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TECHNI CAL FIELD I The present «nvention rel.ates to a on|n1de
fil'm adhesi ve ‘Wi ch - has excell edt heat resistance and | ow 5
absorption, which is suitable for usein . p electronics applications

partecul ariy as as<mat erigal for . nmounting of sem conductors, which has
excel | ent. adheS|on to silicon subSEs@REBTBON netals and which can be
appl i-  ;{ : -l ow tenperatures in a short period of tinme.

ROU ART 10 FILM ADHESIVE rANDePROCESSS FORNIFRODIOTION AHERBOFChi ps
have ;.- - come to possess a hi gher function and a larger capacity and
accofa?sgly have becone |larger in size, the packages cont ai ni ng
seni conductor chips are required to have an
TECHNICAL FIELD
The present invention relates to a polylmlde
. film adhesive which has excellent heat resistance and low
- water absorptlon, Wthh is suitable for use in
5'7electron1cs applications particularly as a material for
mounting of semiconductors, which has excellent adhesion
to silicon substrates and metals and which can be applied

at low temperatures in a short period of time.

BACKGROUND ART

10 : In recent years, while semiconductor chips have
come to possess a higher function and a larger capacity
and accordingly have become laiger in size, the packages
containing seﬁiconductor chips are required to have an
external form same as or even smaller than the conven-

15 tional form so as to meet the demand for smaller
electronic apparatuses. In response to this trend, some
new mounting methods allowing tﬁe high-density mounting
of high-density semiconductor chips have been proposed.
One is a LOC (lead-on-chip) structure proposed for memory

20 devices, wherein a die pad-free lead frama and chips are
fixed to each other with a double-coated adhesive tape.
Meanwhile, in logic devices, a multi-layered lead frame
structure has been proposed in which the electric source

and the glands are provided in differént*framés.and the



external formsame as or even smaller than the conven- 15 tional formso
as to neet the demand for smaller ‘el ectroni c apparatuses. In response
to this trend, sone new nmounti-ng net hods al lowi ng the high-density
nount i ng’ - of high-density seni conductor.,chi ps have been proposed.

One is a LOC (Il ead-on-chip) structure proﬁo%ea-for menory 20 devices,
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el ected ¢ source “and the gl ands aré provi erent” franes ahd

the & - the chip area was too large & securd'Bife dtdd efof Oinheat
radi ation are provided in a pIurgllty of layers. Wiile in the

conventional nmetdifls, in thd R MW aRtMbHd,0®dniil AU 15RE WElei pdCard €a
for inner | eads, in the above new net hods, sem conductor chips and 5
a | ead . frangs are luddlefrand fare donded sdahcd aidiesiecoated adhesive

tape and can be accommodated in a package having the same

external form as the conventional package although the

chip area is larger due to the larger capacity of chips.

In the new methods, it is possible to rationalize in-chip

10 wiring and wire bonding, shorten the length of wire for
quicker signal, radiate the heat geherated by the higher
consumption of electric power, and make smaller the size
of a device.

In the devices employing the above new mounting

15 methods, there exist various adhesion interfaces between
same materials or between different materials, such as
chip vs. lead frame, lead frame vs. plate, lead frame vs.
lead frame and the like. ' Therefore, the reliability of a
device is greatly influenced by the adhesioh relia-

20 bilities of said interfaces. The adhesion reliabilities
must withstand the temperaturés employed'during the
aésembling of a device and further must be sufficient
when the device is under humidity or under humidity and
heat. Further, adhesion workability is also an important

25 item. In semiconductor apparatuses of COL or LOC struc-
ture, the semi.conductor chips and the lead frame are
fixed to each other with an adhesive. This adhesive is

required to have an excellent adhesivity so that the



tape and can be accommpdated in a package having the same . external :
form as the conventional package although the chip area.is |arger due . -
to the larger capacity of chips.. I'n the new nethods, it is possible to
rationalize in-chip 10 wring and wre bogding, shorten the |l ength of
w.re for qui cker signal, radiate the heaf generated by the higher
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reliability of a device is greatly influenced by the adhesion relia--
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wi thstand the tenperatures enpl oyed during the assenbling of a device
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- under hum dity and heat. Further, adhesion workability is also an

i nportant 25 c¢émpBnents seonttamihete rtlap pastitirse Serof ifdiment | Qeads pc-

ture, the sem conductor chips and the lead franme are :
etc. Desirably, the adhesive can complete adhesion in a
period of time as short as possible, in view of the mass
productivity of a device.

10 As such an adhesive, there have heretofore beeﬁ
used paste-like adhesives and adhesives obtained by
coating an adhesive on a heat-resistant base. As the
adhesive, there are used thermosetting resins of epoxy
resin type, acrylic resin type or rubber-phenolic resin

15 type; however, they do not satisfy the requirementé for a
highly reliable adhesive, because they contain a large
amount of ionic impurities, require a high temperature
and a long time for thermosetting and are not productive,
generate a large amount of volatile matters during

20 thermosetting and contaminate leads, and are highly
hygroscopic. Thﬁs, no satisfactory adhesive has not yet
been found.

Meanwhile, with respect to the heat-resistant
film adhesive which is contact-bondable with heating,

25 some film adhesives are known. For example, hot-melt
adhesives of polyamideimide type or polyamide type are

described in Japanese Patent Application Kokai (Laid-

Open) No. 282283/1989; a process for producing a flexible



fixed to each other with.an adhesive. Thi s -adhesi ve is. "required to have
an excel | ent adhesivity so that the ST -

- 3- adhesion interfaces do not cause peellng under hunidity  or
under thermal stresses caused by reflow sol gering, - tenperat ure cycle,
eéﬁ The presencerg; a-large amount of volatlle conponents in the
adhesi ve i s not,.prefesahl e ;o HJygcau I Wdna |

the volatile conponen#g'contggiﬁgﬁg ﬁ?ﬁgﬂﬁﬁéﬁg%nnenﬁﬂﬁﬁiégg
etc. Desirabl y1dé§lﬁ:"rladﬂhe§.nv%’a%'ﬁe%@”@a%e?lta@lﬁi'l%ﬁﬂbrﬁ Kokai Raidier of tine
as short as possi In view of the nass productivity of a device.

10 3 A MYl adyasiovagsahe ra%d"&:\h%ﬂ@fs%ttﬁtfl@fge prlffimide tyqRd
paste-|ike adhesives and adhesi ves obt ai ned by coating an adhesive on
a heat-resi st argj IapeRihe¥ividie are deddhidPed® i Dapanvse Patdnthappiseta-i ng
resins of epoxy resin type, acrylic resin type or rubber-phenolic
resin 5 +tion Kokai (Laid-Open) Nos. 235382/1987, 235383/1987 and

15663/1990. However, the polyamide type or polyamide-
imide type resins have a drawback of high water
absorption owing to the hydrophilicity of the amide
group, and have had a limitation in using them as an

10 adhesive for electronics applications wherein reliability
is required. The thermosetting polyimide type film
adhesives require the conditions for contact bonding with
heating, of 275°C, 50 kgf/cm? and 30 minuﬁes, or must be
cured from a semi-cured state at a high temperature for a

15 long time, or generate condensation water during curing;
therefore, they have been insufficient as an film
adhesive for use in electronic parts which are sensitive
to heat, pressure, water, etc. or in applications wherein
mass productivity is required.

20 For the reasons mentioned above, it is desired
to develop an adhesive suitable for the new mounting
methods, particularly an adhesive tape from productivity
standpoint.

Meanwhile, polyimide resins have high heat

25 resistance, flame retardancy and excellent electrical
insulating property and, accordingly, are in wide use in
electric and electronic applications. However, conveh—

tional polyimide resins have high hygroscopicity and have



15 .type; homever, t hey do not satlsfy the reqU|renents for S hlghly

reli-abl e adhesi ve, because they contain a large _ anount of |on|c.,
impurities, require a high tenperature - and a long tinme for

t hernosetting and are not productive, - generate a | arge amount of
volatile matters during 20 thernpsetting &nd contaninate leads, and are
highly = NYeOseewiedehiUprorassabisisg! eiﬁcédhﬁéyvsraain%tlumre and
been found h“respect to“the heat-resistant
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adhesi ves are known. For exanple, hot-nel adhesives of pol yam dei m de

type pr pol yanhgdeet gReedlent hedesﬁésbgﬂahBeJap@ﬁé?eafétﬁEédAﬂalbcatlon
Kokai (Lai d- Open) No. 282283/1989; a process for producing a flexible

- 4- print pdteriali fokomvdntishggos pemjcohdactype,adheahvénisslating
descri bed in Japanese Patent Application Kokai (Laid-

5 film between layers, a surface protective film, etc. In
using them, a polyamic acid (a polyimide resin precursor)
soluble in an organic solvent is coated oh.a semi -~
conductor surface and the coated semiconductor is heated
to remove the solvent and allow the imidization of the

10 precursor to proceed. At that time, the acid amide type
solvent used has a high boiling point and causes foaming
of the resultant film; and a high-temperature (250°C or
higher) drying step is necessary to evaporate the solvent
completely and the device is inevitably exposed to a high

15 temperature. These matters incur reduction in yield in
the assembling step. Moreover, the conventional
polyimide resins have high hygroscopicity and have
caused, in some cases, a problem that the water absorbed
by them is vaporized all at once at high temperatures to

20 cause bulging or cracking.

The present inventors made extensive study in
order to obtain a polyimide film adhesive which can be
applied at low temperatures in a short time, which has
excellent heat resistance and which has low water

25 absorption. As a result, the present inventors have
found that a polyimide resin of particular structure

achieves the above task, and have completed the present

invention.



Open) No. 157190/ 1983; .and thernpsetting polyimde type - fi-l' madhesi ves

are-described in Japanese Patent Applica- - 5-tion Kokai (Laid-QOpen) Nos.

235382/ 1987, 235383/1987 and 15663/ 1990. However, the pol yan de type-

or pol yam de- i mde type resins have_agdrawback of high water- . .
absorption owing to the hydrophilicity of the am de group, and have

had a |imtati gfrddrostg oM@ sSIdfentthy adhesi ve for el ectronics-
appligations wherein reliability " is required. The thernosetting

polyinmide type film  mdhestedsnt SGivdrit 1dif Xe¥ididd ans 4 @fi gpnt act
bondi ng with heating, of 275[err]C, 50 kgf/cnierr] and 30 m nutes, or

nust e C ik iveen comyert s iy £ h <5 tie? mdlind dUn@titteiEpay atal g e 15
| ong-tinme, or generate condensation water during curing; t her ef or e,
t hey have been dessiuf fiaoiiary aglkass itryansitiathasmpefarures o B3 eTtgoNi C
parts which are sensitive to heat, pressure, water, etc. or in
appl i cati on® wilewsim and swss @ dduciganiyc isolvegqdisr,ewhick) polyimide For
the reasons nentioned above, it is desired to devel op an adhesive
suitabl e for thesiawisehtaiged byrseastdngpatt iledsdr opeawfadinesi ve t ape
from productivity . '
following acid components (A) and (B)
(A) 4,4'-oxydiphthalic acid dianhydride
(B) 3,3’,4,4'-biphenyltetracarboxylic acid
10 dianhydrid'e and/or 3,3',4,4'-
benzophenonetetracarboxylic acid dianhydride
with at least one of the following amine components (C)
and (D)
(C) a siloxane compound represented by the
15 following general formula (1) and/or 2,2-bis(4-

(4-amino-phenoxy)phenyl )propane

fl{s R
l _
H,N-R, Ti- Ti-Rz-NHz (1)
R, /k Rg

wherein R, and R, are each a bivalent aliphatic
(C;s) or aromatic group; Rs, R,, Rs and R; are
20 each a mono-valent aliphatic or aromatic group;
and k is an integer of 1-20,
(D) bis(aminophenoxy)benzene and/or
dimethylphenylene-diamine
to give rise to ring closure of imide.

25 The present invention resides also in a film



standpoint S o - Nbanmhlle pol yi m de r esins have h|gh heat 25_ B

resi stance, flanme" retardancy and excellent electrical = . - |nsulat|ng :
property and, accordingly, are in wide use in electric and el ectronic
applications. However, conven- -tional polyinde resins have high
hygroscopicity and have no sufficient processablllty si-nce
they are insol uby L0 ysi AhbolAVe e N ¢y Q@ nts
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(a poj yi m de r eiHyd¥ iR e PesentedS Bylkhe ifd1abwingd Heher@lly rmiulacoat ed
on a sem-- conductor surface and the coated sem conductor is heated

to remove the galyveH ainGrimadic aine gepaiesented Bye the) fqllemdmor to
proceed. At that time, the acid am de type

5 general formula (3):
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(X is at least one group selected from [:::[: ’ [::]::,
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=C
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X

(2)

¢

10 (3)
wherein Y is at least one group selected from hydrogen
atom and methyl, ethyl, propyl, butyl, phenyl, methoxy,

ethoxy, propoxy, butoxy and phenoxy groups.

The present invention resides also in a film
15 adhesive according to the above, wherein the polyimide
resin is composed by using, as the acid component (A},
4,4’ -oxydiphthalic acid dianhydride in an amount of 60

mole% or more based on the total amount'of the acid



solvent used has a high boiling point-and causes foam ng of ‘t'he
resultant film and a high-tenperature (250[err]C or ~-. higher). drying
step is necessary to evaporate the sol vent ~ conpletely and the device
is inevitably exposed to a high 15 tenpergture. These matters incur-
reduction in yield.in. t he assenbling step. Mreover, the conventional
pol yi m de resi Lgh hygroscopicity and have caused, in sone
cases, a problemthat the water absorbed by themis vaporized all at

once ‘at high tenperat uresrie préberf@Usfrdit BN Gre¥iddfckidy. in a film
The present inventors nade extensive study in order to obtain a

pol yigni de fil maghasiwe addsrddGan 4 the atipdd edvimrdimy teepokyimbdein a
short time, which has excel I ent heat resistance and which has | ow wat er
25 absorption.redin g asaigaosddeoyprusiant, ias eriieracitvemponenbuB) t mt a
_polyimde resin of particular structure achi eves the above task, and
have conpl et®d ridleepreseht3’ , 4, 4 i4biphenyltetracarboxylic acid
dianhydride and g moles of 3,3’,4,4'-benzophenonetetra-
carboxylic acid dianhydride in proportions satisfying
0.5<p/(p+q)<0.9.
The present invention resides aléo in a film
10 adhesive according to the above, wherein the polyimide
resin is composed by using, as the amine component (C), a
siloxane compound represented by general formula (1) in
an amount of 5-60 mole% based on the total amount of the
amine components.
15 The present invention resides also in a film
adhesive according to the above, wherein the polyimide
resin is composed by using, as the amine'component (D),
1,3-bis(3-aminophenoxy)benzene in an amount of 10-90
mole% based on the total amount of the amine components.
20 The present invention resides also.in a film
adhesive according to the above, wherein the polyimide
resin is composed by using, as the acid components, a
moles of 4,4'-oxydiphthalic acid dianhydride and b moles
of another tetracarboxylic acid dianhydride and, as the
25 amine components, ¢ moles of ¢,w-bis(3-aminopropyl)-
polydimethylsiloxane, d moles of 1,3-bis(3- |
aminophenoxy)benzene and/or dimethylphenylenediamine and.

e moles of another diamine in proportions satisfying



.6~  'DISCLOSURE OF THE INVENTION. - - .~ The present invention

resides in a film - adhesi've conprising, as the main constituent, a
polyimde - resin having a glass transition tenperature of 350[err]C or
5 | ovwer and soluble in organic solvents, whgch polyimde - resinis
obt ai ned by reacting at least one of the- foll owi ng acid conponents (A)
and (B) : $?+b idvsﬂnm-sxbﬁﬁhﬁﬁuiuula:rﬁnxkdhdm@yﬁﬂlﬁe

(B) §¢3',4,4' b|p enyl tetracarboxylic acid di anhydri de
and/or 3,3',4, 4 6s(c+d)/(ctd+e), (xnzaphiveonel & ramdr boxylic acid

di anhydri de with at | east one of the foll ow ng am ne conponents (C)
and () 0.950<(&¥D) A stdiexpdile. @dnpound represented by the 15

foll ow ng general fornula (1) and/or 2,2-bis(4-
(4- am no- phenoxy) phenyl ) ffheppresent invention resides also[itrg film

5 adhesive according to the above, wherein the polyimide
resin is composed of, as the acid components, a moles of
4,4’ -oxydiphthalic acid dianhydride and b moles of
another tetracarboxylic acid dianhydride and, as the
amine components, ¢ moles of «,w-bis(3-aminopropyl)-

10 polydimethylsiloxane, d moles of 1,3-bis(3-
aminophenoxy)benzene and/or dimethylphenylenediamine and
e moles of another diamine, and wherein the polyimide
resin is capped, at the molecular ends, with f moles of
an acid anhydride represented by general formula (2) or g

15 moles of an aromatic amine represented by general formula
(3), and wherein the molar ratios of a, b, ¢, d, e, £ and
g satisfy 0.6sa/(a+b+0.5f), 0<b/(a+b+0.5£)<0.6,
0.12c/(c+d+e+0.5g)s0.6, 0<e/(c+d+e)<0.6,
0.01sf/(a+b+0.5£)<0.05 and 0.01=g/(c+d+e+0.59)<0.05 and

20 either of f and g is 0.

The present invention resides also in a film
adhesive according to the above, wherein the polyimide
resin is composed by using, as the acid components, p
moles of 3,3’,4,4'-biphenyltetracarboxylic acid

25 dianhydride and q moles of 3,3',4,4’'-benzophenonetetra-
carboxylic acid dianhydride and, as the amine components,
¢’ moles of 2,2-bis(4-(4-aminophenoxy)phenyl)propane and

d moles of 1,3-bis(3-aminophenoxy)benzene in proportions



wherein Refr]

and Rlerr] are each a blvalent allphatlc

(qerr]) or aromatic group; Rlerr], Rerr], Rerr] and Rlerr] are 20

each a nono-val ent aliphatic or aromatic group; . and k is an
i nt eger of 1-20, : : - (D) bls(an1p@phenoxy)benzene and/or - |
di met hyl phenyl ene-di am ne to give rise toring closure of imde. 25

The present lnVQQELQEyEﬁéld85<py§€+q$<@ $1&AY 0.1<d/(c’+d)<0.9.

7 .adhesive according to the

ove, wherein the pol yi m de T resin i's

capped, at the nol ecul ar Ehdspraéémt alnvéheion réshyes i desoepriesenied by
the follow ng general formnula (2) or an aromatic am ne represented by
the follow ng adhgeieeadctordimg ¢3)the above, wherein the polyimide[err]

10

15

20

25

resin is composed of, as the acid components, p moles of
3,3',4,4’-biphenyltetracarboxylic acid dianhydride ahd q
moles of 3,3’,4,4’'-benzophenonetetracarboxylic acid
dianhydride and, as the amine components, c’ moles of
2,2-bis(4-(4-aminophenoxy)phenyl )propane and d moles of
1,3-bis(3-aminophenoxy)benzene, and wherein the polyimide
resin is capped, at the molecular ends, with £ moles of
an acid anhydride represented by general formula (2) or g
moles of an aromatic amine represented by general formula
(3), and wherein the molar ratios of p, g, ¢’, d, £ and g
satisfy 0.5< p/(p+q+0.5£)<0.9, 0.1<d/(c’'+d+0.5g)<0.9,
0.01sf/(p+q+0.5£)<0.05 and 0.01<g/(c’+d+0.5g)<0.05 and
either of £ and g is 0.

The present invention resides also in a film
adhesive according to the above, wherein the polyimide
resin is composed by using, as the acid components, p
moles of 3,3’,4,4’'~-biphenyltetracarboxylic acid
dianhydride and q moles of 3,3’,4,4'-benzophenone-
tetracarboxylic acid dianhydride and, as the amine
components, ¢ moles of «,w~bis(3-aminopropyl)-
polydimethylsiloxane, ¢’ moles of 2,2-bis(4-(4-
aminophenoxy)phenyl)propane and d moles of 1,3-bis(3-
aminophenoxy)benzene and/or dimethylphenylenediamine so
that the molar ratios of p, q, ¢, ¢’ and d satisfy

0.5sp/(p+q)s0.9, 0.1=2q/(p+q)=£0.5 and 0.05$c/(c+c'+d)$0.5{



(Xis at l'east one group sélected from [err] : - C . wherein Y

is at |east one group selected from hydrogen '_'.at0n1cnd'néthyl 'ethyl

propyl, butyl, phenyl nmet hoxy, - ethoxy, propoxy, buytTH éf
groups. - The present inventian yjesi des alsq i n iEEE @ N
adhesi ve according to the above, wherein the polyimde Hﬂ&g

conposed by -using, as t hertee ighexamonanter(tl)on res e - a&qdlthMafltmaC|d
dlanhydrlde in an anount of 60 mol e% or nore based on the total anount
of the acid adhesive according to the above, wherein the polyimide
resin is composed of, as the acid components, p moles of
3,3’,4,4'-biphenyltetracarboxylic acid dianhydride and gq
5 moles of 3,3'}4,4’-beﬁzophenbnetetracarboxylic acid |
dianhydride and, as the amine components, C moles of «,0-
bis(3-aminopropyl)polydimethylsiloxane, c’ moles of 2,2-
bié(4-(45aminophenoxy)phenyl)propane and d moles of 1,3-
bis (3-aminophenoxy)benzene and/or dimethylphenylene-
10 diamine, and wherein the polyimide resin is capped, at
the molecular ends, f moles of an acid anhydride
represented by general formula (2) or g moles of an
aromatic amine represented by general formula (3), and
wherein the molar ratios of p, q, ¢, ¢’, d, £ and ¢
15 satisfy 0.5<p/(p+q+0.5£)<0.9, 0.1lsq/(p+q+0.5£)<0.5,
0.05<2c/ (c+c’+d+0.59)<0.5, 0.01<f(p+q+0.5£)<0.05 and
0.01sg/(c+c’+d+0.5g)<0.05 and either of f and g is 0.
The present invention resides also in a film
adhesive according to the above, wherein the polyimide
20 resin is composed of, as the acid components, a moles of
4,4'-oxydiphthalic acid dianhydride and b moles of one or
two tetracarboxylic acid dianhydrides selected from the
group consisting of 3,3’,4,4'-biphenyltetracarboxylic
acid dianhydride and 3,3’,4,4'-benzophenonetetré-
25 carboxylic acid dianhydride and, as the amine components,
¢ moles of a,w-bis(3-aminopropyl)polydimethylsiloxane, c’
moles of 2,2-bis(4-(4-aminophenoxy)phenyl)propane and d

moles of 1,3-bis(3-aminophenoxy)benzene and/or
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-8-. conponents : ' : The present i nvention re5|des also ina
film ~ adhesive according tothe above, wherein the-pekyimide. - resin
i s conposed by using, as the acid conponent (B), p %Iﬁi‘éﬁ[ﬁifHAs BEEN .
3,3',4, 4" -biphenyl tetracarboxylic acid _ 12 dlanhydrlde aangqubes of
3,3",4,4" -benzophenonet etr a- carboxyllc aci d di atrydride—t++
propor ti ons satd ;5{etiHifl pheny 1enediamihe) & %hat the molar rathies et
invention resides also in a film 10 adhesive according to the above,
wher €i n the poly, idand d saadisty a/¢arpoeed 6hy bugiatd ) sds 4t hedani ne

conmponent (C), a si | oxane conpound represented by general formul a (1)
in an anowltoﬁc/‘i({ﬁ@:'ml)é% Based on the total anount of the am ne
components. 15 The present invention resides also in a film

~adhesive according to thém@b@mesewmenawanmh@npmbpndﬁ@ealso in a film
5 adhesive according to the above, wherein the polyimide
resin is composed of, as the acid components, a moles of
4,4’ -oxydiphthalic acid dianhydride and b moles of one or
two tetrécarboxylic acid dianhydrides selected from the
group consisting of 3,3',4,4'-biphenyltetracarboxylic
10 acid dianhydride and 3,3’,4,4’-benzophehonefetra—
carboxylic acid dianhydride and, as the amine components,
c moles of a,w-bis(3-aminopropyl)polydimethylsiloxane, c’
moles of 2,2-bis(4-(4-aminophenoxy)phenyl)propane and d
moles of 1,3-bis(3-aminophenoxy)benzene and/or
15 dimethylphenylenediamine, and wherein the polyimide resin
is capped, at the molecular ends, with f moles of an acid
anhydride represented by general formula (2) or an
aromatic amine represented by general formula (3), and
wherein the molar ratios of a, b, ¢, ¢/, d, £ and ¢
20 satisfy a/(a+b+0.5£)20.6, b/(a+b+0.5£)<0.4,
0.05<c/(c+c’+d+0.5g)<0.5, 0.01<f/(a+b+0.5£)<0.05 and
0.012qg/(c+c’+d+0.5g) and either of £ and g is 0.
The present invention resides also in a film
adhesive comprising a heat-resistant film base and the
25 above polyimide resin applied on one side or both sides
of the film base.
The present invention resides also in a film

adhesive according to the above, wherein the heat-

Thls Sheet Has Been Replace




resin is conposed by using, as.the amne conponent (D), s L
1, 3- bi s( 3-am nophenoxy) benzene in an anount of 10-90 - nol e% based on the
total ampbunt of the amine conponents. 20 The present invention
resides alsoin a film adhesi ve achrq5ng to the above, wherein the
pol yi m de resin is conposed by using, as the acid conponents, a

mol es of 4, 4" - gk ¥, | ¢ | 5 | ' 4 Savri fe g her
tetracarboxylic am%ﬂgd%nfhl?éfﬁdd%ﬂr%?%?c{lﬁéﬁ% bfé"%g%:%ln%%nag S, ¢ noles .
of [err]-bis(3-+¥Ef¥aidy | temperatud@ WH MBoW Yd Rs@ffer d nol es of |

1, 3-bi s(3- am nophenoxy) benzene and/ or di nmet hyl’phenyt enedi am ne and
e nmol gs of another di ani rhe PprY=PY invehtidh LYeyiles also in a process
-9- ' a/ (a+b)>0.6, 0.6>b/(a+b)>0, 0. 1c/(c+d+e)<0.6,

0. 6<(c+d)/ (c+dfyr pcelucdirdie) {1l adlesive,0whidH TumpricebtQasicity,
The present invention resides also in a film
5 on one side or both sides qf a substrate, an organic
solvent solution of the above polyimide resin.

The present invention resides also in a
process for producing a film adhesive'according to the
above, wherein the substrate is a polyimide film having a

10 glass transition temperature of 350°C or higher.

The present invention resides also in a process
for producing a film adhesive according to the above,
which comprises casting an organic solvent solution of
the polyimide resin on ohe side or both sides of a

15 substrate, drying the cast solution and then peeling the
substrate.

The present invention resides also in a process
according to the above, wherein the substrate is a
biaxially stretched polyester film.

20 The present invention resides also in a process
for producing a film adhesive according to the above,
which comprises casting the polyimide resin solution on a
substrate by use of an organic solvent having a boiling
point of 180°C or lower, drying the cast polyimide resin

25 solution and peeling the dried polyimide resin from the

substrate.



5 adhesi ve according to the above, wherein the polyihidé. ~ “resinis

conposed of ,- as the acid conponents, a nol es of :-]4,4'-0Xydiphthalic;-”-_J?’

aci d di anhydride and b nol es of "anot'her tetracarboxylic acid
di anhydri de and, as the ~am ne conponent,s,_ ¢ nol es of :
[err]-bis(3-am nopropyl)- 10 polydinethylsiloxane, d noles of 1, 3-hbis(3-
ani nophenoxy) besitene. o dgcrh petdy g ey enpaheidle and e nol es of

anot her di am ne, and wherein the polyim de resin is capped, at the
nol ecul’ar ends, with f nof g5 WxydiphtHhBd Ga WA dEHESEEedihy
general formula (2) or g 15 noles of an aromatic am ne represented by--
gener gl fornmul abtaini(ld ,thenpolitntide tdesiD|cl (s ipresint, idvertich £5 f
and = g satisfy 0.6<al/(a+b+0.5f), 0<b/(a+b+0.5f)<0. 6,

0. 1<c/ (c+d+e+0 ropresen tatkdy cCakmy)l<D.(@); 3,3 0.4 /{dghehRigetk£)5 and
0. 01<g/ (c+d+e+0. 5g)<0.05 and 20 either of f and g is O. The
present i nveént icarboesgildes aalish dirnhyddide is regimesiendesk dayr dioxymula t he
above, wherein the polyimde resin is conposed by using, as the acid
conponents, p {5); Pol¥s bofé 3 Enzpphensinstebrdacanboeyliicx@did aci d
dianhydride is represented by formula (6); 2,2-bis(4-(4-
aminophenoxy)phenyl )propane is represented by formula
(7); 1,3-bis(3-aminophenoxy)benzene, which is a typical
10 example of bis(aminophenoxy)benzene, is represented by
formula (8); 2,5-dimethyl-p;phenylenediamine, which is a
typical example of dimethylphenylenediamine, is
represented by formula (9); and o,e~bis(3-aminopropyl)-
polydimethylsiloxane, which is a typical example of the
15 siloxane compound of formula (1), is represented by
formula (10). In formula (10), k is preferably in the
range of 4-10 in view of the glass transition tempera-
ture, adhesion and heat resistance of the polyimide
resin. These siloxane compounds can be used not only
20 singly but also in combination of two or more. Use of,
in particular, a blend of a siloxane compound of k=1 and

'a siloxane compound of k=4-10 is preferable for

applications wherein adhesivity is very important.

0
o O o



25Idianhydride ahd q nol es of 3, 3 4 4' benzophenonetetra-' o carboXyIiC_ -

aci-d di anhydride and, as the am ne conponents ... ¢" noles of
- 2,2-bis(4-(4- anlnophenoxy)phenyl)propane and - d noles of

1, 3- bi s(3- am nophenoxy) benzene in pFOPOFtIQSS

- 10 - -satisfying 0.5<p/(p+q)<0.9 and 1<d/(c +d)<0 9.

- adhesi ve according to the
onposed of ,. as the acid
yItetracarboxyllc aci d
ophenonetetracarboxyk § acid
pD| es of

d nol es of

The present invention resides also in a fil
above, wherein the ponini'
conpchents, p noles of
di anhydride and q
di anhydri de and, as the afy
2,2-blis(4-(4- anlnophenoxy)
1, 3- bi s(3-am nophenoxy) bengene, and mhereinothe polyimde 10 resinis
capped, at the nol ecular ends, with f nol es”of an acid anhydri de
represented by general fornmula (2) or g nol es of an aromatic am ne
represented by general fornula 0

'O'o

oo -

H4C
(2)
5 H,N NH,

CH,
CH; (‘:H_o,
I

NH,—-(CHz)3 Ti- Si-(CH;)3-NH, (10)
CH; /k CH;

Bis (aminophenoxy)benzene is preferably 1,4-
bls(3-am1nophenoxy)benzene, 1, 3—bls(3—am1nophenoxy)—

benzene, 1l,3-bis(4-aminophenoxy)benzene or the like.



(3) "and mherelh'the nol ar rati os. of p,.q,_c' d, f and g - ]  satlsfy 0: 5<
p/ (p+q+0. 5f)<0.9, 0.1d/(c'+d+0.5g)<0.9, 15-0. 01f/(p+q+0 5f) <0. 05 and

0. 01<g/ (c' +d+0. 5g) <0. 05 and ‘either of f and g is 0. -fhe'

present invention resides also in a film ~_adhesi ve- according to the
above, wherein the polyimde resin i s conposed by using, as the acid
conponents,. Qe tHY 15hetly I énedi dnd neb i BNBRKIFEERHAGANN GO infe 3y 1l p-

di anhydri de antgﬁ trfﬁ}giﬁlof 3,3 j: 4' ngenzogﬁenone- ¥ tetra(}gﬁ)oxyl iC

aci d di anhydri %eﬁ‘!ﬂexm’éﬁﬂaﬁﬁn@TbEEZ 4-difmeFRYICR-Pheny IR idfmine .
[err]-bis(3-aninopropyl)- polydlnethyIS|onane c' noles of
2,2-his(4-(4- 25 am nogherneximpberghkptingnehanamdumt eatdosl cE bis(3-
an1nophenoxy)benzene and/ or di et hyl phenyl enedi am ne so that the nol ar

rati os of p, 0indivdduald cbmpaniesty be inOthepAbpve)mentiodetly/Mangps<0. 5

and 0. 05<c/ (c+c' +d) <0. 5.

REPLACENENT 5SHERE molar proportion of 4,4'-oxydiphthalic acid
dianhydride, which is an important constituent of the
acid components, or the siloxane compound is very
important for the solubility of the polyimide resin
obtained and, when said molar proportion is not in the

10 above range, a feature of the present invention of being
soluble in low-boiling solvents is lost. In‘formula (1),
k is preferably 1-10, more preferably 4-10, and mixed use
of a monomer of k=4-10 and a monomer of k=1 is
particularly preferable. The amount of the «,w-bisamino-

15 siloxane compound represented by formula (1) is
preferably 5-60% based on the total amine components. An
amount of 5% or less is not preferable because the
polyimide resin obtained has lower solubility in organic
solvents, higher water absorption and lower wettability

20 on an adhered to be applied, which makes adhesion in a
short time difficult. An amount more than 60% is not
preferable because the polyimide resin obtained has a
very low glass transition temperature and has inferior
properties at high temperatures, which incurs insuffi-

25 cient heat resistance.

The molar proportion of 2,2-bis(4-(4-amino-

phenoxy)phenyl)propane is preferably in the range of

10-90 mole% based on the total amine components. When



The present invention.resides also ina film - -adhesi ve according to the
above, wherein the polyinmide ~ resin is conpesed of, as.the acid -
“conponents, p noles of - 3,3 ,4,4" -bi phenyl tetracarboxylic acid

di anhydride and q 5 moles of 3,3",4,4"-bgrzophenonet et racarboxylic acid
di anhydri de and, as the am ne conponents, ¢ noles of [err]

bi s(3- am nopr opHe RAUHHFEI iF |taN%e ChdWfiiyd] phoblems arise in
bi s(4- (4- am nophenoxy) phenyl ) propane and d nol es of 1, 3-

bi s( 3 am nophegeiubigizsnan Weat Hedlisdndenyl ene- 10 diamine, -and
wherein the polyinmde resin is capped, at t he nol ecul ar ends, f noles
of an, aci d anhydride Adddppiese pife d ilme t@8pmEnylesmad ian(ie ararg nol es of
an aromati c am ne represented by general fornula (3), and wher ei n
t he nol ar 'rati dacafegse thec hedt rdsifstamtey ofl Thesgidlsfimide resin

0. 5<p/ (p+g+0. 5f)<0.9, 0.1qg/(p+q+0. 5f)<0.5, 0. 05<c/ (c+c' +d+0. 5g) <0. 5,

0. 01<f/ ( p+g$50. sbtadn@s ,and thout Geglibcihgr ids+del.Byliti0Simidwihdigiing f
and g is O. The present invention resides also in a film
adhesi ve accor diolgendst-he Faxdher wHeBebd st(Fe-amiingphianoxyibenzesne, gan be
conposed of, as the acid conponents, a noles of . 4,4 -oxydiphthalic acid
di anhydri de an@dgespmberofthénh@adwimide resin obtained is required to

have low-temperature adhesion in adhesive applications.
In the present invention, the tetiacarboxylic
10 acid dianhydrides as the acid components further include,
besides those mentioned above, for example, 1,2,4,5-
benzenetetracarboxylic acid dianhydride (PMDA), 2,2'-
bis(4-(3,4-dicarboxyphenyl )phenyl)propane and 3,3’ ,4,4’'-
diphenylsulfonetetracarboxylic acid dianhyd;ide; One or
15 more of these can be used together with the above-
mentioned tetracarboxylic acid dianhydrides. Further, a
dicarboxylic acid anhydride such as phthalic anhydride or
the like can be added as a molecular weight modifier.
Thé tetracarboxylic acid dianhydride as an
20 essential component is used in an amount of 50 mole% or
more, preferably 70 molé% or more based on the total acid
components. An amount of less than 50 mole% is not
preferable because the polyimide resin obtained has a
high glass transition temperature, which requires a very
25 high temperature during adhesion, or has inferior
adhesivity.
Similarly, the diamines include, besides the

above-mentioned essential diamines, diamines such as



twe tetracarboxylic acid dianhydrides,sérectéd'froh1the': : group.f

consisting of-3,3",4,4"-bi phenyl tetracarboxylic ~-’aci d dianhydride and
3,3",4,4" -benzophenonetetra- 25 carboxylic acid dianhydride and, as the
am ne conponents, c nmoles of 44 _ ' '
[err]-Dbis(3-am nopropyl ) pol ydi et hyl si | oxange, c' nol es of

2,2-bi S(4-( 4- amgaphenakthae Brhil 0BRAE-A7Y , §- ~pDE) P8¢ O

1, 3- bi s(3- am nophenoxy) benzene an

- 12 - di mati Al pbenyhensdi aghag 13 bhabub29 Dk aLyy 2hi ASd9bheny?
c, ¢ and d satisfy a/(a+b)>0.6, b/(a bf<0.4 and 0. 05<c/ (c c'+g)<0.5.

The pgesent inveheen (35%irdeprdl, s@,4n-ai bk fibdiphafpessyeraneoydi ag-to the
above, wherein the polyimde resin is conposed of, as the acid
conponents, a rrnbsq,oB,3'—diémﬂh_oaxpﬁ{egpl_balfsn@_ctsl,Qiavbsgi;i d¢2apishqnol es
of one or two tetracarboxylic acid di anhydrides selected fromthe
group consi s&i ngmahoBhénylhdkablpoeoyrépanacaBAPRY| i 2,2-bis-4-
aminophenoxyphenylhexafluoropropane (BAPPF), bis-4-(4-
aminophenoxy)phenylsulfone (BAPS), bis-4-(3-
aminophénoxy)phenylsulfone (BAPSM), 4,4’-diamino-
benzanilide (DABAN), m-phenylenediamine, p-phenylene-

10 diamine, 4,4’'-diaminodiphenylmethane (DDM), 2,4-
diaminotoluene and the like. One or more of these can be
used together with the essential diamines. The diamine
compound as an essential component is used in an amount
of 50 mole% or more, preferably 70 mole% or more based on

15 the total diamine compénents. Similarly to the case of
the acid components, an amount of 50 mole% or less is not
preferable because various drawbacks are brought about,
for example, the polyimide resin obtained has a high
glass'trahsition temperature, which requires a very high

20 temperature during adhesion, or has inferior adhesivity.

The polyimide resin, by being capped at the
molecular ends to control the molecular weight, can have
a melt viscosity suitable for adhesion to an adhered and
can have higher wettability for higher adhesivity. The

25 amount of the end-capping agent, i.e. the acid anhydride
or the aromatic amine is desirably in the range of 1-5

mole%. An amount less than 1 mole%® is not preferable

because the resulting polyimide resin has too large a



10 . acid dianhydride and 3,3, 4, 4" - benzophenonetetra- "_'¢arboxylic_acid

di anhydri de and, as the am ne conponents ~ ¢ noles of -
[err]-bis(3- an1nopropy|)po|yd|nethyIS|onane c' . nol es of
2,2-bis(4-(4- an1nophenoxy)phenyl)propane angdy d_ nol es of

1, 3- bi s( 3- am nophenoxy) benzene and/ or 15 nethylphenylenedlan1ne and

wherein t he POl ¥bIeE€1E8SkEight ahd £8PDEsh1@b1& hen np&@cyéﬁhﬁad.s;ol%hesf
nol es_of an acid. anhydride represented by general fornula™(2) g -

mol es”of an in A& ORRL EESES] N&nd s £ SEE &6l by v@@ﬂ@é]@ili@y”@éﬁséé)byaﬂﬁe
wherein the nolar ratios of a, b, ¢, ¢', d, f and g 20 Tsatisfy

a/ (a+p+0. 5f) >0. fncbédserbif). Mé) <Ovdscosity D b <aph Litcations Sghebed,
0. 01<f/ (a+b+0. 5f) <0. 05 and 0. 01<g/(c+c +d+0. 5g) and either of f and g

is O. . adhesifnEtyr s evdry NMepdfem tt £S i Witsn ad$d | ameufit | H5 more

adhesive conprising a heat-resistant filmbase and the 25 above polyimde

- resin appliell orhames swake®; the lpsiyiaside redin Head ia nsigsificantly

The present invention resides also in a film adhesi ve according to the

above, wherei n tédudmditmolecular weight and has a problem in heat
resistance.

As the end-capping agent, there can be cited an
acid anhydride represented by general formula (2) and an

10 aromatic amine represented by general formula (3).

As the acid anhydride, there are used phthalic
anhydride, maleic anhydride, nadic anhydride, etc. and,
as the aromatic amine, there are used p-methylaniline,
_p-methoxyaniline, p-phenoxyaniline; etc.

15 In the polycondensation reaction, the molar
ratio of the tetracérboxylic acid dianhydride components
and the diamine components is an imébrtant factor which
determines the molecular weight of the polyamic acid
obtained. It is well known that there is a correlation

20 between the molecular weight of a polymer and its
properties, particularly between the number-average
molecular weight and the mechanical properties. A larger
number-average molecular weight gives superior mechanical
properties. Accordingly, a polymer is required to have

25 an appropriately high molecular weight in order for the
polymer to show an excellent strength when put into

practical use as an adhesive. In the present invention,

the equivalent ratio r of the acid anhydride components



- 13 - ' re5|stant f|In1base is a poly|n1de f|In1haV|ng a glass o
transition tenperature of 350[err].C or higher. ' The present
i nvention resides also in a process. - for produ0|ng a film adhesi ve,
whi ch conprises casting,. 5 on one side_opgbath sides of a substrate, an
organi c sol vent solution of the above polyimde resin.

The present inventilesn aefidleomidents ds in tHOGRIyd Uf Pratuddwiy film
adhesiyjve according to the above, wherein the substrate is a polyimde

fil m¥avi ng a QOESHEss. 06 amnine Erefemablat Or.@ 7633006 Wheareii ghes .

The present invention resides also in a process for producing a film
adhesj ve accor diegnirakent aboner of tattallc la cigimeonpes erets )i /(g va lgart ¢
sol vent sol ution of the polyimde resin on one side or both sides of a
15 substrate, dubBREF (9 tetal swline compements) .pedhieng 1t He smallaxbstrate.

The present invention resides also in a process
5 than 0.950, the polyimide resin obtained has a small

molecular weight, is fragile and therefore has low
‘adhesivity. An r larger than 1.06 is not preferable
because, in some cases, the unreacted carboxylic acids
give rise to decarboxylation during heating and cause gas

10 generation and foaming.

The reaction of the acid anhydrides and the

amines is conducted in an aprotic polar solvent by a
known method. The aprotic polar solvent is exemplified
by N,N-dimethylformamide (DMF), N,N-dimethylacetamide

15 (DMAC), N-methyl-2-pyrrolidone (NMP), tetrahydrofuran
(THF), diglyme, cyclohexanone and l,4-dioxane. The
aprotic polar solvent may be used singly or as a mixture
of two or more. At that time, a non-polar solvent
compatible with the aprotic polar solvent may be used

20 together with the aprotic polar solvent. An aromatic
hydrocarbon suéh as toluene, xylene, solvent naphtha or
the like is often used. The proportion of the non-polar
solvent in the mixed solvent is preferably 30% by weight
or less. The reason is that when the proportion of the

25 non-polar solvent is 30% by weight or more, the mixed
solvent has low solvency and may precipitate the polyamic
acid formed. In the reaction of the tetracarboxylic acid

dianhydrides with the diamines, sufficiently dried



according-to the above, wherein the substrate s a ~ biaxially stretched
pol yester film 20 . The ‘present. i nvention resides also in.a
process - for producing a filmadhesive according to t he above,

whi ch conprises casting the polyinmde resigysolution on a " substrate by
use of -an organic solvent having a boiling poi nt of 180[err]C or

lower, drying ghaméast ceappnenée EQ&'Hlsgélﬁéhuihoﬁh&ndbb@@4mahthbﬁedrIed
polylntde resin fromthe substrat e.

- 14 % DEEAREERORESCRIERLONhOENTHHE HANEEFREMd and purified;
4, 4" - xydi phthal i c acid di anhydride used in obt ai ni ng the pol yi m de

resin of the prheeetoi aventdded sufficieaplgsdrted hpttacamb@x@dpc acid
3,3 ,"4, 4' - bi phenyl tetra- 5 ~carboxylic acid dianhydride is represented by
forml a (BianBydrided' hbwingpherangt elpavaeboaglioc ofcidd@s,
di anhydride is represented by fornmula (6); 2, 2-bis(4-(4-
5 preferably 99% or higher to allow the reaction to
proceéd. |
The thus-obtained polyamic acid solution is
then heated in an organic solvent to give rise to
dehydration, cyclizétion and resultantly imidization for
10 formation of a polyimide. ‘The water generated by the
imidization reaction hinders the ring-closing reaction;
therefore, an organic solvent non-compatible with water
is added to the system and azeotropic distillation is
conducted using an apparatus such as Dean-Stark tube or
15 the like, to discharge the water out of the system.
Dichlordbenzene is known as the_organic solvent non-
compatible with water, but it may invite the presence of
chlorine in the polyimide resin obtained. Hence, when
the polyimide resin obtained is used in electronics
20 applications, the above-mentioned aromatic hydrocarbon is
uséd preferably. Further, it is possible to use, as a
catalyst for imidization reaction, a compound such as
acetic anhydride, B-picoline, pyridine or the like.
In the present invention, the degree of ring
25 closure of imide is desired to be as high as possible. A
low imidization degree is not preferable because, during

adhesion, the heat generated gives rise to further

imidization and consequently generates water. Desirably,



anfhophendxy)phenyl)propane is repkésehted by. formul a -'J(Y); ' -
1, 3-'bi's(3-am nophenoxy) benzene, which is a typiccal 10 example of -~ -

bi-s(am nophenoxy) benzene, i's represented- by ~formula (8);
2, 5-di net hyl - p- phenyl enedi am ne, which is. @2 - typical exanple of
di et hyl phenyl enedi am ne, is represented by formula (9); and

[err]-bis(3-amamwpimpdization demiealiofktdfl it e, patefdralsly 98%iaal
exanpl e of the 15 siloxane conpound of formula (1), is represented by
formAa (10). Imo¥erislackieved l[during dfhe dlmidizatien. range of 4-10 in

view of the glass transition tenpera- ture, adhesion and heat _ _
resi stance of the polyiniHe the imigdigatiianse i |shaang deafoddisigan be used
not only 20 singly but also in conmbination of two or nore._ Use of, in
particul ar, a m@i%“‘%ﬁefb Eromehfe statoirf e |- podiydmide £igkm gh@ne
compound of k=4-10 is preferable for applications wherein adhesjvity is

very inportaht .f9Eped, there is formed a rough surfape or a partially
| stretched surface; therefore, it is preferable that
heating be started at a low temperature and the temper-
ature be increased slowly. For example, heating is
conducted continuously from 100°C to 350°C in 0.5 hour or
10 more. When the heating time is less than 0.5 hour,
solvent removal becomes insufficient and ring closure of
imide becomes insufficient and resultantly the polyimide .
resin obtained has no sﬁfficient properties, although
these matters vary depending upon the film thickness of
15 the polyimide resin obtained. Alternatively, the
temperature elevation may be conducted stepwise by
conducting heating, for example, at 100°C for 30 minutes,
then at 150°C for 30 minutes, at 200°C for 30 minutes, at
250°C for 30 minutes, at 300°C for 30 minutes and at
20 350°C for 30 minutes.

In the present invention, the thus-obtained
polyimide solution is not coated on a substrate as it is,
but is added to a poor solvent to reprecipitate the
polyimide resin for removal of unreacted monomers and

25 purification. The polyimide resin after purification,
filtration and drying is redissolved in an organic
solvent to prepare a varnish. As the solvent, there is

selected a solvent having a boiling point of 180°C or



[err]

10

15

20

25

- 23 -

below in order to minimize the residual solvent in the
film to be prepared and also in view of the economy and
workability of the céating and drying steps of the
varnish. In the present invention, there cén be used, as
ketone type solvents, acetone (b.p.: 56.5°C), methyl
ethyl ketone (b.p.: 79.6°C), methyl isobutyl ketone
(b.p.: 118°C), cyclopentanone (b.p.: 130.6°C) and cyclo-
hexanone (b.p.: 155.6°C) and, as ether type solvents,
1,4-dioxane (b.p.: 101.1°C), tetrahydrofuran (b.p.: 66°C)
and diglyme (b.p.: 162°C). These solvents may be used
singly or in admixture of two or more. N,N-dimethyl-
formamide and N,N-dimethylacetamide, both of which are
amide type solvents, have boiling points of 180°C or
below, respectively. They, however, are not preferable
because they have high interaction with the polyimide
resin and gives a low evaporation rate and accordingly,
unless drying is conducted at 200°C or above, it is
difficult to remove the solvent molecules which are in
solvation with the polyimide resin, and the solvent
remains in the polyimide film in a large amount. Said
solvents are not preferable, either, because they are
highly hygroscopic and, when the polyimide varnish
containing them is made into a film by coating, the film
tends to absorb water and cause whitening. 1In the
present invention, the residual solvent content in the
film can be controlled at a low level, as_compared with
those in conventional polyimide films obtained by heating

a polyamic acid dissolved in a high-boiling polar solvent



Bls(an1nophenoxy)benzene IS preferably 1 4- bi s( 3- an1nophenoxy)benzene

% ﬁ bi s(3- am nophenoxy) - " benzene, l 3- bi s(4- an1nophenoxy)benzene or the
I ke. S - 16 -
Di nethylphenylenedlan1ne S preferably 2.£52# net hyl - p-
phenyl enedi ani ne or 2, 4- di met hyl - m phenyl enedi ani ne. It is.
i nportant that weganmm; d0ttls time of filh Vﬂcchuﬁtmnnma;me heisa tde
. above-nenti oned ranges. 5 The nol ar -proportion of 4,4'-oxydi phthalic acid
di anhydri de, whigidisation fpmd ahirgonstiielerdninitecion oficinl adingosdnt s,
or the siloxane conmpound is very i mportant for the solubility of the

pon|n1de resi nby the othenrmel denhmpdwit isa prmuwrtprahothe @elyimidein the
resin can be prevented.

5 To the.polyimide resin varnish can be added, if
necessary, various additives for imparting surface
smoothness, such as smoothing agent, levelling agent,

defoamer, adhesion improver and the like. An aromatic
hydrocarbon type solvent can also be added in such an
10 amount that it is uniformly soluble, in order to control
the evaporation rate of the solvent in the polyimide
resin varnish.
In order to use the polyimide resin varnish as
a film adhesive, the polyimide resin varnish is casted
15 into a film shape and used as a film of polyimide resin
alone or in one piece integrated with a film substrate.
In casting the polyimide'resin varnish, there
- can be used, for example, an apparatus in which a coating
device (e.g. flow coater or roll coater) and a hot-air
20 drying chamber are combined. The polyimide resin varnish
is coated on a substrate, and the coated substrate is
introduced into a hot-air drying chamber and dried at a
temperature and an air volume sufficient to evaporate the
solvent in the varnish. As the substrate, there can be
25 used thin metal plates of stainless steel, aluminum,
copper, etc. as well as plastic films such as polyimide
film, biaxially stretched polyester f£ilm and the like.

Of them, a polyimide resin f£ilm is most preferable



10. above'rahge a feature of the present |nvent|on of belng Qe' -soluble“in"

_Iom#b0|llng solvents is lost. In formuta (1), Kk is preferably 1-10,
more preferably 4-10, and nixed use of a monomer of k=4-10 ‘and a
nononer of k=1 is- particularly preferagle. The anount of the '

[err]-bisamno- 15 siloxane compound represented by formula (1)

preferably 5- GQ%bE%%%dentheatQhallaﬁhéemﬁqnéﬁﬁaﬁbionA@oeffﬂ@ﬂéﬁﬂ of 5%
or less is. not preferable because the pol yi m de resin obtained has

| ower® sol ubi | i excenlengadidensionallveahbiliitghes tehperataaepichangand | ower
wettability 20 on an adhered to be applied, which makes adhesion in a

short tinme difhighl fleAdbddhugy, sas¢ haadle@¥ilityot high adhefsdoablte

because the polyinide resin obtained has a very low glass transition

t enper at ure andheaadhekévieoresin ofir bher preseat hnglentéopsr &tar.es Inwhi ch

incurs insuffi- 25 cient heat resistance. The nol ar

proportion &f pazthicular(4aafiidn-made ofhanpr}ypméApl yesdpadeviiagpref er abl y

in the range of 10-90 nol e% based on the total am ne conponents. Wen
structure represented by formula (11) or (12) is

preferable.

ool -
froeyer -

10 When the polyimide resin is used as a film
adhesive by itself, the polyimide resin film formed on a
substrate is peeled off from the substrate and used.
When the polyimide resin is used as one-piece adhesive
integrated with a substrate, the polyimide resin film

15 formed on one or both sides of.a substrate is used as
such.

The present invention can also be used as an
adhesive of two-layer or three-layer structure when the
above substrate itself is used as a base. In that case,

20 a polyimide film can be used advantageously as the



- 17 - the proportron is outsrde the range ~ probl ens. ari se rn_], R
solubrlrty and ‘heat resistance. : Addition of '

' drnethylphenylenedrantne can i ncrease the heat resistance of the
pol yi m de resin 5 obtained, wthout redugigng its solubility in

| ow boi li ng sol vent s. Further 1, 3- bi s(3- am nophenoxy) benzene can be

added when the R rEEe I epwavel, aijpedrder Gy ko ldhesivld the
| ow-t enper ature adhesion in adhesi've appl i cations. In the

present - i nvent igrasenfte imtienadand @y s £ 10 edtily @ixivibids ithes dmpdireast d
conmponents further include, besi des those nenti oned above, for exanple,
1,2,4,5- bestdst etfi dosar baten absorgtdicanlaydr ilde (RviA i rities
brs(4 (3, 4-di car boxyphenyl ) phenyl ) propane and 3,3',4,4" -

di phenyl sul f onetosttendar dvey Ipinesemitd adhestiysy ptefedadlyr compmimes sinlhese
can be used together with the above- = nentioned tetracarboxylic acid

di anhydri des$ et lpolyimide ngisdar 9éxjhiec m@%@nhﬂﬁfﬁé%(ﬁﬁ%§%ﬁm-‘r c

anhydri de or
neither substrate nor base. In a case where the

polyimide resin is combined with a solvent having a
boiling point of 180°C or below and a polyester film, no
releasing agent (this'agent is required when a metal
10 substrate is used) is required and the polyimide resin
can be easily peeled off from the polyéster film. No use
of a releasing agent (this agent hinders the adhesion
property of the polyimide resin) is very advantageous in
the production of a film adhesive, is most suited for the
15 object of the present invention, and enables the best use
of the heat resistance and high reliability of the
polyimide. |
How to use the polyimide adhesive of the
present invention is not particularly restricted. It can
20 be used as a film adhesive which can be contact-bonded
with heating. That is, it is cut into a desired shape
and centact-bonded with heating, using a heated heat
block.
The film.adhesive of the present invention is
25 characterized by using, as a main constituent, a
completely imidized pelyimide resin of particular struc-
ture soluble in low-boiling organic solvents. The

polyimide resin as an adhesive can have a very low ionic-



the like can be added as- a nDIecuIar melght nDdlfler B ﬂ - The

t et racarboxylic acid di anhydride as an - 20" essential conponent is used in
an amount of 50. nol e% or more, preferably 70 nole%or nore based on the
total acid - conponents. An anount of |esg; than 50 nol e%is not
preferable because the polyim de resin obtained has a ~ high glass
transition tenmiigitiieshlerel asplideingd opyecidh td gt tanp ehat L bediur i ng
adhesi on, or has inferior adhesi vity. ~Simlarly, the
di ani*hes i ncl udpenduestelessuletantialdhp e e ivirer hessesd i calisai ties,

di am nes such as - 18 -

4, 4' - di ani nodi pheiddzatien ist,condiffed J48ing a lowklod oW Hwekwents Hm$
(3,3 -DDE), 3,4'-dianinodi phenyl et her (3,4'-DDE),

4,4 - duan1nodiphumywatﬂnfabﬁpqptupn and exuz@len;:meanemﬁaﬁﬂﬁqnﬁﬂwwgndfone

- (3,3'-DDS), 2, 2-bi s-4- 5 an1nopheny|hexafluoropropane (BAPF), 2,2-Dbis-4-
5 can be applied in a wvery short tlme as compared with

thermosetting adhesives which give rise to a chemical
reaction. The present invention, by being processed into
a tape shape, can have excellent adhesion workability and

excellent dimensional precision to bonded portions.

10 .BEST MODE FOR CARRYiNG OUT THE INVENTION
The present invention is hereinafter described
in more detail by way of Examples and Comparative
Examples. However, the present invention is in no way
restricted to these Examples.
15 Example 1
| 1,170 g of dehydrated and purified NMP and 130
g -of xylene were placed in a four-necked_flask equipped
with an inlet tube for dried nitrogen gas, a-cooler with
a calcium chloride drying tuse, a thermometer and a
20 stirrer, and were'vigorously stirred for 10 minutes with.
nitrogen gas being passed therethrough. Then, thereto
were added 73.08 g (0.25 mole) of 2,2-bis(4-(4-
aminophenoxy)phenyl)propéne and 102.63 g (0.25 mole) of
1,3-bis(3—aminophenoxy)benzene; The system was heated to
25 60°C and stirred until it became uniform. After the
system became a uniform solution, it was cooled to 5°C in

an ice water bath. Thereto were added, in 15 minutes,



- am nophenoxyphenyl hexaf | uor oproopane - ( BAPPF), bis-4-(4- . h T
am nophenoxy) phenyl sul fone” (BAPS), bis-4-(3- . ... . .
am nophenoxy) phenyl sul fone (BAPSM, 4, 4'-di an no- - benzanilide (DABAN),
m-phenyl enedi am ne, p-phenyl ene- 10 dianpge.- 4, 4' -di ani nodi phenyl et hane
(DDV), 2, 4- di am not ol uene and the like. One or nore of these can be

used together vigh 4ey eB U5 alold)aBEngs 3 Tf4<34dl-&mp'm%nyltemﬁpound as an
essential conponent is used in an anmount - of nol e% or nore,

prefetably 70 red96:0¢1 iwracikbhsddntiydride e 4at. 6I1 dj o .rat S arglonerdss.
Simlarly to the case of t he acid components, an anmount of 50 nol e% or

| ess is not 3, yrmm'am@mmammmmmammrmw

for exanpl e, the pol yi m de resin obtained has a high gl ass transition

terrper ature, whath roffjpowstera fiamy hiThleread teremséiaming was mpntimsdn,
‘has inferior adhesivity. The pol yi'm de resin, by being

capped at tHe for Iriaumdar DNREq Sheostisringe Eliagk WA HEPte B have

a nelt VISCOSItg’SUItab|e for adhesion to an adhered and can have

hi gher wettabil3%Gs for higher adhesivity. The 25 anount of the

end- cappi ng agent, i.e. the ai{d anhydri de Qr the aromatic amne is
desirably in the range ofThe us—prepared polyamic acid solution was

coated on a polyimide film (UPILEX S manufactured by Ube
Industries, Ltd.) having a thickness of 50 um. The

10 coated polyimide film was subjected to a heatiﬁg treat-
ment in a circulating'hot air dryer at 120°C for 1 hour,
at 200°C for 1 hour and at 300°C for 1 hour. After
cooling, the film was measured for thickness and the
thickness of the formed adhesive layer was calculated.

15 The adhesive layer had a thickness of 22 um. The
adhesion surface of the film showed no adhesiveness and
was tack-free at room temperature. |

This adhesive film was cut into a size of 25 mm
x 50 mm to prepare an adhesive tape. The adhesive tape

20 was bonded to the metal luster surface of a 35-um
electrolytic copper foil, using a hot press having a heat
block made of phosphor bronze, whereby a test piece was
prepared. The adhesion conditions were 310°C and 20
seconds and the pressure applied onto the adhesion

25 surface was 7 kg/cm? as a result of calculation from the
gauge pressure and the adhesion area. The test piece had
a 180° peeling strength of 1.50 kgf/cm. |

Further, the 180° peeling strength aftex



mol e% An anount . Iess than 1 ol e%is nob preferable C because the
resulting polyinide resin has too large a : '

- - 19 - - nol ecul ar weight and is-insoluble in Iomfb0|llng solvents

in sone cases, and has inferior wettabilitygaused by the " increase in
mel t viscosity, in applications where adhesivity is very inportant.
When sai d anountsd-hdmrf ecredtmedib 4|1 tditndid YOI GRS T efid) §5% was
significantly reduced nol ecul ar wei ght and has a problemin heat

resi stance. 1.39 kgf/cm. ATHuw, ek GajHisibmganifaddierfe tian dielmi ted an
acid anhydride represented by general fornula (2) and an 10 aromatic

am ne representsmbwred germeldlentoradies i@ty to copper. On Ashe hoiptoixe

anhydr.i de, there are used phthalic anhydri de, mal eic. anhydride, nadic
anhydri de, etc.suxfijce, theaadhasimmesin dryes; adunged gahesiae
p- met hyl ani | i ne, p- met hoxyani | i ne, p-phenoxyaniline, etc.

5 failure, which indicated the excellent adhesivity of the

adhesive resin layer to the base (polyimide film). The
results are shown in Table 1. |

Example 2 and Comparative Examples 1-3

Adhesive tapes were obtained in the same manner

10 as in Example 1 under the conditions shown in Table 1 and
Table 2. The properties of these adhesive tapes are

shown in Table 1 and Table 2.



15 - " In the pol ycondensation .reaction, the hDIar - ratlo of ‘the

t et racar boxyl i c acid di anhydride conponents and tHe di am ne conponents
is an inportant factor which  determ nes. the nol ecul ar ‘wei ght of the
pol yam ¢ aci d obtained. It is well knoyn that there is a correlation
20 between the nol ecul ar weight of a polymer and its ~ properties,
particul arly between the nunber-average  nolecular weight and the
mechani cal properties. A |arger nunbesabbyer age nol ecul ar wei ght gi ves
superY or nechani cal properties. Accordingly, a polyner is required to
have 25 an agpropriately high nolecular [wergnt rn order for_tne
polymer to show an excell ent strength whe putWWka ract FEERPle e as| an
adhesive. |n tHepresemt Vet T o, t ' | d
anhydri de conpq ggive resin Figures in - 20 - to
the amine conpgnents is in the range of pi®rEFRENEGES (. 950<r<1.06, noye
preferably 0.975<r<1.06, wherein r = indicate molaz |
ratios
Amine components . APB (50) | APB (50)
: BAPP (50) | BAPP (50)
Acid components BPDA (70) ODPA (100)
| BTDA (30)
Acid/amine molar ratio 0.985 0.990
Glass transition temperature 220°C 176°C
Thermal decomposition 533°C 562°C
temperature
Linear expansion coefficient 5.0ppm 7.4ppm
Adhesive layer thickness 22 um 17 pm
Heat-resistant base UPILEX S UPILEX S
50 um 50 ym
Adhesion conditions :
Temperature (°C) 310 260
Time (seconds) 20 10
Pressure (kg/cm?) 7 6
Peeling strength kgf/cm
Ordinary state ' 1.50 1.66
HHBT-168 ' 1.39 1.35
Peeling interface Cohesive failure | Cohesive failure




(equi val ent
am-ne conponents).

t ot'al

 nunber of total
When r

resi n obtained has a small

has | ow
because,

adhesivity. An r
in some cases,

is smaller

nmol ecul ar ‘wei ght ,

acid conbonénts)/(equivaLéht

5 't han -0. 950,

huhber of
t he pol yi m de

is fragile and therefore

| arger than 1.6 1s not preferable

t he unreacted carboxylic-acids

give rise to

decar boxyl ati on during heating and causeTgh3e 20 generation and foam ng.
am nes is conducted in an

The reaction of the acid anhydri des and the

aprotic pdlar solvent by a kngwn nethod Ihe apr ot c )lar 50|vent 3
exemplifidd by N, N- di net hy|fo§??b°ﬁ{ YEDVF) %ﬁ;ﬁﬁsth 1%; fﬁ 15
(DMAC), N-[net hyl - 2-pyrrolidone |( ékrah dr%ﬁ |egnE
cycl ohexarfone and I, Z-droxane. |TI1e —apro{Ttporar sotventTey - beusell
singly or |fdbgshie Fesie of [tE48UB#S ABre. At that tine, f non-pol ar
sol vent conpati bl e with t HP2ABRERESES pol hr sol vent may|be used 20
together With the aprotic polar F%%Rﬁ““ﬁ%? hr omat i ¢ hydr ocar bon such
as tol ueng, lene solvent narﬁﬁﬁa’gg the, like is oftnn used. The
proportion o S E (30) ,4*-DDE (100) | 3,37-DDS (100)
3,3’-DDA (70)
Acid components BPDA (70) PMDA (100) BPDA (100)
_ BTDA (30)
Acid/amine molar 0.985 0.975 0.985
ratio
Glass transition 380°C >450°C 362°C
temperature
Adhesive layer 19 um 20 pm 18 um
thickness
Heat-resistant base UPILEX S UPILEX S UPILEX S
50 um 50 pm 50 um
Adhesion conditions
Temperature (°C) 310 310 310
Time (seconds) 60 60 60
- Pressure (kg/cm?) 8 8 8
Peeling strength kgf/cm
Ordinary state 0.04 <0.01 <0.01
HHBT-168 <0.01

Peeling interface

Peeled from

copper surface

Peeled from
copper surface

Peeled from
copper surface

As shown in Examples 1 and 2, the adhesives

each using a polyimide resin composed of the essential

components of the present invention show excellent

adhesivity to copper and also to respective bases

give very inferior adhesivity.

Example 3

(polyimide films).

Meanwhile, Comparative Examples 1-3

989 g of dehydrated and pufified NMP was placed

in a four-necked flask equipped with an inlet tube for



solvent in the m xed solvent is preferably 30% by weight - . or-less. The -
reason is that-when the proportion of the 25 non-polar. solvent is 30% by
wei ght or nore, the mixed .  solvent has |ow solvency and may precipitate
the polyamc - acid forned. In the reactjpn of the tetracarboxylic acid
di anhydrides with the diam nes, sufficiently dried '
- 21 - ~di adtbed cobpoogen sgas ¢ ali ssolerd 4 nthéemekhevere@ali aned
reaction solvent which is dehydrated and purifi ed; ~thereto are added
suffitiently dréeiirrery aand bexy| vigawdusly stiltwedyfordes honwutgsawithg
closure ratio of 98% 5 preferably 99% or higher to allow the reaction to
proceed. nitrogen ga2 beirg grssed dchmtethraoughi d Boén} i theketo

t hen heated in an organic solvent to give rise to dehydrat i on,
cyclization andvexeadded 138 i4d O zE i ¥ fmgle i o f fhr Ielvi®n3of a pol yi ni de.

The wat er generated by the _
5 aminophenoxy)benzene and 116.00 g (average molecular

weight: 870, 0.133 moie) of «,w-bis(3-aminopropyl)-
polydimethylsiloxane. The system was heated to 60°C ahd
stirred until it became uniform. After the system became
a uniform solution, it was cooled to 5°C in an ice water

10 bath. Thereto were added, in 15 miputes, 81.07 g (0.261
mole) of 4,4’-oxydiphthalic acid dianhydride and 19.22 g
(0.065 mole) of 3,3’,4,4’-biphenyltetracarboxylic acid
dianhydride both of powder form. Thereafter, stirring
was continued for 3 hoﬁrs. During the stirring, the

15 flask was kept at 5°C.

Then, the nitrogen.gas inlet tube and the
cooler were removed. A Dean-Stark tube filled with
xylene was fitted to the flask and 109.9 g of xylene was
added to the system. The system was heated to 200°C in

20 an oil bath and the water generated was removed out of
the system. In 4 hours of heating, the generation of
water from the system was not seen. After cooling, the
reaction mixture was placed in a large amount of methanol
to precipitate a polyimide resin. The solid was

25 collected by filtration and vacuum-dried at 80°C for 12
hours to remove the solvent. The resulting resin was
measured for infrared absorption spectrum by a KBr tablet

method, which gave an absorption_at 5.6 um by cyclic



|n1d|zat|on reaction hinders the r|ng cI05|ng reaction; “therefore, an

organi ¢ solvent non- conpatlble W th water s added to. the system and
azeotropic distillation is -conduct ed using an apparatus such as
Dean-Stark tube or 15 the like, to di schar the water out of the system
Di chl orobenzene is known as the organic sol V&nf non- conpatlble with

water, but it r@%g%aa%ﬁ tBatphsssggsgghon 3£°BLOE IR bY. bheaBObYLE de

resin_obtained nce 'y m e resin I's used in

el ectoni cs 20TﬁBB|'EetwQBScohh?rﬁ@&vﬁhﬁﬁnkhgn%@séﬁoﬁﬁk'Qoh%d&ﬁiai 8g.i s
used preferably. Further, it is possible to use, as a catal yst for

i mi di zation reagbiops & @9ﬂamd@d9§usb%§80f thacehts- aﬁhadﬁédepolylmlde
[err]-picoline, pyridine or the lik t he present

invention, the degigewas ﬁieeolﬁédciﬁsuyelehekahdﬁeV&odeenée@90¢1bewaﬁ%hlgh
as p055|ble A | ow i m di zation degree is not preferable because,

during adhesi prepahe acpodlgtmedat edsghvearnish {(pesint bontent:
i mdization and consequently generates water. Desirably,
30%).

This polyimide resin varnish was coated on a
polyimide film (UPILEX S manufactured by Ube Industries,
Ltd.) having a thickness of 50 um. The coated polyimide

10 film was heat-dried in a circulating hot air dryer at
120°C for 0.5 hour and at 200°C for 1 hour. After
cooling, the film was measured for thickness and the
thickness of the formed adhesive layer was calculated.
The adhesive layer had a thickness of 19 um. The

15 adhesion surface of the film showed no adhesiveness and
was tack-free at room temperature.

This film adhesive was bonded to the metal
luster surface of a 35-um electrolytic copper foil, using
a hot press having a heat block made of phosphor bronze,

20 whereby a test piece was prepared. The adhesion
conditions were such that contact bonding was conducted
at 210°C for 2 seconds and, after pressure release,
annealing was conducted at 210°C for 10 seconds. The
pressure applied onto the adhesion surface was 4 kg/cm* as

25 a result of calculation from the gauge pressure and the
adhesion area. The test piece had a 180° peeling
strength of 2.81 kgf/cm. Further, the 180° peeling

strength after 168-hour treatment in an environment of



- 22 - - an inmidization degree of 95% or nore, preferably 98%:or . _
nore i s achieved during the imdization. N In the imdization,
if strong heating is conducted fromthe start before a polyimde film
is 5 formed, there is fornmed a rough surfygce or a partially

stretched surface; therefore, it is preferable that ““heating be started

at a | ow tenpergd s B3 evd L6 kgf/cridl UM, itHY eaBesk SdRWYrfdeé
exanpl e, heating is conducted continuously from 100[err]C to 350[err]C

in 0.5 hour or ofiGcHerfilmVehowde diRRililmt idthdsiviass tdatodpdr houdn

-sol vent renoval becones insufficient and ring closure of I m de becones
i nsuf ficient anthe esaptward [sutfecgoltheratthesive neEsiim dRyemezhbsead no
suffi‘ci ent properties, although these matters vary dependi ng upon the
fil mthickness adhedlire heaiploine rdnde noe fioamilngiwesd . sesin er Nt i ndicated
tenperature el evati on may be conducted stepw se by conducting heating,
for exanpl e,5 atthdxge]lenbradesivitesf the adhesiyme Ry rlaye®nrta0

m nutes, at 200[err]C for 30 m nutes, at 250[err] C for 30 mnutes, at
300[err] C for 3theribages(pmdrigmide film). There were also examined the

adhesivities to a silicon wafer coated with a polyimide
resin (SUMIRESIN EXCEZ CRC-6061P manufacturgd by Sumitomo
Bakelite Co., Ltd.). They were 2.01 kgf/cm and 1.75

10 kgf/cm, respectively. The results are shown in Table 3,
together with other properties.

In the above, the molar ratios of the acids and
the amines were a/(a+b)=0.8, c/(ct+d+e)=0.4 and
(c+d)/(c+d+e)=1, respectively.

15 Examples 4-7
Polyimide resin varnishes were prepared in the
' same manner as in Example 4 under the conditions shown in
Table 3. They were coated on a polyimide film to prepare
the respective film adhesives. Their properties are

20 shown in Table 3.



20 350[err]C for 30 m nutes. o :’-m .In the present |nvent|on the .

t hus-obtained . = polyinide solutron is not coated on a 'substrate as.it-:
IS, ~ but is added to a poor solvent to reprecipitate the ponrnrde
resin for reroval of unreacted nononers-agg -25 purification. The pol yi m de .
resin after purification, filtration and drying is redissolved in an
organi c solvent to prepare a varnish. As the solvent, there is"”
selected a sol vent having a borlrng point of 180[err]C or o
- 23% . below in order to mnimze the residual solvent in the
filmto be prepared and also in view of the econony and wor kabi l'ity of
the coating gmu—gryrmg steps of the— varntstr— T tiepresent i nventi on,
there can be [used, as 5~ketone\type sol vents, acgtgng (b.p.: p6.5err]C,
met hyl gt Qyl] ketone 38 pKR 379 [eUr]a try s Jbutyl kef one
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‘hexanone
(b.p.:
(b.p.:
of two or

(b.p.:
10& 1[err](3
162[err] Q).
nor e.

155.6[err] € and, as ether type éolvents
t et.rahydrofuran (b.p.
These sol vents may be used

both of which are
180[err] C or

15 because t hey have high interaction with the- polylnlde
glves a | ow evaporation rate and accordingly,
conduct ed at 200[err]C or above,

mol ecul es
sol vent
solvents
hygr oscop
into a fi

whi t eni ng.

t he

in conventltonal

di ssol ved

N, N- di net hyl -
am de type solvents,

bel ow,

f

respectivel

1, 4- di okane
~66[err] Q) 10 and dlglyne o
singly or in adm xture
or mani3ge-and N, N- di net hyl acet ami de, -
have boiling points of :
however, are not preferable
resin and
unl ess drying is

y. They

it is difficult to renove the sol vent
W Tih—are Thn sorvarttgn-with the polyimde resin, and the
20~r¢mains ¢n t imdg filmin a large anmount. Said
qrg hot ,p;,qﬁéjabﬁé.\eé because ‘they are hi ghl y
itedand, “aeh 3 he p‘gﬁﬁ?rﬁﬂ}e varni sh containing themis made
In%‘b_ coadvigl theoinbre « tends to absorb water and cause
fnlthe HBoprlesent’ inventfion, the residual solvent content in
flifm can be corftrolled at 4 low | evel, as conpared with t hose
poryrmdefiTnms obtgi ned by heating a polyamc acid
ia & hi gh-g)(ailllag‘_‘g’ol ar solvent
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- 24 - (e . NNP) at the tine of f|In1fornat|on to give rise to
i mi di zati on, and further the contami nation of an adhered by the

t hermal deconp05|t|on products of the polylnlde resin can be
prevent ed. 5 - To the polyimde §ﬁ3|n varni sh can be .added, i f

necessary, ‘various additives for inparting surface snoot hness, such as

snoot hi ng agentgggﬁﬁgélgng agent, def oaner, adhesion inprover and the
i ke. ;,An aromatTC ydrocarbon type solvent can al'so be added in such an

10 anount that it is unlfpndyij%ﬁnopmeﬁé;@ﬂbé@zéﬂ@}r@' 2-blswe(4-
evaporation rate of the solvent in the polyimd resin varnish

In order to useamheoplednoxy fehersl fpropans) cﬁﬁm-—bls fahim Y ,3-9' t he
pol yim de resin varnish is casted 15 into a filmshape and used as a film

of polyim de resdhydimetlaybsicl axanen aeerrge anod@glat edeight: a870) m
substrate. 5 3,3’,4,4'-biphenyltetracarboxylic acid dianhydride and
4;4’;oxydiphthalic acid dianhydride were reacted in the
same manner as in Example 1 at a molar ratio of
0.4/0.4/0.2/0.3/0.7, to obtain a polyimide resin. This
polyimide resin was easily soluble in cyclohexanone and
10 could be easily made into a polyimide resin film by using
a polyester film as a substrate. The drying conditions
were 120°C x 0.5 hour and then 160°C x 0.5 hour. The
film had a glass transition temperature of 165°C, and was
bonded to a copper foil at 240°C in 30 seconds and showed
15 a peeling strength of 1.77 kgf/cm. The film after adhe-
sion gave no foaming. Incidentally, the gas generated in

the film was measured under the same conditions as in

Table 4 and was 204 ppm.
Example 9

20 The polyimide resin solution obtained in
Examplels was coated on a polyimide film (UPILEX S
manufactured by Ube Industries, Ltd.) having a thickness
of 50 um, and a f£ilm adhesive was obtained in the same

manner. This film had properties similar to those in
25 Example 8.

Example 10
750 g of dehydrated and purified NMP was placed

in a four-necked flask equipped with an inlet tube for



In casting the polyimide resin varnish, there - can be USed}'foh

exanpl e, an apparatus in which a coating - - device (e.g: flow.coater. or
roll coater) and a hot-air 20 drying chanber are conbi ned. . The 'pol yi ni de
resin varnlsh is coated on a substrgtgs and the coated substrate is
introduced into a hot-air drying chanber and dried at a tenperature

and an air vol yig ssuhfikeiodeh Gasgvarebalert g thermoaleteit and t&he var ni sh.
As the substrate, there can bé - 25 used thin netal pl ates of stainless

steel’ al unmi nugirrer,Cep@ekasevigoRduslly! sasrpkdsttior 0l Minutels asith
pol yi m de film biaxially stretched polyester filmand the |ike.
O them a pol yiitrdgencgas belingi pagest phekethltbagh. Then, thereto
- 25 - because it has a snmall thernal expansion coefficient,
excel | ent di nensirenakddetialyidl.0Be7t g {6npsOamole)chdnde 3-bis(3hi gh
flexibility, easy handleability, high adhesion to "t he adhesive resin
of the presént amivnepheaoxydbenzene (APB), 37.8163 g (average molecular
weight: 840.36, 0.045 mole) of a,w-bis(3-aminopropyl)-
polydimethylsiloxane (APPS) and 1.4971 g [0.006 mole, k=1
in formula (10)] of 1,3-bis(3-aminopropyl)tetra--
methyldisiloxane (APPS, k=1). The system was.heated to
10 60°C and stirred until it became uniform. After the
system became a uniform solution, it was cooled to 5°C in
an ice water bath. Thereto was added, in 15 minutes,
93.4404 g (0.301 mole) of 4,4'-oxydiphthalic acid
dianhydride (ODPA) of powder form. Thereaftgr, stirring
15 was continued for 3 hours. During the stirring, the
flask was kept at 5°C.

Then, the nitrogen gas inlet tube and the
cooler were removed. A Dean-Stark tube filled with
xylene was fitted to the flask and 187 g of toluene was

20 added to the system. The system was heated to 175°C in
an oil bath and the water generated was removed out of
the system. In 4 hours of heating, the generation of
water from the system was not seen. After cooling, the
reaction mixture was placed in a large amount of methanol

25 to precipitate a polyimide resin. The solid was
collected by filtration and vacuum-dried at 80°C for 12

hours to remove the solvent, whereby 186.28 g (yield:

90.5%) of a solid resin was obtained. The resin was



5 partlcular a filmmade of a pon|n1de resi.n haV|ng a . ﬂstructure
represented by fornula (11) or (12)- . preferable. | :
[err] _ - 10 : v%en the polyimide resin is used as a -’
film adheS|ve by itself, the polylnLdggresln filmformed on a-
substrate is peel ed off fron1the substrate. and used. When t he

pol yi m de resi dasutfeRl fsr GREERIrRGe jnion spedtit@Obat efl Kt feablet
- substrate, the polyinmde resin film 15 ormed on one or both sides of a .

substtYate is ugrfthri, whicticjave an absorption 'EhEﬂorSe:mntby ruytm'm.ucnn can
al so be used as an

‘ imide bond but no absorptlon at 6.06 um by amide bond.

Thus, it was confirmed that the resin was nearly 100%
5  imidized. Incidentally, the molar ratios pf the acids
and the amines were a/(a+bj=1, d/(c+d+e)=0.83 and
e/ (c+d+e)=0.17, respectively.
The thus-obtained polyimide resin was dissolved

in cyclohexanone/toluene.(90/10 w/w%) to prepare a

10 polyimide resin varnish having a soiid content of 25%.
This varnish was coated on one side of a polyimide f£ilm
[UPILEX SGA (trade name) manufactured by Ube Industries,
Ltd.] having a thickness of 50 um by use of a reverse
roll coater to obtain a film adhesive in which the

15 adhesive layer had a thickness of 30 um. The drying
temperature was 185°C (maximum temperature) and the
drying time was 6 minutes. This film adhesive was hot-
pressed onto a 35 pum copper foil to prepare a test piece.
The film adhesive was contact-bonded on the treated

20 surface of the copper foil at 250°C for 2 seconds and,
after pressure release, annealing was conducted at 250°C
for 30 seconds. The pressure applied on the adhesion
surface was 4 kgf/cm? as a result of calculation from the
pressure gauge and the adhesion area. The test piece had

25 a 180° peeling strength of 3.43 kgf/cm and showed
excellent adhesivity. On the rupture surface, ﬁhe
adhesive resin caused cohesive failure and no foaming was

seen. The results are shown in Table 4.



adhe5|ve of two- Iayer or three- Iayer structure when t he. above L
substrate itself .is used as a base. In t hat- case, 20 a polylnlde flln1can_

be used advantageously as the . - 26 -
substrate. However, in order for the adhesqwe of the - present invention
to sufficiently exhibit the character- i stics of |ow water absorption
and l'ow ionic iEganiple €51 content, the present adhesive preferably
conprises only 5 the polyimde resin of the present invention and

contai ns nei t-her subsThatwamorshasfc Exanplecdle wdrerandtheed on ol yi m de
resin i's conbined with a solvent having a boiling point of 180[err] C or

bel ow and a pollymtmllylsﬂ;rem:hed podlyesstieny fademt[ (IARGIIagentads mamge) r ed
when a-nmetal 10 substrate is used) is required and the polyinmde resin

can be easily peastwfhefurdd doy tMic diisddt Rayian @o -No Liwk ] hawing a el easi ng
e e hiinass ot 'S0 Sm'Me drying temperatuze was '1855C o> "
(maximum temperature) and the drying time was 6 minutes.
After drying, the polyester film was removed by peeling
to obtain a single-layer film of 32 um in thickness
having no substrate. The peeling was easy and had no
10 particular problem. The results when the film was bonded
to the luster surface of a copper foil in the same manner
as in Example 10, are shown in Table 4.
Examples 12-14
Reactions were conducted in the same manner as
15 in Example 10, using the recipes shown in Table 4, to
obtain soluble polyimide resins. Film adhesives were
obtained using the polyimide resins. The results of

evaluation for the film adhesives are shown in Table 4.

Each of the film adhesives shows excellent properties.



the production of a filmadhesive, is nost suited for the 15 object of the

pr esent inventidn,_ and enabl es the best use. - . of the heat resistance and -
-high reliability of ‘the pol yi m de. .How to use the -
pol yi m de adhesive of the pr esent i Avéht mon is not particularly.
restricted. It can V[f‘@"b‘?ﬂ?ﬁ'd ap—a—+Haradhes—vye—whicir—eamiye
cont act-bonded i Kh heati .| That 19, itl] isjcutfinto|a des(i,\red shape
and contact - bonded Wi &h I’i}egti ng, fusihg q Redt ed|heal bflodka
The {91 m adhesi ve of o%gores tlinventilon ils 25 charactieri 4ed By 'usi ng,
.as a main constituerte aw ofrpl et el y| i midi zg¢d pol yi mide r|esi
particul ar struc- ture—yotupte T Howortig—prgarcsgtvent &« The
.. . . ) . =
pol yimide resin as gniadhgesi Ve can hpve fa vqry lfow i &ic- - 5
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.gener,at es ‘subst ant i al | y no gas when heat ed -be_cause the.
-conducted using a |l owboiling solvent, has .
excel | ent heat resistance,

conpared wt

h

and

~imdization is
| ow wat er absorption and
5 can be applied in a very short tinme as
t her nosetting adhesi ved2ahi ch give rise to a chenical

reacti on. The—preseht—Rv-erii-ar—by—h ssed-+hto a—-tape—ghape,
can have exde aglhesi on vvorka’bi lijty anf exg¢el I ent di ngnsi onal
precision tdg [ : 10 BEST MODE {FOR CARRYI NG OQUT|THE
| NVENTI ON b presient |invenpion is hgreinafter describgd!
I n nore det gi \npl es| and Conppr atji ve Exianpl e§. Howe\erg
t he present H -HRH-O—akly—— eptrHet-ed—to—thelse—begrptes— 1b
Exanpl e 1 170 g lof dehydrpted and purifiled NMP and 130 §
g of xyl ene [ L fourlnedked f| aski equi pped wi ffh an inl &t
tube for dri gn'a S| a-copl erl with a calciumichl orijde dryi n%l
t ube, atherngnj_l;mer ng<p 20 stfirrgqr, angd wgre vigorousfy stifrred fgr~10
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nithogen-gas being paséed therethrough.ﬁThen,-thereto ~ ‘were added 73.08

g (0.25 mole). of 2,2-bis(4-(4-  am nophenoxy)phenyl)propane and 102.63 g
(0.25 nole) of 1, 3- bi s(3-am nophenoxy) benzene. The system was heated to
25 60[err]C and stirred until it becanme unifform After the - system
became a unifarmsolution it s.cooled to 5[err]Cin an ice water
bath. Theretp were added, {n 15 mj|nut ¢s,
- 28 -, 1. 43 g [(0.34p nof e) jof 3,3', 4| 4 -biphenyltetra-
car boxylic ac@dg@%&nkydrida and 44.61{g (0.(148 nol e)- of '
3,3 ,4,4" -ben norfet et r pcarfpoxyl i cfaci d [di anhydri de bot h of powder
form , Therealter stlirring. cqnt j nued 5 for 3 hours.  During the
stirring, the flask Jas kept at Klerr]iC. - The
t hus- prepar dEpoé?anic acigd sdl utijon yas coated on a polyimde film
(UPI LEX S ngn@f @@ 4red by lbe Ingustrijes, Ltd.) having a thickness of
50 [err]m Th& 2 &
O 2 a
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10 coated polyimde filmwas subjected to-a heating treat- - ment-in a
circulating hot air dryer at 120[err]Cfor .1 hour, - -~ at 200[err]Cfor 1
hour and at -300[err]C for 1 hour. After =~ . cooling, the fil mwas nmeasured
for thickness and the -t hi ckness "of the‘{orned adhesi ve | ayer was

cal cul ated. 15 The adhesive | ayer had a ThttKness of 22 [err]m The .

adhesi on surface of the fiﬂ r@m\eg' ﬁtﬁ?@gﬁig’?n{éﬁﬁ L tion s4t@¢_lg-free

at roomtenperature. - esi v was cut i nfo a size
of 25 mm P ERALEY a?ﬁﬁﬁfi*’ I T. hgsi 20
was bonded to ?%é&ééggﬁﬁ?uster15u3§éce 0 :g£%5-ief%]£$ Qﬁ g%*%%?%%????c
coppef foil, usifgs a4 \leiditferdtndtt A dieMoxylic PAOLK dBalenphrPiesphor
bronze, whereby a test piece was prepared. The adhesion tonditions

were 310[err] C gwsh 205 an arssasAacs: i dﬂ“%meﬁﬁ}l@&@iﬁﬁé&fl@é’éﬁalhe

adhesion 25 surface was 7 kg/cnferr] as a result of calculation fromthe
gauge pressus e @drbdhel ol hasid i iangdrdriltee § B Pl hsbreviatidS0berr]
peeling strength of 1.50 kgf/cm Further, the 180[err]
peel i ng strength, 3ddis (3-aminophenoxy)benzene; BAPPF is an abbreviation
of 2,2-bis(4-(4-aminophenoxy)phenyl )hexafluoropropane;
and APPS is an abbreviation of a,e-bis(3-aminopropyl)-
polydimethylsiloxane.

10 The figures in composition column each indicate
an equivalent ratio of each component in acid or amine
componenﬁs; water absorption refers to the saturated
water absorption of total film when the film was allowed
to stand in an environment of 85°C and 85% (relative

15 humidity) for 168 hours (HH-168 treatment); generated gas
refers to the amount measured by GC-MS method, of gas
generated in total film when the film was heated at 250°C
for 15 minutes; and generated water refers to the amount
measured by Karl Fischer method, of water generated in

20 total film when the film was heated at 250°C for 15
minutes. .
Comparative Examples 4-5

Reactions were conducted in the same manner as
in Example 10, using the recipes shown in Table 4, to

25 obtain polyimide resins. Film adhesives were obtained
using the polyimide resins. The"results of evaluation
for the film adhesives are shown inﬁéable 4.

In Table 4, PMDA is an abbreviation of 1,2,4,5-



- 29.: © 168-hour treatnent in an enV|ronnent of 85[err]C and 85% was
1.39 kgf/cm Thus, the adhesion surface of the film showed excel | ent:
adhesivity to copper. On the rupture ‘surface, the adhesive resin |ayer:
caused cohesive 5 failure, which indicategthe excellent adhesivity of

t he adhesi ve resin layer to the base (polyinide film. The

results are shog@nbénd8btfadarbox #f&‘aé@i& &i Sy &P IRa¢ aéﬁélez;Elfa”Bbﬁs -3

Adhesive tapes were obtained in the same nanner =~ 10-as in Exafpl e under

the conditions ghoyBbiaviabten logng 4'-dﬂiﬁiﬁbé&pﬂéﬁypréﬂﬁéi'es of these
adhesi ve tapes are shown in Tabfe 1 and Table 2.

- 30 5 As is clear from Tghe eadove Examples, the
present invention enébles production of a film adhesive
5 having high heat resistance and low hygroscopicity.
- Example 15
755 g of dehydrated and purified NMP was placed
in a four-necked flask equipped with an inlet tube for
dried nitrogen gas, a cooler, a thermometer and a
10 stirrer, and was vigorously stirred for 10 minutes with
nitrogen gas being passed therethrough. Then, thereto
were added 100.4400 g (0.120 mole) of o,w-bis(3-
aminopropyl)polydimethylsiloxane (APPS), 77.9978.g (0.190
mole) of 2,2-bis(4-(4-aminophenoxy)phenyl)propane (BAPP)
15 and 10.8957 g (0.080 mole) of 2,5-dimethyl-p-phenylene-
diamine (DPX). The system was heated to 60°C and stirred
until it became uniform. After the system became a
uniform solution, it was cooled to 5°C in an ice water
bath. Thereto were added, in 15 minutes, 74.4533 ¢
20 (0.240 mole) of 4,4’-oxydiphthalic acid dianhydride and
47.0752 g (0.160 mole) of 3,3',4,4'-biphenyl£etra-
carboxylic acid dianhydride both of powder form.
Stirring was conducted for 1 hour, after which stirring
was continued for 3 hours. During £he stirring, the
25 flask was kept at 5°C. Thereafter, 3.7046 g (0.020 mole)
of p-phenoxyaniline (PPA) was added and stirring was
continued for 1 hour.

Then, the nitrogen gas inlet tube and the



EXarrpI_e 1 o Exarrple 2 Adheswe resin e . Fi gures h

in. . © . parentheses. - : o

i ndi cate nDIar : . ratios A ne conponents
APB (50)  APB - (50) 46 o |
BAPP (50) BAPP (50) Aci d conponents ' - BPDA
(70)  ODPA  coolé2Ofdre removed. A Dean-Stark tube £i1le®Tfch

(30) Acid/am ne nolar ratio 0. 985 0. 990

d ass’ transiti ctylen@evas ufitted to the XY rdrid 188 g of Hdbhené] kas

Ther mal deconposition 533C 562[err]C
tenperature laddsd B piins | syrstemef f iTheerdystem was Hedlpauinto 175°C in

7. 4ppn1 Adhesi ve | ayer thickness 22 [err]m. 17
[err]m Heat - r e stihtbatdiseand the water generatdd W6 Semoved out &Pl LEX S
50 [err]m 50 [err]m Adhesion conditions Tenperature ([err] Q)
310 5 the sysiem. Tile 4 dovasdof heatJ.ng, the generation 020

10 Pressure (kg/cnferr])
Peel i ng strengt#ater from the system was not Slaﬁnlcm}‘-f@ﬁjlm%fl%qat@e

1.50 1.66 HHBT- 168
1.35  Peel i ng 1eaG¥qrduixture was placedyidsia daLg9 murtﬁor%%l%th%mhr e

-3L- to precipitate a polyimide resin. The solid was

collected by filtration and vacuum-dried at 80°C for 12

10 hours to remove the solvent to obtain 284.99 g (yield:
90.6%) of a solid resin. The resin was measured for
infrared absorption spectrum by a KBr tablet method,
‘'which gave an absorption at 5.6 um by cyclic imide bond
but no absorption at 6.06 um by amide bond. Thus, it was

15 confirmed that the resin was nearly 100% imidized.

The thus-obtained polyimide resin was dissolved

in cyclohexanone/toluene (90/10 w/w%) to prepare a
polyimide resin varnish having a solid content of 25%.
This varnish was coated on one side of a polyimide film

20 [UPILEX SGA (trade name) manufactured by Ube Industries,
Ltd.] having a thickness of 50 um, by use of a reverse
roll coater to obtain an adhesive tape in which the
adhesive layer had a thickness of 30 um. The drying
temperature was 185°C (maximum temperature) and the

25 drying time was 6 minutes. The adhesive tape was hot-
pressed onto a 35 um copper foil to prepare a test piece.
The adhesive tape was contact-bonded on the treated

surface of the copper’foil at 250°C for 2 seconds and,



Tabl e 2 o o . Conparative  Conparative .

Conpar ati ve o : . Exanple 1~ Exanple 2

Exanpl e 3 Adhe5|ve re5|n - Figures in . S '

par ent heses : |nd|c Be nol ar : '
ratios Am ne conponents 3,4"- g 4,4' - DDE (100) 3, 3'-DDS

(100) PVDA af(tfdb)pres surgpﬁsae’%‘ngDénﬁé%lng%}a% CUHRARAYS at 250°¢ BPDA

(70) BTDA (30)

Aci d/"anm ne nol 98
d3 98% tio
O ass transiti ?;?r 30 secon S0 & he Bressure a%iﬁ;.fgo Oélrtrc] thd - Lffesidm

362[err] C tefm&fﬁfdér %as 'Qd%%/‘éﬁz' a¥€h result of cal8ull&tib® from the

20 [err]m _ 8 [err]m~ thickness Heat-resistant base
UPI LEX S - ga Lg: sgure and Lé'ﬁ'e'—%ﬁh%s:.on area. The test piece had 50
[err]m err O [err] m Adhesion conditions

Tenper at ure o [ §f r]g@° peelJ.ng3erength of 2. 731®cgf/cm and shaddl Tine

(seconds) 60 60 60 Pressure
(kg/cnferr])  excelleht adhesivity. ®&n the rupture shirflesd, rihestadhest h
kgf/cm Ordinary state 0.04 <0.01 <0.01
HHBT- 168 - sive resin lafedl damsleidngohmsé.lvfea(ﬂailura:)@eidedld rfgraming
Peel ed from Peel ed from copper surface copper
surface coppewasursezme The results are shosm dmoWabile Beanpl es 1 and 2,
t he adhesi ves each using a polyimde resin conposed of the essentlal
Example 16
10 The varnish of Example 15 was coated on a

biaxially stretched polyester film [DIAFOIL (trade name)
manufactured by Mitsubishi Rayon Co., Ltd.] having a
thickness of 50 um. The drying temperature was 185°C
(maximum temperature) and the drying time was 6 minutes.
15 After drying, the polyester film was removed by peeling
to obtain a single-layer film of 32 um in thickness
having no substrate. The peeling was easy and had no
particular problem. The results when the film was bonded
to the luster surface of a copper foil in the same manner

20 as in Example 15, are shown in Table 5.

Examples 17-20

Soluble polyimide resins were obtained in the
same manner as in Example 15, under the conditions shown
in Table 5. The results of evaluation for these poly-.

25 imide resins are shown in Table 5. Each of the adhesive

tapes shows excellent properties.



conponent s'_of- t he present invention show excel | eht adhesivity to
copper and also to respective bases - 5 (polyim.de fil ms) Meanwhi | e,

Conpar ati ve Exanples 1-3. give very inferior adheS|V|ty ' Exarrple 3
989 g of dehydrated and purified NWP was pigaced in a four-necked flask
equi pped with an inlet tube for ; - 32
- dried mtrogen gas, a cooler, a therrmrreter and a “stirrer, ‘
and vvas Vi gor oustHy—sti+ret—For—o—m-putes—wt-h Frt rvgﬁa—gra-s—beiLng
passed t heret hrqugh. [Then, - therefo werie added|{58. 47 g 200gnmpl e) of
1,3-bis(3- .54 rg)phgwoxy)tenzerg g [186.109 ¢ $ayeg ape nb@eculoag
vvei ght: 870, 0.1 e) |jof [err]-bi 5(3-jam nopr pyl ) - o !
pol ydi mathylsilcx‘ane Theg sygtemwas| heated |to 60[efr] ( and - OuEi r ed
until it becane ' mAFtgTr—the—systenrbecant o f-ornrsot I @n,
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10 bafh Thereto were added, in 15 mnutes, 81.07 ¢ (O 261 L nDIe) of |

4, 4" - oxydiphthalic-acid dlanhydrlde and 19. 22 g (0.065 nmol e) of .
3,3 ,4,4" -bi phenyl tetracarboxylic acid - di anhydri de both of powder
forn1 Thereafter, stirring was continped for 3 hours. During the
stirring, the 15 flask was kept at 5[err] T ‘Then, -the
nitrogen gas inlet tube and the cool er were renoved. A Dean-Stark tube.
filled with py-ene—was—f+ttet—to—therH-ask—are—409-—S—grof—u-ena—was
added to thef gystém THe systemiwas [heatefd to 400[ery ]C |n 20 n oill bath
and the wat er gggnerit ed- wag remmvedfout of 3 ghe pyskem |Ig 4 |hBurseo
heati g, the gpﬂe ation of wat ¢r fromd he |syst em wads npt~ se nea Af¥el 1
cooling, the = reactfi on ﬁ?iﬂure was pl pced iln a | prge ampunt df net hapoly
to precipitate—apotyrraderesT—e—sota—was—25cottected o
filtration gne va,uun}crleq at 80[edr]C fpr 12 hFurs to[ renmove the g
. . o)
sol vent. The ge utgrm)r93|n way o nmeasuied flog infrafed plgsorgtRon o o
spectrum by agﬁgr trabl dt 5 @et|hBd,| whi chggave @an absospti pme at |56 |[Sr{]
by cyclic = z 3 Q
o
&
= .
a 2 0 o o~ o o =4
L) o N (] [32] o
52|32 g3 | @ s | s | |33
=] = 3
@ <
- (%] 2 @ ~ o
e~ |2 %18 |3 a |3 ° |13 |22
g-—( e -‘3 uo.' o N (3 o~ <
=]
-
i © (=]
Eo |2 [° (.38 S N 12 j2fe
s |- o w o ~N N ~ |«
= 2 3
. »
- 3 o ) © o
Ea 8 |° (|8 |S ? |3 2 (g [2]e
o ~t - 'Y (=4 o - o (3 o~ -
" =] )
=]
v g | &
3 3 a 3]
4 orf =] o) —
« ] a, ] ] y
: e = e a e ° g '?‘u
2. 3 .
[=1 ~—
® ~
Fy) f=] "] FY) »
ol ] o - ' @
g &g ) @ H o -
—~ - o 1 ® & o oo 4 3
g O 4 - @ O I 0 Q L 0 ) 0w
- o (] ] 3] b B -1 -« b > = - 0 o [= ') Q ]
M~ g 0 o [~3Ke] [ 7] [ 4 0 o g N & @
] et a = Q - [l ] [& 2] o -~ @ O 3 hal o]
b &= [+ (2 (S oo O E kB W B (¥
)
=
hd
H g
(o]
ord @
o =]
ot =1 [+}
o Q = i
= -l ] o 1N Is]
o L (] o Q i
Q = -~ < » + o
o ) -8 s ] =
)] -l " " o0 3 ]
= Bt @ o) o
bl ] Q @\ ° b
>~ =] Q Fa] Q Q [~
1] o LY o + J ]
< 3] [= 9 s o el
1] 3] = 0
=1 V] 4] [L}] )] Q Q
— (=3 Q. ) [~ [ F-]
i ] o oF '] 2] <
e £ [ = (&) o <




~- 33 - * imde bond but no absorptlon at. 6. 06 [err]n1by anlde bond. -

Thus, it was confirmed that the resin was 100%i m di zed. - 251.56-g
(y|eId 91.55% of the thus-obtained polylnlde ' resin-was di ssolved in
cyclohexanone/toluene (90/10 wwy 5 tog grepare a polyimde resin varnish
(resin content: 3099 . : his polyi mde resin varnish was
coated on a polyimde film (UPILEX S manufactured by Ube Industri es,
Ltd.) havi ng—athycknessof 50 [err]m The coated polyimde 10 filmwas
heat -dried iln®a c nculgting hot air dryer at 120[err]C for 0.5 hour
and at 200[ ¢r&]L f@% lahouf. After ~_cooling, the filmwas neasured for
t hi ckness ard the|l @ | ~t hi tkness of the forned adhesive | ayer was
cal cul at ed. TRe ladhes( ve | ayer had a thickness of 19 [err]m The 15
adhesi on surfacepf—tire—fi{ m showed no adhesi veness and . was tack-free
at roon1tenpepatuka This filmadhesi ve was bonded to the
met al Iugg@r %?rface pf a 35-[err]melectrolytic copper foil, using
e "
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a hot. press having -a heat block made of phosphor bronze, 20 “whereby a
test piece was prepared. The-adhesion =~ - conditions were such that
contact bondi ng was conducted at 210[err]C for 2 seconds and, after
pressure release ' anneal i ng° was condugted at 210[err] C for 10 seconds.
-The pressure applied onto the adhesion surface was 4 kg/cnferr] as 25

a result of calcul ation frpmdeie GAUGHHN 655 Wi AlkdNetion AdMEan area.
The test piece had a 180[err] peellng strength of 2.81 kgf/cm

Further, the l&QiwiightieelidiGcid didngatiies tP@fDPJ@.%‘ @Praﬂﬂz%aotlwtod n an
enV|ronnent of - . 85C and 85%

was 2. 66 kgf/craf Tﬁmmémaw]%m anhydaGRle; pA Ofs tafiue afbﬂﬁavs.iamm of
excel’l ent adhesivity to copper. On the rupture surface, the adhesive

resin |ayer caystethalic aniyelvide;f AHRS € sk REOYre¥Iat] oD Lsesk-bils (3-
I ndi cat ed 5 the excellent adhesivity of the adhesive resin |layer to
the base (pd yianidedidpyl ) phigcEmevhy s iJoxensy BAPH is an abbreviation
of 2,2-bis(4-(4-aminophenoxy)phenyl)propane; APB is an
abbreviation of 1,3-bis(3-aminophenoxy)benzene; DPX is an
abbreviation of 2,5-dimethyl-p-phenylenediamine; and PPA
is an abbreviation of p-phenoxyaniline. o
10 The figures in compbsition column each indicate
an equivalent ratio of each éoméonent in acid or amine
compoﬁents; water absorption refers to the saturated
water absorption of total film when the film was allowed
to stand in an environment of 85°C and 85% (relative
15 humidity) for 168 hours (HH-168 treatment).
Comgarafive Examples 6-7
Polyimide resins were obtained in the same
manner as in Example 15 under the conditions shown in

Table 6. The results of evolution for the polyimide

20 resins are shown in Table 6.



adhesi vities to a silicon wafer coated with"'a _pol yim'de " resin-

( SUM RESI N EXCEL CRC- 6061P manufactured by Sumi't ono - Bakelite Co., -
Ltd.). They were 2:01 kgf/cmand 1.75 10 kgf/cm respectlvely The results'
are shown in Table 3, | together with qt Jproperties. : In
t he above, the nolar ratios of the acids an the aminés were _
a/ (a+b) =0. 8, c/(c+d+e) =0.4 and (cHdp1ergdre) =1, respectively. 15
Exanpl es 4-7 ~ Polyimde resin varni shes were prepared in the
sanme manngr-as T Exanpre 4 undger Cme—comdtTons oWt N rapte—3—Tfhey
were coatpd on a polyimde filmto prepare . the CPE‘Ei)‘é‘ét’-We foppprative
adhesj ves| Their properties ™ 20 shown in Tabl ¢ B¥2mple Example B35 .
ODPA
Acid
compo- PMDA
nents
Compo- BEDA 50 50
sition
BTDA - 47.5 47.5
PA 5 5
APPS
Amine BAPP 100 100
compo-
nents APB
DPX
PPA
Acid/amine equivalent ratio r _ 1.00 1.00
Varnish solvent ) NMP NMP
Maximum temperature 250 200
. (°C)
Film drying conditions
Time (min) 30 30
Base UPILEX Not used
Tape constitution
Thickness (um) 50/20 20
Tape properties Condi- Unit
tions
Water absorption HH-168 z 1.15 0.87
treatment '
Generated gas GC=MS ppm 431 542
' method




[err] - 36 - [err]

37 -© - Exanple 8 o 1 3 Bi s( 3- an1nopheno
2,2-bis(4-(4- am nophenoxy) phenyl ) propane, [err] - bj
pol ydi net hyl si | oxane (average nol ecul ar weiggt- 870),
3,3 ,4,4" -bi phenyltetracarboxylic acid dianhydride and

4, 4" -oxyd{phthalTc acrd dianhydride were reacted fin the . anme_manmer jas
in Exanpl ¢ 1 at a nolar ratig_of ' Comparative | Comparative
P Items Example 6 Example 7
' Karl .
* Generated water Fischer’s z 0.78 0.58
method
Tempera- °C 250 250
ture
Adhesion conditions Time Seconds " 2/30 2/30
Pressure | kgf/cm? 4/0 4/0
Adherend _ Copper Copper
Peeling strength 180° kgf/cm 0.78 (Foamed)
peeling

As clear from the above Examples and Compara-
tive Examples, the present invention enables production .
of a polyimide resin soluble in organic solvents and
having high heat resistance and low hygroscopicity.
5 Example 21 |
755 g of dehydrated and purified NMP was placed
in a four-necked flask equipped with an inlet tube for
dried nitrogen gas, a cooler, a thermometer and a
stirrer, and was vigorously stirred for 10 minutes with
10 nitrogen gas being passed therethrough. Then, thereto
were added 77.9978 g (0.19 mole) of 2,2-bis(4-(4-
aminophenoxy)phenyl )propane (BAPP), 10.8957 g (0.080
mole) of 2,5-dimethyl-p-phenylenediamine (DPX) and
100.4400 g (average molecular weight: 837, 0.120 mole) of
15 <,w-bis(3-aminopropyl)polydimethylsiloxane (APPS). The

system was heated to 60°C and stirred until it became
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0.4/0.4/0.2/0.3/0.7, to obtain-a polyinide resin. This - ___ polyinide resin - -
was easily soluble in. cycl ohexanone and 10 coul d be easfh4dRAET OB
polyimide resin filmby using ~a polyester filmas a gm)gsﬁgﬁ%fe.m%ﬂfm
dryi ng conditions were 120[err]C x Q@ S4aur and t heb-16Q][ lLf\QfBg 0.5
hour. The filmhad a glass transition tenperature-of 165[err|C —amd—
was bondedun bf arm oppafténi thatsPifinersddame B0ustfontlSsangt sbwyed: 15
a peeling strength of 1.77 kgf/cm The film after adhe- sion gave no
“foaming. | nci demdsil ¢goledcteak’ Geaiterant cicce rwater hdwh f i | Thewstoreesre ed
under the same conditions as in Tabl e 4 and was 204 ppm Exanpl e
9 20 adde, pbt yl hifnytes n Bol4A3drg ol 24@kdoke) of £xbtmle 8
was coated on a polyimde film (UPILEX S manuf act ured by Ube

| ndustries, Lt®P3YHeRhMHABG BEihedanhydrigie 5md 47052 (0 {316 Mmneleki ve
was obtained in the sane ., manner. This filmhad properties simlar to
those in 25 Banpid 4 -biphengjitetmpcarboxylic acid di@nhysrifgydr at ed

and purified N s pl ace in a four-necked flask equi pped with an
i nl elF:) t ube for '\ﬁaé’fxa of powc{jer form. Then, stirring was coqntipne:ed for 3

hours. During the stirring, the flask was kept at 5°C.
Thereafter, 3.7046 g (0.020 mole) of p-phenoxyaniline
(PPA) was added and'stirring was continued for 1 hour.
10 _ Then, the nitrogen gas inlet tube and the
cooler were removed. A Dean-Stark tube filled with
xylene was fitted to the flask and 188 g of toluene was
added to the system. The system was heated to 175°C in
an oil bath and the water generated was removed out of
15 the system. In 4 hours of heating, the generation of
water from the system was not seen. After cooling, the
reaction mixture was placed in a large amount of methanol
to precipitate a polyimide resin. The solid was
collected by filtration and vacuum-dried at 80°C for 12
20 hours to remove the solvent to obtain 284.99 g (yield:
90.6%) of a solid resin. The resin was measured for
infrared absorption spectrum by a KBr tablet method,
which gave an absorption at 5.6 pum by cyclic imide bond
but no absorption at 6§.06 um by amide bond. Thus, it was
25 confirmed that the resin was nearly 100% imidized.
Incidentally, the molar ratios of the acid
components and amine components were a/(a+b)=0.6,

b/(a+b)=0.4 and e/(c+c’+d+0.5g)=0.3, respectively.
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W




- 38 - dried nitrogen gas, a- cooler a thernDneter a
and was vigorously stirred for 10 minutes with - nitro JH'S\J§§EB@IHA§ BEEN
passed therethrough. Then, thereto - were added 73.084f g (OREEQCBDIe) o]
1, 3-bi s(3- 5 am nophenoxy) benzene (APB). 55.8163 g .(av _
melght 840. 36, 0.045 nole) of [err]-Dbis(3-am nopropyl)-

pol ydi met hyl si | oxane (APPSheathud-di97diged OpSDpintie, r&sin waslﬁlégmeéé
(10)] ‘of 1, 3-bis(3-am nopropyl)tetra- - nmet hyl di si | oxane (APPS, k=1).
The system was heatpdlobexdfoBéftoljshan96lio retwnttd piepaecana uniform
After the -~ - systembecane a uniformsolution, it was cooled to 5[err]C
in an ice palyimbdehreFhervimisls atdioug arsdIhdnmmmEsnt of 298.4404 ¢
(0.301 nole) of 4,4'-oxydiphthalic acid di anhydri de (ODPA) of powder
form ThereafteThlstvarnhgm WEs geatedmn mrel side Dhourpolyuidegfibe

stirring, the flask was kept at 5[err]C.
5 [UPILEX SGA (trade name) manufactured by Ube Industries,

Ltd.] having a thickness of 50 um, by use of a reverse
roll coater to obtain an adhesive tape in which the
adhesive layer had a thickness of 30 um. The drying
temperature was 185°C (maximum temperature) and the

10 drying time was 6 minutes. The adhesive tape was hot-
pressed onto a 35 um copper foil to prepare a test piece.
The adhesive tape was contact-bonded on the treated
surface of the copper foil at 250°C for 2 seconds and,
after pressure releése, annealing was conducted at 250°C

15 for 30 seconds. The pressure applied onéo the .adhesion
surface was 4 kgf/cm? as a result of calculation from the
gauge pressure and the a@hesion area. The test piece had
a 180° peeling strength of 2.75 kgf/cm and showed
excellent adhesivity. On the rupture surface, the

20 adhesive resin layer caused cohesive failure and no
foaming was seen. The results are shown in Table 7.
Example 22

The varnish of Example 21 was coated on a

biaxially stretched polyester film [DIAFOIL (trade name)

25 manufactured by Mitsubishi Rayon Co., Ltd.] having a
thickness of 50 um. The drying temperature was 185°C
(maximum temperature) and the drying time was 6 minutes.

After drying, the polyester film was removed by peeling
A
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Then, the n|trogen gas |nlet t ube and the.  - cooler W+ o
Dean-Stark tube filled with: xyl ene Wasflttedtotr]-?"f-l$§%1§%L sq§§E'\5
d

of tol'uene was 20 added to the system The system was heate g[er_r]C'
in an oil bath and the water generated s@s-renoved out of . the -
system In 4 hours of heating, the generation of water fromthe system

was not seen. ArQepbtabhimggingle-layerafilmnofi 30upm Basthliekadssn a | arge
anount of nethanol 25 to precipitate a polyinmde resin. The solid was
col | €cted by f|h4Th@gom°aﬁRbﬁ@KﬁﬁﬁnchkglpﬁeBﬂ@grwés:éasyland hadhnars to

remove the solvent, whereby 186.28 g (yield: 90.5% of a solid resin
was obt ai ned. W;&q]@woblem Thé results when the film was bofi€ed _
measured for infrared bsor tlon spectrum by a KBr t abl et - et hod,

whi ch gave an afRorif i ?]q‘ﬁb%/ ¢9RPeE foil imj thephsamebuanper

PhetT e o i TR mlbev ﬁm daerebs Gwn in Tabfe . '9° contirmed thal

Examples 23-25

Soluble polyimide resins were obtained in the
same manner as in Example 21, under the conditions shown
in Table 7. The results of evaluation for these poly-

10 imide resins are shown in Table 7. E'a'ch'of_ the adhesive

tapes shows excellent properties.
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5 |mszed In ﬂ bl |_|¥ BJ?\ T ratlos of the acids =~ énd_-t_he_ am nes
were al/-(atb)=1, f é@ﬁ% - -el(e+d+e)=0.17, r mgcgﬁéﬁﬁASB :
The t hus- obt ai nedJ H n was di ssol ved . in § AS BEEN
cycl ohexanone/tol t N to prepare-a 10 polyi mde_-rPtEgLﬁCEﬂar_hi S
having a solid content of 25% : Thi s varni sh was coated on oné side of
a polyinde fid —URHEX-SG nane) manufactyured by Ube _
| ndustries, m Ltd.] hgving a {hickness off 50|[erf] mpy usg of alreverse
rol | “coater t)qpbt%in a fli | mfadhesi v |n whifch the |15 pdhesiive | ayer jhad a
t hi ckness of B&H[p& ][m The dryi "® |9 [tereBafurel|was %8§[er$]C Paxfi num
tenperature) qr§  he drying|ti wgds 6 |{m nlites} ~Th sJ.EiIn'T‘adh si vie was
hot - presged| ontjo a{35 fferr| m cloppgr faoil fto p epaf &~ 8 test pj ecd.
The fil m adhegie Wag_gg;._t_ao bohded on ltheltreated] 20 surface oflth .'U
copper foil a ;?5 [err] C|for |2 spconds gnd, affer pressyre ref eader
anneal i ng was conduct ed at 2p0[efr]d for 3D sefands. gheé presfsure 9
applied on tha-g_adhgsion A | SUrf&d Rad 8 kag/ :r’r{e'-ra as § 1e3ul t] of
calculation franithe| - pressure daugg andgl the adpesi o5 @r¢a’ The tdst
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25 a 180[e

rr]

peellng str

“adhesivity. On th#&l
failure and no foam

i

il

3. kgf/cn1and showed:
adhesi ve r &g
The results are shf

- 40 Exanpl e The ggarni sh of Exal &
on a bi axially stretched polyester f|In1[DIAFOl_(trade nane)
manuf act ured_by Mt subishi Rayon Co lid ] having 2 t hi ckness of 50
[err]m The drying terperatJre s 185 err]C (frrexifmumf t enper at yr e)
and the dryzn; ting wag 6 m hytes. After frying, tte-p)lgester fli | m
was rempvedzby peelli ag & obf @ n siQgl ef Gayer] Rillnwol 2| [Rerr]min
thi ckness| & | h@vijng no sub:txat N Thie peel i hg way Sagy=and hhei no| 10
.. [ Q
particul ar g)r bt €m| Thd resul ts en the filmwas bgnded tp the{luster
surface ofl__a_copperl foill in phe sane nner aslin Exanple {10, afe
shown in Tabl g 4. '
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. Reactions wer e conduct ed in tﬁéﬂ$681‘EETf&mseBEEN ..
®usi-ng the recipes shown in Table 4, fo REﬂEﬂﬁDn

Exanpl es 12-14

as Tl’! Sh

sol ubl ﬂlﬁ m mﬁ sins. Film adhesi ves were obt ai ned—tust+rg—tHe
pon| e results of eval ugfion for the filmadhesives are
shown in Table 4. Each of the fil m adhesives shows excel |l ent

properties.

10

15

20

25

- Hi Table 1f70dpa is an abbrevition oerL) 4~
oxydiphthalic acid dianhydride; BPDA is an abbreviation
of 3,3’,4,4'-biphenyltetracarboxylic acid dianhydride;
BTDA is an abbreviation of-4,4'-benzophenonetetracarboxy-
lic acid dianhydride; PA is an abbreviation of phthalic
anhydride; BAPP is an abbreviation of 2,2-bis(4-(4-
aminophenoxy)phenYl)propane; APB is an abbreviation of
1,3-bis(3~aminophenoxy)benzene; DPX is an.abbreviation of
2,5-dimethyl-p-phenylenediamine; APPS is an abbreviation
of «,e~-bis(3-aminopropyl)polydimethylsiloxane; and PPA is
an abbreviation of p-phenoxyaniline.

The figures in composition column each indicate
an equivalent ratio of each component in acid or amine
components; water absorption refers to the saturated
water absorption when the film was allowed to stand in an
environment of 85°C and 85% (relative humidity) for 168
hours (HH-168 treatment); generated gés refers to the
amount measured by GC-MS method, of gas generated when
the film was heated at 250°C for 15 minutes; and
generated water refers to the amount measured by Karl
fischer method, of water generated when the film was
heated at 250°C for 15 minutes. S in solubility column
indicates "soluble in the relevant soclvent".

Example 26

688 g of dehydrated and purified NMP was placed
in a four-necked flask equipped with an inlet tube for
dried nitrogen gas, a cooler, a thermometer and a

stirrer, and was vigorously stirred for 10 minutes with



43 - [err] . - - a4 -

In Table 4, ODPA is an abbreV| at i on of 4 4" -~ . oxydi pht ﬁH!ScSQEﬁTdHAS BEEN
di anhydri-de; BTDA is an -abbreviation- : ' L ~ REPLACED

4, 4' -benzophenonet etracarboxylic acid dlanhﬁgrlde; BPDA'Ts ‘an
abbreviation of 3,3',4,4" -biphenyltetra- carboxylic acid di anhydride;

APB is an abbreﬂiﬁkb@énoﬁas beih

abbrevi ati on

33 pRLS63- BREROPREHNY ) befgane; +BARBEI S an

of 2, 2-bi s(4-(4-am nophenoxy) phenyl) hexa lor opr opane;

and APPS is an abbéeaddédoasossﬁsrg](@l§66 AOLEPPSPPY| 2=bis (4-(4-
pol ydi nmet hyl si | oxane.

%

10

15

20

25

- aminophenoxy)phenyl )propane (BAPP), 23.3869 g (0.08 mole)

of 1,3-bis(3-aminophenoxy)benzene (APB), 10.8957 g (0.080
mole) of dimethylphenylénediamine (DPX) and 66.9600 g
(average molecular weight: 837, 0.080 mole) of «o,w-bis(3-
aminopropyl)polydimethylsiloxane (APPS). The system was
heated to 60°C and stirred until it became uniform.

After the system.became a uniform solution, 2.3699 g
(0.016 mole) of phthalic anhydride was added. The
mixture was stirred for 1 hour. Then, the system was
cooled to 5°C in an ice water bath. Thereto were added,
in 15 minutes, 91.7966 g (0.312 mole) of.3,3',4,4'-
biphenyltetracarboxylic acid dianhydride and 25.7784 g
(0.08 mole) of 3,3’,4,4'-benzophenonetetracarboxylic acid
dianhydride both of powder form. Then, stirring was:
continued for 3 hours.

Then, the nitrogen gas inlet tube énd the
cooler were removed. A Dean-Stark tube filled with
xylene was fitted to the flask and 172 g of toluene was
added to the system. The system was heated to 175°C in
an oil bath and the water generated was removed out of
the system. In 4 hours of heating, the generation of -
water from fhe system was not seen. After cooling, the
reaction mixture was placed in a large amount of methanol
to precipitate a polyimide resin. The solid was
collected by filtration and vacuum-dried at 80°C for 12

hours to remove the solvent to obtain 257.32 g (yield:

dThis Sheet Has Been Rep Iaoe'




10'; ' - The figures in conpoSitien colum each indicate * ' an
"equi val ent ratio of each conponent in acid or ‘am ne 2000 : ater. -
OFHISCSMETfHASnBEm :

absorption refers to the saturated. =~ water absorptlon
the filmwas allowed to stand in an_eryvi ronment of d5[err Repprgpd5%"
(relative 15 humdity) for 168 hours (HH 168 treatnent)y ~Gas—-
refers to the a8®umt) nefsarsoliy BEIMS meiGesiin G measeaer#bed in
total filmwhen the filmwas heated at 250[err]C for 15 mnutes; and
generiat ed wat erinffared tabsdrptimuspect runitns & ®Bb\takdldt sEhsd, met hod,
of wat er generated in 20 total filmwhen the filmwas heated at 250[err]C.
for 15 m nuhesch gaves@mpahadnpsibramt & 644 by cyclic imiddRdssid ons
wer e ‘conducted in the same nmanner as in Exanpl e 10, using the recipes
shown in Tabl e Bt iy FBSIMEIR 961 \i-Picdeur byl amide bhonadhe Pues, Wit evas

obt ai ned usi ng_the polyimde resins. The results of evaluation for
the film adh‘%sﬂﬁ&f%‘gw itheTAssdng was nearly 100% imidimsd. 4, PVDA is

an abbrevi ati on of d1 Ai
Incidenta ly, the molar ratios of the acid components and

amine components were a/(a+b+0.5£)=0.78,
b/(a+b+0.5£)=0.2 and e/(c+d+e)=0.2, respectively.
The thus-obtained polyimide resin was dissolved
10 in cyclohexanone/toluene (90/10 w/w%) to prepare a
polyimide resin varnish héving a solid content of 25%.
This varnish was coated on one side of a polyimide film
(UPILEX SGA (trade name) manufactured by Ube Industries,
Ltd.] having a thickness of 50 um, by use of a reverse
15 roll coater to obtain an adhesive tape in which the
adhesive layer had a thickness of 30 pm. The drying
temperature was 185°C (maximum temperature) and the
drying time was 6 minutes. The adhesive tape was hot-
pressed onto a 35 um copper foil to prepare a test piece.
20 The adhesive tape was contact-bonded on the treated
surface of the copper foil at 250°C for 2 seconds and,
after pressure release, annealing was conducted at 250°C
for 30 seconds. The pressure applied onto the adhesion
surface was 4 kgf/cm? as a result of calculation from the
25 gauge pressure and the adhesion area. The test piece had
a 180° peeling strength of 3.12 kgf/cm and showed
excellent adhesivity. On the rupture surface, the

adhesive resin layer caused cohesive failure and no

s Sheet Has Been Re Iacel .
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- 45 - ' benzenetetracarboxyllc aC|d dlanhydrlde ~and 4, 4 - DDE is

an abbrevi ation of 4,4'-dianinodi phenyl ether. "THIS SABET ﬁAslm
fromthe above Exanples t he present i nvention enabjes pr ﬁbtﬁn of R
fil madhesive 5 having high heat resistagge.-and | ow hygroscop!

Exanpl e 15 755 g of dehydrated and purified NVWP was placed

in a four-neckefbdmiask verismar, Wite afesulltef dreeHdwn in Tablied Nitrogen
gas, a cooler, a thernoneter and a 10 stirrer, and was vigorously stirred

for IO n1nutes Badnple 27 nitrogen gas being passed t her et hr ough. Then,
thereto wer e added 100. 4400 g (0.120 nole) of [err]-bis(3-

anm nopr opyl ) pol ydi met hyl ﬂhmm:(s@lﬁ) EXAMAe/ 26 wak toated omw e) of

2, 2-bi s(4- (4-am nophenoxy) phenyl ) propane (BAPP) 15 and 10.8957 g (0.080
ol e) of 2,5-dibdeially stargtiches polyesdiemifiidm DYAFOMIe (Hrademnaae )

heated to 60 err]C and stirred until it became uniform After the
syst em beca manufactured by Mitsubishi Rayon Co., Ltd.] having a

thickness of 50 um. The drying temperature was 185°C
(maximum temperature) and the drying time was 6 minutes.:
After drying, the polyester film was removed by peeling
to obtain a single-layer film of 30 um in thickness

10 having no substrate. The peeling was easy and had no
particular problem. The results when the film was bonded
to the luster surface of a copper foil in the same manner
as in Example 26, are shown in Table 8.
Examples 28-30 |

iS Soluble polyimide resins were obtained in the
same manner as in Example 26, under the conditions shown
in Table 8. The results of evaluation for these poly-
imide resins are shown in Table 8. Each of the adhesive

tapes shows excellent properties.
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watt—:w fromthe systemwas not seen. After coollng, the . reactidn-'

mxture was placed-iH! sddesn Re laée met hanol op : -
pol yi mi de resin. The so ﬁ bl | ected by filt rat i oh THISISHEET HAS BEEN
vacuumdri ed at 80[err] ours 69 +enove the sofvent REPLADERI n
284.99 g (yield: ;

solid.resin. The resi.n

|nfrar ed absor nf4 an cngg_L_r_u,m_bH_KRr Tahl et net bhod, ich aav an
absorpti on| at 5,.U6 [erq] m byj cyclic imfde bond but | no pbsdrpti op at
6.06 Terr] m:ny @nilde bond. [TQus, |it wds 15 confirfred fhat tx.he resin was
near |y 100064 ni &i Zeg. ~ ‘o The cthus Bbt ai n-ed ol ylcm deg resi n was
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The. adhe5|ve tape was cont act - bonded on the treated —surface of the
copper foil at 250[err]C for- 2 seconds and, THIS SHEET HAS BEEN
- 47 - “after pressure rel ease, anneallng was con_ucte REPL
for 30 seconds. The pressure applied ontogshe adhesi ot '

kgf /cnferr] as a result of calculation fromthe gauge pressure and the
adhesi on area. ‘The test Im @ablead, BPDAa iE3@necrabbresdlatigprstaength of 2. 75
kgf/ cm and showed excel | ent adhesivity. On the rupture surface, the
adhe- si v8 13 sidn 4'apdpheayitetrelasboxylldid woddand anhyfdmidery BTDA  was
seen. The results are shown in Table 5.. - Exanple 16 10 The
varni sh of Exargsl @nlgbkrevigsion off 4,4’ -bebizaphsnonetetaasiaabqry Mast er
filnt[D AFQ L (trade nane) manuf actured by M tsubishi Rayon Co., Ltd.]
havi ng a aifick fdashyrdride; e PA] &S anhéb@mm@ttlmp@rfamtéladalsc 185[err] C

(naX|nun1tenperature) and _the drying tinme was 6 m nu
anhydride; BAPP 1is” an abbreviation of 2 2—blS(4 (4-

aminophenoxy)phenyl )propane; APB is an abbreviation of

1,3-bis({3-aminophenoxy)benzene; DPX is an abbreviation of

2,5-dimethyl-p~-phenylenediamine; APPS is an abbreviation

of «,w-bis(3-aminopropyl)polydimethylsiloxane; and PPA is
10 an abbreviation ef p-phenoxyaniline..

The figures.in composition column each indicate
an equivalent ratio of each component in acid or amine
components; water absorption refers to the saturated
water absorption of total film when the film was allowed

15 to stand in an environment of 85°C and 85% (relative
humidity) for 168 hours (HH-168 treatment); generated gas
refers to the amount measured by GC-MS method, of gas
generated from total film when the film was heated at
250°C forlls minutes; and generated water refers to the

20 amount measured by Karl Fischer method, of water
generated from total film when the film was heated at

250°C for 15 minutes.

INDUSTRIAL APPLICABILITY
The present invention can provide a film
25 adhesive of high reliability having both heat resistance
and adhesion workability. The present film adhesive

provides an advantage particularly when copper, which is

dThis Sheet Has Been Rerlace




15 After drying, the polyester filmwas removed by peeling  ‘to-obtain a
single-layer filmof 32 [err]min thickness havi.ng no substrate The
‘peel i ng was easy and had no particul ar problem The. r

filmwas bonded ‘to the luster surfaceggf a copper f $I|$1H?-ﬁt @wgtﬁl '
manner 20 as in Exanple 15, are shown in f2bie 5. aanBEHimEDO
Sol ubl e polyi m &les 1 B deidied OARG idy G ead FriavE Ws@st}i@ '
Exanpl e 15, under the condi ti ons shown - in Table 5. The results of
eval Tation for phesentpofiyim afhdgiivie dagsives a@fpa.lsiap\ut TowT ai&x@éi:aﬂi&eas of
t he adhesive - tapes shows excellent properties.

-48- | [err] in a short time without incurring the oxidation of copper

surface. Further, since the present film adhesive is

S soluble in low-boiling solvents, the residua; solvent
content in the film can be controlled at a very low level
by using mild drying conditions as compared with the
drying conditions used for conventional polyimides.
Furthermore, since the present film adhesive is already

10 imidized, no high-temperature step is required for
imidization and no water is generated, during the"
application of the-adhesive. Thus, the present film
adhesive has features such as low water absorption, low (
impurities content, generation of wvery small amount of

15 gas during heating, and the like; therefore, it has a
very high industrial value as an electronics material in
'which-high reliability and heat resistance are required,
particularly as a material for mounting of semicon-

ductors.
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CLAIMS | | |
° 1. A film adhesive comprising, as the main.

constituent, a polyimide resin having a glass tranéition
temperature of 350?C or lower and soluble in organic
5 sol&ents, which polyimide resin is obtained by reacting
at least one of the following acid components (A) and (B)
(A) 4,4'-oxydiphthalic acid dianhydride
(B) 3,3’,4,4'-biphenyltetracarboxylic acid
dianhydride and/or 3,37,4,4'-

10 benzophenonetetracarboxylic acid dianhydride
with at least one of the following amine components (C)
and (D)

(C) a siloxane compound represented by the
following general formula (1) and/or 2,2-bis(4-

15 (4-amino- phenoxy)phenyl )propane

H,N-R; Sl" Sl—Rz-'NHz ( 1 )
k R - |

wherein R; and R, are each a bivalent'aliphatic
(C;.4) or aromatic group; Rs;, R;, Rs and R, are
each a mono-valent aliphatic or aromatic group;
20 . and k is an integer of 1-20,
(D) bis(aminophenoxy)benzene and/or

dimethyiphenylene-diamine

to give rise to ring closure of imide.

2. A film adhesive according to Claim 1, wherein

25 the polyimide resin is capped, at the molecular ends,

s Sheet Has Been Relplacet




- 51 - ' ' In Table 5, CDPA IS an abbrevnatlon of 4, 4'"' '
oxydlphthallc aci d di | s an abbreviatio

pyronel litic acid an ﬂll"mmmu"lmmll abbrevi ation of | THIS §Wﬁ‘ﬁ E@é BEEN
anhydride; APPS is an*abbrebialioh df [errlsghis(3- 5 : EPL

am nopr opyl ) pol ydi net hyl'si | oxane; BAPP is an abbrevi ation :

2, 2- bi s(4- (4- anindyp e aod)p ethgdrideD agireS¥edhtiedl By the wbxwix'ﬁjl on of
1, 3- bi s(3-am nophenoxy) benzene; DPX is an abbrevi ati on of

2, 5-di net hyl - p-genEnd lerfadimadian ;2 Jarnd: BPA aromatis amiaidrmeprdéseantai by
p- phenoxyaniline. 10 The figures in conposition colum each

i ndi cat e dhee g Mavwimg gemexadf feammleor@irrent in acid or am ne
compbnents; water absorption refers to the saturated wat er absorption
of total filmwhen the filmwas all owed Q0 to stand in an environnment of

85[err]C and 85% (relative 15 humidity) f 1 168 hours (HH 168 treatnent).
Conpar ati ve Exanples 6-7

X0 _ (2)

e

0

5 (X is at least one group selected from [::]:: ’ [::]::,
H,C =C
o= O
Y
-

wherein Y is at least one group selected from hydrogen
10 atom and methyl, ethyl, propyl, butyl, phenyl, methoxy,
ethoxy, propoxy, butoxy and phenoxy groups.
3. A film adhesive according to Claim 1 or 2,
wherein the polyimide resin is composed by using the acid
component (A), i.e. 4,4’ -oxydiphthalic acid dianhydride
15 in an amount of 60 mole% or more based on the total
amount of the acid components.
4. A film adhesive according to Claim 1 or 2,

wherein the polyimide resin is composed by using, as the
-
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Pon|n1de resins were obtalned In the sane _manner as in Exanpl e 15

pol yi m de

i 750 AP < 2 NN

Conparative

Exanpl e 6
conpo-
BTDA

PA
APPS

100

Conpar ati ve ltens . REPLACED
Bip| @oponent (B), p moles of R , 4, 4A-blp1—£§n1¢11_
BPD

PIVDA nents Conpo- -

tetracarboxylic acid dianhydride &fd «j tnakes of BPDA
47.5 - 47.5
3,3,4, 4’ -benzophenonetetracarboxylid acid dianhydride in

Am ne BAPP - 100

cApRportions satjsfiwing 0.5<p/(p+g)<0.9.

5 5. A film adhesive according to Claim 1 or 2,

10

15

20

25

wherein the polyimide resin is composed by using, as the
amine component (C), a siloxane compound represented by
general formula (1) in an amount of 5-60 mole% based on
the total amount of the amine components.

6. A film adhesive according té Claim 1 or 2,
wherein the polyimide resin is composed by using, as the
amine component (D), 1,3-bis(3-aminophenoxy)benzene in an
amount of 10-90 mole% based on the total amount of the
amine components.

7. A film adhesive according to Claim 1 or 2,
wherein the polyimide resin is composed by using, as the
acid components, a moles of 4,4’-oxydiphth£lic acid
dianhydride and b moles of another tetracarboxylic acid
dianhydride and, as the amine components, c moles of o, -
bis(3-aminopropyl)polydimethylsiloxane, d moles of 1,3-
bis(3-aminophenoxy)benzene and/or dimethyl?henylene-
diamine and e moles of another diamine in proportions
satisfying a/(a+b)20.6, 0.6>b/(a+b)20, 0.1<c/(c+d+e)<0.6,
0.6<(c+d)/(c+d+e), 0se/(c+d+e)<0.6 and
0.950<(a+b)/(c+d+e)<1.02.

8. A film adhesive according to Claim 1 or 2,
wherein the polyimide resin is composed of, as the acid

components, a moles of 4,4’-oxydiphthalic acid

IThis Sheet Has Been Rer
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PPA

“Aci d/-ani.ne .

APB _ o }
oo o T e
sol vent L ol ™ epLacep
mmmmnammmum : | 2%@-

([err]C Filmdrying condltlons : | Tine (min)y

30 dilanhydride and b moles of anothéﬁﬁﬁétracarboxyllc acid

UPI LEX Not used Tape constitution

Thi ckness ([errdignhydride and 5@/2@he amine codMponkHiss ,prcormle@%f o, 0
Condi - Uni t tions Water absorption

HH- 168 f%ls(3—am1nopmqpyl)polyd;meﬁhjiélloxane, d moles of 1,3-
treatment Cenerated gas GC- M5 ppm 431

542 bis(3-aminophenoxyjbengeéne and/or dimethylphenylene-

- 53- Conparative - Conparative

5 diamine and e moles of another diamine, and wherein the

polyimide resin is capped, at the molecular ends, with f

moles of an acid anhydride represented by'general formula

(2) or g moles of an aromatic amine represented by

general formula (3), and wherein the molar

ratios of a,

10 b, c, d, e, £ and g satisfy 0.6<a/(a+b+0.5f),

0<b/(a+b+0.5£)<0.6, 0.1<c/(c+d+e+0.5g)<0.6,

0<e/(ctd+e)<0.6, 0.01<f/(a+b+0.5£)<0.05 and

0.012g/(c+d+e+0.5g)<0.05 and either of f and g is 0.

9. A film adhesive according to Claim 1 or 2,

15 wherein the poiyimide resin is composed by

using, as the

acid components, p moles of 3,3’,4,4’'-biphenyltetra-

carboxylic acid dianhydride and q moles of

3,3',4,4'-

benzophenonetetracarboxylic acid dianhydride and, as the

amine components, ¢’ moles of 2,2-bis(4-(4-

20 aminophenoxY)phenyl)propane and d moles of

1,3-bis (3~

aminophenoxy)benzene in proportions satisfying

0.55p/(p+g)<0.9 and 0.1=<d/(c’+d)<0.9.

10. A film adhesive according to Claim 1 or 2,

wherein the polyimide resin is composed of, as the acid

25 components, p moles of 3,3’,4,4'-biphenyltetracarboxylic

acid dianhydride and q moles of 3,3’,4,4’-benzophenone-

tetracarboxylic acid dianhydride and, as the amine

components, ¢’ moles of 2,2-bis(4-(4-~

heet Has Been Replacec
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-Itens Exanple 6 Exanple 7 Karl .

it ed v AT oo %% (70 et e

ture Adhesion*cofditi ohs ¢ Secpnds 2/ 3
Pressure kgf/cnferr] 4/0 Adher end -
Copper Cbpperamfnephegoxyophgnyl)propaﬂéOéndra moles wfif L¢B+bis(36.78

( Foaned) peel i ng As clear fromthe
abowe Exanpl esammopbﬁipaxmbenzene»ven&xuhpresn the pedyémidenvesinois
enabl es production of a polyimde resin soluble in organic solvents
and havi ng2PPeR: hdkt thesralemebannandsw wighobcoplest 9f aB Eridpl es 21
and 22 _ Sol ubl e polyimde resins were_obtained in the same_nanner
as in Exanpl e qlshY@ﬁa% FReTesfuted oRY gﬁaﬁﬁalnqum}léaﬂz‘rher g pedefts of
eval uation for these imde resins are shown,in 10 T?b . Each of the
adhesi ve t apes®Endhs2 9@ FLEntMpRpEPPFRESNted by genera formu a (3).,

and wherein the molar ratios of p, q, c’, d, £ and g

satisfy 0.5< p/(p+q+0.5£)<0.9, 0.1<d/(c’+d+0.5g)<0.9,
0.012£/(p+q+0.5£)<0.05 and 0.01l<g/(c’+d+0.59)<0.05 and
either of £ and g is 0.

10 11. A film adhesive according to Claim 1 or 2,
wherein the polyimide resin is composed by using, as the
acid components, p moles of 3,3’,4,4’'-biphenyltetra-
carboxylic acid dianhydride and q moles of 3(3',4,4’-
benzophenonetetracarboxylic acid dianhydride and, as the

15 amine components, ¢ moles of a,w-bis(3-aminopropyl)-
polydimethylsiloxane, ¢’ moles of 2,2-bis(4-(4-
aminophenoxy)phenyl )propane and d moles of 1,3-bis(3-
aminophenoxy)benzene and/or dimethylphenylenediamine so
that the molar ratios of p, q, ¢, c’ and d satisfy

20 0.55p/(p*+g)<0.9, 0.1=qg/(p+g)<0.5 and 0.05%c/(c+c’+d)=<0.5.
12. A film adhesive according to Claim 1 or 2,
wherein the polyimide resin is composed of, as the acid
components, p moles of 3,37,4,4'-biphenyltetracarboxylic
acid dianhydride and g moles of 3,3’,4,4'-benzophenone-

25 tetracarboxylic acid dianhydride and, as the amine
components, ¢ moles of «,w-bis(3-aminopropyl)-
polydimethylsiloxane, ¢’ moles of 2,2-bis(4-(4-

aminophenoxy)phenyl)propane and d moles of 1,3-bis(3-

H_,—~——————~—‘———'—'
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| t-ens
80
BTDA .
BAPP
15
APPS

100 nruﬁlﬂ mlmmruiﬂﬂ conpo n':é rllt. s | Ewéﬁ%:&é@ﬁs) BEEN ilon

10

15

20

25

..-54- o . Table 7 °

- 72 -PA

70 -Am ne APB 20
a@%ﬁﬁghﬁgggy)benzene and/or dlmethylgyenylenedlamlne;Khnd

20 f ‘PPA
wherein the polyimide resin is capped, at the molecular

ends, with £ moles of an acid anhydride represented by

general formula (2) or g moles of an aromatic amine

represented by general formula (3), and wherein the molar

‘ratios of P, 9, ¢, ¢, d, £ and g satisfy

0.5<p/(p+q+0.5£)<0.9, 0.15q/(p+q+0.5£)<0.5,
0.05sc/(c+c’+d+0.59)<0.5, 0.01<f/(p+q+0.5£)<0.05 and
0.01=g/(c+c’+d+0.5g)<0.05 and either of f and g is 0.
13. A film adhesive according to Claim 1 or 2,
wherein the polyimide resin is composed of, as the acid
components, a moles of 4,4’-oxydiphthalic acid
dianhydride and b moles of one or two tetracarboxylic

acid dianhydrides selected from the group consisting of

.3,3',4,4'-biphenyltetracarboxylic acid dianhydride and

3,3’,4,4’ -benzophenonetetracarboxylic acid dianhydride
and, as the amine components, c moles of «,w-bis(3-
aminopropyl)pol&dimethylsiloxane, c’ moles of 2,2-bis(4-
(4-aminophenoxy)phenyl)propane and d moles of 1,3-bis(3-
aminophenoxy)benzene and/or dimethylphenylenediamine so
that the molar ratios of a, b, ¢, ¢’ and d satisfy
a/(a+b)20.6, b/(a+b)<0.4 and 0.05<c/(c+c’+d)=<0.5.

14. A film adhesive accoxding t6 Claim 1 or 2,
wherein the polyimide resin is composed of, as the acid
components, a moles of 4,4’-oxydiphthalic acid
dianhydride and b moles of one or two'tetracarboxylic
acid dianhydrides selected from the group consisting of

3,3’,4,4'~-biphenyltetracarboxylic acid dianhydride and

his Sheet Has Been Replacec
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- To be cont'd - '

EEZEQFENENT EEEE{ 4, 4'_benzophenonetetracarboxyfic acid dianhydridil_

ltens

22 =Tape and, asB@®€ amine components, ¢ moldd L&X o, u-BYY (45ed
constitution
¢ aminopropyl)polydimethylsiloxane, ¢’ moles of 2,2-bis(4-

(4—aminophenoxy)phenyi)propane and d moles of 1,3-bis(3-

.5 aminophenoxy)benzene and/or dimethylphenylenediamine, and
wherein the polyimide resin is capped, at the molecular
ends, with f moles of an acid anhydride represented by
general formula (2) ox aﬁ aromatic amine represented by
general formula (3), and wherein the molar ratios of a,

10 b, ¢, ¢’, d, £ and g satisfy a/(a+b+0.5£)20.6,

.b/(a+b+0.5f)$0.4, 0.052c/(c+c’+d+0.5g)=0.5,
0.01<f/(a+b+0.5£)<0.05 and 0.01<g/(c+c’+d+0.5g) and
either of £ and g is 0.

15. A film adhesive comprising a heat-resistant

15 film base and a film adhesive of any of Claims 1-14,
applied on one side or both sides of the filﬁ base.

16. A film adhesive according to Claim 15, wherein
the heat-resistant film base is a polyimide film having a
glass transition temperature of 350°C oxr higher.

20 17. A process for producing a film adhesive, which
comprises casting, on one side or both sides of a
supstrate, an organic solvent solution of a polyimide
resin having a glass transition temperature of 350°C or
lower and soluble in organic solvents, said polyimide

25 resin being obtained by reacting at least one of the
following acid components (A) and (B)

(A) 4,4’-oxydiphthalic acid dianhydride

R
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(B) 3,3',4,4'-biphenyltetracarboxylic acid



Thi ckness ([err]m . . 50/30 . - 30 Tape . - Cbndltlons

Unit properties Water . ~ HH 168" %
0.25 absorption treatment Generated gas GC- M5 THIS SHEE—?i% BEEN
176 210 : nethod74GEnerated “;ﬂﬁpL
0. 47 0.29 water Fi scher” : © . method
Tenperature [err]C nl%ﬁﬁn.de ant/250 3 Adfiesion  conditi ons
Ti me Seconds 30 21 3d Pressure
kgf kcnferr]. | 4/ 0 benzdﬁﬂénoﬂ@%@ﬁ%&%arboxylxc acid dlanhydrlde
Copper Copper Peel i ng . 80[err] _ kgf/c 2.83
2.7Q strengthrith at lgwal idi@ of the follow;ng amine components (C)
and (D)
5 (C) a siloxane compound represented by the
following general formula (1) and/oxr 2,2-bis(4-
(4-amino- phenoxy)phenyl )propane ‘
Tz Rs
H,N-R,+Si- Si-R,~NH, (1)
R, /k Rg
wherein R, and R, are each a bivalent aliphatic
10 (C1-s) or aromatic group; R;, R,, Rs and R are

each a mono-valent aliphatic or aromatic group;
and k is an integer of 1-20,
(D) bis(aminophenoxy)benzene and/or
| dimethylphenylene—diamine
15 to give rise to ring closure of imide.
18. A process for producing a film adhesive
according to Claim 17, wherein the polyimide resin is
capped, at the molecular end#, with an acid anhydride
represented by the following general formula (2) or an
20 aromatic amine represented by the following general

formula (3):

A
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.56- B |l.n-Table 7. ODPAis an abbreV|at|on of'
oxydi pht hal i ¢ aci d di anhydri de; BPDA i.s .an abbreviation

2b§re3| gt [ onqmul "mﬂm:ﬂ"wm Iolngt 2tC|rgcg1r gg(];?“ dg I i.c Iac:B-cli_. A

is an abbrevidtidn of Bhthalic . anhydride: BAPP is an abbreviation of

2,2-bis(4-(4- am nophenoxy) phenyl ) propane; APB is an abbrevi ati on of
1, 3- bi s(3-am nophenoxy) benzene; DPX is an ﬁbbreviation of

2, 5«di net hyl - p- phenyl enedi am ne; APPS is alj abbreviation 10 of _
[err]-bis(34aninopropyl)polydinethyI5|Io% . and PPA is Q

abbgevi ation of p-phenoxyanili ne. The figures in é@np05|t|on
colum each indicate an equivalent raffi o of each conponent in acid or
am ne conponents; water absorption rég;rs to the saturated 15 water
absorption when the filmwas allowed to stand in an envi.ronnent of
85[err]C and 85% (relative humdity) for 168 hours (HH 168 treatnent);

generated gas refers to the

(X is at least one group selected from [:::I:: ’ [:::I::,
L QU

o O "
QL =
-

(3)

wherein Y is at least one group selected from hydrogen
atom and methyl, ethyl, propyl, butyl, phenyl, methoxy,
ethoxy, propoxy, butoxy and phenoxy groups.
19. " A process for producing a film adhesive
10 according to Claim 17 or 18, wherein the substrate is a
polyimide film having a glass transition temperature of
350°C or higher.
20. A process for producing a film adhesive
according to Claim 17 or 18, which comprises peeling the
15 substrate after casting and drying.
21. A process according to Claim 20, wherein the
substrate is a biaxially stretched polyester f£ilm.

22. A process for producing a film adhesive

Sheet Has Been Replacec
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armunt measur ed by GC- M5 net hod, of gas generat ed when = the
heated at 250[err]C for 15 minutes; and 20 generated water re'ﬁi-#Sss-'
“anount rreasured by Karl Fi scher met hod, of -water generat ¢
filmwas heated at 250[err]C for 15 mr%utes S in sol ubfMH sy
i ndi cates "soluble in the rel evant sol vént Exanpl e 23 = 25
688 g of dehydrat ed and purifie in a four necked, f | ask
equi pped wi t h 35F954 ttlp?ognfyoP(% %ﬂse&pll 'oé"é’r}‘c&’asconémf:‘o%?%rc %tlng

t herronet er and & polfi&d rres%%dsv\qutlo%or ousa Y3id gr#atq__? or 1Qen%€%

W th

| g?f§ed2t B?;?z%(t%%%qc s-gg'sn%r?g:)%enox%) f;ilheny\ﬁ'ﬁ1 og’%%d‘ g} Cg %6%&9 {rgl o
rrrrgl 3 of di rret#’%eﬁcﬁ%enedl a%gng%%)lg%e% A ("%’3 d'ojno M%&iﬁ&%e

5 dried polyimide resin from the substrate.

|
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. (average nol ecul ar wei ght- 837,- 0.080 nole) of [err]-bis(3- - = '

am nopr opyl ) pol ydi met hyl:si | oxane. (APPS) " The'.system was . heated to
60[err]C and stirred until it became uniform After the system becane
a uniformsolution, 2.3699 g 10 (0.016 nole) of phthalic anhydride was
added. The m xture was stirred for 1 hour. Then, the system was
cooled to 5[err]Cin an ice water bathtA%?ﬁéﬁﬁf were added, . in 15
mnutes, 91.7966 g (0.312 nole) of 3,3'77474"- bi phenyl t et racar boxylic

b A T o w0 T T g
o 7 9EN, S5l Shaf 0% Al Witn con 9P ELatIS STRUSEIe APERL SLTK
1 " S PRI SRS VBRSSO TR LLE ey, 5"
LoV o oregt) iy USSR AAle col B, \GOILN WO RULERL YRG0
et hanol SPrPIREd Py At ity W I dEYde PR #L Ping acid
components (A) and (B)
(A} 4,4'-oxydiphthalic acid dianhydride
(B) 3,3’,4,4'~-biphenyltetracarboxylic acid
10 dianhydride and/or 3,3’,4,4’'-
benzophenonetetracarboxylic acid dianhydride
with at least one of the following amine components (C)
and (D)
(C) a siloxane compound represented by the

15  following general formula (1) and/or 2,2-bis(4-

(4-amino-phenoxy)phenyl )propane -

R, Rs
| |

HzN—R,_{?i- ?i-Rz-NHz (1)
R; /k Rg N |

wherein R; and R, are each a bivalent aliphatic
(Ci4) or aromatic group; R;, R;, Rs and Ry are
20 each a monoévalent aliphatic or aromatic group;
and k is an integer of 1-20, *
(D) bis(aminophenoxy)benzene and/or
dimethylphenylene-diaminéi SR R
to give rise to ring closure of imide, as'well.a; a

25 process for producing said film adhesive.



col lected by filtration and vacuum.dried at 80[err]C fol REPLACEMENDSHEETo
regove the solvent to obtain 257.32 g (yield:

- 58 - . 89.17% of a solid resin. The resin was neps réﬂ:{f‘ﬂm 1097 A
infrared absorption spectrumby a KBr tabl gt method, ch gave a
absorption at 5.6 [err]mby cyclic inmide bond but | né—ebserptromal
6.06 [err]mby am de bo Lt : | Al the 1 1 Wa
nearly 100% i m di zed. nﬂ‘elgglaﬁgﬁkaﬁr@?nttﬁ%ﬁo aér'{ar%?i % lj]g%f l?lhcar %Iah

t . ' Reb i '
conponent s angl,3%3@%?%?2&%@2??5?88t I @ ifuiel GrHd PE AT EReSpbIqriffide

b/ (a[err]b[err err]dlerr]e)=0.2, respectively.

The t hus- obt aiued POy i digiso 68! 9cvaasdicheolaad ddhbdnents, p moles of

cycl ohexanone/tol uene (90/10 wwy "to prepare a pol yi mi de resin
var ni sh haV'”Q,@'S@)4ii%HEH%K¥I%e@§g%arboxjﬂﬂdia@&&ﬂéhaMﬁ dedaiee G pne

side of a polyinide film UPI LEX SGA (trade nane) manufactured by Ube

Industriess moles of 3,3’,4,4'-benzophenonetetracarboxylic acid
dianhydride and, as the amine components, ¢ moles of «,w-
bis(3-aminopropyl)polydimethylsiloxane, ¢’ moles of 2,2~
bis(4-(4-aminophenoxy)phenyl)propane and d moles of 1,3~
bis(3-aminophenoxy)benzene and/or dimethylphenylene-

10 diamine, and wherein the polyimide resin is capped, at
“the molecular ends, f moles of an.acid anhydride
represented by general formula (2) or g moles of an
aromatic amine represented by general formula (3), and
wherein the molar ratios of p, q, ¢, ¢, d, £ and ¢

15 satisfy 0.5$pl(p+q+0.5f)50;9, 0.1=5q/(p+g+0.5£)=0.5,
0.052c/(c+c’+d+0.5¢9)20.5, 0.01<f/(p+q+0.5£f)<0.05 and
0.0159/(c+c'+d+0.5g)$0.05 and eitﬁer of £ and g is 0.

The present invention resides also in a film
adhesive according to the above, wherein the polyimide

20 resin is composed of,.as the acid components, a moles of
4,4’-oxydiphthalic acid dianhydride and b moleé of one or
two tetracarboxylic acid dianhydrides selected from the
group consisting of 3;3',4,4'~biphenyltetracarbbxylic
‘acid dianhydride and 3,3’,4,4’-beniophenonetetra-

25 carboxylic acid diahhydride and, as the amine components,
c moles of a,m-bis(3—aminopropyl)polydimethylsiloxane, c’
moles of 2,2-bis(4-(4-aminophenoxy)phenyl)propane and d

moles of 1,3-bis(3-aminophenoxy)benzene and/or



Ltd.] having a thickness of 50 [err]m by use of a rev ﬁ&?LAﬁﬁmEﬂﬁlsﬂgggt

topobt ai n an adhesive tape in which the adhesi ve { ayer—trad~a Tt hi cCkness
of 30 [err]m The drying tenperature was 185[err] rrgxamjm 1997
tennperature) and the drying tinme was 2m'_nutes. The}adhesi ve tape S
hot - pressed onto a 35 [err] mcopper T0il to prepqre—a—test plece. {20

The adhesive H&R\%t‘f@sl%}@}{fﬁﬁé@f&iﬁﬁnéns&hﬁhé@%%%d molhr Std{ A€ he
copper foil at 250[érr]C flor 2 seconds and, after ure rel ease,
anneal i ng was CoRAUGRI BtsaAb0d BF rg)qa.,.b)zbqg ,30 /98ceNdY . 4Thendr essur e
applied onto the adhesion surface was 4 kgf/cnferr] as a result of
cal cul ation f pQmstdke ( 2% ' @BUgE. Pr essure and the adhesion area. The test
pi ece had a 180[err] peeling strength of 3.12 kgf/cm and showed

excel | ent adhesivity. OTH@rdyHriY eiswehitcon theides addkesinvea reslm | ayer
caused cohesive failure and no ' - 59 -
foam ng wasS sadhesife razdddimy eecshyiven albovabl eh8rein the polyimide

resin is composed of, as the acid components, a moles of
4,4’ -oxydiphthalic acid dianhydride and b moles of one or
two tetracarboxylic acid dianhydrides selected from the
groﬁp consisting of 3,37,4,4'-biphenyltetracarboxylic’
10 acid dianhydfide and 3,3’,4,4'-benzophenonetetré-
carboxylic acid dianhydride and, as the amine components,
¢ moles of «,w-bis(3-aminopropyl)polydimethylsiloxane, c’
moles of 2,2-bis(4-(4-aminophenoxy)phenyl)propane and d
meles of 1,3-bis(3-aminophenoxy)benzene and/or
15 dimethylphenylenediamine, and wherein the polyim;de resin
is capped, at the molecuiar ends, with £ moles.of an acid
anhydride repreSentéd by general formula (2) or g moles of an
aroma;ic amine represented by general formula (3), and
wherein the molar ratios of a; b, ¢, ¢’, d, £ and g
20 satisfy a/(a+b+0.5£)20.6, b/(a+b¥0.5f)$0.4,
0.052c/(c+c’+d+0.5g)<0.5, 0.01<f/(a+b+0.5£)<0.05 and
0.01=g/(c+c’+d+0.5g) and either of f and g is 0.
- The present invention resides also in a film
adhesive comprising a heat-resistant film base and the
25 above polyimide resin applied on one side or both sides
of the film_base.
The present'invention resides also in a film

adhesive according to the abo#e, wherein the heat-



Exanpke 24 ~ The varnish of Exampl e 23
biaxially stretched polyester film [DIAFOL (trade

by M tsubishi Rayon Co., Ltd.] having a t hi cknegs
drying tenperature was 185[err]C (maxi mum t enperfat
time was 6 m nutes. After drying, the polyester fi
peel.i ng to obtain a single-layer filmpf_30 [err :
having no substrate. The peeling was easy and had no parti cul |
probl em e TesTrtsWer the T mwas—bomdet LU‘FHE’?W§F§F=§E??§;% of
a copper foil in the same nanner as in Exanﬂlié?mE‘B‘,“aY?s siﬂﬂ\R/ﬁfﬁ‘r’;"Taol e
8. . Ekanples 25-27 15 *tems Sol ubl e pol|y7AFeE fesi|n&afBte
_obt ai ned rthe SATE Tarmel —as— 11 anrpte 23, ander —tiTg-Tondi tion
shown in Table 8. The resu E;%‘fof_.eval uation(for these doly-_ _, I m de
resins ar pSEMGRA®Y M2 T%bl e 8. Eabh"‘qf‘:t tfe jadhesivé  *:’fapeg shofw’®
excel | ent| properti es. necs0
' Tempera- *C 2590 250
ture
Adhesion conditions Time Seconds 2730 ’ 2/30
Pressure kgs/cm? z/0 ' 4/3
Adheread ' ‘ Coppers Copper
Peeling strength 180° kgs/em 0.78 (Foamed)
peeling

As clear from the above Examples and Compara-
tive Examples, the present invention enables production
of a polyimide resin soluble in organic solvents and

having high heat resistance and low hygroscopicity.

5 Examples-21 and 22

Soluble polyimide resins were obtained in the same manner
as in Example 15, under the conditions shown in Table 7. The
results of evaluation for these polyimide resins are shown in

10 Table 7. Each of the adhesive tapes shows excellent properties.



-60- {err] - 61 - [err]
-62- In Table 8, BPDA is an abbrev ation of

3,3",4,4" -bi phenyl tetracarboxylic acid dianhydri de; BTDA is an :
abbrevi ation of 4, 4'-benzophenonet etracarboxylic acid--di-arh drig$; PA
is an abbreviation of phthalic 5 anhyB¢ide; BAPP is| mppphbEdtiaibe!of
2,2-bis(4-(4- am nophenoxy) phenyl ) propane; APB i abbrevration pf
95 JUN 1987
Table 7
Items Example 21 EXample 22
ODPA 80 100
Acid
components
BPDA
Composition BTDA 19
PA 2
BAPP : 40 70
Amine APB 20 15
components
DPX 20
APPS 20 15
PPA
Acid/amine equivalent ratioc r 1.00 1.00
Varnish solvent Cyclo- Cyclo-
hexanone | hexanone
, Maximum 180 180
Film drying conditions | temperature
(°c)
Time (min) 6 6

- To be cont'd -



1, 3- bi s(3- am nophenoxy) benzene;
25 5-di net hyl - p- phenyl enedi am ne;
[ err]-bis(3-am nopropyl) pol ydi net hyl si | 'oxane;

abbrevi ati on of p-phenoxyaniline.

col um each
am ne

absorption of total i
envi ronnment of 85[err]C and 85% (rel ati"ve
(HH 168 treatnent);

conponents;

i ndi cat e

gener ated gas

an equi val ent
wat er absorption refers to
filmwhen the fil

rati o of edc

was al |l oned} 1
hum )
refers to the¢ amount measured Ry

DPX is an abbreviation of
APPS i s an abbrevi ation
and PPA is

10

of
an

T

conpo

ERLACERENT SHEP

q
ent 1.0 ad

h

it

SSZta% ui@ﬁgg’l n l ar

ry

sition
id or
wat er

GC- M5 nethq : heat ed
at 250[jerr] C for 15 mi nuttests and gener at ed wdt eExamplke s |t o Exaapl20
i m whon the 11l was heated at - 2bolerriC fdr 159 nurds. 22 [
i 55 sqrirve of high [SFF36i 11ty having bori] homrtres) of aad BE&¥!fle @
constitution
Thickness (um) 50/30 30
Tape Conditions Unit
properties
Water HH-168 % 0.59 0.25
absorption treatment
Generated gas GC-MS ppm 176 * 210
method
Generated Karl = % 0.47 0.29
water Fischer's
method.
Temperature | °C 250 250
Adhesior
conditions Time Seconds 2/30 2/30
Pressure kgf/cm? 4/0 4/0
Aherend Copper Copper
Peeling 180° kgf/cm 2.83 2.70
strength peeling




and ‘adhesion workability. The present film adhesive e tES T
advant age particularly when copper, which is REPLACEMENT
- 63 - easily oxidized, is used as a | ead frame, Q"uuoc e

present film adhesive can be applied at Logktgnperatt g jUN”BQ?Sﬁort
time without incurring the oxidation of copper urf Further,| sl nce

t he present fil madhesn&q}e,lsiblé g!)l?lpl lgn hoyblggjet‘ro le% ;‘? ; v%t he

resi dual solvent m can bé co

| evel g?Pégh@Hdif¥WQ (Hgﬁhﬁiﬁyfdgs ggﬁﬁgﬁgéﬂﬂﬁgbﬁfg%latlo Lylng

condi ti ons. usée conventi ona P urt her nore, since

pr esent flln1gghgsgveé g.a@%?%§$¥£¥£t¢ggggggg 1R qu?4€¥§ﬁﬁg?#r§63tep i's

required for ‘zatio no wat er enerate

appl i cation oérbhe 30ReSiatreliusti dl& 1 £580L bbhkBohe nondast & P3Sxy -
features such as |ow water absorption, |ow Implrities content,

generations of } yer ¥c3aBkl adMRPdHid@f; PA is an abbreviation of phthalic

2]

(h

anhydride; BAPP is an abbreviation of 2,2-bis(4-(4-
aminophenoxy)phenyl)propane; APB is an abbreviation of
1,3-bis(3~aminophenoxy)benzene; DPX is an abbreviation of
2,5—dimethyl-p-phenylenediamine; APPS is an abbreviation
10 of a,o-bis(3:aminopropyl)polydimethylsiloxane; and PPA is
an abbreviation of p-phenoxyaniline. . .
The figures in composition column each indicate
an equivalent ratic of each component in acid or amine
components; water absorption refers to the saturated
15 water absorption when the £film was allowed to stand in an
environment of B85°C and 85% (relative humidity) for 168
hours (HH-168 treatment); generated gas refers to the
amoun;.measured by GC-MS method, of gas generaeed when
the film was heated at 250°C for 15 minutes; and
20 generated water refers to the amount measured by Karl
Fischer method, of water generated when the film was
heated at 250°C for 15 minutes S in solublllty column
indicates "soluble in the relevant solvent"
Example 23
25 688 g of dehydrated and purified NMP was placed
in a four-necked flask equipped with an inlet tube for

dried nitrogen'qas, a cooler, a thermometer and a

stirrer, and was vigorously stirred for 10 minutes with



15 gas during heating, and the like; therefore, it has_a very. high
i pdustrial value as an electronics material in '“Rﬁ@thﬂMEN?'SHHEﬂ ty
and heat resistance are required, - particularly ag neterial £

pounti ng of sem con- ductors. - 64 -
CLAI M5 1. A film adhesive corrpr% sing, as the rr)UN 1837

constituent, a, i m de resi.n havin glass transitian tdre

of 350[errLC:%+ Fo R 94§ ESFGEI@% CEt Boggb entt eQMNRﬂF%Eﬁ?lrpde

conponent s 27\' 33 %(%?gagg 6823 g I<a°t A)Ge"a d 085, 8F oheabis g, anhygride
B) 3,3 ,4,4'-

S aa R °5*r“¥“5 Yy BRERRT st SBTRL 1 22- 2868 & DALAR el Sl o

with at |eastypng 5’%1??3ighkﬂ%ﬂgn%@ﬂ%e%oz@%‘e(‘ﬁsS 9 10. 89:a7nq; ((@. 080

5 mole) of dimethylphenylenediamine (DPX) and 66.9600 ¢

(average molecular weight: 837, 0.080 mole) of «,w-bis(3-
aminopropyl)polydimethylsiloxane (APPS). The system was
heated to 60°C and stirred until it became uniform.
After the system became a uniform solution, 2.3699 ¢

10 (0.016 mole) of phthalic anhydride was added. The
mixture was stirred for 1 hour. Then, the syétem was
cooled to 5°C in an ice water bath. Thereto were added,
in 15 minutes, 91.7966 g (0.312 mole) of 3,3",4,4'~
‘biphenyltetracarboxylic acid dianhydride and 25.7784 g

15 (0.08 mole) of 3,3’,4,4'-benzophenonetetracarboxylic acid
dianhydride both of powder form. Then, stirring was
continued for 3 hours.

Then, the nitrogen gas inlet tube and the

cooler were removed. A Dean-Staik tube filled with

20 xylene was fitted to the flask and 172 g of toluene was
added to the system. The system was heated to 175°C in
an oil bath and the water geﬁerated was removed out of
the system. In 4 hours of heating, the generation of
water from the system was not seen. After cooling, the

25 reaction mixture was placed in a large amount of methaﬁol
to precipitate a polyimide resin. The solid was
collected by filtration and vacuum-dried at 80°C for 12

hours to remo&e the solvent to obtain 257.32 g (yield:



(O a siloxane conpound represented by the

formula (1) and/or 2,2-bis(4- 15 (4- an1no

phenoxy) phenyl ) pr opane [err] EPM%GENFPTa%%E

are each a bivalent aliphatic (C[err]) orf~aromat | c g p;
Rlerr], Rerr], Rerr] and Rlerr] are _ 58 - achp&nduﬂ-ﬁ et {.
allphatlc or aronatlc group; 20 and k is gn Jinteger_of 1-20,

(D) 15(am DOBIEDRULISTERS 9Lty mne pusin gBIETRIEDLCRC O

to give rise _
according 10 chabily Wigb2hRioRdshhe ey defesgt@bleé%?&%? at the

fol | owi ng gener al

I ne

nmot ecul ar endd

w

10

15

20

25

whlch gave an absorption at 5.6 um by cyclic imide bond
but no absorption at 6.06 pm by amide bond. Thus, it was
confirmed that the resin was nearly 100% imidized.
Incidentally, the molar ratios of the acid components and
amine components were a/(a+b+0:$f)=0.78,
b/(a+b+0.5£)=0.2 and e/(c+d+e)=0.2, respectively.

The thus-obtained polYimide resin.was dissolved
in cyclohexanone/toluene (90/10 w/w%) to prepare a
polyimide resin varnish having a solid content of 25%.
This varnish was coated on one side of a polyimide film

[UPILEX SGA (trade name) manufactured by Ube Industries,

Ltd.] having a thickness of 50 pm, by use of a reverse

roll coater to obtain an adhesive tape in which the
adhesive layer had a thickness of 30 um. The drying
tempg;ature was 185°C (maximum temperature) énd the
drying time was § minutes. The adhesive tﬁpe was hot-~
pressed onto a 35 um copper foil to prepare a test piece.
The adhesive tape was contact-bonded on the treated
surface of the copper foil at 250°C for 2 secoﬁds and,
after pressure release, annealing was conducted at 250°C
for 30 seconds. The pressure applied onto the;adhesion
surface was 4'kgf/cm2 as a result of calculation from the
gauge pressure ahd the adhesion area. The test pie;e had
a 180° peeling strength of 3.12 kgf/cm and showed
excellent adhesivity. On the rupture surface, the

adhesive resin layer caused cohesive failure and no



with an acid anhydride represented by the follow ng g
or an aromatic am ne represented by the foll ow ng ggn Eeﬁrﬂf MENW

[err]

5 (X is at il east one group selected from
wherein Y is at |east one group sel ected-fBem-hydrogen {10 aZ&mJghd{gﬂ!]gth
ethyl, propyl,

ormula

\_‘/"L

VAR

butyl, phenyl, nethoxy, et hoxy, propoxyl_but oxy and

phenoxy group$ocaming was seen. The results are shown }{n Table 8.

10

15

Example 24

The varnish of Example 23 was coated on a
biaxially stretched polyester film [{DIAFOIL (trade name)
manufactured by Mitsubishi Rayon Co., Ltd.] having a
thickness of 50 pm. The drying temperature was 185°C
(maximum temperature) and the drying time was & minutes.
After drying, the polyester film was removed by oeellng
to obtain a single-layer £film of 30 um in thickness
having no substrate. The peeling was easy and had no
particular problem. The results when the film was bonded
to the luster surface of a copper foil in ihe same manner
as in Example 26, are shown in Table 8.

Examples 25-27

Soluble polyimide resins were obtained in the
same manner as in Example 23, under the conditions shown
in Table 8. The results of evaluation for these poly-

imide resins are shown in Table 8. Each of the adhesive

tapes shows excellent properties.




3. . A film adhesive according to Claih11 or 2, ‘ mﬁ@héﬁﬂmgm@ESHEET

polyimde resin is conposed by using the acid conpbnef A), 1. e.
4, 4' -oxydi phthalic acid djianhydride 15 in an anount o hoquLHMNdﬁghD e
based on the total amount of the acid gonponents. : A fillm
adhesive according to Caim1l or 2, wherein the pollyi'mrteresin I's
conposed by using, as the - 66-
acid component[TB)] p holds off 3,8 ,4]4" -pi phenyl} te T acar poxy|l i c
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wherein the polyimde resin is conposed by .usi ng, asptre ﬁ?E
conponent (D), 1, 3-bis(3-am nophenoxy) benzene in an REPLMEMERIPO “3 0
nol e% based on the total anount of the am ne co mrs. 15 7% % '
A.tilmadhesive according to Claim1l or 2,9 _ Wher hg Mﬁyﬁﬁd nesi n
i s conposed by using, as the acid conmponents, ajndl es of
4, 4" -oxydiphthalic_acid diianhvdride and b _noleslo pother '
tetracarbpyyl jc a:i d i anhyldri de{and, asl the aming co]rrponents c I
of [err]-| 20|58 s{ 3-ajm nop opyl)polydl mathyIS|ona1ed [ es of 1, 3-
bi s( 3- ami habh arﬁ)xy)dagnzene ahd/ or 2di mét hyd phengl eng-= i &i|n& ang e
nol es of an®t her Hianine in propoftiofs = dati sfyiwg aT:'(a-'b'b) >8. 6,
0. 6>b/ (a+ ))}0 3. l<c/| c+d+¢) <0. 6, 0. 6<(cHd)/ (ctd+e), <e/(c+d+e <0.6
and 25 0.%50<(akb) /i c+d+e)<l, 02 8 A fil m ddhesive aécording
to daimif.prj2, wher ¢in the polyimde riesin |s cpnpgsed jof, a$ the
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- 67 - di anhydride and b noles of another tetrac ' 0

di anhydri de and, as the anmine conponents, c noles of 2&?¥btﬁM€ﬁT(§HEET
bi s(3- anlnopropyl)polydinethylsionane, d noles of 1,3
bi s( 3-am nophenoxy) benzene and/or di nmet hy] phenyl ene- 5| Bisardt 1987
ndl es of anot her di am ne, and wherein the pol yi m fHefresin _is cappegd

at -t he nol ecul ar ends,\MfA1fable grngpﬁhoisagnagbgrgo X &quOerresente
by general formula (2) or g noles of an aromatic @nine _represente

general forml & ,(33),4, aml—Mhﬂ’fé&ifllﬂé&é@ﬂsokﬁli@Sa@idadlaih@ideld% BT
and g satisfy O. 6<a/(a+b+0 Bf) O<b/ (a+b+0. 5f

0. 1<c/ (c+d+e+0.i%9)as) .dhbrevia fikal (cf-d-e) %@mz@nﬂéﬁbhé&éhr@cﬁfﬂ:@@:y@.&cand
0. 01<g/ (c+d+e+0.5g)<0.05 and either of f and g is O. Afilm
adhesi ve accor dicigl tdoa@rewdwidenr 2B LﬂthWEEHIGVihe-pnlyfﬁpdﬁhﬁé&cn S
conposed by using, as the acid conmponents, p nol es of

3,3, 4,4 -bSphempiycatide ; BAPR drh@ty|dbbravirdionhgdr 2dé-had (§-fdl-es of .
3,3 ,4,4" - benzophenonet et racar boxylic acid di anhydride and, as the
am ne conponenﬁ@lﬂ9phﬁﬂQﬁ¥kﬁh%ﬂxinﬂﬁﬂpﬁﬁeb APB is an’ abbreviation of

1,3-bis(3-aminophenoxy)benzene; DPX is an abbreviation of

D

<<

2,5~dimethyl-p-phenylenediamine; APPS is an abbreviation
of a,m-bis(3—aminopropyl)polydimethylsiloxane; and PPA is
10 an abbreviation of p-phenoxyaniline.

The figures in composition column each indicate
an equivalent ratio of each component in acid or amine
'components; water absorption refers to the saturated
water absorption of total film when the film was allowed

15 to stand in an environment of 85°C and 85% (relative
humidity) for 168 hours (EH-168 treatment); generated gas'
refers to the amount measured by GC-ﬁS method, of gas
gener;ted from total £film when the film was heated at
250°C for 15 minutes; and generated water refers to the

20 amount measured by Karl Fischer method, of water

| generated from total film when the film was heated at

©250°C for 15 minutes.

INDUSTRIAL APPLICABILITY
The present invention can provide a film
25 adhesive of high reliability having both heat resistance
and adhesion workability. The present film adhesive

provides an advantage particularly when copper, which is -



20 anindphenoxy)phenyl)prOpane and d nol es of 1, 3-bis(: SHEET
am nophenoxy) benzene in proportions satisfying 0.5 pREEFQBﬂMFNJ 5

0. 1d/ (c' +d) <0. 9. 10. A filmadhesive accordin k CIathhﬁﬁ%
S,

wherein the polyinide resin is conposed of gzas the aci
mol es of 3,3',4, 4" - blphenyltetracarboxyllc acid d| nhydri de _and g

' ' d
amine. ionggﬁé%?"%@& % i S é e %:"f"’-' ) fBekadethe
2 noj BERSERT ?P%?Wée%lﬁ"? : Ba%aBeTIRES o obF Hildranyres,

an1nophenoxy)

Lhe ol ecul ar; ands i o @l e %wm tﬁ@hx%la%ecfoe&rgfe@éSg??y

Y
|-
t

=™ D"
[ON)

general formu ) or g no aro I'C am ne -represente
general formuikaregre. :uﬁmwesrea& téﬁenplragf,{\at 2990 dhedhvd 150
and g satisfy 0.5< p/(p+q+0.5f)<0.9, 0 $3+0. <0.79,

5 soluble in low-boiling solvents, the res;dual solvent
content in the film can be controlled at a very low level
by using mild drying conditions as compared with the
drying conditions used for conventional polyimides.
Furthermore, since the present film adhesive is already

10 imidized, no'high—temperature step is required for
imidization and no water is generated, during the
application of the adhesive. Thus, the present film
adhesivé has features such as low water absorption, low
impurities content, generation of very small amdunt of

15 gas during heating, and the like; therefore, it has a
very high industrial value as an electronics material in
which high reliability and heat resistance are required,
particularly as a material for mounting of semicon-

'ductors.



0. 01<f/ (p+q+O0. 5f)<0 05 and 0. 01<g/(c' +d+0.5g) <0. 05 SBEE'\bf ¢
a|n11 oF—3,

and g is 0. —16 Af1l m adhesi ve accordin

wherein the i s conposed by u3|ng, ag tlhe

cenmponent s, WBM@EM ull 4' - bi phenyl tqi c rb5xy’pﬁc&§2i
diﬁnhydride 3'.,4,4" - enzophen ngt e
di anhydri de and, as the 15 an1ne conmpop S c nol
[err]-bis(S-aninopropyI) polydlnethy oxane, _
2,2-bis(4-(4-1,  am nopheNpXYadResY L :PEg sm; d a{@' @ﬁeOIna 3- bi s( 3-
ani nophenoxy) benzene and/ or di met hyl phenyl efedi am ne so . at t he nol ar

rati os of p, @od&tﬂtuéﬁﬁj(hfﬁﬁlﬁiﬂxdgoregl§<mé®ﬁﬂﬁ‘3)&ﬁagslfgéﬁBiQhég S

and 0. 05<c/ (c+c' +d) <0. 5. | m adhesi ve” according to Claim
1 or 2, w@mp@ﬁaﬂd&Myasn@te é?S!LBwé& eadPesad:¥ife 28 éb@aﬁ(il:d
conponents, p noles of 3,3 ,4,4"-biphenyltetracarboxylic acid
di anhydri dg aadeemMSaswﬁléhibo%&ﬁmx@@nzashﬁnﬁ&eobﬁgiiéﬁFB?afEQ&thhg acid
di anhydri de and, as the am ne conponents, c¢ nol es of
[err] bi s( 3- aatndlpiasp:ylo)ne of thmlfall hevbpgskbddamemptnermtes(Rf and (B)

, 2-bi s(4-(4-

clacid

(A) 4,4’'-oxydiphthalic acid dianhydride
(B) 3,3",4,4’'-biphenyltetracarboxylic acid
dianhydride and/or 3,3’,4,4'-

10 beﬁzophenonetetracarboxylic acid dianhydride
with at least one of the following amine components (C)'
§nd (D)

(C) a siloxang compound represented by the
following general formula (1) and/or 2,2-bis(4-

15 (4-amino- phenoxy)phenyl)propane

R Rs

HzN-RI-K-S.L- SJ.-RZ-NHZ (1)

wherein R; and R, are each a bivalent aliphatic
(Ci-s) or aromatic group; R;, R,, Rs and Ry are
each a mono-valent aliphatic or aromatic group;
20 and k is an integer of 1-20, |
(D) bis(aminophenoxy)benzene and/or

dimethylphenylene-diamine

to give rise to ring closure of imide.

2. A film adhesive according to Claim 1, wherein

25 the polyimide resin is capped, at the molecular ends,



am nophenoxy) phenyl ) propane and d nDIés'of 1, 3-bi s(3-

- 69 - am nophenoxy) benzene and/ or di net hyl ph ——whererT '
polyim de resin is capped, at the nol ecul ar ends,RﬁﬁLﬁﬁEME%I%Qf an
aci d anhydri de represented by generalgdormul a (R) g noles oi}a
aromati c am ne 5 represented.by general formula (B) h
noi ar raty,0gh OdnPacfd &nhfdride Eegﬂgsgniéhliﬁyfﬂm _
0. 5<p/ (p+q+0. 5f) <0. 9, 0. 1<g/ (p+qg+0. 5f)<0. 5, 0. 0%< . 5Q) <0. 5,
0. 01<f/ (p+c+0. §énePa D5faftiula (2. O2<gh( arédmatdt0.angn<. fpraskretddasy ¢f f
and g is 0. 10 13. A film adhesive according to CTarm1 or 2,
wherein the potlyenfadkloesnaq genepampoSetmola 48 )t:he acid conponents, a
nol es of 4,4'-oxydi phthalic acid di anhydride and b nol es of one or two
tetracarboxylic aci d di anhydri des selected fromthe group consisting
of 15 3,3',4,4' -biphenyltetracarboxylic ?Fid di anhydri de and

x/\: (2)

)i

<X
5 (X is at least one group selected from G::j:: ’ [::]::,
. 7~
o O o ¢ U
R HC=C
3 o

| | (3)
wherein Y is at least one'group selected from hydrogen
10 atom and methyl, ethyl, propyl, butyl, phenyl, methoxy,
| ethoxy, propoxy, butoxy and phenoxy groups. |
3. A film adhesive according to Claim 1 or 2,
wherein the polyimide resin is composed by using the acid
component (A), i.e. 4,4’'-oxydiphthalic acid dianhydride
15 in an amount of 60 mole% or more based on the total
amount of the acid components.

4. A film adhesive according to Claim 1 or 2,

wherein the polyimide resin is composed by using, as the

* [ L M s *



mghi |

Q
3,3, 4,4 -benzophenonet etracar boxyl i c acid dianhydridaREPLAcgw5$ng{-

am ne conponents, ¢ noles of [err]-bis(3-
ani nopr opyl ) pol ydi net hyl si | oxane, ¢’ noles of 2,2-bis{4{ 25 JUN 1997
(4- am nophenoxy) phenyl ) propane and d nol es & -1, 3-bis¢{34 20

am nophenoxy) benzene and/ or di net hyl phenyl enedi ani ne go t hat the nollar
ratios of a, lacid compofedtsaBiisfyp moled/ (EEHD D 54, &/ LB
0. 05<c/ (c+c' +d) <0. 5. 14. A film adhesive according to Claim1 or

2, wher ei natmeotporyliécr esid Hian@@ﬂmﬂﬁb(ﬁndeq mbkeacod 25
conponents, a noles of 4,4'-oxydiphthalic acid di anhydride and b nol es
of one or two },62Tatat bekghzophenoaeitd taiaaampdrdivdeisc set 2dt @dlafhhpdrtide dmnoup
consi sting of 3,3 ,4,4" -bi phenyltetracarboxylic acid di anhydride and

- 70 - @:@parvuomenz@phsﬁphageOréeawbgwwﬁsﬂa&id di anhydri de

and, as the am ne conponents, ¢ noles of [err]-bis(3-
an1nopropyP)p@Iyd|nethylglfbk%n@dheslwelesqgrdlmgtﬂ%(alalm 1l or 2,

wherein the polyimide resin is composed by using, as the
amine component (C), a sxloxane compound represented by

general fqrmula (1) in an amount of 5-60 mole% based on

the total amount of the amine components.

10 .6. A film adhesive according to Claim 1 or 2,
wherein the polyimide'iee'n is composed by using, as the
amine component (D), 1,3-bis(3- amwnophenoxy)benzene in an
amount of 10-90 mole% based on the total amount of the
amine components.

15 7. A film adhesive a;cordiﬁg to Claim 1 or 2,
wherein the polyimide resin is.;omposed by using, as the
acid components, a moles of 4,4’-oxydiphthalic acid
dianﬂ}dride and b moles of another tetracarboxylic acid
dianhydride and, as the amine components, ¢ moles of «,w-

20 Dbis(3-aminopropyl)polydimethylsiloxane, d moles of 1,3~
bis(3-aminophenoxy)benzene and/or dimethylphenylene-
diamine and e moles of another diamine in proportions
satisfying a/(a+b)20.6, 0.6>b/(a+b)20, 0.1<c/(c+d+e)<0.6,
0.6s(c+d)/(c+d+e), 0se/(c+d+e)}<0.6 and

25 0. 950<(a+b)/(c+d+e)<1 02.

8. A film adhesive according to Clalm l or 2,
wherein the polyimide resin is composed of, as the acid

components, a mo eé o 4,4'-o§ydiphtha11c acid
L



(4- ani nophenoxy) phenyl ) propane and d nol es of 1, 3-bi {3z _ T
am nophenoxy) benzene and/ or di net hyl phenyl enedi am ne, QFBLAEEMEN SHEEn

polyim de resin is capped, at the nol ecul ar ends, i(mth f I AN
aci d anhydri de represented by gener al 6f7ornul a (2 r2§h-%ﬁ€ﬁ§§ic a
represented by general formula (3), and wherein the nolar ratioslof a,
10 b, ¢, ¢, dishkHsHrSiy mélasbsd. ahbthed tettaddfBaRyDiel heQ it
0. 05<c/ (c+c' +d+0. 5g) <0. 5, 0. 01<f/ (a+b+0. 5f) <0. 05} and '
0.01<g/ (c+c' +@¥QAnP9)d it and, €d$ hefie Ohminan@othgchdhts, ¢ mdles of cAddIm
adhesive conprising a heat-resistant 15 film base and a fil m adhesive of
any of O ai ms plisl-amino@iiPby EYpelly@iRethgl sQidbaide sidlasobést b€ i 3m
base. 16. A film adhesive according to C aim 15, wherein

t he heat - r esi diant3 fanindpisendsy oot ghai dadi/icdrmdiand shgy lohenylghass
transition tenperature of 350[err]C or higher. 20 17. A process for
produci ng & fidiarddteesind,e vivnlds of aponheirsds agdsta n@ndrwhecsesndeher
both sides of a substrate, an organic solvent solution of a polyimde
resin havi ng @odiydsside aressin ors teapeed: uas she3sgleayl@mrends, with £

moles of an acid anhydride represented-by general formula
(2) or g moles of an aromatic amine represented by
general formula (3), and wherein the molar ratios of a,
10 b, ¢, d, e, £ and g satisfy 0.65a/(a+b+0.5f),

~ 0sb/(a+b+0.5£)<0.6, 0.1<c/(c+d+e+0.5g)<0.6,
QSe/(c+d+e)<O.6, 0.01<f/(a+b+0.5£)50.05 and
0.01=g/(c+d+e+0.5g)<0.05 and either of £ and g is 0.
9. A film adhesive according t§ Claim 1 or 2,

15 wherein the polyimide resin is composed by using, as the
acid componenté, p moles of 3,3’,4,4’'-biphenyltetra-
carboxylic acid dianhydride and g moles of 3,3’,4,4’-
benzaghenonetetracarboxylic acid dianhydride and, as the
amine components, ¢’ moles of 2,2-bis(4-(4-

20 aminophenoxy)phenyl)propane and d moles of 1;3-bis(3-
aminophendxy)benzene in proportions satisfying
0.5<p/(p+q)<0.9 and 0.1s<d/(c’'+d)<0.9.

10. A film adhesive accordihg to Claim 1 or 2,
wherein the polyimide resin is composed of, as the acid

25 components, p moles of 3,3’,4,4’'-biphenyltetracarboxylic
acid dianhydride and q moles of 3,3’,4,4'-benzophenone-
tetracarboxylic acid dianhydride and, as the amine

components, ¢’ moles of 2,2-bis(4-(4-

LT UEL LR




‘| ower and sol ubl e I n-organi c solvents, said polyimde
obtai ned by reacting at |east one of the follow n

and (B)

(B) 3,3 ,4,4" -biphenyltetracarboxylic acidgsg -
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benzophenonet eiriggaphexyiiyq paeng 1dipxpaiid dend d muleb|a

BEPLACRENT,SHEET |

Acl d C onentis [ A
(A 4, 4" -oxydiphthalic acid dianhydfi 3& jﬂﬁlﬁg

di anhydride and/or 3,3 ,4,4" -

foll owi ng am ne conmponents (C) and (D) 5 (C a siloxane
conpound r epr eseiheghbyokiygbenzene, and whéobimwthg gedgtialideorasim (il
and/ or 2, 2-bi s(4- (4-am no- phenoxy) phenyl ) pr opane

[err]

10

15

20

25

capped, at the molecular ends, with f moles of an acid
anhydride represented by general formula (2) or g moles
of an a;omatic amine represented by general formula (3),
and wherein the molar ratios of p, q, ¢*, d, f_and g
satisfy 0.5S p/(p+q+0.5£)s0.9, 0.15d/(c’+d+0.5g)<0.9,
0.01<2f/(p+g+0.5£)<0.05 and 0.01<g/(c’+d+0.5g)<0.05 and
either of £ and g is 0.

11. A film adhesive according to Claim 1 or 2,
wherein the polyimide resin is composed by using, as the
acid components, p moles of 3,3’,4,4’'-biphenyltetra-
;arboxylic acid dianhydride and g moies of 3,3’,4,4'-
benzophenonetetracarboxylic acid dianhydride and, as the
amine components, ¢ moles of o,w-bis(3-aminopropyl)-
polydimethylsiloxane, c’ moles of 2,2-bis(4-(4-
aminophenoxy)phenyl Jpropane and d moles of 1,3-bis(3-
amindghenoxy)benzene and/or dimethylphenylenediamine so
that the molar ratios of p, q, ¢, ¢’ and d satisfy
0.55p/(p+q)=0.9, 0.1=2g/(p+g)<0.5 and 0.05%c/(c+c’'+d)=0.5.

12. A film adhesive according to Claim 1 or 2,

wherein the polyimide resin is composed of, as the acid

components, p moles of 3?3',4;4’-biphenyltetracarboxylic
acid dianhydride and g moles of 3,3’,4,4'-benzophenone-
tetracarboxylic acid dianhydride and, as the amine
components, ¢ moles of «,w-bis(3-aminopropyl)-
polydimethylsiloxane, c’ moles of 2,2-bis(4-(4-

aminophenoxy)phenyl)propane and d moles of 1,3-bis(3-

TR O R
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wherein Rlerr] and Rlerr] are each a bivalent aliphatic 10 .

(Clerr]) or aromatic group; Rlerr], Rerr], Rerr] nﬁgﬁ[mnMEM‘rSHEET
each a nono-val ent aliphatic or aromatic group; are-H ils an’
i nt eger of 1-20, (D) bis(am nophenoxy) enz

di et hyl phenyl ene-diam ne 15 to give rise to ring gl 5?5 gpﬂ{ﬁﬁae.

18. A process for producing a f||ﬁ1éahe5|ve 'Cl |ai m
17, wherein the polyimde resin is ' apped, at tlhe nmol ecul ar ends, | wi th
an acid anhyd@ﬂd@OPhGHQMQﬁF@§éﬁﬂéda@F/PﬁedPGPFbM#EQ

an 20 aronatlc am ne re iented by the follomnng gener al formul a
(3): wherein th vimide resin is cappe at the molecular

ends, with { moles of an acid anhydride represented by

moles ¢f an aromatic amine

u?

general formule (2) or

represented bv gensral ZIormula (3), and wharein the molar

w

ratics of p, ¢, ¢, ¢’, d; £ and g satisiy
0.55p/(p+g+0.5£)%0.9, 0.1sc/(p+g+0.5£)<0.5,
0.05sc/(c+c’=d+0.5g)<0.5, 0.01<f/(p+g+0.5£)<0.05 and
0.01sg/(c+c’=d+0.5g)<0.05 and either of £ and'g is 0.
10 13. A £ilm adhesive accoxding to Claim 1 or 2,
wherein the polyimide resi*-is.composed of, as _the acid
components, & moles of 4,4’'-oxydiphthalic acié
dianhydride and b moles of one or two tetracarboxylic
acid dianhydrides selected from the group consisting of
15 3,3’,4,4’'-biphenyltetracarboxylic acid dianhydride and
3,3',4,4'-benzophenonetet:acarboxylic acid dianhydride
and, as the amine components, ¢ moles of c,w-bis(3-

aminopropyl )polydimethylsiloxane, c’ moles of 2,2-bis(4-

(4—aminophénoxy)phenyl)propane and d moles of 1,3-bis(3
20 aminophenoxy)benzene and/or dimethylphenylenediamine so .
that the molar ratios of a, b, ¢, ¢’ and d satisfy
a/(a+b)20.6, b/(a+b)$0.4 and 0.05sc/(c+c’+d})<0.5.
14. A film adhesive according to Claim 1 or 2,
wherein the polyimide resin is composed of, as the aéid
25 components, 2 moles of 4,4’-oxydiphthalic acid
dianhydride and b moles of one or two tetracarboxylic
acid dianhydrides selected from the group consisting,éf
3,3',4,4’-biphenyltetracarboxylic acid dianhydride and

I
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(X is at |east one group selected from [err] '
Is at | east one group sel ected from hydrogen at ofn BERLAGE

propyl, butyl, phenyl, nethoxy, et hoxy, propoxy,

gr.oups. 19. A process for producing,g film adhesiy

to Caim17 or 18, wherein the substrate is a pollyijm de filmbh

gl ass transitian BWPQIﬂﬁ#%é%éﬁﬂ;ncaé§%gfg53558§¥2%9t Eéfaﬁﬁ$§$Y§F

process for proddcing a f esl accor

whi ch conpri seg peeld NG Adeandne WIS L& terns28t1 98 ang-dikiRd
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aminopropyl)oolydimethylsiloxane, ¢’ mcles of 2,2-bis(4-
(4-aminophenoxy)phenyl)propane and d moles of 1,3-bis(3-
aminophenoxy)benzene and/or dimethylohenylenediamine, and
wherein the polyimide resin is capped, at the molecular
ends, with f moles of an acid arhydride represented by
general formula (2) or an aromatic amine represented by
geneﬁal formula (3), and wherein the molar ratios of a,
b, ¢, ¢, d,.f and g satisfy a/(a+b+0.5£)20.6,
b/(a+b+0.5£)<0.4, 0.055c/(c+c’+d+0.5g)=<0.5,
p.Olsf/(a+b+0.Sf)50.05 and 0.0lsg/(c+c’+d+0.5g) and
either of £ and g is 0.

1s. A film adhesive comprising 2 heat-resistant
film base and a film adhesive of any of Claims i-14,
applied on one side or both sides of the film.baSe.

- e

186. A film adhésive according to Claim 15, wherein

-

the heat-resistant film base is a polyimide film having a

-glass transition temperature of 350°C or higher.

17. A process for producing a film adhesive, which
compfises casting, on one side or both sides of a
substrate, an organic solvent solution of a polyimide
resin having a glass transition temperature of BSOfC Qr
lower and soluble in organic solvents, said polyimide
resin being obtained by reacting at_least one of the
following acid components (A) and (B)

(A) 4,4’'~-oxydiphthalic acid dianhydride

(B) 3,3',4,4'-biphenyltetracarboxylic acid

-

T



21. A process according to C aim 20, wherein the

biaxially stretched polyester film 22. A proge

fil madhesive - o]
any of Clainms 17-21, which said polyim.de resin sojuti it e
by use of an organi c sol vent having a boiling poinf =

| ower, drying the cast, pol iqide reygls§ﬂ§@i£whgnc peeling th

dried polyinide resin fr&h A&
benzophenonetetracarboxylic acid dianhydride

with at least one of tha following amine components (C)
and (D)
5 (C) & siloxane compound represented by the
following general formule (1) and/or 2,2¥bis(4-

(¢-amino~ phenoxy)phenyl)propane

BN
E-IzN.-RL;—Ti-O-,,'—- Si-R;-NH,; (1)
. ..ll ) I’ I -
!\Rb /k Rg

10 (Cis) ¢z aromatic group; Rs;, R,, R; and R4 are
each a mono-valent aliphatic or aromatic group:;
and k is an integer of 1-20,
(D) bis(aminophenoxy)benzene and/or
. dimethylphenylene-diamine
15 <o giﬁe rise to ring closure of imide.
18. A process for producing a film adhesive
aécording to Claim 17, wherein the polyimide resin is
capped, at the molecular ends, with an acid anhydride
represented by the following general formula (2) or an

- 20 aromatic amine represented by the following general

formula (3):

///
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&/A\: (2)
\/ .

]

(X &s at least one group selected from (:::I:: ' E::]::,
.-:=_,_\ .
oL o © U
3\4 HCC
. and l\ )
-

v
I

(3)

wherein Y is at least one group selected from hydrogen
atom and methyl, ethyl, propyl, butyl, phenyl, methoxy,
ethox;, propoxy, butoxy and phenoxy groups.

1s. A process for producing a film adhesive

according to Claim 17 or 18, wherein the substrate is a

polyimide film having a glass transition temperature of

350°C or higher.

20. A process for producing a film adﬁesive
according to Claim 17 or 18, which comprises peeling the
substrate after casting and drying.

21. A process ac;ording to Claim 20, wherein the_
substrate is a biaxially stretched polyester film.

22. A process for producing a film adhesive

I
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according to any of Claims 17-21, which Egmp;isss—e&sting‘

said polyimide resin solution on a substrate by use of an

organic solvent having a boiling point of 180°C or lower,
drying the cast polyimide resin solution and peeling the

dried polyimide resin from the substrate.
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