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t he Invention The present invention rela : BI% ed._
adhesi ve 5 for electronic parts, which is used for bondi l ll '

to another nenber of |ead frane peripheral parts which t a-\\_}o
sem conduct or device, such as a lead pin, a sem conductor chip ; €
nmounti ng substrate, a radiator, a sem conduct or c‘hi pitself, and tl‘ue

| i ke, and an adhesive tape. 10 Prior Art of the '

Anong convent i onalr@eite ADHES IS FORS ELECTRONIC PARTS AND ADHESIVE TAPE

Field of the Invention
The present invention relates to a liguid adhesive
5 for electronic parts, which is used for bonding one member
to another member of lead frame peripheral parts which
constitute a semiconductor device, such as a lead pin, a
semiconductor chip nlounting substrate, a radiator, a
semiconductor chip itself, and the like, and an adhesive tape.
10
Prior Art of the Invention
Among conventional adhesive tapes used in a
plastic-sealed semiconductor device are a lead frame fixing
- tape, a TAB tape, etc. For example, a lead frame fixing
15 adhesive tape is used for fixing lead pins of a lead frame
so that it serves to improve the yield and the productivity
of lead frames per se and the entire semiconductor assembly
steps. Generally, the above fixing adhesive tape is taped on
a lead frame by a lead frame manufacturer and shipped to a
20 semiconductor manufacturer. In the semiconductor
manufacturer, IC is mounted thereon and sealed with a resin.
The lead frame fixing tape is therefore required not only to
have general reliability in a semiconductor level and
workability at a taping time, but also to have adhesion
25 strength at room temperature immediately after taping and heat
resistance sufficient for enduring heat applied in the step
of assemblying a semiconductor device. .
As an adhesive tape for the above use, for example,
there is used an adhesive tape which is prepared by applying

30 a synthetic rybber-based resin such as polyacrylonitrile,

..........

i
1 E/Claim(s) : paged ..%&.. to paged .4 ..

. %}rawing(s) : paged et paged__...?ﬁ_?...

.

Aumitel _ [ Abstract  :paged..$}. to paged.. ...
(iJATE OF RECEIPT ...ovcvvveeverernians o

.......




pl asti c-seal ed sem conductor device are a |lead frane filxi n ot < BLARGplaced
TAB tape, etc. For exanple, a lead frane fixing 15 tad Al | ALl
used for fixing lead pins of a |lead frane so t hat ﬁﬂmmglm\‘

i nprove the yield and the productivity of lead fra he
entire sem conductor assenbly steps. Generally, the above fixing
adhesi ve tape is taped on a lead franme by a | ead frane manufacturgr
and shipped to a 20 sem conductor nmanufacturer. In '
manufacturer, | Gubbefouabed FLIEWItAItREAIRE N b & niSture of the hbRviecad
frame fixing tape is therefore required not only to have gener al
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i medi ately aftgefﬁ'lgaglﬁﬁg gﬁdhhgg%yﬁﬁldé ?%@%gﬁeﬁsu élgilge)(r?iéf or enduring
heat applied in the step SpecifidakkypedPlir-2gla59¢dismidsesoa cippereclad

Zdhosi ve taps with T&E & BEnFORHGhHEss e T Bh e tyne A AR 138 5Eq
resin such as pebpeainling,tas/main ingrediemes yla emaiyeirewing an
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t he above synt hBFF¥ i utadiene copolymer resin and a pheno in
applied to a substrate surface. JP-AR-2-91177 discloses and
JP-A-2-133483 disclose an adhesive tape for electronic parts,
10 which has an adhesive layer formed from an acrylonitrile-
butadiene copolymer and a resol-type phenolic resin applied
to a heat-resistant film surface. JP-A-3-64387 discloses an
adhesive tape for electronic parts, which has an adhesive layer
containing an acrylonitrile-butadiene copolymer, a resol-
15 type phenolic resin and an epoxy resin applied to a heat-
resistant film surface.
In recent years, plastic-sealed semiconductor
devices (semiconductor package) having structure as shown in
Figs. 1 to 4 have been developed. The plastic-sealed
20 semiconductor device shown in Fitj. 1 has a structure in which
a lead pin 3 is connected to a plane 2 with an adhesive layer
6, a semiconductor chip 1 is mounted on the plane 2 and a bonding
wire 4 connecting the semiconductor chip 1 and the lead pin
3 and the plane 2 are together sealedwitharesin5. Thedevice
25 shown in Fig. 2 has a structure in which a lead pin 3 and a
semiconductor chip 1 are fixed with an adhesive layer 6 and
‘these parts are sealed with a resin 5 together with a bonding
wire 4. The device shown in Fig. 3 has a structure in which
a semiconductor chip 1 is mounted on a die pad 7, an electrode
30 8 is fixed with an adhesive layer 6, the semiconductor chip
1 is connected to the electrode 8 with a bonding wire 4, the

electrode 8 is connected to a lead pin 3 with a bonding wire
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2 rubber-based resin with other resin or a m xt Ur epefsusdutesBoanRsplaced -

synthetic rubber-based resin with other resin onto a subst _
such as a polyimde film and B-staging it. 1 11y}

JP- A- 2-14597 di scl oses a copper-clad 5 filmfor a sem co rcrrcuit,

whi ch has an adhesive | ayer containing, as main ingredients, an epox
resin, an acrylonitril e-butadi ene copolyner resin gnd %MBDEQQLLQ,LBS?n
applied to a substrate surface. " JP-A-2-91177 di scl oses

JP- A-2-133483 di aaliositese® esave senled witRlLekEoRi 5. Pahesdeddce BHdWh has
an adhesive | ayer fornmed froman acrylonitri]e- hut adi ene copol ylrre.r and

a resol -type pHdh&iigc #cBas 3 Fhrussure in which a semiconductor chip’l is
mounted on a die pad 7, the semiconductor chip 1 is connected

to a lead pin 3 with a bonding wire 4, lead pins 3 are fixed
5 with an adhesive layer 6 and a heat-resistant film 9, and these
parts are sealed with a resin 5.

However, the above adhesives and adhesive tapes
using the above adhesives generate gas in a wire bonding step
in the production of a semiconductor device and pollute a

10 bonding apparatus. The problem is therefore that a step of
washing the bonding apparatus is required.

An adhesive tape prepared by applying a conventional
adhesive has a problem that its heat resistance is insufficient
when it is used as an adhesive layer in the plastic-sealed

15 semiconductor devices shown in the above Figs. 1 to 4. When
a polyimide resin is used, the polyimide resin requires a high
taping temperature, a high pressure, a strong curing condition,
etc., so that it may damage metal parts such as a lead frame.
It is therefore desired to develop an adhesive which can be

20 used for bonding and cured at a relatively low temperature
and has sufficient heat resistance and reliability. The
“reliability” means that it causes neither a leak nor a short
circuit of current under the conditions of PCBT (pressure
cooker biased test) to be described later.

25 _

Summary of the Invention

It is an object of the present invention to provide
an adhesive for electronic parts, which can be used for bonding
and cured at a relatively low temperature and has sufficient

30 heat resistance and reliability, and an adhesive tape for
electronic parts, for which the above adhesive is adapted.

It is another object of the present invention to
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epoxy resin applied to a heat- resistant filmsurface.

In recent years, plastic-seal ed sem conductor devi ces (sem conduct or
package) having structure as shown in Figs. 1to 4 hetve been devel opeg.
The plastic-sealed 20 sem conductor device shown in Fig e

i n which a peedi@éam adhesivecEde eXdrtirdil it paZty, t¥h Béh adhesererraner
6, a sem conductor chip 1 is nounted on the plane 2 and_a bondi ng W re

4 connecting t h§SRERRELRY 985 wlan}rsn@@wg &&®Ppi And an adhes ivectapane
2 are together fSﬁ'eﬁ‘EdﬁfJﬁﬁ p&SLd, §or%&?¥heeat§>‘i,e aaﬁ iva ifd Qdagtaés a

structure in which a lead pin 3 and sem conduct or c Ip 1 are TiIxed
wi th an adhesive | ayer 6 Bhel presamtedavieationadeprouidegswanhadhesive for

together wt e 0 n.Fi.g has
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1 is connected Eo theé’i{? rrode 8, with a bonding el ectrode
8 i s connected NOLICIIRELR a8 SOMRoRENf i(gl ), a compound having at

least 2 maleimide groups as Component (C) and a diamine
compound of the general formula (1),
10
H,N-R'-NH, (1)

wherein R' is a divalent aliphatic, aromatic or
alicyclic group and/or a polysiloxane compound terminating
15 with an amino group at each terminal, having a weight average
molécular weight of 200 to 7,000 and having the general formula
(2).,

Me M'e Me
HyN- R2~Si—0+Si—0¥-Sl—R3—NH2
20 Me Me Me (2)

wherein R? is a divalent aliphatic, aromatic
or alicyclic group and n is an integer of 0 to 7,
25 as Component -(d) in an organic solvent,
and in which the total amount of Components (b), (c)
and (d) per 100 parts by weight of Component (a) is 10 to 900
parts by weight, the amount of Component (b) based on the total
amount of Components (b), (c) and (d) is 10 to 90 % by weight,
30 and the amount of amino groups of Component (d) per mole
equivalent of the maleimide groups of Component (c) is 0.01

to 2.0 mole eguivalents.
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these parts are sealed with'a resin 5. The devi ce shown B°
asstructure in which a sem conductor chip 1 is nmount ed

t he sem conductor chip 1 is connected to alead pin 3 WI

wire 4, lead pins 3 are fixed 5 wth an adhesive |ayer 6 an
heat-resistant film9, and these parts are sealed w tth a reS|n 5.

However, the above adhesives and adhesive tapes usi ng-t-he—abeve
adhesi ves generate gas i nrife YhresditNdin¥@éntli®h 2 provides an adhesive for

electronic parts, which is a liquid adhesive containing an
epoxy resin further as Component (e) in addition to Components
used in the present invention 1, and in which the total amount
5 of Components (b), (c), (d) and (e) per 100 parts by weight
of Component (a) is 10 to 900 parts by weight, the total amount
"of Components (b) and (e) based on the total amount of
Components (b), (c¢), (d) and (e) is 10 to 90 % by weight, and
the amount of amino groups of Component (d) per mole equivalent
10 of the maleimide groups of Component (c) is 0.01 to 2.0 mole
equivalents.

The present invention 3 provides an adhesive tape
for electronic parts, which is formed by laminating an adhesive
layer formed from one of the above liquid adhesives on at least

15 one surface of a heat-resistant film.

The present invention 4 provides an adhesive tape
for electronic parts, which is formed by laminating an adhesive
layer formed from one of the above liquid adhesives on at least
one surface of a detachable film.

20 The present invention 5 provides a method of using
the above liquid adhesive for fixing a lead frame.

The present invention 6 provides a method of using

the above adhesive tape for fixing a lead frame.

25 Brief Description of Drawings
Fig. 1 is a cross-sectional view of a plastic-sealed
semiconductor device to which the adhesive tape of the present
invention or a conventional adhesive tape is applied.
Fig. 2 is a cross-sectional view of another
30 plastic-sealed.semiconductor device towhich the adhesive tape
" of the present invention or a conventional adhesive tape is

applied.
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10 Detailed Description of the Invention
The present invention will be explained in detail
hereinafter.
The liquid adhesive according to the present
invention 1 is composed of (a) an acrylonitrile-butadiene

15 copolymer, (b) a phenolic resin, (c) a compound having at least
2 maleimide groups and (d) a diamine compound and/or a
polysiloxane compound terminating with an amino group at each
terminal and having a weight average molecular weight of 200
to 7,000.

20 The acrylonitrile-butadiene copolymer can be
selected from known acrylonitrile-butadiene copolymers. An
acrylonitrile-butadiene copolymer having a weight average
molecular weight 50,000 to 1,000,000 and an acrylonitrile
content of 5 to 50 % by weight is preferred, and an

25 acrylonitrile-butadiene copolymer having a weight average
molecular weight 100,000 to 500,000 and an acrylonitrile
content of 10 to 40 % by weight is particularly preferred.
When the weight average molecular weight of the
acrylonitrile-butadiene copolymer is lower than the above

30 lower limit, undesirably, the liquid adhesive is poor in heat
stability and its heat resistance decreases. When the above

weight average molecular weight is higher than the above upper
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30 heat resistance and reliability, and an adhesive t

el ectronic parts, for which the above adhesive is adapte SBeg{HaSBeenRephced

i & anot her object of the present invention to "l““"l

4 provi de an adhesive for electronic parts, which

generating a gas in a wre bonding step, and an adhesive tape for

el ectronic parts, for which the above adhesive is adapfed.

The present invention 1 provides an adhesive for 5 el ectronic parts, mhlch
is a liquid adhgsimye, ORh@ésLrably, tnéilaah@s\ivaglanp@&fyixpwotﬂddbqlmttyaahane

copol yrer as Corrponent (a), a_phenolic_resin as Conponent (b),
conpound havi ngag{xesmn property due to a decrease in the solubxllty in a

solvent and an increase in melt viscosity. When the content
of the acrylonitrile content is smaller than the above lower
5 1limit, undesirably, the solubility of the adhesive in a solvent
decreases. When the above content is greater than the above
upper limit, undesirably, the adhesive is unstable in
insulating property.
The phenolic resin can be selected from known
10 phenolic resins, while it is preferably selected from a
p-tert-butylphenol type phenolic resin, a bisphenol A type
phenolic resin or a cresol type phenolic resin of which the
phenol component is at leat one slected from the group
consisting of p-tert-butylphenol, bisphenol A and cresol, or
15 a resol type phenolic resin obtained by co-condensation of
these, since the adhesion temperature and the curing
temperature o+f the adhesive can be decreased and since
sufficient adhesion strength can be obtained.
The compound having at least 2 maleimide groups can
20 Dbe selected from known ones, while compounds of the following
formulae (3-1) to (3-6) are particularly preferred in view
of electric reliability and solubility in a solvent. These
compounds are generally commercially and easily available.
Further, these compounds can be synthesized by a known method.

25
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25 as Conponent (d) in an organic solvent, and | |
total amount of Conponents (b), (c) and (d) per 100 partgh1
Conponernt (a) is 10 to 900 parts by weight, the anmount of !
based on the total amount of Conponents (b), (c) -and (d) i|dilH
by weight, 30 and the amobunt of am no groups of Conponent (d) pe
equi val ent of the nal ei mde groups of Conponent (c) is 0.01| t
equi val ent s. . . C _ The
present invention 2 provid@swlamladﬂea'EZec/f‘nn R = HebecCHoniandpar ts]1 whbch
Is a liquid adhesive containing an -

Examples of the diamine compound of the general
formula (1) used as Component (d) are as follows.

5 3,3'~diaminobiphenyl, 3,4’-diaminobiphenyl,
4,4'-diaminobiphenyl, 3,3'-diaminodiphenylmethane, 3,4’'-
diaminodiphenylmethane, 4,4’~diaminodiphenylmethane, 2,2-
(3,3'-diaminodiphenyl)propane, 2,2-(3,4’'-
diaminodiphenyl)propane, 2,2-(4,4'-diaminodiphenyl )propane,

10 2,2-(3,3"-diaminodiphenyl)hexafluoropropane, 2,2-(3,4'-
diaminodiphenyl)hexafluoropropane, 2,2-(4,4'-
diaminodiphenyl)hexafluoropropane, 3,3'-oxydianiline,
3,4'-oxydianiline, 4,4’-oxydianiline, 3,3’'-
diaminodiphenylsulfide, 3,4'-diaminodiphenylsulfide,

15 4,4’-diaminodiphenylsulfide, 3,3’'-diaminodiphenylsulfone,
3,4’'~diaminodiphenylsulfone, 4,4’-diaminodiphenylsulfone,
1,3-bis[1~(3-aminophenyl)-1-methylethyl]benzene, 1,3~
bis[1-(4-aminophenyl)~-1-methylethyl jbenzene,
1,4-bis[1~(3~-aminophenyl)-1l-methylethyljbenzene, 1,3-

20 bis(3-aminophenoxy)benzene, 1,3-bis(4-aminophenoxy)benzene,
1,4-bis(3-aminophenoxy)benzene, 1,4-bis(4-~
aminophenoxy)benzene, 3,3’'-bis(3-aminophenoxy)diphenyl
ether, 3,3’-bis(4-aminophenoxy)diphenyl ether, 3,4’-~
bis(3-aminophenoxy)diphenyl ether, 3,4’'-bis(4-

25 aminophenoxy)diphenyl ether, 4,4’-bis(3-
aminophenoxy)diphenyl ether, 4,4’-bis(4-
aminophenoxy)diphenyl ether, 1,4-bis[1-(4-aminophenyl)-1-
methylethyl-bis(3-aminophenoxy)biphenyl, 3,3’-bis(4-
aminophenoxy)biphenyl, 3,4’-bis(3-aminophenoxy)biphenyl,

30 3,4'-bis(4-aminophenoxy)biphenyl, 4,4'-bis(3-
aminophenoxy)biphenyl, 4,4’-bis(4-aminophenoxy)biphenyl,
bis[4-(3-aminophenoxy)phenyljsulfone, bis[4-(4-



epoxy resin further as Conponent (e) in addition to Cbnponenﬁ is Sheet Ha a“d
the present invention 1, and in which the total anount I

(B), (c), (d) and (e) per 100 parts by wei ght of Cbnp ne
to 900 parts by weight, the total anount of Conponentp (b) and (e)
based on the total anmount of Components (b), (c), (d)jand (e) is 10 to!
90 % by wei ght, and the ampunt of am no groups of Conponent (O] peT
mol e equivalent 10 of the nal ei m de groups of Conponent (c) is 0.01 to 2.0
mol e equi vathrephenoxy)phenyl |sulfong e ZeRt-billdmBon 3 provides an

adhesi ve tape InC f-qropd by | am nating an
adhesi ve I%méxrlé o?rr%\gemé om oﬁ%‘h&mgﬁgvgiﬁ[guﬁ adhesi ves on at
Iﬁastt15 Zne samirmpheﬂoxy}phﬂnyﬁﬁpnnpane,;QIﬁrbls[4-(3- The present
i nvention rovi des a [ '

f ormed by Ialron n2PHP aﬂh??i llap%ﬂpgyer' %dr g‘g#ko gnga{);St h\gh:aggv:as
l'i quid adheslveamtmbpmeﬂaxg#phenylypropamhacé,anas@éPthable film 20

The present invenfio 5 rovides a.nmet usi n ve,liquid
adhesive for fi3HP YRheRyl jhexa uoropropﬁﬂ 'p?eéeﬁfsfg Zﬂflgn 6

provi des a net hmlmpwndh@)pheﬂﬁqrﬁ.ﬂa@ﬁu@%@ibpanbape bopiéraigg-a | ead

frane.

aminophenoxy)phenyl jhexafluoropropane, 2,2-bis[4~(4-
aminophenoxy )phenyl jhexafluoropropane, 9,9-bis(3-
10 aminophenyl)fluorene and 9,9-bis(4-aminophenyl)fluorene.
The polysiloxane compound terminating with an amino
group at each terminal and having a weight average molecular
weight of 200 to 7,000 includes bis(3-
aminopropyl)tetramethyldisiloxane, dimethylsiloxane
15 tetramer and octamer terminating with aminopropyl groups, and
bis(3-aminophenoxymethyl)tetramethyldisiloxane. These
compounds may be used alone or in combination.
According to the present invention 2, the above
liquid adhesive may further contain an epoxy resin as Component
20 (e). The epoxy resin is selected from known epoxy resins such
as glycidyl ether-containing, glycidyl ester-containing,
glycidylamine-containing, alicyclic and heterocyclic epoxy
resins. In view of heat resistance, toughness and high
adhesion properties, it is preferred to use an epoxy resin
25 having a novolak, bisphenol or biphenyl structure. Further,
the above epoxy resin as Component (e) may be selected from
resins of which the molecular structure contains an epoxy
group.
The amounts of the above Components are set such that
30 the total amount of Components (b), (c¢) and (d) per 100 parts
by weight of Component (a) is 10 to 900 parts by weight,
preferably 20 to 800 parts by weight. When the total amount

10
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tape of ‘the present i nvention or a conventional adh SIV

appl i ed. Fig. 2 is a cross-sectional view of Hmmw

pl asti c-seal ed sem conductor device to which the adhesi

present invention or a conventional adhesive tape is applled

6 of Components (b), (c) and (d) is smaller than the above lower
limit, the adhesive after applied and cured shows an extreme

decrease in heat resistance, Tg and Young’s modulus, shows

poor surface tackiness and is therefore not suitable for the
5 intended use. When the above total amount exceeds the above

upper limit, the adhesive layer becomes fragile when cured
to a B-stage, which causes poor workability, and the adhesion
of the adhesive layei to a heat-resistant film becomes poor.
In view of workability and the properties of a cured resin,
10 the amouﬁt of Component (b) based on the total amount of
Components (b), (c) and (d) is 10 to 90 % by weight. Further,
the amounts of Components (c) and (d) are required to be set
such that the amount of amino groups of Component (d) per mole
equivalent of maleimide groups of Component (c) is 0.01 to
15 2.0 mole equivalents, preferably 0.1 to 1.0 mole equivalent.
When the equivalent weight of amino groups of Component (d)
is smaller than the above lower limit, the adhesive layer
becomes fragile when cured to a B-stage, which causes poor
workability, and the adhesion of the adhesive layer to a
20 heat-resistant film becomes poor. When the above equivalent
weight of amino groups exceeds the above upper limit,
Components cause gelation and an adhesive can be no longer
prepared.
In the present invention 2, Component (e) can be
25 incorporated as a substitute for part of Component (b).
Therefore, the total amount of Components (b) and (e) based
on the total amount of Components (b), (c), (d) and (e) is
10 to 90 % by weight as well as in the present invention 1.
The amount ratio of Component (b) and Component (e) is
30 determined depending upon the numbers of functional groups,
while these components (b) and (e) may be in any amount ratio

when a reaction promoter to be described later is used in

11
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Fig. 3 is a cross-sectional view of still another - d

sem condyct or device to which the adhesive tape of t% pr esent

i nvention or a conventional adhesive tape is appl i ed.” 3 heetHasBeenReplaced
Fig. 4 is a cross-sectional view of yet another H

pl asti c- seal edseni conduct or devi cet owhi cht headhesi vet ape ] ﬂ

I nvention or a conventional adhesive tape is appl i ed. 10 Det al
Description of the Invention The present invention will be
expl ai ned i n delohiHinatiohS’ Githéh k¥le amount of Componém?f(b' Ol Qmﬁﬁh‘.@i"ﬁ&?an
according to the present Invention 1 i s conposed 8

acrylonitril e- B édlbéfn&lel-shtaopb‘l vhen, tbg)tat@heamurct r%ﬁzlwml(q})elalﬂzdmund
D ot ans g T8, SRLBRSEAMRSIETR L) waiher agermauy, glor o
and having a wdji@smnes&genqnheoﬁl ahe\/\edit)és:mé €d0a heat-axesiIHYAN?Eilm
The acryl ongt rig elg#E a enetﬁgpa%é/ve amount or total amount is greater than

90 % by weight, undesirably, voids are formed.

Components (a), (b), (c) and (d) and optionally
Component (e) are mixed in a solvent which can dissolve these
Components. The solvent includes N-methyl-2-pyrrolidone,

10 N,N-dimethylacetamide, N,N-dimethylformamide, dimethyl
sulfoxide, sulfolane, hexamethylphosphoric acid triamide,
1,3-dimethyl-2-imidazolidone, hexane, benzene, toluene,
xylene, methyl ethyl ketone, acetone, diethyl ether,
tetrahydrofuran, dioxane, 1,2-dimethoxyethane, diethylene

15 glycol dimethyl ether, methyl cellosolve, cellosolve acetate,
methanol, ethanol, propancl, isopropanocl, methyl acetate,
ethyl acetate, acetonitrile, methylene chloride, chloroform,
carbon tetrachloride, chlorobenzene, dichlorobenzene,
dichloroethane, dichloroethane and trichloroethane. The

20 solvent is selected in kind and amount such that each Component
is dissolved.

The liquid adhesive may contain a reaction promoter
as required for promoting a reaction at a drying or heat-
curing time. The reaction promoter includes organic

25 peroxides such as diazabicyclooctane, methyl ethyl ketone
peroxide, cyclohexane peroxide, 3,3,5-
trimethylcyclohexanone peroxide, methylcyclohexanone
peroxide, methyl acetoacetate peroxide, acetyl acetone
peroxide, 1,1-bis(tert-butylperoxy)-3,3,5-trimethylhexane,

30 1,l-bis(tert-butylperoxy)cyclohexane, 2,2-bis(tert-
butylperoxy)octane, n-butyl-4,4-bis(tert-
butylperoxy)valerate, 2,2-bis(tert-butylperoxy)butane,

12



sel ected from known acrylonitrile-butadi ene copol yners. An
acrylonitrile-butadi ene copol yner having a wei ght average nol ecul ar
wei'ght 50,000 to 1,000,000 and an acrylonitrile cont entThisfhes
weight is preferred, and an 25 acrylonitrile-butadi ene copo
wei ght aver age nol ecul ar wei ght 100, 000 to 500, 000 and
content of 10 to 40 % by weight is particularly preferre

wei ght average nol ecul ar wei ght of the acrylonitrile but adi ene

copol yner is | qugk &ﬁﬁﬁr%&% q Jilas) lyssthe liquid
adhesive is poor In 3 r%? abfﬁi?& an nhg egégég%cédhecreases
When t he above1sopnnpxﬂhenaeaea@gdmnpecokadewepgmenthaheghpdr¢pempxideabove
Upper 2,5-dimethylhexane-2,S-dihydzoperoxide, 1,1,3,3-

tetramethylbutyl hydroperoxide, di~tert-butyl hydroperoxide,

5 tert-~butylcumyl peroxide, di-cumyl peroxide, a,a’-
bis(tert-butylperoxy-m~isopropyl)benzene, 2,5-dimethyl-
2,5-di(tert-butylperoxy)hexane, 2,5-dimethyl-2,5-di(tert-
butylperoxy)hexyne, acetyl peroxide, isobutyl peroxide,
octanoyl peroxide, decanoyl peroxide, benzoyl peroxide,

10 lauroyl peroxide, 3,5,5-trimethylhexanoyl peroxide, succinic

~acid peroxide, 2,4-dichlorobenzoyl peroxide, m-toluyl
peroxide, diisopropylperoxydicarbonate, di-2-
ethylhexylperoxydicarbonate, di-n-propylperoxydicarbonate,
bis(4-tert-butylcyclohexyl )peroxydicarbonate, di-

15 myristylperoxydicarbonate, di-2-
ethoxyethylperoxydicarbonate, di-
methoxyisopropylperoxydicarbonate, di-(3-methyl-3-
methoxybutyl )peroxydicarbonate, di-allylperoxydicarbonate,
tert-butylperoxyacetate, tert-butylperoxyisobutylate,

20 tert-butylperoxypivalate, tert-butylperoxyneodecanoate,
cumylperoxyneodecanoate, tert-butylperoxy-2-ethylhexanoate,
tert-butylperoxy-3,5,5-trimethylhexancate, tert-
butylperoxylaurate, tert-butylperoxybenzoate, di-tert-
butylperoxyisophthalate, 2,5-dimethyl-2,5-

25 di(benzoylperoxy)hexane, tert-butylperoxymaleic acid,
tert-butylperoxyisopropyl carbonate, cumylperoxyoctate,
tert-hexylperoxyneodecanoate, tert-hexylperoxypivalate,
tert-butylperoxyneohexanoate, acetylcyclohexylsulfonyl
peroxide and tert-butyloxyallylcarbonate; imidazoles such as

30 1,2-dimethylimidazole, l-methyl-2-ethylimidazole, 2-
methylimidazole, 2-ethyl-4-methylimidazole, 2~
undecylimidazole, 2-heptadecylimidazole, 2-phenylimidazole,

13



limt, undesirably, the adhesive is poor in workability and  adhesion ——

property due to a decrease in the solubility in a solvenﬂhasﬂwﬂﬁsanR eplaced

increase in nelt viscosity. Wen the content of the acrylo
content is smaller than the above lower 5 limt, undesirablyj ﬂm”””,”m
solubility of the adhesive in a solvent decr eases. When th

content is greater than the above upper limt, undesirably, the

adhesive is unstable in i nsul ating property. The phenolic

resin can be selebenzyl¢2ﬁnéMhyM1mMﬂaqdienoukbensylnﬁ-phthélﬁidazole,
preferably sele ted fr ut pe eng esin,
bi sphenol A typ %:ﬁg](ﬁlf@yr]e’ﬂlﬁquﬁ i:rrp ?‘iﬁﬂfé HSHOFFi£ n of
whi ch the Phempy 1 xauaxnymﬁmidazﬁld eaLb@m@yaLecbeﬁynnan1the group

consi sting of tert-pug henol I.sphenol A_and_cresol, or a resol
type phenolic r@%Fhw¥km%§' Zﬂ?ﬁgﬂﬁdéﬁgéFP&ﬁ'o?'lsoPFﬁﬁgélméﬂﬂéﬁl?he

adhesi on te@perglﬁﬁéhfquhJﬁghgyﬁfﬂyaazolé: -Hth§%nQQP§§ﬁ§§oQ%” be

decreased and since suffi ¢ci ent adhe5|on stren can

The conpound habf¢xﬁnﬂeth¥kﬂ2ﬁ?ﬁhﬂhaﬁﬁmg§hgﬂeup§azame, l-cyanoethyl-2-
undecylimidazole, l-cyanoethyl-2-isopropylimidazole, 1-
cyanoethyl-2-phenylimidazole, l-cyanoethyl-2-
methylimidazolium trimellitate, l-cyanoethyl-2-

10 phenylimidazolium trimellitate, 2,4-diamino-6~[2'-
methylimidazolyl-{1’)}-ethyl-s-triazine, 2,4-diamino-6-
[2'-ethyl-4-methylimidazolyl-(1’)]-ethyl-s-triazine, 2,4-
diamino-6-[2'~undecylimidazolyl-(1’)]-ethyl-s-triazine,
2-methylimidazolium-isocyanuric acid adduct, 2-

15 phenylimidazolium-isocyanuric acid adduct, 2,4~-diamino-6-
[2’-methylimidazolyl-(1‘)]-ethyl-s~-triazine-isocyanuric
acid adduct, 2-phenyl-4,5-dihydroxymethylimidazole, 2-
phenyl-4~benzyl-5-hydroxymethylimidazole, 4,4’'-methylene-
bis-(2-ethyl-5-methylimidazole), l-aminoethyl-2-

20 methylimidazole, l-cyanoethyl-2-phenyl-4,5-
di(cyanoethoxymethyl)imidazole, 1-dodecyl-2-methyl-3-
benzylimidazolium chloride, 2-methylimidazole-benzotriazole
adduct, l-aminoethyl-2-ethylimidazole, 1-
(cyanoethylaminéethyl)-2-methylimidazole, N,N'=[2~

25 methylimidazolyl-(1l)-ethyl}-adipoyldiamide, N,N’-bis-(2-
methylimidazolyl-l-ethyl)urea, N-(2-methylimidazolyl-1l-
ethyl)urea, N,N’-[2-methylimidazolyl-(1)-
ethyl Jdodecanedioyldiamide, N,N’-[2-methylimidazolyl-(1)-
ethyl Jeicosanedioyldiamide, 1-benzyl-2-phenylimidazole-

30 hydrochloride, and triphenyl phosphine.

The liquid adhesive may further contain a filler

having a particle diameter of 1 pm or less for stabilizing

14



20 be selected from known ones, while conpounds of the folwmm_\c\
formulae ,(3-1) to (3-6) are particularly preferred in view of el ectri

rel'iability and solubility in a solvent. These conpounds Hﬁ@h Badyl laced
commercially and easily avail abl e. Further, these conpoundsEEEREIEIN _
synthesi zed by a known nethod. 25 [err] 8,.' il I”’lm

taping properties when applied to an adhesive tape. The term
“stabilizing taping properties” means preventing the oozing
of the adhesive out of side faces of the adhesive tape when
the adhesive tape is heat-pressed on a lead and maintaining
5 a proper thickness of an adhesive layer to maintain the
property of adhesion. When the above particle diameter
exceeds 1 um, undesirably, the effect on the stabilization
of taping properties small. The amount of the filler based
on the total solid content is 4 to 40 % by weight, preferably

10 9 to 24 % by weight. When the amount of the filler is smaller
than the above lower limit, the effect on the stabilization
of taping properties is small. When the above amount exceeds
40 % by weight, undesirably, the adhesion strength of the
adhesive tape decreases, and the processability such as the

15 formation of a laminate is poor. The filler is selected, for
example, from silica, a quartz powder, alumina, calcium
carbonate, magnesium oxide, a diamond powder, mica, a fluorine
resin or a zircon powder. The above “average particle”
diameter is measured by taking an electron microscopic

20 photograph of filler surfaces.

Further, the 1liquid adhesive may be prepared as one
which is isolated after a reaction, washed with an organic
solvent, water or a mixture of an organic solvent with water,
and re-dissolved in the same organic solvent as above.

25 The organic solvent used for the above washing is
selected from acetone, methyl ethyl ketone, hexane, benzene,
toluene, xylene, methanol, ethanol, propanol, diethyl ether,
tetrahydrofuran, methyl acetate, ethyl acetate, acetonitrile,
methylene chloride, chloroform, carbon tetrachloride,

30 chlorobenzene, dichlorobenzene, dichloroethane or
trichloroethane.

The adhesive tape for electronic parts to which the

15
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| This Sheet Hag Been Replaced

LT

above liquid adhesive is applied, provided by the present
invention, will be explained hereinafter.

The adhesive tape of the present invention can be
obtained by applying the above liquid adhesive to one surface

5 or both surfaces of a heat-resistant film or to one surface
of a detachable film. The thickness of an adhesive layer
(applied liquid adhesive) is preferably 5 to 100 um,
particularly preferably 10 to 50 um. The heat-resistant film
includes films of heat-resistant resins such as polyimide,

10 polyphenylene sulfide, polyether, polyparabanic acid and
polyethylene terephthalate, and composite heat-resistant
films such as epoxy resin-glass cloth and an epoxy resin-
polyimide-glass cloth. A film of a polyimide resin is
particularly preferred. The thickness of the heat-resistant

15 film is set in the range of from 7.5 to 130 um, particularly
preferably 12.5 to 75 um. When the thickness is too small,
the adhesive tape has an insufficient nerve. When it is too
large, it is difficult to punch out the adhesive tape.

The detachable film used for the adhesive tape of

20 the present invention has a thickness of 1 to 200 pm, preferably
10 to 100 um, and works as a temporary support. The detachable
film includes a polypropylene film, a fluorine-resin-
containing film, a polyethylene film, a polyethylene
terephthalate £ilm and paper. In some cases, these films may

25 be imparted with detachability with a silicone resin.

The detachable film preferably has a 90° peel
strengthof 0.01 to 7.0 g/cm. When the peel strength is smaller
than the above range, the detachable film may be easily
detached when the adhesive tape is fed. When the peel strength

30 is larger than the above range, the detachable film is not
peeld from the adhesive layer clean, and the workability is

poor.

16



in which pis an integer of 0 to 7. 20 [err]
9 .
. ' This Sheet Has Been Replaced

LT

Further, when the liquid adhesive is applied to one
surface or both surfaces of the heat-resistant £ilm for forming
adhesive layer(s), a protection film may be further provided
to the adhesive layer(s). The protection £ilm can be selected

5 from those described concerning the above detachable film.

Examples
The present invention will be explained more in
detail with reference to Examples hereinafter.

10
(Preparation of Liquid Adhesive)

Example 1
100 Parts by weight of a butadiene-acrylonitrile
copolymer (weight average molecular weight 250,000,

15 acrylonitrile content 27 %), 50 parts by weight of a p-
tert-~butylphenol type resol phenolic resin {CKM-1282,
supplied by SHOWA HIPOLYMER Co., LTD.), 45 parts by weight
of a compound of the formula (3-~1) and 5 parts by weight of
1,3-bis(3-aminopropyl)-1,1,3,3-tetramethyldisiloxane (mole

20 equivalent of amino group per mole equivalent of maleimide
groups of the above compound = 0.51) were added to
tetrahydrofuran, fully mixed and dissolved to give a liquid
adhesive having a solid content of 30 % by weight.
Incidentally, liquid adhesives obtained in Examples 2 to 27

25 to bedescribed later also had a solid content of 30 % by weight.

Example 2
A liguid adhesive was obtained in the same manner
as in Example 1 except that the amount of butadiene-
30 acrylonitrile copolymer was changed from 100 parts by weight
| to 25 parts by weight.

17



in which M= [err] R=Hor CHerr], and r = 1~5.'

Exanpl es of the di am ne conpound of the gener al formula (1) used as
Conponent (d) are as follows. 5 3, 3' - di am nobi phﬂiagicctHasBecchplaced
3, 4' -di am nobi phenyl , 4, 4" - di am nobi phenyl , T

3, 3" -di am nodi phenyl net hane, 3, 4'- di am nod| phenyl net ha ”"IIHII'

' -di am nodi phenyl net hane, 2, 2- (3, 3" -di am nodi phenyl ) pr

2,2-(3,4" - di am nodi phenyl) propane, 2,2- (4,4 '-diam nodi phenyl )

propane, 10 2gzZafmplé 3di ami nodi phenyl ) hexafl uor opr opane, 2,2-(3,4'-

di am nodi phenyl ) hexaf | uor opy opane, ..2,
di ani nodi phenyl ) hexaf | uof Fpi &d tgesg,ve WdPBHPFPﬁé in the same manner

3, 4" -oxydiani | h@emnAfEﬁF?x%édiaékééﬁ@ tBat the cﬂl iy lor) fd’égﬁ?ﬂn%” fide,

3, 4' -di am nodi phenyl su 15 4,4 -diam no
3, 3' - di ani nodi peayPodtréhe, copolgrer msaqhnnge@r@wn 30/0f parts by weight

Lll g b?ls?rln ( d;%gﬁgéheﬁk%¥geb¥e‘f’ﬁ§7gmzhyI ] benzene, 1, 3-

bi s[ 1- (4- am nophenyl ) - 1- et hyl et hyl ] benzene,
1, 4-bis[1-(3- a@;‘gﬁgggnxl ) - 1- net hyl et hyl | benzene, 1, 3-
A liquid adhesive was obtained in the same manner
as in Example 1 except that the amount of p-tert-butylphenol
10 type resol phenolic resin was changed from 50 parts by weight
to 20 parts by weight, that the amount of the compound of the
formula (3-1) was changed from 45 parts by weight to 72 parts
by weight and that the amount of 1,3-bis(3-aminopropyl)-
1,1,3,3-tetramethyldisiloxane was changed from 5 parts by
15 weight to 8 parts by weight (mole equivalent of amino group
per mole equivalent of maleimide groups of the above compound
= 0.51).

Example 5

20 A liquid adhesive was obtained in the same manner
as in Example 1 except that the amount of p-tert-butylphenol
type resol phenolic resin was changed from 50 parts by weight
to 80 parts by weight, that the amount of the compound of the
formula (3-1) was changed from 45 parts by weight to 18 parts

25 by weight and that the amount of 1,3-bis(3-aminopropyl)-
1,1,3,3-tetramethyldisiloxane was changed from 5 parts by
weight to 2 parts by weight (mole equivalent of amino group
per mole equivalent of maleimide groups of the above compound
= 0.51).

30

Example 6
A liquid adhesive was obtained in the same manner

18



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

1, 4- bi s(3- am nophenoxy) benzene, 1, 4-bi s(4- am nophenoxy) b'?}{x]szﬁge?ﬂasBeenRepl;med
3, 3' - bi s(3- ani nophenoxy) di phenyl et her,
3, 3" - bi s(4- am nophenoxy) di phenyl ether, 3,4'- Ju "mu“m”m"l
bi s(3- am nophenoxy) di phenyl ether, 3,4'-bis(4- 25 am nophenoxy '

ether, 4,4'-bis(3- am nophenoxy) di phenyl ether, 4,4'-bis(4-

am nophenoxy) di phenyl ether, 1, 4-bis[1-(4-am nophenyl)-1-

net hyl et hyl - bi %@iﬁ”ﬁi&%ﬁ@@%k@é plRethat t@xegaméhﬁfﬁdefn tlhe ggmpound of the

am nophenoxy) bi phen bi s am nopheno
3,4' -bis(4-an rfg»em@ﬁ@xy%lpmphangnd gr@(l par aﬁmmﬁ@xyym%m@mﬂs
4, 4' - bi s(4-am ngphanaxy) BhANRAYE: tne ahbdhé ¢ ABIPANENUMIRARBEHSY! f one,

bi s[ 4-(4-
1,1,3,3-tetramethyldisiloxane was changed from 5 parts by

5 weight to 1 part by weight (mole equivalent of amino group
per mole equivalent of maleimide groups of the above compound
= 0.09).

Example 7

10 A liquid adhesive was obtained in the same manner
as in Example 1 except that the amount of the compound of the
formula (3-1) was changed from 45 parts by weight to 41 parts
by weight and tha£ the amount of 1,3-bis(3-aminopropyl)-
1,1,3,3-tetramethyldisiloxane was changed from 5 parts by

15 weight to 9 parts by weight (mole equivalent of amino group
per mole equivalent of maleimide groups of the above compound
= 1.01).

Example 8

20 A liquid adhesive was obtained in the same manner
as in Example 1 except that the amount of the compound of the
formula (3-1) was changed from 45 parts by weight to 40 parts
by weight and that 5 parts by weight of 1,3-bis(3-
aminopropyl)-1,1,3,3-tetramethyldisiloxane was replaced

25 with 10 parts by weight of o,w-bis(3-aminopropyl)-
polydimethylsiloxane {polymerization degree: 4) (mole
equivalent of amino group per mole equivalent of maleimide

groups of the above compound = 0.53).

30 Example 9
A liquid adhesive was obtained in the same manner
as in Example 1 except that the amount of the compound of the

19



10 am nophenoxy) phenyl ] sul fone, 2, 2-bi s[ 3-(3-

am nophenoxy) phenyl ] propane, 2, 2-bis[3-(4- ) Jaced
am nophenoxy) phenyl ] propane, 2 ,2-bis [4- (3- This Sheet Has Been Replace

am nophenoxy) phenyl ] propane, 2,2-bis[4-(4- 5 am nophenoxﬂmm'?‘u\ﬁm“%me,
2,2-bis[3-(3- am nophenoxy) phenyl | hexaf | uor opr opane, 2 L '

am nophenoxy) phenyl ] hexaf | uor opr opane, 2, 2-bi s[ 4-( 3-
am nophenoxy) phenyl ] hexaf | uor opr opane, 2, 2-bi s[ 4-(4-

am nophenoxy) phespahdiaexath yorsp changed Brém-458 par®s BY weight to 37 parts
am nophenyl ) fl yorene and 9, 9-bi s(4-am nophenyl )f| uor ene. The

pol ysi | oxane c&pdRighteardnthatySwPakEtanbYnvasght of budrhis €dch terni nal
and having a ' e | ecyl ' t , | udes
bi s( 3- am“ﬁdﬁmgﬁw ;é'etqrégt'%ﬁd?é}: g‘)‘(‘%ﬁgﬁ,’ %sng%%yi Si I%(%ne igl%%éi':ﬂfdet r aner
and octaner temuthatlidnpawmtshbanweaghtpof groubis(3naminopropyl)-

bi s(3- am nophe I . vyl d] ] :.Jh . &0 ds may be
Used al one br - EOLAIREEHYIE BREREY | BbTimBE Pogy son Mebrees £ HRAE

i nvention 2, thkeudvalent of amino group per mole equivalent of maleimide

groups of the above compound = 0.51).

Example 10

10 A liquid adhesive was obtained in the same manner
as in Example 1 except that the amount of the compound of the
formula (3-1) was changed from 45 parts by weight to 43 parts
by weight and that 5 parts by weight of 1,3-bis(3-
aminopropyl)-1,1,3,3-tetramethyldisiloxane was replaced

15 with 7 parts by weight of 1,3-bis(3-aminophenoxymethyl)-
1,1,3,3-tetramethyldisiloxane (mole equivalent of amino
group per mole equivalent of maleimide groups of the above

compound = 0.47).

20 Example 11
A liquid adhesive was obtained in the same manner

as in Example 1 except that the amount of the compound of the
formula (3-1) was changed from 45 parts by weight to 48.5 parts
by weight and that 5 parts by weight of 1,3-bis{(3-

25 aminopropyl)-1,1,3,3-tetramethyldisiloxane was replaced
with 1.5 parts by weight of ethylenediamine (mole equivalent
of amino group per mole equivalent of maleimide groups of the

above compound = 0.53}).
30 Example 12

A liquid adhesive was obtained in the same manner
as in Example 1 except that the amount of the compound of the

20



| i quid adhesive may further contain an epoxy resin as Co e

The epoxy resin is selected from known epoxy resins such .as glycidyl

et her-contai ning, glycidyl ester-containing, gl ycidyl a Sheey] s Becl Rehced
alicyclic and heterocyclic epoxy resins. In view of heat| ml‘laww#ﬂ(

t oughness and hi gh adhesi on properties, it is preferred M y
resin 25 having a novol ak, bisphenol or biphenyl structure. Further,

t he above epoxy resin as Conponent (e) nay be selected from resins of

whi ch the nol ecfdrawuls (3elyrwas aliangesl frompikparts by owgiight to 48 parts
The amounts of .t he abqve Co nents are set such that 30, the total anmount
of Conponents & w?’cg?“ar?dl%a%e% ?@ﬁﬁasi’swelghﬁyo%\efg%’fbb?(%'orrppnent (a)
is 10 to 900 pamiEndpropyiighil, 1,3, 3nteteambtiy28ib018Rn0as PepYEtad! -
When the total amunt . )
with 2 parts by weight of hexamethylenediamine (mole
5 equivalent of amino group per mole equivalent of maleimide

groups of the above compound = 0.47).

Example 13
A liquid adhesive was obtained in the same manner

10 as in Example 1 except that the amount of the compound of the

formula (3-1) was changed from 45 parts by weight to 46 parts

by weight and that 5 parts by weight of 1,3-bis(3-

aminopropyl)-1,1,3,3-tetramethyldisiloxane was replaced

with 4 parts by weight of 1,10-diaminodecane (mole equivalent
15 of amino group per mole equivalent of maleimide groups of the

above compound = 0.58).

Example 14
A liquid adhesive was obtained in the same manner

20 as in Example 1 except that the amount of the compound of the

formula (3-1) was changed from 45 parts by weight to 46 parts

by weight and that 5 parts by weight of 1,3-bis(3-~

aminopropyl)-1,1,3,3-tetramethyldisiloxane was replaced

with 4 parts by weight of 3,4-diaminodiphenyl ether (mole
25 equivalent of.amino group per mole equivalent of maleimide

groups of the above compound = 0.50).

Example 15
A liquid adhesive was obtained in the same manner
30 as in Example 1 except that the compound of the formula (3-1)
was replaced with a compound of the formula (3-2). The mole
equivalent of amino group of the tetramethyldisiloxane

21



of Conponents (b), (c) and (d) is snmaller than the above | ower | it
t he adhesive after applied and cured shows an extreme ~ decrease in _heat
resi stance, Tg and Young's nodul us, shows poor surf aceThig RS IECTAGPIAGE
therefore not suitable for the 5 intended use. Wien the abgg | u Hnt
exceeds the above 'upper limt, the adhesive | ayer beco Rl n
cured to a B-stage, which causes poor workability, and the adhesion
of the adhesive layer to a heat-resistant filmbecones poor. I n view of
wor kabi | ity an@ompoupido me3eObgaivalentr 65i faldinidd to®fthe
Conmponent (b) based on ?ﬁgﬁtotal grmunt of Co onen?gs (b;, (c) and (d)
is 10 to 90 % pmpouge; ofFthendprmula {Be2 hnWast Q-3 Conponents (c) and (d)
are required to be set such that the anmount of am no groups of
Component (d) per nole equi val ent of nal ei m de groups of Conponent (c)
is 0.01 to 15 Exampdel d6equi val ents, preferably 0.1 to 1.0 nole equival ent.
When t he equi val ent wei ght ' f nt_( 1 s smaller
t han t he ab%ve | ower |i t}gé‘ﬂgéna%ﬁ%%&éoﬁﬁ%epg%gaggs n &e same manrﬁ%xj

as in Example 1 except that the compound of the formula (3-1)

was replaced with a compound of the formula (3-3). The mole
equivalent of amino group of the tetramethyldisiloxane
compound per mole equivalent of maleimide groups of the

10 compound of the formula (3~3) was 0.39.

Example 17
A liquid adhesive was obtained in the same manner
as in Example 1 except that the p-tert-butylphenol type resol
15 phenolic resin (CKM~-1282) was replaced with a bisphenol A type
resol phenolic resin (CKM-908, supplied by SHOWA HIPOLYMER
Co., LTID.).

Example 18

20 A liquid adhesive was obtained in the same manner
as in Example 1 except that the p-tert-butylphenol type resol
phenolic resin (CKM-1282) was replaced with a cresol type resol
phenolic resin (BKM-2620, supplied by Showa Kobunshi K.K.).

25 Example 19
A liguid adhesive was obtained in the same manner
as in Example 1 except that the butadiene-acrylonitrile
copolymer was replaced with a butadiene-acrylonitrile
copolymer having a weight average molecular weight of 60,000

30 and an acrylonitrile content of 10 %.

Example 20
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becones fragile when cured to a B-stage, which causes pQ_O.L_——WG-F—Ka-b'I—H‘t“y’
and the adhesion of the adhesive layer to a 20 heat-resistant fjl

poor. \When the above equival ent wei ght of amino groupst

above upper limt, Conmponent s cause gel ati on and an adhég

| onger pr epar ed. In the present inventi on |Hikli kg

(e) can be 25 incorporated as a substitute for part of Conponent (b)
;I'hterlefore thefttc);)al anount of Conponents (b) and (e) based on the
otal anount o npone

weight as well as in theIH arl@qga%sg%g%oﬁgg.éﬂai&% la{lrréigirﬁ grai:?iltgl ﬁoﬁgﬁer

Eﬁggpgntf(s) a.fldlﬂcmplﬂ Ie@xoeptso:hamttéxe{nh\v@@dd@penepﬁglepéﬁrﬂ-ﬁé

o) uncti o rou e) may be
in any amount q:%rgc?ﬂym v W‘ér#%?lraeca%{]i ro%ttérmggﬁgkgggg%ﬁggg Fa% er iys
used in copolymer having a weight average molecular weight of 60,000

5 and an acrylonitrile content of 27 %.

Example 21
A liquid adhesive was obtained in the same manner
as in Example 1 except that the butadiene-acrylonitrile
10 copolymer was replaced with a butadiene-acrylonitrile
copolymer having a weight average molecular weight of 60,000

and an acrylonitrile content of 40 %.

Example 22

15 A liquid adhesive was obtained in the same manner
as in Example 1 except that the butadiene-acrylonitrile
copolymer was replaced with a butadiene-acrylonitrile
copolymer having a weight average molecular weight of 250 ,000
and an acrylonitrile content of 10 %.

20
Example 23

A liquid adhesive was obtained in the same manner

as in Example 1 except that the butadiene-acrylonitrile
copolymer was replaced with a butadiene-acrylonitrile

25 copolymer having a weight average molecular weight of 250,000

and an acrylonitrile content of 40 %.

Example 24
A liquid adhesive was obtained in the same manner

30 as in Example 1 except that the butadiene-acrylonitrile
copolymer was replaced with a butadiene-acrylonitrile
copolymer having a weight average molecular weight of 500,000
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12 conbi nati on. Wen the anmount of Conponent (b) is snmetter—than
10 % by weight, or when the total anmount of Conponents (b)
smal l er 'than 10 % by wei ght, undesirably, the adhesi on str Replaced
adhesive to a heat-resistant film 5 is |low. Wen the above anou l”,
anount is greater than 90 % by wei ght, undesirably, voids ar

Conmponents (a), (b), (c) and (d) and optionally Conmponent (e) are m xed

in a solvent which can dissolve these Conmponents. The sol vent i ncl udes
N-net hyl - 2- pyr ra?x'd' Qﬁ”ﬁcr&@on%ﬁﬂé”&éﬂiéﬁ%ﬁﬁ@% N, N-di met hyl f or mam de,

di et hyl sul f oxi de, Sul fol ane, hexanet hyl phosphorl c acid triam de,

1, 3-di net hyl - 2- |m dazol i done, hexane, benzene, tol uene, xyl ene, nethyl

et hyl ket one, %g EI et hyl ether, t et rahydr of uran, di oxane, 1,

2- di met hoxyet hane, |e? yl ene 15 glycol dinmethyl ether, nethyl cellosolve,

cel | osol ve acetate, Ael hqnid ,adhtdsdivel wagr obtabhedi $mpriop mante mamniey

acet at e,

5 as in Example 1 except that the butadiene-acrylonitrile
copelymer was replaced with a butadiene-acrylonitrile
copolymer having a weight average molecular weight of 500,000
and an acrylonitrile content of 27 %.

10 Example 26
A liquid adhesive was obtained in the same manner
as in Example 1 except that the butadiene-acrylonitrile
copolymer was replaced with a butadiene-acrylonitrile
copolymer having a weight average molecular weight of 500,000
15 and an acrylonitrile content of 40 %.

Example 27
100 Parts by weight of the liquid adhesive obtained
in Example 1 and 6 parts by weight of an alumina filler (supplied
20 by SHOWA DENKO K.K.) were dispersion-mixed to give a liquid

adhesive.

Comparative Example 1
A nylon epoxy-based adhesive (TORESINE FS-410,
25 supplied by TEIKOKU CHEMICAL INDUSTRY Co., Ltd., solid content
20 %, solvent = isopropyl alcohol:methyl ethyl ketone = 2:1)

was prepared.

Comparative Example 2

30 A solution of 20 % by weight of a polyimide-
containing varnish (LARC TPI, supplied by MITSUI TOATSU
CHEMICALS, INC.) in N-methylpyrrolidone was prepared.
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et hyl
tetrac

acet at e,
hl ori de,

acetonitrile, nethylene chloride, chloroform- carbon

chl or obenzene, di chl orobenzene, dlchloroethane

di chl oroet hane and trichl oroethane. The 20 solvent is sel ect®® “d
anount such that each Conponent i s dissol ved.

adhesive may contain a reaction pronoter as required for

reaction at a drying or heat- curing tinme. The reaction pronDter

i ncludes organic 25 peroxides such as di azabi cycl ooctane, nethyl ethyl

per oxi de, cycl ohexane peroxide, 3, 3, 5-

ket one

trimet hyl cycl ohexanone peroxi de, nethyl cycl ohexanone per oxi de, nmet hyl

acet oacet at e pépmepderationt gf Adhésive Tap@proxide
1,1-bis(tert-buty|perox;%é§%3 5- trlnetgylhexane

1, 1-bis(tert-butyl perox

but ane,

10

15

20

25

30

s HYR LAReS

adhesive was applied to each surface of a polyimide £ilm such
that a dry adhesive layer on each surface had a thickness of
20 pm, and dried in a hot air circulating dryer at 160°C for
5 minutes. The so-obtained adhesive tapes will be referred
to as adhesive tapes of Examples 1 to 27, and adhesive tapes
obtained from adhesives obtained in other Examples or
Comparative Examples will be also referred to as “adhesive
tapes of Examples or Comparative Examples” hereinafter.
{(Preparation of Comparative Adhesive Tape 1)

The adhesive in Comparative Example 1 was applied
to each surface of a polyimide film such that a dry adhesive
layer on each surface had a thickness of 20 um, and dried in
a hot air circulating dryer at 150°C for 15 minutes, to obtain
an adhesive tape.

(Preparation of Comparative Adhesive Tape 2)

The adhesive in Comparative Example 2 was applied
to each surface of a polyimide film such that a dry adhesive
layer on each surface had a thickness of 20 um, and dried in
a hot air circulating dryer at 150°C for 120 minutes and at
250°C for 60 minutes, to obtain an adhesive tape.
(Assembling of Lead Frame)

A lead frame used for a semiconductor package shown
in Fig. 1 was assembled in the following procedures under
working conditions shown in Table 1.

(a) Punching of Adhesive Tape

An adhesive tape was punched out in the form of a
ring with a die.

(b) Temporary Bonding of Adhesive Tape

25
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13 tert-butyl hydroperoxi de, cummene hydroper oxi de;—di=
| sopropyl benzene hydr oper oxi de, p-nmenthane hydroper oxi de, This She

2,.5-di met hyl hexane- 2, 5- di hydr oper oxi de, 1,1, 3, 3- tetr H;SBeenReplaced
hydr operoxi de, di-tert-butyl hydroperoxide, 5 tert-butylc ﬁﬂi‘ml

di - cunyl peroxide, a, a'- bi s(tert-butyl peroxy-misopro difet

2, 5-di nmet hyl - 2,5-di (tert-butyl peroxy) hexane, 2,5-dinethyl-2,5-di(tert-
butyl per oxy) hexyne, acetyl peroxide, isobutyl peroxide, oct anoyl

per oxi de, decanoyl per ox| I d8.~nRenzay Xhde I r
3,5, 5-trimet hyl hexanoyl %r g)?:éd%g t%ggrﬁlacbﬁ 2 %@Fdﬁgﬁg%am SHe deape

2, 4-di chl orobqnnmﬂed)m\muﬂe the tformy lof a rjegowadepressed on the plane

g: [ ﬁog:ggzl Bg:ox‘%}gl car Boaat ed gor tempora}yyb&%%goer%&dhﬁﬂéQWétfayer

bis(4-tert- butwAs vielaehaey kpaaimierconaboiane shihwn i Table 1 for bonding.
nmyri styl peroxydi carbonate, di-2-
5 (c) Assembling of Lead Frame
The plane with the adhesive tape temporarily bonded
in the above step and a lead frame part were positioned, heated
and pressurized on a hot plate to bond the lead frame and the
plane through the adhesive tape. The adhesive layer was
10 heat-melted under conditions shown in Table 1 for bonding.
- (d) Curing of Adhesive Tape |
In Examples 1 to 27 and Comparative Example 1, each
set was placed in a hot air circulating oven from which air
was purged with nitrogen, and heat-cured under conditions
15 shown in Table 1. It was because each adhesive tape was
different from every other one in tape properties that the
bonding conditions and the curing conditions were different.
Optimum bonding conditions were selected for each adhesive

tape, and each adhesive layer was cured under such conditions.

20
Table 1

Temporary Lead frame Curing of

bonding assembly adhesive tape
Adhesive tapes of |{140°C / 2 140°C / 2 200°C / 1 hour
Examples 1 to 27 seconds / seconds /

4kgf/cm? 4kgf/cm?
Adhesive tape of 80°C / 2 120°c / 2 150°C / 3 hours
Comparative seconds / seconds /
Example 1 4xgf/cm? 4kgf/cem?
Adhesive tape of 350°C / 10 350°C / 15 Nil
Comparative seconds / seconds /
Example 2 4kgf/cm’ 20kgf/cm®
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ethoxyethylperoxydicarbonate di - met hoxyi sopr opyl per oxydi car bonat e,

tert-butyl peroxyi sobutylate, 20 tert-butyl peroxypival at e[ ThlSSheetHasBeenR laced
tert-butyl peroxy-3,5,5-trinethyl hexanoate, tert- but yl peroxyl‘aur l
tert-but yl per oxmgplbdpytg ofr Bemicenduchyt pRackage) at e,

- (3-net hyl - nmet hoxybut yl ) per oxydi car bonat e,
d| al |yl peroxydl car bonat e, tert-butyl peroxyacet at e,
tert-butyl peroxyneodecanoat e, cunyl per oxyneodecanoat e|
tert-butyl peroxy-2-ethyl hexanoat e,
tert-butyl peroxybenzoate, di-tert- but yl per oxyi sopht hal at e,
2, 5-dinethyl -2,5- 25 di (benzoyl peroxy) hexane, tert-butyl peroxymal eic acid,
tert-hexyl peroxyneodecangg% ab&@é‘#ﬁ#ﬁ f%ﬁ'@j’f%’ﬂ%ﬁe were use
tert-butyl per oxyneohexan e, acetyrc €X |51§r &I 5@ and
tert-butyl oxyalsepiicandacabe; packdges! were uadsanbBéd iln thelifoxlowing dazol e,

1- met hyl - Zhgt hyl i m dazol e, 2- nmet hyl i m dazol e,
2-ethyl - 4- B¥&fe, 2- undecyl i mi dazol e, 2- hept adecyl i ni dazol e,
2- phenyl i m dazol e, (a) Die-bonding

A semiconductor chip was bonded to the plane portion
with a die bonding silver paste and cured at 150°C for 2 hours.
{(b) Wire bonding
10 A wire pad on the semiconductor chip and a silver
plated portion on an inner lead wire end portion were connected
with a gold wire with a wire bonder.
(c) Molding
The above-obtained set was transfer-molded with an
15 epoxy-containing molding agent.
(d) Finish step
The steps of forming, die cutting and outer lead

portion plating were carried out to complete a package.

20 (Results of Evaluation of Adhesive Tape in Assembling of Lead
Frame)
(a) Taping-feasible temperature
An adhesive tape was evaluated concerning whether
or not it could be easily and readily bonded to an adherend
25 such as a plane or lead pins. Specifically, the adhesive tape
was measured for a temperature range inwhich it could be bonded
to a lead frame with a taping machine.
The results were as follows. The adhesive tapes of
the present invention and the adhesive tape of Comparative
30 Example 1 could be bonded in the temperature range of from
100 to 240°C, while the adhesive tape of Comparative Example
2 required a temperature higher than 350°C for its bonding.
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14 1- benzyl - 2- et hyl i m dazol e, 1-benzyl -2-phenyli m dazole,
1-benzyl - 2- phenyl i m dazole trinellitic acid salt, 1-
benzyl - 2- et hyl i mi dazol e, 1-benzyl - 2-et hyl - 5- met hyl i m da‘ET%eﬂHaSBeenReplaced

2-ethylim dazol e, 2-isopropylimdazol e 5 2-phenyl - 4- benzy

1- cyanoet hyl - 2- et hyl i m dazol e, 1- cyanoet hyl - 2- et hyl - muwﬂl m’
1 -cyanoet hyl - 2- undecyl i m dazol e, 1-cyanoet hyI 2-isopropyl 1 mdazo

1- cyanoet hyl - 2- phenyl i m dazol e, 1-cyanoet hyl - met hyl i m dazol i um
trinellitate, 1-cyanoet tw @xlagt,_gheafl g_ghdafggmgm trinellitate,

2, 4-di am no-6-[2' - hyI i mdazolyl-(1")]-ethyl-s-triazine,

2. 4-di ani no- 6- [2 - & ﬂyﬂamfmmﬁysuﬁfaasowys visyally ropseryed A50% A

2, 4- di ami h
2-met hyl i m da &?af?ﬁél socyanur| c aC| %'méhe( %h%h@ﬁ: ¥t fot"tRé! f€ad frame

surface underwent oxidation during the curing of the adhesive.
5 The results were as follows. The adhesive tapes of
the present invention did not undergo oxidation. On the other
hand, the bonding temperature of the adhesive tape of
Comparative Example 2 was extremely high and required a long
period of time for its bonding, and the lead frame surface
10 showed a change in color or the oxidation took place.
(c) Voids
When an adhesive was cured, the adhesive was
visually evaluated through an electron microscope to determine
whether or not voids taking place in the adhesive were at a
15 level where the voids caused a problem in practical use.
The results were as follows. The adhesive tapes of
the present invention caused no voids, while the adhesive tape
of Comparative Example 1 showed the occurrence of voids.
(d) Workability
20 An adhesive tape was evaluated for handling
properties (curling and running performance) and tackiness
on the adhesive surface during its use such as taping of the
adhesive tape during the assembling of a lead frame.
The results were as follows. The adhesive tapes of
25 the present invention were all excellent in handling
properties and had no surface tackiness, while the adhesive
tape of Comparative Example 2 caused problems in handling
properties.
(e) Wire bondability
30 When a package was assembled, an adhesive tape was
evaluated for wire bondability with a gold wire to a lead frame.
The results were as foilows. When the adhesive
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15 phenylim dazol i umisocyanuric acid adduct, 2,4-diam ﬁﬁfﬁ-”//

-nmet hyl i m dazol yl - (1')]-ethyl-s-triazine-isocyanuric Seeid1ae Been Replaced

2- phenyl 4, 5-di hydr oxymet hyl i m dazol e, 2-
phenyl - 4- benzyl - 5- hydr oxynet hyl i m dazol e, 4, 4' - net hyl ene- um

bi s- (2-et hyl -5-net hyl i mi dazol e), 1-am noethyl-2- 20 nethyli

1- cyanoet hyI -2- phenyl -4, 5- di (cyanoet hoxynet hyl )i m dazol e,

1- dodecyl - 2- et hyl - benzyl i m dazol i um chl ori de,

2-met hyl i mi dazcﬂ e@afoeﬁé %;és%nt lﬂaﬂﬂui&n d? P l?or?&:m(é 11814344 e,
1- (cyanoet hyI am noet hyl I m daz N, N’

met hyl i m dazol wecuryregd: ipl B- &eBpoyISdngrﬂ?@IZe pinsy -vm.slq Xhe adhes:t.ve tape
T L1 ol e oL i THAMAT CRE L Fasors LR e
N, N -[ 2- et hyI ioutd afoltle- 83)- p:ms ahdyfatledstocsony | thergald wire in
The 11 aui d Sdn@APAcHaF BEFRBFtBontain a fi11er having a particle
diameter of 1 [err]mor |eysSEv@lustdn |d£idémiconductor package
A package obtained as described above was subjected
to a PCBT (pressure cooker biased test). PCBT was carried out
at a voltage of 5 V at 121°C under a pressure of 2 atm at 100 $RH
10 for evaluating the electrical reliability of an adhesive tape.
The results were as follows. When the adhesive
tapes of the present invention were used, no short circuit
occurred for 1,000 hours. When the adhesive tape of
Comparative Example 1 was used, a short circuit occurred before

15 a 1,000 hour period passed.

{Evaluation of Adhesive Tape for Strength)
An adhesive tape was bonded to a copper plate at 150°C
20 (taping), and then measured for a 90° peel strength at room
temperature.
The results were as follows. The adhesive tapes of
the present invention showed a 90° peel strength of 300 to 470
g/10 mm, while the adhesive tape of Comparative Example 1
25 showed a low 90° peel strength, as low as 2 to 4 g/10 mm, and
the adhesive tape of Comparative Example 2 showed a large
variability of 10 to 40 g/10 mm in 90° peel strength.

As is clearly shown in the above results, the
30 adhesive tape of the present invention to which the liquid
adhesive of the present invention is applied serves to produce
excellent semiconductor packages. In contrast, the
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tapi ng properties when applied to an adhesive tape. The tern

"stabilizing taping properties" neans preventing the 002|n ST sﬁé%ﬁwmmwd

adhesi ve out of side faces of the adhesive tape when

is heat-pressed on a | ead and maintaining 5 a proper thICk

adhesive layer to maintain the property of adhesion.

particle dianeter exceeds 1 [err]m undesirably, the effect on the
stabilization of taping properties small. The anmount of the filler

based on t hsorigdirlt i AdhéevERbpes thd ﬁhé(fo%)l'@))kﬂ@ Qfﬁbléﬁsaf enaidad 10

9 to 24 %by weight. Wen the anount of the filler is snaller t han t he

above |ower |irk%ame He emigdizesh the beadingzaenditions Aare RehEpitakle i es
is small. wWen ¢ie 3R0%EsafBYThgBF S 9%ad frame, or the wire bonding with

a gold wire is not admitted. Therefore, the comparative
5 adhesive tapes are not suitable for producing electronic

parts.

The liquid adhesive of the present invention can be

used for bonding and cured at relatively low temperatures and
10 has sufficient heat resistance and reliability. The adhesive

tape of the present invention to which the above liquid

adhesive is applied can be suitably used for bonding one member

to another member of lead frame peripheral parts which

constitute a semiconductor device, such as a lead pin, a
15 semiconductor chip mounting substrate, a radiator, a

semiconductor chip itself.

Example 28
100 Parts by weight of a butadiene-acrylonitrile

20 copolymer (weight average molecular weight 250,000,
acrylonitrile content 27 %), 25 parts by weight of a p-
tert-butylphenol type resol phenolic resin (CKM-1282,
supplied by SHOWA HIPOLYMER CO., Ltd.), 25 parts by weight
of a novolak type epoxy resin (EOCN-1020, supplied by NIPPON

25 KAYAKU CO., LTD.), 45 parts by weight of a compound of the
formula (3-1) and 5 parts by weight of 1,3-bis(3-
aminopropyl)-1,1,3,3-tetramethyldisiloxane (n = 0, mole
equivalent of amino groups per mole equivalent of maleimide
groups of the above compound = 0.51) were added to

30 tetrahydrofuran, fully mixed and dissolved to give a liquid
adhesive having a solid content of 30 % by weight.
Incidentally, liquid adhesives obtained in Examples 29to 51
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40 % by wei ght, undesirably, the adhesion strength of the \adheswe_t_ape_‘
decreases, and the processability such as the 15 formation of

is poor: The filler is selected, for exanple, fromsiliCqpme
powder, alum na, calcium car bonat e, magnesi um oxi de, a di ?M .

m ca, a fluorine resin or a zircon powder. The above "ave |
dianeter is neasured by taking an el ectron m croscopic 20 photograph of
filler surfaces. Further, the liquid adhesive nmay be prepared

as one which s isol at ed ter tiQ sh Wi n n
sol vent, wat er 28f 3°W§Fﬁ?%"‘5f Bf rﬁl Ct%oqn \};@m'?)%%?eﬁc\ﬁd,?g? 18td? 'agso
re-dissol ved i Raihg EGMdOéGﬂﬂéﬂtS@fth% algight .25 The
organi ¢ sol vent used for the above washi ng S sel ected from acet one,

met hyl ethyl ketone, hexane, benzene, t ol uene, xyl ene, nethanol,

et hanol , propaggbygiebgyl ether, tetrahydrofuran, nmethyl acet at e,
et hyl acetate, acePonl trile, met hyl ene chl oride, chloroform carbon
tetrachl ori%le, 30 chl orbbhn;tﬂrda adhiestiver UB&nQbhélnﬁdciﬂ dihse SRAGeMgANer

h
;[qu: ghl ?Lget hang. in Example 28 excegighteﬁa'é/etﬁeapa%ou(}{t Pt Y ienRar ts to
acrylonitrile copolymer was changed from 100 parts by weight
to 25 parts by weight.

10 Example 30
A liquid adhesive was obtained in the same manner
as in Example 28 except that the amount of butadiene-
acrylonitrile copolymer was changed from 100 parts by weight
to 400 parts by weight.
15
Example 31
A liquid adhesive was obtained in the same manner
as in Example 28 except that the amount of each of p-
tert-butylphenol type resol phenolic resin and novolak type
20 epoxy resin was changed from 25 parts by weight to 10 parts
by weight, that the amount of the compound of the formula (3-1)
was changed from 45 parts by weight to 72 parts by weight and
that the amount of 1,3-bis(3-aminopropyl)-1,1,3,3-
tetramethyldisiloxane was changed from 5 parts by weight to
25 8 parts by weight (mole equivalent of amino group per mole
equivalent of maleimide groups of the above compound = 0.51).

Example 32
A liquid adhesive was obtained in the same manner

30 as in Example 28 except that the amount of each of p-
tert-butylphenol type resol phenolic resin and novolak type
epoxy resin was changed from 25 parts by weight to 40 parts
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16 above liquid adhesive is applied, provided by the—pr—esenL\

invention, wll be explained hereinafter. ,.oheS|ve tape
of the present i nvention can be obt ai ned by applying t ,;qu

adhesive to one surface 5 or both surfaces of a heat-resi /g to
one surface of a detachable film The thickness of an alkEHi

(applied liquid adhesive) is preferably 5 to 100 [err]m partlcularly
preferably 10 to 50 [err]m The heat-resistant film i ncludes fil s of

heat - r esi st ant by dijfhtS U@ﬁ'a@%hlé%ﬂddﬁ@af e cBmpyRhee €ne fofnfulde(3-1)
pol yet her, pol yparabanic acid and B yet hyl ene t erepht hal ate, and
conposi t e heatwagsthanged from 45 parts by weight to 18 parts by weight and
that the amount of 1,3-bis(3-aminopropyl)-1,1,3,3-
tetramethyldisiloxane was changed from 5 parts by weight to
5 2 parts by weight (mole equivalent of amino group per mole

equivalent of maleimide groups of the above compound = 0.51).

Example 33
A liquid adhesive was obtained in the same manner
10 as in Example 28 except that the amount p-tert-butylphenol
type resol phenolic resin was changed from 25 parts by weight
to 10 parts by weight and that the amount of novolak type epoxy
resin was changed from 25 parts by weight to 40 parts by weight.

15 Example 34
A liquid adhesive was obtained in the same manner
as in Example 28 except that the amount p-tert-butylphenol
type resol phenolic resin was changed from 25 parts by weight
to 40 parts by weight and that the amount of novolak type epoxy
20 resinwas changed from 25 parts by weight to 10 parts by weight.

Example 35
A- liquid adhesive was obtained in the same manner
as in Example 28 except that the amount of the compound of
25 the formula (3-1) was changed from 45 parts by weight to 49
parts by weight and that the amount of 1,3-bis(3-
aminopropyl)-1,1,3,3-tetramethyldisiloxane was changed from
5 parts by weight to 1 part by weight (mole equivalent of amino
group per mole equivalent of maleimide groups of the above

30 compound = 0.09).

Example 36
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films such as epoxy resin-glass cloth and an epoxy resin-

polyim de-glass cloth. Afilmof a polyimde resinis arti ed
preferred. The thickness of the heat-resistant 15 fil N Hises ._S'%én_q&b% ange
of from7.5 to 130 [err]m particularly preferably 12i} ‘mﬁ $m
When the thickness is too small, t he adhesive tape h IR ent
nerve. Wien it is too large, it is difficult to punch out the adhesive
t ape. _ - The detachable filmused for the adhesive tape of 20
the present invention hag fjhiy&kdfinssiVe bas0oBPA1hEd 1M tHE HaicdRahner 10
to 100 [err]m and works as tenporary support. Thedetachabl e film

i ncl udes a pol pgr bpyExampXe [lnexcept khdthdhecanount of &be: apmpaynd jofnthe

pol yet hyl ene fi p hyl e t h ' . P I one
cases, these fiff’%ura'fﬁy?%%ﬂ 8>e/as| %&P?&% %@ﬁqgeg é%%gb’i;lf H%}%qt Egalﬁsi alféfgf]e
resin. o o (g? weigliinea/ddt thhtbthef ahoumt ed£r b3 b i3 -santidjoprdpyided
strength o : t .0 cm .th eel strength i nmal | er han
the above rangd/ 1vﬁegd§FgEﬁ§SFg\9fﬁqf‘ﬁ+ B WaRi¢ nged 0k 5 parts by

det achedwhent hgadly@ti ¥8t aPsares M- he1lpeehaivansahd &P anind Yrevp
than the above ragge, thep‘%aet ack@glwee il.mt(,i S not11 g)eel d fraomthgr

adhesi ve | ayer pereaple sanivedendr REmalqipide groupg®f the above compound

= 1.01).

10 Example 37
A liquid adhesive was obtained in the same manner
as in Example 28 except that the amount of the compound of
the formula (3-1) was changed from 45 parts by weight to 37
parts by weight and that 5 parts by weight of 1,3-bis(3-
15 aminopropyl)-1,1,3,3-tetramethyldisiloxane was replaced
with 13 parts by weight of o,w-bis(3-aminopropyl)-
polydimethylsiloxane (n = 7, mole equivalent of amino group
per mole equivalent of maleimide groups of the above compound
= 0.51).
20
Example 38
A liquid adhesive was obtained in the same manner
as in Example 28 except that the amount of the compound of
the formula (3-1) was changed from 45 parts by weight to 43
25 parts by weight and that 5 parts by weight of 1,3-bis(3-
aminopropyl)-1,1,3,3-tetramethyldis iloxane was replaced
with 7 parts by weight of 1,3-bié(3-aminophenoxymethyl)-
1,1,3,3-tetramethyldisiloxane (n=0, mole equivalent of amino
group per mole equivalent of maleimide groups of the above

30 compound = 0.47).

Example 39
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17

surface or both surfaces of the heat-resistant filmfor fQﬁiﬁ'@H@QHasBeen

adhesi vé layer(s), a protection filmmay be further providedumim

adhesi ve layer(s). The protection filmcan beselected 5 f mnulﬂ%”
descri bed concerning the above detachable film a L1 |
be explained nore in detail with reference

The present

i nvention wll

Further, when the liquid adhesive is applied to one

to Exanpl es herei nafter.

10

15

20

25

30

A liquid adhesive was obtained in the same manner
as in Example 28 except that the amount of the compound of
the formula (3-1) was changed from 45 parts by weight to 48
parts by weight and that 5 parts by weight of 1,3-bis(3-
aminopropyl)-1,1,3,3-tetramethyldisiloxane was replaced
with 2 parts by weight of hexamethylenediamine (moie
equivalent of amino group per mole equivalent of maleimide

groups of the above compound = 0.47).

Example 40

A liquid adhesive was obtained in the same manner
as in Example 28 except that the amount of the compound of
the formula (3-1) was changed from 45 parts by weight to 46
parts by weight and that 5 parts by weight of 1,3-bis(3-
aminopropyl)-1,1,3,3-tetramethyldisiloxane was replaced
with 4 parts by weight of 3,4-diaminodiphenyl ether (mole
equivalent of amino group per mole equivalent of maleimide

groups of the above compound = 0.50).

Example 41

A liquid adhesive was obta_ined'in the same manner
as in Example 28 except that the compound of the formula (3-1)
was replaced with a compound of the formula (3-2). The mole
equivalent of amino group of the 1,3-bis(3-aminopropyl)-
1,1,3,3-tetramethyldisiloxane compound per mole equivalent
of maleimide groups of the compound of the formula (3-2) was
0.32.

Example 42

| A liquid adhesive was obtained in the same manner
as in Example 28 except that the compound of the formula (3-1)
was replaced with a compound of the formula (3-3). The mole
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16 (Preparation of Liquid Adhesive) Exanmple 1

Parts by wei ght of a butadi ene-acrylonitrile copol y
mol ecul ar wei ght 250, 000, 15 acrylonitrile content 27 ©
wei ght of a p- tert-butyl phenol type resol phenolic r

supplied by SHOM H POLYMER Co., LTD.), 45 parts by weigh
corrpoynd of the fornula (3-1) and 5 parts by weight of
-bi s(3-am nopropyl)-1,1, 3, 3-tetramet hyl di sil oxane (nole 20 equival ent

Of am no group vAleatedyl ‘éﬁ' a8t g8b ei théel, 3-b£§ o yibove
conmpound = 0. 51é)${v\lere added t * gt e?rﬁgﬁydrofuran |y mxoe%ﬁ?nd
di ssol ved to gilwd /3 .|3|-¢mtaamethxaﬁé§w@xme| ﬂ@“‘ﬁomlﬁﬁ%dﬁﬂ%teﬁl"ﬁi%ﬁoy

Lo be descri bog] ARsiaNds yEbide 3 ERCIComAN AL UL suf, FSPHREN -3 v 25

Exampl e 2 0.39. A l'i qui d adhesive was obtained in the same manner
as in Exarrpge 1 except that the amount of butadiene-
Example 43
A liguid adhesive was obtained in the same manner
as in Example 28 except that the novolak type epoxy resin was
replaced with a bisphenol S type epoxy resin (EBPS-300,
10 supplied by NIPPON KAYAKU CO., LTD.)

Example 44
A liquid adhesive was obtained in the same manner
as in Example 28 except that the novolak type epoxy resin was
15 replaced with a biphenyl type epoxy resin (YX4000H, supplied
by YUKA SHELL EPOXY K.K.).

Example 45
A liquid adhesive was obtained in the same manner
20 as in Example 28 except that the p-tert-butylphenol type resol
phenolic resin was replaced with a bisphenol A type resol
phenolic resin (CKM-908, supplied by SHOWA HIPOLYMER CO.,
LTD.).

25 Example 46
A liquid adhesive was obtained in the same manner

as in Example 28 except that the p-tert-butylphenol type resol
phenolic resin was replaced with a cresol type resol phenolic
resin (BKM-2620, supplied by SHOWA HIPOLYMER CO., LTD.).
30
| Example 47
A liquid adhesive was obtained in the same manner
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30 acrylonitrile copol yner was changed from 100 parts by wei
parts by weight. 1%,

A-liquid adhesive was obtained in the same nmanner as TS )
except that the amount of butadi ene- acrylonitrile cop,
changed from 100 parts by weight 5 to 400 parts by weight.

as in Example 28 except that the butadiene-acrylonitrile
copolymer was replaced with a butadiene-acrylonitrile
copolymer having a weight average molecular weight of 60,000

and an acrylonitrile content of 27 %.

Example 48
A liquid adhesive was obtained in the same manner
as in Example 28 except that the butadiene-acrylonitrile
copolymer was replaced with a butadiene-acrylonitrile
10 copolymer having a weight average molecular weight of 250,000

and an acrylonitrile content of 10 %.

Example 49
A liquid adhesive was obtained in the same manner
15 as in Example 28 except that the butadiene-acrylonitrile
copolymer was replaced with a butadiene-acrylonitrile
copolymer having a weight average molecular weight of 250,000

and an acrylonitrile content of 40 %.

20 Example 50
A liquid adhesive was obtained in the same manner
as in Example 28 except that the butadiene-acrylonitrile
copdlymer was replaced with a butadiene-acrylonitrile
copolymer having a weight average molecular weight of 500,000

25 and an acrylonitrile content of 27 %.

Example 51
100 Parts by weight of the liquid adhesive obtained

30 in Example 28 and 6 parts by weight of an anhydrous silica
having an average particle diameter of 0.04 um (trade name
TT-600, supplied by NIPPON AEROSIL CO., LTD.) as a filler were
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Ali qui d adhesive was obtained in the sane manner
except that the anount of p-tert-butyl phenol 10 type resol henollc resin

was changed from 50 parts by wei ght to 20 parts by Wéqh °°f Ced
amount .of the conmpound of the formula (3-1) was change

by weight to 72 parts by wei ght and that the anpbunt of;

1, 3-bi s(3-am nopropyl) - 1,1, 3, 3-tetranet hyl di sil oxane vvas changed from
5 partls by 15 Y\Ei ghtfto ? parts by weight (nole equivalent of amno group
per nol e equivalent of nalei pu t he, abqve .conpound = 0.51).
Exanpl e 5 20 dispersion-mixe u?‘ag%Yés?\%" rrlpn the same rrann)er
as in Exanple 1 except that the ampunt of p-tert- butyl phenol type resol
phenolic resin was changed from 50 parts by weight to 80 parts by

wei ght, that tRempasakivefExaBpE®ndound of the formula (3-1) was

changed from 45 pars by el Giq Lk 1, bgsZ8btRinde! Bhle1R ki nabiter

anount of 1, 3-Dbi s(3 anm nopro 3-tetranet hyl di sil oxane was

changed frdn 5apain Exaymple 2Hisngpeptt bhatgam amppnked f p-texd-dudydohened: of

am no group type resol phenolic resin was changed to 100 parts by weight
and that the compound of the formula (3-1) and 1,3-bis(3-
aminopropyl)-1,1,3,3-tetramethyldisiloxane were not used.

10 Comparative Example 4
100 Parts by weight of the same butadiene-

acrylonitrile copolymer as that used in Example 28, 45 parts
by weight of a novolak type phenoxy resin (CKM-2400, supplied
by SHOWA HIPOLYMER CO., LTD.), 55 parts by weight of a bisphenol

15 A type epoxy resin (Epikote 828, supplied by YUKA SHELL EPOXY
K.K.) and 0.5 parts by weight of triphenyl phosphine were added
to tetrahydrofuran, fully mixed and dissolved to give a liquid
adhesive having a solid content of 30 % by weight.

20 (Preparation of Adhesive Tape)

Adhesive tapes were prepared from the liquid
adhesives obtained in Examples 28 to 51 as follows. The liquid
adhesive was applied to each surface of a polyimide film such
that a dry adhesive layer on each surface had a thickness of

25 20 pm, and dried in a hot air circulating dryer at 160°C for
5 minutes.

Adhesive tapes were also prepared from the adhesives
obtained in Comparative Examples 3 and 4 in the same manner
as above.

30
(Assembling of Lead Frame)
A lead frame used for a semiconductor package as
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per nol e equival ent of mal ei m de groups of the above co = 0.51).

30 Exanpl e 6 A liquid adhesive was obtai dsﬁegtﬁapgmﬁaemced
manner ' : 19 as i SR

except that the amount of the conpound of the formul a (3 by @‘EHWd
from45 parts by weight to 49 parts by wei ght and that t

1, 3- bi s(3-am nopropyl) - 1,1, 3, 3-tetranet hyl di sil oxane was changed from
5 parts by 5 weight to 1 part by weight (nole equival ent of am no group

shown in Fig. 2 were assembled in the same manner as in Examples

1 to 27 under working conditions shown in Table 2.

Table 2
5

Temporary Lead frame Curing of

bonding assembly adhesive tape
Adhesive tapes of |140°C / 2 140°Cc / 2 200°C / 1 hour
Examples 28 to 51 |seconds / seconds /

4kgf/cm’ 4kgf/cm’
Adhesive tapes of |140°C / 2 140°C / 2 150°C / 3 hours
Comparative seconds / seconds /
Examples 3 and 4 4kgf/cm? 4kgf/cm?

(Assembling of Semiconductor Package)
The above-obtained lead frames were used, and
semiconductor packages were assembled in the same procedures

10 as those in Examples 1 to 27.

(Results of Evaluation of Adhesive Tape in Assembling of Lead
Frame)
(a) Taping-feasible temperature
15 The adhesive tapes were evaluated in the same manner
as in Examples 1 to 27. The results were as follows.

The adhesive tapes of Examples 28 to 51 and the
adhesive tapes of Comparative Examples 3 and 4 could be bonded
in the temperature range of from 100 to 240°C.

20 (b) Oxidation of lead frame

The lead frame were visually observed in the same
manner as in Examples 1 to 27. The results were as follows.

The adhesive tapes of Examples 28 to 51 and the
adhesive tape of Comparative Example 3 did not cause a color

25 change in the lead frames. The adhesive tape of Comparative
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per nol e equival ent of mal ei m de groups of the above conpound
Exanple 7 10 A liquid adhesive was obtai ned |mhk@§m
as in Exanple 1 except that the anount of the conpound of

(3-1) was changed from 45 parts by weight to 41 parts

that the anount of 1, 3-bis(3-am nopropyl)-

1,1, 3, 3-tetranet hyl di sil oxane was changed from5 parts by 15 melght to 9

Y

palrts bé wei ght ( nol ehequi val ent of am no group per nol e equival ent of
mal ei m de grou 8+¢430
Aliquid adhes?%eﬁéla& g %l?%e e scahr?enq‘ran]lneﬁle legg F?%xgghge tg%a
except that theoagtibé obmpdmemnpound of the formula (3-1) was changed
from 45 parts by wei ght rts by wei ght and that 5 parts by

wei ght of 1, 3-bi s(3- Spyl)- 1,13 , 3-tetranet hyl di sil oxane was
repl aced The adhesive was visually evaluated in the same

5 manner as in Examples 1 to 27. The results were as follows.
‘The adhesive tapes of Examples 28 to 51 and the
adhesive tape of Comparative Example 4 caused no voids, while
the adhesive tape of Comparative Example 3 showed the
occurrence of voids.

10 (d) Workability

The adhesive tapes were evaluated for handling
properties (curling and running performance) and tackiness
in the same manner as in Examples 1 to 27. The results were
as follows.

15 The adhesive tapes of Examples 28 to 51 were all
excellent in handling properties and had no surface tackiness,
while the adhesive tape of Comparative Example 4 caused
problems in handling properties.

(e) Wire bon;iability

20 When the packages were assembled, the adhesive tapes
were evaluated for wire bondability in the same manner as in
Examples 1 to 27. The results were as follows.

When the adhesive tapes of Examples 28 to 51 and the
adhesive tapes of Comparative Examples 3 and 4 were used, no

25 bonding failure occurred in a test using 832 pins.

(f) Evaluation of semiconductor package

The packages obtained as described above were
subjected to a PCBT (pressure cooker biased test) in the same
manner as in Examples 1 to 27 to evaluate the electrical

30 reliability of each adhesive tape. The results were as

follows.
When the adhesive tapes of Examples 28 to 51 and the
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25 wth 10 parts by weight of a,[err]-bis(3-am nopropy—H\_r\
pol ydi met hyl si | oxalne (pol ynerization degree: 4) (nole eqw val ent 0o
arvino group per nole equival ent of maleim de roups ttéiaﬂkbey
compound = 0.53). 30 Exanple 9 Aliquid |l Feplaced
obtained in the same manner as in Exanple 1 except t ' mm

t he conpound of the mJI a
(3-1) was changed from 45 parts by weight to 37 parts

adhesive tape of Comparative Example 3 were used, no short
circuit occurred for 1,000 hours. When the adhesive tape of
Comparative Example 4 was used, a short circuit occurred before

a 1,000 hour period passed.

(Evaluation of Adhesive Tape for Strength)

The adhesive tapes were evaluated for peel strength
in the same manner as in Examples 1 to 27. The results were
as follows.

10 The adhesive tapes of Examples 28 to 51 showed a 90°
peel strength of 540 to 830 g/10 mm, while the adhesive tapes
of Comparative Examples 3 and 4 showed a low 90° peel strength,
as low as 300 to 400 g/10 mm. That is, the adhesive tapes of
the present invention had a higher adhesion strength.

15 '

As is clearly shown in the above results, the
adhesive tape of the present invention to which the liquid
adhesive of the present invention is applied serves to produce
excellent semiconductor packages, and the liquid adhesive of

20 the present invention has sufficient adhesion strength. In
contrast, the comparative adhesive tapes had the following
problems. A lead frame is changed in color, the bonding
conditions are not suitable for the assembling of a lead frame,
or the wire bonding with a gold wire is not admitted. Further,

25 ° the adhesion strength is low.

Comparative Example 5
25 Parts by weight of a butadiene-acrylonitrile
copolymer (weight average molecular weight 250,000,
30 acrylonitrile content 27 %), 25 parts by weight of a p-
tert-butylphenol type resol phenolic resin (CKM-1282,
supplied by Showa Kobunshi K.K.) and 25 parts by weight of
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by weight and that 5 parts by weight of 1, 3-bis(3-

am nopropyl )-1,1, 3, 3-tetranet hyl di si |l oxane was repl aced wth 13 parts
by wei ght of a, [err]-bis(3-am nopropyl)- 5 pol ydi nmet hyl Shik Sheetiias Been Replaced
(pol ynerization degree: 8) (nole equi val ent of am no 1 TN |
equi val ent of nml ei m de groups of the above conpound %mu& LR
Exanpl e 10 10 A |iquid adhesi ve was obtai ned i er
as in Exanple 1 except that the amount of the conpound™®f the formul a

(3-1) was changed fr nk4 v grfs b Yggfﬁn(édﬁﬁgidi%ﬂt%uppligﬁ W?iﬂgbp@ﬂd
RRYHB* oFYRS SZRPEY 3E

that 5 parts b

am nopropyl ) - 1gdydka- KeK( prgéty| ehcataxaire tiks same matdeiSaswinhEXampiles by
wei ght of_1,3-b|s(3-an1nophenoxynelhﬁgi- . 1,1,3,3-tetranet hyl di si | oxane
(nol e equi val eRBroFoafbhain a Liguif AGNeRAYRequi val ent of mal ei mi de groups
of the above compound = 0.47). 20 Example 11

5 Comparative Example 6
25 Parts by weight of a butadiene-acrylonitrile
copolymer (weight average molecular weight 250,000,
acrylonitrile content 27 %) and 50 parts by weight of a
p-tert-butylphenol type resol phenolic resin (CKM-1282,
10 supplied by Showa Kobunshi K.K.) were treated in the same

manner as in Example 28, to obtain a liquid adhesive.

(Preparation of Adhesive Tape)
An adhesive tape was prepared from the liquid

15 adhesive obtained in Example 29 as follows. The liquid
adhesive was applied to one surface of a polyimide film such
that a dry adhesive layer on the surface had a thickness of
20 um, and dried in a hot air circulating dryer at 160°C for
5 minutes.

20 (Preparation of Comparative Adhesive Tape)

The adhesive in Comparative Example 1 was applied
to one surface of a polyimide film such that a dry adhesive
layer on the surface had a thickness of 20 um, and dried in
a hot air circulating dryer at 150°C for 15 minutes, to obtain

25 an adhesive tape.
(Preparation of Comparative Adhesive Tape)

The adhesive in Comparative Example 2 was applied
to one surface of a polyimide film such that a dry adhesive
layer on the surface had a thickness of 20 um, and dried in

30 a hot air circulating dryer at 150°C for 120 minutes and at
250°C for 60 minutes, to obtain an adhesive tape.

(Preparation of Comparative Adhesive Tapes)
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A liquid adhesive was obtained in the sane manner a

except that the anpbunt of the conpound of the formul a changed
from45'parts by weight to 48.5 parts by wei ght and th Beplaced
wei ght of 1,3-bis(3- 25 am nopropyl)-1,1,3, 3-tetramnethyl dij ;

repl aced with 1.5 parts by wei ght of ethyl enedi am ne ( nmustHl§

of am no group per nole equival ent of mal eimde groups of the above
conmpound = 0.53). 30 Exanmple 12 A liquid adhesive was

obtained in the same mager: or +RS ddheBSVEY Fn bR R kb1 85 BhaO"

t he conmpound of the '
6 was individually applied to one surface of a polyimide film

such that a dry adhesive layer on the surface had a thickness
of 20 um, and dried in a hot air circulating dryer at 160°C

5 for 5 minutes, to obtain adhesive tapes.

(Assembling of Lead Frame)
A lead frame used for a semiconductor package shown
in Fig. 4 was assembled in the following procedures under
10 working conditions shown in Table 3.
(a) Punching of Adhesive Tape
An adhesive tape was punched out in the form of a
ring with a die.
(b) Assembling of Lead Frame
15 A lead frame was placed on a hot plate, and the
adhesive tape punched out in the form of a ring was positioned
tq meet the lead frame, and bonded thereto under heat and
pressure with a metal rod.
(c) Curing of Adhesive Tape
20 The adhesive each of the adhesive tapes of
Comparative Examples 5 and 6 was cured in the same manner as

in Example 29.
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21 formula (3-1) was changed from 45 parts by me%ght—rU‘HB_ﬁéffg——_

by weight and that 5 parts by weight of 1, 3-bis(3- . d
' = ' : Has Been Replace
an1noprbpyl)-l,1,3,3-tetranethy|d|5|onane was repl aced This S by
wei ght of hexamet hyl enedi ami ne (nole 5 equival ent of am nﬂ\wﬁ |ﬁm“ e
equi val ent of nal ei m de groups of the above conpound . .
Exanpl e 13 A liquid adhesive was obtained in the sanme manner
10 as in Exanple 1 except that the anpunt of the conmpound of the
formula (3-1) was changed from 45 partsTgxlgebght to 46 parts by wei ght
and that 5 parts by weight of 1, 3-bis(3-
an1nﬁpropyl)-l,1,3,3-tetranethy|disionane was repl aced wth 4 parts by
wei ght of 1, 10-di am fodecane (nol € epyLval 15 . grjoup per nol e
equi val ent of nal ei mde groups of theﬂeaé-a éﬁe (88;%§§3Q§ 0.[58) .
assembly adhesive
tape
Adhesive tape of | 140°C / 2 200°C/ 1 hour
Example 29 seconds /
4kgf/cm?
Adhesive tapes of | 140°C / 2 200°C / 1 hour
Comparative seconds /
Examples 5 and 6 | 4kgf/cm’
Adhesive tape of | 120°C / 2 150°c / 3
Comparative seconds / 4 |hours
Example 1 kgf/cm’
Adhesive tape of | 350°C / 15 Nil
Comparative seconds /
Example 2 20kgf/cm’

(Assembling of Semiconductor Package)

5 The above-obtained lead frames were used, and
semiconductor packages were assembled in the following
procedures.

(a) Die-bonding
A semiconductor chip was bonded to the die pad
10 portion of the lead frame with a die bonding paste, and the
paste was cured at 150°C for 2 hours. Thereafter, the
procedures from the wire bonding steps to the finish step in
#pssembling of Semiconductor Package” in Examples 29 were
repeated in the same manner as in Examples 1 to 27.

15
(Results of Evaluation of Adhesive Tapes of Comparative
Examples 5 and 6)

Concerning the taping-feasible temperature, voids,

workability, wire bondability and PCBT test, the adhesive
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Exanpl e 14 A liquid adhesi ve was obt ai ned—rn—t+he—Ssare—manner
20 as in Exanpl e 1 except that the anpbunt of the conpound of the
formula (3-1) was changed from 45 parts by weight to 46 et Has Boop, R _‘ijht

and that 5 parts by weight of 1,3-bis(3- ani nopr opyl ) - 1 [
3-tetramet hyl di sil oxane was repl aced with 4 parts by | HHI
3, 4-di am nodi phenyl ether (nole 25 equival ent of am no group per nole
equi val ent of nal ei m de groups of the above conmpound = 0.50).

Exanpl e 15 o | or
30 as in Exanple apfsegge%?lﬁ?%a?&fﬂee%ound o?o a}l%l%éﬂ%f)s%&hlm&n
repl aced with Zocthpsendfothe adliesing tap@s2pf Exempbee29. Wﬁ“ﬁmreﬁ-ﬁleof

amino group of Jdrfxeesti%teréggésr] %lfd.bglningég'gfve Examples 5 and 6 caused a color

change in the lead frame due to a volatile component.

After cured, the adhesive tapes were allowed to
stand at a temperature of 250°C which was a wire bonding
temperature for 1 hour, and measured for a weight loss. The
results were as follows. The adhesive tape of Example 29

10 showed a weight loss of 1.0 %. On the other hand, the adhesive
tapes of Comparative Examples 1, 2, 5 and 6 showed a weight
loss of 5 %, 0.2 %, 3.0 % and 2.7 %, respectively.

The adhesive tape of Example 29 and the adhesive tape
of Comparative Example 2 showed small outgas amounts as

15 compared with the adhesive tapes of Comparative Examples 1,
5 and 6.

The 1liquid adhesive of the present invention can be

used for bonding and cured at relatively low temperatures and
20 has sufficient heat resistance and reliability. The adhesive

tape of the present invention to which the above liquid

adhesive is applied can be suitably used for bonding one member

to another member of lead frame peripheral parts which

constitute a semiconductor device, such as a lead pin, a
25 semiconductor chip mounting substrate, a radiator, a

semiconductor chip itself.
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22

conpound of the formula (3-2) was . Exanple 16 5

| t qui d adhesi ve was obmﬁ inﬂ nll , manner as in Exar’rﬁP%Shef

t hat t he conpound of t I was replaced with a ¢l

the formula (3-3). The rmle equi vaI e%t of am no group of theijl

t et ranet hyl di si | oxane conpound per nol e equival ent of mal ei mde groups

of the 10

conpound per nol e equival ent of mal ei m de groups of_the

conpound of the formula (3-3) was 0. 39. Exanpl e 17

10

15

20

25

30

WHAT IS CLAIMED IS:

1. An adhesive for electronic parts, which is a liquid
adhesive obtained by dissolving an acrylonitrile-butadiene
copolymer as Component (a), a phenolic resin as Component (b),
a compound having at least 2 maleimide groups as Component
(C) and a diamine compound of the general formula (1),

HzN‘Rl -NH2 ( 1 )

wherein R! is a divalent aliphatic, aromatic or
alicyclic group and/or a polysiloxane compound terminating
with an amino group at each terminal, having a weight average
molecular weight of 200 to 7,000 and having the general formula

(2),

Me M; Me
,N- Rz—s 1-o+s i-0)— s i—R2-NH,

Me Me Me (2)

wherein R’ is a divalent aliphatic, aromatic

or alicyclic group and n is an integer of 0 to 7,
as Component (d) in an organic solvent,

and in which the total amount of Components (b), (c)
and (d) per 100 parts by weight of Component (a) is 10 to 900
parts by weight, the amount of Component (b) based on the total
amount of Components (b), (c¢) and (d) is 10 to 90 % by weight,
and the amount of amino groups of Component (d) per mole
equivalent of the maleimide groups of Component (c) is 0.01
to 2.0 mole equivalents.
2. A liquid adhesive according to claim 1, wherein the

liquid adhesive further contains an epoxy resin as Component

45
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A liquid adhesi veT\/\g{[’cﬂéﬁli,rlicﬁ_ﬂ——f—he sanme manner as—i-r—Exarple—1—
except that the p- uty ype resol 15 phenolig resin CKM 1282)
was replaced with mﬂnmm M resol phenolic eet HagdtgenRopla
suppl i ed by SHOM m LTD.). Exanpl e = Il
A liquid adhesive was obt di néd Pn t he, sane manner as i oy 16l i IRt
except that the p-tert-butyl phenol type resol phenolic resin (CKM 1282)
was replaced with a cresol type resol phenolic resin (BKM 2620,
supplied by Sh ) 2 n@fﬁﬁp L d
adhesi ve was og%gf Q%\f%%e&%nteo’cr%n%er % &?’mp%(lentfe(f)éxéeb ﬁ%zt

t he but adi ene- andy{enipexi 180 parits byl y&éghm/amf IComiponettwi &l s 10 to 900

bt a0 T YLD S YA TS B, AP g T8

based on the total amount of Components (b), (c), (d) and (e)

5 1is 10 to 90 % by weight, and the amount of amino groups of
Component (d) per mole equivalent of the maleimide groups of
Component (c) is 0.01 to 2.0 mole equivalents.

3. A liquid adhesive according to claim 1, wherein the
acrylonitrile-butadiene copolymer as Component (a) has a
10 weight average molecular weight of 50,000 to 1,000,000 and
an acrylonitrile content of 5 to 50 % by weight.
4. A liquid adhesive according to claim 1, wherein the
phenolic resin as Component (b) is a p-tert-butylphenol type
phenolic resin, a bisphenol A type phenolic resin or a cresol
15 type phenolic resin of which the phenol component is at leat
one slected from the group consisting of p-tert-butylphenol,
bisphenol A and cresol, or a resol type phenolic resin obtained
by co-condensation of these.
5. A liquid adhesive according to claim 1, wherein the
20 the compound having at least 2 maleimide groups as Component
(c) is selected from compounds of the following formulae (3-1)
to (3-6),

ﬂh

” %O% ~OH {0 Iﬁ

46



Exanpl e 20
| i qui d adhestve was obtal ned in the sanme manner as in Ex 2 e S Rplaced

ot e T 1 xfgafpgszf:giﬁﬁﬁum\g Tl

wei ght of 60, 600° 5 afld &n % acr) Ionltrl | e content of 27 %

fo-051 -
. Boedh -

0 Q
/ Cs  Clla _ Clly
15 A ’ ' : 3-4
/N—(Cllz):—Ti—ﬂ- Tl—-o Sl—(Clh)a_—N ( )
[
JAY s Gl -(l:n;
in which p. is an integer of 0 to 7.
20
Cll:
3-5
‘@— —CIl:—Sl-O Sl—ﬂlz—ﬂ‘@— ( )
Qh Clly
25
D ;@ (3-6)
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copol ymer was

T 2
I

Exampl e 21 A liquid adhesive was obtained i w
as in Exanple 1 except—+hat—the butadi ene-acrylonitrile 10

% i*quird adhesi ve was obta
sane manner as |n Exarrpl el except that the butadi ene-acrylon
copol ynmer was replaced with a butadiene-acrylonitrile copol yner havi ng

a wei ght average nol ecul g4 Wiaptmpf_@—qog H agdcﬂl Apdyhonl yrivl ¢,
content of 10 % 20 Exanpl e 23 c ul’d adhesi ve was

obtai ned in thé.same manhddquid a@hemﬁmogdlhmt@m atzmaa twherein the
put ook e 20t VBB Kbfingan COBpbIBH: 109 'S0 AL TN Lud, serscieen crpo
wei ght of 250, @ie groupmodnaisting Iocirn hbvbeakcn)t;mﬂépoiy 4@5%1 a bisphenol
5 type epoxy resin, a bisphenol type epoxy resin and a biphenyl
type epoxy resin.
7. A liquid adhesive according to claim 1, wherein the
liquid adhesive further contains 4 to 40 % by weight, based
on a total solid content, of a filler having a particle diameter
10 of 1 um or less.
8. An adhesive tape for electronic parts, which has an
adhesive layer formed by applying the liquid adhesive recited
in claim 1 to at least one surface of a heat-resistant film
and drying the liquid adhesive.
15 9. An adhesive tape according to claim 8, wherein the
heat-resistant film is a polyimide film.
10. An adhesive tape for electronic parts, which has an
adhesive layer formed by applying the liquid adhesive recited
in claim 1 to at least one surface of a detachable film and
20 drying the liquid adhesive.
11. A method of using the liquid adhesive recited in
claim 1 for fixing a lead frame.
12. A method of using the adhesive tape recited in claim
8 for fixing a lead frame.
25 13, A method of using the adhesive tape recited in claim

10 for fixing a lead frame.

30
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Exampl e 24

30 as in Exanple 1 except that the butadiene-acrylonitrile
was replaced with a butadiene-acrylonitrile
aver age nol ecul ar wei ght of 500, 000 ]
24 and an acrylonitrile content of 10 % ”"

A liquid adhesi ve was obtained in the same manner

|

ABSTRACT

An adhesive for electronic parts, which can be used
for bonding and cured at a relatively low temperature and has
sufficient heat resistance and reliability, and an adhesive
tape for electronic parts, for which the above adhesive is
adapted, the adhesive being a liquid adhesive obtained by
dissolving an acrylonitrile-butadiene copolymer as Component
(a), a phenolic resin as Component (b), a compound having at
least 2 maleimide groups as Component (c) and a diamine
compound of the general formula (1) specified in claim 1,
and/or a polysiloxane compound terminating with an amino group
at each terminal, having a weight average molecular weight
of 200 to 7,000 and having the general formula specified in
claim 1, as Component {(d) in an organic solvent,

and in which the total amount of Components (b), (c)
and (d) per 100 parts by weight of Component (a) is 10 to 900
parts by weight, the amount of Component (b) based on the total
amount of Components (b), (c¢) and (d) is 10 to 90 % by weight,
and the amount of amino groups of Component (d) per mole
equivalent of the maleimide groups of Component (c) is 0.01

to 2.0 mole equivalents.
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E&anple 25 A liquid adhesive was obtai ned 1T n The same manner-

5 as in Exanple 1 except that the butadiene-acrylonitril erhssne& AR o1al3S
repl aced with a butadi ene-acrylonitrile copol yrmer havi =«_;a

aver age nol ecul ar wei ght of 500, 000 and an acryl omthE’ mm

% 10 Exanple 26 A liquid adhesive was ob )

sane nmanner as in Exanple 1 except that the butadiene- acrylonltrlle
copol yner was replaced with a butadi ene-acrylonitrile copol yner havi ng
a wei ght average nol ecul ar wei ght of 500,000 15 and an acrylonitrile
content of 40 % Exampl e 27 100 Parts by weight of the

| i qui d adhesive obtai BdC G- Exanple 1 gnd 6 parts by wei ght of an
alumna filler (supplied 20 by SHOM DEN .K.) were dispersion-mxed to
give a liquid adhesi ve.




i R

Conpar ative Exanple 1 A nyl on epoxy- bmg NE
FS-410, 25 suppliedbyTEl KOKU CHEM CAL | NDUSTRY Co., Ltd., . pole Refleet

20 % solvent = isopropyl alcohol:nmethyl ethyl ketone s ot '

pr epar ed. Conpar ative Exanple 2 30 A s\) LI \m J§i%0 by
wei ght of a pol yi m de- cont ai ni ng varni sh (LARC TPI | 1hi8 y M TSU
TOATSU CHEM CALS, INC.) in N-nethylpyrrolidone was prepared.

FIG—4
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25 E i PP CRMENT BHERTS Adlsesi vd Tape) Adhesi vgudrppesver e
preparge(ﬂ’f“rom-t be: paggdi. g, to pagad!fesilves obtained in Exanples 1 to 27 as

fol | ows ¥ The- U)qmgl {gda,dl"g@s a48d ves jappl i ed to each surface of a polyimnde
film su@ e bAAAL g,égry,@ gV liayer on each surface had a thickness of

20 [ee!r]m,__bapggdn{egean@am gL dirculging dryer at 160[err]C for 5
m nutds. The so-obtdl ned a S|§/"é' ttapes will be referred to as adhesive
tapesn}of Ex,arrpj,zfz: 0 Za?[; qand adhesi ve tapes 10 obtained from adhesi ves
obt ai ned?in: &t hdrFRiEamre 3IVE (ROR) ELECTRONICAPARTS AND| ADHESIVE TAPE
referred to as "adhesive tapes of Exanpl es or Conparative Exanpl es”
herei nafter. (Preparation of Conparative Adhesive Tape 1)

The adhesive in Cpipadadf vehd&B@xibnvas applied 15 to each surface of a
polyimde filmsuch that a dry adhesive | ayer on each surface had a

t hi ckness of 20 [err]m and"tgi’é'ﬁsﬁﬁt inventingn yelates te & liguddyadhegive

150[err] C for sl5 ghpubEScttSn P glrts, which is used for bonding one member
to another member of lead frame peripheral parts which
constitute a semiconductor device, such as a lead pin, a
semiconductor chip mounting substrate, a radiator , a
semiconductor chip itself, and the like, and an adhesive tape.
10
Prior Art of the Invention
among conventiohal adhesive tapes used in a
plastic-sealed semiconductor device are a lead frame fixing
tape, a TAB tape, etc. For example, a lead frame fixing
15 adhesive tape is used for fixing lead pins of a lead frame
so that it serves to improve the yield and the productivity
of lead frames per se and the entire semiconductor assembly
steps. Generally, the above fixing adhesive tape is taped on
a lead frame by a lead frame manufacturer and shipped to a
20 semiconductor manufacturer. In the semiconductor
manufacturer, IC is mounted thereon and sealed with a resin.
The lead frame fixing tape is therefore required not only to
have general reliability in a semiconductor level and
workability at a taping time , but also to have adhesion
25 strength at room temperature immediately after taping and heat
resistance sufficient for enduring heat applied in the step
of assemblying a semiconductor device.
As an adhesive tape for the above use, for example,
there is used an adhesive tape which is prepared by applying
30 a synthetic rubber-based resin such as polyacrylonitrile,
polyacrylate ester or a acrylonitrile-butadiene copolymer,
an adhesive obtained by modifying the above synthetic

REPLACEMENT SHEET
18 MAR 1997




§

an adhesi ve tape. (Preparation of Conparative Adhesive Tape 2) 20

‘The adhesjve in Conparative Exanple 2 was applied to each surface of a
pdlyim de filmsuch that a dry adhesive - [|ayer on each surface had a

t hi ckness of 20 [err]m and dried in a hot air circulating dryer at
150[err]C for 120 m nutes and at 2507err]C for 60 mnutes, to obtain an
adhesi ve tape. 25 (Assenbling of Lead Frane) A |l ead frane
used for a sem conductor package shown in Fig. 1 was assenbled in the

fol l owi ng proceduFekberrkased regdnvih @ihen reatn armixtueeiof the above
() et PEEtUEITER 0 bageq rpon FILFURREL Lod HEn4ES AU FSe
Bondi ng of Adhesif&lieguch as a polyimide film, and B-staging it.
Specifically, JP-A-2-14597 discloses a copper-clad
5 film for a semiconductor circuit, which has an adhesive layer
containing, as main ingredients, an epoxy resin, an
acrylonitrile-butadiene copolymer resin and a phenolic resin
applied to a substrate surface. JP-A-2-91177 discloses and
JP-A-2-133483 disclose an adhesive tape for electronic parts,
10 which has an adhesive layer formed from an acrylonitrile-
butadiene copolymer and a resol-type phenolic resin applied
to a heat-resistant film surface. JP-A-3-64387 discloses an
adhesive tape for electronic parts, which has an adhesive layer
containing an acrylonitrile-butadiene copolymer, a resol-
15 type phenolic resin and an epoxy resin applied to a heat-
resistant film surface.

In recent years, plastic-sealed semiconductor
devices (semiconductor package) having structure as shown in
Figs. 1 to 4 have been developed. The plastic-sealed

20 semiconductor device shown in Fig. 1 has a structure in which
a lead pin 3 is connected to a plane 2 with an adhesive layer
6, a semiconductor chip 1 is mounted on the plane 2 and a bonding
wire 4 connecting the semiconductor chip 1 and the lead pin
3 and the plane 2 are togethéi: sealedwitharesin5. Thedevice
25 shown in Fig. 2 has a structure in which a lead pin 3 and a
semiconductor chip 1 are fixed with an adhesive layer 6 and
these parts are sealed with'a resin 5 together with a bonding
wire 4. The device shown in Fig. 3 has a structure in which
a semiconductor chip 1 is mounted on a die pad 7, an electrode
30 8 is fixed with an adhesive layer 6, the semiconductor chip
1 is connected to the electrode 8 with a bonding wire 4, the
electrode 8 is connected to a lead pin 3 with a bonding wire
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26 A plane was placed on a hot plate, and the tape
punched out in the formof a ring was pressed on the plane with a netal
rdd for tenporary bondi ng. The adhesive | ayer was heat-nel ted under
conditions shown in Table 1 for bonding. 5 (c) Assenbling of
Lead Franme The pl ane wi t hihe adhesive tape tenporarily
bonded In the above step and a | ead frane part were positioned, heated
and pressurized on a hot plate to bond the | ead frane and the _plane

t hrough the adhest #Bd; Bhese partsopreisgalied withasreginteat Tivel device ddiown

condi ti ons shown 4 I ' . . s L.ng, of .
Adhesi ve Tape MF‘E@Q t ﬂaéchn a%%lﬁgg 1ntv(v)h12c}1 z?nge%ﬁéggig?#ét Ja‘!"rpll 51,
each set was mlunded on a die padr7 citheusenicondwetorf chipVi L6 cvnnected

Yo DU 9et Al MR8 BF DSRCH BTG EN ! 120 e D e
ot her one in baparithoarradhesivieclaydre6 and a heat-resistant £ilm 9, and these
parts are sealed with a resin 5.
| However, the above adhesives and adhesive tapes
using the above adhesives generate gas in a wire bonding step
in the production of a semiconductor device and pollute a
10 bonding apparatus. The problem is therefore that a step of
washing the bonding apparatus is required.

An adhesive tape prepared by applying a conventional
adhesive has a problem that its heat resistance is insufficient
when it is used as an adhesive layer in the plastic-sealed

15 semiconductor devices shown in the above Figs. 1 to 4. When
a polyimide resin is used, the polyimide resin requires a high
taping temperature, a high pressure, a strong curing condition,
etc., so that it may damage metal parts such as a lead frame.
It is therefore desired to develop an adhesive which can be

20 used for bonding and cured at a relatively low temperature
and has sufficient heat resistance and reliability. The
“reliability” means that it causes neither a leak nor a short
circuit of current under the conditions of PCBT (pressure
cooker biased test) to be described later.

25 '

Summary of the Invention

It is an object of the present invention to provide
an adhesive for electronic parts, which can be used for bonding
and cured at a relatively low temperature and has sufficient

30 heat resistance and reliability, and an adhesive tape for
electronic parts, for which the above adhesive is adapted.

It is another object of the present invention to

REPLACEMENT SHEET

19 MAR 1097 |




bondi ng conditions and the curing conditions were different. Opt i mum

bondi ng conditions were selected for each-adhesive t ape, and each
adhesi ve layer was cured under such conditions. 20

Table 1 Tenpor J Lead frame Curing of
bonding - assenbl y adhesi ve tape Z . Adhesive tapes of 140[err]C/
2 140[err]C /| 2 200[err]C/ 1 hour Exanples 1 to 27 seconds /
seconds / dkgf/cnerr] dkgf/cnerr]

Adhesi ve tape of pro3Gider apGadhesive for]edectrogi¢ parts,19bdichr i€ free (faoms
dkafcmferr]”  ISRARARER gae {EIHE bonains BHEL 7 sy ap qqugsiye tape
350[err]C/ 15 foﬁ\lelectroﬁ)u:rpalrasl,vfnr which ﬂm:ahdse/adhesmmwabted.
Exanple 2 4kgf/cn&‘leurer1:resent20k f/t?l n lr]provmes an adhesive for
5 electronic parts, which is a liquid adhesive obtained by
dissolving an acrylonitrile-butadiene copolymer as Component
(a), a phenolic resin as Component (b), a compound having at
least 2 maleimide groups as Component (C) and a diamine
compound of the general formula (1),
10
H,N-R'~NH, ' (1)

wherein R' is a divalent aliphatic, aromatic or
alicyclic group and/or a polysiloxane compound terminating
15 with an amino group at each terminal, having a weight average
molécular weight of 200 to 7,000 and having the general formula

(2).,

P

Me Mé Me
ll N— Ra—S i—O-(-S i—O)—Sl—Rz—NHz
20 Me Me Me (2)

wherein R® is a divalent aliphatic, aromatic
or alicyclic group and n 'J;.s an integer of 0 to 7,
25 as Component {d) in an organic solvent,
and in which the total amount of Components (b), (c)
and (d) per 100 parts by weight of Component (a) is 10 to 900
parts by weight, the amount of Component (b) based on the total
amount of Components (b}, (c) and (d) is 10 to 90 % by weight,
30 and the amount of amino groups of Component (d) per mole
equivalent of the maleimide groups of Component (c) is p;'01
to 2.0 mole equivalents. |
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27 (Assenbl i ng of Sem conductor Package) The
above-obtai ned | ead franes were used, and . sem conductor packages were
assenbled in the following 5 procedures. (a) Die-bonding

A sem conduct or chip was bonded to the plane portion with a die bonding
silver paste and cured at 150[err]C for 25hours : (b) Wre
bondi ng 10 A wire pad on the Sem conductor chi p and a silver

pl ated portion on an inner |ead wire end portion were connected with a
gold wire with a wire bondathe present invention 2 provides an adhesive for

electronic parts, which is a liquid adhesive containing an
epoxy resin further as Component (e) in addition to Components
used in the present invention 1, and in which the total amount
5 of Components (b), (c), {(d) and (e) per 100 parts by weight
of Component (a) is 10 to 900 parts by weight, the total amount
"of Components (b) and (e) based on the total amount of
Components (b), (c), (d) and (e) is 10 to 90 % by weight, and
the amount of amino groups of Component (d) per mole equivalent
10 of the maleimide groups of Component (c) is 0.01 to 2.0 mole
equivalents.

The present invention 3 provides an adhesive tape.
for electronic parts, which is formed by laminating an adhesive
layer formed from one of the above liquid adhesives on at least

15 one surface of a heat-resistant film.

The present invention 4 provides an adhesive tape
for electronic parts, which is formed by laminating an adhesive
layer formed from one of the above liquid adhesives on at least
one surface of a detachable film.

20 The present invention 5 provides a method of using
the above liquid adhesive for fixing a lead frame.

The present invention 6 provides a method of using

the above adhesive tape for fixing a lead frame.

25 Brief Description of Drawings
Fig. 1 is a cross~sectional view of a plastic-sealed
semiconductor device to which the adhesive tape of the present
invention or a conventional adhesive tape is applied.
Fig. 2 is a cross-sectional view of another
30 plastic-sealed sem:.conductor device towhich the adhesive tape
of the present invention or a conventional adhesive tape is

applied.




(c) Mol ding ' The above-obtai ned set was transfer-nolded with

an 15 epoxy-containing nolding agent. . (d) Finish step

The steps of formng, die cutting and outer |ead portion plating were
carried out to conplete a package. 20 Resul ts of Eval uation of Adhesive
Tape in Assenbling of Lead Fr ame) (a) Taping-feasible

t enperat ure An adhesi ve tape was eval uated concerni ng

whet her or not it could be easily and readily bonded to an adherend 25

such as a plane or |ead pinBig. Speis fai cabbg-settianaksview tafpstill aasther

neasured for a te ratur ' i i ul d be bon to.a |ead
frane wWith a tapi ggﬁgé.gi-ﬁgéi‘gg%e'mric%dﬁgto&:fﬁegu}; s%? yglﬁgﬁgleagdlfﬁ}%%éape
The adhesive tapesfothe prédentprixsanitiion ert aoconvent ivnak eitiesd vieagapef is
Conparative 30 Exanpl.e. 1 could be bonded in the tenperature range of from

100 to 240[err]C, 3RR; F‘gd_t'he adhesi ve tape of Conparative Exanple 2
required a tenperature hi gheig hanis330(crddsCsectional Q3B BE- yet another

. plastic-sealed semiconductor device towhich the adhesive tape
of the present invention or a conventional adhesive tape is
applied.

10 Detailed Description of the Invention
The present invention will be explained in detail
hereinafter.
The liquid adhesive according to the present
invention 1 is composed of (a) an acrylonitrile-butadiene

15 copolymer, (b) a phenolic resin, (c) a compound having at least
2 maleimide groups and (d) a diamine compound and/or a
polysiloxane compound terminating with an amino group at each
terminal and having a weight average molecular weight of 200
to 7,000.

20 The acrylonitrile-butadiene copolymer can be
selected from known acrylonitrile-butadiene copolymers. An
acrylonitrile-butadiene copolymer having a weight average
molecular weight 50,000 to 1,000,000 and an acrylonitrile
content of 5 to 50 % by v':éight is preferred, and an

25 acrylonitrile-butadiene copolymer having a weight average
molecular weight 100,000 to 500,000 and an acrylonitrile
content of 10 to 40 % by-weight is particularly preferred.
When the weight average molecular weight of the
acrylonitrile-butadiene copolymer is lower than the above

30 lower limit, undesirably, the liquid adhesive is poor in heat
stability and its heat resistance decreases. When the above
weight average molecular weight is higher than the above upper
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(b) Oxidation of |lead frane A lead frame
surface was visually observed for a change in color to determ ne
wHet her or not the lead frane - surface underwent oxidation during the
curing of the adhesive. 5 The ,;esul ts were as follows. The
adhesi ve tapes of the present invention did not underge oxidation. On
t he ot her hand, the bonding tenperature of the adhesive tape of
Conparative Exanple 2 was extrenely high and required a | ong period of

time for its bondlhgitaMdeaﬁ.ﬁaidL}',f thecadbesive i® xioowdas workabgdity and
col or or “the. oxi dg&hggiégoﬁgé% due to a decrease in the solubility in a

10

15

20

25

solvent and an increase in melt viscosity. When the content
of the acrylonitrile content is smaller than the above lower
limit, undesirably, the solubility of the adhesive in a solvent
decreases. When the above content is greater than the above
upper limit, undesirably, the adhesive is unstable in
insulating property.

The phenolic resin can be selected from known
phenolic resins, while it is preferably selected from a
p-tert-butylphenol type phenolic resin, a bisphenol A type
phenolic resin or a cresol type phenolic resin of which the.
phenol component is at leat one slected from the group
consisting of p-tert-butylphenol, bisphenol A and cresol, or
a resol type phenolic resin obtained by co-condensation of
these, since the adhesion temperature and the curing
temperature o+f the adhesive can be decreased and since
sufficient adhesion strength can be obtained.

The compound having at least 2 maleimide groups can
be selected from known ones, while compounds of the following
formulae (3-1) to (3-6) are particularly preferred in view
of electric reliability and solubility in a solvent. These
compounds are generally commercially and easily available.
Further, these compounds c'a.n be synthesized by a known method.

//0 Clfs OM
te-ofo-e1~




(c) Voids ' Wien an adhesive was cured, the adhesive was
visual |y eval uated through an electron mcroscope to deternine whet her
or not voids taking place in the adhesive-were at a 15 |evel where the

voi ds caused a problemin practical use. The results were as
foll ows. The adhesive tapes of t he pr@sent i nvention caused no voids,
whi | e t he adhesi ve tape of Conparati'Vé Exanple 1 showed the occurrence
of voids. (d) Workability 20 . ... An adhesi ve tape was
eval uated for handling properties (curllng @nd runni ng performnce) and
t acki ness . on the adhesive s rface durlng i t§ use such as taping of the

adhesi ve tape during the ass fr . The
results were as follows. The ad he preserB3-2iventi on
were all excellent in handli opert ang—Had no surface tackiness,
whi l e the adhesive t ape o nparatlve Exam@f e 2 caused problens in

handl i ng [B operties. (e) Wre bondability 30
When a package was assenbl ed, an adheSLve t ape was eval uated for wre
bondability with a gold wire to a | ead frane.

N (3-3)
10
0
// (l:lh (lills (Iills
\ . -
15 N (@12 )3—S1—0 1810 1-St~(ala s — K (3-4)
[
\\0 c‘:n; (|:ll: '(I:Ih
in which p is an integer of 0 to 7.
20
Cliy
(3-5)
N—@— 0~—Clis—Si—0— Sl—Cll:—O@-
(lllh
- 25

D@ ~O)- ‘<O>‘ “" ., e
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The results were as foll ows. Wien the adhesive

I , 29 tapes of the present

i nvention were used, no bonding failure occurred in a test using 832
pins, while the adhesive tape of Conparative Exanple 1 showed a bondi ng
failure of 123 pins out of the 832 pihs and failed to bond the gold
wre in 5 sufficient strength. (f) Eval uation of

sem conduct or package c
P J in which MI =E:&W—, R=HorCH, and r =1 ~ 5,

Examples of the diamine compound of the general
formula (1) used as Component (d) are as follows.

5 3,3'~diaminobiphenyl, 3,4’-diaminobiphenyl,
4,4'-diaminobiphenyl, 3,3’-diaminodiphenylmethane, 3,4'-
diaminodiphenylmethane, 4,4’-diaminodiphenylmethane, 2,2-
(3,3'-diaminodiphenyl )propane, 2,2-(3,4’-
diaminodiphenyl )propane, 2,2-(4,4'-diaminodiphenyl)propane,

10 2,2-(3,3’'-diaminodiphenyl)hexafluoropropane, 2,2-(3,4'-
diaminodiphenyl )hexafluoropropane, 2,2-(4,4'~-
diaminodiphenyl)hexafluoropropane, 3,3’-oxydianiline,
3,4'-oxydianiline, 4,4’'-oxydianiline, 3,3'-
diaminodiphenylsulfide, 3,4’-diaminodiphenylsulfide,

15 4,4’-diaminodiphenylsulfide, 3,3’-diaminodiphenylsulfone,
3,4'-diaminodiphenylsulfone, 4,4’'-diaminodiphenylsulfone,
1,3-bis[1-(3-aminophenyl)-1-methylethyl]benzene, 1,3-
bis[1-(4-aminophenyl)-1-methylethyl jbenzene,
1,4-bis[1-~(3-aminophenyl)-1-methylethyl ]benzene, 1,3-

20 Dbis(3-aminophenoxy)benzene, 1,3-bis(4-aminophenoxy)benzene,
1,4-bis(3-aminophenoxy)benzene, 1,4-bis(4-
aminophenoxy)benzene, 3,3’-bis(3-aminophenoxy)diphenyl
ether, 3,3’-bis(4-aminophenoxy)diphenyl ether, 3,4'-
bis (3-aminophenoxy)diphenyl ether, 3,4‘-bis(4-

25 aminophenoxy)diphenyl ether, 4,4’-bis(3-
aminophenoxy)diphenyl ether, 4,4’-bis(4-
aminophenoxy)diphenyl ether, 1,4-bis[l-(4-aminophenyl)-1-
methylethyl-bis(3-aminophenoxy)biphenyl, 3,3’'-bis(4-
aminophenoxy)biphenyl, 3,4°’-bis(3-aminophenoxy)biphenyl,

30 3,4’-bis(4-aminophenoxy)biphenyl, 4,4'~bis(3-
aminophenoxy)biphenyl, 4,4'-bis(4-aminophenoxy)biphenyl,
bis[4-(3-aminophenoxy)phenyl]sulfone, bis[4-(4-
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A package obtai ned as descri bed above was subjected to a PCBT (pressure
cooker biased test). PCBT was carried out. at a voltage of 5 V at 121C
under a pressure of 2 atmat 100 %RH 10 f-or evaluating the electrical
reliability of an adhesive tape. The results were as

foll ows. When the adhesive tapes of Me present invention were used, no
short circuit occurred for 1, 000 hours. When the adhesive tape of

Conparative Exanple, 1 s used j{]OI’ circuit_occurred_before 15 a 1,000
hour period passeiiinop enoxy() 1egdEopeaqhedrbisidpt3tor Strength)

An adhesive tape é@ﬁléﬂf&ﬂ*ﬁ)@h@:@@.ﬁ@ﬁbpﬂh@t ez%-ﬂﬁ@[ﬂ(lﬁ 20 (taping),
and then neasured for 90[ érf] péel "strength at room t enperat ure.

The results werea%ﬂ#ﬂQHhﬂﬂﬂ¥Y) n&&ﬂE§P9énﬁap3820$lS[4-(%e present
adnesi ve tape. of TamERRexRy pRsal1okodile) Cas A LaE2 T peel ©
strength, as Bowaminophenoxy)phenmyl lpnopane, 2,2-bis[3-(3-
aminophenoxy)phenyl jhexafluoropropane, 2,2-bis[3-(4-
aminophenoxy )phenyl lhexafluoropropane, 2,2-bis[4-(3-
aminophenoxy )phenyl]hexafluoropropane, 2,2-bis[4-(4-
aminophenoxy)phenyl Jhexafluoropropane, 9,9-bis(3-
10 aminophenyl)fluorene and 9,9-bis(4-aminophenyl)fluorene.
The polysiloxane compound terminating with an amino
group at each terminal and having a weight average molecular
weight of 200 to 7,000 includes bis(3-
aminopropyl)tetramethyldisiloxane, dimethylsiloxane
15 tetramer and octamer terminating with aminopropyl groups, and
bis(3-aminophenoxymethyl)tetramethyldisiloxane. These
compounds may be used alone or in combination.
According to the present invention 2, the above
l1iquid adhesive may further contain an epoxy resin as Component
20 (e). The epoxy resin is selected from known epoxy resins such
as glycidyl ether-containing, glycidyl ester-containing,
glycidylamine-containing, alicyclic and heterocyclic epoxy
resins. In view of heat resistance, toughness and high
adhesion properties, it is preferred to use an epoxy resin
25 having a novolak, bisphenol or biphenyl structure. Further,
the above epoxy resin as Component (e) may be selected from
resins of which the molecular structure contains an epoxy
group.
The amounts of the above Components are set such that
30 the total amount of Components (b), (c) and (d) per 100 parts
by weight of Component (a) is 10 to 900 parts by weight,
preferably 20 to 800 parts by weight. When the total amount
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t he adhesi ve tape of Conparative Exanple 2 showed a | arge variability
of 10 to 40 g/10 mmin 90 peel strength. As is clearly
shown in the above results, the 30 adhesive tape of the present invention
to which the liquid adhesive of the present invention is applied serves
to produce excel l ent sem conductor pddkages. I'n contrast, the

30 conpar ati ve adhesive tapes had the follow ng problens. A |ead

frame is oxidi zeif ChmpbasdtsyEONqchi i (d)6id@mallierdhén the above lower
limit, the adhesive after applied and cured shows an extreme
decrease in heat resistance, Tg and Young’s modulus, shows

poor surface tackiness and is therefore not suitable for the
5 intended use. When the above total amount exceeds the above

upper limit, the adhesive layer becomes fragile when cured
to a B-stage, which causes poor workability, and the adhesion
of the adhesive'layei to a heat-resistant film becomes poor.
In view of workability and the properties of a cured resin,
10 the amouﬁt of Component (b) based on the total amount of
Components (b), (c) and (d) is 10 to 90 % by weight. Further,
the amounts of Components (c) and (d) are required to be set
such that the amount of amino groups of Component (d) per mole
equivalent of maleimide groups of Component (c) is 0.0l to
15 2.0 mole equivalents, preferably 0.1 to 1.0 mole equivalent.
When the equivalent weight of amino groups of Component (d)
is smaller than the above lower limit, the adhesive layer
becomes fragile when cured to a B-stage, which causes poor
workability, and the adhesion of the adhesive layer to a
20 heat-resistant film becomes poor. When the above equivalent
weight of amino groups exceeds the above upper limit,
Components cause gelation and an adhesive can be no longer
prepared.
In the present invention 2, Component (e) can be
25 incorporated as a substitute for part of Component (b).
Therefore, the total amount of Components (b) and (e) based
on the total amount of Components (b), (c¢), (d) and (e) is
10 to 90 % by weight as well as in the present invention 1.
The amount ratio of Component (b) and Component (e) is
30 determined depending upon the numbers of functional groups,
while these components (b) and (e) may be in any amount ratio

when a reaction promoter to be described later is used in
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for the assenbling of a lead frane, or the wire bonding with a gold
wre is not admtted. Therefore, the conparative 5 adhesive tapes are not
suitabl e for producing el ectronic parts. The liquid
adhesive of the present invention can be used for bonding and cured at
relatively low tenperatures and 10 has sd#cient heat resistance and
reliability. The adhesive tape of the present invention to which the
above liquid adhesive is applied can be suitably used for bondi ng one

nmenber to ancomdinaeibal oWhérettefdnsuntporiquagporienta(hp ishémdller than
constitute a sen1condgptor,deV|ce, such as a lead pin, a 15 sen1con%u?%8r

chip mounting suldd: Fab¥, weighly .p5 when the fotal iy ofhiGomponsnt

Exanpl e 28 and (e) iaOBmBER1&P ENaNei@hg By ﬁbiﬁ?ﬁ“ﬁdﬂﬂééﬁﬁaﬂl )i ithid €
20 copolyner (weight average nol ecul ar wei ght” 250, od, acrylonitrile
content 27 %, 28 donpstrenghh of the-adhesive to a heat-resistant film

5 is low. When the above amount or total amount is greater than
90 % by weight, undesirably, voids are formed.

Components (a), (b), (c) and (d) and optionally
Component (e) are mixed in a solvent which can dissolve these
Components. The solvent includes N-methyl-2~pyrrolidone,

10 N,N-dimethylacetamide, N,N-dimethylformamide, dimethyl
sulfoxide, sulfolane, hexamethylphosphoric acid triamide,
1,3-dimethyl-2-imidazolidone, hexane, benzene, toluene,
Xylene, methyl ethyl ketone, acetone, diethyl ether,
tetrahydrofuran, dioxane, 1,2-dimethoxyethane, diethylene

15 glycol dimethyl ether, methyl cellosolve, cellosolve acetate,
methanol, ethanol, propanol, isopropanol, methyl acetate,
ethyl acetate, acetonitrile, methylene chloride, chloroform,
carbon tetrachloride, chlorobenzene, dichlorobenzene,
dichloroethane, dichloroethane and trichloroethane. The

20 solvent is selected in kind and amount such that each Component
is dissolved.

The 1iquid adhesive may contain a reaction promoter
as required for promoting a reaction at a drying or heat-
curing time. The reactioh promoter includes organic

25 peroxides such as diazabicyclooctane, methyl ethyl ketone
peroxide, cyclohexane peroxide, 3,3,5-
trimethylcyclohexanone peroxide, methylcyclohexanone
peroxide, methyl acetoacetate peroxide, acetyl acetone
peroxide, 1,1-bis(tert-butylperoxy)-3,3,5~-trimethylhexane,

30 1,l-bis(tert-butylperoxy)cyclohexane, 2,2-~bis(tert-
butylperoxy)octane, n-butyl-4,4-bis(tert-

butane,
REPLAGEMENT SHEET
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tert-butyl phenol type resol phenolic resin (CKM 1282, supplied by SHOM
H POLYMER CO., Ltd.), 25 parts by weight of a novol ak type epoxy resin
(EOCN- 1020, supplied by N PPON 25 KAYAKU CO., LTD.), 45 parts by wei ght of
a conpound of the formula (3-1) and 5 parts by.weight of 1, 3-bis(3-

am nopropyl )-1,1,3, 3-tetramethyl disiloxadé (n = 0, nole . equi val ent of
am no groups per nole equival ent of naleimde groups of the above
conmpound = 0.51) were added to 30 tetrahydrofuran, fully m xed and

di ssol ved to giveeztlbltyihydropéhsRide, heuhmene Hlrchea@xige, &i-30 % by

wei ght . Incidental ly, ITquid adhesives obtained in Exanples 29to 51

31 - isopropyibenzene hydroperoxide, p-menthane hydroperoxide,
2,5-dimethylhexane~2,5~-dihydroperoxide, 1,1,3,3-
tetramethylbutyl hydroperoxide, di-tert-butyl hydroperoxide,

5 tert-butylcumyl peroxide, di-cumyl peroxide, a,a’-

bis(tert-butylperoxy-m-isopropyl)benzene, 2,5-dimethyl~
2,5-di(tert-butylperoxy)hexane, 2,5~dimethyl-2,5-di(tert-
butylperoxy)hexyne, acetyl peroxide, isobutyl peroxide,
octanoyl peroxide, decanoyl peroxide, benzoyl peroxide,

10 lauroyl peroxide, 3,5,5-trimethylhexanoyl peroxide, succinic
acid peroxide, 2,4-dichlorobenzoyl peroxide, m-toluyl
peroxide, diisopropylperoxydicarbonate, di-2-
ethylhexylperoxydicarbonate, di-n-propylperoxydicarbonate,
bis (4-tert-butylcyclohexyl )peroxydicarbonate, di-

15 myristylperoxydicarbonate, di-2-
ethoxyethylperoxydicarbonate, di-
methoxyisopropylperoxydicarbonate, di-(3-methyl-3-
methoxybutyl )peroxydicarbonate, di-allylperoxydicarbonate,
tert-butylperoxyacetate, tert-butylperoxyisobutylate,

20 tert-butylperoxypivalate, tert-butylperoxyneodécanoate,
cumylperoxyneodecanoate, tert-butylperoxy-2-ethylhexanoate,
tert-butylperoxy-3,5,5-trimethylhexancate, tert-
butylperoxylaurate, tert-butylperoxybenzoate, di-tert-
butylperoxyisophthalate,:2,5-dimethyl-2,5—

25 di(benzoylperoxy)hexane, tert-butylperoxymaleic acid,
tert-butylperoxyisopropyl carbonate, cumylperoxyoctate,
tert-hexylperoxyneodecandate, tert-hexylperoxypivalate,
tert-butylperoxyneohexanoate, acetylcyclohexylsulfonyl
peroxide and tert-butyloxyallylcarbonate; imidazoles such as

30 1,2-dimethylimidazole, l-methyl-2-ethylimidazole, 2~
methylimidazole, 2-ethyl-4-methylimidazole, 2-
undecylimidazole, 2-heptadecylimidazole, 2-phenylimidazole,
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and Conparative Exanples 3 to 6 to be described |ater also had a solid

content of 30 % by wei ght. Exanple 29 5 A |iquid adhesive
was obtained in the sane manner as in Exanpl e 28 except that the anount
of but adi ene- acrylonitrile copolymer .was changed from 100 parts by

wei ght to 25 parts by weight. 10 Eiﬁnple 30 A liquid
adhesi ve was obtained in the sanme manner as in Exanple 28 except that

t he anount of butadi ene- acr{LonitriIe copol ymer was changed. from 100
parts by weight 1l-bengyio@-pethylippidazehe, ispenzylsdnphenylimidazole,

A liquid adhesivg ¥ah,98L9LpRdny  ihf8az818 fRINEI1itic acid salt, 1-
benzyl-2-ethylimidazole, l-benzyl-2-ethyl-5-
methylimidazole, 2-ethylimidazole, 2-isopropylimidazole,

5 2-phenyl-4-benzylimidazole, l1-cyanoethyl-2-methylimidazole,
l-cyanoethyl-2-ethyl-4-methylimidazole, l-cyanoethyl-2-
undecylimidazole, l-cyanoethyl-2-isopropylimidazole, 1-
cyanoethyl-2-phenylimidazole, l-cyanoethyl-2-
methylimidazolium trimellitate, l-cyanoethyl-2-

10 phenylimidazolium trimellitate, 2,4-diamino-6-[2'-~
methylimidazolyl-(1‘)]-ethyl-s-triazine, 2,4-diamino-6-
[2'-ethyl-4-methylimidazolyl-(1’)]-ethyl-s-triazine, 2,4-
diamino-6-[2’-undecylimidazolyl-(1’)}-ethyl-s-triazine,
2-methylimidazolium-isocyanuric acid adduct, 2-

15 phenylimidazolium-isocyanuric acid adduct, 2,4-diamino-6-
[2’-methylimidazolyl-(1’)]-ethyl-s~triazine-isocyanuric
acid adduct, 2-phenyl-4,5-dihydroxymethylimidazole, 2-
phenyl-4-benzyl~5~hydroxymethylimidazole, 4,4’'-methylene-
bis~(2-ethyl-5-methylimidazole), l-aminoethyl-2-

20 methylimidazole, l-cyanoethyl-2-phenyl-4,5-
di(cyanoethoxymethyl)imidazole, l-dodecyl-2-methyl-3-
benzylimidazolium chloride, 2-methylimidazole-benzotriazole
adduct, l-aminoethyl-2-ethylimidazole, 1-
(cyanoethylaminoethyl)-2-methylimidazole, N,N’-[2-

25 methylimidazolyl-(1l)-ethyl]-adipoyldiamide, N,N’'-bis-(2-
methylimidazolyl-l1-ethyl)urea, N-(2-methylimidazolyl-1-
ethyl)urea, N,N’-[2-methylimidazolyl-(1)-
ethyl Jdodecanedioyldiamide, N,N’-[2-methylimidazolyl-{(1)-
ethyl]eicosanedioyldiamide, l-benzyl-2-phenylimidazole-

30 hydrochloride, and triphenyl phosphine.

The liquid adhesive may further contain a filler
having a particle diameter of 1 um or less for stabi;;zing
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as in Exanple 28 except that the anount of each of p- tert-butyl phenol
type resol .phenolic resin and novol ak type 20 epoxy resin was changed from
25 parts by weight to 10 parts by wei ght, that the anmount of the
conmpound of the formula (3-1) was chan% ed from45 parts by weight to 72
parts by weight and that the amount ofl®1, 3- bi s(3-am nopropyl )-1, 1,3, 3-
t et ranet hyl di si |l oxane was changed fromb5 parts by weight to 25 8 parts by
wei ght (nol e equival ent of am no group per nole equi val ent of nal ei m de

groups of the aboyfpifpeopertilshen applie®dancadResive tape. The ¥erm
l'i qui d adhesive was aobtained in the same mapner 30 as in Exanple 28 except
that the amount ofS'aRidiging taplngep{omg,q.%emaqsyggey§§5pnghgp,@,|qqgln

[35'48 gg?t govol alof e adheBRYEYolESHE dffe FRHICOHL AR £ansivE O¥pdRiHEH
the adhesive tape is heat-pressed on a lead and maintaining
5 a proper thickness of an adhesive layer to maintain the
property of adhesion. When the above particle diameter
exceeds 1 um, undesirably, the effect on the stabilization
of tapiné properties small. The amount of the filler based
on the total solid content is 4 to 40 % by weight, preferably

10 9 to 24 % by weight. When the amount of the filler is smaller
than the above lower limit, the effect on the stabilization
of taping properties is small. When the above amount exceeds
40 % by weight, undesirably, the adhesion strength of the
adhesive tape decreases, and the processability such as the

15 formation of a laminate is poor. The filler is selected, for

. example, from silica, a quartz powder, alumina, calcium
carbonate, magnesium oxide, a diamond powder, mica, a fluorine
resin or a zircon powder. The above “average particle”
diameter is measured by taking an electron microscopic

20 photograph of filler surfaces.

Further, the liquid adhesive may be prepared as one
which is isolated after a reaction, washed with an organic
solvent, water or a mixture of an organic solvent with water,
and re-dissolved in the éame organic solvent as above.

25 The organic solvent used for the above washing is
selected from acetone, methyl ethyl ketone, hexane, benzene,
toluene, xylene, methanol, 'ethancl, propanol, diethyl ether,
tetrahydrofuran, methyl acetate, ethyl acetate, acetonitrile,
methylene chloride, chloroform, carbon tetrachloride,

30 chlorobenzene, dichlorobenzene, dichloroethane or
trichloroethane. _

The adhesive tape for electronic parts to which the
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32 by wei ght, that the amount of the conpound of the fornmula (3-1)
was changed from 45 parts by weight to 18 parts by weight and that the
amount of 1, 3-bi s(3-aminopropyl)-1,1,3,3- . t et ramet hyl di si | oxane was
changed from5 parts by weight to 5 2 parts by weight (nole equivalent of
am no group per nole equi val ent of rpi&inide groups of the above
conpound = 0.51). Exanpl e 33 A |iquid adhesi ve was
obtained in the same nanner 10 as in Exanple 28 except that the anount

p-tert-butyl phengbove 1iy§@€d' #4Res X eNE idpplEied) \pWrovidadoey the seatt s
by wei ght .10,10 parts by, weight and t hat the amount of novol ak type

epoxy resin Mgeeﬁaﬂﬁed"%}brﬁ%se’MQ@Qﬂ/ hanedmafit®rso parts by wei ght.
The adhesive tape of the present invention can be

obtained by applying the above liquid adhesive to one surface
5 or both surfaces of a heat-resistant film or to one surface
- of a detachable film. The thickness of an adhesive layer
(applied liquid adhesive) is preferably 5 to 100 um,
particularly preferably 10 to 50 um. The heat-resistant £ilm
includes films of heat-reéistant resins such as polyimide,
10 polyphenylene sulfide, polyether, polyparabanic acid and
polyethylene terephthalate, and composite heat-resistant
films such as epoxy resin-glass cloth and an epoxy resin-
polyimide~glass cloth. A film of a polyimide resin is
particularly preferred. The thickness of the heat-resistant
15 film is set in the range of from 7.5 to 130 um, particularly
preferably 12.5 to 75 ym. When the thickness is too small,
the adhesive tape has an insufficient nerve. When it is too
large, it is difficult to punch out the adhesive tape.

The detachable film used for the adhesive tape of

20 thepresent invention has a thickness of 1 to 200 um, preferably
10 to 100 um, and works as a temporary support. The detachable
film includes a polypropylene film, a fluorine-resin-
containing film, a polyethylene film, a polyethylene
terephthalate film and paéér. In some cases, these films may

25 be imparted with detachability with a silicone resin.

The detachable film preferably has a 90° peel
strengthof 0.01 to 7.0 g/cm. When the peel strength is smaller
than the above range, the detachable film may be easily
detached when the adhesive tape is fed. When the peel strength

30 is larger than the above range, the detachable film is not
peeld from the adhesive layer clean, and the workability is
poor.
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15 Exanple 34 A liquid adhesive was obtained in the sane
manner , as in Example 28 except that the anobunt p-tert-butyl phenol

type resol phenolic resin was changed from 25 parts by wei ght to 40
parts by weight and that the anmount of n %plak type epoxy 20 resin was
changed from 25 parts by weight to 10 pa by wei ght. . Exanple 35

A |iquid adhesi ve was obtained in the sane manner as in Exanple 28
except that the amount of the conpound of 25 ‘the formula (3-1) was changed
from 45 parts by wei ght t Fwgher, ywhensths liginjdtadhesiveiistapplind to one

L33, - 2ghDeRLgRMcen dursdeed o Uil REIELINL Hieald P3RS AR EIANGSC

from 5 parts by Werg € equi va
group per m)l e eqﬂhesimtla;ﬁenml)el mplmigmnm @i 1mhmay ey €u@heroppovixded-

0.09). Exagg lt%eBEdhesive layer(s). The protection film can be selected
5 from those described concerning the above detachable film.

Examples
The present invention will be explained more in
detail with reference to Examples hereinafter.

10
(Preparation of Liquid Adhesive)

Example 1
100 Parts by weight of a butadiene-acrylonitrile
copolymer (weight average molecular weight 250,000,

15 acrylonitrile content 27 %), 50 parts by weight of a p-
tert-butylphenol type resol phenolic resin (CKM-1282,
supplied by SHOWA HIPOLYMER Co., LTD.), 45 parts by weight
of a compound of the formula (3-1) and 5 parts by weight of
1,3-bis{3-aminopropyl)-1,1,3,3-tetramethyldisiloxane (mole

20 equivalent of amino group per mole equivalent of maleimide
groups of the above compound = 0.51) were added to
tetrahydrofuran, fully mixed and dissolved to give a liquid
adhesive having a solid content of 30 % by weight.
Incidentally, liquid adheéives obtained in Examples 2 to 27

25 tobedescribed later also had a solid content of 30 % by weight.

Example 2
A liquid adhesive was obtained in the same manner
as in Example 1 except that the amount of butadiene-
30 acrylonitrile copolymer was changed from 100 parts by weight
to 25 parts by weight.
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33 ' A liquid adhesive was obtained in the sanme manner as

in Exanpl ¢ 1 except that the anount of the conpound of the formul a
(3-1) was changed from 45 parts by weight to 41 parts by wei ght and
t hat the anount of 1, 3-bis(3-amnopropyl)-.5 1, 1,3,
3-tetranmet hyl di si |l oxane was changed froné__parts by weight to 9 parts
by wei ght (nole equival ent of am no group per nole equival ent of
mal ei m de groups of the above conpound = 1.01).

Example 3

A liguid adhesive was obtained in the same manner
as in Example 1 except that the amount of butadiene-
acrylonitrile copolymer was changed from 100 parts by weight

5 to 400 parts by weight.

Example 4
A liquid adhesive was obtained in the same manner
as in Example 1 except that the amount of p-tert-butylphenol
10 type resol phenolic resin was changed from 50 parts by weight
to 20 parts by weight, that the amount of the compound of the
formula (3-1) was changed from 45 parts by weight to 72 parts
by weight and that the amount of 1,3-bis(3-aminopropyl)-
1,1,3,3-tetramethyldisiloxane was changed from 5 parts by
15 weight to 8 parts by weight (mole equivalent of amino group
per mole equivalent of maleimide groups of the above compound
= 0.51).

Example 5

20 A liquid adhesive was obtained in the same manner
as in Example 1 except that the amount of p-tert-butylphenol
type resol phenolic resin was changed from 50 parts by weight
to 80 parts by weight, that the amount of the compound of the
formula (3-1) was changed fi:om 45 parts by weight to 18 parts

25 by weight and that the amount of 1,3-bis(3-aminopropyl)-
1,1,3,3-tetramethyldisiloxane was changed from 5 parts by
weight to 2 parts by weight (mole equivalent of amino group
per mole equivalent of maleimide groups of the above compound
= 0.51).

30

Example 6
A liquid adhesive was obtained in the same manner
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10 Exanple 37
manner as i
the fornul a (3-
wei ght and t hat
am nopropyl)-1,
by wei ght of a,
nol e equi val ent

A liquid adhesive was obtained in the sane
n Exanpl e 28 except that the anpbunt of the conpound of
1) was changed from 45 parts by weight to 37 parts. by
5 parts by weight of 1,3-bis(3- 15
1, 3, 3- tetranethyld|5|loxa§8 was replaced - with 13 parts
[err] bi s(3- am nopropyl )™ pol ydi net hyl si |l oxane (n = 7,
of am no group per nol e equival ent of nal ei m de groups

of the above COmONﬁOExampR Q. ekrepthat tﬁeaambenegnf the compound o¥ [theui d
adhesi ve was obt ained in_the same

the amount of t
parts by wei ght
1, 3-bi s(3-

with 7 parts by M:Qhﬁ-&‘ﬁt;aseﬁh!@lﬁ XPRR

3-tetranet hykdi
equi val ent o

10

15

20

25

30

BTEORBo bl bivas changengrran 43 Badys L WelahT B 6 parte
h#?w@&g%@ aﬁariﬁaEYtﬂélSﬁﬁuﬂﬂdofVmﬁsibikviéadindprqﬁylyﬂ
nopropyl) 3-tetranmet dISI|O newa re Iac%d
,ﬁ%, from § p
Ngol
R o 1 Bl Py pEshe ladte “‘?}%‘*ﬂ“* RO goRy ¢
per mole equlvalent of maleimide groups of the abové compound

= 0.09).

Example 7

A liquid adhesive was obtained in the same manner
as in Example 1 except that the amount of the compound of the
formula (3-1) was changed from 45 parts by weight to 41 parts
by weight and thaf the amount of 1,3-bis(3-aminopropyl)-
1,1,3,3-tetramethyldisiloxane was changed from 5 parts by
weight to 9 parts by weight (mole equivalent of amino group
per mole equivalent of maleimide groups of the above compound
= 1.01).

Example 8

A liquid adhesive was obtained in the same manner
as in Example 1 except that the amount of the compound of the
formula (3-1) was changed from 45 parts by weight to 40 parts
by weight and that 5 parts by weight of 1,3-bis(3-
aminopropyl)-1,1,3, 3-tetrémethyldis iloxane was replaced
with 10 parts by weight of «,w-bis(3-aminopropyl)-
polydimethylsiloxane (polymerization degree: 4) (mole
equivalent of amino group'per mole equivalent of maleimide

groups of the above compound = 0.53).

Example 9
A liguid adhesive was obtained in the same manner
as in Example 1 except that the amount of the compound of the
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Exanmpl e 39 34 Aliquid
adhesi ve was obtained in the sane manner as in Exanple 28 except that
t he anmount of the conpound of the formula (3-1) was changed from 45
parts by weight to 48 parts by weight and that 5 parts by wei ght of
1,3-bis(3- 5 aninopropyl)-1,1,3, 3-tetra®®thyldisiloxane was repl aced
MAFh 2 parts by wei ght of hexanethylenedrﬁﬁlne (nol e equi val ent of
am no group per nole equival ent of maleim de

formula (3-1) was changed from 45 parts by weight to 37 parts

by weight and that 5 parts by weight of 1,3-bis(3-
aminopropyl}-1,1,3,3-tetramethyldisiloxane was replaced
with 13 parts by weight of a,w-bis(3-aminopropyl)-

5 polydimethylsiloxane (polymerization degree: 8) (mole
equivalent of amino group per mole equivalent of maleimide

groups of the above compound = 0.51).

Example 10

10 A liquid adhesive was obtained in the same manner
as in Example 1 except that the amount of the compound of the
formula (3-1) was changed from 45 parts by weight to 43 parts
by weight and that 5 parts by weight of 1,3-bis(3-
aminopropyl)-1,1,3,3-tetramethyldisiloxane was replaced

15 with 7 parts by weight of 1,3-bis(3-aminophenoxymethyl)-
1,1,3,3-tetramethyldisiloxane (mole equivalent of amino
group per mole equivalent of maleimide groups of the above

compound = 0.47).

20 Example 11
A liquid adhesive was obtained in the same manner

as in Example 1 except that the amount of the compound of the
formula (3-1) was changed from 45 parts by weight to 48.5 parts
by weight and that 5 parté.by weight of 1,3-bis(3-

25 aminopropyl)-1,1,3,3-tetramethyldisiloxane was replaced
with 1.5 parts by weight of ethylenediamine (mole equivalent
of amino group per mole equivalent of maleimide groups of the

above compound = 0.53).

30 Example 12
A liquid adhesive was obtained in the same manner
as in Example 1 except that the amount of the compound of the
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groups of the above conpound = 0.47). 10 Exanple 40 A

| i qui d adhesi ve was obtained in the sanme manner as in Exanple 28 except
that the anount.of the conpound of the formula (3-1) was changed from
45 parts by weight to 46 parts by weight and that 5 parts by wei ght of
1,3-bis(3- 15 am nopropyl )-1,1, 3, 3-t et r2dnet hyl di si | oxane was repl aced
with 4 parts by weight of 3,4-di am nodi pRenyl ether (nole equi val ent of
am no group per nol e equival ent of mal ei m de groups of "t he above

conpound = 0. 50) form@Da (B(-ein)ptdeszlqhanged from 45 parts .Uehghgst,q,é&,\agrts
obtained in the c t ha conpound
of the fornula (gylxyelg V\%gdrgb? acge}wgew%q o}E ?hie’l%grgrml gp(3 2).
Ihi golg ot equtaigailxgpfqipjlmm),ymtﬁmdﬁﬂ;ﬂsbﬂsécanenwasprepgcagzedZS
, 1,3, 3-tetranetk | si | oxa n nol ui
mal ei mi de groups¥d ht%@%ﬁ&% %?9%‘1] fm%{gi?yeaégmtine (m8le
5 equivalent of amino group per mole equivalent of maleimide

groups of the above compound = 0.47).

Example 13
A liquid adhesive was obtained in the same manner

10 as in Example 1 except that the amount of the compound of the

formula (3-1) was changed from 45 parts by weight to 46 parts

by weight and that 5 parts by weight of 1,3-bis(3-

aminopropyl)-1,1,3,3~-tetramethyldisiloxane was replaced

with 4 parts by weight of 1,10-diaminodecane (mole equivalent
15 of amino group per mole equivalent of maleimide groups of the

above compound = 0.58).

Example 14
A liquid adhesive was obtained in the same manner

20 as in Example 1 except that the amount of the compound of the

formula (3-1) was changed from 45 parts by weight to 46 parts

by weight and that 5 parts by weight of 1,3-bis(3-

aminopropyl)-1,1,3,3-tetramethyldisiloxane was replaced

with 4 parts by weight of 3,4-diaminodiphenyl ether (mole
25 equivalent of amino group per mole equivalent of maleimide

groups of the above compound = 0.50).

Example 15
A liquid adhesive was obtained in the same manner
30 as in Example 1 except that the compound of the formula (3-1)
was replaced with a compound of the formula (3-2). The mole

equivalent of amino group of the tetramethyldisiloxane
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0. 32. Exampl e 42 30 A liquid adhesive was obtained in the
sane nmanner as in Exanple 28 except that the conpound of the formula
(3-1) was replaced with a conpound of the fornmula (3-3). The nole

35 equi val ent of am no group of the 1, 3-bis(3-am nopropyl)-

1,1, 3,3-tetranet hyl di si |l oxane conpound pe?2 nol e equi val ent of mal ei m de
groups of the conpound of the formula (3-3) was

compound per mole equivalent of maleimide groups of the

compound of the formula (3-2) was 0.32.

Example 16

5 A liquid adhesive was obtained in the same manner
. as in Example 1 except that the compound of the formula (3-1)
was replaced with a compound of the formula (3-3). The mole
equivalent of amino group of the tetramethyldisiloxane
compound per mole equivalent of maleimide groups of the

10 compound of the formula (3-3) was 0.39.

Example 17
A liquid adhesive was obtained in the same manner
as in Example 1 except that the p-tert-butylphencl type resol
15 phenolic resin (CKM-1282) was replaced with a bisphenol A type
resol phenolic resin (CKM-908, supplied by SHOWA HIPOLYMER
Co., LTD.).

Example 18

20 A liquid adhesive was obtained in the same manner
as in Example 1 except that the p-tert-butylphenol type resol
phenolic resin (CKM-1282) was replaced with a cresol type resol
phenolic resin (BKM-2620, supplied by Showa Kobunshi K.K.).

25 Example 19
A liquid adhesive was obtained in the same manner
as in Example 1 except that the butadiene-acrylonitrile
copolymer was replaced with a butadiene-acrylonitrile
copolymer having a weight average molecular weight of 60,000

30 and an acrylonitrile content of 10 %.

Example 20




0.39. 5 Exanpl e 43 A liquid adhesive was obtained in the

sane nmanner as in Exanple 28 except that the novol ak type epoxy resin
was replaced-with a bi sphenol S type epoxy resin (EBPS-300, 10

supplied by N PPON KAYAKU CO., LTD.) Exampl e 44 A

li qui d adhesive was obtained in the same 3fanner - as in Exanple 28 except
that the novol ak type epoxy resin was 15 replaced with a bi phenyl type
epoxy resin (YX4000H, supplied by YUKA SHELL EPOXY K K.). Exanpl e
45 A |iqui d pagliqaideadies Dié araicdbtained iamehevsame wdhreesr i n

Exanpl e 28 except that the p- tert but yl pheno| type resol henoljc resin
was repl aced wit3f ATh EXARIS 1A S¥KFERt rEgBF the %ﬁﬁﬂ@'?’&e?%?ﬂﬁf

supplied by SHOMgdIfmlerVRAasCPeplaced with a butadiene-acrylonltra.le
copolymer having a weight average molecular weight of 60,000
5 and an acrylonitrile content of 27 %.

Example 21
A ligquid adhesive was obtained in the same manner
as in Example 1 except that the butadiene-acrylonitrile
10 copolymer was replaced with a butadiene-acrylonitrile
copolymer having a weight average molecular weight of 60,000
and an acrylonitrile content of 40 &.

Example 22

15 A liquid adhesive was obtained in the same manner
as in Example 1 except that the butadiene-acrylonitrile
copolymer was replaced with a butadiene-acrylonitrile
copolymer having a weight average molecular weight of 250,000
and an acrylonitrile content of 10 %.

20
Example 23

A liquid adhesive was obtained in the same manner

as in Example 1 except that the butadiene-acrylonitrile
copolymer was replaced with a butadiene-acrylonitrile

25 copolymer having a weight average molecular weight of 250,000

and an acrylonitrile content of 40 %.

Example 24
A liquid adhesive was obtained in the same manner
30 as in Example 1 except that the butadiene-acrylonitrile
copolymer was replaced with a butadiene-acrylonitrile
copolymer having a weight average molecular weight of 500,000




LTD.) . 25 Exanpl e 46 A liquid adhesive was obtained in the

sane nmanner as in Exanple 28 except that the p-tert-butyl phenol type
resol phenolic resin was replaced with a cresol type resol phenolic
resin (BKM 2620, supplied by SHOM H POLYMER CO., LTD.). 30 Exanpl e 47
A liquid adhesive was obtained in the sam® nmanner

36

and an acrylonitrile content of 10 %.

Example 25
A liquid adhesive was obtained in the same manner
5 as in Example 1 except that the butadiene-acrylonitrile
copolymer was replaced with a butadiene-acrylonitrile
copolymer having a weight average molecular weight of 500,000
and an acrylonitrile content of 27 &.

10 Example 26
A liquid adhesive was obtained in the same manner
as in Example 1 except that the butadiene-acrylonitrile
copolymer was replaced with a butadiene-acrylonitrile
copolymer having a weight average molecular weight of 500,000

15 and an acrylonitrile content of 40 %.

Example 27
100 Parts by weight of the liquid adhesive obtained
in Example 1 and 6 parts by weight of an alumina filler (supplied
20 by SHOWA DENKO K.K.) were dispersion-mixed to give a liquid

adhesive.

Comparative Example 1 .
A nylon epoxy-bésed adhesive (TORESINE FS-410,
25 supplied by TEIKOKU CHEMICAL INDUSTRY Co., Ltd., solid content
20 %, solvent = isopropyl alcohol:methyl ethyl ketone = 2:1)

was prepared.

Comparative Example 2

30 A solution of 20 % by weight of a polyimide-
containing varnish (LARC TPI, supplied by MITSUI TOATSU
CHEMICALS, INC.) in N-methylpyrrolidone was prepared.
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as in Exanple 28 except that the butadiene-acrylonitrile

copol ynmer was

replaced with a butadiene-acrylonitrile copol yner having a wei ght
aver age nol ecul ar wei ght of 60, 000 and an acrylonitrile content of 27
% 5 Exanpl e 48 A liquid adhesive was obtained in the

sane nenner

as in Exanple 28 except £Rat the but adi ene-acrylonitrile

copol ymer was replaced with a butadiene-acrylonitrile 10 copol ymer having a
wei ght average nol ecul ar wei ght of 250 , 000 and an acrylonitrile
content of 10 % Exanpl e 49 A liquid adhesive was

obtained in the same manner 15 as in Exanple 28 except that the
but adi ene- acryl dRneparation g§pdAhReiveataPebl aced with a

but adi ene-acrylonitrile gpeLY. HayeFre ¥EH e adRe Malgead ar
wei ght of 250, 000 andkgﬁgagryl on ?ri | e col?lrt%p;dt of 40 % Ly

5

10

15

20

25

30

adhesives obtained in Examples 1 to 27 as follows. The liquid
adhesive was applied to each surface of a polyimide film such
that a dry adhesive layer on each surface had a thickness of
20 pm, and dried in a hot air circulating dryer at 160°C for
5 minutes. The so-obtained adhesive tapes will be referred
to as adhesive tapes of Examples 1 to 27, and adhesive tapes
obtained from adhesives obtained in other Examples or
Comparative Examples will be also referred to as “adhesive
tapes of Examples or Comparative Examples” hereinafter.
(Preparation of Comparative Adhesive Tape 1)

The adhesive in Comparative Example 1 was applied
to each surface of a polyimide f£ilm such that a dry adhesive
layer on each surface had a thickness of 20 um, and dried in
a hot air circulating dryer at 150°C for 15 minutes, to obtain
an adhesive tape.

(Preparation of Comparative Adhesive Tape 2)

The adhesive in Comparative Example 2 was applied
to each surface of a polyimide film such that a dry adhesive
layer on each surface had a thickness of 20 um, and dried in
a hot air circulating dryer at 150°C for 120 minutes and at
250°C for 60 minutes, to c;btain an adhesive tape.
(Assembling of Lead Frame)

A lead frame used for a semiconductor package shown
in Fig. 1 was assembled in the following procedures under
working conditions shown in Table 1.

(a) Punching of Adhesive Tape

An adhesive tape was punched out in the form of a
ring with a die.

(b) Temporary Bonding of Adhesive Tape
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20 Exanple 50

manner

copol yner' was repl aced with a butadi ene-acrylonitrile

A liquid adhesive was obtained in the sane

as in Exanple 28 except that the butadi ene-acrylonitrile

copol ymer havi ng

a wei ght average nol ecul ar wei ght of 500,000 25 and an acrylonitrile

content of 27 %
the liquid adhesive obtained 30
anhydrous silica
(trade nanme

wer e

10

15

20

Exanpl e 51 26 100 Parts by wei ght of

. ———"— .
. in Exanple 28 and 6 parts by weight of an
havi ng an average particle diameter of 0.04 [err]m

TT-600, s@pphand wisN\bPREBE ARRGE hottO@latd,D.andathe fhdpeer
punched out in the form of a ring was pressed on the plane
with a metal rod for temporary bonding. The adhesive layer
was heat-melted under conditions shown in Table 1 for bonding.

(c) Assembling of Lead Frame

The plane with the adhesive tape temporarily bonded
in the above step and a lead frame part were positioned, heated
and pressurized on a hot plate to bond the lead frame and the
plane through the adhesive tape. The adhesive layer was
heat-melted under conditions shown in Table 1 for bonding.

' (d) curing of Adhesive Tape

In Examples 1 to 27 and Comparative Example 1, each
set was placed in a hot air circulating oven from which air
was purged with nitrogen, and heat-cured under conditions
shown in Table 1. It was because each adhesive tape was
differeht from every other one in tape properties that the
bonding conditions and the curing conditions were different.
Optimum bonding conditions were selected for each adhesive

tape, and each adhesive layer was cured under such conditions.

Table 1

Temporary Lead frame Curing of

bonding = assembly adhesive tape
Adhesive tapes of |140°C / 2 140°Cc / 2 200°C / 1 hour
Examples 1 to 27 seconds / seconds /

4kgf/cm® 4kgf/cm’
Adhesive tape of |80°C / 2 120°C / 2 150°C / 3 hours
Comparative seconds / seconds /
Example 1 4kgf/cm? 4kgf/cm’
Adhesive tape of 350°C / 10 350°C / 15 Nil
Comparative seconds / seconds /
Example 2 4kgf/cm’ 20kgf/cm?

REPLACEMENT SHEET



37 di spersion-m xed to give a liquid adhesive. Conparative

Exanpl e 3 A |iquid adhesi ve was obtained in the sanme manner 5
as in Exanpl e 28 except that the anount of p-tert-butyl phenol type
resol phenolic resin was changed to 100 parts by wei ght and that the
conmpound of the fornula (3-1) and 1,3-bi,§_@3;

am nopropyl)-1,1, 3, 3-tetranet hyl di si |l oxane were not used. 10 Conparative
Exanpl e 4 100 Parts by weight of the sane butadi ene-

acrylonitrile copolymer as that used in Exanple 28, 45 parts

(Assembling of Semiconductor Package)
The above-obtained lead frames were used, and
semiconductor packages were assembled in the following
5 procedures.
{(a) Die-bonding
A semiconductor chip was bonded to the plane portion
with a die bonding silver paste and cured at 150°C for 2 hours.
(b) Wire bonding
10 A wire pad on the semiconductor chip and a silver
plated portion on an inner lead wire end portion were connected
with a gold wire with a wire bonder.
(c¢) Molding
The above-obtained set was transfer-molded with an
15 epoxy-containing molding agent.
{(d) Finish step
The steps of forming, die cutting and outer lead

portion plating were carried out to complete a package.

20 (Results of Evaluation of Adhesive Tape in Assembling of Lead
Frame)
(a) Taping-feasible temperature
An adhesive tape was evaluated concerning whether
or not it could be easily and readily bonded to an adherend
25 such as a plane or lead pins. Specifically, the adhesive tape
was measured for a temperature range in which it could be bonded
to a lead frame with a taping machine.
The results were as follows. The adhesive tapes of
the present invention and the adhesive tape of Comparative
30 Example 1 could be bonded in the temperature range of from
100 to 240°C, while the adhesive tape of Comparative Example
2 required a temperature higher than 350°C. for its bonding.
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by wei ght of a novol ak type phenoxy resin (CKM 2400, supplied by
SHOMHI PQLYMERCO., LTD.), 55 parts bywei ght of abisphenol 15 A type epoxy
resin (Epikote 828, supplied by YUKA SHELL EPOXY K K') and 0.5 parts by
wei ght of triphenyl phosphine were added to tetrahydrofuran, fully

m xed and- di ssolved to give a liquid jﬁdﬂesi ve having a solid content of
30 % by wei ght. 20 (Preparation of Adhesive Tape) Adhesi ve
tapes were prepared fromthe liquid adhesi ves obtai ned in Exanples 28
to 51 as follows. The |iq¢by oxidatiesiof lesd fxaned to each surface of a

pol yi m de fil m such that a.d adhesiyve |l aver o rf h
t hi ckness of 25 20 [grr]ﬁ*\ iﬁﬁﬁ Y ?V%a?ﬁ)tvy rv%w%?&ga?#ﬁge%&%ge?gg?a
é?g%g: re]dcf ‘; S;n . ﬁ:hai Qqt @dlor tob?eternainemoo fort st Wiree ldatb frame

e adhesi ves obt ain in rative Ex es and 4 i
t he sane nanner surfage meIBDOdeatggﬁ?&?ﬂ-ng %F“Egﬁﬂ h@)ad%esr}.ve. '

A lead framegused for a sgfbGUPHeP@E?¥$8188ws. The adhesive tapes of

. the present invention did not undergo oxidation. On the other
hand, the bonding temperature of the adhesive tape of
Comparative Example 2 was extremely high and required a long
period of time for its bonding, and the lead frame surface

10 showed a change in color or the oxidation took place.
(c) Voids
when an adhesive was cured, the adhesive was
visually evaluated through an electron microscope to determine
whether or not voids taking place in the adhesive were at a
15 level where the voids caused a problem in practical use.
The results were as follows. The adhesive tapes of
the present invention caused no voids, while the adhesive tape
of Comparative Example 1 showed the occurrence of voids.
(d) Workability
20 An adhesive tape was evaluated for handling
properties (curling and running performance) and tackiness
on the adhesive surface during its use such as taping of the
adhesive tape during the assembling of a lead frame.
The results were'as follows. The adhesive tapes of
25 the present invention were all excellent in handling
properties and had no surface tackiness, while the adhesive
tape of Comparative Exampl€é 2 caused problems in handling
properties.
(e) Wire bondability
30 When a package was assembled, an adhesive tape was
evaluated for wire bondability with a gold wire to a lead frame.
The results were as follows. When the adhesive
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38 shown in Fig. 2 were assenbled in the same manner as in Exanples
1 to 27 upder mnrklng condi tions shown in Table 2.

Table 2 Tenpor ary Lead frame Curing of
bondi ng assenbl y adhesi ve tape Adhesi ve tapes of 140[err]C/
2 140[err]C [/ 2 200[err]C/ 1 hou ' ‘

tapes of the present invention were used, no bonding failure
occurred in a test using 832 pins, while the adhesive tape
of Comparative Example 1 showed a bonding failure of 123 pins
out of the 832 pins and failed to bond the gold wire in
5 sufficient strength.
(f) Evaluation of semiconductor package
A package obtained as described above was subjected
to a PCBT (pressure cooker biased test). PCBT was carried out
at a voltage of 5 V at 121°C under a pressure of 2 atm at 100 %RH
10 for evaluating the electrical reliability of an adhesive tape.
The results were as follows. When the adhesive
tapes of the present invention were used, no short circuit '
occurred for 1,000 hours. When the adhesive tape of
Comparative Example 1 was used, a short circuit occurred before

15 a 1,000 hour period passed.

(Evaluation of Adhesive Tape for Strength)
An adhesive tape was bonded to a copper plate at 150°C
20 (taping), and then measured for a 90° peel strength at room
temperature.
The results were as follows. The adhesive tapes of
the present invention showed a 90° peel strength of 300 to 470
g/10 mm, while the adhesi;ve tape of Comparative Example 1
25 showed a low 90° peei strength, as low as 2 to 4 g/10 mm, and
the adhesive tape of Comparative Example 2 showed a large
variability of 10 to 40 g/10 mm in 90° peel strength.

As is clearly shown in the above results, the
30 adhesive tape of the present invention to which the liquid
adhesive of the present invention is applied serves to produce

excellent semiconductor packages. In contrast, the
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Exanples 28 to 51 seconds / seconds /

akgf/cnferr] 4kgf/cnferr] Adhesi ve tapes of 140[err]C/ 2

140C / 2 150[err]C / 3 hours Conparative seconds /

seconds / Exanpl es 3 and 4 4kgf/cn{3err] dkgf/cnerr]

(Assenbl i ng of Sem conductor Package) ___L The above- obt ai ned

| ead frames were used, and sem conduct or packages were assenbled in the
same procedures 10 as those in Exanples 1 to 27. (Resul ts of

Eval uati on of Acﬁmﬁpmﬁ‘ﬁtmaaheﬁverthbesglad theaﬁbllowinqlam@t)lems. Alead

(a) Taping- feaS| bl e tenperat dh S

eval uated in t hef%3me rﬂﬂe\du ize 'aéﬂﬁenb%{‘gﬁﬂﬂ gofsf'glgsg ﬁ% '3@6 w%lr%
as follows. for the asseﬁb&xﬁé"@ﬁla/qwﬁ'aﬁé Rprgiewize bon&inemlltllne
adhesi ve tapes of Oon;)ar ative Exanples 3 and 4 could be honded

in the
t emperat ure range 991 rwkie g tx;ptz,g%t,qeg. Therefore, the comparative
5 adhesive tapes are not suitable for producing electronic

parts.

The liquid adhesive of the present invention can be

used for bonding and cured at relatively low temperatures and
10 has sufficient heat resistance and reliability. The adhesive

tape of the present invention to which the above liquid

adhesive is applied can be sBuitably used for bonding one member

to another member of lead frame peripheral parts which

constitute a semiconductor device, such as a lead pin, a
15 semiconductor chip mounting substrate, a radiator, a

semiconductor chip itself.

Example 28
100 Parts by weight of a butadiene-acrylonitrile

20 copolymer (weight average molecular weight 250,000,
acrylonitrile content 27 %), 25 parts by weight of a p-
tert-butylphenol type resol phenolic resin (CKM-1282,
supplied by SHOWA HIPOLYMER CO., Ltd.), 25 parts by weight
of a novolak type epoxy resin (EOCN-1020, supplied by NIPPON

25 KAYAKU CO., LTD.), 45 parts by weight of a compound of the
formula (3-1) and 5 parts by weight of 1,3-bis(3-
aminopropyl)-1,1,3,3-tetramethyldisiloxane (n = 0, mole
equivalent of amino groups per mole equivalent of maleimide
groups of the above compound = 0.51) were added to

30 tetrahydrofuran, fully mixed and dissolved to give a liguid
adhesive having a solid content of 30 % by weight.
Incidentally, liquid adhesives obtained in Examples 29to 51
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20 (b) Oxidation of |ead frane The | ead frane
were visually observed in the sane manner as in Exanples 1 to 27. The
results were as foll ows. The adhesive tapes of Exanpl es 28
to 51 and the adhesi ve tape of Conparative Exanple 3 did not cause a
col or 25 change in the lead frames. The &dhesive tape of Conparative

39 . Exanpl e 4 caused a color change in the lead frane due to a

vol ati |l e conponent. (c) Voids The adhesi ve was

visually eval uat ggd' Eoﬁn;*}&réé‘{ﬁ?e Examples 3 to 6 to be described later also
" had a solid content of 30 § by weight.

Example 29

5 A liquid adhesive was obtained in the same manner
as in Example 28 except that the amount of butadiene-
acrylonitrile 'copolymer was changed from 100 parts by weight
to 25 parts by weight.

10 Example 30
) A liquid adhesive was obtained in the same manner
as in Example 28 except that the amount of butadiene-
acrylonitrile copolymer was changed from 100 parts by weight
to 400 parts by weight.
15
Example 31
A liquid adhesive was obtained in the same manner
as in Example 28 except that the amount of each of p-
tert-butylphenol type resol phenolic resin and novolak type
20 epoxy resin was changed from 25 parts by weight to 10 parts
by weight, that the amount of the compound of the formula (3-1)
was changed from 45 parts by weight to 72 parts by weight and
that the amount of 1,3-bis(3-aminopropyl)-1,1,3,3-
tetramethyldisiloxane was changed from 5 parts by weight to
25 8 parts by weight (mole equivalent of amino group per mole
equivalent of maleimide groups of the above compound = 0.51).

Example 32
A liquid adhesive was obtained in the same manner
30 as in Example 28 except that the amount of each of p-
tert-butylphenol type resol phenolic resin and novolak type
epoxy resin was changed from 25 parts by weight to 40 parts
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5 manner as in Exanples 1 to 27. The results were as foll ows.

The adhesive tapes of Exanples 28 to 51 and the adhesi ve tape of
Conpar ati ve Exanple 4 caused no voids, while t he adhesive tape of
Conpar ati ve Exanple 3 showed the occurrence of voids. 10 (d)
VWrkability The adhesive tafs were eval uated for handling
properties (curling and runni ng performafice) and tacki ness In the sane
manner as in Exanples 1 to 27. The results were as follows. 15

The adhesive t apbg widightgnvhet the amourit oErtheibbmpound)xfethe rﬂoﬁmtﬂmpsu-i ng
properties and had ng surface ta klness adhesive tap
Conpar ati ve ExanPfg Mﬁ’ﬁér"m E TSPy ﬂei\&hﬁlq%gg&%ﬁ thyeyelg%t and

(e) Wre bondabi thiy €Re amount of 1WD°~‘-|T: i3 A6 heped 3 d) e1ass8ybled, the
adhesi ve tapes were eval uated for wre bondabi | |P in {hé Same manner

as in Exanpl tetyamethyldimiloxang was\changedf ﬁﬂ’%v% parts by weight tgen

Comparat ve. Bxangl BA 5P S MEEe (Y eiiiyaliene orRTRL) GrbiB el male,

a test using 832eguivalent of maleimide groups of the above compound = 0.51).

Example 33
A liquid adhesive was obtained in the same manner
10 as in Example 28 except that the amount p-tert-butylphenol
type resol phenolic resin was changed from 25 parts by weight
to 10 parts by weight and that the amount of novolak type epoxy
resin was changed from 25 parts by weight to 40 parts by weight.

15 Example 34
A liquid adhesive was obtained in the same manner
as in Example 28 except that the amount p-tert-butylphenol
type resol phenolic resin was changed from 25 parts by weight
to 40 parts by weight and that the amount of novolak type epoxy
20 resin was changed from 25 parts by weight to 10 parts by weight.

Example 35
A liquid adhesive was obtained in the same manner

as in Example 28 except that the amount of the compound of
25 the formula (3-1) was changed from 45 parts by weight to 49

parts by weight and that the amount of 1,3-bis(3-

aminopropyl)-1,1,3,3-tetramethyldisiloxane was changed from

5 parts by weight to 1 part by weight (mole equivalent of amino

group per mole equivalent of maleimide groups of the above
30 compound = 0.09).

Example 36
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(f) Evaluation of sem conductor package The packages

obt ai ned as described above were subjected to a PCBT (pressure cooker
bi‘ased test) in-the sane manner as in Exanples 1 to 27 to evaluate the
electrical 30 reliability of each adhesive tape. The results were as

fol | ows. When t he adhesi ve39apes of Exanples 28 to 51 and the
40 adhesi ve tape of Conparative Exanple 3 were used, no short

circuit occurred for 1,000 hours. \Wen the adhesive tape of Conparative
Exanple 4 was used, a shom ldguddi adheésive adhdafbradined in the same manner

as in Example 1 except that the amount of the compound of the
formula (3-1) was changed from 45 parts by weight to 41 parts
by weight and that the amount of 1,3-bis(3-aminopropyl)-

5 1,1,3,3-tetramethyldisiloxane was changed from 5 parts by
weight to 9 parts by weight (mole equivalent of amino group
per mole equivalent of maleimide groups of the above compound
= 1.01).

10 Example 37
A liquid adhesive was obtained in the same manner
as in Example 28 except that the amount of the compound of
the formula (3-1) was changed from 45 parts by weight to 37
parts by weight and that 5 parts by weight of 1,3-bis(3-
15 aminopropyl)-1,1,3,3-tetramethyldisiloxane was replaced
with 13 parts by weight of a,w-bis(3-aminopropyl)-
polydimethylsiloxane (n = 7, mole equivalent of amino group
per mole equivalent of maleimide groups of the above compound
= 0.51).
20
Example 38
A liquid adhesive was obtained in the same manner
as in Example 28 except that the amount of the compound of
the formula (3-1) was chaxiged from 45 parts by weight to 43
25 parts by weight and that 5 parts by weight of 1,3-bis(3-
aminopropyl)-1,1,3,3-tetramethyldisiloxane was replaced
with 7 parts by weight of’ 1,3-bis(3-aminophenoxymethyl)-
1,1,3,3-tetramethyldisiloxane (n=0, mole equivalent of amino
group per mole equivalent of malein_tide groups of the above

30 compound = 0.47).

; Example 39 | REPLACEMENT SHEET
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a 1,000 hour period passed. 5 (Eval uation of Adhesive Tape for

St rengt h), The adhesive tapes were evaluated for peel strength
in the sane nmanner as in Exanples 1 to 27. The results were as follows.
10 The adhesive tapes of Exanples 28 to 51 showed a 90[err]

peel strength of 540 to 830 g/10 mm whi t he adhesi ve tapes of
Conparative Exanples 3 and 4 showed a | ow 90 peel strength, as |l ow as
300 to 400 g/10 mm That is, the adhesive tapes of t he present

i nvention had a hi gher adlaeimquldta@m:hve Mas obtained in the §ame manner

shown in the. above ,re ul t h ape_of P e

to which the Iidfif SE % eacpep% géﬁg h? ?’H?/‘éﬂ%l%% #lig %Q&R&H?‘g r€es
to produce |ﬂdi:|ﬁu1%ef(13ﬁtlljldw&é%ha@§é'dimﬂm arsdphhesl bgwéigwhem B of
20 the present invention has sufficient _adhesion stre

Icontjr?st the c@AFfathy veightsiapd thatsSnrartseb Yo?’?bﬁﬁ?ng"f 1 %ﬂ’%’cﬁ@ﬁ A
| h
ead frame ig %Mhﬁg 1,8 %-QQ'&QhﬁﬁtﬂgldQQﬂﬂbiéﬂéswé’é eréiaced t abl e

for the assenbl wre bonding with a gold
wire is not admwithl.2 I@ﬁm:'rselby welght of hexamethylenediamine (mole
equivalent of amino group per mole equivalent of maleimide

groups of the above compound = 0.47).

10 Example 40
A liquid adhesive was obtained in the same manner
as ih Example 28 except that the amount of the compound of
the formula (3-1) was changed from 45 parts by weight to 46
parts by weight and that 5 parts by weight of 1,3-bis(3-
15 aminopropyl)-1,1,3,3-tetramethyldisiloxane was replaced
with 4 parts by weight of 3,4-diaminodiphenyl ether (mole
equivalent of amino group per mole equivalent of maleimide

groups of the above compound = 0.50).

20 Example 41
A liquid adhesive was obtained in the same manner
as in Example 28 except that the compound of the formula (3-1}
was replaced with a compound of the formula (3-2). The mole
equivalent of amino group. of the 1,3-bis(3-aminopropyl)-
25 1,1,3,3-tetramethyldisiloxane compound per mole equivalent
of maleimide groups of the compound of the formula (3-2) was
0.32. |

Example 42
30 A liquid adhesive was obtained in the same manner
as in Example 28 except that the compound of the formula (3-1)

was replaced with a compound of the formula (3-3). The mole
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25 the adhesion strength is | ow Conpar ati ve Exanple 5

25 Parts by weight of a butadiene-acrylonitrile copol yner (wei ght
average nol ecul ar wei ght 250,000, 30 acrylonitrile content 27 %, 25 parts
by wei ght of a p- tert-butyl phenol type resol phenolic resin (CKM 1282,

supplied by Showa Kobunshi K K.) and 25 arts by wei ght of.
41

equivalent of amino group of the 1,3-bis(3-aminopropyl)-
1,1,3,3-tetramethyldisiloxane compound per mole equivalent
of maleimide groups of the compound of the formula (3-3) was
0.39.

Example 43
A liquid adhesive was obtained in the same manner
as in Example 28 except that the novolak type epoxy resin was
replaced with a bisphenol S type epoxy resin (EBPS-300,
10 supplied by NIPPON KAYAKU CO., LTD.)

Example 44
A liquid adhesive was obtained in the same manner
as in Example 28 except that the novolak type epoxy resin was
15 replaced with a biphenyl type epoxy resin (YX4000H, supplied
by YUKA SHELL EPOXY K.K.).

Example 45 '
A liquid adhesive was obtained in the same manner
20 as in Example 28 except that the p-tert-butylphenol type resol
phenolic resin was replaced with a bisphenol A type resol
phenolic resin (CKM-908, supplied by SHOWA HIPOLYMER CO.,
LTD.).

25 Example 46
A liquid adhesive was obtained in the same manner
as in Example 28 except that the p-tert-butylphenol type resol
phenolic resin was replaced with a cresol type resol phenolic
resin (BKM-2620, supplied by SHOWA HIPOLYMER CO., LTD.).
30

Example 47
A liquid adhesive was obtained in the same manner




a novol ak type epoxy resin (EOCN 1020, supplied by N ppon Kayaku K. K.)
were treatjed in the same manner as in Exanple 28, to obtain a liquid
adhesi ve. 5 Conparative Exanple 6 25 Parts by weight of a
but adi ene-acrylonitrile copol ymer (wei ght average nol ecul ar wei ght
250, 000, - acrylonitrile content 27 % d 50 parts by weight of a
p-tert-butyl phenol type resol phenolic resin (CKM 1282, 10 supplied by
Showa Kobunshi K. K.) were treated in the sane manner as in Exanple 28,

to obtain a liquad pfhEgamsle 28 exddpteptiatl ithe butAdienevac¥ghohitrile
An adhesive tape was_prepared fromthe |iquid 15 agdhesive gbt al nef I n
Exanpl e 29 as f ofPPQAYReXn¢as | ERplpced & putpddensspcrylPBibhdle r f ace

hi ckness of —  COBCFHESy havidifh defsht HaREGe b BLHLEn deTIRY Oar 000
160[err]C for and annacxgxlonitrile content of 27 %.
5
Example 48
A ligquid adhesive was obtained in the same manner
as in Example 28 except that the butadiene-acrylonitrile
copolymer was replaced with a butadiene-acrylonitrile
10 copolymer having a weight average molecular weight of 250,000

and an acrylonitrile content of 10 %.

Example 49
A liquid adhesive was obtained in the same manner
15 as in Example 28 except that the butadiene-acrylonitrile
copolymer was replaced with a butadiene-acrylonitrile
copolymer having a weight average molecular weight of 250,000
and an acrylonitrile content of 40 %.

20 Example 50
A liquid adhesive was obtained in the same manner
as in Example 28 except that the butadiene-acrylonitrile
copo'lymer was replaced with a butadiene-acrylonitrile
copolymer having a weight éverage molecular weight of 500,000

25 and an acrylonitrile content of 27 %.

Example 51
100 Parts by weight of the liquid adhesive obtained

30 in Example 28 and 6 parts by weight of an anhydrous silica
having an average particle diameter of 0.04 um (trade name
TT-600, supplied by NIPPON AEROSIL CO., LTD.) as a filler were




20 (Preparation of Conparative Adhesive Tape) The adhesi ve

I n Conparative Exanple 1 was applied to one surface of a polyimde film
such that' a dry adhesive | ayer on the surface had a thickness of 20
[err]m =and dried in a hot air circulating dryer at 150[err]C for 15
mnutes, to obtain 25 an adhesive tape. 37 (Preparation of Conparative
Adhesi ve Tape) The adhesi vE in Conparati ve Exanple 2 was

iappl i ed ] to one surface of a polyimde filmsuch that a dry adhesive
ayer on the sur kpes 0 ied in 30 a hot
air circulating éfs&%ﬁ%ﬁﬁgﬁ ]Q'E l%' %Ol%gﬁﬁégdg%lgé 250[err] C for
60 m nutes, to obtain an adhesive tape (Preparation of Conparative

Adhesi
hesi ve Tapes) Comparative Example 3

A liquid adhesive was obtained in the same manner

5 as in Example 28 except that the amount of p-tert-butylphenél

type resol phenolic resin was changed to 100 parts by weight
and that the compound of the formula (3-1) and 1,3-bis(3-
aminopropyl)-1,1,3,3-tetramethyldisiloxane were not used.

10 Comparative Example 4
100 Parts by weight of the same butadiene-

acrylonitrile copolymer as that used in Example 28, 45 parts
by weight of a novolak type phenoxy resin (CKM-2400, supplied
by SHOWA HIPOLYMER CO., LTD.), 55 parts by weight of a bisphenol

15 A type epoxy resin (Epikote 828, supplied by YUKA SHELL EPOXY
K.K.) and 0.5 parts by weight of triphenyl phosphine were added
to tetrahydrofuran, fully mixed and dissolved to give a liquid
adhesive having a solid content of 30 $ by weight.

20 (Preparation of Adhesive Tape)

Adhesive tapes were prepared from the liquid
adhesives obtained in Examples 28 to 51 as follows. The liquid
adhesive was applied to each surface of a polyimide film such
that a dry adhesive layer on each surface had a thickness of

25 20 pm, and dried in a hot air circulating dryer at 160°C for
5 minutes.

Adhesive tapes were also prepared from the adhesives
obtained in Comparative Examples 3 and 4 in the same manner
as above.

30
(Assembl:.ng of Lead Frame)
A lead frame used for a semiconductor package as




42 ' Each of the adhesives in Conparative Exanples 5 and

6 was i nd‘i vidual Iy applied to one surface of a polyimde film such that
a-dry adhesive layer on the surface had a thickness of 20 [err]m and
dried in a hot air circulating dryer at 160[err]C 5 for 5 minutes, to
obt ai n adhesi ve tapes. (Assenbl i ng38f Lead Frane) A
lead frame used for a sem conductor package shown in Fig. 4 was
assenbled in the foll ow ng procedures under 10 working conditions shown in
Tabl e 3. shown iﬂ !(dt@ Pierl dgsaib ¥ ¢f it daR€manner as in Examples
adhesive tape was punched out in the formof a ring with a die.
(b) "Asserbl i ng of te®y mnder working conditions 8hewn il AW oted on a hot
plate, and the adhesi ve tape punched out in the formof a ring was
posi ti oned to meet the lead franme, and bonded thereto under heat and
Table 2
5
Temporary Lead frame Curing of
bonding assembly adhesive tape
Adhesive tapes of |140°C / 2 140°C / 2 200°C / 1 hour
Examples 28 to 51 |seconds / seconds /
4kgf/cm’ 4kgf/cm’
Adhesive tapes of |[140°C / 2 140°C / 2 150°C / 3 hours
Comparative seconds / seconds /
Examples 3 and 4 4kgf/cm’ 4kgf/cm’

(Assembling of Semiconductor Package)
The above-obtained lead frames were used, and
semiconductor packages were assembled in the same procedures

10 as those in Examples 1 to 27.

(Results of Evaluation of Adhesive Tape in Assembling of Lead
Frame)
(a) Taping-feasible temperature
15 The adhesive tapes were evaluated in the same manner
as in Examples 1 to 27. The results were as follows.

The adhesive tapes of Examples 28 to 51 and the
adhesive tapes of Comparative Examples 3 and 4 could be bonded
in the temperature range of from 100 to 240°C.

20 (b) Oxidation of lead frame

The lead frame were visually observed in the same
manner as in Examples 1 to 27. The results were as follows.

The adhesive tapes of Examples 28 to 51 and the
adhesive tape of Comparative Example 3 did not cause a color

25 change in the lead frames. The adhesive tape of Comparative




pressure with a netal rod. (c) Curing of Adhesive Tape 20

The adhesjve each of the adhesive tapes of Conpar ati ve Exanples 5 and
was cured in the sane manner as i n Exanpl e 29

43 Tabl e _3

Lead frame Curing of 39 assenbly adhesi ve

10

15

20

25

30

i ———

Example 4 caused a color change in the lead frame due to a
volatile component.

(c) Voids

The adhésive was visually evaluated in the same
manner as in Examples 1 to 27. The results were as follows.

‘The adhesive tapes of Examples 28 to 51 and the
adhesive tape of Comparative Example 4 caused no voids, while
the adhesive tape of Comparative Example 3 showed the
occurrence of voids.

(d) Workability

The adhesive tapes were evaluated for handling
properties (curling and running performance) and tackiness
in the same manner as in Examples 1 to 27. The results were
as follows.

The adhesive tapes of Examples 28 to 51 were all
excellent in handling properties and had no surface tackiness,
while the adhesive tape of Comparative Example 4 caused
problems in handling properties.

(e) Wire bondability

When the packages were assembled, the adhesive tapes

"were evaluated for wire bondability in the same manner as in

Examples 1 to 27. The results were as follows.

When the adhesive tapes of Examples 28 to 51 and the
adhesive tapes of Comparative Examples 3 and 4 were used, no
bonding failure occurred in a test using 832 pins.

(f) Evaluation of semiconductor package

The packages obtained as described above were
subjected to a PCBT (pressure cooker biased test) in the same
manner as in Examples 1 to 27 to evaluate the electrical
reliability of each adhesive tape. The results were as

follows.
When the adhesive tapes of Examples 28 to 51 and the
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t ape Adhesi ve tape of 140C/ 2  200C/ 1 hour Exanpl e

29 seconds / 4kgf/cnferr] Adhesi vet apes of
140C / 2 200[err]C / 1 hour Conparative seconds /

Exanples 5 and 6 4kgf/cnferr] Adhesi ve tape of 120[err]C/ 2
150C/ 3 . Conpar ati ve secoffs / 4 hours Example 1
kgf/cnk Adhesi ve tape of 350[err]C/ 15 Ni |

Conparative seconds / Exanpl e 2 20kgf/cnerr]
(Assenbling of Sgafeiel e RAC CoMparative Example TBewebevesed) anoeshdxad
frames were used, and sem conduct or_packages were sseg?1 ed in the

fol | owi ng preteeuite occurred for 1,00 ‘{) - HERER H"a’ esive tape of

sem conduct or  chh @S ORIREaME1 & A5/4H 85847 a short circuit occurred before
a 1,000 hour period passed.

(Evaluation of Adhesive Tape for Strength)

The adhesive tapes were evaluated for peel strength
in the same manner as in Examples 1 to 27. The results were
as follows.

10 The adhesive tapes of Examples 28 to 51 showed a 90°
peel strength of 540 to 830 g/10 mm, while the adhesive tapes
of Comparative Examples 3 and 4 showed a low 90° peel strength,
as low as 300 to 400 g/10 mm. That is, the adhesive tapes of
the present invention had a higher adhesion strength.

15

As is clearly shown in the above results, the
adhesive tape of the present invention to which the liquid
adhesive of the present invention is applied serves to produce
excellent semiconductor packages, and the liquid adhesive of

20 the present invention has sufficient adhesion strength. In
contrast, the comparative adhesive tapes had the following
problems. A lead frame is changed in color, the bonding
conditions are not su:.table for the assembling of a lead frame,
or the wire bonding with a gold wire is not adm:.tted . Further,

25 ° the adhesion strength is low.

Comparative Example 5
25 Parts by weight of a butadiene-acrylonitrile
copolymer (weight average molecular weight 250,000,
30 acrylonitrile content 27 %), 25 parts by weight of a p-
tert-butylphenol type resol phenolic resin (CKM-1282,
supplied by Showa Kobunshi K.K.) and 25 parts by weight of
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10 portion of the lead frane with a die bonding paste, and the paste

was cured at 150C for 2 hours. Thereafter, the procedures fromthe wire
boendi ng steps to the finish step in "Assenbl i ng of Sem conduct or
Package" in Exanples 29 were repeated in the sane manner as in Exanpl es
1to 27. 15 (Results of Eval uation oftlAdhesi ve Tapes of Conparative
Exanpl es 5 and 6) Concer ning the taping-feasible tenperature,
Zoids, wor kability, wire bondability and PCBT test, the adhesive

4

a novolak type epoxy resin (EOCN-1020, supplied by Nippon
Kayaku K.K.) were treated in the same manner as in Example

28, to obtain a liquid adhesive.

5 Comparative Example 6
25 parts by weight of a butadiene-acrylonitrile
copolymer (weight average molecular weight 250,000,
acrylonitrile content 27 %) and 50 parts by weight of a
p-tert-butylphenol type resol phenolic resin (CKM-1282,
10 supplied by Showa Kobunshi K.K.) were treated in the same
manner as in Example 28, to obtain a liquid adhesive.

(Preparation of Adhesive Tape)
An adhesive tape was prepared from the liquid

15 adhesive obtained in Example 29 as follows. The liquid
adhesive was applied to one surface of a polyimide film such
that a dry adhesive layer on the surface had a thickness of
20 um, and dried in a.hot air circulating dryer at 160°C for
5 minutes.

20 (Preparation of Comparative Adhesive Tape)

The adhesive in Comparative Example 1 was applied
to one surface of a polyimide film such that a dry adhesive
layer on the surface had a thickness of 20 pm, and dried in
a hot air circulating dryer at 150°C for 15 minutes, to obtain

25 an adhesive tape.
(Preparation of Comparative Adhesive Tape)

The adhesive in ébmparative Example 2 was applied
to one surface of a polyimide film such that a dry adhesive
layer on the surface had a thickness of 20 um, and dried in

30 a hot air circulating dryer at 150°C for 120 minutes and at
250°C for 60 minutes, to obtain an adhesive tape.
(Preparation of Comparative Adhesive Tapes)




tapes of Conparative Exanples 5 to 6 showed results simlar to those
of the adhesive tapes of Exanple 29. However, the adhesi ve tapes of
Cowparat|ve Exanples 5 and 6 caused a col or change in the lead frane
due to a volatile component. 5 After cured, the adhesive
tapes were-allowed to stand at a teﬁﬁerature of 250[err]C whi ch was a
W re bondi ng tenperature for 1 hour, and neasured for a weight |oss.
The results were as fol lows. The adhesive tape of Exanple 29 10

showed a weight |oss of 13Qc%of3%hfeh§dﬂébﬁeé1%dcoﬁﬁ£r@@|i)%I glestﬁﬁﬁﬁd of

Conpar ative Exanples 1, 2, 5 and showed a wei ght | ass of %
3.0 %and 2.7 %6 Mpend.l.v;yﬂlyally appl:.ed to oneTgurfasewf a pgb)g.ug; E;df;,g}

amoonts ac 15 cLSBRT, ¢ g palRTEE AV DHCERE Sl SR BT LML,

5 and 6. of 20 um, “a'hd ard;add:.ndahdmt/ean‘ dﬂmup.raar.aagt dryernat oh6@%h
be used cured r.el at,i vel nper atures and 20
has sufficient H%%ﬁ cy’r é‘&né’c de tz?n&%&'gllpaﬂ FF§. e %Q/Bé%ﬁhesi ve

(Assembling of Lead Frame)
A lead frame used for a semiconductor package shown
in Fig. 4 was assembled in the following procedures under
10 working conditions shown in Table 3.
(a) Punching of Adhesive Tape
An adhesive tape was punched out in the form of a
ring with a die.
(b) Assembling of Lead Frame
15 A lead frame was placed on a hot plate, and the
adhesive tape punched out in the form of a ring was positioned
to meet the lead frame, and bonded thereto under heat and
pressure with a metal rod.
(c) Curing of Adhesive Tape
20 The adhesive each of the adhesive tapes of
Comparative Examples 5 and 6 was cured in the same manner as

in Example 29.
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tape of the present invention to which the above liquid adhesive is

applied can be suitably used for bondi ng one nenber t o anot her nenber
of | ead frame peripheral parts which constitute a sem conductor device,
such as a lead pin, a 25 sem conductor chip nDuntlng substrate a
radiator, a sem conduct or chip |tseI#3 .
45 VWHAT |S CLAIMED | S:
Table 3
Lead frame Curing of
assembly adhesive
tape
Adhesive tape of | 140°C / 2 200°C / 1 hour
Example 29 seconds /
4kgf/cm®
Adhesive tapes of | 140°C / 2 200°C / 1 hour
Comparative seconds /
Examples 5 and 6 | 4kgf/cm’
Adhesive tape of | 120°C / 2 150°C / 3
Comparative seconds / 4 |hours
Example 1 kgf/cm® '
Adhesive tape of | 350°C / 15 Nil
Comparative seconds /
Example 2 20kgf/cm’

(Assembling of Semiconductor Package)

5 The above-obtained lead frames were used, and
semiconductor packages were assembled in the following
procedures.

(a) Die-bonding
A semiconductor chip was bonded to the die pad
10 portion of the lead frame with a die bonding paste, and the
paste was cured at 150°C for 2 hours. Thereafter, the
procedures from the wire bonding steps to the finish step in
“aAssembling of Semiconductor Package” in Examples 29 were
repeated in the same manrer as in Examples 1 to 27.
15
(Results of Evaluation of Adhesive Tapes of Comparative
Examples 5 and 6)
Concerning the taping-feasible temperature, voids,
workablllty, wire bondability and PCBT test, the adhesive

ﬂmmwem SHEET
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1. An adheésive for electronic parts, which is a liquid adhesi ve

obtai ned py dissolving an acrylonitrile-butadiene 5 copolymer as Conponent

(a), a phenolic resin as Conponent (b), - a conpound having at |east 2

mal ei m de groups as Conponent (© and a diam ne conpound of the general

formula (1), Herr]NR eff] - NH err]

(1) 10 wherein R err] is a divalent aliphatic, aromatic or

alicyclic group and/or a polysil oxane conmpound term nating with an

ani no grOUp at eeapes Qifﬂcmﬁiparh&\ikrégEﬁa.Mﬁlﬁﬁlts a'l{f«‘%a%gowed FebeTHk a inlel 4t

of 200 to 7,000 ag dtl?c?své r(]J ttrl])% ggggrrs%\lrefgar\ggs aof 5Exa(mp)1e 2[9er rIllowever, the
adhesive tapes of Comparative Examples 5 and 6 caused a color

change in the lead frame due to a volatile component.

After cured, the adhesive tapes were allowed to
stand at a temperature of 250°C which was a wire bonding
temperature for 1 hour, and measured for a weight loss. The
results were as follows. The adhesive tape of Example 29

10 showed a weight loss of 1.0 $. On the other hand, the adhesive
tapes of Comparative Examples 1, 2, 5 and 6 showed a weight
loss of 5 %, 0.2 %, 3.0 % and 2.7 %, respectively.

The adhesive tape of Example 29 and the adhesive tape
of Comparative Example 2 showed small outgas amounts as

15 compared with the adhesive tapes of Comparative Examples 1,
5 and 6.

The liquid adhesive of the present invention can be

used for bonding and cured at relatively low temperatures and
20 has sufficient heat resistance and reliability. The adhesive

tape of the present invention to which the above liquid

adhesive is applied can be suitably used for bonding one member

to another member of lead frame peripheral parts which

constitute a semiconducto.r device, such as a lead pin, a
25 semiconductor chip mounting substrate, a radiator, a

semiconductor chip itself.
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20 wherein R err] is a dival ent al i phati c, aromatic

or alicyclic group and n is an integer of 0 to 7, as Co onent
an organi'c sol vent, and in which the tgﬂm m Il
Components (b), (c) 25 and (d) per 100 parts by wei (a) is
10 to 900 parts by weight, the anmoun 5of Corrponent (b) lbased on the
t ot al anount of Conponents (b), (C) and (d) is 10 to 90 % by wei ght,
and the amount of am no groups of Conponent (d) per nole equi val ent of
the mal ei m de grpups £ My tis:(c) is 0.01 30 to 2.0 nole equivalents.
2. A |IC]UId adhesi ve according to claim1, wherein the l'iquid
adhesi ve further contains an epoxy resin as Conponent

1. An adhesive for electronic parts, which is a liquid

adhesive obtained by dissolving an acrylonitrile-butadiene
5 copolymer as Component (a), a phenolic resin as Component (b),
a compound having at least 2 maleimide groups as Component

(C) and a diamine compound of the general formula (1),

H,N-R'-NH, (1)
10
wherein R' is a divalent aliphatic, aromatic or
alicyclic group and/or a polysiloxane compound terminating
with an amino group at each terminal, having a weight average
molecular weight of 200 to 7,000 and having the general formula
15 (2),
M e M e M o
N~ Rz—sl-o-(-m—o)—Si-Rz —NH, (2)
M e M e M e
20

wherein R’ is a divalent aliphatic, aromatic
or alicyclic group and n is an integer of 0 to 7,
as Component (d) in an organic solvent,
and in which the total amount of Components {b), (c)
25 and (d) per 100 parts by weight of Component (a) is 10 to 900
parts by weight, the amount of Component (b) based on the total
amount of Components (b), (c) and (d) is 10 to 90 % by weight,
and the amount of amino groups of Component (d) per mole
equivalent of the maleimide groups of Component (c) is 0.01
30 to 2.0 mole equivalents.
2. A liquid adhesive according to claim 1, wherein the

liquid adhesive further contains an epox;j i Component
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46 (e;,__iwchltral anount of Conponents (b), (c), (d)
and (e) per marts by werg of Conponent (a) is 10 to 900 parts by

ot o "o AN 755205 (5) °5° (2o Fonsinte et o

anmount of Co

=g

t he amount of am no group 0 - Conponéfit (d) per nDIe qupm nt of§ t he
mal ei m de groups of Conponent (c) i§ 0.01 to 2.0 'note—eg vusﬂnf
3. A liquid adhesive according to claim1, wherein the

I trile-b ' t i g
ol ool ar vt ght o S GOBE, e 53R, dmRgaE! of eallfEnhed, (MY U8 £
a}hto 50 %hby vvela}:]d (el) pet.100 parta bjrcweﬁgmlgd:'s.compane?td![m%1IsolOIh'amrB|0]Q
erein the nolic_resin n | er u pheno
phenolic resin, éojl sﬁweﬁ'&l kt gﬁﬁlﬁtﬁsﬁwt 3% ﬁg@gpnfgtst%t ?ﬂfgn‘(ﬁ)i C
resin of which tme&lemothee&axaleahouﬁtaéf |®m§onents0(16)$e(|d3)0,t Qa)féﬂm(téye
group consi sti ng, of bi sphenol A and cresol, or

b |
resol type pﬁeno}q é&ééqe;étooﬁtj% @&lggtvbynéotesnm%%% Pring, groups of

- Component (d) per mole equivalent of the maleimide groups of
Component (c) is 0.01 to 2.0 mole equivalents.
3. A liquid adhesive according to claim 1, wherein the
acrylonitrile-butadiene copolymer as Component (a) has a
10 weight average molecular weight of 50,000 to 1,000,000 and
an acrylonitrile content of 5 to 50 $ by weight.
4. A liquid adhesive according to claim 1, wherein the
phenolic resin as Component (b) is a p-tert-butylphenol type
phenolic resin, a bisphenol A type phenolic resin or a cresol
15 type phenolic resin of which the phenol component is at leat
one slected from the group consisting of p-tert-butylphenol,
bisphenol A and cresol, or a resol type phenolic resin obtained
by co-condensation of these.
5. A liquid adhesive according to claim 1, wherein the
20 the compound having at least 2 maleimide groups as Component
(c) is selected from compounds of the following formulae (3-1)
to (3-6),

Cll ’

© [{e-elte-e41
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5. A liquid adhesive according to claim1, wherein the 20 the
conpound haV|ng at least 2 naleimde groups as Conponent (c) is
sel ect ed fromconpﬁ& -~ of the follow ng fornul ae (3- 1) to (3-6),

[err] A | THS s
R EAFARAREL Ca @

- gp-dh -

//0 Clla Gl Cily \
15 \ ' ] 3-4
J—(aia)s—si—o-1-51—-0 s1 —(Clts )s— (3-4)
N (I:lla t!.'lla >
in which p is an integer of 0 to 7.
20
; Clls Clly _ %
| | (3-5)
—@—o—ms—sx—o—sl—an—o@ﬂ
(lilla (lilla. ‘
2,
'Z} ;@' (3-6)

N
-
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in which pis an integer of 0O to 7. 20 [err]

I .
My I

48
So———"

in which MI -ﬂ:c\"—, R=Hor CH, and r =1 ~ 5.
6. A liquid adhesive according to claim 2, wherein the
epoxy resin as Component (e) is at least one selected from
the group consisting of a novolak type epoxy resin, a bisphenol
5 type epoxy resin, a bisphenol type epoxy resin and a biphenyl
type epoxy resin.
7. A liquid adhesive according to claim 1, wherein the
liquid adhesive further contains 4 to 40 % by weight, based
on a total solid content, of a filler having a particle diameter
10 of 1 pm or less.
8. An adhesive tape for electronic parts, which has an
adhesive layer formed by applying the liquid adhesive recited
in claim 1 to at least one surface of a heat-resistant film
and drying the liquid adhesive.
15 9. An adhesive tape according to claim 8, wherein the
heat-resistant film is a polyimide film.
10. An adhesive tape for electronic parts, which has an
adhesive layer formed by applying the liquid adhesive recited
in claim 1 to at least one surface of a detachable film and
20 drying the liquid adhesive.
11. A method of using the liquid adhesive recited in
claim 1 for fixing a lead frame.
12. A method of using the adhesive tape recited in claim
8 for fixing a lead frame.
25 13. A method of using the adhesive tape recited in claim
10 for fixing a lead frame. |

30
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48 in which M =[err] R=Hor CHerr], and r =1 ~ 5.

6. A |liquid adhesive according to claim 2, V\/nerel n the epoxy
résin as Conponent (e) is at |east one sel ected from t he group
consisting of a novol ak type epoxy resin, a bisphenol 5 type epoxy resin,
a bi sphenol type epoxy resin and a biphefi$l . type epoxy resin. 7.

A |liquid adhesive according to claim 1, wherein the | i qui d adhesi ve
further ,contains 4 to 40 % by wei ght, based on a total solid content,

of a filler ha"ﬂjﬁaﬁ) NdRdivE Po¥ "BLECTRONIC PARTS AND ADHESIVE TAPE

ABSTRACT

An adhesive for electronic parts, which can be used
for bonding and cured at a relatively low temperature and has
sufficient heat resistance and reliability, and an adhesive
tape for electronic parts, for which the above adhesive is
adapted, the adhesive being a liquid adhesive obtained by
dissolving an acryionitrile-butadiene copolymer as Component
(a), a phenolic resin as Component (b), a compound having at
least 2 maleimide groups as Component (c¢) and a diamine
compound of the general formula (1) specified in claim 1,
and/or a polysiloxane compound terminating with an amino group
at each terminal, having a weight average molecular weight
of 200 to 7,000 and having the general formula specified in
claim 1, as Component {(d) in an organic solvent,

and in which the total amount of Components (b), (c)
and (d) per 100 parts by weight of Component (a) is 10 to 900
parts by weight, the amount of Component (b) based on the total
amount of Components (b), (c) and (d) is 10 to 90 % by weight,
and the amount of amino groups of Component (d) per mole
equivalent of the maleimide groups of Component (c) is 0.01

to 2.0 mole equivalents.

FIG, 1

REPLACEMENT SrgpT

“"""—v--..__..

19MARM




10 of 1 [err]mor |ess. 8. An adhesive tape for electronic
parts, which has an adhesi ve layer fornmed by applying the liquid
adhesive recited inclaiml to at | east one surface of a heat-resistant
film and drying the liquid adhesive. 15 9. - An adhesi ve tape
according to claim8, wherein the heat-resistant filmis a polyimde
film 10. An adhesi ve tape forq el ectronic parts, which has an
adhesive | ayer fornmed by applying the MHgwd adhesive recited in claim
1 to at least one surface of a detachable filmand 20 drying the Iiquid
adhesi ve. - 11, A net hod of using the liquid adhesive recited in
claiml for fixing a | FRdL KBarmel 12. A net hod of using the
adhesive tape recited in claim 8 for (ng a lead franme. 25 13.

A nmet hod of using the adhesive tape recj eﬂ IR claim 10 for fixing a

| ead frame.
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(e), in which the total amount of Components (b), (c), (d)
and (e) per 100 parts by weight of Component (a) is 16 to 900
parts by weight, the total amount of Components (b) and (e)
based on the total amount of Components (b), (¢}, {(d) and (e)
is 10 to 90 % by weight, and the amount of amino groups of
Component (d) per mole equivalent of the maleimide groups of
Component (c) is 0.01 to 2.0 mole equivalents.

3. A liquid adhesive according to claim 1, wherein the
acrylonitrile-butadiene copolymer as Component (a) has a
weight average molecular weight of 50,000 to 1,000,000 and
an acrylonitrile'content of 5 to 50 % by weight.

4. A liquid adhesive according to claim 1, wherein the
phenolic resin as Component (b) is a p-tert-butylphenol
phenolic resin, a bisphenol A phenolic resin or a cresol
type phenolic resin of which the phenol component is at least
one selected from the group consisting of p-tert-butylphenol,
bisphenol A and cresol, or a resol type phenolic resin obtained
by co-condensation of these.

5. A liquid adhesive according to claim 1, wherein the
the compound having at least 2 maleimide groups as Component

{(c) is selected from compounds of the following formulae (3-1)

to (3-6),
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in which p is an integer of 0 to 7.
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