INSULATING ADHESIVE TAPE, AND LEAD FRAME AND SEM CONDUCTOR
DEVI CE EMPLOYI NG THE TAPE : The present invention rel a{t‘%@$o
i nsul ati ng adhesive tape wutilized as material .in el ct onic industries, in

particular to a tape having high ?
s cottoa~2
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INSULATING ADHESIVE TAPE, AND LEAD FRAME AND SEMICONDUCTOR

DEVICE EMPLOYING THE TAPE

s

The-pmesent invention relates to an insulating adhesive tape
lnﬁlizaiaSIMﬂzxial.hlemaﬂznnh:im&nﬂzies,:hlgartknﬂarix)aizpelundngtﬁgn
electrical insulation and héat-resistance property and capable of
being bonded by thermo-melting, amito Layifrauasand:ymﬁcomixﬂxm'dadces
enploying the tape. |

In the semicondgctor device field, with sophisticated func-
tions, high speed an& high integration of éSIs, the IClchips tend to
grow in size and an amount of heat generated from the same is
increasing.

The specifiéd packages cannot be flexibly changed in size,
conversely, it is requested to miniaturize even if IC chips are de-
signed to be large. Hence the gaﬁ between the IC chip and the inner.
wall surface of the IC package tends to be small. There have been
problems as for the stfength and_reliability of the lead frame buried
in the package.

In order to overcome such problems, é technology where a lead

frame is arranged an the lower or upper portion of an IC chip is pro-
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el €ctri &l insulation and heat-resistance property and capable of being
bonded by therno-nelting, and to | ead franmes and sem conductor devices
enpl oyi ng the tape. In the sem conductor device field, with

sophi sticated func- tions, high speed and high integration of LSIs, the IC

chips tend to growin size and an anobunt of heat generated fromthe sane

IS 1ncreasing.

in size,

conversely, it is requested tQ gipiaturize even if 1C chips are

de- signed to be large. Hence the gap between the I C chip and the inner

wal | surf

el ahd@utCipapkaditi daandsel Gadaicstlibed Thermpaaese baient Appli-

cation Laid-open No. SHO-61-218139 (1986) and USP No. 4862245,

In order to cope with heat increasindly generated from an IC
chip, a technology has been pfoposéd aﬁ& used practically in which a
heat spreader with good thermal conductivity and l;rge thermal capac-
ity is proposed and used in place of a éhip mounting die or tub and
the heat spreader is fized to inner leads by using an insulating
material.

In this device,.an adhésive insulating tape is used to prevent
the lead frame from being in direct contact with an IC chip-or a heat
spreader.

Conventionally such an adhesive insulating tape is. formed by

coating an adhesive resin such as epoxy resin, acrylic resin on a

‘base supporting f£ilm (insulating substrate) such as polyimide base

film. The insulating tape adheres a lead_ frame to an IC chip or a
heat spreader.

This method has a disadvantage in that ionic impurities, con-

tained in epoxy resin, acrylic resin or the like are eluted by using

for a long time, thus destroying a circuit formed on the IC chip so

that the reliability of semiconductor devices is degraded.

Moreover, when a short time bonding is executed at high tem-

Peratures to improve the productivity, a chemical component of the
adhesive agent is partially volatilized and contaminates the surface
of the lead frame, IC chip and heat spreader, thus decreadasing the

affinity to half-melted metal on the surface thereof to thus injure

The specified packages cannot be flexibly changed
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problens as for the strength and reliability of the lead frane buried in

t he package. In order to.overcone such problens, a technology
where a lead frane is arranged on the | ower or upper portion of an IC chip
IS pro- . -2- posed and put in
practical use, as described in Japanese Patent Appli- cation Laid-open No.
SHO 61-218139 (1986) and USP No. 4862245. In order to cope with
heat increasingly generated froman IC - 3 -

the reliability of the wire bonds electrically connecting an IC chip
to a lead frame.

In order to avoid the above problem, ¢uring an adhesive agent
at low temperature takes a long time, ﬁhus resulting in insufficient
level of productivity from industrial view point.

In order to overcome those disadvantages, Japanese Patent Ap-
plication Laid-open Nos. HEI-2-15663 (1990) and HEI-2-36542 (1990)
propose that an amide series or imide series adhesive agent is used
for a tape.

However, according to the teqhnology disclosed in the Japanese
Patent Application Laid-open No. HEI-2~15663 (1990), after a semi-
curing polyimide series agent adheres a tape to a lead frame, it is
necessary to remove the solvent and to complete the imidization
reaction. _In this case, since the produced solvent and water contam-
inate a lead frame, a contaminant removing step is needed , thus

leading to an insufficient productivity.

In the adhesive agents for an adhesive insulating fape ac~

cording to the technology taught by the Japanese Patent Application

Laid-open No. HEI-2-36542 (1990), a polyether amide or polyether

amideimide being a thermoplastic polymer is used on one surface of a

tape adhered with a lead frame while a thérmosetting polyimide die
bonding agent or epoxy die bonding agent is used on the other surface
of the tape adhered with an IC chip.

USP No. 4,862,245 discloses generally a éoncept in which an

adhesive layer is formed on both sides of an alpha barriers such as

[
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chig, a iechnology has been proposed and used practically in which a heat
spreader with good thermal conductivity and | arge thermal capac- ity is
proposed and used in place of a chip nmounting die or tub and the heat

spr eader

is fixed to inner |leads by using an insulating material.

In this device, an adhesive insulating tape is used to prevent- the |ead
frame frombeing in direct contact with an I1C chip or a heat spreader
Conventional |y such an adhesive insulatingttape is formed by coating an
adhesive resin such as epoxy resin, acrylic resin on a base supporting
film (insul pbipimddAiriat &p $igha aserpicioniduicderbalsip drid m 1Bad E£nsuwé Atdndg the
tape adheres a lead frame to an IC.chip or a heat spreader.

adhesive layer being formed by the material selected from epoxy,
acryl, silicon, polyimide,.and polyimide containing silicon. It is
described that an adhesive layer selecﬁed form the group consisting of
acryl and epoxy is particularly preferable for tﬁe second adhesive
layer on the lead frame. Although the prior art publication describes
polyimide alone but does not describe the sorts of polyimide adhesive
agents and merits of the polyimide. It is not clear that what sort
and molecular structure of adﬁesi&e agent is optimuﬁ.

USP No. 4,543,295 proposes an adhesive polyimide.film totally
different from the above mentioned adhesive insulating tapes. The
film, for example, is formed by coating a thermoplastic polyimide on

both surfaces of a polyimide film and may be used to adhere metal and

" polyimide film.

This tape can adhere a lead frame, a heat spreader for semi-
conductor device, and an IC chip with a polyimide buffer coat. This
tape may possibly improve the disadvantages to be removed of the fore-
going adhesive insulating tape: ionic impurities, volatile component
and water absorption generated at adhering time.

This specification describes that all sorts of thermoplastic-
polyimide can be used. However, the exemplified polyimide are only
LARC-2, LARC-3.and LARC-é respectively having a glass transition tem-
perature of 247 °C, 269°C and 297C . Furthermore, those adhesive
agents are relatively brittle. In the adhering condition, since it

is stated that the temperature ranges 340°C to 370°C and the pres-
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This method has a di sadvantage in that ionic inpurities, con- tained in
epoxy resin, acrylic resin or the like are eluted by using for a |ong
time, thus destroying a circuit formed on the IC chip so that the
reliability of sem conductor devices is degraded. - Mor eover, when a
short tinme bonding is executed at high tem .peratures to inprove the
productivity, a chem cal conponent of the adhesive agent is partially
vol atilized and contam nates the surface~ ©~the |lead frane, 1C chip and
heat spreader, thus decreasing the affinity to half-nelted netal on the
surface theneef rapgéh s dnj2ur kg/cm? and suitable time is 5 minutes, it takes

disadvantageously long time for adhering.

Remarkable advance of current semiconductor related technology
and very high productivity to be required have boosted the require~
ment level in productivity and physical property ‘such as Adhesive
strength. For example, it is required that the adhesion time (time
required for adhesion) -is usually not more than 10 seconds, prefer-
ably not more than 3 seconds.

In some cases, a semiconductor chip is not covered with poly-
imide, but is covered only with a ceramic such as silicone nitride or
glass such as phosphoric glass.

Under such conditions, the adhesive strength of LARC-2, LARC-3
and LARC-4 to semiconductor material are not enough.

For example, an adhesive'tape made from LARC-~2 was adhered to
42 NiFe alloy sheet being a lead frame material for semiconductor de-
vices, under the conditions that the temperature is 370 °C, the pres-
sure is 21 kg/cm?, and the heating adhering time is 5 seconds. The
peeling strength of the resultant tape was only 0.5 kg/cm. By ex-
tending the thermo-bonding time to 5 minutes, a peeling strength of
1.5 kg/cm was obtained.

It is needless to say that the adhesive strength between a
‘base supporting film and an adhesive agent is important for the adhe-
sive insulating films. However, the thermoplastic polyimide adhesive

agent has not been realized that can highly maintain industrially and

stably the adhesive strength to both sides 0of an insulating
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-3." thé reliability of the wire bonds electrically connecting an IC chip

to a | ead frane. In order to avoid the above problem turing an
adhesi ve agent at low tenperature takes a long tinme, thus resulting in
insufficient |evel of productivity fromindustrial view point. I'n

order to overcone those di sadvantages, Japanese Patent Ap- plication

Lai d-open Nos. HEI-2-15663 (1990) and HEl - 2-'36542 (1990) propose that an

am de series or imde series adhesive agent +s used for a tape.

However, according to the technology disclosed in the Japanese Patent

Appl i cat i crwbls&ir@tEpen PREEIFABLAP1YE6E8 £h900FSeaPf cble SRR lating substrate
with an imide bond, it seems impossible to obtain a stable, high ad-
hesive strength through corona treatment. A ‘suitable surface treat-
ment has not been found becausé with the sandblast surface roughing,
minute sands remain in the surface to cause impuri£§ ions. or é rays.
In recent years, Japanese Patent Application Laid-open No. HEI-3-59344
(1993) discloses generally a method for treating physically and chem-
ically the surface of an insulating substrate to be coated and then
adhering a certain of tﬁermoﬁlhstic polyimide adhesive agent. How-
ever, there is no description regéfging that what method is optimum
to use. Japanese Patent Application Laid-open No. HEI-4-74372 (1992)
describes that plasma processing a film such as polyimide £film to
modify a surface improves the adhesive strength to the adhesive
agent. However, only thermosetting acrylic series édhesive agent and
thermosetting polyamide adhesive agent are illustrated as adhesive
agent. There are no ezxplanations on other sorts of adhesive agents.

The present invention was performed in order to overcome the
above mentioned problems. Aan object of the present invention is to
provide an insulating adhesive tape useful for improving the produc-
tively and performance of semiconductor devices. Andther object of
the present invention is to érovide a ;ead frame and a semiconductor
device employing the above described tapé.
More specifically, it is an object to provide an insulating

adhesive tape with good characteristics, reliability, and industrial

productivity, which is applicable for bonding a semiconductor to a

e - —
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curfi ng 60Iyinide series agent adheres a tape to a lead frane, it is

necessary to renove the solvent and to conplete the imdization _
In this case, since the produced solvent and water contam inate a |ead

frame, a contam nant renoving step is needed , thus leading to an

I nsufficient productivity.

insul ating tape ac- cording to the techrmol’logy taught by the Japanese
Pat ent Application Laid-open No. HEl-2-36542 (1990), a pol yether am de or
pol yet her matallecondecter rguch tdweriams fame,pblepespreadesd on one surface

of a

tape adhered with a lead frane while a thernosetti

ttin olyimde die
bondi ng agent o¥RePoRELERT U RN imeayh t?%?éﬁsﬁﬂtth’év%‘gﬁg?ns?ﬁ?jﬁﬁ?lyof

the t dh i th | i p. . , : ' :
9 eﬁ er ZPFyaBrS{Sﬁgﬁ%mt apni‘amxfﬁggﬁ adhesive talipSg t'e\ln?pléyfr?gz a% 4'lt3héjxl-nslocllafassetslc

polyimide which has much better properties than the thermoplastic
polyimide disclosed in the USP 4,543,295, has a higher adl}esive
strength to semiconductor;material in shortér time, in comparison
with the above prior art, and being able to be supplied at low
price and in mass product'ion base. |

The insulating adhesive tape desirably maintains its
excellent insulating propert-y‘ for a long service period of time.
Preferably, the insulating adhesi‘.le' fape also has an adhesive
temperature (the temperature at wh.i.ch adhesion is carried out)
of not more tﬁan 400°C, a short adhesion time not more. than 10
seconds, and an adhesive strength enough to various semiconductor
materials. In adhesion, the insulating adhesive tape, preferably
also does not occur contamination injurious to the wire bonding
on the surfaces of lead frames and IC chips. Desirably, the
insulating adhesive tape has enough heat resistance, to withstand
heating during' a wire bonding step so that it does not allow a
lead to make a slightest movement, thereby making -wire bonding
strength high enough to dbtain excellent electronic reliability.

According to other aspects of the prlesent' invention there

are provided a lead frame and a semiconductor device manufactured

- using the insulating adhesive tape mentioned above.
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adhesi ve | ayer is formed on both sides of an al pha barriers such as

-4- polyimde filmto fix a sem conductor chip and a |l ead frane, and the
adhesive |l ayer being formed by the material selected fromepoxy, acryl,
silicon, polyimde, and polyimde containing silicon. It is described that
an adhesive | ayer selected formthe group consisting of acryl and epoxy is
particularly preferable for the second adhesive |ayer on the lead frane.
Al though the prior art publication descrilges '

According to the present invention, typical insulating adhe-
sive tapes will be summarized as follows:

1. An insulating a&hesive'tape'which comprises a base sup-~
porting film and an adhesive layer formed on at least one surface
thereof, said adhesive layer being formed of a the;moplastié polymer
comprising a thermoplastic polyimide, wherein said thermoplastic
polymer has a glass transition temperature ranging from 180 °C to 280
°‘C and an elastic modulus ranging from 10'° to 10:* dyne/cm®* at 25°C,
said modulus including a vaihe ranging from 10? dyne/cm* to 10°
dyne/cm* at least a temperature_betwgen 250°C and 300°C .

.2. The insulating adhesive tape according to Item 1, which is
characterized in that the thermoplastic polyimide included in a ther-
moplastic polymer is formed of a structural unit expressed by the
following formula (1), or the polymer molecular terminal of the
structural unit of the formula (1) is capped with a dicarboxylic acid

anhydride by expressed by the formula (2):
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pol yi mi de al one but does not describe the sorts of polyin de adhesive
agents and nerits of the polyimde. It is not clear that what sort and
nol ecul ar structure of adhesive agent is optinmm USP No.
4,543, 295 proposes an adhesive polyimde filmtotally different fromthe
above nentioned adhesive insulating tapes. The film for exanple, is
formed by coating a thernoplastic polyimde on both surfaces of a
polyimde filmand may be used to adhere netal and polyimde film
This tape can adhere a |l ead franme, a heat- 9preader for sem - conductor
device, and an IC chip with a polyimde buffer coat. This tape may
possi bly inprove the di sadvantages to be renoved of -the fore- going
adhesive insulating tapg: ionic inpurities, volatile conponent and water
absorption generated at yadhering tine.
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where 2 is a bivalent group selected ffom the group of monocyclic aro-
matic radicél, condensed pol&cyclic aromatic radical, and non-con-
densed polycyclic aromatic radical wpich is directly connected or mu-
tually connected via cross linkers. |
3. The adhesive insulating tape according to Item 1, which is

characterized in that the thermoplastic polyimide included in a ther;
moplastic polymer is formed of a struc;ural unit expressed by the
following formula (3),.and/or the polymer molecular terminal in the
structural unit of the formula (3) is capped with a dicarboxylic acid
anhydride: |

where *m" and "n*" show a ratio of a repeated unit to total
polymer and includes block copolymer and random copolymer, and,

m: n = 1~90: 99~ 10, preferably m : n =30~ 70: 70~ 30.
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This specification describes that all sorts of thernoplastic polyimde can
be used. However, the exenplified polyimde are only LARC 2, LARC 3 and
LARC-4 respectively having a glass transition tem perature of 247 [err]C

, 269[err]C and 297[err]C . Furthernore, those adhesive agents are
relatively brittle. In the adhering condition, since it 1is stated that the
tenperature ranges 340[err]C to 370[err] thand the pres- sure

ranges 3 to 21 kg/cnferr] and suitable time is 5 minutes, it takes
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4. The insulating adhesive tape according to Item 1 which is
characterized in that the thermoplastic polyimide included in a ther-
moplastic polymer is formed of a structural unit expressed by the fol-

lowing formula (4):

~ 0 0 N
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In later explanations,
PI-X represents a polyimide formed of the structural unit ex-

Pressed by formula (1).
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di sadvant ageously long tine for adhering. Remar kabl e advance of
current sem conductor related technology and very high productivity to be
requi red have boosted the require- nment level in productivity and physical
property such as adhesive strength. For exanple, it is required that the
adhesion tine (time required for adhesion) is usually not nore than 10
seconds, prefer- ably not nore than 3 seconds. : In sone cases, a
sem conductor chip is not covered with poliy-- imde, but is covered only
with a ceramc such as silicone nitride or glass such as phosphoric gl ass.

s conciror A%, L ANES Y oty bl BT enk B netllebdfid
tape made f{romd.ARes2e¥asy aH1ah8d (9) and sealed with dicarboxylic acid anhy-
dride expressed by formula (2).

PI-Y represents a polyimide formed of the structural unit ex-
pressed by formula (3). | |

PI-Yh represents a polyimide which is formed of the structural
unit expressed by formula (3) and sealed with dicarboxylic acid anhy-
dride expressed by formula (2). |

PI-Z represents a polffmide formed of the structural ﬁnit ex-
pressed by formulﬁ (4).

5. An insulating adhesive tape according to any one of Item 1
to Item 4, which is characterized in that the thermoplastic polymer
consists of a silane~coupling~agent-modified _hermoplastic polyimide
which is prepared by reacting or mixing a thermoplastic polyimide with
a silane coupling agent at or after the -time when the thermoplastic
polyimide is synthesized. |

6. An insulating adheésive tape according to any one of Item 1

~ to Item 5, which is characterized in that the insulating film is a
polymer having a polyimide bond and has its surfacé subjected to a
plasma treatment of ozone treatment.

7. An insulating adhesive tape accordipg to any one of Item 1
to Item 6, which is characterized in that the thermoplastic polvmer
layer is formed on only one surface of the insulating film and being
thermo-press-bonded to an inner lead of a semiconductor lead frame via

the thermoplastic polymer layer to fix the inner lead.

—
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42¢Ni Fe' al | oy sheet being a lead frame material for sem conductor de-

vices, under the conditions that the tenperature is 370[err] C, the pres-
sure is 21 kg/cnferr], and the heating adhering tinme is 5 seconds. The
peeling strength of the resultant tape was only 0.5 kg/cm By ex- tending
the therno-bonding tine to 5 mnutes, a peeling strength of 1.5 kg/cm was
obt ai ned. It is needless to say that the adhesive strength between
a base supporting filmand an adhesive-agent is inportant for the adhe-
sive insulating filnms. However, the thernoplastic polyimde adhesive agent
has not been realized that can highly maintain industrially and stably the
adhesi ve strength &.0 POt AnSHIRISingf aghesiiqutaPengccording to any one of Item 1

to Item.6, which is characterized in that the'therméplastic polymer

layer is formed on both surfaces of the igéulating film and being

thermo-press-bonded to an inner lead of a semiconductor lead frame
+ via the thermoplastic polymer layer to fix the inner lead.

9. An insulating adhesive tape according to Item 8, which is
characterized in that the insulating adhesive tape is thermo-press-
bonded to a predetermined IC.chig via another surface of the thermo-
pléstic layer to which the inﬁe} leads are not bopded.

BExbodiments of the invention are?descnﬂmaikmﬂcwy by way of
example only, and.wﬁﬂlrefgmaxxatn»the acconpanying drawings of which:

Fig. 1 is a model diagram illustrating the structure of a lead
on-chip IC device;

Fig. 2 is a model diagram illustrating the structure of an IC
’dev1ce attached with a heat spreader;

! Fig. 3 'is a cross-sectional view illustrating the layer struc-
ture of an insulating adhesive tape according to the present inven-
tion;

Fig. 4 is a plan view illustrating the structure of a sample
ised for an adhesive strength test and a leakage éurrent test;

Fig. 5 is a side view illustrating the sample shown in Fig. 4;

Fig. 6 is a cross-sectional view illustrating the structure of

& sample for a wire bond test.
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subst rat e. Particularly, in the case of the insulating substrate with

an imde bond, it seens inpossible to obtain a stable, high ad- hesive
strength through corona treatnment. A suitable surface treat- nent has not
been found because with the sandbl ast surface roughing, mnute sands
remain in the surface to cause inpurity ions or a rays. |In recent years,
Japanese Patent Application Laid-open No. HElI-5-59344 (1993) discloses
generally a nethod for treating physically and chem ically the surface of
an. insul ating substrate to be coated and then adhering a certain of

t her nopl astic pol yi m de adhesi ve agent. How

- y3o

With reference to the attached dréwings, a further explanation
will be made on some embodiments of the present iAvention.. However
the present invention should not be limited to only the herein de-
scribed embodiments.

Referring to Figs. 1 and 2, numeral 1 representé an IC chip, 2
represents a lead frame, 3 reérésents a resin encapsqlating material,
4 represents an insulating adhesive tape, 5 represents a gold wire, 6
represents a heat spreader, ahd 7 represents a die bonder.

In an IC chip of this type, the IC chip 1 is adhered onto the
lead frame 2 with the insulating adhgsive tape 4, connected with a
very fine goid wire 5, and then encapsulated with the resin encapsu-
lating material 3.

In the IC device of the type shown in Fig. 2, the IC chip 1 is
adhered onto the heat spreader 6 using the die bonder 7. The lead
frame 2 is also adhered onto the heat spreader & with the insulating
adhesive tape 4 to electrically connected to each other with a gold
wire 5.

A typical layer structure of the insulating adhesive tape ac-
cording to the present invention is shown in Fig. 3. That is, the in-
sulating adhesive tape 4 according to the present invention is
formed, with an adhesive layer 42 of a thermoplastic polymer being

Coated on one surface of the insulating film 41 to be a base support-
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evér, there is no description regarding that what nethod is optinmum to
use. Japanese Patent Application Laid-open No. HEl-4-74372 (1992)

descri bes that plasma processing a filmsuch as polyinmde filmto nodify a

surface inproves the adhesive strength to the adhesive agent. However,
only thernosetting acrylic series adhesive agent and thernosetting
pol yam de adhesive agent are illustrated,as adhesive agent. There are no
expl anations on other sorts of adhesive agents. The present
invention was perforned in order to overcone the above mentioned probl ens.
An obj ect ifg tfiampr aa@nkni adiesdivn layelro 43ppdvadehanmopbas @itd o lashees beéng
t ape useful for inproving the produc- tively and perfornmance of
sem conducdamtedevhntesthe Atbeliesunfaectofotthet hospiasiore fidweAl: orhe adhesive
provide a |l ead frane and a sem conductor device enpl oying the above
descri bed tafre. 43 Dbeing a thermoplastic polymer same with or different from
that of one surface of the insulating film 41.

The insulating adhesive tape 4 was tested using the device
shown in Figs. 4, 5, and 6. As shown in these figures, the insu-
lating adhesive tape 4 is adhered onto the IC chip 1 on which some
leads 21 of lead frame 2 and a'single test bar 8 for wire bonding are
bonded. 1In the figures, numeral 2la represents a silver plated por-
tion of the lead 21. 1In order to perform a wire bonding test, as
shown in Fig. 6, a gold wire 5 connects the silver plated portion 2la
of the lead 21 to the test bar 8.

The following test results are obtained by using the above
test devices.

A further detail explanation will-be made as for preferred em-
bodiments of the insulating adhesive tape according to the present
invention.

A polymer with an imide bond may be used as a material for the
insulating film 41.

Such a material may be exemplified as follows: a polvimide
film including Regulus (a trademark of Mitsui Toatsu Chemicals, Inc.)
» Kapton H, V, E, K and 2T (respectively, a trademark of Du Pont Co.},
Upilex M, S, SGA, SGAPA (respectively, a trademark of Ube Industries,

Ltd.), Apical AH, NPI (respectively, a trademark of Kanegafuchi Chem-

_ical Industry Co., Ltd.), or an aramid film such as Aramica (a trade-

\
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Mor'e specifically, it is an object to provide an insulating adhesive tape
with good characteristics, reliability, and industrial productivity, which
is applicable for bonding a sem conductor to a

-7- netal
preferred enbodi nent, the present invention desirably provides an

I nsul ati ng adhesi ve tape enpl oyi ng a thernopl astic polyin de which has
much better properties than the thernoplastdc .polyimnide disclosed in the
USP 4, 543, 295, has a hi gher adhesive

conductor such as |lead franme, heat spreader. In a

mark of Asahi Chemical Industry Co., Ltd.). In these materials, it
is recommended to use a polyimide film with a low water absorbing
capacity, pafticuiariy of, a material of Upilex S type and Kapton E
type.

The thickness of the base film is not par£icularly limited.
However, it is preferable that the thickness fanges from 1 to 500 gy
m, more preferably from 5 to 100y m. o

Before a thermoplastic polymer layer containing a thermoplas-
tic polyimide is formed on thé'base film, It is preferable to subject
the surface of a.substrate to a plaspa treatment or ozone treatment.
It is well-known to make rough physically the surface of a substrate
by these treatments or to form ehemically a functional group such as.
carboxyl radical on the same.

However, the treatment effect in the thermoplastic polymer
layer of the present invention is remarkable beyond expectations. The

adhesive strength to the substrate can be improved and stabilized

largely.

A thermoplastic polymer layer is formed on the treated surface
of the base film. For carrying out the present invention, it is im-
portant that the thermoplastic polymer forming the layer has a glass-
transition temperature ranging from 180°%C to 280°C , and has a modu-
lus of elasticity ranging 10'® to 10'' dyne/cm? at 25 °C, usually a

modulus ranging 10 to 10° dyne/cm? at a wire bonding temperature ran-

ging from 250°C to 3007C .

The thermoplastic polyimide of PI-X, PI-Xh, PI-Y, PI-Yh, or

D
s
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stfength to sem conductor naterial in shorter time, in conparison wth the
above prior art, and being able to be supplied at low price and in mass
producti on base. The insul ati ng adhesi ve tape desirably maintains its
excel l ent insulating property for a long service period of tine.
Preferably, the insul ating adhesive tape al so has an adhesive tenperature
(the tenperature at which adhesion is carried out) of not nore than

400[ err] C, a short adhesion time not norelthan 10 seconds, and an adhesive
strength enough to various sem conductor materials. In adhesion, the

i nsul ating gﬂ{ﬁy%é 3RS eR’ £L &) ra];ptH;fe:%lb%% %%%mfeeliagewrp&wmmﬂa%in@nthe

injurious'f he“wire bonding o e surfaces o ead frames and | C chi ps.
Desirably, fhe dJeRsybatd Nsgpdhesiye tape has enough heat resistance, to

wi t hst and )
' If the glass transition temperature is less than 180°C or the
aodulus is less than 102 dyne/cm? at a wire bondinq temperature, such
la problem will occur that the inner lead is moved during wire bonding
process oOr energy cannot properly be transferred to the inner lead in
ultrasonic heating.

On the contrary, if the glass transition temperature is more
than 280 °C or the modulus is more than 10° dyne/cm?* at the wire
bonding temperature, it will take.muqh time to perform thermo-melting-
bonding for the lead frame and IC chip, whereby it is difficult to ex-
ecute a short time bonding.

In order to embody the present invention, it is desirable
that the amount of the solvent contained within the thermoplastic
polymer layer formed over the base film is not more than 1% and that
the imide reaction of the thermoplastic polyimide has.been substan-
tially completed. This can prevent the solvent volatilization or the
volatilization of moisture produced due to an imidization chemical re-
action during the short timé thermo-melting-bonding at high temper-
ature {generally, over.270 °C) from contaminating the surface of the-
lead frame or IC chip, or producing void in the adhesive layer.

When the surface of IC chip to be adhered with an insulatiﬁg
adhesive tape, is covered with a ceramic such as silicon nitride or a
glass such as phosphor-borosilicate glass, it is important that a

silane coupling agent is mixed and reacted at the time when the ther-
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he%ting during a wire bonding step so that it does not allowa lead to
make a slightest novenent, thereby making wire bonding strength high
enough to obtain excellent electronic reliability. According to ot her
aspects of the present invention there are provided a lead frane and a
sem conduct or device manufactured wusing the insulating adhesive tape

menti oned above. - 8-

According to the present invention, tygifﬁL i nsul ati ng adhe-

moplastic polyimide coated over the base film is synthesized, or is
mized after the synthesizing process.

The silane coupling agent such as followings may be recommend-
ed: that is, epoxy silane, thiol silane, amino silahe (KBM-403, KBM-
803, KBM-602, KBM-573 and so on, manufactured by Shin-Etsu Chemical
Co., Ltd.), particularly, KBM-403 and KBM-803 is preferable.

In this case, the amount of silane coupling agenttobeused
desirably ranges fram not less than 0.5% by weight of the thenwoplastic
polyimide to not more than 4%iby weight thereof, preferably from more
than 1% by weight thereof to less than 3% by weight thereof.

The amount of the silane coupling agent of less than 0.5% or
more than 4% is not preferable because the humidity resistant adhe-
sive strength to a ceramic or glass is poor, or the volatilization of
an excessive silane coupling agent during the thermo-melting-bonding
process at high temperature may contaminate the lead frame.

In this case, because of reasons similar to those mentioned
above, the necessary requirements are that the glass transition tem-
perature of the thermopléstic polymer ranges from 180°C to 280°C and
the modulus of elasticity ranges from 10t'° to 10:: dyne/cm? at 25°C,
and from 10®* to 10° dyne/cm?* at a wire bonding temperature.

Preferably, the ionic impurities of sodium, potassium, chlorine, sulphate
ion etc. in the thermoplastic polymer is trace or abouﬁ 1 wp#.g9/9 (by
the hydroﬁhermal éxtracting method, it was calculatéd based on the
amount of ions extracted from a water at 120°C for 24 hours).

For that reasons, it does not occur that electronic circuits
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si've tapes will be summarized as foll ows: 1. An insulating

adhesi ve t

ape which conprises a base sup- porting filmand an adhesive

| ayer fornmed on at | east one surface thereof, said adhesive |ayer being

f or ned of

a thernoplastic polymer conprising a thernoplastic polyim de,

wherein said thernoplastic polymer has a glass transition tenperature
ranging from 180 [err]Cto 280 [err]C and an elastic nodul us ranging from

10[err] t

o 10[err] dyne/cnferr] at 25¢eé®8}+C, said nodulus including a

value ranging from 10[err] dyne/cnferr] to 10[err] dyne/cnferr] at |least a

t enper at ur & HglveeR ;ﬁQLQEE%§%ﬁ§%¥é%%yée%%bg used for éﬁheéqa%idFﬂ“eQBEgg by

‘adhesi ve tape according to ich I's characterized in that t

ther mopl asfd.¢; PolpgdPids d NGIUIEE ithel thBe’ or THB! A8khE ROLY¥HRH ohSmhRETELROT
a structural unit ‘expressed by the following formula (1), or the polyner

nol ecul ar

$EJ¥ eakceitdde

Since the amount of the radiocactive element such as uranium,

 thorium causing software error in a semiconductor memory (may be) less than

~__~_ﬁ___*_‘___*____;
This Sheet Has Been

Il

the detection limit of a radioactivation analyzer i.e. less than 0.6
ppb, the reliability of the semiconductor memory can be maintained at
a very higher level for long period.
The vater ahecrhing Tatio of the themoplastic pyrer: is preferstily Jess

than 1.2% (after immersing in a pure water at 23°C for 24 hours).
Since the value is 1/2 to 1/5 of that of polyether amide and
polyether amide-imide generally used, the void formation can be
largely decreased be caused by possible water vapor during an adhering
process under high temperature.

The thermoplastic polymer layer comprising a thermoplastic
polyimide can be formed bv coating a polyimide acid varnish contain-
ing a polyamide acid (as a polyimide precursor), a polyimide varnish
containing polyimide, or a polyimide varnish containing a polyimide
acid and silane coupling agent which is mixed and reacted when
polyamide acid is synthesized, or is mixed.after the synthesizes pro-
cess, and then drying the coated layer to imidize the polyamide acid.

Moreover, before the varnish is coated on the base film, the
vanish, if necessary, may be mixed with a filler such as silica which
does not contain a radio-active element such as uranium and thorium,

Or an epoxy resin such as EOCN-1027 (a trademark of Nippon Kayaku Co.,

THIS SHEET HAS BEEN

S v——

i ' =B



i 3
structural

unit of the formula (I) is capped with a dicarboxylic acid

anhydri de by expressed by the fornmula (2): [err]

- 19 -

d.). It is desireble that the themoplastic polymers contain a

thermoplastic polyimide of not less than 50% by weight, preferably
not less than 75%, more preferably not less than 90 %, still more
preferably not less than 96 %.

The thermoplastic polymer layers are particularly not limited
to the thickness thereof. Howéver it is desirable that the thickness
ranges from more than lpz m to less thén 1004 m, preferably from more
than 3y m to less than 50y m.

Well-known devices such.aﬁ a comma(,)-type coater, a three re-
verse coater, a die coater may be uysed for coating. In the drying
and imidizing method, a conventional roll carrying drier may be used
when the thermoplastic polymer layer is formed on one surface of the
base film. A floating drier may be recommended when a thermoplastic
polymer is formed on the both surfaces of the base film.

When the amount of the solvent contained within the thermo-
plastic polymer layer is not more than 15% by weight, it is preferable
to dry using a drier having a far infrared heater arranged between
support rollers spaced by 1 to 5 m from each other in order to improve
the adhesive property between the thermoplastic polymer layer and the
semiconductor material.

Generally, the drying conditions depends on the thickness of
the thermoplastic polymer, the qoﬁcentfation of a varnish and the
drving method. For example, when the varnish has its concentration
of 25% and its thickness of 25y m after drying, the drying is gener-

ally performed for 2 to 30 minutes at 100 to 150°C, 150 to 200°C,

-—
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[err] - where Z is a bivalent group selected fromthe group

of nonocyclic aro-

- 20 -
200 to 250°C, or 250 to 300°C . Temperatures over a range of 300 to
400°C can reduce tﬁe dryidg time to 10 minutes of less.

In order to reduce the amount of gas ﬁroduced during a melting
and pressing time, it is desirable that by theée drying treatment to
decrease the remaining solvent existing in the thermoplastic polymer
layer to less than 1%, preferably to less than 0.1%, more preferably
to less than 0.05%.

These drying processes converts the polyimide acid substan-

tially into a polyimide. mradqdngjs;;e&xdﬂyger&xmaiﬂnaJﬂearsscf
less than lOOO,lpreferably less than 100, if necessary, in a nitrogen
atmosphere with the same cleanness.

A sheet 0of a width of 300mm or more is usually used as the
base film, anq a thermopléstic polymer layer is fo;med thereon. Then
the sheet may be cut to form a tape with a width suitable for use. |

The polyamide acid varnish or polyimide varnish, for example,
is manufactured as follows:

First, a polyvamide acid varnish being a polyimide precursor is
prepared by solving an aromatic diamine in a polar solvent such as an
N-methyl pyrrolidone, adding an aromatic tetracarboxylic acid anhv-
dride within a range of 90 to 110% by equivalent fatiq, and reacting
them. This equivalent ratio is selgcted preferably to be within a
range of 95 to 105%, more preferably to 97 to 102%.

Such ‘amide acid polymer has a logarithmic viscosity 5 of 0.3
to 3 dl/g (measured with an N, N-dimethylacetamide solvent medium of a

“ = o

concentration of 0.59g/100ml at 35 °C ), preferably 0.5 to 1.5 dl/g

I
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mafi c radi cal, condensed pol ycyclic aromatic radical, and non-con- densed
pol ycyclic aromatic radical which is directly connected or nu- tually
connected via cross |inkers. 3. The adhesive insulating tape
according to Item 1, which is characterized in that the thernoplastic
polyimde included in a ther- noplastic polymer is fornmed of a structural
unit expressed by the following formula (3), and/or the polynmer nol ecul ar
terminal in the structural unit of the-fgymula (3) is capped with a

di carboxylic acid anhydride: where "m' and "n" show a ratio of a
repeated unit to tegalapRel Maﬁilﬁm b@ckuqe,.wol agl ﬁﬂppldém%ea@ﬁh{m%aa by
copol yner, and, : m n = 99~ 10, preferably m

70- 30. performlng the processes dlsclosed in Japanese Patent Appllcatlon

Laid-open Nos. SHO-61-291670 (1986), HEI—5-S§344 (1993}, and SHO-62-
68817 (1987, same as USP 4,847,349).

When a lower temperature, lower pressure adhering is needed,
in order to improve the flﬁidity of the thermoplastic polyimide at
the adhesive temperature a dicarboxylic acid anhydride expressed by
the following formila (2) mayﬁeusedtocaptleami.ﬁeonthetenni—

nal of the amide acid:

/ \b .
N/ (2)

(where Z is a divalent radical selected from the group of monocyclic
aromatic radical, condensed polycyclic aromatic radical, and non—éon-
densed polycyclic aromatic radicals in which aromatic radicals are
directly connected or mutually connected via cross linkers.) 1In this
invention, said cross linkers mean cross linking agents such as, -CO-
. -0-, ~§-, -80;-, -CH. . =-C(CH,).-, -C(CF; ).~ and the like.

The dicarboxylic acid anhydride may be added at the earlier
stage of the amide acid polymer producing process or after this pro-
cess. The varnish of an amide acid polymer_with the capped terminal

of amine may be coated on the base film without any change. However,
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it is also recommended to coat a polyimide varnish made by heatihg a
varnish to allow a thermal imidization reaction. The above mentioned
PI-Xh and PI-Yh can be ;ynthesized using the methods disclosed in
Japanese Patent Application Laid-open Nos. HEI-4-111167 (1992) and
HEI-5-59344 (1993).

With respect to PI-X, PI-Xh, PI-¥, PI-Yh and PI-Z, when the
pplyamide acid varnish or polyimide varnish is prepared, as long as
the properties of the varnish after drying is_within the range of
glass transition temperatures and modulus of elasticity at high tem-
perature specified according to the ,present invention, a part of the
aromatic diamine, aromatic tetracarboxylic acid anhydride, and dicar-
boxylic acid anhydride being polyamide acid or polyamide component,
can be substituted with another sort of aromatic diamine, aromatic
tetracarboxylic acid anhydride, or dicarboxylic acid anhydride with-
out any trouble.

Other diamines which can be used in combination include, for exam-
ple, m-phenylenediamine, o-phenylenediamine, p-phenylenediamine,
m-aminobenzylamine, o-aminobenzylamine,
3-chloro-1,2-phenylenediamine, 4-chloro-1,2-phenylenediamine,
2,3-diaminotoluene, 2,4-diaminotoluene, 2,5—diaminotoluené,
2,6-diaminotoluene, 3,4~diaminotoluene, 3,5-diaminotoluene,
Z-methoxy—l,4—phehy1enediamine, 4-methoxy—1,2—phenylenediamine,
4-methoxy-1,3-phenylenediamine, beﬁzidine,
3,3'~-dimethylbenzidine, 3,3'-dimethoxybenzidine,

3,3'-dichlorobenzidine, 3,3'-diaminodiphenyl ether,
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3,4'-diaminodiphenyl ether,

4,4'~diaminodiphenyl ether, 3,3‘'~diaminodiphenyl sulfide,

3,4'-diaminodiphenyl sulfide, 4,4'-diaminodiphenyl sulfide,

3,3'~-diaminodiphenyl sulfoxide, 3,4'-diaminodiphenyl sulfoxide,

4,4'-diaminodiphenyl sulfoxide, 3,3'-diaminodiphenyl sulfone,

3,4'-diaminodiphenyl sulfone, 4,4'-diaminodiphenyl sulfone,

3,3'~diaminobenzophenone, 3,4'-~diaminobenzophenone,

4,4'-diaminchenzophenone, 3,3'-diaminodiphenyl methane,

3,4'-diaminodiphenyl methane, 4,4'~diaminodiphenyl methahe.

bis{4~-(3-aminophenocxy)phenyl lmethane,

bis[4-(4-aminophenoxy)phenyllmethane,

bis[3-(3-aminophenoxy)phenylimethane,

1,1-bis[4-(4-aminophenoxy)phenyllethane,

1,2-bisf4-(4-aminophenoxy)phenyllethane,
1,1-bis([4-(3-aminophenoxy)phenyljethane,
l,2-bis[4-(3—aminophenoxy)phenyl]ethane,
1,1-bis[4-(4-aminophenoxy)phenyllpropane,
1,2-bis[4~-(4-aminophenoxy)phenyllpropane,
1,3-bis{4-{(4~aminophenoxy)phenyl]propane,
2,2-bis[4-(4-aminophenoxy)phenyl }propane,
1,1-bis[4-(4-aminophenoxy)phenyl ]propane,
1,2-bis{4-(3-aminophenoxy)phenyl lpropane,
1,3-bis[4~(3-aminophenoxy)phenyl]lpropane,
2,2-bis{4-(3-aminophenoxy)phenyljpropane,

1,1-bis{4-(4-aminophenoxy)phenyllbutane,

_
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4. The insul ati ng adhesive tape according to Item 1 which is
characterized in that the thernoplastic polyimde included in a ther-
nopl astic polymer is fornmed of a structural unit expressed by the fol-
| owi ng fornula (4): In | ater expl anati ons,

Pl-X represents a polyimde forned of the structural unit ex-

- 24 -

~1,2-bis[4-(4~aminophenoxy)phenyl]butane,
L,3-bis[4—(4-aminophenoxy)phenyl]butane.
1,4-bis{4~(4~-aminophenoxy)phenyllbutane,
2,2-bis[4-(4—aminophenoxy)phenyl]butane,
2,3-bis[4~(4-aminophenoxy)phenyl]butane,
i,l—bis[4-(3—aminophenoxy)phenyl]butane,
1,2-bis{4-(3-aminophenoxy)phenyllbutane,
1,3-bis[4-(3-aminophenoxy)phenyllbutane,
l,4—bis[4—(3-aminophenoxy)pheﬁy1lbutane,
2,2-bis[4-(3-aminophenoxy)phenyl]butane,
2,3-bisl4~-(3-aminophenoxy)phenyllbutane,
2-[{4-(4-aminophenoxy)phenyl}-2-[4~(4-aminophenozy)-3~-methylphenyllpropan
.. .
2,2~bis{4-(4-aminophenoxy)-3-methylphenyl |propane,
2-{4~(4-aminophenoxy)phenyll-2-{4-(4-aminophenoxy)-3,5~-dimethylphenyilpr
opane, |
2,2-bis[4—(4—aminophenoxy)—3,S—dimethylphenyl]propane,
2,2—bis£§—(4—aminophenoxy)phenylI—l,l,1,3,3,3—hexaf1uoropropane,
2,2-bisf{3-(4~aminophenoxy)phenvl]-1,1,1,3,3,3-hexafluoropropane,
2,2-bis[4~(3-aminophenoxy)phenyl]-1,1,1,3,3,3-hexafluoropropane,
2,2-bis[3~(3-aminophenoxy)phenyll-1,1,1,3,3,3-hexaflucropropane,
1,3-bis(3~aminophenoxy)benzene, i,3-bis(4-aminophendxy)benzené}
1,4-bis(4-aminophenoxy)benzene, 1l,4-bis(3-aminophenoxy)benzene,
4,4'~-bis(3~-aminophenoxy)biphenyl, 3,3'-bis(3-aminophenoxy)biphenyl,

bis{3-(4-aminophenoxy)phenvl]katone,
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pressed by fornmula (1). PlI'-xh represents a polyimde
which is forned of the structural wunit expressed by formula (1) and seal ed

wi th dicarboxylic acid anhy- dride expressed by fornula (2). Pl-Y
represents a polyimde fornmed of the structural unit ex- pressed by
formula (3). - Pl -Yh represents a polyimde which is fornmed of the
structural

- 25 -~

bis{4-(4~aminophenoxy)phenyl lketone,
bis[é-(3—aminophenoxy)phenyl]ketone,
bis[3-(3-aminophenoxy)phenyl lketone,
bis(4-(4-aminophenoxy)phenyllsulfide,
bis[3—(4-aminophenoxy)phenyl]sulfide,
bistﬁ-(3—aminophenoxy)phenyl]sulfide,
bis{4-(3~aminophenoxy)phenyllsulfide,
bis(4-(4-aminophenoxy)phenyllsulfoxide,
bis[4-(4faminophenoxy)phenyl];ulfone,
.bis[3~(4—aminophenoxy)phenyl]sulfoneﬁ
bis[3~(4~aminophenoxy)phenyl}sulfone,
bis[4-(3-aminophenoxy)phenyl)sulfone,
bis[4-(3-aminophenoxy)phenyljether,
bis{4-(4-aminophenoxy)phenyl]lether,
bis[3-(3-aminophenoxy)phen§lIether,
bis[3-(4~aminophenoxy)phenyllether,
l,4—bis[4-(3-aminophenoxy)benzoyl]benzeng,
1,3-bis[4-(3-aminophenoxy)benzoyllbenzene,
1,4-bis{4-(4~aminophenoxy)benzoyllbenzene,
1,3-bis{4~(4~aminophenoxy)benzoyllbenzene,
4,4'-bis(3~aminophenoxy)-3-methylbiphenyl,
4,4'—bis(3—aminophenoxy)—3,3'-diﬁethylbiphenyl,
4,4'-bis(3-aminophenoxy)-3,5-dimethylbiphenyl,
i1,4"'-bis(3-aminophenoxy)-3,3',5,5"'-tetramethylbiphenyl,

-bis(3-aminophenoxy)~3,3'-dichlorobiphenyl,

i~ TS
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unit expressed by formula (3) and seal ed with dicarboxylic aci'd anhy--
dride expressed by fornmula (2). Pl-Z represents a .polyimde forned
of the structural unit ex- pressed by formula (4). 5. An
i'nsul ati ng adhesi ve tape according to any one of Item1 to Item4, which
I's characterized in that the thernoplastic polynmer consists of a
si | ane- coupl i ng- agent - nodi fi ed ther m)pl_a?Ei_c polyimde which is prepared
by reacting or mxing a thernoplastic poll'yimde with a silane coupling
agent at or after the time when the thernoplastic polyimde is
synt hesi 2ed’ ~bis(3~amincpheppxy IrSubadiabdonelhicdiep®lt ape according to any one
of Item1l to Item5, which is characterized in that the insulating filmis
a pol ynér4 hihiishd-2migsiphene e -Bed oy Sntd ~Rakraqhd osehpieaY Subj ected to a

4,4'~bis(3-aminophenoxy)-3,3'-dibromobiphenyl,
4,4'-bis(3~aminophenoxy)-3,5-dibromobiphenyl,
4,4'~bis(3~aminophenoxy)-3,3',5,5"'~-tetrabromobiphenyl,
bis[4-(3~aminophenoxy)-3-methoxyphenyllsulfide,
[4~-(3-aminophenoxy)phenyl][4-(3-aminophenoxy)-3,5-dimethoxyphenyl]sufide,
bis[4-(3-aminophenoxy)-3,5-dimethoxyphenyl]sufide, and
1,3-bis[4-(4-aminophenoxy)-a ,& -dimethylbenzyl]benzene.
These diamines can be used singly or as a mixture.
Exemplary dianhydrides include:
ethylenetetracarboxylic dianhydride,
butanetetracarboxylic dianhydride,
cyclopentanetetracarboxylic dianhydride,
pyromellitic dianhydride,
3,3',4,4'-benzophenonetetracarboxylic dianhydride,
2,2',3,3'~-benzophenonetetracarboxylic dianhydride,
3,3',4,4"'-biphenyltetracarboxylic dianhydride,
2,2',3,3;;biphenyltetracarboxylic dianhydride,
2,2—bis(3,4-dicarboxyphenyl)propane'dianhydride,
2,2-bis(2,3-dicarboxyphenyl)propane dianhydride,
bis(3,4-dicarboxyphenyl)ether dianhydride,
bis(2,3-dicarboxyphenyl)ether dianhydride,
bis(3,4-dicarboxyphenyl)sulfone dianhydride,

bis(2,3-dicarboxyphenyl)sulfone dianhydride,
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pl asma treatnment. or ozone treatnent. 7. An insul ating adhesive
tape according to any one of Item1l to Item6, which is characterized in
that the thernoplastic polymer layer is formed on only one surface of the
insulating filmand being therno-press-bonded to an inner |ead of a
sem conductor lead frane via the thernoplastic pol yner Iayer to fix the
I nner | ead. -12-

- 27 -

bis(2,3-dicarboxyphenyl )methane dianhydride.
bis(3,4—dicarboxyphenyl)metﬁane dianhydride.
1,l—bis(2,3—dicafboxyphenyl)ethane dianhydridé,
1,1-bis(3,4-dicarboxyphenyl)ethane dianhydride,
1,2-bis(2,3-dicarboxyphenyl)ethane dianhydride,
1,2-bis(3,4-dicarboxyphenyl)ethane dianhydride,
1,3-bis(2,3-dicarboxyphenoxy)benzene dianhydride,
1,3-bis(3,4-dicarboxyphenoxy)benzene dianhydride,
l,4—bis(2,3-dicarboxyphenoxy)behzene dianhydride,
1,4-bis(3,4-dicarboxyphenoxy)bénzene ,dianhydride,
2,3,6,7-naphthalenetetracarboxylic dianhydride,
1,4,5,8~-naphthalenetetracarboxylic dianhydride,
1,2,5,6-naphthalenetetracarboxylic dianhydride,
1,2,3,4-benzenetetracarboxylic dianhydride,
3,4,9,lO—peryleneteﬁracarboxylic dianhydride,
2,3,6,7—anthrécenetetracarboxylic dianhydride,
1,2;7,8-phedanthrenetetracarboxylic dianhydride,
2,2-bis(3,4—dicarboxyphenj1)-1,1,1,3,3,3-hexaf1uoropropane dianhydride,
2,2-bis(2,3~dicarboxyphenyl)-1,1,1,3,3,3-hexafluoropropane dianhyvdride,
1,3-bis{4-(1,2-dicarboxy)phenoxylbenzene dianhydride, -
1,4—bis[4—(l,2—dicérboxy)phenoxy]benzene dianhydride,
1,4-bis[3-(1,2-dicarboxy)phenoxylbenzene dianhyvdride,
1,3-bis(4~(1,2-dicarboxy)~a , aq ~dimethylbenzyllbenzene dianhydride,
l,3-bisf3-(l,2~dicarboxy)—a ¢ -dimethylbenzyllbenzene dianhydride,

1,4-bis{3-(1,2-dicarboxy)-q ,q -dimethylbenzyllbenzene dianhydride,

e Tevtarommams
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8. An insul ating adhesive tape according to any one of Item1l to Item§6,
which is characterized in that the thernoplastic polynmer |layer is forned
on both surfaces of the insulating filmand being therno-press-bonded to
an inner |lead of a sem conductor lead frane via the thernoplastic polyner
| ayer to fix the inner |ead. 9. An insulating adhesive tape
according to Item8, which is characterized in that the insulating
adhesi ve tape is thernp-press- bonded to a predeternmined IC chip via

anot her surface of the thernpo- plastic-l28yer to which the inner |eads are

not bonded. Enbodi nents of the invention are descri bed bel ow, by
way of exanple. .only 1d.wW t.h reference. | . ' of
I e e s R T S L T
| ead 2,2-bis[4-(4-(1,2~-dicarboxyv)phenoxy)phenyllpropane dianhydride,

2,2-bis{4-{3-{1,2-dicarboxy)phenoxy)phenyllpropane dianhydride,
bis[4-(4—(1,2-dicarboxy)phenoxy)phenyl]ketone dianhydride,
515[4—(3-(1,2-dicarboxy)pheqoxy)phenyl]ketone dianhydride,
bis{A-(4—(1,Z—dicarboxy)phenoxy)phenyl]sulﬁone dianhydride,
bis{4-(3-{(1,2~dicarboxy)phenoxy)phenyl]lsulfone dianhydride,
bis{4-(4~-(1,2~dicarboxy)phenoxy)phenyllsulfide dianhyvdride,
bis[4—(3—(1,2-dicarboxy)phenogy)phenyllsulfide dianhydride,
bis[4-(4-(1,2-dicarboxy)phenoxy)phenyll}-1,1,1,3,3,3-hexafluoropropane
dianhydride and
bisf4—(3—(1,2—dicarboxy)phenoxy)phenyl]—1,1,1,3,3,3-hexafiuoropropane
dianhydride, |

These aromatic tetracarboxylic diénhydrides can be used singly or as
a mixture.

Aromatic diamine which can be used for the reaction includes, fcr
example, |
bis{4-(3-aminophencxy)phenyllmethane,
1,1-bis[4-{3-aminophenoxy)phényl]lethane,
1,2-bis[4-(3~aminophenoxy)phenyllethane,
l,l—bis{44(3~aminophenoxy)phenyl]propane,
1,2-bis{4-(3~aminophenoxy)phenyllpropane,
1,3-bis[4~{3~aminophenoxy)phenyl]propane,
2,2—bis{4-(3-aminophenoxy)phenyl]prdpane,'
1,1-bis[4~{3-aminophenoxy)phenyllbutane,
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on-chip I C devi ce; Fig. 2 is a nodel diagramillustrating the

structure of an IC device attached with a heat spreader; Fig. 3
is a cross-sectional viewillustrating the layer struc- ture of an

i nsul ating adhesi ve tape according to the present inven- tion;

Fig. 4is aplan viewillustrating the structure of a sanple wused for an
adhesive strength test and a | eakage current test; Fig. 5is a
side viewillustrating the sanple shown in Fig. 4; and Fig. 6is
a cross-sectional -viewillustrating thegstructure of a sanple for a wire
bond test.

1,2-bis{4~(3~aminophenoxy)phenyllbutane,
1,3-bis[4-(3-aminophenoxy)phenyl ]butane,
1,4-bis[4-(3-aminophenoxy)phenyl lbutane,
2,2-bis[4-(3-aminophenoxy)phenyl]butane,
2,3-bis[4-(3-aminophenoxy)pheny1]butane;
2,2-bis[4~(3-aminophenoxy)phenyl]-1,1,1,3,3,3-hexafluoropropane,
4,4f-bis(3-aminbphenoxy)biphenyl,
bis{4-(3-aminophenoxy)phenyl lketone,
bis[4-(3—aminophenoxy)phenyl]sulfide and
bis{4-(3-aminophenoxy)phenyllsulfone. These aromatic diamines can be
used singly or as a mixture,

Exemplary aromatic dicarboxylic anhydrides'oﬁ the formula (2)
include phthalic anhydride, 2,3-benzophenonedicarbo#ylic.anhydride,
3,4-benzophenonedicarbéxylic anhydride,
2,3~dicarboxyphenyl phenyl ether'anhydr;de,
3,4~dicarboxyphenyl phenyl ether anhydride,
2,3-biphenyldicarboxylic anhydride,l
3,4-biphenyldicarboxylic anhydride,
2,3~-dicarboxyphenyl pﬁenyl sulfone anhydride,.
3,4-dicarboxyphenyl phenyl sulfone_anhydride,
2,3-dicarboxyphenvl phenvl sulfide anhvdride,
3,4—dicarboxyéhenyl phenyl sulfide anhydride,
1,2-naphthalenedicarboxylic anhydride,
1,8-naphthalenedicarboxylic anhydride,

1,2-anthracenedicarboxylic anhydride,

THIS 8HEET Ha
R REPM S BEEN

Thls Sheet Has Been Rer

(IR




< »

13 Wth reference to the attached drawi ngs, a further explanation

w | | be'nade on sone enbodi nents of the present invention. However the
present invention should not be limted to only the herein de- scribed
enbodi nment s. Referring to Figs. 1 and 2, nuneral 1 represents an IC
chip, 2

- 30 -

2,3-anthracenedicarboxylic anhydride and
1,9-anthracenedicarboxylic anhydride.

Solvent which can be used include, for éxample,
N-methyl-2-pyrrolidone, N,N-dimethylacetamide, N,N~§imethylfcrmamide..
1,3-dimethyl—2—imidazolidinone, N,N-diethylacetamide,
N,N-dimethylmethoxyacetamide, dimethyl sulfoxide, pyridine, picéline.
dimethyl.sulfone, hexamethylphosphoramide,
tetramethyl urea, N-methylcaprolactam, butyroractum, tetrahydrofuran,
1,3-dioxane, 1,4-dioxane, l,i-diméthoxyethane, bis(2-methoxyethyl)
ether,l,2-bis(2-methoxyethoxy)ethane, bis(2-(2-methoxyethoxy)
ethyllether,
o-cresol, m-cresol, p-cresol, cresylic acid, p-chlorophenol and anisole.

These solvents can be used singly or as a mixture.

Explanation will be made below as for how the insulating tape
thus formed is used.

The insulating adhesive tape and electronié components such as
lead frames and IC chips can be adhered with each other by a well-
known thermo-melting preés-bonding method.

The adhesive temperature is éelected within the range of from
250°C éo 450°C , and partiéularly from 270°C to 400°C . The adhe—.
sive time is particularly not limited but it is desirable to shorten
the adhesive time as much as possible, usually to a ranée ocf 0.1 to 16
seconds, preferably to a range of 0.1 to 5 seconds. It is desirable

to set the adhesive pressure to 1 to 50kg/cm!, preferably to 5 to 30

"l



represents a lead frame, 3 represents a resin encapsulating material, 4
represents an insulating adhesive tape, 5 represents a gold wire, 6
represents a heat spreader, and 7 represents a die bonder. In an
| C chip of this type, the ICchip 1 is adhered onto the Ilead frame 2 with
the insul ati ng adhesi ve tape 4, connected with a very fine gold wire 5,
and then encapsulated with the resin encapsu- lating material 3.

In the I1C device of the type shown in Figz;2 the ICchip 1 is adhered
onto the heat spreader 6 using the die bonder 7. The lead franme 2 is also

adhered onto the heq% spr eader 6<%%th t he |psukagsn9em9gﬂamevght ape, 4 tF

el ectrically conhBctt BFeEaRdh Bt1HePSuwfPRPH goitd e A% ypPeal

layer StrUCtu%e Ofaghgki f%gn%tkggc éﬂgtvﬂlggpgeﬁgérature and form easily a
brittle oxidized film thereon, it is desirable that an oxzigen
concentration in an émbient of the thermo—me}ting pPress-bonding is
set to less than 4%, preferably to less than 1%, to thus prevent an
formation of an oxide layer.

In the insulating adhesive tape acpording to the present in-
vention, since the thermoplastic polymer has an excellent adhesive
property to a semiconductor material and its glass transition temper-
ature is not less than 180°C (which is higher than 175°C of usual
molding temperature of resin encapsulating material), superior mold-
ability is given during resin encapsulating process.with no deforma-
tion nor flow at thermoplastic nor being made. The glass transition
temperatures as high as 180~ 280°C proQide very good thermo-melting
press-bonding conditions for industrial production. The modulus of
elasticity as low as 10 to 10° dyne/cm? at 250 to 300 °C does not
allow slightest movement of inner lead during the wire bonding step
where an inner lead is wired with an IC chip at 240 to 280 °C .,
thereby excellent reliability for bonding can be assured.

Moreover, the good bond is secured between an inner lead and
an IC chip during a reflow soldering pfocess.

In order to confirm the reliability for long service period an
accelerating test was made in a pressure-cooker at 121 °C ahd a rela-
tive humidity of 90%, in which the insulating adhesive tape was not

peeled from an IC lead frame and/or an IC chip at all. 1In addition,
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cording to the present invention is shown in Fig. 3. That is, the in-

sul ati ng adhesive tape 4 according to the present invention is forned,

wi th an adhesive |ayer 42 of a thernoplastic polynmer being coated on one
surface of the insulating film4l to be a base support-

- 14 -

ing film and an adhesive | ayer 43 of a thernoplastic polynmer

being coated onto the other surface of the insulating film4l, the

adhesi ve
from

| ayer 43 being a thernopl asti€ 320kynmer same with or different

the separated of base film from the thermoplastic polymer was not ob-
served. |

In the insulating properties after adﬂering, the volume speci-
fic resistance is 10t to 10*®* Q cm, and the surfaqe resistance is ld

19 o 1013 Q)

=4 7

and the ionic impurities are very scarce. The severe

accelerated aging test, where the sample is arranged in a pressure-

cooker at 121 °C and a relative humidity of 90% and applied continu-
ously with an DC voltage of 5 volts for 1000 hours, proved such an
excellent electric#l charactéristic that the surface resistance
falling ratio before and after the.test is suppressed to less than
5%.

The examples for synthesizing the polyamide acid varnish and
polyimide varnish are shown below:

EXAMPLE 1

14.6g (0.05 mol) of l,3-bis(31aminophenoxy)benzene and 92.1g
of N, N~dimethylacetamide were introduced in a container equipped
with an agitator, a ;eflux condenser, and a nitrogen introduéing
pipe. Then 16.0g (0.0455 mol) of 3,3!, 4,4-benzophenonetetracarboxyli-
c acid dianhyd;ide was divided int§ four portions and added into the
container under a nitrogen atmosphere at a room temperature and the
mixture was stirred for 20 hours at a room temperature. The loga-
rithmic viscosity 5 of the resultant polyamide acid was 0.95 dl/gq.

EXAMPLE 2 _

36.89 (0.1 mol) of 4,4'-bis(3-aminophenoxy)biphenyl and.137.6g

of N, N-dimethylacetamide were introduced in a container equipped
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T

THIS SHEET HAS BEEN
REPLACED




% T

t hat of one surface of the insulating film41l. The insul ating
adhesi ve tape 4 was tested using the device shown in Figs. 4, 5, and 6. As
shown in these figures, the insu- lating adhesive tape 4 is adhered onto
the 1C chip 1 on which some |eads 21 of lead frame 2 and a single test bar
8 for wire bonding are bonded. In the figures, nuneral 2la represents a
silver plated por- tion of the lead 21. In order to performa wre bonding
test, as shown in Fig. 6, a gold mﬁre 5 ggnnects the silver plated portion
2la of the lead 21 to the test bar 8. The follomdng test results

are obtalned USIn H? above test de t her
expl anat i on" ¥’ 12 ‘%ﬁ% us' fort epﬁ[']lelt‘xercr0 erfﬁerboac‘i" et sl%lfo??]% T“hgﬁ?%‘t’?h@g
adhesi ve t%ﬁﬁméccggehngoﬁfkg'v%,BQ€§GQ51) of pyromellitic acid dianhydride and
13.§7g (0.0475 mol) of 3,3°', 4,4'—biphenylteﬁracarboxylic acid dian-
hydride were added little by little into the container under a ni-
trogen atmosphere at a room temperature. The mi#ture was agitated
for 20 hours at a room temperature. The logarithmic viscosity n. of

the resultant polyamide acid was 0.55 d1l/g.
EXAMPLE 3
36.8g (0.1 mol) of 4,é'Lbis(3—aminophenoxy)biphenyl and 175.8g
of N, N~-dimethylacetamide were intFoduceq in a container equipped
with an agitator, a reflux condenser, and a nitrogen introducing
pipe. Then 21.5g (0.1 mol) of pyromellitic acid dianhydride was added
1it£le by little into the container under a nitrdgen atmosphere at a
‘room temperature. The mixture was agitated for 20 hours at a room
temperature. The logarithmic viscosity 5 o©f the resultant
polyamide acid was 1.45 dl/g.

EXAMPLE 4 ' | :
292.29 (1.0 mol) of 1,3-bis(3-aminophenoxy)benzene and 1838.4g
of N-methyl-2-pyrolidone were introduced in a.container equipped with
an égitator, a reflux condenser, and a nitrogen introducing pipe, énd-
agitated under a nitrogen atmosphere at a room témperature to dis-
solve. 320.59¢ (0.995 mol) of 3,3', 4,4'~-benzophenonetetracarboxylic
acid dianhydride was added little by little into the container. The
resultant mixture was risen up to 50°C and then agitated for one

hour. Then 4.434g (0.03 mol) of phthalic acid anhydride was added to
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I nventi on.
insulating film41. Such a material nmay be exenplified as

for the
foll ows:

Cheni cals,
Pont Co.),

A polymer with an imde bond may be used as a materi al
a polyimde filmincluding Regulus (a trademark of Mtsui Toatsu

Upilex M S, SGA, SGAPA (respectively, a trademark of Ube

I ndustries, Ltd.), Apical AH NPl (respectively, a trademark of

- Kanegaf uc
Aram ca (

- (0.0475 mol) of 3,3', 4,4'-biphenyltetracarboxylic acid dianhvdride

hi Chem ical Industry Co., Et3# ), or an aramd filmsuch as
a trade- '

e mixture little by little and then agitated for further two hours
;6 50°C . 93.1g (0.1 mol) of 7 -picoline was added into the resultant
wlyamide acid solution and then heated while being stirred in a flow
;f nitrogen. During héating, water produced with an imide reaction
was reﬁqved out of the system. While the mixture was maintained at
180 °C for 5 hours to imidate thermally, the produced water and the
reacted solvent carried by a flow of nitrogen were partially removed
out of the system. Then the heating was stopped. The product was
cooled to a room temperature fgi about two hours while stirring. Then
the product was stirred continuouslz for 10 hours.

The viscosity of the resultant polyimide varnish was 60 péise
{(at 25%C , E-type viscometer) and its logarithmic viscosity j was
0.55 dl/g.

EXAMPLE 5

36.8g (0.1 mol) of 4,4'—bis(3;aminophenoky)biphenyl and
137.6g of N,N-dimethylacetamide were introduced in a container
equipped with an agitator, a feflux condenser, and a nitrogen intro-~
ducing pipe. Under a nitrogen atmosphere at a room temperature,

10.36g (0.0475 mol) of pyvromellitic acid dianhydride and 13,974

were added little by little into the container. The resultant mixture
was heated to 50°C and stirred for one hour. Then after 0.886 g
(0.006 mol) of phthalic anhydride was added in the solution, the mix-
turé was agitated at 50°C for further 2 hours. Then, 9.31g (0.01

mol) ofy -picoline was added to the resultant polyamide acid solution

This Sheet Has Been R
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Inc.) Kapton H, V, E, K and ZT (respectively, a trademark of Du
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- 15- mar k of Asahi Chemi cal Industry Co., Ltd.). In these materials, it
I's recomended to use a polyimde filmwth a | ow water absorbi ng
capacity, particularly of, a material "of Upilex S type and Kapton E type.
The thi-ckness of the base filmis not particularly limted. However, it is
preferable that the thickness ranges from1 to 500 [err] m nore
preferably from5 to 100 [err] m Before a thernopl astic pol yner
| ayer containing a thernmoplas- tic poly1|:?15d'e is formed on the base film
It is preferable to subject the surface of a substrate to a plasna
treat nent ;pa @aan@ethtedt Whdlle being stirred in a flow of nitrogen. During
heating, water produced with an imide reaction was removed out of the
system. The product is maintained at 180°C.- for 5 hours to imidate
thermally. During this step, produced water and reacted solvent car-
.ried by the nitrogen flow were partially removed'out of the system.
Then the heating was stopped and the product was cooled to a room
temperature in about two hours while stirring. Then the product was
stirred for further 10 hours.
The wviscosity of the resultant polyimide varnish was 80 poise
(at 25°C , E~type viscometer) and its logarithmic viscosity gz was
0.60 dl/g.
EXAMPLE 6
14.6g (0.05 mol) of 1.3-bis(3-aminophenoxy)benzene and 92.1g
of N, N-dimethylacetamide were introduced in a container equipped
with an agitator, a reflux condenser, and a nitrogen introducing
Pipe. 14.4g (0.0446 mol) of 3,3', 4,4'-benzophenonetetracarboxylic
acid dianhydride were divided into three portions and then added in
nitrogen atmosphere at a room temperature. The mixture was stirred
for two hours at room temperature. Then, 0.61g of KBM-403
(manufactured by Shinetsu Chemical Co., Ltd.), epoxy series silane’
coupling agent, was added to the solution and stirred for 20 hours at
a room temperature. Then, 1.4q9 (0.0044 mol) of 3,3', 4,4'-benzophe-
nonetetracarboxylic acid dianhydride was added to the solution and

then stirred for ¢ hours at room temperature. The-logarithmic vis-

cosity 5 ©of the resultant silane coupling agent denatured polyamide

THIS SHEET HAS BEEN

Sheet Has Been Rerlaced
REPLACED
P i

W

|

|



3 *

It is well-known to make rough physically the surface of a substrate by
these treatnents or to formchemcally a functional group such as carboxyl
radi cal on the sane. However, the treatnment effect in the

t her nopl ast i

c polynmer layer of the present invention is renmarkabl e beyond

expectations. The adhesive strength to the substrate can be inproved and

stabilized

the treated.

i nvention, i
| ayer has a
280[err]C ,
dyne/cnferr]
dyne/cnferr]

| ar gel y. A thernoplastic polyner layer is formed on

surface of the base film For3&arrying out the present

t isim portant that the thernoplastic polyner formng the

gligdlsgast¢ B¥sAflion tenperature ranging from 180[err]C to

and has a nodu- lus of elasticity ranging 10[err] to 10[err]
at 25 PEMILE 7usual ly a nodul us ranging 10[err] to 10[err]

at a wire bonding tenperature ran-
25.89 (0.07 mol) of 4,4 bls(3 amlnophenoxy)blphenyl and 6.0 g

of 4,4~dimaminodiphenylether were introduced in a container equipped
with an agitatér, a reflux condenser, and a nitrogen introducing
pipe. Then 21.5g'(0.1 mol) of pyromellitic dianhydride was added lit-
tle by little into the container under a niﬁrogen atmosphere at a
room temper&ture. The mixtu;e was stirred for 20 hours. The loga-
rithmic viscosity h of tﬁe resﬁltant polyamide acid was 1.30 dl/g.

EXAMPLE 8 |

138.7g (0.47 mol) of 1,3—bis(3-aminophenoxy5benzen, amine~ter-
minated polydimethylsiloxane(TORAY DOW CORNING SILICONE Co. BY-16-
853) and 998 g of N, N—dimethylacétamide were introduced in a.con-
tainer equipped with an agitator, a reflux condenser, and a nitrogen
introducing pipe. Then 162 g (0.05 mol) of 3,3'-~benzophenonetetracar
boxylic acid dianhydride was added little by little into the con-
tainer under a nitrogen atmosphere at a room temperature. The miz-
ture was stirred for 20 hours. Thellogarithmic viscosity h of the
resultant polyamide acid was 0.45 dl/g.

Insulating adhesive tapes were manufactured by using the wvar-
nish obtained by the above synthesis éxaﬁples and various base filnms
and were subjected to various tests. The test results are shown in
the following Table.

The manufacturing method and the test results are déscribed

below. Some embodiments employ different conditions from those ca-

_—K
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ging from250[err]C to 300[err]C
Pl-xh, PI-Y, Pl-Yh, or

Pl - X
-16-

above nentioned properties.

¥

pl -

The thernDpIastib pol yi m de of

Z may be listed as a preferable thernoplastic polynmer having the
If the glass transition tenperature

S

| ess than 180[err]C or the nodulus is less than 10[err] dyne/cnierr] at a
w re bonding tenperature, such a problemw Il occur that the inner |ead

noved during wre bonding - 37 -

scribed below but the conditions are shown at the foot of the Table.

The varnish produced in the above synthesis example is coated
over a base film. The sample is heated step&ise by 30°C temperature
from 100°C to 250°C , while it is dried for S miqutes in each step
to imidate. Finally, a thermoplastic polyimide layer with a prede-
termined thickness is formed. Then, an adhesive insulating tape is
prepared.

Under the same Fonditions as those described above, the ther-
moplastic polyimide used alone is processed into a film. The elastic
modulus of the film is measured at 25 °C and 250°C using VIBRON
{trademark) viscoelastometer. -

Sequentially, the insulating adhesivé tape is cut into 10 mm
sguare pieces. Each piece; as shown in Figs. 4 and 5, is placed on a
Si chip 1 coated with polyimide, and the leads 21 of a comb-type lead
ffame of 42NiFe alloy is arranged on the piece. The structure is
subjected to a thermo-press-bonding at 270°C for 5 seconds at a
pressure of 30kg/cm?*. The leads 21 are sheared out of the frame'fo

form plural test samples # and S, as shown in Figs. 4 and S.

'S

The lead frame used for testing are a comb-type lead frame

with 16 leads. In the test sample M, the width of the lead is 0.3mm
and the gap between the leads is 0.3mm. In the test sample S, the
width of the lead is 0.15 mm and the gap between the leads is 0.15
mm. Eéch lead has a thickness of 0.15 mm and a silver plated portion
at the area of 0.5 mm from the end.

Samples M were subjected to aging test for a 90-degree peeling
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process or. energy cannot properly be transferred to the inner {ead in
ul trasoni ¢ heati ng. On the contrary, if the glass transition
tenperature is nore than 280 [err]C or the nodulus is nore than 10[err]
dyne/cnferr] at the wire bonding tenperature, it will take nuch tine to

performtherno-nelting- bonding for the Le3®l~frame and | C chi p, whereby it

Is difficult to ex- ecute a short tine bondi ng In order to

enbody the rese i hyvent i esira . et

sol vent co# alnr?e ?’x nt?%esfﬁg%?r%p%jgftrlecghg yrrer ayer %ﬁm% nggrtﬁn
base filmis re4h h Leagt i -
t her nopl ast cﬂ%t(g g?m cftt? %gg&b/eﬁgghggémaﬁ% &gl I a dc%s(t::orrpl e?%d%T %Bsareceaﬁeel
prevent the,saleveRbryOlRnel k28t '%pQEsttk'edasVQ\le%Ehl:é@aﬁdzo@h@f iRD SHUBG - ge-

produced die to an”imdization chemical re-

gree pee;lng strength. Another test samples M were subjected to the
90~degree peeling strength test after they had been left for 1000
hours in é pressure~cooker which atmosphere has a temperature of 121°C
and a relative humidity of 90%.

Next, while a DC bias voltage of 5 volts were applied between
adjacent leads of the test saaple S, a leakage current flowing between
the leads was measured. Next, while the 5 volt DC bias voltage ap-
plied between the leads, the corresponding sample was subjected to a
1000 hour aging under a conditioh of a temperature of 121 °C and a re-
lative humidity of 90%. The leakage current of the sample was mea-
sured again after the aging.

In oxrder to examine the strength characteristic of the wire
bond, a test bar 8 was adhered to the test sample S;-as shown in
_Figs. 4 and 6, and the resultant structure was subjected to a wire
bonding test. A bonding was carried out using a gold wire while an
ultrasonic vibration is being applied under the conditiocn oflthe
stage temperature of 260°C and a bonding load of 100g. Thereafter;
the positional deviation movement of lead 21 reéulting from the
bonding step was observed and bonding strength was measured.

Test results of insulating adhesive tapes with various struc-

ture are shown in the following Table.
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action during the short tinme therno-nelting-bonding at high tenper-
(generally, 270 [err]C ) fromcontam nating the surface of the
frame or

t he surface of

over

I'C chi p,
| C chip to be adhered with an insulating adhesive tape, i

or producing void in the adhesive | ayer.

atur

When

covered with a ceramc such as silicon nitride or a glass such as

phosphor - borosilicate glass,

It

i s inmporta

is m xed and reacted at the tine when the ther-

-17-

| ead

e

S

nt that a Silane coupling agent

EMBODYMENT  No. Noi No. 2 No 3 No 4 No. S No 6 No. T N 8
Grade A A B B A A A Loa
gase film : A
Tickness um| 50 50 25 25 50 50 50 50
Syn. example No| 1 1 1 1 R SR G
varnish - : §
Drying Temp. °C | 100--250 ; 100--250 | 100--250 | 100--250 | 100--280 | 100--280 | 100--280 | 100--280 :
5 Unit formula A1) KD () (1) D KD Kl : L
Terno- | Thickness am| 10 | 10 o |0 | 5 | 0 w0
¢ plastic ; ;
ipolyimide | Trans. Temp. °C| 200 200 200 200 220 220 220 i 220 :
layer - .
25 °C | 4.4x10"° | 4. 4x10'° | 4.4x10'° | 4.4x10'° | 4.4x10'° | 4. 4x10'° | 2.5¢10"% | 4. 4x10*"
Elastic : :
modulus | 250 °C | 4.0x10" }4.0x10% |4.0x10* |4.0x10' |2.0x107 |2 0x107 |2.0x10° |2 0x107 !
Width & gap of leads mm| 0.3 0.15 0.30 0.15 0.3 0.15 0.3 0.15 !
Pressure kg/cf| 30 30 . | % 30 30 o0
Bonding ' — : :
Temperature °C | 270 270 270 70. 270 270 350 130
condition ; :
Bonding time sec 5 5 3 5 5 5 5 4 3
Resistance | Initial Val. g | 28 27 24 52 . '
against
peeling | After aging g 27 27 22 52
Leakage Initial Val.nA 3 4 3 3
current -
After aging nA 3 4 4 3
Stage temp. °C 230 230 230 © 260
| Bonding | Bonding force g 100 100 100 © 120
test
| Resistance g 10 11 {10 15
: Lead deviation No Yo No No

Base film A:Upilex SGAPA plasma treated

B: Apical NPI
C: Kapton E
D: Upilex S

Cuit of elastic modulus:
Protesting layer of Si chip: PI coating for Exmples 1.to 20. phusphouros glass membrane (or Exmples 21 and 22

plasma treated
plasma treated

uot plasma treated
dyne‘cm®

:BE Industries. Ltd. .
KANEGAFUCHI Cemical [mndustry Co..

TORAY-DUPONE

Co. Ltd.

UBE Industries. Ltd
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nopl astic polyimde coated over the base filmis synthesized, or is mxed
after the synthesizing process. The sil ane coupling agent such as -
foll'owi ngs may be recomend- ed: that is, epoxy silane, thiol silane,

am no silane (KBM 403, KBM 803, KBM 602, KBM 573 and so on, manufactured
by Shin-Etsu Chemcal Co., Ltd.), particularly, KBM 403 and KBM 803 is

pref erabl e. In this case, the ar®unt of silane coupling agent to

be used desi rably ranges fromnot |ess than 0.5% by Wi ght of the

t her nopl aStI @gl mde—to ot —mgre e 4% thereof E|-eromry
frommore thant™BY Wei ght! thér qofelfo]| Mk h’ﬁh ’J%NW weiht | t i doflels
The anopunt df't he [s).ane coupl | ng Jagent [ofg Iess thgn 0.5% qr fone t|ha 4%
is not pr ef.e%;@bhq;“ hpr‘aqu th unldity o8 sthnt he-__dive s rpnnt h to é
cerami ¢ or glass ifstipaas, «f| tsne Jolsati|i zatipmsof ; so 50 50 1 50
Syn. evample Yo 2 2 2 2 2 2 3| 3
varnish - : - : ;
: Drying Temp. *C | 100--280 | 100--280 | 100--280 | 100--280 { 100--310 | 100--310 | 100--290 | 100--290 i
it formla | XK@ | R@ | R® | R@ | K@ | KD | Kty | RKedy o
‘Thermo- | Thickness zm| 10 10 10 10 10 10 0 )10
§ plastic ! . -
Ipolyimide |Trans. Temn. 'C| 230 230 230 230 230 230 270 |20
i layer - :
g 25 °C | 2.5%10" | 2.5x10'° | 2.5x10'° | 2.5x10'° | 3. 7x10'* | 3.7x10'° | 4.2x10'".} 4. 2x10" -
i Elastic ' ; ;
§ modulus | 250 °C | * * * * 2.0:107 [2.05107 | k% ik
1
Width & gap of leads mm| 0.3 0.15 0.3 0.15 0.3 0.15 0.3 ¢ 015
Pressure bg/cd | 30 30 30 30 30 30 | 30
Bonding ,
Temperature C | 300 300 300 300 350 350 30 ! 370
condition :
Bonding time sec 5 3 5 S 5 5 3 I
Resistance | [nitial Val. g| 40 35 65 %
against ;
peeling | After aging g | 42 37 67 58
Leakage [nitial Val. nA 2.5 2.9 ! 4 2
current :
After aging n A 2.3 2.9 4 2
' Stage tem. T | 260 260 260 270
Bonding | Bonding force g | 100 100 100 120
test : - 1
. Resistance g | b1l 12 P 15 .
Lead deviation | | @ | ey | awy EHE
i H t ' ! \

Base film A:Upilex SCAPA plasma treated -UBE Industries. Ltd.

Lnit of elastic modulus:

x

R

B: Apical NPI
€: Kapton C
D: Upifex S

plasma treated

plasma treated
not plasma treated

dyne/em® -

:at 270°C. 3.0x10° dyne;cm’
Tat 290°C. 3.0x10¢ dynesem®
Praotesting layer of Si chip: P[ coating for Exmples 1 to 20. phosphouros glass membrane for Exmples 21 and 22.

KANEGAFUCHI Cemical [ndustry Co..
TORAY-DUPONE Co. Ltd.
UBE I[ndustries. Ltd.
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an excessive silane coupling agent during the therno-nelting-bonding
process at- high tenperature nmay contam nate the | ead frane.

this case,

t her nopl asti c pol yner

because of

reasons simlar to those nentioned
necessary requirenments are that the glass transition tem
ranges from 180[err] C to 280[err] C and

above,

I
t he

n

perature of the
t he nmodul us

of elasticity ranges from10[err] to 10[erf}'ﬁyne/cn{err] at 25[err]C, and
from10[err] to 10[err1 dyne/cn{err] at a wire bonding tenperature.
Preferably, th%\mb(f?ﬂshﬁ shpurifties of ysediug g Pt g§esi Pmg2chl Qideng, \sidl phabe |
ion etc. in_the ernoplastic polyner (¢ ¢ bout—L [ erriglg(hy the
hydr ot her nal extrimhmng netnodc il vas ¢ asad an Ahe | amount pof
i ons extractsed (fimoma—water—at—126ferr} Sg ; For—that
reasons, it does 1dﬂ*vébuﬂﬂvhaﬁ eIeéQrorié°C|lcd1ts 0 20 U
Syn. example Nai 4 i' 4 5 5 6 6 I E l :
varnish i :
Orying Temp. °C | 100--270 | 100--270 | 100--270 | 100--270 | © © 100--250 | 100--250 ;
T\
Unit formula | PI-Xn | PI-Xh | PI-Yh | PI-Yh | ¥ K | R
I Therno- | Thickness zm | 10 10 10 10 8 8 10 0
© plastic
. polyimide | Trans. Temp. °C,; 230 230 235 235 205 205 200 200
; layer
i 25 °C{ 1.0x10'" | 1.0x10'° | 4.0x1C"" { 4.0x10° | 3.9x10'® | 3. 9x10" | 4. 4x10'° | 4.4x10"7
' Elastic d
i modultus | 250 C | 7.0x107 [7.0x10% | % |sx% |3.0¢10° |3.0x10° |4.0x10" |4.0¢10" !
Width & gap of leads mm 0.3 0.15 0.3 0.15 0.3 0.13 0.3 E 0.15
Pressure kg/caf| 30 50 30 30 20 20 30 30
; Bonding
Temperature °C| 270 270 280 280- 380 380 270 270
condition
Bonding time sec 5 5 5 3 3 3 1 3
| Resistance | nitial Val. g| % | 53 48 2|
against :
peeling | After aging g | 31 47 *335 10 !
-~ Leakage [aitial Val.nA T 6 3 g
current -
After aging nA | 8 7 3 3
| stage temp. C | | 260 270 270 230
.Bonding | Bonding force g 80 80 | 100 P 100
test - N 7 -
Resistance g | Ik 13 | 13 i 10
tead deviation | . sz% EAT e

Base film A:Upilex SGAPA plasma treated
plasma treated
plasma treated

not plasma treated
dyne-‘cm’

B:

C: Kapton E

D: Lpilex §
Lnit of elastic modulus:
:at 260°C. 2.0x10° dyne-cm”

kR

Apical NP

UBE Industries. Ltd.

UBE Industries. Ltd.

KANEGAFUCHT Cemical [ndustry Co..
TORAY-DUPONE Co. Ltd.

2 Film is heated at 250 °C with far-infrared rays heater.dried and converted to imide.
7z PL-X type silane coupling ageat denatured thermoplastic polyimide

* Agiug condition: 85 "C, 5% of refative humidity and [.000 hours

- Protesting layer of Si chip: Pl coating for Exmples I to 20. phosphouros glass membrane for Exmples 21 amd 22
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lonic inpurities wwthin the tape or the netal

circuited.
urani um
be) Il ess than

than 0.6 ppb,

mai nt ai ned at

around t he I nsul ati ng adhesi ve tape used for adhesion are eroded by

m gration makes the short

Si nce the anmpbunt of the radioactive el enent such as

t hori um causi ng software error
the detection limt of a radddactivation anal yzer i
the reliability of the sem conductor

in a sem conduct or

menmory (may
.e. less
menory can be

. [éval _fTor Jon éri od.
(?UM%E&YVE FEM&]TH&ENT No. Na 1 Nugz P
Grade A C
‘gase film
i Tickness num} 50 50
Syn. exampie No 7 8
varnish
Drging Temp. °C | 100--320 | 100--250
Unit formula - -
Thermo- Thickness um 10 10
plastic
poiyimide | Trans. Temp. °C | 290 165
layer
25 °C { 3.6x10'°% | 3.6x10'"
Etastic -
modulus | 250 °C | 6.0x107 | 4. 0x10*
Width & gap of leads mm 0.3 0.15
Pressure kgcii{ 30 20
Bonding
Temperature °C| 400 280
condition
Bonding time sec ] 3
Resistance | Initial Val. g 4 5
against ;
peeling | After aging g 0 ;
Leakage [nitial Val.nA
current
After aging nA l
Stage temp. °C 260
Bonding Bonding force g |- § 100
test :
| Resistance g g 4
Lead deviation E Vum

Base film A:Upilex SGAPA -plasma treated

B:
C:
D:
Unit of elastic modulus:

Apical NP1
Kapton E
Upilex §

plasma treated

plasma treated
not plasma treated

dyne/cm?

UBE Industries. Lid.

KANEGAFUCHI Cemical Industry Co..
TORAY-DUPONE Co. Ltd.

UBE [ndustries. Ltd.
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The water absorbing ratio of the thernoplastic polynmer is preferably |Iess

than 1.2% (after irmrersing in a pure water at 23[err]C for 24 hours).
Since the value is 1/2 to 1/5 of that of polyether am de and pol yether

am de-im de generally used, the void formation can be |argely decreased be

caused by possible water vapor during an adhering process under high
t enperat ure. The t hernopl astic, pol ynmer | ayer conprising a
t hernopl astic polyinide can be forned “coating a polyinmide acid varnish

contain- ing a pgl gggiﬁglg,rh@gge:don( %%eaagpty,¥%g?agng%SQhL1 iRsPPAYidY dQine-

varni sh cont ai ni ng or a po e var contalning a

pol yi mi de_ i@é:itda@cgcsgoquqggcgupu,ggpa&?&;t Whiveh tisnTeXRdvansheasd ady Waey

pol yam deacid I's synthesized, or is mxed after the synthesizes pro-

cess, andghan dmgl Y LtHE (R 8PahaY6F Lk iinMedgfst N !yl denpédthuctor
devices, IC chips and heat spreaders. The excellent adhesive prop-
erty and heat resistance can completely prevent the reduction of
peeling strength and lead movement during the wire bonding process.

Furthermore, the insulating adhesive tape according to the
present invention does not substantially exhibit adhesive strength
decreasing and surface resist;nbe decreasing after the 1000 hour dura-
bility test in a pressure-cooker bging under the severe condition
that the temperature is 121°C and the relative humidity.is 90%.

That is, according to the present invention, the adhesive'per—
formance can be largely improved to semiconductor.materiél such as
lead frame, IC chip, heat spreader, thus securing higher reliability
to a long period service. The insulap?ng adhesive tape alsd can make

. it possible to carry out bonding in a very short time operation,

which is extremely important for the industrial filed.

- _
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Mor eover
necessary

contain a radi©-actmvese

resin suc
- 19 -

"is coated on the base film the wvanish, if
mﬂ Huﬂlg' h afiller such as silica which does not
ement such as uraniumand thorium O an epoxy

h as EOCN- 1027 (a trademark of- jlgppon Kayaku Co.
ltd). It is desirable that the thernoplastic polyners contain a

t her mopl asicL8IM8l yi ni de of not |ess than 50% by weight, preferably not
9

| ess t han

nore preferably not less than 90 % still nore
1. An insulating adhesive tape which comprises a base sup-

porting film and an adhesive layer formed-en at least one surface
thereof, said adhesive layer being formed of a thermoplastic polymer
comprising a thermoplastic polyimide, Qherein said thermoplastic
polymer has a glass transition temperature ranging from 180, C to 280
°C and an elastic modulus ranging from 10!° dyne/cm® to 10'* dyne/cm?
at 25°C , said modulus including a valﬁe ranging from 10* dyne/cm® to

10* dyne/cm?* at a temperature between 250 C and 300C.

2. An insulating adhesive tape according to claim 1, wherein
sald thermoplastic polymer has a glass transition temperature ranging
from 180°C to 240°C and an elastic modulus ranging from 102 dyne/cm?

to 10° dyne/cm* at 2507C .

3. An insulating adhesive tape according to claim 1, wherein
said thermoplastic polymer has a glass transition temperature ranging
from 200°C to 260°C and an elasticity modulus ranging from 10°?

dyne/cm* to 10° dyne/cm? at 270 °C.

4. An insulating adhesive tape according to claim 1, wherein
said thermoplastic polymer has a glass transition temperature ranging
from 250°C to 280°C and an elastic modulus ranging from 102 dyne/cm?

to 10° dyne/cm®* at one temperature between 270°C and 300 C.
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REPLACED
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preferably not The thernoplastic polynmer |ayers
are particularl yflll m l”m t he th| ckness thereof. However it is
desirable that the thicknesss ranges fro re than 1 [err] mto | ess than

100 [err] m, preferably from nore t han [err] mto less than 50 [err]

| - k - -
Verse coater, a%di e AtndeiEF il paneh e YR el G and SRLON O
i i di zi ng_ Mot Noge ARPNYEBELS §RY BRblalAWRdAGA LRE mebeswggge ggen the

t her nopl astic pol ynmer layer ornmed on one surface of the Ilm A
floating drier gaymbeise@RMERELhAHES By hﬁa@ﬁbasdl§urfaebyr@aeféoforrred
on the both surfaces of the base film When t he anount of the

sol vent cont ai ngdbfYelcted e d paldtna tHtabtmen by Bzohdytieatmaat . mor e
than 15% by weight, it is preferable

6. An insulating adhesive tape according to any one
of the preceding claims, wherein said thermoplastic
polymer comprises a silane-coupling-agent-modified

" thermoplastic polyimide.

7. An insulating adhesive tape according to any one
of the preceding claims, wherein said polyimide is
consisted of the structural unit expressed by the

followihg formula (1):

F - e-.('“ -;\

_—
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to dry usi rrglsaShde plaa far infrared heater arranged between support
rollers space rom each other in order to inprove the

adhesi ve prop e ther m)pl astic polyner |ayer and the

sem conduct or rrat er| al . Gener. a‘iq y, the drying conditions depends
on the thickness of the thernoplastic po yrrer the concentration of a
varni sh and ¢ he DPRgVebNaAY BAs its
concentratlon oTAqE 0 an ?‘é“tsgﬁé:ﬁ%mess err? mafter gryl ng, the

drying is gea”fe Slaidld N RY iRk d & s?a'td) éﬁém&yis&ﬁé pofPyimidé&0[err] C,
150 to 200[err ¢

is consisted of the structural unit expressed by the

following formula (3):

!
6?2
®
$

|

|

#
@)
=

D&
O

.TO,

Q
O/ Z\
O
©
O\Z/

l

|

(3)

wherein: m : n = 1-90 : 99-~10.

9. An insulating adhesive tape according to claim 7
or claim 8, wherein said thermoplastic polyimide is
capped with the dicarboxylic acid anhydride expressed
by the following formula (2): |

2 The Tollowing for
“ THIS SHEET HAS BEEN | }

O mmw . s




- 20 - 250 to 300[err]C . Tenperatures over a range
of 300 to “m ﬂ] the drying tine to 10 m nutes or |ess.
In order t nt of gas produced during a nelting and

pressing tine, it is deS|rabIe that by t ?sg drying treatnent to decrease
the remaining sol vent existing in the théfnoplastic polyner layer to |ess
than 1% preferably to less than 0.1% nore preferably to less than 0.05%

These drying progesses converts the polyimde acid substan- tially into a
polyimde. The, ing is preferably performed in a cleaness of | ess

t han 1000, preZeraBIy | ess than 100, if necessary, in a nitro

at mosphere wi t hNsfie sane cl eanness. A sheet of a width of 300mm or

nore is usually ysed as the

wherein Z is a bivalent radical: selected from the
group consisting of monocyclic aromatic radical,
condensed polycyclic aromatic iadical, and non-
condensed polycyclic aromatic radical which is
directly connected or mutually'connecfed via cross

linkers.

10. An insulating adhesive tape according to any one
of claims 1 to 6 wherein said thermoplastic polyimide
is consisted of the structural unit expressed bf the

following formula (4):

r l . l . ~

‘(r"{O)‘\_)‘U ICIC T

S C4)

11. A lead frame having inner leads fixed with an

insulating adhesive tape of any one of the preceding

claims.

—he
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base fiTm and a thernoplastic polymer layer is forned thereon. Then the

sheet a tape with a width suitable for use. The
IOOI yamwmmv\mmmmw pol yi mi de varni sh, for exanple, is manufactured
c rst, a polyam de acid varnish being a polyimde
precursor |s prepared by sol ving an aromat¥8c-di anine in a polar sol vent
such as an N-nethyla phedd! #500E  a S dhG e ST EIBIMC11 &t GRErERAX KRG aci d
anhy- dride within a range of 90 to 110% by equi val enf ratio, and reacti ng
them This equilMmdEXdting i @dhesitieCitepar Eixidy Y shddoeinneli nlaadsange of
95 to 105% nore preferably to 97 to 102% Such am de acid pol yner
has a | ogarit hnirclMidzosiatihesiok QUdyetr® Indl both nEasfisamks\i theapolf,
N- di net hyl acet am de sol vent medium of a concentration of 0.5g/100m at 35
[err]C ), prefeadhiy @f5 sald. Bdldgive layer being formed of a

thermoplastic polymer including a thermoplastic
polyimide, one surface of said adhesive layer fixing
said inner leads and the other surface of said
adhesive 1a1}er being bondable with an IC chip or a

heat spreader.

13. A semiconductor.device comprising a lead frame of
claim 11 or claim 12, and wherein at least the portion
of said inner leads fixed with said insulating

adhesive tape is encapsulated with a resin.

14. A semiconductor device according to claim 13,

wherein said semiconductor device is of a lead-on-chip

type.

15. A semiconductor device according to claim 13,
wherein said semiconductor device is of a type of a

lead frame with a heat spreader.

-
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-21- The above mentioned PI-X, PI-Y, and Pl-Z can be synthe5|zed by
perform ng the processes disclosed in Japanese Patent Application

Lai d-open Nos. SHO-61-291670 (1986), HEI-5-59344 (1993), and SHO 62- 68817
(1987, sanme as USP 4, 847, 349). \Whag a | owner tenperature, | ower
pressure adheripng i s needed I n order,to | idity of the

t hernopl astic T ¥ 31 £ af boxylic acid

anhydride express %: NDUCTOR DEVICE EMPLOYING THE TAPE

ABSTRACT

An insulating adhesive tape 'comprises a base
supporting film and an adhesive layer formed on at
least one surface thereof; said adhesive layer being
formed of a thermoplastic polymer comprising a
thermoplastic polyimide. The thermoplastic polymer
has a glass transition temperature ranging from 180°C
to 280°C and an elastic modulus ranging from 10%°
dyne/cm* to 10 dyne/cm? at - 25°C, said modulus
including a value ranging from 10° dyne/cm’ to 10°

dyne/cm* at a temperature between 250°C and 300°C.

This Sheet Has Been Replaced




t he follomnng formula (2) may be used to cap the amne on the term- nal
of the am de aci d: ot “Terri. (where Z is a dival ent
radi cal - sel ected fromthe group of nDnocycllc aromatic radical, condensed
pol ycyclic aromatic radical, and non-con- densed polycyclic aromati ¢

radicals in which aromatic radicals are directly connected or nutually
connected via cross linkers.) In this

1/3

FIG 1

This Sheet H
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REPLACED
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I nvention, said cross |inkers mean cross |linking agents such as, -CO

-0-, -S-;, -Sgerr]-, -CH, -C(CHerr]-, -C(CF[err]- and the |iKke. _
The di carboxylic acid anhydride may be added at the earlier stage of the
am de acid pol ynmer producing process or after this pro- cess. The varnish
of an am de acid polyner with the capped termnal of amne may be coated -
on the base filmw thout any change. However,

- 22 - it is also reconmended to coat a BdByi mi de varni sh nade by heating
a varnish to allow a thermal imdization reaction. The above nenti oned

FIG3
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Pl - Xh; and Pl -Yh can be synthesized using the nethods disclosed in Japanese
Pat ent Application Laid-open Nos. HElI-4-111167 (.1992) and HEIl-5-59344
(1993). Wth respect to PI-X, PlI-Xh, PI-Y, Pl-Yh and Pl-Z, when
the -polyam de acid varnish or polyimde varnish is prepared, as |long as
the properties of the varnish after drying is within the range of gl ass
transition tenperatures and nodul us of e5? gticity at high tem perature
speci-fied according to the present inventio a part of the aromatic

di amne, aromatic tetracarboxylic acid anhydrlde, and dicar- boxylic acid
anhydri de bei ng pol yam de acid or pol yanm de conponent, can be substituted
with another sort of aromatic diamne, aromatic tetracarboxylic acid
anhydride, or dicarboxylic acid anhydride with- out any trouble.

'1 FIG &

21 21a
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QtYied i ani nes which can be used in combination include, for exam ple,

m phenyl enedi'am ne, o-phenyl enedi am ne, p-phenyl enedi am ne, _

m am nobenzyl am ne, o-am nobenzyl am ne, 3-chloro-1, 2-phenyl enedi ani ne,
4-chl oro-1, 2- phenyl enedi am ne, 2, 3-di am not ol uene, 2, 4-di am not ol uene,

2, 5-di am not ol uene, 2, 6-di am not ol uene, 3, 4-di am not ol uene,

3, 5-di am not ol uene, 2-net hoxy- 1, 4- phenyl enedi am ne,

4- et hoxy- 1, 2- phenyl enedi ani ne,  4- net hoxy- 1, 3- phenyl enedi‘ani ne, benzi di ne,
3, 3' -di net hyl benzi di ne, 3, 3'-di net hoxybenzi dine, 3, 3'-dichlorobenzidine,
3, 3' - di am nodi phenyl et her, -1-

INSULATING ADHESIVE TAPE, AND LEAD FRAME AND SEMICONDUCTOR

DEVICE EMPLOYING THE TAPE

The present invention relates to an insulating adhesive tape
\nilimaiaSIWNEnﬁal.hlelea:nnh:indmﬂzﬁes,:h15arthuﬂum'boeatapelundngkﬁgn
electrical insulation and héat-resistance property and capable of

being bonded by thermo-melting, amdtx:leqd:ﬂﬁmes and semiconductor devices
enploying the tape.

In the semiconductor device field, with sophisticated func-
tions, high speed and high integration of LSIs, the IC chips tend to
grow in size and an amount of heat generated from the same is
increasing.

The specified packages cannot be flexibly changed in size,
conversely, it is requested to miniaturize even if IC chips are de-
signed to be large. Hence the gap between the IC chip and the inner-
wall surface of the IC package tends to be smaLI. There have been
problems as for the strength and reliability of the lead frame buried
in the package.

In order to overcome such problems, a technology where a lead

frame is arranged on the lower or upper portion of an IC chip is pro-
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-¥23 4 3,4';dianinodiphenyl ether, 4, 4'-diam nodi phenyl ether,

3, 3" -di am nodi phenyl sulfide, 3,4'-diam nodi phenyl sulfide,

4, 4" -di am nodi phenyl sulfide, 3,3 -diam nodi phenyl sulfoxide,

3, 4" -di am nodi phenyl sul foxide, 4,4'-diam nodi phenyl sulfoxide,

3, 3" -di am nodi phenyl sul fone, 3,4'-diam nodi phenyl sulfone,

4, 4" -di am nodi phenyl sul fone, 3, 3'-diam _nobenzophenone, |

3, 4' - di am nobenzophenone, 4,4'-dianincbéhZophenone, 3, 3" - di am nodi phenyl

TR hAne, i oee B o Byt rPLhane, 4adic A 9N RASINe TELOA Sippas-
cation Laid-open No. SHO-61-218139 (1986) and USP No. 4862245,

In order to cope with heat increasindly generated from an IC
chip, a technology has been proposed and used practically in which a
heat spreader with good thermal conductivity and lgrge thermal capac-
ity is proposed and used in place of a chip mounting die or tub and
the heat spreader is fized to inner leads by using an insulating
material.

In this device, an adhésive insulating tape is used to prevent
the lead frame from being in direct contact with an IC chip-or a heat
spreader.

Conventionally such an adhesive insulating tape is. formed byv
coating an adhesive resin such as epoxy resin, acrylic resin on a
base supporting film (insulating substrate) such as polyimide base
film. - The insulating tape adheres a lead_frame to an IC chip or a
heat spreader.

This method has a disadvantage in that ionic impurities, con-
tained in epoxy resin,_acrYlic resin or the like are eluted by using
for a long time, thus destroying a circuit formed on the IC chip so
that the reliability 6f semiéonductor devices is degraded.

Moreover, when a short time bonding is executed at high tem-
Peratures to improve the pro&uctivity, a chemical component of the

adhesive agent is partially volatilized and contaminates the surface

of the lead frame, IC chip and heat spreader, thus decreasing the

affinity to half-melted metal on the surface thereof to thus injure

REPLACEMENT SHeET
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bi®[ 4- (i4- am nophenoxy) phenyl net hane,

bi s[ 3- ( 3- am nophenoxy) phenyl ] net hane,

1, 1- bi s[ 4- (4- am nophenoxy) phenyl | et hane,

1, 2- bi s[ 4- (4- am nophenoxy) phenyl ] et hane,

1, 1- bi s[ 4- ( 3- am nophenoxy) phenyl | et hane,
, 2- bi s[ 4- ( 3- am nophenoxy) phenyl ] et hane,

1

1, 1- bi s[ 4- ( 4- am nophenoxy) phenyl ] pr opaner 3 -

1, 2- bi s[ 4- (4- am nophenoxy) phenyl | pr opane,

1, 3- bi s[ 4- ¢He are niggiidricyy pphieny |dipreobands electrically connecting an IC chip
2,2

1,1

pro

. s[ 4- (4- am nophenoxy) phenyl] propane,
- bi s[ 4- td-&umemdpﬁeam«y)phenyl]propane' 1, 2- bi s[ 4- ( 3- am nophenoxy) phenyl
pane,

1, 3- bIS[4 (3- an1nophenoxy%phenyl]propane
In order to avoid the abdve problem, <uring an adhesive agent

at low temperature takes a long time, thus resulting in insufficient
level of productivity from industfial view point.

In order to overcome those disadvantages, Japanese Patent Ap-
plication Laid~open Nos. HEI-2-15663 (1990) and HEI-2-36542 (1990)
propose that an amide series or imide series adhesive agent is used
for a tape. |

However, according.to the teqhnology disclosed in the Japadese
Patent Application Laid-open No. HEI-2-15663 (1990), after a semi-
curing polyimide series agent édheres a tape to ahlead frame, it is
necessary to remove the solvent and to complete the imidization
reaction. In this case, since the produced solvent and water contam-
inate a lead frame, a contaminant removing step is needed , thus
leading to an insufficient productivity.

In the adhesive agents for an adhesive insulating tape ac-
cording to the technology taught by the Japanese Patent Application

Laid-open No. HEI-2-36542 (1990), a polyether amide or polyether

amideimide being a thermoplastic polymer is used on one surface of a

tape adhered with a lead frame while a thermqsetting polyimide die
bonding agent or epoxy die bonding agent is used on the other surface
of the tape adhered with an IC chip.

| USP No. 4,862,245 discloses generally a éoncept in which an

adhesive layer is formed on both sides of an alpha barriers such as
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- bis[ 4- ( 3- am nophenoxy) phenyl | pr opane,
- bi s[ 4- (4- am nophenoxy) phenyl ] but ane,

1, 2- bi s[ 4- (4- am nophenoxy) phenyl ] but ane,
s[ 4- (4- am nophenoxy) phenyl | but ane,
s[ 4- (4- am nophenoxy) phenyl ] but ane,
s[ 4- (4- am nophenoxy) phenyl ] but ane,_

b
bi
b
-b

4 - !

polyimide film to fix a semiconductor chip ;nd a lead frame, and the
adhesive layer.being formed by the material selected from epoxy,
acryl, silicon, polyimide, and polyimide containing silicon. It is
described that an adhesive layer selected form the group consisting of
acryl and epoxy is particularly preferable for tﬁe second adhesive
layer on the lead frame. Although the prior art publication describes
polyimide alone but does not describe the sorts of polyimide adhesive
agents and merits.of the polyimide. It is not clear that what sort
and molecular structure of adﬁesive agent is optimum.

USP No. 4,543,295 proposes an adhesive polyimide film totally
different from the above mentioned adhesive insulating tapes. The
£film, for example, is formed By coating a thermoplastic polyimide on
both surfaces of a polyimide film and may be used to adhere metal and

" polyimide film.

This tape can adhere a lead frame, a heat spreader for semi-
conductor device, and an IC chip with a polyimide buffer coat. This
tape may possibly improve the disadvantages to be removed of the fore-
going adhesive insulating tape: ionic impurities, volatile component
and water absorption generated at adhering time.

| This specification describes that all sorts of thermoplastic'
polyimide can be used. However, the exemplified polyimide are only
LARC-2, LARC—3_and LARC-; respectively having a glass transition tem-

- perature of 247 C, 269°C and 297°C'. Furthermore, those adhesive
agents are relatively brittle. 1In the adhering condition, since it

is stated that the temperature rangeé 340°C to 370°C and the pres-
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273-bi [ 4- (4- am nophenoxy) phenyl ] but ane,
1, 1- bi s(4-(3-am nophenoxy) phenyl ] but ane,
1, 2- bi s[ 4- ( 3- am nophenoxy) phenyl ] but ane,
1, 3- bi s[ 4-( 3- am nophenoxy) phenyl ] but ane,
1, 4- bi s[ 4- ( 3- am nophenoxy) phenyl ] but ane,

2
2
2-
e,
2-
op

,2-bis[4-(3-aninophenoxy)phenyl]butane,_
, 3-bi s[4-(3- aninophenoxy)phenyl]butane

AL S ST I Y I PSSR R
4 4- z 3, 5-di met hyl phenyl
S SRR G S PR S e

*

Remarkable advance of current semiconductor related technology
and very high productivity to be required have boosted the require-~
ment level in productivity aqd physical pfopertf such as édhesive
strength. For example, it is required that the adhesion time (time
required for adhesion) is usually not more than 10 seconds, prefer-
ably not more than 3 seconds.

In some cases, a ;emiéohductor chip is not covered with poly-
imide, but is covered only with a cefamic such as silicone nitride or
glass such as phosphoric glass

Under such condltlons, the adhe51ve strength of LARC-2, LARC-3
and LARC-4 to semiconductor material are not enough.

For example, an adhesive tape made from LARC-2 was adhered to
42 NiFe alloy sheet being a lead frame material for semiconductor de-
vices, under the conditions that the temperature is 370.%3, the pres-
sure is 21 kg/cm®, and the heating adhering time is 5 seconds. The
peeling strength of the resultant tape was only 0.5 kg/cm. By ex-
tending the thermo-bonding time to 5 minutes, a peeling strength of
1.5 kg/cm was obtained.

It is needless to say that the adhesive strength between a
base supporting film and an.adhesive agent is importantlfor the adhe-
sive insulating films. However, the thermoplastic polyimide adhesive
agent has not been realized that can highly maintain indqstrially and

stably the adhesive strength to both sides of an insulating

#
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2,%2- bi 8[ 4- (4 am nophenoxy) phenyl]1-1,1,1,3
2 2- bi s[ 3- (4- am nophenoxy) phenyl]-1,1,1,3
2, 2-bi s[ 4- (3-am nophenoxy) phenyl 1-1,1, 1, 3,

1 1,3
I s(4-

- hexaf | uor opr opane,

3
, 3,
3
3,

00000000

2, 2- bi s[ 3- (3-am nophenoxy) phenyl | -1,1, 1, - hexaf | uor opr opane,
1, 3- bi s(3-am nophenoxy) benzene, 1, 3-bi s(4-am nophenoxy) benzene,
1,4-bis(4-aninophenoxy)benzene, 1, 4- bi s(3- ani nophenoxy) benzene,

4, 4" - bi s(3-am nophenoxy) bi phenyl, 3, 3" - bis (3" ani nophenoxy)'bi phenyl ,

- hexaf | uor opr opane,
- hexaf | uor opr opane,

biS[3'(4'%@b@@ﬁﬁQ@QXy%ﬁhQﬂﬁhhK?l?ﬂein the case of the insulating substrate

with an imide bond, it seems impossible to obtain a stable, high ad-
hesive strength through corona treétment. A ‘suitable surface treat-
ment has not been found because with the sandblast surface roughing,
minute sands remain in the surface to cause impuri£} ions or é rays.
in recent years, Japanese Patent Applicatioh Laid-open No. HEI-3-59344
(1993) discloses generally a method for treating physically and chem-
ically the surface of an insulating substrate to be coated and then
adhering a certain of thermdéléstic polyimide adhesive agent. How-
ever, there is no description regarding that what method is oétimum
to use. Japanese Patent-Application Laid-open No. HEI-4-74372 (1992}
describes that plasma processing a film such as polyimide £film to
modify a surface improves the adhesive strength to the adhésive
agent. However, only thermosetting'acrylic series adhesive agent and
thermosetting polyamide adhesive agent are illustrated as adhesive
agent. There are no explanations oﬁ other sorts of adhesive agents.

The presént invention was performed in order to overcome ths
above mentioned problems. An object of the present invention is to
provide an insulating adhesive tape useful for improving the prbduc—
tively and performance of semiconductor devices. Another object of
the present invention is to provide a lead frame and a semiconqucto:
device employing the above described tape.

More specifically, it is an object to.provide an insulating
adhesive tape with good characteristics, reliability, and industrial

Droductivity, which is applicable for bonding a semiconductor to a
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-25- i s[ 4- (4- am nophenoxy) phenyl i ket one,

bi s[ 4- ( 3-
ket one,

bi s[ 3- (4-
bi s[ 3- ( 3-
bi s[ 4- ( 3-
bi s[ 4- (4-
sul f one,
bi s[ 3- (4-
sul f one,

am nophenoxy) phenyl ] ketone, bis [3-(3- an1nophenoxy)pheny|]
bi s[ 4- (4- am nophenoxy) phenyl ] sul fi de,

am nophenoxy) phenyl ] sul fi de,

am nophenoxy) phenyl ] sul fi de, -7 -
an1nophenoxy)phenyl]sulflde

ﬂg{: fgéﬁm/ YO 5 @sdieﬁranm 5 fkaltA spFea@aiEnoxy) phenyl |
am nophenoxy) phenyl ] sul fone,

am noph ea opiye fhared lenibdainnt ,bithied pEdsant nopuentiyn phesitdbly
provides an insulating adhesive tape employing a thermoplastic
polyimide which has much better properties than the thermoplastic
polyimide disclosed in the USP 4,543,295, has a higher adhesive
sfrength'to semiconductor material in shorter time, in comparison
with the above prior art, and being able to be supplied at low
price and.in mass production base.

The insulating adhesive tape desirably maintains its
excellent insulating propert&‘for a long service period of time.
Preferably, the insulating adhesiYe tape also has an adhesive
temperature (the temperature at wﬁich adhesion is carried out)
of not more than 400°C, a short adhesion time not more than 10
seconds, and an adhesive strength enough to various semiconductor
materials. In adhesion, the insulating adhesive tape, preferably
also does not occur contamination injurious to the wire bonding
on the surfaces of lead frames and IC chips. Desirably, the
insulating adhesive tape has enough heat resistance, to withstand
heating during a wire bonding step so that it does not allow a
lead to make a.slightest movement, thereby making wire bonding
strength high enough to obtaih excellent electronic reliability.

According to other aspects of.the present invention there
are provided a lead frame and a semiconductof device manufactured

using the insulating adhesive tape mentioned above.
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bi's [ 4-*( 3-am nophenoxy) phenyl ] ether, bi s[4-(4-amni nophenoxy) phenyl ] et her,
bi s[ 3- (3- am nophenoxy) phenyl ] et her, bi s[ 3-(4-am nophenoxy) phenyl ] et her,

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

1, 3- bi s[ 4- ( 3- am nophenoxy) benzoyl ] benzene,

1, 4- bi s[ 4- (4- am nophenoxy) benzoyl ] benzene, 1 3 -bis [4-(4-am nophenoxy)

benzoyl | benzene, 4, 4" -bi s(3-am nophenoxy) nethylblphen¥L,

4,4' -bi s(3-am hophenoxy)-3, 3" - dlnethylblpﬁ%ny _

4, 4" -bi s(3-am nopheno 3 5-di met hyl bi phe , , N

4, 4' - bi s(3- ani nopFsR %‘9 g the ?relséPFal’rﬁf’%QFb‘?'bher,cal insulating adhe-

4,4 - b's(31$i”é§)4%628§¥)b§ é%mﬂgkggegr0b|£g¥¥gasﬁ

1. An insulating adhesive tape which comprlses a base sup-
porting £ilm and an adhesive layer formed on at least one surface
thereof, said adhesive layer belng formed of a thermoplastlc polymer
comprising a thermoplastic polyimide, wherein said thermoplastic
polymer has a glass transition temperature ranging from 180 °C to 280
C and an elastic modulus ranging from 10t to 10!: dyne/bm’ at 25%:,
said modulus including aivalhe ranging from 10? dyne/cm? to 10°
dyne/cm* at least a temperature between_ZSO%} and 3Q0°C .

- 2. The insulating adhesive tape according to Item 1, which is$
characterized in that the thermoplastic polyimide included ia a'ther;
moplastic polymer is formed of a structural unit expressed by the
following formula (1), or the polymer molecular terminal of the
structural unit of tﬁe formula (1) is capped with a dicarboxylic acid

anhydride by expressed by the formula (2):

0 0O
0§ Y
~ X o~ ‘
0 0, N IO O -
{ \l/'/\‘ . "\. \C ‘\‘:;- ’ '-::.’- I\c/’ ;
: < 8 5
(1)

" REPLACEMENT SHEET

05 AUG 1996




- 26- 4, 4' - bi s(3-am nophenoxy) - 3, 5-di chl or obi phenyl ,
4,4' - bi s(3-am nophenoxy)-3,3',5,5" -tetrachl orobi phenyl ,
4, 4" - bi s(3-am nophenoxy) - 3, 3' - di bronobi phenyl ,

4, 4" - bi s(3-am nophenoxy) - 3, 5- di br onobi phenyl

4, 4" - bi s(3-am nophenoxy)-3,3',5,5" -tetrabronobi phenyl ,.
bi s[ 4- (3- am nophenoxy) - 3- met hoxyphenyl ] sul fi de, .

-9 <

where Z is a bivalent group selected from the group of monocyclic aro-
matic radical, condensed policyclic.aromatic radical, and non;con—
densed polycyclic aromatic radicallwpich is directly connectéd or mu-
" tually connected via cross linkers. |
3. The adhesive iﬁsulating tape according to Item 1, which is
characterized in that the thermoplastic polyimide included in a ther;
moplastic polymer is formed of a structural unit expressed by the
following formula (3), and/or the polymer molecular terminal in the
structural unit of the formula (3) is capped with a dicarboxylic acid
anhydride: -
where "m" and "n" show a ratio of a repeated unit to total
polymer and includes block copolymer and random copolymer, and,

m: n = 1~90;: 99~ 10, preferably m : n =30~ 70: 70~ 30.
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[45(33§h1nophenoxy)phenyl][4-(3-aninophenoxy)-3,5-dinethoxyphenyl]sufide,

bi s[ 4- ( 3- am nophenoxy) - 3, 5- di et hoxyphenyl ] sufi de,
,a -di nmet hyl benzyl ] benzene.

1, 3- bi s[ 4- (4- am nophenoxy) - a
can be used singly or as a m xture.
et hyl enet et racar boxyl i ¢ di anhydri de,

cycl opentanet et racar boxyl i ¢ di anhydri de,.

and

These di am nes
Exenpl ary di anhydri des incl ude:

Qyﬁﬁngtetracarboxylic di anhydri de,

pyronel litic djqnhydride,,-_,

3,3',4,4" -benzophenonet et racar boxyl i ¢ di anhydri de,
2,2, 3,3 -benzophenonet et racar boxylic di anhydride, 3,3 ,4,4
- bi phenyl tetracar boxyl i c di anhydri de, 2,2',3,3'Cpiphenylkﬁtracgrboxylic
di anhydri de, [ T i
_ —_— Cc .
deon 0~ i0e o NT \173[(:\ 1
l\,)T’ N S \‘T{"vr/' \\C-/):~/" c”
. Lo/
" . v‘/' 8 8 m
~ s
_ o N BN
I g :
NN VAR AN N
S n 0~ V= ( Y0 __.~._N ) i(/\.i N ——
O] = = O N e 1
ANy l.:\_/‘ I l Yo ) ]
~ ~ d : N
{ . :
“— -
(3)

4. The insulating adhesive tape according to Item 1 which is
characterized in that the thermoplastic polyimide included in a ther-
moplastic polymer is formed of a structural unit expressed by the fol-

lowing formula (4):

- O O ~
d
AN /=N
om0~ (OO0~ N IO N
[ = == W C-Z°~C
T - 0 o b4

In later.explanations,
PI-X represents a polyimide formed of the structural unit ex-

Pressed by formula (1).

REPLACEMENT Sherv |

05 AUG 1996




2,2- bi s(3, 4- di car boxyphenyl ) propane di anhydri de,
2, 2-bi s(2, 3-di car boxyphenyl ) propane di anhydri de,
bi s( 3, 4-di car boxyphenyl ) et her di anhydri de, bis(2,3-dicarboxyphenyl)ether
di anhydri de, bis(3,4-dicarboxyphenyl)sul fone dianhydri de,
bi s( 2, 3-di car boxyphenyl ) sul f one di anhydri de,

-27- bis(2,3-dicarboxyphenyl) net hane d[gq&ygrrde,

'

PI-Xh represents a polfimide which is formed of the stfudtufal
ynit expressed by formula (1) and sealed with dicarboxylic acid anhy-
dride expressed by formula (2). |

PI-Y represents a polyimide formed of the structural:uni£ ex-
pressed by formula (3). |

PI-Yh represents a polyimide which is formed of the structural
unit expressed by formula (3) and sealed with dicarboxylic aéid anhy~
dride expressed by formula (2).

PI-Z represents a bol&fmide formed of the structural upit ex-
pressed by formula (4).

5. An insulating adhesive tape according to any one of itém 1
to Item 4, which is characterized in that the thermoplasticiﬁolyﬁér
consists of a silaﬁe-coupling-agent—modified ‘hermoplastic ppifimide
which is prepared by reacting or mixing a thefmoplastic polyiﬁide with
a silane coupling agent at or after'the—time when the thermoplastic
polyimide is synthesized.

6. An insulating adhesive tape according to any one of Item 1
to Item 5, which i; characterized in that the insulating film is a
polymer having a polyimide bond and has its surfacé subjected to a
plasma treatment or ozone treatment. -

7. An insulating adhesive tape according to any one of Item 1
to Item 6, which is characterized in that the thermoplastiec polvmer
layer is formed on only one surface of the insulating £ilm ahd being
thermo~press~bonded to an inner lead of a semiconductor lead frame via

the thermoplastic polymer layer to fix the inner lead.
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i s( 3, 4-di car boxyphenyl ) met hane di anhydri de.

1, 1-bi s(2, 3-di car boxyphenyl ) et hane di anhydri de,

1, 1- bi s(3, 4-di car boxyphenyl ) et hane di anhydri de,

1, 2-bi s(2, 3-di car boxyphenyl ) et hane di anhydri de,

1, 2- bi s( 3, 4-di car boxyphenyl ) et hane di anhydri de,

1, 3-bi s(2, 3-di car boxyphenoxy) benzene di gghydri de, v

1, 3- bi s( 3, 4- di car boxyphenoxy) benzene dlanhydrlde i

1, 4- bi s(2, 3-di car boxyphenoxy) benzene di anhydri de,

1, 4- bi s( 3, 4- di carghoxypherexdadingz adResliventagei decording to any one of Item 1
2, 3,6, 7-napht hal enet etracar boxyl i ¢ di anhydri de,

1, 4,5, 8-ngpghtbahespt whicacard@huriactdr andgdindehat the thermoplastlc polymer
1, 2, 5, 6- napht hal enet etracar boxyl i ¢ di anhydri de, :

1, 2, 3, 4- bgagepectiet tacaecBonyl bothi snhfacedepf the insulating film and belng

thermo-press-bonded to an inner lead of a semiconductor lead frame
. via the thermoplastic polymer layer to fix the inder lead.

9. An insulating adhesive tape according to Item 8, which is
characterized in that the insulating adhesive tape is thermo-press-
bonded to a predetermined IC‘chip via.another surface of the thermo-
plastic layer to which thesinAe} 1eads are not bonded.

E&ndﬂmnu;oftmeinmaﬁimxan%daxmﬂndlxﬂamvbYWHyoi
exanple only,‘amivﬁxh.reéenaxxatn»the accanpanying drawings ofvﬁﬁgh:

Fig. 1 is a'model diagram illustrating the structure of a lead
on-chip IC device;

Fig.. 2 is a model diagram illustrating the structure of an IC
device attacﬁéd with a heat_spreader;

Fig. 3 is a cross-sectional view illustrating the layer struc-
ture of an insulating adhesive tape according to the present inven-
tion;

Fig. 4 is a plan view illustrating the structure.of a sample
ised for an adhesive strength test and a leakage current test;

Fig. S5 is a side view illustrating the sample shown in Fig. 4;

Fig. 6 is a cross-sectional view illustrating the structure of

? sample for a wire bond test.
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3

0- peryl enet et racar boxyl i ¢ di anhydri de,

nt hr acenet etracar boxyl i ¢ di anhydri de,

henant hr enet et racar boxyl i ¢ di anhydri de,

, 4- di car boxyphenyl )-1,1, 1, 3, 3, 3- hexaf | uor opr opane di anhydri de,
3-di carboxyphenyl)-1,1, 1, 3, 3, 3- hexaf | uoropr opane di anhydri de,
(1,2-d|carboxy)phenoxy]benzene di anhydri de,

(1, 2-di car boxy) phenoxyl benzene di anhydri de,

(1. 2-di car boxy) phenoxy] benzene di anhydri de,

(1, 2-di carboxy)- a , a -dinethyl benzyl]benzene di anhydri de,
(1, 2-di

(1, 2-di

carboxy)-a ,a -di met hyl benzyl ] benzene di anhydri de,
carboxy)-a ,a -di net hyl beh3yl | benzene di anhydri de,

1
7-
8-
I's
S
S
S
S
S
S
S

a
p
(3
(2
[ 4-
[ 4-
[ 3-
[ 4-
[ 3-
(3-

With reference to the attached drawings, a further explanation
will be made on some embodiments of the present i;vention.' However
the present invention should not be limited to only the herein de-
scribed embodiments.

Referring to Figs. 1 and 2, numeral 1 represents an IC chip, 2
represents a lead frame, 3 reérésents a resin encapsulating material,
4 represents an insulating adhesive tape, 5 represents a gold wire, 6
represents a heat spreader, and 7 represents a die bonder.

In an IC chip of this type, the IC chip 1 is adhered onto the
lead frame 2 with the insulating adhesive tape 4, connected with a
very fine goid wire 5, and then encapsulated with the resin encapsu-
lating material 3.

In the IC device of the type shown in Fig. 2, the IC chip 1 is
adhered onto the heat spreader 6 using the die bonder 7. The lead
frame Z_is aléo adhered onto the heat spreader 6 with the insulating
adhesive tape 4 to electrically connected to each other with a gold
wire S.

A typical layer structure of the insulating adhesive tape ac-
cording to the presen; invention is shown in Fig. 3. Thét is, the in-
sulating adhesive tape 4 according to the present invention is
formed, with an adhesive layer 42 of a thermoplastic polymer being

Coated on one surface of the insulating film 41 to be a base support-
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- %28 -1

1, 4-bi s[4-(1, 2-di carboxy)-a ,a -dinmethyl benzyl | benzene

di anhydride, 2,2-bis(4-(4-(1, 2-dicarboxy)phenoxy) phenyl ] propane

di anhydride, 2,2-bis[4-(3-(1,2-dicarboxy)phenoxy) phenyl ] propane

di anhydri de, Dbis[4-(4-(1, 2-di carboxy) phenoxy) phenyl ] ket one di anhydri de,
bi s[-4- (3-(1, 2-di car boxy) phenoxy) phenyl ] ket one di anhydri de,

bis[4-(4-(1, 2- d|carboxy)phenoxy)phenylTsUﬁrbne di anhydri de,

bi s[ 4- (3-(1, 2-di car boxy) phenoxy) phenyl ] sul f one dlanhydrlde

bi s[ 4-(4- (ijg é%.'qu!a;r Q%y)aﬂhsﬁ‘f?éﬂ@é‘eﬂs}éé%bf qu_:e d'cﬁ@?)é%h&'?uc polymer being

ﬁoated onto the other surface of the insulating £ilm 41, the adhesive
layer 43 being a thermoplastic polymer same with or different from
that of one surface of the insulating film 41.

The insulating adhesive tape 4 was tested using tﬁe device
shown in Figs. 4, 5, and 6. As shown in these fiqures, the insu-
lating adhesive tape ¢ is adhered onto the IC chip 1 on which some
leads 21 of lead frame 2 and a single test bar 8 for wire bonding are
bonded. In the figures, nume;él 2la represents a silver plated por-
tion of the lead 21. In order to perform a wire bonding test, as
shown in Fig. 6, a gold wire 5 connects the silver plated portion 2la
of the lead 21 to the test bhar 8.

The following test results are obtained by using the above
test devices.

S a fufther detail explanation will-be made as for preferred em-
bodiments of the insulating adhesive tape according to the present
invention.

A polymer with an imide bond may be used as a méterial for the
insulating £ilm 41.

Such a material may be exemplified as follows: a polyimide-
film including Regulus (a trademark of Mitsui Toatsu Chemicals, Inc.)
+ Kapton H, V, E, K and 2T (respectively, a trademark of Du Pont Co.),
Upilex M, S, SGA, SGAPA (respectively, a trademark of Ube Industries,

Led.), Apical AH, NPI (respectively, a trademark of Kanegafuchi Chem-

lcal Industry Co., Ltd.), or an aramid film such as Aramica (a trade-
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bf s[ 4-{3- (1, 2-di car boxy) phenoxy) phenyl ] sul fi de di anhydri de,

bi s[4-(4- (1, 2-di car boxy) phenoxy) phenyl ]-1, 1,1, 3, 3, 3- hexaf | uor opr opane

di anhydri de and

bi s[ 4- (3-(1, 2-di car boxy) phenoxy) phenyl ]-1, 1, 1, 3, 3, 3- hexaf | uor opr opane

di anhydri de, These aromatic tetracarboxylic dianhydrides can be used
singly or as a m xture. Aromati e 18 am ne which can be used for the
reaction includes, for exanple, bIS[4 (3- an1nophenoxy)phenyl]nethane

1,1-bis 4- %ék Wﬂpq9n9§ynﬁggqy %S% 'Co., Ltd.). In these materials, it

1, 2- bi s[ 47 an1nop enoxy) pheny

1,1- b'S[41§3z§HLHHQR§QQX¥8p@§QY$]§6£§¥H¥he film with a low water absorbing

capacity, particularly of, a material of Upilex S type and Kapton E
tvpe.

The thickness of the base film is not paréicularly limited.
However, it is prgferable that the thickness ranges from 1 to 500 g
m, more preferably from 5 to 100y m. |

Before a thermoplastic polymer layer containing a thermoplas-
tic polyimide is formed onithé'base film, It is preferable to subject
the surface of a substrate to a plaspa treatment or ozone treatment.
It is well-known to make rough physically the surface of a substrate
by these treatments or to form éhemically a functional group such as
carboxyl radical on thg same.

However, the treatment effect in the thermoplastic polymer
layer of the present invention 1is ;emarkable beyond expectations. The
adhesive strength to the substrate can be improved and stabilized
largely.

A thermoplastic polymer layer is formed on the treated surface
of the base film. For carrying out the present invention, it is im-
portant that the thermoplastic polymer forming the layer has a glass-
transition tempefature rangiﬁg frém 180°C to 280°C, and has a modu-
lus of elasticity ranging 10!° to 10!!' dyne/cm? at 25 °C, usual;y a
modulus ranging 10°* to 10* dyne/cm? at a wire bonding temperature ran-

'ging from 250°C to 3007 .

Is

The thermoplastic polyimide of PI-X, PI-Xh, PI-Y, PI~Yh, or
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enyl ]

-b
-b
-b
n
-b
-b

|s[4 ( 3- am nophenoxy) phenyl ] pr opane,
I s[ 4- (3-am nophenoxy) phenyl ] propane,

i s[ 4- (3- am nophenoxy) phenyl | propane, 1,1-bis [4-(3-am nophenoxy
but ane, - 29 -

I s[ 4- (3- am nophenoxy) phenyl ] but ane,

i s(4-(3- an1nophenoxy)phenyl]butane 16 -

?2I-Z may be listed as a preferable thermoplastic polymer having the
above mentioned properties.

If the glass transition temperature is less than 180°C or the
nodulus is less than 10* dyne/cm* at é wire bonding temperature, such
a problem will occur that the inner lead is moved during wire bonding
process or energy cannot properly be transferred to the inner lead in
ultrasonic heating.

On the contrary, if the glass transition temperature is more
than 280 C or the modulus is more than 10° dyne/cm? at-thé wire
bonding temperature, it will take much time to perform thermo-melting-
bonding for the lead frame and IC chip, whereby it is difficult to ex-
ecute a short time bhonding.

In order to embody the present inyention, it is desirable
that the amount of the solvent contained within the thermoplastic
oolymer layer formed over the base film is not more than 1% and that
the imide reaction of the thermoplastic polyimide has been substan-
tially completed. This can prevent the solvent volatilization or the

volatilization of moisture produced due to an imidization chemical re-

action during the short time thermo-melting-bonding at high temper-

ature (generally, over 270 °C ) from contaminating the surface of the
lead frame or IC chip, or producing void in the adhesive layer.

When the surface of IC chip to be adhered with an insulating
adhesive tape, is covered with a ceramic such as silicon nitride or a
glass such as phosphbr—borosilicate glass, it is important that a

Silane coupling agent is mixed and reacted at the time when the ther-
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1,*4- bi §[ 4- ( 3- am nophenoxy) phenyl ] but ane,

2, 2- bi s[ 4- ( 3- am nophenoxy) phenyl ] but ane,

2, 3- bi s[ 4- ( 3- am nophenoxy) phenyl ] but ane,

2, 2- bi s[ 4- (3-am nophenoxy) phenyl]-1, 1, 1, 3, 3, 3- hexaf | uor opr opane,

4, 4' - bi s(3-am nophenoxy) bi phenyl, bi s[ 4-(3-am nophenoxy) phenyl ] ket one,

bi s[ 4- ( 3- am nophenoxy) phenyl ] sul fi de and .

bi s[ 4- ( 3- ami nophenoxy) phenyl ] sul fone. -THese aronatic di am nes can be used
singly or as a mxture. Exenpl ary aromatic dicarboxylic anhydrides
of the fomeaplas{i®) palydimide phahedievemd ibdse £ilm is synthesized, or is
2, 3- benzophenonedi car boxyl i ¢ anhydride, 3, 4-benzophenonedi carboxylic
anhydri demized RitegathexgypHdigfizpngnptocasser anhydri de,

The silahe_coupling agent such as followings may be recommend-
ed: that is, epoxy silane, thiol silane, amino silane (KBM-403, KBM-
803, KBM-602, KBM-573 and so on, manufactured by Shin-Etsu Chemical
Co., Ltd.), particularly, KBM-403 and KBM-803 is preferable.

In this case, the amount of silane coupling agent to be used
desirably ranges from not less than 0.5% by weight of the thermoplastic
polyimide to not more than 4% by weight thereof, preferably from more
than 1% by weight thereof to less than 3% by weight thereof.

The amount of the silane coupling agent of less than 0.5% or
more than 4% is not preferable because the humidity resistant adhe-
sive strength to a ceramic or glass is poor, or the volatilization of
an excessive silane coupling agent during the thermo-melting-bonding
process at high temperature may contamipate the lead frame.

In this case, because of reasons similar td those mentioned
above, the necessary requirements are that the glass transition tem-
perature of the thermoplastic polymer ranges from 180°C to 280°C and
the modulus of elasticity ranges from 10'° to 10*! dyne/cm® at 25C,
and from 10 to 10° dyne/cm! at a wire bonding temperature.

Preferably, the ionic impurities of sodium, potassium, chlorine, sulphate
ion etc. in the thermoplastic polymer is trace or about 1 ©.9/g (by
.the hydrothermal extracting method, it was calculated based on the

amount of ions extracted from a water at 120°C for 24 hours).

For that reasons, it does not occur that electronic circuits
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3,4-di tar boxyphenyl phenyl ether anhydride, 2, 3-biphenyldicarboxyl.ic

3, 4- bi phenyl di car boxyl i ¢ anhydride, 2, 3-di carboxyphenyl phenyl
sul fone anhydride, 3, 4-dicarboxyphenyl phenyl sulfone anhydride,

2, 3-di car boxyphenyl phenyl. sul fide anhydride, 3,4-dicarboxyphenyl phenyl
sul fide anhydride, 1, 2-naphthal enedi carboxylic anhydri de, _

1, 8- napht hal enedi car boxyl i ¢ anhydri de,. 18, 2-ant hracenedi carboxylic

anhydri‘de,

anhydri de,

around the insulating adhesive tape used for adhesion are eroded by
ionic impurities within the tape or the metal migration makes the
short circuited.

Since the amount of the r;dioactive element such as uranium,
dxmiuncausﬂx;saﬂmmneenznr:hla:xmﬁomumcun:memny (may be) less than
the detection limit of a radioactivation analyzer i.e. less than 0.6
ppb, the reliability of the semiconductor memory can be maintained_at
a very higher level for long period.

The water abeorhing ratio of the themcplastic palyrer: is prefershly Jess
than 1.2% (after immersing in a pure water at 23°C for 24 hours).
Since the value is 1/2 to 1/5 of that of polyether amide and
polyether amide;imide generally used, the void formation can be

largely decreased be caused by possible water wvapor during an adhering

process under high temperature.

The thermoplastic polymer layer comprising a thermoplastic
polyimide can be formed by coating a polyimide acid wvarnish contain-
ing a polyamide acid (as a polyimide precursor), a polyimide varnish

containing polyimide, or a polyimide varnish containing a polyimide

acid and silane coupling agent which is mixed and reacted when

polyamide acid is synthesized,.or is mixed after the synthesizes pro-
cess, and then drying the coated layer to imidize the polyamide acid.

Moreover, before the varnish is coated on the base film, the
vanish, 1f necessary, may be mixed with a filler such as silica which
does not contain a radio-active element such as uranium an& thorium,

Or an epoxy resin such as EQCN-1027 (a trademark of Nippon Kavaku Co.,
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-80- *2,3-anthracenedi carboxylic anhydri de and

anhydri de. Sol vent whi ch can be used include, for exanple,

N- net hyl -

2-pyrrolidone, N, N-dinethylacetam de, N, N dinethylfornam de,,

1, 3-di net hyl - 2-i m dazol i di none, N, N-di et hyl acet am de,
N, N- di met hyl net hoxyacet am de, di nmet hyl sul foxi de, pyridine, picoline,

di net hyl

sul fone, hexamet hyl phosphor ani-d¥d - tetranet hyl urea,

N- net hyl caprol actam butyroractum tetrahydrofuran, 1, 3-di oxane,
1, 4- di oxane, 1, 2-di net hoxyet hane, bi s(2-nethoxyethyl)

d.). It is desirshle that the thermrplastic polymers contain a

thermoplastic polyimide of not less than 503% by weight, preferably
not less than 75%, more preferably not less than 90 %, still more
preferably not less than 96 %.

The thermoplastic polymer layers are particularly not limited
to the thickness thereof. However it is desirable that the thickness
ranges from more than 1z m to less than 100y m, preferably from more

than 3y m to less than 50y m.

Well-known devices such as a comma(, )~-type coater, a three re-

verse coater, a die coater may be uysed for coating. 1In the drying
and imidizing method, a conventional roll carrying drier may be used
when the thermoplastic polymer layer is formed on one surface of the
basé film. A floating drier may be recommended when a thermoplastic

polymer is formed on the both surfaces of the base film.

When the amount of the solveng'contained within the thermo-

plastic pplymer layer is not more than 15% by weight, it is preferable
to dry using a drier having a far infrared heater arranged between
support rollers spaced by 1L to 5 m from each other in order to improve
the adhesive property between the thermoplastic polymer laver and the
semiconductor material. |

Generally, the drying conditions depends on the thickness of
the thermoplastic polymer, the concentration of a varnish and the
drying method. For example, when the varnish has its concentration
Oof 25% and its thickness of 25y m after drying, the drying is gener-

ally performed for 2 to 30 minutes at 100 to 150°C, 150 to 200°C,

1, 9- ant hr acenedi car boxylic
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et*her, %, 2- bi s(2- met hoxyet hoxy) et hane, bi s[ 2-(2-net hoxyet hoxy) ethyllether,
o-cresol, mcresol, p-cresol, cresylic acid, p-chlorophenol and anisole.
These sol vents can be used singly or .as a m xture. Expl anati on
wi |l be made bel ow as for how the insulating tape thus forned is used.
The insul ati ng adhesi ve tape and electronlﬁoconponents such as |ead franes
and 1 C chips can be adhered with each othef by a well - known
t herno-nel ting press-bondi ng net hod. The adhesive tenperature S
sel ect ed wi209i ot B€0iCanger 035G rtom3023D'.C Teonpdbafered @vemmal qaamgei ofil 300 yto
from270[err]C to 400[err]C The adhe- sive time is particularly not
limted buttOi%C i sagessduns &heodshiorg drimet e b@heiyiukest ogelesspuch as -
possi ble, usually to a range of 0.1 to 10
_ In order to reduce the amount of gas produced during a melting
and pressing time, it is desirable that by these drying treatment to
decrease the remaining solvent existing in the thermoplastic polymer
layer to less than 1%, preferably to less than 0.1%, more preferably
to less than 0.05%.
These drying processes converts the polyimide acid substan-
Hally into a palyimide. The drying is prefershly perfommad in a cleaness of
less than 1000, preferably less than 100, if necessary, in a nitrogen
atmosphere with the same cleanness.

A sheet of a width of 300mm or more is usually used as the
base filh, and a thermoplastic polymer layer is formed thereon. Then
the sheet may be cut to form a tape with a width suitable for use.

The polyamide acid varnish or polyimide varnish, for example,
is manufactured as follows:

First, a polYamide acid varnish being a polyimide precursor is
prepared by solving an aromatic diamine in a polar solvent such as an
N-methyl pyrrolidone, adding an aromatic tetracarboxylic acid anhv-
dride within a range of 90 to 110% by equivalent ratio, and reacting
them. This equivalent ratio is selected preferably to be within a
range of 95 to 105%, more preferably to 97 to 102%.

Such amide acid polymer has a logarithmic viscosity 5 of 0.3
to 3 dl/g (measured with an N, N-dimethylacetamide solvent medium of a

~ e o

concentration of 0.5g9/100ml at 33 °C ), preferably 0.5 to 1.5 dl/qg.
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sectonds’, preferably to a range of 0.1 to 5 seconds. It is desirable to set
t he adhesive pressure to 1 to 50kg/cnferr], preferably to 5 to 30
kg/cnierr] ' - -31- I n
the material such as copper-series |lead frane which is sub- jected to an
oxi di zing reaction at high tenperature and formeasily a brittle oxidized
filmthereon, it is desirable that an oxiﬂen concentration in an anbient
of the therno-nelting press-bonding is ™ - :

The above mentioned PI-X, PI-Y, and PI-Z can be synthesized by
perforﬁing the processes disclosed in Japanese Patent Application
Laid-open Nos. SHO-61-291670 (1986), HEI-5-59344 (1993), and SHO-62-
68817 (1987, same as USP 4,847,349).

When a lower tempera£ure, lower pressure adhering is needed,
in order to improve the fluidity of the thermoplastic polyimide at
the adhesive temperature a dicarboxylic acid anhydride expressed by
the following formila (2) may be used to cap the amine on the termi-

nal of the amide acid:
0 _ (2)

(where Z is a divalent radical selected from the group of monocyclic
aromatic radical, condensed polycyclic aromatic radical, and non-con-

densed polycyclic aromatic radicals in which aromatic radicals are

directly connected or mutually connected via cross linkers.) In this

invention, said cross linkers mean cross linking agents such as, -CO-
, -0-, -8-, -80,-, -CH; . -C(CH; )»—~, —-C(CF; ).~ and the like.

The dicarboxylic acid anhydride may be added at the earlier
stage of the amide acid pquher producing process or afﬁer this pro-
cess. The varnish of an amide acid.polymer with the capped tefminal

of amine may be coated on the base film without any change. However,

G
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sét to'less than 4% preferably to less than 1% to thus prevent an
formation of an oxide |ayer. _ In the insulating adhesive tape
according to the present in- vention, since the thernoplastic polyner has
an excell ent adhesive property to a sem conductor material and its gl ass
transition tenper- ature is not |less than 180[err]C (which is higher than
175[err] C of usual nolding tenperature 2% -resin encapsul ating material),
superior nmold- ability is given during resin encapsul ati hg process with no

deforma- tiQu 09LsT | OVdifen Egﬁrquégi%gf ﬂﬂih@gvg?9§sh1xyaéy @sﬁeatlng a

transition tenperatures as high as err]C provi de very-g

t her mo- mel L Ag sh PESSSTIRAN egemyp'1§ﬂ19@§a£96n | st ifdnal ‘?ﬂ@%deoﬂlenyﬂgned
nodul us of elasticity as low as 10[err] to 10[err] dyne/cnferr] at 25

300 [err] @rdo@s anat pralvhowasl behk9atnBBY8EBNLsOhgl eﬂerméeﬁéaguaimlwsd V\H e
bondi ng step
Japanese Patent Application Laid~open Nos. HEI-4-111167 (1992) and
HEI-5-59344 (1993).

With respect to PI-X, PI-Xh, PI-¥, PI-Yh and PI-Z, when the
polyamide acid varnish or polyimide varnish is prepared, as long as
the properties of the Qarnish after drying is within the range of
glass transition’temperatures and modulus of elasticity at high tem-
perature specified according to the ,present invention, a part of the
aromatic diamine, aromatic tetracarboxylic acid anhydride, and dicar-
boxylic acid anhydride being polyamide acid or polyamide component,
can be substituted with another sort of aromatic diamine, aromatic
tetracarboxylic acid anhydride, or dicarbozylic acid anhydride with-
out any trouble.

Other diamines which can be used in combination include, for exam;
Ple, m-phenylenediamine, o-phenylenediamine, p-phenylenediamine,
‘m-aminobenzylamine, o-aminobenzylamine,
3-chloro-1,2-phenylenediamine, 4-chloro-1,2-phenylenediamine,
2,3-diaminotoluene, 2,4-diaminotoluene, 2,5—diaminotoluené,
2,6—diaminotoluéne, 3,4-diaminotoluene, 3,5-diaminotoluene,
Z-methoxy~1l, 4-phenylenediamine, 4-methoxy-1,2-phenylenediamine,
4-methoxy-1,3-phenylenediamine, benzidine,
3,3'-dimethylbenzidine, 3,3'~dimethoxybenzidine,

3,3'-dichlorobenzidine, 3,3'-diaminodiphenyl ether,
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where an inner lead is wired with an IC chip at 240 to 280 [err]C,
thereby excellent reliability for bondi ng can be assured.

Mor eover, the good bond is secured between an inner lead and an IC chip
during a reflow sol dering process. In order to confirmthe
reliability for long service period an accelerating test was made in a
pressure-cooker at 121 [err]C and a rela-- 23sive humdity of 90% in which
the insul ating adhesive tape was not peeled froman IC |ead frame and/ or

an 1Cchip at ally; dds BA9pheRY ether,
4,4'-diaminodiphenyl ether, 3,3'-diaminodiphenyl sulfide,
3,4’—diaminpdiphenyl sulfide, 4,4'-diaminodiph§ny1 sulfide,
3,3'~-diaminodiphenyl sulfoxide, 3,4'-diaminodipheny; suifoxide,
4,4'-diaminodiphenyl sulfoxide, 3,3'~-diaminodiphenyl sﬁlfone,
_3.4'—diaminodiphenyl sulfone, 4,4'~diaminodiphenyl sulfone,
3,3'-diaminobenzophehone, 3,4'—diaminobenzophenone,
4,4'-diamincbenzophenone, 3,3'fdiaminodiphenyl methane,
3,4'—diéminodiphenyl methane, 4;4'—diaminodiphenyl methane,
bis[4-(3-amiqophenoxy)?henyl]methanen
bis(4-(4~-aminophenoxy)phenylImethane,
bis[3-(3~aminophenoxy)phenyl]methane,
1,1-bis([4-({4-aminophenoxy)phenyllethane,
1,2-bis{4~(4-aminophenoxy)phenyllethane,
1,1-bis{4-(3-aminophenoxy)phenyljethane,
1,2-bis{4-(3-aminophenoxy)phenyllethane,
1,1-515[4—(4—aminophenoxy)phenyl]propane,
1,2-bis[4-(4~aminophenoxy)phenyl]propane, -
1,3-bis[4-({4-aminophenoxy)phenyl]propane,
2,2-bis(4-(4-aminophenoxy)phenylipropane,
1,1-bis[4-(4-aminophenoxy)}phenyl]propane,
1,2-bis[4~(3-aminophenoxy)phenyl]|propane,
1,3—bis[4-(3—aminophenoxy)phenyl]propane,
2,2—bis[4—(3—aminophenoxy5pheny1lpropane,

1,1-bis[4~(4~aminophenoxy)phenyllbutane,




-82- ‘'the separated of base filmfromthe thernoplastic polynmer was not
ob- served. In the insulating properties after adhering, the

vol une speci- fic resistance is 10[err] to 10[err] [err] cm and the
surface resistance is 10 J[err] to 10[err] [err], and the ionic inpurities
are very scarce. The severe accelerated aging test, where the sanple is
arranged in a pressure- cooker at 121 [err]C and a relative humdity of
90% and applied continu- ously with ar24DE voltage of 5 volts for 1000
hours, proved such an. excellent electrical characteristic that the surface

resistance Jfgiliq .. ghl RRERGKS By Ffdtanklie test Ts suppressed to less

L,3-bis(4-(4-aminophenoxv)phenyl|butane,
l.4-bis[4~{4-aminophenoxy)phenyl]butane,
2,2-bis[4-(4-aminophendxy)phenyl]butane.
2,3-bis[4-(4-aminophenoxy)phenyl}butane,
1,1-bis{4-(3-aminophenoxy)phenyllbutane,
L,Z—bis[4—(3—aminophenoxy)phenyl]bgtane,
1,3-bis{4~(3-aminophenoxy)phenyl]lbutane,
l,4-bis[4-(3;aminophenoxy)pﬁeﬁy1]butane,
2,2-bis(4-(3-aminophenozy)phenyllbutane,
2,3-bis(4-(3-aminophenoxy)phenyllbutane,
2-[4?(4-aminophenoxy)phenyl]—2-[4—(4—aminoph¢noxy)—3~methylpﬁenyllpropan
2,2-bis{4-(4-~aminophenoxy)-3-methylphenyllpropane,
2-{4-(4-aminophenoxy)phenyl]~-2~[(4~(4-aminophenozy}-3,5~-dimethylphenvijsr
opane, |
2,2-bis[4~-{4~aminophenoxy)-3,5~-dimethylphenyl lpropane,
2,2-bis{4—(4—aminophenoxy)phenyl]-1,l,1,3,3,3~héxaf1uoropropane.
2,2-bis(3-(4~-aminophenoxy)phenvl}-1,1,1,3,3,3~hexafluoropropane,
2,2—bis[4;(3—aminophenoxy)phenyl]—l,1,1,3,3,3-hexafluoropropéne.
2,2-bis[3-(3-aminophenoxy)phenyll}-1,1,1,3,3,3-hexafluoropropane,
1,3-bis(3-aminophenoxy)benzene, 1,3-bis(4-aminophenoxy)benzene,
1,4-bis(4-aminophenoxy)benzene, l,4-bis(3-aminophenoxy)benzene,
4,4'-bis(3-aminophenoxy)biphenyl, 3,3'-bis(3-aminophenoxy)biphenvl,

bis{3-(d4-aminophenoxy)phenvl]ketone,
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The exahples for synthesizing the polyam de acid varnish and polyimde
varni sh are shown bel ow EXAMPLE 1 14. 69 (0.05 nol) of
1, 3- bi s(3- am nophenoxy) benzene and 92.1g of N, N-dinmethyl acetam de were
i ntroduced in a container equipped wth an agitator, a reflux condenser,
and a nitrogen introducing pipe. Then 16.Qg (0.0495 nol) of 3,3,

4, 4- benzophenonet etracarboxyli ¢ acid dlaghydrlde was divided into four
portions and added into the cont ai ner a nitrogen atnosphere at a
room t enper at stirred for 20 hours at a room

¥re and th xture M@i
t enper at ur @15that 4 c?d'h‘"°9PFf‘?ﬁﬁ¥’cpr\‘i’““¥ K$%3P{err] of the resultant pol yani de
acid was 0.95 36.8g (0.1 nol) of

B by o3t Ko aninePhe pRETUN ARG £okengy

bis{3~-(3-aminophenoxy)phenyl lketone,
bis{4~(4-aminophenoxy)phenyllsulfide,
bis{3~(4-aminophenoxy)phenylisulfide,
bis(3-(3-aminophenoxy)phenyllsulfide,
bis[4-(3-aminophenoxy)phenyllsulfide,
bis[é—(4—aminophenoxy)phenyl]sulfoxide,
bis[4-(4-aminophenoxy)phedylI;ulfone,
bis{3-(4-aminophenoxy)phenyl]sulfone,
bis{3-(4~aminophenoxy)phenyllsulfone,
bis[4-(3-aminophehoxy)phenyl]sulfone,
bis{4-(3-aminophenoxy)phenyllether,
bis{4~(4-aminophenoxy)phenyllether,
bis[3—(3—aminophenoxy)phenyllethér,
bis{3~(4-aminophenoxy)phenyl]ether,
l,4—bis[4-(3—amiﬁophenoxy)bepzoyl]behzene,
l,3—bis[4—(34aminophenoxy)benzoyl]benzene,

" 1,4-bis[4~-(4-aminophenoxy)benzoyllbenzene,
1,3-bis{4-(4-aminophenoxy)benzoyl Jbenzene,
4,4'—bis(3—aminophenoxy)-3—methylbipheny1,
4,4'vbis(3—aminophenoxy)—3,3'-dimethylbiphenyl,
4,4'-bis(3-aminophenoxy)-3,5-dimethylbiphenyl,
1,4'-bis(3-aminophenoxy)-3,3',5,5"'~tetramethylbiphenyl,

{,4'-bis(3-aminophenoxy)}-3,3'~dichlorobiphenyl,
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of* N, N-di net hyl acet ani de were introduced in a container equipped

-33- with an agitator, a reflux condenser, and a nitrogen introduci ng

pi pe. Then 10.36g (0.0475 nol) of pyronellitic acid dianhydri de and
13.97g (0.0475 nol) of 3,3, 4,4 -biphenyltetracarboxylic acid dian-
hydri de were added little by little into the container under a ni- trogen
atnosphere at a roomtenperature. The m gewe was agitatedq for 20 hours at
a roomtenperature. The logarithm c viscosity [err] of

4,4'~bis{3-aminophenoxy)-3,5~dichlorobiphenyl,
4,4'~-bis(3-aminophenoxy)-3,3',5,5"'-tetrachlorobiphenyl,
4,4'-bis(3—aminophenoxy)-3,3'-dibromobiphenylf
4,4'-bis(3-aminophenoxy)~3,5~-dibromobiphenyl,
4,4'-bis(3—aminophenoxy)-3,3',5,5'-tetrabromdbiphenyl,
-bis[4e(3-aminophenoxy)-3—methoxyphenyl]sulfide,
'[4-(3—aminophenoxy)phenyl][4—(3-aminophendxy)-3,S-dimethoxyphenyl]sufide.
bis(4-(3-aminophenoxy)-3,5-dimethoxyphenyl]sufide, and |
1,3—bis[4-(4-aminophenoxy)—ai,& -dimethylbenzyl ]benzene.
These diamines can be used singly or as a mixture.
Exemplary dianhydrides include:
ethylenetetracarboxylic dianhydride,
buténetetracarboxylic dianhydride.
cyvclopentanetetracarboxylic dianhydride,
pvromellitic dianhydride,
3,3',4,4'-benzophenonetetracarboxylic dianhydride,
2,2',3,3"-benzophenonetetracarboxylic dianhydride,
3,3',4,4'-biphenyltetracarboxylic dianhydride,
2,2',3,3';biphenyltetracarboxylic dianhydride,
2,2-bis(3,4-dicarboxyphenyl)propane dianhydride,
2,2-bis(2,3-dicarboxyphenyl)propane dianhydride,
bis(3,4-dicarboxyphenyl)ether dianhydride,
bis(2,3-dicarboxyphenyl)ether dianhydride,
bis(3,4~dicarboxyphenyl)sulfone dianhydride,
bis(2,3~dicarboxyphenyl)sulfone dianhydride,

e
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t he resful tant polyam de acid was 0.55 dl/g. EXAMPLE 3 36. 8g
(0.1 nmol) of 4,4' -bis(3-am nophenoxy)bi phenyl and 175.8g of N,

N- di net hyl acet am de were introduced in a container equi pped wth an
agitator, a reflux condenser, and a nitrogen introducing pipe. Then 21.5g
(0.1 mol) of pyronellitic acid dianhydride was added Ilittle by little into
the container under a nitrogen atnosphere at a roomtenperature. The

m xture was agitated for 20 hours at a roém-tenperature. ‘The | ogarithnic
viscosity [err] of the resultant polyam de acid was 1.45 dl/g.

EXAMPLE 4pis(2,3-di292bc3@phénPl FRdthadk dianbys{idteani nophenoxy) benzene and

1838.4g of N-nethyl-2-pyrolidone were introduced in a container equipped

W th ois(3,4-dicarboxyphenyl )methane dianhydride.
1,1-bis(2,3-dicarboxyphenyl )ethane dianhydride,
l,l-bis(3,4Fdicarboxypheny1)ethane dianhydride,
1,2-bis(2,3-dicarboxyphenyl)ethane dianhydride,
1,2~bis(3,4-dicarboxyphenyl)ethane dianhydride,
1,3-bis(2,3-dicarboxyphenoxy)benzenhe dianhydride,
1,3—bis(3,A—dicarboxyphendxy)benzene dianhydridé,
1,4-bis(2,3-dicarboxyphenox§)behzene dianhydride,
1,4-bis(3,4-dicarboxyphenoxy)benzene .dianhydride,
2,3,6,7-naphthalenetetracarboxylic dianhydride,
1,4,5,8~-naphthalenetetracarboxylic dianhydride,
1,2,5,6-naphthalenetetracarboxylic dianhydride,
1,2,3,4-benzenetetracarboxylic dianhydride,
3,4,9,10-perylenetetracarboxylic dianhydride,
2,3,6,7—anthracehetetracarboxylic dianhydride,
1,2,7,8—phenanthrenetetracarboxy;ic dianhydride,
2,2-bis(3,4—dicarboxyphenyl)—1,1,1,3,3,3—hexaflqoropropané dianhvdride,
2,2-bis(2,3-di;arboxypheny1)-1,1,1,3,3,3-hexaf1uoropropane dianhvdride,
1,3-bis[4-(1,2-dicarboxy)phenoxylbenzene dianhydride, -
1,4—bis[4—(l,Z—dicarboxy)phenoxylbenzene dianhydride,
1,4-bis[3-(1.2-dicarboxy)phenoxvlbenzene dianhydride,
1,3-bis{4~(1,2-dicarboxy)~qa ,q —dimethylbenzyl]benzene dianhydride,
1,3-bis[3-(1,2-dicarboxy)~a ,a —dimethflbenzyl]benzene dianhydride,

L,4-bis(3-(1l,2-dicarboxy)-¢a .a —dimethylbenzyllibenzene dianhydride,
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an agitator, a reflux condenser, and a nitrogen introducing pipe, and
agitated under a nitrogen atnosphere at a roomtenperature to dis- solve.
320.59g (0.995 nol) of -3,3", 4,4 -benzophenonetetracarboxylic acid

di anhydri de was added little by little into the container. The resultant
m xture was risen up to 50[err]C and then agitated for one hour. Then
4.434g (0.03 nol) of phthalic acid anhydride was added to

- 34- the mxture little by little and?ghen agitated for !further two

hour s
1.4-bis[4-(1,2-dicarboxy)~ua ., a -dimethylbenzyl]benzgne dianhydride,
z,z-bis[4-(4-(l,z-dicarboxy)phenoxy)phenyllPropane dianhydride,

2,2—bis[4-(3—(1,z-dicarboxy)phenoxy)phenyl]prdpane diénhydride,
bis[4-(4-(1,2-dicarboxy)phenoxy}phenyllketone dianhydride,
pis{4-(3~(1,2~dicarboxy)phenoxy)phenyllketone dianhydride,
bis[4-(4—(1,2-dicarboxy)phenoxy)phenyl]sul;one dianhydride,
bis[4-(3-(1,2-dicarboxy)phenoxy)phenyl]lsulfone dianhydride,
bis[4-(4-(l,2—dicarboxy)phepoxy)phenyl]sulfide dianhyvdride,
bis[4-(3-(l,2—dicarboxy)pheno£y3pheny1]sulfide dianhydride,
bis{4-(4-(1,2-dicarboxy)phenoxy)phenyl]l~1,1,1,3,3,3-hexafluoropropane
dianhydride and
bis[4~(3-(1,2-dicarboxy)phenoxy)phenyl]—l,1,1,3,3,3*hexafiuoropropane
dianhydride,

These aromatic tetracarboxylic dianhydrides can be used singly or as
a mixture. |

Aromatic diamine which can be used for the reaction includes, fcr

example,
bis{4~(3-aminophenoxy}phenyl Imethane,
1.l-bis[4-(3faminophenoxy)phenyl]ethane.
1,2-bis{4~(3-aminophenoxy)phenyl]lethane,
1,1~-bis[4-(3-aminophenoxy)phenvl]propane,
1.Z-bis(4-(3~aminophenoxy)pheny1]ptopane,
l,3—bis[4-(3-aminophenoxy)phen§l]propane,
2,2-bisl4~(3-aminophenoxy)phenyl]lpropane,

1,1-bis[4-(3-~aminophenoxy)phenyl]butane,




at 50[err]C . 93.1g (0.1 nol) of [err] -picoline was added into the

resul t ant pol yam de acid solution and then heated while being stirred in
a flow of nitrogen. During heating, water produced with an im de reaction
was renoved out of the system Wile the m xture was naintai ned at 180
[err]C for 5 hours to imdate thermally, the produced water and the

reacted solvent carried by a flow of nitrogen were partially renoved = out
of the system Then the heating was stopped. The product was cooled to a
roomtenperature for about two hours w29l e stirring. Then t he product was

stirred continuously for 10 hours. The viscosity of the resul tant
pol yi m de varHpsb( M3 -GRiRshhefox{ AhedP Ll butanleype vi scometer) and its .
| ogarithm c viscosity [err] was 0.55 dl/g. EXAMPLE 5

1,3-bis{4-(3~aminophenozy)phenyl]butane,
1,4-bis[4-(3~aminophenoxy)phenyl]butane,
2,2-bis[4-(3-aminophenoxy)phenyl Jbutane,
2,3-bis[4—(3—aminophenoxy)phenyllbutané.
2,2-bis[4-(3-aminophenoxy)phenyl]-1,1,1,3,3,3-hexafluoropropane,
4,4'-bis(3-aminophenoxy)biphenyl,
bis[4—(3-aminophenoxy)phen¥llketone.
bis[4-(3-aminophenoxy)pheny1lsulfide and
bis(4-(3-aminophenoxy)phenyllsulfone. These aromatic diamines can be
used singly or as a mixture. |

Exemplary aromatic dicarboxylic anhydrides of the formula (2)
include phthalic anhydride, 2,3-benzophenonedicarboxylic anhydride,
3,4—benzophenonedicarbokylic anhydridé,
2,3-dicarboxyphenyl phenyl ether anhydride,
3,4—dicarboxypheny1 phenyl ether anhydride,
2,3-biphenyldicarboxylic anhydride,
3,4-biphenyldicarboxylic anhydride,
2,3-dicarboxyphenyl phenvl sulfone anhydride,
J,4-dicarboxyphenyl phenvl sulfone anhydride, !
2,3~dicarboxyphenyvl phenvl sulfide anhydride,
3,4-dicarboxyphenyl phenyl sulfide anhydride,
1,2-naphthalenedicarboxylic-anhydride,
1,8-naphthalenedicarboxylic anhydride,

iL,2-anthracenedicarboxylic anhydride,
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36.8g (0.1 nmol) of 4,4'-bis(3-am nophenoxy)bi phenyl and 137.6g of

N, N-di net hyl acet am de were introduced in a contai ner equipped wth an
agitator, a reflux condenser, and a nitrogen intro- ducing pipe. Under a
nitrogen atnosphere at a roomtenperature, 10.36g (0.0475 nol) of
pyronellitic acid dianhydride and 13,97g (0.0475 nol) of 3,3,

4, 4' -bi phenyl tetracarboxylic acid di anhvdride were added I|ttIe by little
into the container. The resultant m xtus® - was heated to 50[err]C and
stirred for one hour. Then after 0.886 g (0.006 nol) of phthalic

anhydri de e adeshdnddiferborlyiie hhylibBEadlafd ture was agitated at
50[err]C for further 2 hours. Then, 3
added to thm-raaswiatc'ﬁmtedwmmydeca&ﬁ@dsmwion
Solvent which can be used include, for éxample,
N-methyl-2-pyrrolidone, N,N-dimethylacetamide, N,N-?imethylformamide..
1,3-dimethyl-2-imidazolidinone, N,N-diethylacetamide,
N,N-dimethylmethoxyacetamide, dimethyl sulfoxide, pyridine, picoline,
dimethyl sulfone, hexamethylphosphoramide,
tetramethyl urea, N-methylcaprolactam, butyroractum, tetrahydrofuran,
1,3-dioxane, 1,4-dioxane; l,i—dimethoxyethane, bis(2-methoxvethyl)
ether,l,2-bis(2-methoxyethoxy)ethane, bis[2-(2-methoxyethoxy)
ethyl]ether,
o~-cresol, m-cresdl, p-cresol, cresylic acid, p-chlorophenol ahd_anisole.
These soivents can be used singly or as a mixture.

Explanation will be made below as for th the insulating tape .
thus formed is used.

The insulating adhesive tape and electronic cémponents such as
lead frames and IC chips can be adhered Qith each other by a well-
known thermo-melting presstondiné method.

The adhesive temperature is sealected within the range of from
250°C to 450°C , and particularly from 270°C to 400°C . The adhe—-
sive time is particularly not limited but it is desirable to shorten
the adhesive time as much as possible, usually to a range of 0.1 to 10
seconds, preferably to a range of Oﬂi to 5 seconds. It is desirable
to set the adhesive pressure to 1 to SO0kg/cm!, preferably to S to 30

kg/cm? .
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- 35 + and was heated while being stirred in a flow of nitrogen. During

heati ng,
system

thermally. During this step, produced water and reacted solvent car- ried

by the ni

wat er prdducgd with an imde reaction was renoved out of the
The product is maintained at 180[err]C for 5 hours to imdate .

trogen flow were partially renoved out of the system Then the

heating was stopped and the product was _cg | ed to a room tenperature in
about two hours while stirring. Then the product was stirred for further

10 hours.
poi se

The viscosity of the resultant polyimde varnish was 80
In the material such as copper-series léad frame which is sub-

jected to an oxidizing reaction at high temperature and form easily a

pbrittle oxidized film thereon, it is desirable that an oxigen

concentration in an ambient of the thermo-melting press-bonding is

set to less than 4%, preferably to less than 1%, to thus prevent an
formation of an oxide layer.

In the insulating adhesive tape according to the present in-
vention, sinée the thermoplastic polymer has an excellent adhesive
property to a semiconductor material and its glass'transitiop temper-
ature is not less than 180°C (which is higher than 175°C of usual
molding temperature of resin encapsulating material), superior mold-
ability is given during resin encapsulating process with no deforma-

tion nor flow at thermoplastic nor being made. The glass transition

temperatures as high as 180~ 280°C provide very good thermo-melting

press-bonding conditions for;industrigl produétion. 'The modulus of
elasticity as low as 10¢* to 10° dyne/cm? at 250 to 300 ‘C does not
allow slightest movement of inner lead duriné the wire bonding step
where an inner lead ié wired with an IC chip at 240 to 280 °C .,
thereby excellent reliability for bonding can be assured.

Moreover, the good bond is secured between an inner lead and
an IC chip during a reflow soldering process.

In order to confirﬁ the reliability for long service period an
accelerating test was made in a pressure-cooker at 121 °C and a rela-
tive humidity of 90%, in which the insulating adhesive tape was not

peeled from an IC lead frame and/or an IC chip at all. In addition,
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(at 25[err]C, E-type visconeter) and its logarithmc viscosity [err] was

0.60 di/g.

1. 3- bi s( 3-

. EXAMPLE 6 14.6g (0.05 nol) of
am nophenoxy) benzene and 92.1g of N, N-di nmet hyl acet am de were

introduced in a container equipped wth an agitator, a reflux condenser,
and a nitrogen introducing pipe. 14.4g (0.0446 nol) of 3,3',

4, 4' -benzophenonet etracarboxylic acid _dggnhydride were divided into three
portions and then added in nitrogen atnosphere at a roomtenperature. The
m xture was stirred for two hours at roomtenperature, Then, 0.61g of

KBM 403 (v idfeperated of Sisendtidn Chemiths thermoplysyic Aadypegerpesnal (Shive
coupling agent, was added to the solution and stirred for 20 hours at a
roomt enpeservfde. Then; 1.4g (0.0044 nol) of 3,3, 4,4'-benzophe-

In the insulating properties after adﬁering, the volume speci-
fic resistance is 10'° to 10'* Q cm, and the surface resistance is 10
te o 10'* Q , and the ionic impurities are very scafce. The severe
accelerated'aging test, where the sample is arranged in a pressure-
cooker at 121 °C and a relative humidity of 90% and applied cohtinu-
ouslj with an DC voltage of § volts for 1000 hours, proved such an
excellent electrical chéractéristic that the surface resistance
falling ratio before and after the.test is suppressed to less than
5%.

The examples for synthesizing the polyamide acid varnish and
polyimide varnish are shown below:

EXAMPLE 1

14.6g (0.05 mol) of 1,3-bis(3-~aminophenoxy)benzene and 92.1g
of N, NQdimethylacetamide were introduced in a container equipped
with an agitator, a reflux condenser, and a nitrogen introducing
pipe. Then 16.0g9 (0.0495 mol) of 3,3', 4,4-benzophenonetetracarboxyli
¢ acid dianhydride was divided into four portions and added into the
container under a nitrogen atmosphere at a room temperature and the
mixture was stirred for 26 hours at a room temperature. The loga-
rithmic viscosity 5 of the resultant polyamide acid was 0.95 dl/g.

EXAMPLE 2 |

36.89 (0.1 mol) of 4,4'fbis(3—aminophénoxy)biphenyl and 137.6g

of N, N-dimethylacetamide were introduced in a container equipped
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ndhetefracarboxylic acid di anhydri de was added to the solution and then
stirred for 4 hours at roomtenperature. The logarithmc vis- cosity [err]
of the resultant silane coupling agent denatured pol yam de
-36- acid was 0.85 dl/g. EXAMPLE 7 25.8g (0.07 nol) of
4, 4- bi s(3-am nophenoxy) bi phenyl and 6.0 g of 4, 4-di mam nodi phenyl et her
were. i ntroduced in a container equipped__33 _ . .
with an aqitator, a reflux condenser, and a nitrogen intraoducing
pipe. Then 10.36g (0.0475 mol) of pyromellitic acid dianhydride and
13.97g (0.0475 mol) of 3,3', 4,4'-biphenyltetracarboxylic aéid dian-
hydride.were added litﬁle by little into the container under a ni-
trogen atmosphere at a room temperature. The mi;ture was agitated
for 20 hours at a room temperature. The logarithmic viscosity p of
‘the resultant polyamide acid was 0.55 dl/g.
EXAMPLE 3
36.8g (0.1 mol) of '4,4'-bis(3-aminophenoxy)biphenyl and 175.89
of N, N-dimethylacetamide were intfoduced in a container equipped
with an agitator, a reflux condenser, and a nitrogen introducing
pipe. Then 21.59 (0.1 mol) of pyromellitic acid dianhydride was added
little by little iﬁto the container under a nitrogen atmosphere at a
room temperature. The mixture was agitated for 20 hours at a room
temperature. The logarithmic viscosity 5 of the resultant
polyamide acid was 1.45 d1l/g. |
EXAMPLE 4 .
292.2g9 (1.0 mol) cof l,3—bis(3—amino§henoxy)benzene and 1838.4g
of N-methyl-2-pyrolidone wefe introduced in a container equipped with
an agitator, a refiux condenser, and a nitrogen introducing pipe, énd-
agitated under a nitrogen atmosphere at a room temperature to dis-
solve. 320.59g (0.995 mol) of 3,3', 4,4'—bgnzobhenonetetracarboxy1ic
acid dianhydride was added little by little into the container; The
resultant mixture was risen up to 50C and then agitated for one

hour. Then 4.434g (0.03 mol) of phthalic acid anhydride was added to
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wi'th an agitator, a reflux condenser, and a nitrogen introducing pipe.
Then 21.5g (0.1 nol) of pyronellitic dianhydride was added |lit- tle by
little into the contai ner under a nitrogen atnosphere at a room
tenperature. The m xture was stirred for 20 hours. The loga- rithmec

viscosity h of the resultant polyamide acid was 1.30 dl/g. EXAMPLE
8 138.7g (0.47 nmol) of 1, 3-bi s(_?&ﬁm nophenoxy) benzen, am ne-ter-
m nat ed pol ydi met hyl si.l oxane( TORAY DOW NI NG SI LI CONE Co. BY-16- 853)

and 998 g of N, N-dinmethyl acetam de were introduced in a con- tainer

equi pped wise hma’ﬂtlb@ tlditdde hyrbittbe anddahear aghkrited fian dyerheirntrodiry iy
pi pe. Then 162 g (0.05 nol) of 3,3'- benzophenonetetracar boxylic acid

di anhydri ds &€ -ad(?éd 1gi {Pt% maR )| iOft re- Ph‘f%“t"r?e"’ééna dedj Hevo Uiferegultant

nitrogen atnosphere at. a roomtenperature. The
solya ide acid solution and then heated whlle being stirred in a flow

;f nitrogen. During heating, water produced with an imide reaction
«as removed out of the system. While the mixture was maintained at
180 °C for.S hours to imidate thermally, the produced water and the
reacted solvent carried by a flow of nitrpgeﬁ were partially'removed
out of the system. Then the heating was stopped. The product was
cooled to a room temperature fgi about two hours while stirring. Then
the product was stirred continuously for 10 hours.

The viscosity of the resultant polyimide varnish was 60 poise
(at 25°C , E~type viscometer) and its 1ogafithmic viscosity 5 was
0.55 dl/g.

EXAMPLE 5

36.8g (0.1 mol) of 4,4'—b;;(3—aminophenoxy)biphenyl and
137.69g of N,N-dimethylacetamide were introduced in a container
equipped Qith an agitator, a reflux condenser, and a nitrogen intro-
ducing pipe. . Under a nitrogen atmosphere at a room temperature,
10.36g (0.0475 mol) of pvromellitic acid dianhydride and 13,97g
(0.0475 mol) of 3,3', 4,4'Qbiphenyltetracarboxylic acid dianhvdride
were added little by little into the container. The resultant mixture
was heated to 50°C and stirred for one hour. Then after 0.886 g
(0.006 mol) of phthalic anhydride was added in the solution, the mix-
ture was agitated at S0°'C for further 2 hours. Then, 9.31g (0.01

mol) of y -picoline was added to the resultant polyamide acid solution

e,
Ay, i . I



ture was stirred for 20 hours. The logarithm c viscosity h of the

resul tant polyam dé acid was 0.45 dl/g. I nsul ati ng adhesi ve tapes

wer e manufactured by using the var- nish obtained by the above synthesis

exanpl es and various base filnms and were subjected to various tests. The

test results are shown in the follow ng Tabl e, The manuf acturing
met hod and the test results are described3sbel ow. Some enbodi nents enpl oy
different conditions fromthose de- :

and was heated while being stirred in a flow of nitrogen. During
heating, water produced with an imide reaction was removed out of the
system. The product is maintained at 180°C. for 5 hours to imidate
thermaliy. During this step, produced water and reacted solvent car-
ried by the nitrogen flow were partially removed.out of the system.
Then the heating was stopped and the product was cooled to a room
temperature in about two héurs while stirring. Then the product was
stirred for further 10 hours.
The viscosity of the resultant polyimide varnish was 80 poise
(at 25°C , E-type viscometer) and its logarithmic viscosity p was
0.60 dl/qg. .
| EXAMPLE 6
14.6g (0.05 mol) of 1.3-bis(3-aminophenoxy)benzene and 92.1g
of N, N-dimethylacetamide were introduced in a container egquipped
with an agitator, a reflux condenser, and a nitrogen introducing
pipe. 14.4g (0.0446 mol) of 3,37, 4;;'—benzophenonetetracarboxy1ic
acid dianhydride were divided into three portions and then added in
nitrogen atmosphere at a room temperature. The mixture was stirred
fér two hours at room temperature. Then, 0.61g of KBM-403
(manufactured by Shinetsu Chemical Co., Ltd.), epoxy series silane’
coupling agent, was added to the solution and stirred for 20 hours at
a room température. Then, 1.49 (0.0044 mol) of 3,3', 4,4'-benzophe-
"‘nonetetracarboxylic acid dianhydride wés added to the solution and
then stirred for 4 hours at ?oom temperature. The logarithmic vis-

cosity 5 oOf the resultant silane coupling agent denatured polyamide
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-37- scribed bel ow but the conditions are shown at the foot of the Table.
The varni sh produced in the above synthesis exanple is coated over a base
film The sanple is heated stepw se by 30C tenperature from 100[errJ]Cto
250[err]C, while it is dried for 5 mnutes in each step to imdate.
Finally, a thernoplastic polyimde |ayer wwth a prede- term ned thickness
is fornmed. Then, an adhesive insulating Lajge.is prepared. Under
the same conditions as those descri bed above, the ther- noplastic
polyi m de usgqdal one igg pipgessed into a film The elastic nodulus of the
filmis neasured at 2§ [er ‘C and 250[err] C using VI BRON (tradenar k)

vi scoel astometer. gxamerpg Pequentially, the insulating adhesive tape is
‘cut into 10 mm — )
' ' 25.8g (0.07 mol) of 4,4-bis(3-aminophenoxy)biphenyl and 6.0 g
of 4,4-dimaminodiphenylether were introduced in a container equipped
with an agitator, a reflux condenser, and a nitrogen introducing
pipe. Then 21.5g (0.1 mol) of pyromellitic dianhydride was added lit-
tle by little into the container under a nitrogen atmosphere at ga
room temperature. The mixture was stirred for 20 hours. The loga-
rithmic viscosity h of the resultant polyamide acid was 1.30 dl/g.

EXAMPLE 8

138.7q9 (0.47 mol) of 1,3-bis(3-aminophenoxy)benzen, amine-ter-
minated polydimethylsiloxane(TORAY DOW CORNING SILICONE Co. BY-16-
853) and 998 g of N, N-dimethylacetamide were introduced in a con-
tainer equipped with an agitator, a reflux condenser, and a nitrogen
introducing pipe. Then 162 g (0.05 mol) of 3,3'—benzopheﬁonetetraca:
boxylic acid dianhydride was added little by little into the con-
tainer under a nitrogen atmosphere at a room temperature. The mix-
ture was stirred for 20 hours. The logarithmiq viscosity h of the
resultant polyamide acid was 0.45 dl/g.

Insulating adhesive tapes were manufactured by using the var-
nish obtained by the above synthesis examples and varibus base filasg
and were subjected to various tests. The test results are shown in
the following Table.

The manufacturing method and the test results are descr:iag

below. Some embodiments employ different conditions from thoss zsa-
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square pi eces. Each piece, as shown in Figs. 4 and 5, is placed on a Si
chip 1 coated with polyimde, and the | eads 21 of a conb-type |lead frane
of 42Ni Fe alloy is arranged on the piece. The structure is subjected to a
t her no- press-bonding at 270[err]C for 5 seconds at a pressure of
30kg/cnmferr]. The leads 21 are sheared out of the frame to form plural
test sanples Mand S, as shown in Figs. 4 d 5. .The lead frane
used for testing are a conb-type |ead fral With 16 leads. In the test

o é%&%“gi%&%ge@ffﬁg‘dlw«msnaas "B a5 ERe WEER LiC FaBRET Lo
gap
between the | eads,)s vaz#is{.”g;ar 2% O}saagaa%o@et %@Jﬁg%gﬁ dez:a&)pﬂé i@nggggTags

silver plated por?lon nmifro

M wver e SUbln?eC:t %dbLQeaBiﬂ;g, t%ﬁg Lgrﬁplae Q_Q ﬂ@g(:gr? %Ji@g by 30°C temperature
from 100°C to 250°C , while it is dried for 5 miqutes in each step
to imidate. PFinally, a thermoplastic polyimide layer with a prede-
termined thickness is formed. Then, an adhesive insulating tape is
prepared.

Under the same Fonditions as those described above, the ther-
moplastic polyimide used aLone'is processed into a film. The elastic
modulus of the film is measured at 25 °C and 250°C using VIBRON
(trademark) viscoelastometer.

Sequentially, the insulating adhesive tape is cut into 10 mm
square pieces. Each piece, as shown in Figs. 4 and 5, is placed on a
Si chip 1 coated with polyimide, and the leads 21 of a comb-type lead
frame of 42NiFe alloy is arraﬁged on_the piece. The structure is
subjected to a thermo-presé-bonding at 270°C for 5 seconds at a
pressure of 30kg/cm*. The leads 21 are sheared out of the frame to
form plural test samples ¥ and S, as shown in Figs. 4 and §5.

The lead frame used for testing are a comb-type lead frame
with 16 leads. In the test sample M, the width of the.lead is 0.3mm
;nd the gap between the leads is 0.3mm. In the test sample S, the
width of the lead is 0.15 mm and the gap between the leads is 0.15
mm. Each lead has a thickness of 0.15 mm and a silver plated portion
at the area of 0.5 mm from the end.

Samples M were subjected to aging test for a 90-degree peeling
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- 38 - strength. The test sanples s were subjected to an aging test for
an insulation. |In order to performan aging test for the 90-degree peel -
ing strength, sonme test sanples Mwas neasured for the initial 90-de- gree
peeling strength. Another test sanples M-wgge subjected to the 90-degree
peeling strength test after they had been left for 1000 hours in a
pressur e- cooker which atnosphere has a tenperature of 121[err]C and a

rel ati ve hepdedigty- of TRogest sampleqswer@hPRBIGCERY (% @nyaY ing et $oForRs

wer e applied between ' .
insulation. In order to perform an aging test for the 90-degree peel-

ing strength, some test samples M was measured for the initial 90-de-
gree peeling strength. Another test samples M were subjected to the
90-~degree peeling strength test after they had been left for 1000
hours in a pressure-cocker which atmosphere has a temperature of 121°C
and a relative humidity of 90%.

Next, while a DC bias voltage of 5 volts were applied between
adjacent leads of the test saaple S, a leakage current flowing between
the leads was measured. Next, while the 5 volt DC bias voltage ap-
plied between the leads, the corresponding sample was subjected to a
1000 hour aging under a condition of a temperature of 121 °C and a re-
lative humidity of 90%. The leakage current of the sample was mea-~
sured again after the aging.

In order to examine the strength characteristic of the wire
bond, a test bar 8 was adhered to ;he test sample S, as shown in
Figs. 4 and 6, and the resultant structure was subjected to a wire
bonding test. A bonding was carried out using a gold wire while an
ultrasonic vibration is being applied under the:condition cf the
stage temperature of 260°C and a bonding load of 100g. Thereafter;
the positional deviation movement of lead 21 resulting from the
bonding step was observed and bonding strength was measured.

Test results of insulating adhesive tapes with various struc-

ture are shown in the following Table.
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adj acent |eads of the test sanple S, a | eakage current flow ng between
while the 5 volt DC bias vol tage ap-
t he correspondi ng sanple was subjected to a 1000 hour

| eads was neasured. Next,
bet ween t he | eads,
agi ng under a condition of a tenperature of 121 [err]C and a re-’

hum dity of 90% The | eakage current of- 8%e sanple was nea-
In order to exam ne the strength characteristic

after the agi ng

t he
plied

| ative
sured again

of the w re—bord—a—test bar S—pas—adheretd—to—tha—test—sanple—S—as she‘vjn
in Figs. 4 afMUBENaMd the!lrdsul { ab? s} risdt ur dotag ubj dotdedl oMl v riss |
bondi ng testT™A onalng Wa carr cad ou S|n @ gra_wne whitfe an ]
ul trasonic Yi?ﬁatlﬁﬁ i S belnq apblﬁed Lin t h nd%tic f fhé staae i
58
tenpe_ratur"ﬁ o) _&69[&%] ﬂmd.@ bolngy ﬂg Lgad OIZF_lOCg.iso Thfeﬁ@afn Eo fhﬁ '
p03|t|onaL,deuLauJuLnnMeae ea resiultin romithe : :
Syn. example Nu 1 1 i 3 i ! 1 1 : 1 i
varaish : T :
Drying Temp. °C i 100--250 | 100--250 | 100--250 ; 100--250 | 100--280 | 100--280 | L00~-280 | 100--280 |
Wit formia | RO D o®O | o | R0 | o] ko | Ro ] s X
‘Thermo- | Thickuess um| 10 10 0 | 10 % 2 w1
plastic :
-polyimide | Trans. Temp. C| 200 200 200 200 220 220 220 1220
layer - J i
25 °C [4.4x10'7 | 4.4x10'° | 4.4x10'° | 4.4x10"° | 4.4x10'° | 4.4x10"" | 2.5x10"% | 4. 4x10"® ¢
Elastic - - :
; modulus | 250 °C [ 4.0x10' | 4.0x10* |4.0x10* |4.0x10° }2.0x107 |2.0x10" |2.0x10” {2.0xi07 !
Width & gap of leads mm| 0.3 | 015 | 0% | 01 | 03 | o5 [ 03 | 015
: Pressure kg/cii| 30 30 30 30 30 30 30 30
Bonding : :
Temperature °C| 270 270 210 210, 270 270 3% {350 i
coadition :
| Bonding time sec 5 i 5 5 5 5 5 5 , 3 i
| Resistance | Initial Val. g| 28 | 2 2 52
against - >
peeling | After aging g 27 { 27 22 32
leakage | [nitial Val. na | i3 f 3 3
curreat - n
After aging n:\g ; 3 4 T4 3
Stage temp. C | | 230 230 230 260
: . i
 Bonding Bonding force g | i 100 | 100 100 120
test : : . ;
Resistance g | 10 PoIL |10 15
Lead deviation é No g Yo i No No

Base film A:Upilex SGAPA plasma trealed
plasma treated

plasma treated
not plasma treated
dyae/cm®

8:

¢

D:

Uit of elastic modulus:

Apical NP
Kapton E
Upilex S

UBE Industries. Ltd.
KANEGAFUCH! Cemicat Industry Co..

TORAY-DUPONE Co. Ltd.
UBE fndustries. Ltd.

Protesting ldyer of Si chip: PI coating for Exmples 1 to 20. phosphouros glass membrane for Exmples 2I and 22
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bondi ng* step was observed and bondi ng strength was neasured. Test -
results of insulating adhesive tapes with various struc- ture are shown in. -
the foll ow ng Tabl e. '

- 39 - ENVMBODYMENT NO - No 1 No 2 N03N0
4 No 5 No 6 No 7 - No-&g - Gade . A
A . B B A A A <A Base film...
Ti ckness rr]-m— 50 N S, | ~SES S RE, |- /o Wk
50 CMBIDOIENT N 50 Y9 Mi0 | NUByh. tigxdnphid NoMald | M3 | M6
1 1 —1 % Var T s
Grade 1A A B B A A A A i
gase film - - : - d
Tickaess zm| 30 ] 50 25 %} 50 30 50 50 i
Syn. example Noi 2 2 2 2 ] 2 2 3 3
varnish . - e’
: Drying Teap. C | 100~-280 | 100--280 | 100~-280 | 100--280 | 100--310 | 100-~310 | 100--290 i 100--290 }
Unit formla | X3 | XD | RAD | K@ | XD | KD | K| K L)
: Thermo- Thickness zm| 10 10 10 10 10 o w0 o -
i plastic > : :
'polyimide |Trans. Temp. C| 230 230 230 230 230 230 70 %0
i layer - -
5 25 °C|2.5x10'" | 2.5x10'° | 2.5x10°° | 2.5x10'® | 3. 7x10 | 3.7x10'° | 4. 2x10® ! 4. 2¢10'0 -
! Elastic - : e A
! modulus | 250 C | * kT * * 2.0x10° [2.0510° | %% - jk* .
Wdth&gpof teads mm| 03 | o15| 03 | 05| 03 | 15| 03 i o1
Pressure kg/cd| 20 30 30 30 30 30 o P
Bonding : - o
Temperature | 300 300 300 300 350 350 1 1 SR
condition - —
Bonding time sec| 5 5 5 5 | s 5 50103
Resistance | Initial Val. g| 40 % 6 | % |
against : 7 =
L peeling | After aging g | 42 3 , 67 S
ileakage | Initial Val.nA 2.5 T 29 4 I
! current -
! After aging nA 2.5 2.9 4 T2
3 .
' Stage tems. C 260 % | | 260 L7
gﬂondins Bonding force g | {100 100 ; 100 120
test - - : : -
; Resistance g ' P P12 N I 15
' Lead deviation ; | s el | sy IHE N

Base fiim A:Upilex SGAPA plasma treated :BE Industries. Ltd.
B: Apical NPI oplasma treated RANEGAFUCHI Cemical [ndustry Co..
C: Kapton B plasma treated TORAY-DUPONE Co. Ltd.
D: Upilex S not plasma treated UBE Industries. Lid.
Lnit of elastic modulus: dyne/cm? -
* : 3t 270°C. 3.0x10° dyne;cm?
%k : 3l 200°C. 3.0x10% dynescm®
Protesting layer of Si chip: Pl coating for Exmples 1 to 20. phosphouras glass membrane for Examples 21 amd 22,

e
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Drying Tenp. [err]C  100--250 100--250 100--250 100--250 100--280

100--280 100--280 100- - 280 Unit fornula [err]
[err] [err] [err] [err] [err] [err] [err]
[err] Ther no- Thi ckness [err]m 10 10 -
10 25 25 10 =41-10 pl astic pol yi nide
Tr ans. Terrp [err]C 200 200 200 200 220
220 1o 0 yer o PO | s ]
4. 4x10[err] 101“'52&1 [err] anﬁ‘ A‘.lf’(l[prNt?]lrg A‘hzgy’ n*‘r N‘L' X ] [e"ﬁ"] !
4.4x 10[err] z.wM[err] é4x!|0¢err] A A Edas i & D p !
nodul us 258 efi lm]r-Ee—4—0—x16}-e++ 403 Hoterr 4 Ox—30terrt :
2. Ox10[ err] Tickness umj 30 2 (R10[|er®] 02, ¢x1‘l)[e rpo 0 | 50
2. 0x10[ errf—WUUN & ga cag Teads U. 3 U015 030
0.15 "Ri‘igb Sya. eg‘ﬂ?% 4 b.3] ® d.15 #rdssute® kglch 130
i ’j . .
30 Orvigs T 'C1100--270 1003970 100279 Y00--270 | @ éo 100--2503399--2-30;
Bondi ng : nnprarlrp [err 270 D70 ﬁy’
270 270 Unit faddds vt-ﬁSq PL-Xh 380 qoremt if @n RuBandkng .
time sec . 5 - 5 % 5 ;
5 Sheraes|| Shisses 4| t Wal van, g 10 48 10 8 2 8 o i
24 . plastic —mo—7m T erTng. At agin 7 ;
27 . polyimide TI'Q?. Teap, g(.a g-u'% 5)3% :2%5Lea k%ée 20:"gm I%&q Va|200nA 2003
4 : layer 3 3"‘ :
25 °C ! 1.0x10'" | 1. 0xt0% | 4. 0x 801 QY0 e | 3. 9x10'0 | 3. 9x10'2 | 4 4100 | 4. 4xt070:
Elastic :
: modulus | 250 °C | 7.0x10° |7.0x10° [ %% |dex |3.000° |3.0¢10° |4.0xi0¢ |4.0x10% |
gWidlh & z2p of teads mm 0.3 0.15 0.3 0.13 0.3 0.15 0.3 0.13
Pressure kg/cf| 30 50 30 | 3 20 20 30 30
!Bundxnz
i Temperature °C 270 270 280 280 380 380 270 210
E condition
) Bonding time sec 3 5 5 5 .3 3 5 3
‘Resistance | nitial Val. g| % | 53 48 2
against : :
peeling | After aging g| 31 ! 47 %35 0|
leskage | Initial Val. na ! |7 6 | 3 P
current 7 7 :
After aging n:\! ! 8 7 3 ]
Stage tem. C | | 260 270 20 | 230
8onding | Bonding force g ! i 8 80 % 100 L 100
test - : 1 -
Resistance g | E i | B i B 10
Lead deviation | P Ewy i w.»ré wer] mHT
Base film A:Upilex SGAPA plasma treated GBE [ndustries. Ltd.'
8: Apical NPl plasma treated KANEGAFUCHI Cemical [ndustry Co..
C: Kapton E plasma treatad TORAY-DUPONE Co. Lid.
D: Upilex S not plasma treated UBE Industries. Lid.
Cnit of elastic modulus: dyne-cm®
g :oal 60°C. 2.0x10° dyne-cm®
‘2 Film is heated at 250 °C with far-infrared rays heater.dried and converted to imide.
©: PI-X type silane coupling agent denatured lhermoplastic polyimide
* Aging condition: 35 °C, 85% of relative humidity and [.U00 hours
21 and 22,

Peotesting layer of Si chip: Pl coating (or Exmples 1 to 20. phosphouros glass membrane for Exmples




After aging nA 3 4
4 3 Stage tenmp. C 230
1 230 230 260 Bondi ng Bondi ng force g
100 100 120 _ hgst Resi st ance g
10 11 10 15 Lead
devi ati on — No- NS No
No Base film ACGUARATEYE ENGRRRMENT | aisnm I r pated UBE I ndustries. Ltd.
B: Apl cal NPI ;-—*p: asta—treated <A IH Cemi cal | ndust ry Co. .
C. Kapton E ! pl asiebmdeeat ed A TORAY DUHONE Co. Ltd. D:
Upi l ex S  not:Bieadhe ftreatedt—HBE+mdystTies. Ltd. Unit of elastic
nodul us: dyne.{cnferr] Pe®esst ey [HyeriofSi Ichip: Pl coating for Exnples
1 to 20. phospfouros grass rrermra1ne for; EXxnpl s 21 and 22.
; Syn. example Mo 7 8
i Varnish
Drying Temp. °C | 100--320 { 100--250
Unit formuia - -
Thermo~ Thickness xm| 10 10
plastic
polyimide | Trans. Temp. °C| 200 165
layer
25 °C | 3.6x10° | 3.6x10'"
Elastic -
moduius | 250 °C | 6. 0x10? ! 4.0x10*
Width & gap of leads mm 0.3 0.15
Pressure kg/cii| 30 20
Bonding
Temperature °C| 400 280
condition
Bonding time sec 3 3
Resistance { Initial Val. g 4 !
against :
- peeling | After aging g 0
Leakage Initial Val. n A §
current :
After aging nA :
Stage temp. C | 260
Bonding Bonding force g ! 100
i test :
: Resistance g S
Lead deviation i 30um

Base film A:Upilex SGAPA plasma treated
plasma treated
plasma treated

not plasma treated

B: Apical NPI

C: Kapton E

D: Upitex S
tait of elastic modulus: dyne/cm’

UBE Industries. Ltd.

KANEGAFUCHI Cemical [adustry Co..
TORAY-DUPNDNE  Co. Ltd.

UBE Industries. Ltd.

b ?
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-40- EVMBODYMENT No - No 9 No 10 No 11 No 12 Nol 3

No 14 No 15 ° No 16 G ade A A

B A A A A Base film

Ti ckness [err]m 50 50 25 25 50 50

50 50 50 Sya. exanple No 2 2 2

2 2 2 3 -43-3 Drying Tenp.
[err]C 100--280 100--280 100-280 100--280 100--310 '100--310 100-290
100- 290 - As appaicentof rar athe abovieempodiments, [tdver jinsulating eadte-
[err] [err] [err] [err] Ther no- Thi ckness
[err]m sive tape ackprdih@ to the goesdmt inventli®n can be a@hered ig (very
10 pl astic polyim de Trans. Tenp [err]C . 230 230

230 ogort tigmpoto the lead frame of pe¥in encapsulaygd-type semaygmducto:
25 [err]C 2.5x10[err] 2. 5x10[err] 2.5x10[ err] 2. 5x10[err]

3. 7xl O] efpyices. FC F%TGFEPPF heat ﬂPE§ﬁ§ﬁ¥ﬁf] he gxgelippkrpphesive mran- ¢
nodul us 250[err] C 2 .0xlIO[err]

2. Oxlo[erF]-’ Y and heat *QSIStWGFhC&nggﬁm&#ewgégs prevept he reductjopgof

grgssure pﬁiﬁ%ﬂg strengﬁp and 1e36 mg$zment gergng the Jgr%5bond1ng process.

Furthermore, the insulating adhesive tape according to the
present invention does not éubstantially exhibit adhesive strength
decreasing and surface resi§t;nbe decreasing after the 1000 hour dura-
bility test in a pressure-~cooker bging under the severe condition
that the temperature is 121°C and -the relative humidity is 90%.

That is, according to the present invention, the adhesive per-
formance can be largely improved to semiconductor material such as
lead frame, IC chip, heat spreader, thus securing higher reliability
to a long period service. The insula;?ng adhesive tape also can maks
it possible to carry out bonding in a very short time operation,

which is extremely important for the industrial £iled.




\

gggdl "o 350 J”’”’”ﬁﬁii[[ﬁm]r]ﬁgo[err] Ny 378OO condi ti ggo Eondi ngo_?i me sec

5 - §§ - 5 Resi st ance

Initial Val. 5 65

56 agatﬂﬂtus peellng After aging g 42 37

67 — 58 Leakage Initial Val. n A . 2.5

2.9 4, . . y - Af t
agi ng nA 1. An insulating adhesive gape whi% rc%mailses a base s;up--er
2 ! SR a 8 d t

260 ocrtln%t Efqgﬂ) Bor?daﬁseSngoné? Q F%F:g% gon a 1£a650t ‘ﬂbe surface
]éggl st ancetneregf, s409 adhesive l.a'.yerf-L beLn%ZQorTSd of ée@t{ermoplastiéc polymer
15 comptlsn.l-r'f‘gaqi t'.‘jfé/:‘nﬁ:;ﬂl%tlc polyimide, wherein sbqrdr]thermopla[s%”a
[err] - [err] Base film A Upi |
SGAPA  pl mm@feﬁi§(’h glasHBErir'fﬁji'vlﬁ.Un' €8mpétdkure ranging frdd lﬁﬂ' C@'té\HSO
pl asma treated KANEGAFUCHI Cemi cal Industry Co. C. Kapton
E pl asga andeah esllastic RORAYeDURQYEngCorohtitht © dyne/cm! to [0 Upd e/ cm:
not plasma treated UBE | ndustries. Ltd. Unit of elastic nodulus: dyne;
cnferr] - at 25°C, said modulus including a value ranging from 102 dyne/cm? to

10* dyne/cm® at a temperature between 250 °C and 300°C .

2. An insulating adhesive tape according to claim 1, wherein
said thermoplastic polymer has a glass transition temperature ranging
from 180°C to 240°C and an elastic modulus ranging from 10* dyne/cm?

to 10°* dyne/cm® at 250°C .

3. An insulating adhesive tape according to claim 1, wherein
said thermoplastic polymer has a glass transition temperature ranging
from 200°C to 260°C and an elasticity modulus ranging from 10?

dyne/cm?* to 10°* dyne/cm?* at 270 °C.

4, An insulating adhesive tape according to claim 1L, wherein
said thermoplastic polymer has a glass transition temperature ranging
from 250°C to 280°C and an elastic modulus ranging from 10* dyne/cm?

to 10* dyne/cm* at one temperature between 270°C and 300 C.
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200[ err]C ﬁ“@k\wm““muam;(g% g”% dépgt gg{ ?Lgrg] I ayer*:)f Si é:h?|to Pl

coatl ng for=Exnplies *1 fo 20 phosphouros-glsass menbrane for Exmples 21 and

- 41 -
EIVBODYIVENT No S§. NoAd iABdBating adhesive tape acchaildng to M@0 one No
21 No 22 No23 No " 24 G ade
C C of the preceding claims *herein ttm base 'sypportimng Base
film Ti ckness [err] m 50 50 50
20 Q:glm5g.s a859btainab1e by Syavirw(anm%urfﬂae thereof 4
5 5 I
1 Varnish SubiectﬁinﬂgaTe?@sma f:e’ﬂa]teenfo@ PrPne fereatment. 100- 270
100-- 270 [err] [err] 100--250 100--250

6. An insulating adhesive tape according to any one
of the preceding claims, wherein said thermoplastic
polymer comprises a silane-coupling-agent-modified

thermoplastic polyimide.

7. An insulating ‘adhesive tape according to any one
of the preceding claims, wherein said polyimide is -
consisted of the structural unit expressed by the

following formula (1):

o
go
O:O
dm
o :O\ O=0
\____l____/

(1)
This Shee — _
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Pl - Yh Pl - Yh [err]

Uni t | Xh
RN S

polyimide Trans." Témp® *[err]C 230 46 - - 230 235 235
205 205 200 200 | ayer [err]C

1. 0x10[ err] 8. 0)6‘!!)[’@#‘}13131“9 ﬂdmg.b‘f%r???ﬁ ESE?EQF@#F‘P to Q“Q'XPOFerr]
3.9x10[ err] 4x10$ err] 17“ %

modul us 250’4 é?lﬁie‘!' 2 d;a(ﬂ érh?re @%@[’é‘i‘?fm?last c P°1¥imide

3. Oxlo[err] Ox1Q[ err 0x Wdth &
gap of |eadst ?Rﬁ s e %f ghess J"‘ u'bf‘iSeXPLessﬁ§3bY the (15
0.3 ) kg err] 30 50 30

30 ZOpdeSOWP'{&Z%&['Eula Sf{ 30 Bondi ng Tenper at ure
[err]C 270 270 280 280 - 380 380
270 270 condition Bonding tine sec 5 Y 5
3 3 5 5 Resistance Initial Vat. g 35

53 48 12 agai nst peeling After
agi ng g 31 47 *35

10 Leakarq I ni tial Val. nA N

3 6 1 current After g| ng nA || 8

Z |

I

o ~0-0 Lé@ iﬂ T

0 /Q r\"’—o\/\ \Cl)_r/T T

N
@] "
_ ;
(3)
wherein: m : n = 1~90 : 99~10.
9.. An insulating adhesive tape according to claim 7
or claim 8, wherein said thermoplastic polyimide is
capped with the dicarboxylic acid anhydride expressed
by the following formula (2): REPLACEMENT SHEET |
This Sheet Has Been-Replace 05 AUG 1996
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Stage tenp. [err]C 260 270

o WA ™ ™ R see 0

10
Lead deviationg [err] [err] [err]
Base filmA: Upilex SGAPA plasma treated UBE | ndustries. Ltd.
B: Apical NPI Up\asma treated KANEGAFUCHI Cemical {1'ndustry Co.
C. Kapton E 7z° ppasma treated TORAY- DUPONE  Co. Ltd. D
Upilex S not “pl.dsma treated UBE Industries. Ltd. Unit of¢& %1st|c
nmodul us: dyne crﬁ[err] ***x W: at 260[err]C 2.0x10" dyne cnferr] Film
is heated at 25(y[err]C with far-infrared rays heater.dried and converted
to i mde. Pl X type silane coupling agent denatured thernoplastic

pol yi mde *whégelfi @ndst idnbidalbar’ | fadB8Edl ofsdiRicidd/ efibil dihey and

1.000 hours Protesting |layer of Si chip: Pl coating for Exnples 1 to 20

‘phosphour os gkeap neshsaseihgr bfnpmenocyclit 2aromatic radical,
condensed polycyclic aromati'c radical, and non-
condensed polycyclic aromatic radical which is
directly connected or mutually connected wvia cross

linkers.

10. An insulating adhesive tape according to any one
of claims 1 to 6 wherein said thermoplastic polyimide
is consisted of the structural unit expressed by the

following formula (4):

~

_ D
OO~ IO >+
[\ C c”

© Oy~

(4D

/

11. A lead frame having inner leads fixed with an

insulating adhesive tape of any one of the preceding

claims. =SS _ o ,”:"'“:‘7
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érade H““mm“‘wm CDYNEC Base fil mo : o2 T| ckness [err]m

Syn. exanple No 7 8 Varni sh
Dry| ng Tenp. [err] C 100--320 100--2504g - Unit fornmula
- - Ther Thi ckness err m pl astic
polyimde Tr gﬁs ‘f\eﬂ'ﬁ ad framecac cq'a%Sll whef%%grsaid

odi s 250 {APPpeding” oBhaghT eape £ixtpg FRER ' ingps, 1ea0a, o

| eads ™M incildds adhesive Yaldrs on both ‘surfaces thereof,
each of said adhesive layer being formed of a
thermoplastic polymer including a thermoplastic
polyimide, one surface of said adhesive layer fixing
said inner leads and the other surface of .said
adhesive layer being bondable with an IC chip or a

heat spreader.

13. A semiconducto:':'. device comprising a lead frame of
claim 11 or claim 12, and wherein at least the portion
of said inner leads fixed with said insulating

adhesive tape is encapsulated with a resin.

14. A semiconductor device according to claim 13,
wherein said semiconductor device is of a lead-on-chip

type.

15. A semiconductor device according to claim 13,
wherein said semiconductor device is of a type of a

lead frame with a heat spreader.
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Pressiare kg /cnferr] 30 20 Bondi ng Tenper ature

[err]C 400 280 condition Bonding tine sec 5

3 Resistance Initial Val. ¢ 4 agai nst . peellng After aging g
O Leakage Initial Val. nA current After aging nA
Stage tenmp. 'C 260 Bondi ng Bondlng force g

100 t est Resi st ance g 4 Lead

devi ati on 30[err] m Bage.filmA: Upilex SGAPA ‘pl asma treated
UBE I ndustries. Ltd. B: Apical NPI pl asma treated

KANEGAFUCHI Cemi cal Industry Co.. C. Kapton E pl asma treated
TCORAY- DUPONE Co. Ltd. D Upilex S nut plasma treated UBE

| ndustries. Ltd. INSULATING ADHESIVE TAPE, AND LEAD FRAME AND

SEMICONDUCTOR DEVICE EMPLOYING THE TAPE

ABSTRACT

An insulating adhesive tape comprises a base
supporting film and an adhesive layer formed on'at
least one surface thereof, said adhesive layer being
formed of a thermoplastic polymer compriéing a

. thermoplastic polyimide. The thermoplastic polymer has
a glass transition temperature ranging_from 180°C to
280°C and an elastic modulus ranging from 10*° dyne/cm?
to 10ttt dyne/cmz.at 25°C , said moduius including a
value ranging from 102 dyne/cm2 to 10* dyne/cm?* at a

temperature between 250°C and 300°C .

Figure of the drawings for publication: FIG. 3
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Unit of elastic nodulus: dyne/cnerr]
- 43 - As apparent fromthe above enbodi nents, the insulating

adhe- sive tape according to the present invention can be adhered in very
short tinme to the lead frame of resin encapsul at ed-type sem conduct or
devices, |1 C chips and heat spreaders. The excel |l ent adhesive prop- erty
and heat resistance can conpletely prevent the reduction of peel i ng
strength and | ead movenment during the w rk3bondi ng process

Furthernore, the insulating adhesive tape according to the

FIG 1
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present invention does not substantially exhibit adhesive strength
decreasi ng and surface resistance decreasing after the 1000 hour dura-
bility test in a pressure-cooker being under the severe condition that the
tenperature is 121[err]C and the relative humdity is 90% That i s,
according to the present invention, the adhesive per- formance can be

| argely i nproved to sem conductor material/guch as |ead trane, | C chi p,
heat ‘spreader, thus securing higher reliability to a long period service.
The insul ati ng adhesi ve tape also can make it possible to carry out
bonding in a very shorlatimeQperai on, which is extrenely inportant for
the industri al fiIed.F.IG 3 - 4

42
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-719 An insulating adhesive tape which conprises a base
supporting filmand an adhesive | ayer forned on at | east one surface

t hereof, said adhesi ve | ayer being formed of a thernopl astic pol yner
conprising a thernoplastic polyimde, =~ Use of an insulating adhesive tape
for bending a sem conductor to a netal con uctor, said tape conprising a
base supporting filmand an adhesive ger formed on at | east one
surfate thereof, said adhesive |ayer conS|st|ng essentially of a

t her nopl asti-c polyimde and optionally a filler, said polyimde being

f or med of structural units represented by the foll ow ng

formul a(l) Met hod of bonding a seniconductor to a netal conductor at an
adhesi ve tenperature of not nore than 400[err]C, and a short adhesive tine
of not nore thagFIb‘% by use of an insul ating adhesive tape, :
conprjsing a ba bl filmand an adhesive |ayer forned on at |east
one surface thereof, said adhesive | ayer consisting essentially of a

t her nopl astic poninide and optionally a filler, said polyimde being

- formed of structural units represented by the follow ng fganula (1);
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TEXT OF THE ABSTRACT

INSULATING ADHESIVE TAPE AND LEAD FRAME AND
SEMICONDUCTOR DEVICE EMPLOYING THE TAPE

An insulating adhesive tape comprises a base supporting film and an adhesive layer formed

on at least one surface thereof, said adhesive layer being formed of a thermoplastic polymer
comprising a thermoplastxc polyimide. The thermoplastic -polymer has a glass trans1t10n
tem(?erature ranging from 180°C to 280°C and an elastic modulus rangmg from 10° N/m to
10" N/m? at 25°C, said modulus mcludmg a value ranging from 10 N/m? to 10% N/m? at a
temperature between 250°C and 300°C.
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Use of an insulating adhesive tape for bonding a semiconductor to a metal

1.
conductor, said tape comprising a base supporting film and an adhesive layer
formed on at least one surface thereof, said adhesive layer consisting essentially
of a thermoplastic polyimide and optionally a filler, said polyimide being formed
of structural units represented by the following formula (1)
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or structural units represented by the following formula (3)
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2. _ An insulating adhesive tape Use Method according to claim1, wherein

' tsgir:gerat urummmmﬁﬂw m,mol ymer polyini de has aglass transition

nodul us rangi ng
250[ err] C. 3.
claim1, wherei

dyne/cnferr]
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pol ymer polyim
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180[err]C to 240[err]C and an el astic
b froM 1d[err] dyne/cnferr] to 10[err] dyne/ cnferr]
An insul ating adhesize- tape Use NEt hod according to
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at a temperature between 250°C and 300°C.

An—insulating—adhesive—tape Use according to claim 1, wherein said
thermoplasticpelymer polyimide has a glass transxtlon temperature ranging from
180°C to 240°C and an elastic modulus ranging from 10? dyne/cm’ to 10°

dyne/cm? at 250°C.

An—insulating adhesive—tape Use according to claim 1, wherein said
thermoplasticpelymer polyimide has a glass transition temperature ranging from

200°C to 260°C and an elasticity modulus ranging from 10* dyne/cm® to 10°
dyne/cm? at 270°C.

An—insulating —adhesive—tape Use according to claim 1, wherein said
thefmoplasticpelymef polyimide has a glass transition temperature ranging from
250°C to 280°C and an elastic modulus ranging from 10? dyne/cm® to 10°
dyne/cm? at ere a temperature between 270°C and 300°C.

An-insulating-adhesive-tape Use according to any ene-of the preceding claims-
wherein the surface of the base supporting film -is-as-ebtainable-by-having-a-

surface-thereof was subjected to a plasma treatment or ozone treatment.

An-insulating-adhesive-tape Use according to any ene-ef-the preceding claims;

whereinsaid thermoplasticpelymerpolyimide comprises asilane-coupling-agent-

modified thermoplastic polyimide.

As-insulating-adhesive-tape Lse according to any ene-of-the preceding claims,
provided that n#£0, and wherein said thermoplastic polyimide is-censisted-of the

structural-unit capped with a dicarboxylic acid anhydride expressed by the

following formula-(h) (2):
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250[ rr to 280[err. _and an el astic nmodul us ranging from 10[err]

dyne/c m& dyne/cnferr] at one a tenperature between
270[ er ﬂn ‘“ An insul ati ng adhesi ve tape Use Mt hod

accordi rg to &ny" ore of the precedi ng, claims wherein the surface of
t he base supporting filmis as obtai nagfle by havi ng ~a surface

t hereof was subjected to a plasnea treatnent or ozone treatnent. 6. - An
i nsul ati ng adhesi ve tape Use Method ad@ording t ) any one @ t

precedi ng cl ai ms, wherein said thgknopl asti ¢ pol yner_pblyrmide
conprises a sjlane-Q cogpl i ng- aep{ -'f‘\g PP PRAR-ast™C Pl yi m de.
7. An i nswy ] ave ' .o R hod rdlnany ofe—gf—t he
pr ecedi ng j | ai ovi( ' at : and SFEI ai d

t her nopl ast i dNyyi ni deds ,« onsily J U of the structural! uni tJcapped
w th a dicarfdgxytTC aci d anhydride expreged by the @10 ngl)
formula (1) (2): -
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whereinZ isa dlvalejltm_sglc_c_g_d_fmmihc_gmupmnmjmg_oﬁmnnaqclL
aromatic radical, condensed polycyclic aromatic radical, and non-condensed
polycyclic aromatic radical in which-is-aromatic radicals are directly connected

or mutually connected via cross linkers.

s titd F—atn o @aCCOraif o aBny-One-or-CiaHnSs -9

thermoplastic polyimide is consisted of the structural unit expressed by the

following formula (3):
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[err] —wherein Z is a divalent radical selected fromthe group

con clic aromatic radical. condensed polycyclic
ar Oﬁm,,:"mm ’Hmﬂﬁmd non- condensed | -

-22 -

8. A lead frame having mng; leads fixed mth an insulating adhesive tape as
defined in any preceding cla;m,

. .
&y striating-adnesive—tape—-aceordine—to-claim B N0, WRCLEIN _SAald, -

thermoplasticpolyimide is capped with the dicarboxylic acid anhydride expressed
by the following formula (2):

COm D

/\0 .
Z\/ (2)

O mlD

wherein Z is a bivalefit radical selected from the group consisting of monocyclic
aromatic radi€al, condensed polycyclic aromatic radical, and non-condensed

polycyelic aromatic radical which is directly connected or mutually connected via

as T

9. A lead frame according to claim 8, wherein said insulating adhesive tape fixing

said inner leads includes adhesive lave u { eac

adhesive layers consisting essentially of a thermoplastic polyimide, one surface
f said adhesive laye i

eat spreader.

thermoplastic polyimide is consisted of the structural unit expressed by the

following formula (4):
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pol yeyclic aromatic radical in which is aromatic radicals are directly

copnect em I | y connected via cross |inkers.
therm)p I’"wmumm'g S con5| sted of the structural unit expressed by
| bW g st orNul a : _ 23

10. A semiconductor device including a lead frame according to claim 8 or claim 9;

at least the portion of said inner leads fixed with said insulating adhesive tape -

being encapsulated with a resin.

11. A semiconductor device according to claim 10, wherein said semiconductor

device is of a lead-on-chip type.

gecordineto-elay +WHETre

ahakaly

\_/ said inner leads includes adhesive layers on both surfaces thereef;€ach of said
adbesive layer being formed of a thermeplastic polymer including a
thermoplastic polyimide, onesurface of said adhesive layer fixing said inner

leads and the ether surface of said adhesive layer being bondable with an IC

. he preacde
v~ ! B oot

12. iconductor device i clai wherein said semiconductor

‘ device is of the type of a lead frame with a heat spreader.

conauctor-aevice—comprising-a-iead-frame-of-clayn of-clatm—12ape

wherein at least the portion of said inner leads fixed with said-ifsulating

adhesive tape is encapsulated with a resin.

14. A semiconductor device according-to claim 13, wherein said semiconductor

device is of a lead-on-chip type.

15. A_sefniconductor device according to claim 13, wherein said semiconductor

VL 5 (l v, » ) €l 2IC—-W 1o v
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. Y Ale ner | eads fixed with an insul ating adhesive
tape a nmet ?ﬁmnﬁ"ﬁlnnﬂmﬂm“ed I n any preceding claim 9. An
i nsul atting adhesive taﬁe Adccording to claim 7 or claim 8, wherein said
t hernopl astic polyimde is cappedwi th thg dicarboxylic acid anhydride

expr essed followi ng formula2):

AMENDED CLAIMS
adhesive layer formed on at least ane surfacethereol, said adhesive layer being
conductor, said tape comprising a base supporting film and-af adhesive layer
formed on at least one surface thereof-saidadhesive layer consisting essentially
of a thermoplasticpolyimide and optionally a filler, said polyimide being formed
ststruetural-units-represented-by-the-followingformuls )

o/ _
1. Method of bonding a semiconductor to a metal conductor at an adhesive

temperature of not more than 400°C, and a short adhesive time of not more
than 10 séconds, by use of an insulating adhesive tape, comprising a base
supporting film and an adlies_ive layer formed on at least one surface thereof,
said adhesive layer consisting essentially of a thermoplastic polyimide and
optionally a filler, said polyimide being formed of structural units represented

by the following formula (1);
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aromatic ragi sed polycyclic aromatic radical, fnfl non-condénsed

- pol ycycl i CT' '"BW fMl, which is directly connected of hu@@APR 1999 . -
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connect ed Mead franme accqrding to claim8.|whereln sai i
i nsul ating adhesive tape fixing " 3&%"i nner | eads i ntl bdes—eadhesive~
| ayers on both surfaces thereof, each of said adhesjve | ayers .
consisting essentially of a thernoplastic polyinde one surface of™

sai d adhesjve | ayedtructurhinghits 3khescnfR by tae dslloMirsh fohﬁujet(bpr- surface of said
adhesi ve | fyer being bondable with an’IC chip or a heat spreader.
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(3)

wherein m:n=(1-90):(99-10): or n = 0. wherein said thermoplastic
-pelymer polyimide has a glass transition temperature ranging from 180°C to
280°C and a# elastic modulus ranging from 10" dyne/cm’® te~$0il-dymefem? at
25°€¢ do, said modulus including a value ranging from 10? dyne/cm? to 10°
dyne/cm? at a temperature between 250°C and 300°C.

2. An-insulating-adhesive—tape Hse Method according to claim 1, wherein said
thermoplastic pelymer polyimide has a glass transition temperature ranging from
180°C to 240°C and an elastic modulus ranging from 10? dyne/cm?® to 10°

dyne/cm® at 250°C.

3. An-insulating-adhesive-taps &Jse Method according to claim 1, wherein said

thermoplastic pelymer pelyimide has a glass transition temperature ranging from
200°C to 260°C and an elasticity modulus ranging from 10? dyne/cm? to 10°
dyne/cm® at 270°C.

' 4. An-insulating-adhesive-tape Yse Method according to claim 1, wherein said
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10. - An%-atiJlg_adhe&Je tape according to any one of hiw 1 th 6

wherein said t her nopl astic polyimde is consisted o he structural-

uni t exp“ m"nm/ '”m following formula (4): S@APR 19990.
A sem co O cluding a lead frane according tofcjaim8 or claim!
9; | east” tfe. portion of said iqmeér Ieadsfixedwth sal d g

i nsul ati ng adhes 1L encaps |_at. Lﬁ{\g&qmﬂ_l__A ‘
| ead frame havi nigh%?“r‘]‘&@?ﬁ'l m%w%aé%y ﬁd‘} era esl ve=tape of any

one of the prece2hioh@ tol 280fE .and an elastic modulus ranging from 102 dyne/cm? to 10°

TRV ORI |

dynefcm’® at ene a temperature between 270°C and 300°C.

S. An-ipsulating-adhesive-tape Hdse Method according to any ene-ef-the preceding
claims-wherein the surface of the base supporting film is-as-ebtainable-by-having:
a-surface-thereef was subjected to a plasma treatment or ozone treatment.

6. ° Aﬁ-msal-a-t-xﬂg-adheswe-ta-pe Hse Method according to any ene-ef-the preceding
claims, wherein said thermoplastic pelymer polyimide “comprises a silane-
‘coupling-agent-modified thermoplastic polyimide.

7. As-insulating-adhesive-tape Hse Method according to any ene-ef-the preceding
claims; provided that n#0, and wherein said thermoplastic polyimide is eensisted
efthe-struetural-unit capped with a di ic acid anhydride expressed by the

. following formula {1 (2): . :
}
0
¢
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wherein Z is a divalent radical selected from the group consisting of monocyclic
aromatic_radical, condensed polycyclic aromatic radical, and non-condensed




11. - .A semi:conductor—device according to claim 10 wh¢rgtn—s

semrconduct or device is of a | ead-on-chip type. '1? F%Ir@%d frame
according.t ﬂ\m““m ﬂ in said insulating adhesiv OTA

sai d inner mlﬂ hesi ve | ayers on both surfpcks_thereof eaf h of
sai d =dtfesitve"| ayer bei ng forned “a thernopl aptic pol yner

I ncluding a - t her mopl asti c polyimde, one

adhesi ve | ayer fpolysigicsasomativiradical in which is-aromatic radicals are directly connected

- 24 - or mERAfy et vRIBEE: 1RKESace of said adhesive |layer being
bondable wth an Chip or a nheat spreader. 12. A sem conduct or
devi ce according to claim'10. wherein said sem conductor ' device is
of thetype of aslead bramp with a heat. spreader. .
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thermoplastic polyimide is consisted of the structural unit expressed by the

following formula (3):
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U 3. A lead frame having inner leads fixed with aninsulating-adhesive-tape a method

jofined i tine i

thermoplastic polyimide is capped with the dicarbozxylic acid anhydride expressed
by the following formula (2): | '
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: ice conprising a lead frane § fREBLmFrMM ﬁﬂEr(cl tai m
and mn(ﬂﬂmmlll"mrl east the portion of said i n) eads T1 xed vm}th
sal i fsulcatkngy s hesi ve tape is encapsul at ef 'grb APRER99 .- 114.
A sem conduct or device accord| ng to cl %?m_ 13, wherej nl said sem condugt or
device is of a lead-on-chip - type. A sk viice
according to cl a,f.l3ic WHEhEEnfabdl sQMaRNIUGLAL radical -and-AEN béred of a
type of a lead franme V\nthaheat spreader. R
polycyclic aromatic radical which is direetlycofinected or mutually connected via

et eon]

9. A lead frame according to claim 8, wherein said insulating adhesive tape fixing

said inner leads includes adhesive layers on both surfaces thereof, each of said

dhesive layers consisting essentially of a thermoplastic polyimide, one surface

of said adhesive layer fixing said inner leads and the other-surface of said

adhesive 15 er being bondable with an IC chip or a heat spreader.

- n no Aha - av- aYalat Ta LTLVL 001 OaONne-—O as 0.0 herain a
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W thermoplastic polyimide is consisted of the structural unit expressed-by the
following formula (4):
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10. A semiconductor device including a lead frame according to claim 8 or claim 9;

at least the portion of said inner leads fixed with said insulating adhesive tape

eing e ulated with a resin.

i ting clai

11. semiconductor device according to clai w i id_semi ct

device is of a lead-on-chip type.
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s-adhesive-tape-fixing

said inner leads includes adhesive layers on both surfaces thereof, each of said

adhesive layer being formed of a thermoplastic polymer including a
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12. A semiconductor device according to claim 10, wherein said semiconductor

device is of the type of a lead frame with a heat spreader.
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wherein at least the portion of said inner leads fixed with sajd-ifisulating

adhesive tape is encapsulated with a resin.

14. A semiconductor device according-fo claim 13, wherein said semiconductor

device is of a lead-on-chip type.

15. A semiconductor device according to claim 13, wherein said semiconductor
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