected, pulverized and
dried, whereby the polyimide was obtained in the form of powder.
The -'b'olyimide powder so obtaine_d was dissolved in DMF at a
éoncentration of 0.1 g/d/l. The reduced viscosity of the polyimide
20 solution as measured at 30°C was 0.71 d/g.
In addition, a solubility test of the polyimidg powder was
conducted by adding it to various organic solvents to give a
concentration of 5 wt.% and then observing its state of
dissolution at }oom temperature. As a resdlt. the polyimide
25 powder was fouhd to be soluble in each of DMF, N-

methylpyrrolidone (NMP), methylene chloride, dioxane, THF and



25 above the chip in the package of Fig. 1, while.it is nmade on the
_suefaces of the chip in the packages of Figs. 2 and 3, thus saving a

space for the wire bonding in addition to the space where the chip S
mounted. This increases the rate of the space occupied by the 5 <chipin

t he package of Fig. 1 and accordingly reduces the thitkness of the
sealing material, increasing the possibility of occurrence of the
package cracks due to the adhesive, as conpared with the packages of
Figs. 2 and 3. Thus, an effective neas [ for reducing the possibility
of occurrence of the cracks has been awaited. The 10 adhesive of the
present invention is especially effective for prevention or reduction
of occurrence of the cracks in the package as shown in Fig. 1.

W thout needing being limted thereto, it can also be effectively
applied for tQ& bondi ng of objects such as ceramc plates, netal 1 5
pl ates, netal %ﬁ " plastic filnms, plastic plates and | am nates:

another obj cct by CiTdy PRGN nidd BoBReE has HisRBI R DME, | ThR .,
n K THad! bl |
't bt ween (neaiuen. 8 SRelfed Suag C SR RCyRSHRR and dried A bual Lo

or higher to topeerfseningnintds. OfTheheesulting gedwsifil ks tdewile@Paifyi N9
pressure. The present invention wlT hereinafter be described

specifical§y Hsomhthe glassiipiates fingd em ant irshofriachénamd edrigak at 250°@orne in
Beampl o1 for ona. hour, whereby a fim was obtained, O ) oo ¢ SXamIes:
_.As a result of measurement of the glass transition
temperaturé (Tg) of the thus-obtained polyimide film by the
penetration method under a load of 25 kg/cm2 at a heating rate of
10 10°C/min, it was found to be 262°C. The heat decomposition
temperature of the polyimide film was 405°C. _
The film was immersed in water of 25°C for 24 hours. As a
result, it was found to have a water absorption rate of 0.3 wt%.
A 19 x 50 mm wide adhesive film of 25 um in thickness was
15 préssed at 350°C under 3 MPa 'for one minute. The length of a
came-out geripﬁeral pdrtion (hereinafter called "coming-out
length” for the sake of brevity) of the adhesive as measured at a
central part in the direction of the longer surifaces of the
adhesive film was found to be 0.8 mm.
20 In addition, a flexibility test was conducted by bending the
' polyimide film over an angle of 180°. The film deyeloped no
cracks, thus showing good flexibility.
An NMP varnish of the polyimide was coated onto a film of
"UPILEX S" (trade name; polyimide film; prod‘uct of Ube Industries,
25 Ltd.) which had been plasma-etched, followed by drying at 100°C

for 10 minutes and then at 300°C for 10 minutes, whereby a



26 In a four-necked flask equipped with a stirrer, a
thernoneter, a nitrogen inlet tube and a cal cium chloride tube, 3.66 ¢
(10 mol e) of 4,4'-diamno-3,3 ,5,5" - t et rai sopropyl di phenyl net hane

(I PDDM) and 28.3 g of NNN 5 dinethylformam de (DVF) were charged and

di ssol ved. Wile bei ng cool ed below 5[err]C, the resulting solution
was added with 5.76 g (10 mmol e) of bisphenol A bistrinellitate

di anhydri de (BABT) in portions. They were reacted for one hour under
cool i ng bel ow 5[ err] C and t hen fgé 6 hours at room tenperature,
whereby a 10 polyamc acid was synth ?zed in the formof varnish. To the
resul tant varnish of the polyamc acid, 2.55 g of acetic anhydride and
1.98 g of pyridine were added, followed by reaction at room

tenperature for 3 hours, whereby a polyimde was synthesized in t he

formof varnish. 15 The varni sh of. the polyimde sp obtained was
pour ed ixto Icompmf%rs% VRS ‘\P/Q@i':"? ng |PReEP H‘Qgﬂt@ ﬁggeg(ﬁq lelt%‘ﬂ,ed

o povder. - Was spdtBSEd; 4% ol o 05, WEe Ry oS8 ToREE Sotuemivis ot »
| / . | AN

ol ut i onas. rael Sy MRS 4 HEESRY, R GRAC BhabP APK B8 7Y on,

sol ubility tesdeopidst NAPY YeslH o AT uréAfent of tﬁ@WP@%! %@(@hg&g“ to

vari ous organic solvents to give a concentration o hen
observi ngsi t shet edmpekite sheél, it wag ifoandt to eenpiZni/mture. As a result,

the polyimde 25 powder was found to be soluble in each of DMF, N
met hyl pyrrol i done $ing) thereompesite chleat] desediiconrdiston hipnaf TSOP
(thin small out-line package) type was packaged as shown in FIG.
1. The package was subjected to moisturization for 48 hours at
85°C and 85% RH and then immersed in a solder bath of 260°C. No
10 cracks occurred.
Example 2 |
In a similar manner to Exémple 1 except that 3.58g (10
mmole) of bis(3,4-dicarboxyphenyl)sulfone dianhydride (DSbA),
1.83 g (5 mmole) of IPDDM and 2.05 g (5 mmole) of 2,2-bis[4-(4-
15 arﬁinophenoxy)ph_enyl]propane (QAPP) were used instead, a
polyamic acid wés obtained in the form of varnish. The varnish of
the polyamic acid was treated as in Example 1, wheréby a
polyimide was obtained in the form of powder.
The polyimide so obtained was found to have a reduced
20 viscosity of 1.21 dlig, Tg of 268°C, a thermal decomposition
point of 410°C, a water absorption rate of 0.7 wt.% and a coming-
out length of 0.01 mm. |
In a similar manner to Example- 1 except that the varnish of
the polyamic acid was heat-treated at 100°C.for 10 minutes and
25 then at 300°C for 15 minutes, a composite sheet was obtained. It

was found to have an adhesive strength of 1.2 kN/m with a 42-



27 t ol uene. Further, the polyimde powder was dissol ved
. in DVF. The varni sh so obtained was cast onto a glass plate and dried
at 100[err]C for 10 mnutes. The resulting green fil mwas peel ed off

5 fromthe glass plate, fixed on an iron frane and dried at 250[err]C

for one hour, whereby a filmwas obtained. "As a result of
measurenment of the glass transition tenperature (Tg) of the

t hus- obt ai ned polyimde filmby the penetration nmethod under a | oad of
25 kg/cnferr] at a heating rate of 109¢l0[err]Cnmin, it was found to be
262[ err] C. The heat deconposition tenperature of the polyimde film
was 405[err] C The filmwas immersed in water of 25[err]C for 24
hours. As a result, it was found to have a water absorption rate of
0.3 wm.% A 19 x 50 nm wi de adhesive filmof 25 [err]min

| ength of & 218y SeRTCoY SeRlicdih bt imackicy of SRR g e & "

"com 90Ut ExamAI8"9" HavdiBpet o SeHEKa whER kb iderBl Lher adnesi ve as

neasured at a ce art e directron o onger surfaces of

t he adhesgutbiddtigas found to be 0.8 nm 20 In addition, a
flexibility test was conducted by bendi ng the polyimde fil mover an
angl e of 180Ex&inplei 8m devel oped no cracks, thus show ng good
flexibility. An NWVP varnish of the polyimde was coated onto a

filmof 5 " UPI irBa Simjlar aoannendo pxamiphe de except thad 122 pf{1be
I ndustries, 25 Ltd.) which had been plasnma-etched, followed by drying at
100[err]C MMEiR) 1&f A.Auted-Renzaprenanetaltacarbaayisr dianhy@tides, wher eby
a (BDTA) and 20.6 g of NMP were used instead of BABT and DMF,
respectively, a polyamic acid was obtained in the form of varnish.
Xylene (10 g) was added to the varnish so obtained, followed by
10  heating at 180°C for § hours, whereby a polyimide was obtained
in the form of varnish. | .
The polyimide so obtained was found to have a reduced
viscosity of 0.48 dlig, Tg of 300°C, a thermal decompositidn
temperature of 405°C, a water absorption rate of 1.0 wt.% -and a
15 cdming-but length of 0.5 mm.
The p_olyirﬁide varnish was coated ohto a film of "KAPTON"
(trade name; polyimide film; product of Du Pont-Toray Industries)
which-‘had been subjected to silane coupling treatment after
alkali treatment. The film so coated was heat-treated at 100°C
20 for 10 minutes and then at 275°C for 10 minutes, whereby a
composite sheet was obtained. It was found to have an adhesive
strength of 0.92 kN/m with a 42-alloy sheet. A semiconductor
package of TSOP type obtained as in Example 1 developed no
cracks when saldered after maisturization.

25 Example 4

In a similar manner to Example 1 except that 5.76 g (10



28 conposite sheet was obtai ned. The conposite sheet so obtai ned

_ was superposed on a 42 alloy (Fe-N alloy whose nickel content is 42%

sheet, followed by pressing at 350[err]C under 3 MPa for 5 seconds. As
a result of neasurenent of the 90 peel strength of 5 the conposite sheet,
it was found to be 0.7 kN'm Usi ng the conposite sheet, a

sem conduct or chip of TSOP (thin small out-line package) type was
packaged as shown in FIG 1. The ppgkage was subjected to

noi sturization for 48 hours at 85[err] C and 85% RH and t hen i mrersed
Iin a solder bath of 260[err]C. No 1 0 cracks occurred. Exanpl e 2

In a simlar manner to Exanple 1 except that 3.58 g (10 nmol e) of

bi s(3, 4-di car boxyphenyl ) sul f one di anhydri de (DSDA), 1.83 g (5 mmol e)

g];ri lns;t))ﬁcl\a/lngQS) gﬂenyﬂ pr %eéﬁé(%béﬂéggﬁ Aé%e%'ai agd 0.43 %C‘Pﬁm c acid
was ontal ned_\mmidlé) ot etbroidyignslianiite (MDA Were used fitsalyarm ¢ acl d

was treated as ere y a pol was o arned in the

f or m of powderpolynmlde was obitgined n thdefarm Wft pogiérvas found to have a
reduced 20 viscosity of 1.21 d//g, Tg of 268[err]C, a thermal

deconposi ti on The m!y)mld&(&mrub]tﬂned wasefourits do haven o séduaed 0. 7 wt . %

and a conin out |l ength of 0.01 In a simlar nmanner to
Exanmple 1 %xcé@icqaﬁm of h@- adr!{igshT@fof 275°Qaeapﬂ1qulcdg@nmmnon
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An NMP varnish of the polyimide was coated onto a "UPILEX
S" film which had been subjected to alkali treatment, followed by

10 drying at 100°C for 10 minutes_and then at 300°C for 10 minutes,
whereby a composite sheet was-obtained. It was found to have an
adhesive strength of 0.85 kN/m with a 42-alloy sheet. The
semiconductor package of SOJ (small outline J-leaded packége- |
type obtained as in Example 1 developed no cracks when soldered

15 after moisturization. |
Example 5

In a similar manner to Example 3 e.xcept that 3.58 g (10
mmolie‘) of DSDA, 0.92 g (2.5 mmolé) of IPDDM and 3.08 g (7.5
mmole) of BAPP were used instead, a polyimide was obtaifed in

20 the form of powder.

The palyimide so obtained was found to have a reduced
viscosity of 0.62 difg, Tg of 255°C, a thermal decompasition
temperature of 440°C, and a water absorptioq rate of 1.2 wt.% and
a coming-out length of 0.2 mm.

25 DMAc varnish of the polyimide was coated onto a plasma-
etched film of "UPILEX S, followed by drying at 100°C for 10



29 al l oy sheet. A sem conductor package of TSOP type obtained as in

Exanpl e 1 devel oped no cracks when sol dered after noi sturi zation.
Exanmple 3 5 In a simlar manner to Exanple 1 except that 3.22 ¢
(10 mol e) of 3,3',4,4"-benzophenonet etracarboxylic.di anhydride

(BDTA) and 20.6 g of NMP were used instead of BABT and:DWVF,

respectively, a polyam c acid was obtained in the form of varnish.

Xyl'ene (10 g) was added to the varnish so obtained, followed by 1 0

heating at 180[err]C for 5 hours, where%y a polyimde was obtai ned in
the form of varnish. The ki de so obtained was found to have
a reduced viscosity of 0.48 d//g, Tg of 300[err]C, a thernal

deconposi tion tenperature of 405[err]C, a water absorption rate of 1.0
w.%and a 1 5 comng-out |length of 0.5 mMm The polyi m de

varni sh was coated onto a filmof "KAPTON'. (trade nanme; polyimde
film product GRinDte®cand theayat rﬁ!i@é’ﬁr f@s)m mmumspwhafabybaecmmpnp&et ed

to silane coupling treatnent aft kali treatment, The film so
coated was heatSJ'ﬁ%éaM’éﬂ el 1’0@[ er'ﬁ]@%dﬂuﬂér ta fhavienaneadhagionnsirepgth of

275l et ] C 1or, 008 gkl abls ey spato B soBRRi e SIS b,
e oo YOO Hie, oRARG AT SralrPls "R IRFRRY dtackd AT,
5 soldered after maisturization.
Example 6
-In 24.5 g of DMF, 4.10 g (10 mmole) of BAPP were
dissalved, fallowed by the addition of 2.02 g (20 mmole) of
triethylamine. While being cooled below 5°C, the resuiting
10- solution was added with 2.03 g (10 mmole) of isophthaloyl
chioride in portions. They were reacted for 5 hours below 5°C.
As in Example 1, a polyamide was obtained in the form of powder.
The’ polyamzde so obtained was found to have a reduced
viscosity of 0.45 d/g, Tg of 219°C, a thermal decomposition
15 temperature'of 425°C, a water absorption rate of 2.3 wt.% and a
coming-out_lengfh of 2.4 mm. |
A DMF varnish with 85 wt.% of a palyimide obtained as in
Examb’le 1 and 15 wt.% of the polyamide obtained in this Example
rhixeq therein was coated onto a plasma-etched film of "UPILEX
20 S, followed by drying at 100°C for 10 mihutes and then at 250°C
| for 10 minutes, whereby a composite sheet was obtained. The
composite sheet so obtained was superposed on a 42 alloy sheet,
followed by pressing at 350°C under 3 MPa for 5 seconds. As a
result of measurement of the 90° peel strenéth of the sheet, it
25 was found to be 1.2 kN/m.

The composite film was found to have Tg of 255°C, a water



I'n a sinilar manner to Example 1 except that 5.76 g (10

30 nmol e) of BABT, 2.38 g (6.5 mmole) of IPDDM and 0.43 g (3.5
nmol e) of metatol uyl enedi am ne (MIDA) were used instead, a pol yi m de
was obtained in the formof powder. The pol yi m de so obtai ned
was found to have a reduced 5 viscosity of 0.61 d//g, Tg of 275[err]C, a
t hermal deconposition tenperature of 415[err]C, a water absorption
rate of 0.5 w.%and a com ng-out length of 1.5 nmm An NVP
varni sh of the polyim de was coat ed ontf a "UPI LEX S" filmwhich had
" been subjected to alkali treatnment, fol %wed by 10 drying at 100[err]C for
10 mnutes and then at 300[err]C for 10 m nutes, wher eby a conposite
sheet was obtained. It was found to have an adhesive strength of 0.85
KNNmw th a 42-all oy sheet. The sem conduct or package of SQJ (small

O ek “unen SRSt ot AL oo Ry ST R
0.52'g (2.5 ol e) %ﬁﬁﬁ%wiﬁﬁoxﬁ% shedh. & SEriedictor SATBARSGI dYBsed
I nstead, a pol‘%égn‘gﬁk\ég%do%un @fb‘ t1he fhgrg?ng)fwggw sé%%teij o 62The

pol yi m de o) tai ned ave afe uce

d//g, Tg of 25hbretudifatich tfbﬁ'it@hoﬁ%%p(ﬁ"(‘:'% 85% h%ﬁaaiﬁgr? of

440[err] C, and a water absorption rate com ng-out -
| ength of 9.2 immersed in a solder bath of 260°C. No cracks were occurred

Example 7
In 20 g of DMF, 1.74 g (7 mmole) g of 4,4'-
diaminodiphenylisulfone (DDS) and 1.23 g (3 mmole) of BAPP were
dissolved, followed by the addition of 2.02 g (20 mmole) of
10 triethylamine. While being cooled below 5°C, the resulting
' solution was added with 2.03 g (10 mmole) of isophthaloyl
chloride in portions. They were reacted for 5 hours below 5°C.
As in Example 1, a polyamide was obtained in the form of.p'owder.. |
Th__e polyamide so obtained was found to have a reduced viscosity
15 of 0.88 dl/g," Tg_of 260°C, a tﬁermal decampasitian temperature
of 435°C, a watér absorption rate of 2.5 wt.% and a coming-out .
length of 0.2 mm.
: ﬂsing an NMP varnish with 60 wt.% of the polyimide
obtained as in Example 1 and 40 wt.% of the polyamide obtained in
20 this Example mixed therein, a composite sheet was obtained in a
similar manner to Example 1. The adhesive strength of the
composite sheet so obtained with a 42 alloy sheet'was found to
be 1.6 kN/m.
The composite film was found to have fg of 260°C, a water
25 absorption rate of 1.1 wt.% and a coming-out length of 0.5 rr1m.

Using the composite sheet, a semicanductor chip of TSOP



25 DMAc varni sh of the polyimde was coated onto a pl asna-
. etched filmof "UPILEX S", followed by drying at 100[err]C for 10

31 m nutes and then at 250[err]C for 10 mi nutes, whereby a
conposite sheet was obtained. It was found to have an adhesi on
strength of 1.40 kNmw th a 42-alloy sheet. The sem conductor package
of TSOP type obtained as in Exanple 1 devel oped no cracks when 5

sol dered after noisturization. Exanpl e 6 In 24.5 g of DMV,
4.10 g (10 mmol e) of BAPP were di sga ved, followed by the addition of
2.02 g (20 mol e) of triethylamne. Wile being cooled below 5[ err]C
the resulting 10 solution was added with 2.03 g (10 nmol e) of isophthal oyl
chloride in portions. They were reacted for 5 hours below 5[err]C. As

in Exanple 1, a polyam de was obtained in the form of powder.

0.5 dilg. To SPONGE PAA B FLEXAntAD oﬁedﬁ%?aﬁse?%ﬁ? gegpe ©
425[err]C a “@Pﬁksahﬁﬁé@tsaﬂeFééeﬁL%sﬁ@eﬂ 40 Ayl ﬁmzanorpom ng- out | engt h

of 2.4 varnl s 85 wt. /oO a polyim de obtained as
I n Exarrpl Exanspled 85 W . % of the pol yan de obt ai ned in this Exanple
m xed therein was coated onto a plasnma-etched filmof "UPILEX 20 S",

foll owed by drying it aGdhdar Itasmer 10 Bxampés Geckceperthat 1283[@r(ﬂ c
for 10 m nutes, whereby a conposite sheet was obtai ned. The nposite

sheet so ot ai fredoleisot IPRPMs805g (6 mmaie)ogf SARP, 0.64 g (3 mmole) of
4-chlorofarmylbenzene-1,2-dicarboxylic anhydride, 0.30 g (3
mmole) of triethylamine and 30 g of NMP were used instead, a
polyamic acid was obtained in the form of varnish. The varnish so
obtained was added with 2.51 g (7 mmole) of bis(3,4-

10 dicarboxyphenyl)sulfone dianhydride (DSDA) in portions below
5°C, followed by reaction below 5°C for 5 hours. Acetic anhydride
and pyridine were t'hereafter. added to the reactio'n mixture.
Following the procedures described in Example 1, a polyamide-
imide was obtained in the form of powder.

15  The polyamide-imide so obtained was found to have a
reduced viscosiiy of 1.15 di/g, Tg of 258°C, a thermal
decomposifion temperature of 385°C, a water absomption rate of
1.0 wt.% and a coming-out length of 0.02 mm.

A DMAc varnish of the polyamide-imide was coated onto a

20 "KAPTON" film which had been subjected to silane coupling
treatment after alkali treatment. The film so coa_ted was heat-
treated at 100°C for 10 minutes and then at 275°C for 10
minutes, whereby a composite sheet was abtained. It was found
to have an adhesive strength of 1.4 kN/m with a 42-alloy sheet. A

25 semiconductor package of TSOP type obtained as in Example 1

developed no cracks when soldered after moisturization.



foll owed by pressing at 350[err]C under 3 MPa for 5 seconds. As a
result of nmeasurenent of the 90[err] peel strength of the sheet, it 25 was

found to be 1.2 kN'm The conposite filmwas found to have Tg of
255[err]C, a water 32
absorption rate of 0.6 w.% and a com ng-out length of 1.5 mm

Usi ng the conposite sheet, a sem conductor chip of SQJ type was
packaged as shown in FIG 1. The filmwas subjected to noi sturi zation
for 48 hours at 85[err]C and 85% RH angéhen 5 imersed in a solder bath
of 260[err]C. No cracks were occurred. Exanmple 7 In 20 g of
DVF, 1.74 g (7 mmole) g of 4,4 - di am nodi phenyl sul fone (DDS) and 1.23
g (3 mmol e) of BAPP were di ssol ved, followed by the addition of 2.02 g

(20 mmole) of 10 triethylam ne. Wile being cooled below 5[err]C, the
resul ting £ sol Htign was added with 2.03 g (10 nmol e) of i sophthal oyl
chloride in p € 9They were reacted for 5 hours bel ow 5[err].C. As

pol yari de- 5o’ obt af HLdt DIBIRENE o erdnplat - BkEeRl tBRB e ¢ (19 "o s
0% 18ecrp PR, B, SR POPE HRLFTIEONE 0.41,0% 6 hES) . °
o 371 CAPAPP, " B8 (el ity s SRR [
therein, & coinsteats &/pulyimide wiisaobedined i the form of powder.
The polyimide so obtained was found to have a reduced viscosity
of 0.65 dl/g, Tg of 226°C, a thermal decomposition temperature
of 396°C, a water absorption rate of 0.3 wt.% and a coming-out
length of 1.7 mm.
10 An NMP varnish of the polyimide so obtained was coated
onto a plasma-eiched film of "UPILEX S", followed by drying at
100°C for 10 minutes and then at 300°C for 10 minutes, whereby
a composite sheet was obtained. The composite sheet sa obtained
was found to have an adhesive strength of 0.80 kN/m. A
15 sémiconduc{or package of-S'OJ’ type obtained as in Example 1
developed no <.:racks when soldered after moisturization.
Example 10
In a similar manner to Example 1 except that 3.58 g (10
Enmole) of DSDA and 4.32 g (10 mmole) of bis[4-(4-
20 aminophenoxy)phenyl]sulfone were used instead, a polyimide was
obtained in the form of powder. '
The polyimide so obtained was found to have a reduced
viscosity of 0.87 dl/g, Tg of 270°C, a thermal decomposition
temperature of 520°C, a water absorption rafe of 2.3 wt.% and a
25 coming-out length of 0.01 mm.

An NMP varnish of the polyimide so obtained was coated



sinilar manner to Exanpl e 1. The adhesive strength of the conposite
sheet so obtained with a 42 all oy sheet was found to ~ be 1.6 kN'm

The conposite filmwas found to have Tg of 260[err]C, a water 25
absorption rate of 1.1 wt.% and a com ng-out length of 0.5 nmm

Usi ng the conposite sheet, a sem conductor chip of TSOP

33 type was packaged as in Exanple 1. The package devel oped no
cracks when sol dered subsequent to noisturization. Exanpl e 8

In a simlar manner to Exanple 6 except34§hat 1.83 g (5 5 mmvole) of |PDDM
2.05 g (5 mole) of BAPP, 0.64 g (3 mmle) of

4- chl or of or nyl benzene- 1, 2-di carboxylic anhydride, 0.30 g (3 nmol e) of
triethylamne and 30 g of NMP were used instead, a pol yam ¢ acid was
obtained in the formof varnish. The varnish so obt ai ned was added

(Do) i1 por NS Pladinalbirect ichar LERLEROS, SBfokad 8"Rr erﬂ'hé”éfﬁii?é
for 5 hours. AQGPCCf@rnhﬂdmlﬁﬁtes anoaft‘ﬁ'ﬁﬁyét' QUOQCWFdremhﬁ’ﬁﬁaf %g@%e .

the reaction m xture. | owm ng the procedures descrlbe

a pol yam de- a compasite saeeblw:as eytained. heT H@rd@rﬂéoﬁ@éw&'reetléo obtam@f
pol yam de-i m de so obtained was found to have a reduced viscosity of

1.15 dl /g, Tgwss fBsw ta have an adhesivéestrepgthi fohOt kNyrac at & e of
ﬁ? SE)EB;] %ﬁ 2 \ég%?éoggggt::?tsggk;gaet %fO“If'SOP typle %b\gm(éaagcsi I?'l (éggn?p eo‘llJ t Tength
developed no cracks when soldered after maisturization.
Example 11
| As in Example 1, a film composed of an adhesive alone was
formed usihg the polyimide of Example 2. A semiconductor
10 package of TSOP type obtained using the so-formed film in a
similar manner to Example 1 developed no cracks when soldered
after moisturization. |
-Example 12 _
| An adhesive layer was formed on a semiconductor chip by
15 using an NMP varnish of the pélyamide-imide which had been
obtained in _Exarﬁple 8. A semiconductor package of TSOP type
formed as shown in FIG. 1 by using the chip with the adhesive
layer thereon developed no cracks even when it was soldered
after moisturization as in Example 1.
20 Example 13
In 23.0 g of NMP, 2.87 g (7 mmole) of BAPP and 0.75 g (3
mmole) of "LP-7100" were dissolved. While being cooled below
5°C, the resulting solution was added with 2.13 g (10 mmole) of
4-chioroformylbenzene-1,2-dicarboxylic anhydride in portions.
25 To the resulting mixture, 2.02 g (20 mmole) of triethyl amine

were added, followed by the reaction for 5 hours below 5°C. As in



A*DMAc varni sh of the polyam de-imde was coated onto a 20 "KAPTON' film
, Whi ch had been subjected to silane coupling treatnent after al kali
treatment. The filmso coated was heat - treated at 100[err]C for 10
m nutes and then at 275[err]C for 10 m nut es, whereby a conposite
sheet was obtained. It was found to have an adhesi've strength of 1.4
KNmwth a 42-alloy sheet. A 25 sem conductor package of TSOP type
obtained as in Exanple 1 devel oped no cracks when sol dered after

moi sturization. 36 34

Exampl e 9 In a simlar manner to Exanple 1 except that 5.76 g (10
nmol e) of BAST, 2.74 g (7.5 mmole) of IPDDM 0.41 g (1.0 nmol e) of
BAPP and 1.26 g (1.5 mmvl e) of "X-22-161AS" were used 5 instead, a

pol yi m de was obtained in the formof powder. The pol yi m de so

obt ai ned was f nd tpp%gave a_reduced vi,sscosit Tg of

, 65 dI/
226[err]C, a t co?rpB%llnyTB f%ﬁ@rﬂ?&rébt&med g@%[fé’f a water

absorption ratepqul % .% and a com ng-out Iength of 1.7 nm 1 0
An NWVP varni sh ? € pon| m de so obtained was coated onto a

ol asma- et ched {11 m ofng Ui geNidS-imidd 'Rl WaRSIGing to nafBlgrrIC for

10 m nutes and then at 10 m nutes, a conposite

sheet was obt alreﬂdceaiheuseasnysot@57!ecr/g,sq'golatfa18stc a thé\ﬁﬁaf ound to have
an adhesive strength of 0.80 kNNm A 15 sem conductor package of SQJ type

obt ai ned as5i n decompesition temperatungedfné20tGcles water absdeptiah atater of
ot sturt zation. 13 wt.% and a coming-out length of 0.8 mm.
.A varnish which had been obtained by dissolving 100 g of
the -polyamide-imide powder and 3 g of y-
glycidoxypropyltrimethoxysilane in 400 g of DMF was coated on
10. one surface of a polyimide film ("UPILEX S" , trade name),
followed by drying at 100°C for 10 minutes. The other surface of
the polyimide film was also coated with thé varnish similarly,_
followed by drying at 250°C for 10 minutes, whereBy a corhbbéite
sheet was obtained. The composite sheet so obtained was found
15 .to. have an adhesive strength of 1.6 kN/m with a 42 alloy sheet.
The adhesive Ia;}ers were found to have Tg of 185°C, a water
absorption rate of 1.3 wt.% and a coming-out length of 0.2 mm.
~.-"First, the composite sheet was pressed and adhered to a
lead frame at 350°C under 6 MPé for 3 seconds and then a chip
20 was pressed and adhered to the other side of the sheet at 375°C
under 6 MPa for 3 seconds. After wire bonding, the resulting
wired chip was molded with a molding compound as shown in FIG.
1. The TSOP-type-package so obtained was subjected to
moisturization at 85°C and 85% RH for 48 hoﬁrs, and solder was
25 then caused to reflow in a infrared oven controlled at 245°C. No

cracks were developed.



Exanpl e 10 In a simlar manner to Exanple 1 except that 3.58 g
(10 nmol e) of DSDA and 4.32 g (10 nmole) of bis[4-(4- 20

am nophenoxy) phenyl ] sul fone were used instead, a polyimde was

obtained in the form of powder. The pol yi m de so obt ai ned was
found to have a reduced viscosity of 0.87 dl/g, Tg of 270[err]C, a

t hermal deconposition tenperature of 520[err]C, a water absorption
rate of 2.3 wt.%and a 25 com ng-out |length of 0.01 nm An NVP
varni sh of the polyimde so obtained wgsy coat ed

35 onto a plasma-etched filmof "UPILEX S*, followed by drying at
100[err]C for 10 mnutes and then at 300[err]C for 10 m nutes, whereby

a conposite sheet was obtained. The conposite sheet so obtained was
found to have an adhesive strength of 1.0 kNNm A 5 sem conductor package
of TSOP type @Wﬁ%ﬁld as in Example 1 devel oped no cracks when

sol dered after nnlsturlzatlon Exanple 11 As in Exanple 1, a

ot o5 oy LTI UM, 9% (9 ol Sipeida ey e o
o L Ll X 2112 Tt 0 o 51 2k
adhesi ve | ayemmade) ootreethyleneglycotbistiriotedlitatei diaphydride were
5 thereafter added to the resulting soiution in portions, followed by
the reaction for 2 hours. To the reaction mixture, 15 g of xylene
were added. The resulting mixture was reacted at 180°C for 5
houfs under a nitrogen gas stream while condensed water was
azeotropically removed together with xylene, whereby a

10 polyimide was synthesized. The reaction mixture containing the

' polyimide so synthesized was boured into water and the resulting
precipitate was collected, pulverized and dried, whereby the |
polyimide was obtained in the form of powder. o

The polyimide so obtained was found to have a reduced

15 viscosity of 0.65 dlig, Tg of 170°C, a thermal decomposition
temperature of 390°C, a water absorption rate of 1.0 wt.% and a
qoming-out.length of 1.8 mm,

. Using a varnish obtained by dissolving 100 g of the
polyimide powder and 5 g of y-glycidoxypropy!-

20 met’hyidiethostilane in 400 g of DMF, a éomposite sheet was
obtained as in Example 13. The compaosite sheet had an adhesive
strength of 1.3 kN/m with a 42. alloy sheet. In a&dition, the
adhesive layers were found to have Tg of 172°C, a water
absorption rate of 1.0 wt.% and a coming-oui length of 1.0 mm.

25 A semiconductor package of SOJ type obtained as in Example

13 developed no cracks when soldered after moisturization.



1°5 using an NVP varni sh of the pol yani de-im de which had been

obt ai ned in Exanple 8. A sem conductor package of TSOP type formed as
shown in FIG 1 by using the chip with the adhesive | ayer .t hereon '
devel oped no cracks even when it was sol dered after noisturization as
in Exanple 1. 20 Exanple 13 - In 23.0 g of NMP, 2.87 g (7 mmol e)
of BAPP and 0.75 g (3 nmol e) of "LP-7100" were dissolved. Wil e being
cool ed bel ow 5[err]C, the resulting solution was added with 2.13 g (10
mol e) of 4-ch|oroforny|benzene-l,?gdicarboxylic anhydride in
portions. 25 To the resulting mxture, 2.02 g (20 nmole) of triethyl am ne
were added, followed by the reaction for 5 hours below 5[err]C. As in

36 Exanpl e 1, a polyam de-inm de was obtained in the form of

powder . The pol yam de-i m de so obtai ned was found to have a
reduced vi scosd D7 dl /g, Tg of 185[err]C, a thermal 5
decorrpositions%%ér(rnﬂgl;easus?e of 420[err]C, a water absorption rate of

1.3 wt.%and a Comlﬂga%}niléi“gghé@brf& Exdfhple 13 gxcept“tﬁ{é’tr giéﬁg%écr‘ had

been obtai ned by dissolving 1 ( _ yam de-im er and 3
g of [err]- mmcﬂb%’@deW,OQ)dGP: (‘Etrhﬁiﬁlé{grﬂéqdéhéﬁ@t?wléﬁe%msaﬁaat ed

on 10 one surface of a polyimde 'm (" UPI trade nane),
fol  owed by dr3ildg gt (100nhenaleS bér 4ichiaroforayibéhzentht2-dicdrhoryivd

the polyimde filmwas also coated with the varnish simlarly,
: 5 anhydride, a polyamide-imide was obtained in the form of powder.
The polyamide-imide so obtained was found to have a
reduced viscosity of 0.85 di/g, Tg of 180°C, a thermal
decémposition temperature of 395°C, a water absorption rate of
1.0 wt.% and a coming-out length of 0.6 mm.

10 A varnish obtained by dissolving 100 g of the polyamide-
imide powder and 10 g of y-gIyéidoxypropyl-metho)gysi1ane _
in 400 g of NMP was coatéd on both surfaces of a polyimide film
("UPILEX 8", trade riame). The varnish so coated was dried at. .
100°C for 10 minutes and then at 275°C for 10 minutes, whereby

15 a'composite' sheet was obtained. The composite sheet was found
to have an .adhe:sive strength of 1.4 kN/rﬁ with a 42 alloy sheet. . In
addition, the adhesive layers were found to have Tg of 191°C, a
Water- ‘absorption rate of 1.1 wt.% and a coming-out length of 0.2
mm.

20 A semiconductor package of TSOP tybe obtained as in
Example 13 developed no cracks when soldered after '
moisturization. |
Comparative Example 1

Using a DMF varnish of the polyamide obtained in Example 6

25 was treated, a composite sheet was obtained in a similar manner

to Example 1. The adhesive strength of the sheet with 42 alloy



followed by drying at 250[err]C for 10 m nutes, whereby a conposite

sheet was obtained. The conposite sheet so obtained was found 1 5 to have
an adhesive strength of 1.6 kNmwth a 42 alloy sheet. The adhesive

| ayers were found to have Tg of 185[err]C, a water absorption rate of
1.3 wt.% and a com ng-out length of 0.2 nm First, the conposite
sheet was pressed and adhered to a | ead frame at 350[err] C under 6 MPa
for 3 seconds and then a chip 20 was pressed and adhered to the other side
of the sheet at 375[err]C under gd¢/Pa for 3 seconds. After wire

bondi ng, the resulting wired chip was nolded with a nol di ng conpound
as shown in FIG 1. The TSOP-type-package so obtai ned was subjected to
noi sturization at 85[err]C and 85% RH for 48 hours, and sol der was 25 then
caused to reflow in a infrared oven controlled at 245[err]C. No cracks
wer e devel op

Exanpl e 14 %q‘eet was found to,be 1.6Q (N/m, A serpigondyctar g FCE%\BE and 0.88 g
(1 mol e)Se obfdifed &8s ¢n EeiRhied- dBoE e‘éi@Fédk@ whek? g (10

- mmol e) of ethy ene I"'ycal bi strlrrellltate d| anhydri de were t hereafter

added to the giderdd nafiee! msoigtutipationt i ons,. fol | owed by the reaction
for 2 hours. To the reaction mxture, 15 g of xyl ene wer e added. The

resul ting m xZomparative cixamplent2 180[err]C for 5 hours under a
ni trogen gas stream whil e condensed wat er was azeotropi cal | x renoved

together Sith xyl dn920 ghof EMFa2110 gp(@.§immede)vat ROt ardiG:63.9 reaction
t t
mxture conta ™ N9 ' 1°BAPP were dissolved, followed by the addition of 2.02

g (20 mmole) of triethylamine. Whlle being cooled below 5°C, the
resuhlting mixture was added with 2.03 g (10 mmole) of
isophthaloy! chloride in po&ions. They were reacted below 5°C
10 for 5 hours. In a similar manner to Example 1, a polyamide was
~ obtained in the form of powder. |
The polyamide' so obtained was found to have a reduced
viscosity of 0.45 dl/g, Tg of 280°C, a thermal decomposition
temperature of 430°C, a water absorptidn rate of 3.5 wt.% and a
15 coming-out length of 1.2 mm.
A varnish of the above polyamide was coated onto a
"KAPTON" film which had been subjected to silane coupling
treatment after alkali treatment. The film so coated was heat-
treated at 100°C for 10 minutes and then at 250°C for 10
20 minutes, whereby a composite sheet was obtained. It was found
to have an adhesion strength of 1.5 kN/m with a 42-alloy sheet. A
semiconductor package of TSOP type obtained as iﬁ Example 1
developed cracks when soldered after moisturization.
Comparative Example 3 '
25 In a similar manner to Example 4, polyimide powder having a

reduced viscosity of 0.35 dl/lg was obtained. The polyimide so



pol yi m de so synthesized was poured into water and the resulting

preci pitate was col |l ected, pulverized and dried, whereby the pol yi m de
was obtained in the formof powder. The pol yi m de so obt ai ned
was found to have a reduced 15 viscosity of 0.65 dl/g, Tg of 170[err]C, a
t hermal deconposition tenperature of 390[err]C, a water absorption
rate of 1.0 wt.% and a com ng-out length of 1.8 mm Using a
varni sh obt ai ned by dissolving 100 g of the pol yi m de powder and 5 g
of [err]-glycidoxypropyl- 20 nethyldi ea@gxysi | ane in 400 g of DWMF, a
conposite sheet was obtained as in anpl e 13. The conposite sheet had
an adhesi ve strength of 1.3 kNmwith a 42 alloy sheet. In addition,

t he adhesi ve | ayers were found to have Tg of 172[err]C, a water
absorption rate of 1.0 wt.%and a coming-out length of 1.0 mm 25 A
sem conduct or age of SQJ type obtai_ned as_in Exanple 13 devel oped
no cracks when Q@"@ﬁjéﬁaﬁf@é‘ﬂ flawe A& i06re75°C, a thermal decomposition

Cha 2,20 o SUSorhn of 610160 Vel AR ol PO ML a5
?1?2(;?:2?;2 2¥L§P€€W@’§%Ia%q’gﬁga9fbé( ' 'gloamljsi) d(can,c ~a pol yam de- i mi de was
o 16 " 1wl e syt cafds GO pRuEEL e 1
ﬁ gte(rarrg:c 5 deesertsed tin oaxamm@ raiwde f8lind Yol RaVECanaadRéSivearenR@h 8rn
0.9 kN/m with a 42-alloy sheet. A semiconductor package of SOJ
type obtained as in Example 1 developed cracks when saldered
after moisturizatian.
Comparative Example 4
10 In a similar manner to Example 1 except that 4.10 g (10
mmole) of ethyleneglycolbistrimellitate dianhydride and 4.32.g
(10 mmole) of bis[4-(3-aminophenoxy)phenyl]sulfone instead, a
polyimide was cbtained in the form of powder. o
The polylmlde so obtained was found to have a reduced
15 vxscos:ty of 0.44 dli/g, Tg of 187°C a thermal decompaosition
temperature of 465°C a water absorption rate of 1.1 wt.% and a
coming-out length of 2.2 mm.
A semiconductor package of TSOP type obtained as in
Example 1 developed cracks when soldered after moisturization.

20 Those results are shown in Table 1.



1.0 wt.%and a comng-out length of 0.6 nm 1 0 A varni sh obtai ned by

. dissolving 100 g of the pol yam de- I m de powder and 10 g of
y- gl yci doxypr opyl - met hoxysi | ane in 400 g of NWP was coated on both
surfaces of a polyimde film ("UPILEX S", trade nane). The varnish so
coated was dried at 100[err]C for 10 m nutes and then at 275[err]C for
10 m nutes, whereby 15 a conposite sheet was obtai ned. The conposite sheet
was found to have an adhesive strength of 1.4 kNmwth a 42 alloy
sheet. In addition, the adhesive |ayers were found to have Tg of 191
[err]C, a wat er absorption rate of 1.1 w.% and a com ng-out | ength of
0.2 mm 20 A sem conductor package of TSOP type obtained as in
Exanpl e 13 devel oped no cracks when sol dered after noi sturi zati on.
Conpar ative Exanple 1 USI ng a DVF varni sh of the pol yam de
obt ai ned in Exan TR -y npq,sbt SHEG] Was Oy gl nedjin a
simlar manner ato Ex Ia 1°g'he a.glaesnv% }en%@ of the‘”séeet Mt h
42 al | oy B R AR E T AR AR Eseet was
found to be 1.60 kNEm Azseﬁ’i sahduttlo Backa%en of| =z a TSOP t% “obt al ned
as in Exanpl e 1 |[dev@l oped ‘%r"a’a"ksﬁvﬂé(an 848 |sol3iEred &gdr noi stSJ‘)Ql zat { on.
Conpar ati ve Exanpty 20y of OV 2T TT0 ¢ t DDS
and 0.62 g (1.5 3 mjol e) of BAPP jwere di{ssol ved, foll owed by t he
addition of 2.02 1 - |
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g (20 mmole) of triethylam ne. While being cooled below 5[err]C, the

s resulting mxture was added with 2.03 g (10 mmol e) of I sopht hal oyl
chloride in portions. They were reacted below 5[err]C 10 for 5 hours. In a
simlar manner to Exanple 1, a polyam de was obtained in the form of
powder . The 'pol yani de so obtai ned was found ‘to have a reduced
viscosity of 0.45 dl/g, Tg of 280[err]C, a thernmal deconposition
tenmperature of 430[err]C, a water absorpjpon rate of 3.5 w.%and a 1 5

com ng-out length of 1.2 mm A varni sh of the above pol yam de
was coated onto a "KAPTON' film which had been subjected to silane
coupling treatnent after alkali treatnment. The filmso coated was
heat - treated at 100[err]C for 10 m nutes and then at 250[err]C for 10
20 mnutes, whereby a conposite sheet was obtained. It was found to
have an adhesio A
sem conduct or pack f ° TeWel oped
cracks when sol gler zabi i BxpnpiRel3 25
In a simlar mapner8to ~ grnupdced
viscosity of O. 2 a4
40 obt ail+red—waisfounc ] h| 0@
deconposi tion 5 te per at urie of 41 orptiop rate [of 0.6
w. % and a &omi ngt out | gngth off 3, " 4 |The,cofmpogj t ¢ sheet
obt ai ned fol | ow 5 Be| procequr eg o & o o o
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5° described in Exanple 4 was found to have an adhesive strength of

0.9 kNNmwith a 42-alloy sheet. A sem conductor package of SQJ type
obtained as in Exanple 1 devel oped cracks when sol dered after
nmoi sturization. Conpar ati ve Exanple 4 10 In a simlar manner to
Exanple 1 except that 4.10 g (10 mol e) of :
et hyl enegl ycol bistrinellitate dianhydride and 4.32 ¢ (10 nmol e) of
bi s[ 4- ( 3- am nophenoxy) phenyl | sul fone i nstead, a pol yi m de was obt ai ned
in the formof powder. The pbByi m de so obtained was found to
have a reduced 1 5 viscosity of 0.44 dl/g, Tg of 187C, a thermnal
deconposi tion tenperature of 465[err]C, a water absorption rate of 1.1
wt. % and a com ng-out length of 2.2 mm A sem conduct or
package of TSOP type obtained as in Exanpl e- 1 devel oped cracks when
sol dered after morst iéatbﬂﬂ-ﬁu 200 T"ua\b qeuib are D'LBJ&M mm Tabl e 1.
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[err] 45 | P: Isophthalic

aci d TA: Trinellitic anhydride "LP-7100": Sil oxyam ne; trade
nanme; product of Shin-Etsu Chem cal Co., Ltd. 5 | PDDM
4,4'-Diam no-3, 3"',5,5" -tetrai sopropyl di phenyl net hane DDS:

4, 4' - Di am nodi phenyl sul fone . BTDA:

3,3 ,4,4" -benzophenonet etracar boxyl i ¢ di anhydri de BAPP:

2, 2- bi s[ 4- (4- am nophenoxy) phenyl ] pr opane DSDA:

Bi s[ 3, 4-di car boxyphenyl | sul fone di anhydrq de 10 "161AS": "X-22-161AS":

si | oxyam ne; trade nane; product of Shin-Etsu Chem cal Co.,
Ltd. p- APPS. Bi s[ 4- (4-am nophenoxy) phenyl ] sul f one m APPS:

Bi s[ 4- ( 3- am nophenoxy) phenyl ] sul f one EBTA:

Et hyl enegl ycol b| st rimellitate dianhydride 15 DDVA: Dodecanet hyl enedi am ne
[err]-GPTM [ g % %j%x &)pyltrlrrethoxysuane [err] - GPME:
[err]-Adyci doxypro yl | et hoxysi | ane .

TA: Trimellitic anhydride
"LP-7100": Siloxyamine; trade name; product of Shin-Etsu
Chemical Co., Ltd.
5 |IPDDM: 4,4'-Diamino-3,3',5,5'-tetraisopropyldiphenylmethane
DDS: 4,4'-Diaminadiphenyisulfone
BTDA: 3,3',4,4'-benzophenconetetracarboxylic d;anhydnde
BAPP: 2,2-bis[4-(4-aminophenoxy)phenyli]propane
DSDA: Bls[3,4—d|ca_rboxyphenyl]sulfone dianhydride
10 "61AS" "X-22-161AS": siloxyamine; trade name;
product of Shin-Etsu Chemical Co., Lid.
p-APPS: Bis[4-(4-aminophenoxy)phenyl]sulfone
-m-APPS: Bis{4-(3-aminophenoxy)phenyl]sulfone
EBTA Ethyleneglycolbistrimellitate duanhydnde
15 DDMA: Dodecamethylenedxamme
v-GPTM: y-Glycidoxypropyltrimethoxysilane
7—GPME:‘ 1—élycidoxypropylmethyldiethoxysiIane
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Cl ai ms: 1. A heat-resistant adhesive suita e =
. menber for the fabrication of a sem conductor packagé 1S SBRET H¢SPEEN
sem conductor chip to a lead frame with the adhesive}menbeRERMAGERD| di at

| east the semicoenductor --chip and a bonded part between the sem conduct or

chip and th ith a nolding conpound, wheréin the length of a
cane- out peEl! E ﬁiliE@lTHwof the adhesive as neasured at a central part
inthe dire aneg er surfaces of the adhesive when -the-adhesive

is pressed at 350[err] C under 3 MPa for 4gpe mnute is not nmore than 2 nm
and t he adhesive has a water absorption rate of not TigyShedt HayBeBn Replaged

2. A heat-resistant adhesive suitable for an adhesive
fabrication of a sem conductor package by bonding. a hip to
I"eas e

a lead frane with the adhesive nember and nol ding at
sem conduct or Ea#ﬁﬂgnd a bonded part between the sem conductor chip and
the |l ead frane a nol di ng conpound, wherein said adhesive has a

com ng-out length 4 A heat-resistant adhesive suitable for an adhesive

member for the fabrication of a semiconductor package by bonding
a semicanductor chip to a lead frame with the adhesive member
and molding at least the semiconductor chip and a bonded part
between the semiconductor chip and the lead frame with a
mo!ding compound, wherein said adhesive has a 'coming-out length
of not more than 2 mm and a water absorption rate of not morse
than 3 wt.%. |

2. A heat-resistant adhésive suitable for an adhesive

member for the fabrication of a semiconductor package by bonding-

a semiconductor chip to a lead frame with-the adhesiVe"mé"mMBéﬁ___
and. molding at least the semiconductor chip and a bonded part |
between the semiconductﬁr ch.ip and the lead frame with a
moiding co_mpox:md, wherein said adhesive has a coming-out length
of not more than 2 mm, a water absorption rate of not more than

3 wt.% and a glass transition temperature of at least 200°C.

3. A heat-resistant adhesive of claim 1, wherein the
adhesive member is a composite adhesive sheet cpmpﬁsing a
heat-resistant film and the heat-resistant adhesive applied in the
form of a coating layer on both major surfaces of the heat-

resistant film.



of not more than 2 mm a wat er absorption rate of not nore than . % and
a glass transition tenperature of at |east 200[err]C THISS NN
%5; %—é

heat -resi stant adhesive of claiml, wherein the adhgs
conposi te adhesive sheet conprising a heat-resistant: fi ' FA—H
heat -resi stant adhesive applied in the formof a coétl ng layer-on both

maj or surfaces of the heat- resistant film -- 4. A

heat-re f claim1, wherein the adhe | meﬁm;ﬂa@énm sts of
t he heat mnﬂu“jmﬁumim ve al one. 47 5 A he&ts “ﬁ?@‘mﬁ“ esi ve of

claim 2, whereitn f'he adhesi ve nenber is a conposi t

conprising a heat-resistant filmand the heat-resi s ve appl led in
the formof a coating |layer on both major surfaces of the heat- resistant
film 6. A heat-resistant adhesive of claim2, wherein the adhesive

menber consists ofg thg Rgat-ré&stal?anddes oY cidl"e, wherein the

adhesive member consists of the heat-resistant adhesive alone.

S. A heat-resistant adhesive of claim 2, wherein the
adhesive member is a compasite adhesive sheet comprising a
| heat-resistant film and the heat-resistant adhesive applied in the
form of a coating layer on both major surfaces of the heat-
resistant film. '

6. A heat-resistant adhesive of claim 2, wherein the

adhesive member consists of the heat-resistant adhesive alone.

7. A heat-resistant adheswe of clalm 3, whereinr sald heat—
resistant adhesive applied in the form of the coattng layer of one
major surface of the heat-resistant film- is different from the
heat-resistant adhesive applied in the-fot'm of the coating layer.
of the oppésite major sur face of the heat-resistant film.

8. A heat-resistant adhesive of claim 5, wherein said heat-
resistant adhesive applied in the form of the coating layer of one
major surface of the heat-resistant film is differgnt from the
heat-resistant adhesive applied in the form of the coating layer

of the opposite major surface of the heat-resistant film.



s

7. A heat-resistant adhesive of clai m 3, wherein sai,d-heat—res l?éN '
adhesive applied in the formof the coating |ayer of| gi&® Eg&(,“g? %Sé of
the heat-resistant filmis different fromthe heat-rlsist a5+

applied in the formof the coating |ayer. of the opposite nuj 'or’j_gL_f,ace of
the heat-resistant film 8. A heat-resistant adhesive of claimb,

e e A 555 7 2 S

heat - resi stant ddhési e &pplied in thggormof the ¢ p%ﬁﬂzi“\ t he
opposite maj or surface of the heat-resistant film m

48 9. A heat-resistant adhesive of claim3, I'n said heat -
resi stant adhesive applied in the formof the coating |ayer of each ngjor
sur face of the heat-resistant filmis sane. 10. A heat-resistant

adhesi ve of cl ai mg5, > DSl - it ant es) |k in the
form of the coat imr?g ﬁ:@gé‘eﬁs‘égé{ﬂ %Qf‘%r“{‘@ar a@@%ﬁ@.’?hﬁe}hﬁg% %ggﬁ?% { film
I'S same. resistant adhesive applied in the form of the coating layer of each

major surface of the heat-resistant film is same.

10. A heat-resistant adhesive of claim 5, wherein said
heat-resistant adhesive applied in the form of the coating layer

of each major sunface of the heat-resistant film is same.



