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HEAT-RESISTANT ADHESIVE

BACKGROUND OF THE INVENTION

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

subjected to reflow in conditions moisture is absorbed.

15 2. Description of the Related Art
' The semiconductor package is fabricated by connecting a
lead frame to a semiconductor chip using an adhesive or
resonance solder and electrically connecting electrodes of the
chip to the lead frame, followed by sealing the entire structure
20 into a molded form as illustrated in Figs. 1 thru 3.

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

25 adhesive (a die bonding agent).



espem aliy suitable for the bonding of a semiconductor ehip to a lead frane
and an adhesi v adhesi ve. More particul arl y, this
i-nvention relates to a heat-resistant adhesive suitable for use in a

sem conduct or gggbgﬁ{asgﬁekeﬂﬁkdy a package of LOC (lead on chip)

structure, whic preventing or mnimzing occurrence of
cracks when sol dH“mHmE B dtoreflowin conditions noisture is .
absor bed. duct or package is fabricated by connecting a

| ead frame to a sem conductor chip using an adhesive or resonance sol der
and el ectrically connecting el ectrodes of the chip to the Iead frane,

fol | oned by seali ng_ié‘pgvgﬂh'éé ear?tlﬁté%trﬁﬁ e% rwltﬂgaeé%%éﬁlé# ustrated

in Figs. 1 thru 3. ener a tlonal structure

as shown in FiggcomehfgRet %QCQ' &zbSoF'AUEﬁr?Jdtd)rb@nﬁ&Pnt%ﬁ' thetefh Hafs the |ead

become larger, the percentage of the volume occupied by the chip

has become higher to such an extent that the chip cannot

5 completely be encased in the structure as shown in Fig. 3 where |
the chip is mounted on the tab of the lead frame. To solve this
problem, such a package having no tab as shown in Fig. 1 or Fig. 2
has been proposed, for example, in U.S. Patent 5,140,404,
Japanese Patent Application Publications (KOKAI) 61-218139

10 and61-241959, U.S. Patent 4,862,246, and Japanese Patent
Application Publications (KOKAI) 2-36542 and4-318962. The
package structures of Figs. 1 and 2 are called LOC (lead on chip)
and COL (chip on lead), respectively. In these packéges, the
connection between the lead frame and the ¢hip is made by a

15 thermosetting adheseive or a heat-resistant hot melt.

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

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

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

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

sealing materials, lowering of moisture absorption and



fF'aﬁe. "The connection between the |lead frane and the chip is made by Au-Si
resonance sol mﬁmng epoxy adhesive (a di e bondi ng agent).
However, as an |nt egratlon delgcrge i n the package has
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improvement of mechanical strength have been discussed
(Japanese Patent Application Publication (KOKAI) 5-67703). With

respect to the adhesives, it has been proposed to reduce the
moisture absorption or to divide an adhesive 'member into small
5 pieces to promote escape of vapor during reflow in the soldering
(Japanese Patent Application Publication (KOKAI) 3-109757).
However, there has been no proposal about the approach from the
properties of the adhesive to be employed for the LOC package. |
There has been another attempt which intentionally allows
10 a solvent to remain with a view to lowering a bonding
temperature, Iowerihg the viscosity of the resin (Japanese Patent
Application Publication (KOKAI) 3-64386) or allows a solvent to
remain to improve the fluidity and increase the adhesion for
lowering a possible leak current between inner leads.
15 '
SUMMARY OF THE INVENTION

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

relationship between cracks developed in the LOC package



becbne hi-gher and a size of a chip to be mounted therein has become |arger,
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t hi ckness o he sealing material is becomm ng thinne
adhesive at a high temperature is more attributable to the

package cracks than the moisture absorption or the glass
transition poing Tg of the adhesive. More particularly, they
have found that an adhesive having a specific hardness or
fluidity may advantageously be employed to prevent the
package cracks in the LOC package. Thus, the present
invention has been achieved.

Heretofore, there have only been known about the
hardness of the adhesive that the solvent may be
intentionally left with a view to lowering the bonding
temperature to lower the viscosity of the resin (KOKAl 3-
64386) or the solvent may be left to enhanc_:e the fluidity
and improve the adhesion for reducing leak current between
the inner leads (KOKAI 2-36542). It has not been known
before the present invention that the hardness or
retardment to flow of the adhesive is more attributable to
the package cracks than the moisture absorbence or Tg of
the adhesion and that the adhesive having the specific
hardness or fluidity is surprisingly effective to itnprove
the resistance against the package cracks.

The present invention therefore provides:

1 or Fig.
se Pat ent
nt

6542

1 and 2 are called LOC (I ead.

t he
setting
as shown

smal | er
econi ng
;

(a) a heat-resistant adhesive suitable for use in an adhesive

member for the fabrication of a semiconductor package by bonding



agcérdfnbly. Therefore, noisture absorbed by the adhesive or the sealing
mat eri al used'WUUTﬂ‘ﬁﬁ?E—BTTEH—iguse cracks in the package when it :

evapor at es or expand solve this problem sonme attenpts to

i nprove the s S% t gen lgég%nd/or the adhesives enpl oyable for the

pacakage have be ﬂ ﬁor exanple§ with respect to the sealing
r .

materials, |owe e absorption and
-3-

a semiconductor chip to a lead frame with the adhesive member
and molding at least the semiconductor chip and a bonded part
between the semiconductor chip and the lead frame with a
molding compound, in which the adhesive has a coming-out-length
5 of not more than 2 mm and a water absorption rate of not more
than 3 wt.%,
(b) a heat-resistant adhesive suitable for use in an adhesive
member for the fabrication of a semiconductor package by bonding
a semiconductor chip to a lead frame with the adhesive member

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

15 (c) a heat-resistant adhesive, in which the adhesive member
is a composite adhesive sheet comprising a heat-resistant film
and the heat-resistant adhesive applied in the form of a coating
layer on one sueface or opposite suefaces of the heat-resistant
film, and

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

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

25 semiconductor packages.



iﬁpfovénént of nmechani cal strength have been di scussed (Japanese Pat ent
Application Publication (KCKAI) 5-67703). Wth respect ‘o the adhesives, it
has been prop esed—to Teduce the noisture absorption or to divide an

adhesi ve nenber |nto IIR L 8Ges to pronote escape of vapor during reflow
in the sol deri ent Applicgtion Publication (KOKAI)
3-109757). Howe ‘ﬁﬁﬁt ﬁ been no proposal about the approach fromthe
properties of th be enpl oyed for the LOG package. There
has been anot her attenpt which intentionally allows a solvent to remain
with a viewto |lowering a bonding tenperature, |lowering the viscosity of
the resin (Japanese Patent Application Publication (KOKAI) 3-64386) or
allows a solvent to remain to inprove the fluidity and i ncrease the

adhesion for |overing a PoBRIEFDESERIPTIINTF PREORAWNES | eads.

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

FIG. 2 schematically illustrates a semiconductor package
similar to that of FIG. 1 except that a semiconductor chip is
located above a lead frame; and |

FIG. 3 schematically illustrates a semiconductor package

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

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

20 The present invention will hereinafter be described in
detail.

No particular limitation is imposed on the épecific heat-
resistant adhesive employed in the present invention insofar as
its water absorption rate and coming-out length are not more

25 than 3 wt.% and not more than 2 mm. The heat-resistant adhesive

which principle constituent is a heat-resistant thermoplastic



It s therefore an obj ect of the present invention to provide an adhesive
sui tabl e for use—in—-a-semconductor package, especially a seniconductor
package of LOG structure, which is capable of preventing possible cracks
from occurring mﬁrﬁ‘#%ﬁswlmd sol der under the conditions the package has

absor bed noi st ur, nventors off the present invention has
t of their reserch about a relationship
In

unexpectedly fo
bet ween cracks devel ope e LOG package

resin, preferably has a glass transition temperature of at least
200°C. For these reasons, a polyimide adhesive or a polyamide
adhesive is preferred. ‘
The term "polyimide" as used herein should be construed as
5 embracing resins containing imido groups, such as polyamide-
imides, polyester-imides, polyether-imides and polyimide.
The water absorption rate of the heat-resistant adhesive
according to the present invention is 3 wt.% or less, preferably
2.5 wt.% or less, more preferably 2.0 wt.% or less. Its coming-out
10 length is 2 mm or less, preferably 1 mm or less, more preferably
0.5 mm or less. In particular, the heat-resistant adhesive
accdrding to the present invention desirably has, in addition to
the properties described above, a glass transition 'temperature of
at least 200°C, preferably 225'°C or higher, more preferably
15 250°C or higher.
The term "coming-out length" as used herein means the
~ length of a came-out peripheral portion of a 19 x 50 mm wide
adhesive film of 25 um in thickness as measured at a central part
in the direction of the longer suefaces of the adhesive film when
20 the adhesive film is pressed at 350°C under 3 MPa for one minute.
Where the glass transition temperature is lower than 250°C
or the coming-out length is greater than 1 mm in the present
invention, the water absorption rate is preferably not more than
1.5 wt.%.
25 The adhesive according to the present invention can be

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



during reflow of the solder under the conditions that the package has
absorbed noisture and the properties of the adhesive eﬁployed that the
fluidity or hardness of the adhesive at a hi gh tenperature is nore
attributabl e tquisReeensBadReflicafks than the noisture absorption or the

glass transition he adhesivg. Mre particularly, they have
found that an adﬁW@Et !I
advant ageousl y b

a specific hardness or fluidity may
prevent the package cracks in the LOC
package. Thus, the present invention has been achieved. Her et of or e,
t here have only been known about the hardness of the adhesive that the
sol vent may be.q | I t e bondi ng
tenperature t ;%q-ﬁgaeﬁfta*rﬁigﬂwgggg %tfxf%‘* qp%egre5|ﬂoq?{<&<A#a@gS't°}ﬁ
The term "amido groups" as used herein mean amido groups

still remaining after the ring closure for the formation of the
polyimide. These amido groups therefore do not include the amido
5 groups in an amic acid as an imide precursor.

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

10 large water absorption rate.

The heat-resistant adhesive according to the present
invention can be synthesized principally from (A) a diamine or (A"
a diisocyanate and (B) an acid anhydride and/or (C) a dicarboxylic
acid or an amide-forming derivative thereof. The heat-resistant

15 adhesive can be easily produced by combining the above reactants
and also adjusting their reaction ratio, reaction conditions and .
molecular weight, optionally adding additives while selecting
their types and optionally adding an additional resin such as an
epoxy resin in such a way that the resulting heat-resistant

20 adhesive has the prescribed properties described above, namely, a
coming-out length of not more than 2 mm a water absorption rate
of not more than 3 wt.% and preferably a glass trénsition
temperature of at least 200°C.

Examples of the diamine (A), which are usable in the present

25 invention, include:

alkylenediamines such as hexamethylenediamine,



64386) "or the sol vent may be left to enhance the fluidjty and |rrprove t he
adhesion for r €ak current between the inner |eads (KOKAI 2-36542).
It has not been known before present invention that the hardness or
retardnent to f't‘hia/SheﬂrtHHQTe eﬁvé is nore attributable to the package

cracks than the ence or T9 of the adhesion and that the
adhesi ve having t _ il § rdness or fluidity is surprisingly effective
to improve the resi's

ance agai nst the package cracks. .The present
i nvention therefore provides a fabrication process of a sem conductor
package as defined in claim1.

octamethylenediamine and dodecamethylenediamine;
arylenediamines such as paraphenylenediamine,

metaphenylenediamine and 2,4-diaminotoluene;
diaminophenyl derivatives such as 4,4'-diaminodiphenyl

5 ether (DDE), 4.4'-diaminodiphenyl methane, 4,4'-

diaminodiphenyl sulfone, 3,3'-diaminodiphenyl

sulfone, 4,4'-diaminobenzophenone, 3,3'-

diaminobenzophenohe and 4,4'-diaminobenzanilide;
1,4-bis[1-(4-aminophenyl)-1-methylethyl]lbenzene (BAP);

10 1,3-bis[1-(4-aminophenyl)-1-methylethyl)benzene;
1,3-bis(3-aminophenoxy)benzene;
1,4-bis(3-aminophenoxy)benzene;
1,4-bis(4-aminophenoxy)benzene;
2,2-bis[4-(4-aminophenoxy)phenyl]propane (BAPP);

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

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

20 include, for example, diamines represented by the following

formula (1):.

RCROSI
25



FI'G 1 schematically illustrates a seniconductor package fabricated by
bondi ng a sem conductor chip to a lead frame with an adhesive menber making
use of a heat-rﬁ%isﬁte{aﬁt Ve of the present invention and then nol ding

s pRARES! ! !
t he sem conducto | E&onded part between the sem conductor chip and
the | ead frane V\U Mm IIE“ conmpound, 1id‘n whi ch the sem conductor chip is
| ocat ed below th :

wherein Y represents an amino group; R11, R12, R13 and R14
independently represent a C1-4 alkyl or alkoxyl group, at least
two of which are independently an alkyl or alkoXyI group; and x is
-CH2-, -C(CH3)2-, -O-, -SO2-, -CO- or -NHCO-.
5 Hustrative compounds represeﬁted by the formula (1)
include: |
4,4'-diamino-3,3',5,5'-tetramethyldiphenylmethane,
4,4'-diamino-3,3',5,5'-tetraethyldiphenylmethane,
4,4'-diamino-3,3',5,5'-tetradiphenylmethane,

10 4,4'-diamino-3,3',5,5'-tetraisopropyldiphenylmethane,
4,4'-diamino-3,3',5,5'-tetrabutyldipheny/methane,
4,4'-.diamino-3,3'-dimethyl-5,5’-diethyldipheny_|methane,
4,4'-diamino-3,3'-dimethyl-5,5'-diisopropyldiphenylmethane,
4,4'-diamino-3,3'-diethy|—5,5'—diisopropyldiphenylmethan‘e,

15 4,4'-diamino-3,5-dimethyl-3',5'-diethyldiphenylmethane,
4,4'-diamino-3,5-dimethyl-3',5'-diisopropyldiphenylmethane,
4,4'-diamino-3,5-diethyl-3',5'-diisopropyldiphenylmethane,
4,4'-diamino-3,5-diethyl-3',5'-dibutyldiphenylmethane,
4,4'-diamino-3,5-diisopropy!-3',5'-dibutyldiphenylmethane,

20 4,4'-diamino-3,3'-diisopropyl-5,5'-dibutyldi_phenylmethane,
4,4'-diamino-3,3'-dimethyl-5,5'-dibutyldiphenylmethane,
4,4'-diamino-3,3'-diethyl-5,5'-dibutyldiphenylmethane,
4,4'-diamino-3,3'-dimethyldiphenylmethane,
4,4'-diamino-3,3'-diethyldiphenylmethane,

25 4,4'-diamino-3,3'-di(n-propyl)diphenylimethane,
4,4'-diamino-3,3'-diisopropyldiphenyimethane,



FI'G 2 schemati cal | y illustrates a sem conductor package simlar to that of
FIG 1 except that a sem conductor chip is |ocated above a |l ead franme; and
HG 3 schematically illustrates a sem conductor package simlar to that of

FIG 1 except thgt sapcopductor-chip is | ocated above a | ead frame.
The present inve Set yare ?plllaedi by theyglaims will hereinafter be
described in det lll llm

articular limtation is inposed on the
specific heat- r ve enployed in the present invention insofar
as its water absorption rate and comi ng-out length are not nore than 3 wt.%
and not nore than 2mm respectively. The heat-resistant

4,4'-diamino-3,3'-dibutyldiphenylmethane,

4,4'-diamino-3,3',5-trimethyldiphenylmethane,
4,4'—diamino-3,3',5-triéthyldiphenylmethane,
4,4'-diamino-3,3',5-tri(n-propyl)diphenylméthane,

5 4,4'-diamino-3,3',5-triisopropyldiphenylmethane,
4,4'-diamino-3,3',5-tributyldiphenylmethane,
4,4'-diamino-3-methyl-3'-ethyldiphenyimethane,
4,4'-diamin0-3-me.thyl-S'-isopropyIdiphenylmethane,
4,4'-diamino-3-ethyl-3'-isopropyldiphenylmethane,

10 4.4'-diamino-3-ethyl-3'-butyldiphenylmethane,
4,4'-diamino-3-isopropyl-3'-butyldiphenyimethane,
2,2-bis(4-amino-3,5-dimethylphenyl)propa'ne,
2,2-bis(4-amino-3,5-diethylphenyl)propane, |
2,2-bis[4-amino-3,5-di(n-propyl)phenyl]propane,

15 2,2-bis(4-amino-3,5-diisopropylphenyl)propane,
2,2-bis(4-amind-3,5-dibuty|phenyl)propané,
4,4'-diamino-3,3',5,5'-tetramethyldiphenyl ether,
4,4'-diamino-3,3',5,5'-tetraethyldiphenyl ether,
4,4'-diamino-3,3',5,5'-tetradiphenyl ether,

20 4,4'-diamino-3,3',5,5'-tetraisopropyldiphenyl ether,
4,4'-diamino-3,3',5,5'-tetrabutyldiphenyl ethel_',
4,4'-diamino-3,3',5,5'-tetramethyldiphenyl sulfone,
4,4'-diamino-3,3',5,5'-tetraethyldiphenyl sulfone,
4,4'-diamino-3,3',5,5'-tetra(n-propyl)dipheny! sulfone,

25 4,4'-diamino-3,3',5,5'-tetraisopropyldipheny!| sulfone,
4,4'-diamino-3,3',5,5'-tetrabutyldiphenyl sulfone,



adhesi Ve whose principle constituent is a heat-resistant thernoplastic

resin, preferably has—a—grass—transition tenperature of at |east 200[err]C
For these reasoqﬁi,ssf t%ol yi m de adhesive or a polyam de adhesive is
cet Has

: Been Replaced

LT -
4,4'-diamino-3,3',5,5'-tetraméthy|diphenyl ketone,
4,4'-diamino-3,3',5,5'-tetraethyldiphenyl ketone,
4,4'-diamino-3,3',5,5'-tetra(n-propyl)diphenyl ketone,
4,4'-diamino-3,3',5,5'-tetraisopropyldipheny! ketone,

5 4,4'-diamino-3,3',5,5'-tetrabutyldiphenyl ketone,
4,4'-diamino-3,3',5,5'-tetramethylbenzanilide,
4,4'-diamino-3,3',5,5'-tetraethylbenzanilide,
4,4'-diamino-3,3',5,5'-tetra(n-propyl)benzanilide,
4,4'-diamino-3,3',5,5'-tetraisopropylbenzanilide, and

10 4,4'-diamino-3,3',5,5'-tetrabutylbenzanilide.

It is also possible to use, as the diamine (A), siloxydiamines

represented by the following formula (2):

llz16 , 1'116
15 wu,Nn - RS —si o — sl‘,i R18® — NH, (2)

wherein R15 and R18 each represents a divalent organic group,
R16 and R17 each represents a moriovalent organic group and m
20 stands for an integer of 1-100.
| In the above formula (2), R15 and R18 may independently be
a trimethylene group [-(CH2)3.], a tetramethylene—aroup [-<(CH2)4-
], a toluylene group | § ] or a phenylene group | '@ ], while
R16 and R17 may independently be a methyl, ethyl or phenyl group.
25 Plural R16s and R17s can be either the same or different.

Where R19 and R18 each represents a trimethylene groups



The' term "pol }iiam'd,EL,aﬁ_JJsed—he*—ei n shoul d be construed as enbracing resins
containing i mdo groups, such as pol yam de- i m des, polyester-imdes,

pol yet her - i m defyashekt Hed BebrReglaced The water absorption rate of the
heat-resi stant a ng to the present invention is 3 wt.% or

| ess, preferabl yij“WN“LSS norel preferably 2.0 wt. % or less. Its
com ng-out | engt or lTess, preferably 1 mmor |ess, nore preferably
0.5 mmor less. In particular, the heat-resistant adhesive according to the

present invention desirably has, in addition to the properties described
above, a glass transition tenperature of at |east 200[err]C, preferably

225[err] C or bingherl6 Eﬁﬂeﬂﬂveﬁe%ﬁb@r%r%é%ﬁ]%ﬂ ﬁeéggyﬂbg@g-in the forGid erm |

"com ng-out | ength" as used hereln ans carme- out

peripheral pog2),osiledarfe Hamirkds T whith adiesq Nﬁ_bbiu&m@for?%v{e‘?égb[”dbbut
t hi ckness as neasured at a central part in the direction of the |l onger

surfaces of t20 edlmssragef idboultB0 drhavertiysi atsodi 50" o averagedand about
350[ err] C under 3 MPa for one m nute. Where the glass transition

t enper at ure i 4000wsr averagesOfespectively, are all commercially available from
5 Shin-Etsu Chemical Co., Ltd. under the trade names of "LP-7100",
"X-22-161AS", "X-22-161A", "X-22-161B", "X-22-161C" and "X-

22-161E".

Examples of the diisocyanaté (A"), which are usable in the |

present invention, include those similar to the above-exemplified

10 diamines except for the substitution of isocyanate groups for the

amino groups. | |
Examples of the acid anhydride (B), which are usable in the
present invention, include:
trimellitic anhydride,

15 pyromellitic dianhydride,

' 3,3',4,4'-benzophenonetetracarboxylic dianhydride (BTDA),
3,3',4,4'-biphenyltetracarboxylic dianhydride
2,2-bis(3,4-dicarboxyphenyl)hexafluoropropane dianhydride
bis(3,4-dicarboxyphenyl)ether dianhydride,

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

25 bisphenol A bistrimellitate dianhydride (BABT),

2,2-bis[4-(3,4-dicarboxybenzoyloxy)phenylilhexafluoropropane



or the coming-out length is greater than 1 mmin the present invention,
the water absorption rate is preferably not nore than "1.5 wt. % The
adhesi ve according to the present invention can be formed of a polyimde
or a polyamghels&ll one. It is preferred to

10

15

20

25
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dianhydride,
1,4-bis[1-methyl-1-{4-(3,4-dicarboxybenzoyloxy)-
phenyl}ethyllbenzene dianhydride,
maleic anhydride,
methylmaleic anhydride,
nadic anhydride,
allylnadic anhydride
methylnadic anhydride
tetrahydrophthalic anhydride, and
methyltetrahydrophthalic anhydfide.

lllustrative of the dicarboxylic acid, which are usable in the
present invention, include tere'phthalic acid, isophthalic acid,
biphenylcarboxylic acid, phthalic acid, naphthalehedicarboxylic
acid and diphenyletherdicarboxylic acid. Examples of the amide-
forming derivatives of these dicarboxylic acids include
dichlorides, dialkyl esters and the like of the dicarboxylic acids
exemplified above.

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

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

~alkylene diamine,
metaphenylene diamine,

2,4-diaminotoluene,



coft ai n am do groups fromthe standpoint of adhesion The term "am do
groups" as us’ﬂ‘hé?éTh‘nean*aﬁrdﬁ groups still remaini‘ng after the ring

closure for they, f the pol yi m de. These anido groups therefore do
not i ncl ude the #l an anic acid as an inide precursor.
Am do groups ma 0 nol e % preferably 20-70 nole % nore

preferably 30- 5 sum of |m-do groups and am do groups.
Per cent ages snal | er than 10 m)l e %lead to small adhesi on but percentages

greater than 90 nole %result in a |large water absorption rate. The
heat - r esi st ant adhe5|ve according to the present invention can be

synt hesi zed pringip A I am (A") a diisocyanate and (B)
an acid anhydri dg an%mhéréf i\ x&ﬁﬁﬁam d or an am de-form ng

EARIIR LS Tt A et O
o B AU /Sihp, 0L ohaL Y 200 g sl e ubi e
' 3,3'-diaminodipheny!l sulfone,

5 3,3'-diaminobenzophenone,
1,3-bis(4-aminocumyl)benzene,
1,4-bis(4-aminocumyl)benzene,
1,3-bis(3-aminophenoxy)benzene,
1,4-bis(3-aminophenoxy)benzene,

10 1,4-bis(4-aminophenoxy)benzene,
2,2-bis[4-(4-aminophenoxy)phenyl]lpropane (BAPP),
bis[4-(3-aminophenoxy)phenyl]sulfone (m-APPS),
bis[4-(4-aminophenoxy)phenyl]sulfone,
2,2-bis[4-(4-aminophenoxy)phenyllhexafiuoropropane,

15 4,4'-diamino-3,3',5,5'-tetramethyldiphenylmethahe,
4,4'-diamino-3,3',5,5'-tetraethyldiphenylmethane,
4,4'-diamino-3,3',5,5'-tetraisopropyldiphenyimethane,
4,4'-diamino-3,3'-dimethyl-5,5'-diethyldiphenylmethane,
4,4'-diamino-3,3'-dimethyi-5,5'-diisopropyldiphenylmethane,

20 4,4'-diamino-S,3‘-diethy|-5,5‘-diisopropyldiphenylmethane,
4,4'-diamino-3,3'-dimethyldiphenylmethane,
4,4'-diamino-3,3'-diethyldiphenylmethane, or
4,4'-diamino-3,3'-diisopropyldiphenylmethane.

In addition, it is also preferred to use commercially-

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

siloxanediamine of the formula (2).



eb'o“xy resin in such a way that the resulting heat-resistant adhesive has

the prescri bed—properties—described above, namely, a cbming-out |ength of

net nore than 2 mma water absorption rate of not nore than 3 wt. % and

Piﬂ’m@nperature of at |east 200[err]C.

preferably a gl akigSheptdlaaB _ ] _
Exanpl es of the (i ich are ygable in the present invention,
I ncl ude: al kyl

g -

ch as hexanet hyl enedi am ne,

Preferred examples of the acid anhydride (B) include:
trimellitic anhydride,
3,3',4,4‘-benzophenonefetracarboxylic dianhydride (BTDA),
2,2-bis(3,4-dicarboxyphenyl)hexafluoropropane dianhydride,
5 bis(3,4-dicarboxyphenyl)ether dianhydride,
bis(3,4-dicarboxyphenyl)sulfone dianhydride,
4,4'-bis(3,4-dicarboxyphenoxy)diphenylsulfone dianhydride,
2,2-bis[4-(3,4-dicarboxyphenoxy)phenyllpropane dianhydride,
ethyleneglycolbistrimellitate dianhydride (EBTA),
10 decamethylene glycol bistrimellitate dianhydride (DBTA),
bisphenol A bistrimellitate dianhydride (BABT),
1 ,4-b.is[1 -methyl-1 -{4-(3,4-dicérboxybenzoyloxy)-
phenyl}ethyllbenzene dianhydride,
maleic anhydride,
15- nadic anhydride, and
allylnadic anhydride.
Incidentally, nadic anhydride has the following structural

formula:
co
N
20 @: o
co””

and allylnadic anhydride has the following structural formula:

25  HyC=HC-H,C co__ .

co” .



act-anet Hyl enedi am ne and dodecanet hyl enedi am ne; aryl enedi.am nes such
' 2, 4- di am not ol uene;

dl am nodi phenyl der| vat i ves such as 4, 4" - di am nodi phenyl et her (DDE),
- di am nodi FreReplaced di ami nodi phenyl sul f one,
3 3 -di am nodi p fone 4, 4 7di am nobenzophenone, 3,3'-
di am nobenzophen | am nobenzanl | i de;
-bi s[1-(4-am nophenyl T1-met hyl et hyl ] benzene (BAP); 1 ,3-bis[1
(4 am nophenyl ) - 1- et hyl et hyl ) benzene; 1, 3- bi s(3- am nophenoxy) benzene;
1, 4- bi s(3- am nophenoxy) benzene; 1, 4- bi s( 4. am nophenoxy) benzene;

When producing the resin by using the diamine (A), the acid
anhydride (B) énd the dicarboxylic acid (C), it is necessary to
select and combine these monomers so that the resulting resin
preferably has Tg of 200°C or higher, more preferably 250°C or

5 higher.

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

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

Polyimides can be obtained by thermal or chemical ring

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

The heat-resistant adhesive according to the present
invention may be composed of a polyimide or a polyamide alone or

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

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

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

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



2, 2- bi $["4- (4- anmi nophenoxy) phenyl ] pr opane ( BSAPP) ;
2, 2- bi s[ 4- (3-am nophenoxy)-phenyl ] pr opane; bi s[ 4- ( 3- am nophenoxy) phenyl )]
sul f one (m APPS) ; bi s[ 4- (4- am nophenoxy) phenyl] sul fone; and

2, 2- bi s[ 4- (4-pHiPhSHRpREAY! ] hexaf | uor opr opane. Al so usabl e as the

di ami ne (A) in “ﬂﬂnmnmm I“nvent fon in Igude for exanple, diamnes

represent ed by formula (1):. [err]
water absorption rate and coming-out length within the

respective ranges specified in the present invention.
No particular limitation is imposed on the epoxy resin which
can be mixed with a specific heat-resistant polyimide adhesive of
5 the present invention, in so far as it has at least 2 epoxy groups
on average per molecule. Examples of such an epoxy resin include
the glycidyl ether of bispheno! A, the glycidyl ether of bisphenol
F, phenolnovolak type epoxy resins, polyglycidyl esters of
polyhydric alcohols, polyglycidyl esters of polybasic acids,
10 alicylic epoxy resins and hydantoin epoxy resins.

In addition, fillers such as ceramic powder, g'lass powder,
silver powder and copper powder and coupling agents can also be
added to the heat-resistant adhesive of the preseht invention.
The heat-resistant adhesive according to the present invention

15 can also be used after impregnating with it a base sheet such as
glass fabric, aramid fabric and carbon fiber fabric.

Usable examples of the coupling agent include:

vinylsilanes such as vinyltriethoxysilane,
vinyltrimethoxysilane, and y-methacryloxy-
20 propyltrimethoxysilane;
epoxysilanes such as y—gchidoxypropyltrimefhoxysilane, v-

glycidoxypropylmethyldiethoxysilane, and B_-(3,4-

epoxycyclohexyl)ethyltrimethoxysilane;

aminosilanes such as y-aminopropyltriethoxysilane, -
25 aminopropyltrimehtoxysilane, and N-phenyi-y-

aminopropyltrimethoxysilane;



wher ei N Y represents an amno group; Rlerr], Rlerr], Rlerr] and Rerr]
i ndependent |y +epresent hydrogen a Cerr] alkyl or alkbxyl group, at |east
two of mhlch are independently an al kyl or al koxy group; and x is

-CH err]-, -C(CHispke t)I-[aeBée}lReplacQ- -SJerr]-, -CO or -NHCO .
Ilustratlve conp e by th fornula (1) include:

4, 4" -di am no- 3, 3 thyldlphenylnethane,

4, 4" -di am no- 3, 3 yl di phenyl net hane, 4, 4" - di am no- 3,

3,5 5 -tetra-(n- propyl)dlphenylnethane 4, 4" -di am no-3
3 , 5, 5' -tetraisopropyldiphenylnethane

PR M o
: 5 -dii sopr opyl délpgenyl met hane
coupling agents such as titanates, aluminum chelates and |
zircoaluminates.
5 - Of these, silane coupling agents are preferred with
epoxysilane coupling agents being particularly preferred.
Incidentally y-methacryloxypropyltrimethoxysilane has the

following structural formula:

CH2=<I:-<":-0- (CHy) 3-Si-(OCH3) 3

10
HaC O
whereas y-glycidoxypropyltrimethoxysilane has the following
structural formula: '
15

CH,-CHCH, -0~ (CH,) 3-Si-(OCH;) 5
\o/
In the adhesive member, the heat-resistant adhesive
according to the present invention can be used either alone, that
20 is, by itself or by coating it on a base film or impregnating a base
sheet with it. When the heat-resistant adhesive is used alone, it
can be coated directly on an object to be bonded, such as a
semiconductor chip or a lead frame, or can be formed into a
sheet-like form in advance, applied to the object and then
25 compression bonded on the object under heat.

The adhesive member comprising the adhesive of the
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- di'am no- 3, 3' -di ethyl -5,5" -diisopropyl di phenyl net hane,
di am no- 3, hyl -3', 5" -di et hyl di phenyl net hane]
di am no- 3, 5- di net hyl - 3' 5 -diTsopropyl di phenyl et hane,

-di am no- 3, 5- mmﬂaé(h-agﬁee gl i sopropyl di phenyl met hane,
-di am no- 3, 5- d p "‘Sutyl henyl met hane,

-di am no- 3, 5- d -di b I di phenyl net hane,
-di am-no- 3, 3' - di but yl di phenyl net hane,

-di am no- 3 ,3 d| met hyI 5 5 d| but yl di phenyl net hane,
-di am no- 3, 3' -di et hyl -5, 5" -di but yl di phenyl net hane,

! diethyl di %aéﬁynmvéﬁfm%’"ghfmﬁw%ﬁ%em@e 4an“d ‘and'Tmparied with

g: .(203;3% égﬁﬁgeﬁ,nyl efiir bon.dmg t%e semlconductor chip to the lead
frame in the manufacture of a sealed type semiconductor package,
especiaily an LOC semiconductor package. Mo_re specifically, the

5 adhesive member employing the adhesive of the present invention

has a shape and properties suitable for bonding between the
semiconductor chip and the lead frame of the sealed type
semiconductor package where wire bonding for connecting the
semiconductor chip and the lead frame is made on the

10 semiconductor chip.

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

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

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

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

25 such as polyimides, polyamides, polysulfones, polyphenylene

sulfides, polyether_etherketones and polyarylates.



- 1’0 - diamino-3 , 3 -dibutyldi phenyl nmet hane

4,4 - dlan1na;ﬂks_T5~%frﬂﬁfﬁVra|phenylnethane

4,4' -di am no-3, 3", 5- trlethyldl henyl nmet hane,

4, 4" -di am no- %hésmﬁﬂﬁﬁB pyl)dlphenylnethane o

4,4' -di am no- 3 pyldlphenyiqethane 4,4' -di am no- 3
3 , 5- trlbutyld

4 4' - di am na- 3- - -ethyldlphenylnethane

4, 4" -di am no- 3- nethyl '-|sopropyld|phenylnethane

The heat-resistant film has a glass transition temperature
(Tg) which is higher than that (Tg) of the heat-resistant adhesive
according to the present invention and is preferably at least
200°C, more preferably 250°C or higher. The heat-resistant film
5 has a water absorption rate of not more than 3 wt.%, preferably 2
- wt.% or lower. |
Accordingly, _the heat-resistant film employed in this
invention may preferably be a polyimide film in view of Tg, water
absorption rate and coefficient of thermal expansion. Particularly
10 preferred is a film equipped with the physical properties that the
Tg is at least 250°C, the water absorption rate is 2 wt.% or less
and a coefficient of thermal expansion of 3 x10-5/°C or lower.
To increase adhesion with the adhesive, it is desired to
apply surface treatment to the heat-resistant film. Surface
15 treatment methods include chemical surface treatment methods
such as alkali treatment and silane coupling treatment, physical
treatment method such as sand blasting, plasma etching, and
corona etching. Although they are all usable, it is desired to
choose and use a most suitable treatment method depending on
20 the adhesive. As surface treatment applied to a heat-resistant
film upon application of the heat-resistant adhesive of this
invention, chemical treatment or plasma etching is particularly
preferred.
No particular limitation is imposed on the manner of coating
25 the heat-resistant adhesive : (varnish) on the heat-resistant film.

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



44" - di ani no- 3- et hyl - 3' -|sopropyld|phenylnethane

4, 4" - di am no=3=ethyl=3—=butytdiphenyl net hane, !

4, 4" -di am no- 3 |sopropyl 3' -butyl di phenyl net hane, 2, 2-bi s(4-ani no-3

, 5-di met hyl p Beaﬁh@p&maﬁmgﬁﬂ bi s(4-am no-3 , 5- dlethylphenyl)propane
2, 2- bi s[ 4- an1n - yI)phenyI]gﬁopane 2, 2- bi s(4-am no- 3,

5- d||sopropylp 2 2- bi s(4-@m no- 3, 5- dlbutylphenyl)propane
4, 4" -di am no- 3, t hyi di phenyl et her,

4,4' -di am no- 3, 3' 5 5' -tetraethyldiphenyl et her,

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

4,4 -diamno-3,3 ,5,5' ral r.opyl henyl . et her,, ,
4.4 am na. Xereles at dadtan W, nnlle coaar, & die coater or the like.
4, 4" -diamn 5 amet enyl u).f one . .

44 ~di ami no- 318 Wrema Bel ZBaid, Byh 5oRing, R irBUGn & vamnish.  This

4, 4" - di am no- ; - - : | f e

44 _di am no- gttt ds. hEpeler BoERiekPhRe Hecaiite, i Ts difficult to control
4,4 -dianino-qhé'tﬁm§hé%§§rabutyldiphenyl sul f one,

1

1

5 When the film coated with the heat-resistant adhesive of
this invention is subjected to heat treatment for the elimination
of a solvent or for imidation, the temperature of the heat
treatment varies depending on whether the heat-resistant
adhesive so coated is a varnish of a polyamic acid or a varnish of

0 a polyimide. |

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

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

The adhesive member making use of the heat-resistant

adhesive according to the present invention is particularly

20 effective for the bonding between a lead frame and a

semiconductor chip. _
When the adhesive according to the present invention is
used for the bonding of the semiconductor chip and the lead

frame, no particular limitation is imposed on the manner of the

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

for each package so fabricated.



ST

4, 4" -diam no-3,3 ,5,5 -tetranethyldlphenyl ket one,

4,4 -diam no-3,37,5,5 -tetraethyldlphenyl ket one,
4,4 - di a0~ 312 5. 55.; S84 kfabiaP' OPY! ) di phenyl ket one,

10

15

20

25

[T

[

Various bonding methods can be used, including, for
example:

(1) A composite sheet with a heat-resistant adhesive
according to the present invention coated on opposite suefaces
thereof is first compression-bonded onto a lead frame under heat.
A semiconductor chip is then compression-bonded under heat onto
the heat-resistant adhesive of this invention on the opposite
sueface.

(2) A sheet with a heat-resistant adhesive according to the
present invention coated on one sueface thereof is first
compression-bonded onto a lead frame under heat. The opposite
sueface of the sheet is then coated with the same adhesive or
another adhesive according to the present invention, onto which a
semiconductor chip is compression-bonded.

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

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

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

FIGs. 1 to 3 are schematic illustrations of the

semiconductor packages, in which the shapes of the lead frames



4 4 - di ani no- 3,3 ,5,5 -tetrai sopropyl di phenyl ketone, o .
4,4' - di am no- 3—3—5%~+ei—ﬁabﬂWFd| phenyl ket one, 4,4'-diamno-3 ,3',5

5 -tet ranet hyl benzani | i de, 4,4' -diamno-3,3',5,5 -tetraet hyl benzani | i de,
- di am no- 3, 3’h155h®tHasgtqn aqs# opyl ) benzani |'i de 4, 4" -di am no- 3

3 55-tetra|so |de an 4 4,4 -dianino-3

, 3' 55-tetrabut |s al so possible to use, as the

di ani ne (A, si on |am nes represented by the following fornula (2): [err]
where| n Rerr] and Rl err] each represents a djval ent organic group,

and the positions of the semiconductor chips bonded on the lead
frames are different. Each semiconductor package has been
fabricated by bonding the semiconductor chip to the lead frame
with the adhesive member making use of the heat-resistant
5 adhesive according to the present invention and then molding the
semiconductor chip and a bonded part between the semiconductor
chip and the lead frame with a molding compound.
In FIG. 1, the semiconductor is positioned below the
lead frame.
10 In FIG. 2, the semiconductor is positioned above the
lead frame.
In FIG. 3, the semiconductor is also positioned above the
lead frame. -
In FIGS. 1 to 3, there are shown the adhesive members at
15 numeral 1, the semiconductor chips at numeral 2, the lead frames
at numeral 3, wires at numeral 4 and the sealants at numeral 5. .
The adhesive member making use of the heat-resistant
adhesive according to the present invention are effective for
bonding a semiconductor chip with a lead frame so as to fabricate
20 the semiconductor package in LOC structure as illustrated in Fig.
1. The package of LOC (lead on chip) structure as shown in Fig. 1
is different from the COL (chip on lead) package of-Fig. 2 and the
package of Fig. 3 in that the rate of the volume occupied by the
chip in the package is larger as compared with those of the two
25 others. This is because (1) the peckage of Fig. 1 has not a tab
while the package Fig. 3 has; and (2) the wire bonding is made



R['eTrr] ‘and Rlerr] each represents a nonoval ent organic group and m stands

for an integer of 1-100. | n the above fornula (2), R15 and R18 may
i ndependently be a trinethylene group [-(CH err])[err]-], a tetramethyl ene

group (-(CH er Beedl RepfacddO!l uyl ene group [[err]] or a phenyl ene group
[err] while R[{eﬂ“) 1 e Rep cmsty |ndep§§dently be a nethyl, ethyl or
phenyl group. PIJ E[I ‘ l‘ *wd R err] n be either the sane or different.
Where R err] an epresents a trimethyl ene groups

above the chip in the package of Fig. 1, while it is made on the
suefaces of the chip in the packages of Figs. 2 and 3, thus saving a
spaée for the wire bonding in addition to the spéce where the chip
is mounted. This increases the rate of the space occupied by the
5 chip in the package of Fig. 1 and accbrdingly reduces the thickness
of the sealing material, increasing the possibility of occurrence
of the package cracks due to the adhesive, as compared with the _
 packages of Figs. 2 and 3. Thus, an effective measure for reducing
the possibility of occurrence of the cracks has been awaited. The
10 adhesive of the present invention is especially effective for
prevention or reduction of occurrence of the cracks in the packaée
as shown in Fig. 1. |
Without needing being limited thereto, it can also be effectively
applied for the bonding of objects such as ceramic plates, metal
15 plates, metal foils, plastic films, plastic plates and laminates.

Upon bonding each of such objects, the object can be bonded
to another object by coating the adhesive onto the first-
mentioned -object or where the adhesive is in the form of a sheet,
interposing it between the objects, heating the adhesive at a

20 temperature equal to or higher to the softening point of the'
adhesive and then applying pressure. | ‘

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

25 the examples.

Example 1



and R[err] and Rlerr] each represents a nmethyl group in the formla (2),

sil oxane di amines in which mis—%t, about 10 on average) about 20 on
aver age, about 30 on average, about 50 on average and about 100 on average,
respectively, ?eFH@Mcﬁlh@hl y avai l abI e from Shin- Et su Chem cal Co.,

Ltd. under the t "LP-7100" -22-161 AS', "X-22-161 A".
"X-22-161 B", " "X- 22-1 %f E". Exarrpl es of the
mhlc ar

di i socyanate (A'), sabl e in the present invention, include those
simlar to the above-exenplified di am nes except for the substitution of

| socyanat e groups for the am no groups. Exanpl es of the acid

anhydri de (B), esent, i nventign, | ncI ude:

trimellitic anhydr::I a %grs'aglﬁ qulnﬂégg %'&RW&’H th a stirrer,
thermometer, a nitrogen inlet tube and a calcium chloride tube,
3.66 g (10 mmole) of 4,4'-diamino-3,3'5,5'-
tetraisopropyldiphenylmethane (IPDDM) and 28.3 g of N,N-
5 dimethylformamide (DMF) were charged and dissolved. While
being cooled below 5°C, the resulting solution was added with
5.76 g (10 mmole) of bisphenol A bistrimellitate dianhydride |
(BABT) in portions. They were reacted for one hour under cooling
below 5°C and then for 6 hours at room temperature, whereby a
10 polyamic acid was synthesized in the form of varnish. To the
resultant varnish of the polyamic acid, 2.55 g of acetic anhydride
and 1.98 g' of pyridine were added, followed by rea_ction at room
temperature for 3 hours, whereby a polyimide was synthesized in
the form of varnish. |
15 The varnish of the polyimide so obfained was poured into
water and the resulting precipitate was collected, pulverized and
dried, whereby the polyimide was obtained in the form of powder.
The polyimide powder so obtained was dissolved in DMF at a
concentration of 0.1 g/d/. The reduced viscosity of the polyimide
20 solution as measured ét 30°C was 0.71 d/g.
In addition, a solubility test of the polyimide powder was
conducted by adding it to various organic solvents to give a
concentration of 5 wt.% and then observing its state of
dissolution at room temperature. As a result, the polyimide
25 powder was found to be soluble in each of DMF, N-

methylpyrrolidone (NMP), methylene chloride, dioxan'e, THF and



ul

3,3 , 4, 4' -benzophenonet et racar boxyl i ¢ di anhydri de (BTDA)

3,3 ,4,4" - blpﬁenyltetracarboxyllc di anhydri de

2,2-b|s(3 4- di cagJ égﬁ&@@¥h% %@ f 1 uor opr opane dlanhydrlde
bls(3,4-d|carbox |anhydr|de

bi s( 3, 4-di car box H ﬂ ﬂ. dlanhy

4,4 -bis(3,4-dic |phenylsulfone di anhydri de,
2,2-bis(4-(3,4- d|carboxyphenoxy)phenyl]propane di anhydri de, et hyl ene
egcoI bistrimellitate dianhydride (EBTA), decanet hyl ene gl ycol
bistrinellitate di anhydride (DBTA), bi sphenol A bistrinellitate

dhagrzg; Lgiygsﬁ%?ﬂy) §h§n§: ]SLéelngl uor opr opane

Further, the polyimide powder was dissolved in DMF. The
varnish so obtained was cast onto a glass plate and dried at
100°C for 10 minutes. The resulting green film was peeled off

5 from the glass plate, fixed on an iron frame and dried at 250°C
for one hour, whereby a film was obtained.

As a result of measurement of the glass transition
temperature (Tg) of the thus-obtained polyimide film by the
penetration method under a load of 25 kg/cm2 at a heating rate of

10 10°C/min, it was found to be 262°C. The heat decomposition
temperature of the polyimide film was 405°C.

The film was immersed in water of 25°C for 24 hours. As a
result, it was found to have a water absorption rate of 0.3 wt.%.

A 19 x 50 mm wide adhesive film of 25 um in thickness was

15 pressed at 350°C under 3 MPa for one minute. The length of a |
came-out peripheral portion (hereinafter called "coming-out
length” for the sake of brevity) of the adhesive as measured at a
central part in the direction of the longer suefaces of the
adhesive film was found to be 0.8 mm.

20 In addition, a flexibility test was conducted by bending the
polyimide film over an angle of 180°. The film de\_/eloped no
cracks, thus showing good flexibility.

An NMP varnish of the polyimide was coated onto a fi-lm of
"UPILEX 8" (trade name; polyimide film; product of Ube Industries,

25 Ltd.) which had been plasma-etched, followed by drying at 100°C

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



dfanhydfide, 1 ,4-bis[1l-nethyl-1 -(4-(3,4-dicarboxybenzoyloxy);
~phenyl ) et hyl ] benzene di anhydri de, mal ei ¢ anhydride, { methylmaleic
anhydri de, nqqum%nﬂxg&hQ_lmmdallylnadlc anhydri de met hyl nadi c

anhydri de tetr anhydri de, and net hyl t et rahydrophthalic
anhydri de. m;’“%'[ H f the di %a#boxyl ic acid, which are usable in
the present inv terepht alic acid, isophthalic aci d,

bi phenyl carboxylic acid, phthalic acid, naphthal enedi carboxylic

composite sheet was obtained. The composite sheet so obtained
was superposed on a 42 alloy (Fe-Ni alloy whose nickel content is
42%) sheet, followed by préssing at 350°C under 3 MPa for 5
seconds. As a result of measurement of the 90° peel strength of
5 the composite sheet, it was found to be 0.7 kN/m.
Using the composite sheet, a semiconductor chip of TSOP
(thin small out-line package) type was packaged as shown in FIG.
1. The package was subjected to moisturization for 48 hours at
85°C and 85% RH and then immersed in a solder bath of 260°C. No
10 cracks occurred.
Example 2
In a similar manner to Example 1 except that 3.58 g (10
mmole). of bis(3,4-dicarboxyphenyl)sulfone dianhydride (DSDA),
1.83 g (5 mmole) of IPDDM and 2.05 g (5 mmole) of 2,2-bis[4-(4-
15 aminophenoxy)phenyllpropane (BAPP) were used instead, a
polyamic acid was obtained in the form of varnish. The varnish of
the polyamic acid was treated as in Example 1, whereby a |
polyimide was obtained in the form of powder.
The polyimide so obtained was found to have a feduc':ed
20 viscosity of 1.21 dlig, Tg of 268°C, a thermal decomposition
point of 410°C, a water absorption rate of 0.7 wt.% and a coming-
out length of 0.01 mm.
In a similar manner to Example 1 except that the varnish of
the polyamic acid was heat-treated at 100°C for 10 minutes and
25 then at 300°C for 15 minutes, a composite sheet was obtained. It

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



a;éi'd and di phenyl et herdi ca ylic acid. Exanples of the am de- form ng

derivatives 0 ese dlcarboxyllc aci ds include dichldrides, dialkyl esters
and the like of Ldgc aci ds exenplified above. Furt her,

t he di am ne (Aﬂfh xyI|c acid (€ may partially be replaced by
an am nocar boxy m s am nobepgoi ¢ aci d. Preferred exanpl es
of the diam ne usabl e for“the provision of the

heat - r esi st ant adhe5|ves according to the present invention, include:
al kyl ene di am ne, met aphenyl ene di am ne, 2, 4- di am not ol uene,

alloy sheet. A semiconductor package of TSOP type obtained as in
Example 1 developed no cracks when soldered after
moisturization. |
Example 3
5 In a similar manner .to Example 1 except that 3.22g (10
mmole) of 3,3',4,4'-benzophenonetetracarboxylic dianhydride
(BDTA) and 20.6 g of NMP were used instead of BABT and DMF, |
respectively, a polyamic acid was obtained in the form of varnish.
Xylene (10 g) was added' to the varnish so obtained, followed by
10 heating at 180°C for 5 hours, whereby a polyimide was obtained
in the form of varnish.

The polyimide so obtained was found to have a reduced
viscosity of 0.48 dlg, Tg of 300°C, a thermal decbmposition
temperature of 405°C, a water absorption rate of 1.0 wt.% and a

15 coming-but length of 0.5 mm.

The polyimide varnish was coated onto a film of "KAPTON".
(trade name; polyimide film; product of Du Pont-Toray Industries)
which had been subjected to silane coupling treatment after
alkali treatment. The film so coated was heat-treated at 100°C

20 for 10 minutes and then at 275°C for 10 minutes, whereby a
composite sheet was obtained. It was found to ha\_re an adhesive
strength of 0.92 kN/m with a 42-alioy sheet. A semiconductor
package of TSOP type obtained as in Example 1 developed no
cracks when soldered after moisturization.

25 Example 4

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



4 | REPLACENENT
SHEET 4,4 - d| am nodi phenyl ether (DDE), 4, 4' -di am nodi phenyl net hane,

4, 4" - di am nodjy, as%ul fﬁ)ne 3, 3" -di am nodi phenyl sul fone,
3,3 -diam nobe eplaced _3 bi s(4-am nocunyl ) benzene,
Hmﬂ 1 3 bl%bf} am nophenoxy) benzene,

1, 4- bi s(4-am n
1,4-bis(3-amn s(4- am nophenoxy) benzene,

2, 2- bi s[ 4- (4- am nophenoxy) phenyl ] propane_(BAPP),

mmole) of BABT, 2.38 g (6.5 mmole) of IPDDM and 0.43 g (3.5
mmole) of metatoluylenediamine (MTDA) were used instead, a
polyimide was obtainéd in the form of powder.

The polyimide so obtained was found to have a reduced

5 viscosity of 0.61 dlg, Tg of 275°C, a thermal decomposition
temperature of 415°C, a water absorption rate of 0.5 wt.% and a
coming-out length of 1.5 mm. ,

An NMP varnish of the polyimide was coated onto a "UPILEX

S" film which had been subjected to alkali treatment, followed by
10 drying at 100°C for 10 minutes and then at 300°C for 10 minutes,

whereby a composite sheet was obtained. It was found to have an

adhesive strength of 0.85 kN/m with a 42-alloy sheet. The

‘semiconductor package of SOJ (small outline J-leaded package

type obtained as in Example 1 develbped no cracks when soldered
15 after moisturization.

Example 5

In a similar manner to Example 3 except that 3.58 g (10
mmole) of DSDA, 0.92 g (2.5 mmole) of IPDDM and 3.08 g (7.5
mmole) of BAPP were used instead, a polyimidé was obtained in

20 the form of powder.

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

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



bi S[ 4- (3 am nophenoxy) phenyl ] sul fone (m APPS),

bi s[ 4- (4- amrrepheﬂe*sf)_phen;tu_suuone {
2,2-bis[4-(4-am noghenoxy) phenyl ] hexaf | uor opr opane, 4, 4" -di am no-3
,3'3",5,5 -tetr

iceet hane,
4, 4" -di ami no- 3, 3 I w@iﬂgmhw di pheny} et hane, 4, 4' -di anino-3 , 3'
,5,5" -tetraisopr t hane, 4, 4" -di am no-3
, 3" -dinethyl-5,5"-di ethyldi nyl met hane, 4,4' -di am no-3 , 3' -di net hyl -

, 5" -di i sopropyl di phenyl et hane, 4, 4" -di am no-3

, 3" -diethyl -5, 5 -di i sopropyl di phenyl nmet hane, 4 , 4" -di am no- 3

, 3' - di met hyl d | met di.,am_no _di et,h phenyl net hane,
4, 4' - di ani no- %ﬁ aﬂd;rtEEQI ﬁ'f éﬁi’nﬁ fek Hg)n tes Wh%/fﬁgiyt ?oﬁg"\pc ogitg 4 so
preferred to

"X- 22- 161A" a§ﬁ?ﬁg cBCP& 3*’%? bHPHE'df g? hﬂ"& PE) Suhgsioh Strerigth of

1.40 kN/m with a 42 -alloy sheet. The semiconductor package of

TSOP type obtained as in Example 1 developed no cracks when
5 soldered after moisturization.
Example 6
In 24.5 g of DMF, 4.10 g (10 mmole) of BAPP were
dissolved, followed by the addition of 2.02 g (20 mmole) of
triethylamine. While being cooled below 5°C, the resulting
10 solution was added with 2.03 g (10 mmole) of isophthaloyl
chloride in portions. They were reacted for 5 hours below 5°C.
As in Example 1, a polyamide was obtained in the form of powder.
The polyamide so obtained was found to have a reduced
viscosity of 0.45 dlg, Tg of 219°C, a thermal decomposition
15 temperature of 425°C, a water absorption rate of 2.3 wt.% and a
coming-out length of 2.4 mm.
A DMF varnish with 85 wt.% of a polyimide obtained as in
Example 1 and 15 wt.% of the polyamide obtained in this Example
mixed therein was coated onto a plasma-etched film of "UPILEX
20 8", followed by drying at 100°C for 10 minutes and then at 250°C
for 10 minutes, whereby a composite sheet was obtained. The
composite sheet so obtained was superposed on a 42 alloy sheet,
followed by pressing at 350°C under 3 MPa for 5 seconds.  As a
result of measurement of the 90° peel strength of the sheet, it
25 was found to be 1.2 kN/m.

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



Pr éf err &d exanpl es of the acid anhydride (B) include: trimellitic

anhydri de, 37354-4—bhenzophenonet et racar boxyl i c di anhydri de (BTDA),
2, 2-bi s(3, 4- dlcarboxyphenyl)hexafluoropropane di anhydri de,

bi s(3, 4- dlcarb khaﬁhgﬁmg;anhydrlde

bi s(3, 4- dlcarbo e dlanhy q

4, 4" -bis(3, 4-di dlphenylsu fone di anhydri de,
2,2-bis[4-(3, 4- dlcar y) phenyl ] pr opane di anhydri de,

et hyl enegl ycol bi stri rrel |itate di anhydride (EBTA),

absorption rate of 0.6 wt.% and a coming-out length of 1.5 - mm.
Using the composite sheet, a semiconductor chip of SOJ type
was packaged as shown in FIG. 1. The film was subjected to
moisturization for 48 hours at 85°C and 85% RH and then
5 immersed in a solder bath of 260°C. No cracks were occurred.
Example 7
In 20 g of DMF, 1.74 g (7 mmole) g of 4,4'-
diaminodiphenylisulfone (DDS) and 1.23 g (3 mmole) of BAPP were
dissolved, followed by the addition of 2.02 g (20 mmole) of
10 triethylamine. While being cooled below 5°C, the resulting
solution was added with 2.03 g (10 mmole) of isophthaloyl
chloride in portions. They were reacted for 5 hours below 5°C.
As in Example 1, a polyamide was obtained in the form of powder.
The polyamide so obtained was found to .ha\'/e a reduced viscosity
15 of 0.88 dl/g, Tg of 260°C, a thermal decomposition temperature
of 435°C, a water absorption rate of 2.5 wt.% 'and a coming-out .
length of 0.2 mm.
Using an NMP varnish with 60 wt.% of the polyimide
obtained as in Example 1 and 40 wt.% of the polyamide obtained in
20 this Example mixed therein, a composite sheet was obtained in a_
similar manner to Example 1. The. adhesive strength of the
composite sheet so obtained with a 42 alloy sheet was found to
be 1.6 kN/m. |
The composite film was found to have Tg of 260°C, a water
25 absorption rate of 1.1 wt.% and a coming-out length of 0.5 mm

Using the composite sheet, a semiconductor chip of TSOP



decanet hyl ene gl ycol bistrinellitate dianhydride (DBTA), bi sphenol A
bistrinmellitate di anhydri de{BABT), 1 ,4-bis[1 -methyl-1

-{ 4- (3, 4-di car boxybenzoyl oxy) - phenyl ) et hyl ] benzene di anhydri de, mal ei ¢
anhydri de, ﬂl&diSﬁeeﬁHi&)Béénildﬁaceand al I yi nadi ¢ anhydri de. I nci dental ly,

nadi ¢ anhydri de
al I yi nadi ¢ anhy H

nwng strugggral fornula: [err] and

follow ng structural forrmula: [err]

type was packaged as in Example 1. The package developed no
cracks when soldered subsequent to moisturization.
Example 8 |
In a similar manner to Example 6 except that 1.83 g (5

5 mmole) of IPDDM, 2.05 g (5 mmole) of BAPP, 0.64 g (3 mmole) of
4-chloroformylbenzene-1,2-dicarboxy1'ic anhydride, 0.30 g (3
mmole) of triethylamine and 30 g of NMP were used instead, a
polyamic acid was obtained in the form of varnish. The varnish so
obtained was added with 2.51 g (7 mmole) of bis(3,4-

10 dicarboxyphenyl)sulfone dianhydride (DSDA) in portions below
5°C, followed by reaction below 5°C for 5 hours. Acetic anhydride
and pyridine were thereafter added to the reaction mixture.
Following the procedures described in Example 1, é polyamide-
imide was obtained in the form of powder."

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

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

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

25 semiconductor package of TSOP type obtained as in Example 1

developed no cracks when soldered after moisturization.



S16- - When producing the resin by using the diamne (A), the acid
anhydri de (B) —and-the dicarboxylic acid (C), it is necessary to select and

conbi ne these nononers so that the resulting resin preferably has Tg of

200[ err] C or hi piedhee FHR) ﬁq?(eﬁerabl y 250[err] C or higher. To obtain a

heat - r esi st ant a ,m”,m haract ef ystics

Example 9

In a similar manner to Example 1 except that 5.76 g (10
mmole) of BABT, 2.74 ¢ (7'.5 mmole) of IPDDM, 0.41 g (1.0 mmole)
of BAPP and 1.26 g (1.5 mmole) of "X-22-161AS" were used

5 instead, a polyimide was obtained in the form of powder.
The polyimide so obtained was found to have a reduced viscosity
of 0.65 dli/g, Tg of 226°C, a thermal decomposition temperature
of 396°C, a water absorption rate of 0.3 wt.% and a coming-out
length of 1.7 mm.

10 An NMP varnish of the polyimide so obtained was coated
onto a plasma-etched film of "UPILEX S", followed by drying at
100°C for 10 minutes and then at 300°C for 10 minutes, whereby
a composite sheet was obtained. The composite sheet so obtained
was found to have an adhesive strength of 0.80 kN/m. A

15 semiconductor package of SOJ type obtained as in Example 1
developed no cracks when soidered after moisturization.
Example 10

In a similar manner to. Example 1 except that 3.58 g (10
mmole) of DSDA and 4.32 g (10 mmole) of bis[4-(4-

20 aminophenoxy)phenyljsulfone were used instead, a polyimide was
obtained in the form 6f powder. _ |

The polyimide so obtained was found to have a reduced
viscosity of 0.87 dl/g, Tg of 270°C, a thermal decomposition
temperature of 520°C, a water absorption rate of 2.3 wt.% and a

25 coming-out length of 0.01 mm.

An NMP varnish of the polyimide so obtained was coated



speC|f|ed I n thIS invention, a polyimde and a pol yam de may be m xed so
t hat the resu+faﬁr“‘ﬂﬁ6§TV€LB?éferably has Tg of 200[err]C or hi gher.

Wthout This BieRb@Med 0 the polyi nide and pol yani de,

pol ymal ei m de adi m des can al so be enployed |ikew se for the
producti on of mmi adhesi ves 4§ the present invention.

Pol yi m des can thernal or chem cal ring closure of the
correspondi ng pol yani ¢ aC|ds It is not necessary but desirable that the

polyim de used in this invention has been conpletely im dated. The
heat - resi st ant - adhesi ve according to the present invention nmay be conposed

corbi hi ng 1t neOBEH vt AaeERmice R, 8 TP ILEK 7 ﬁi@&@%ﬁf Iiha 5y
resin., a ouri 40dgenl: 1B MLk RFHABALS FRACLTol 0 hifites, wherkly! i S

case, it has beéén foun resi stant ad esi ve has yI ower

than 200[err] &, cHinpodte°5haBt w4l {drtBmfed.eSTHe composite sheet so obtained

was found to have an adhesive strength of 1.0 kN/m. A

5 semiconductor package of TSOP type obtained as in Example 1
developed no cracks when soldered after moisturization.
Example 11 _

As in Example 1, a film composed of an adhesive alone was
formed using the polyimide of Example 2. A semiconductor
10 package of TSOP type obtained using the so-formed film in a
similar manner to Example 1 developed no cracks when soldered
after moisturization. |
Example 12
An adhesive layer was formed on a semiconductor chip by
15 using an NMP varnish of the polyamide-imide which had been
obtained in Example 8. A semiconductor package of TSOP type
formed as shown in FIG. 1 by using the chip with the adhesive
layer thereon developed no cracks even when it was. soldered
after moisturization as in Example 1.
20 Example 13
In 23.0 g of NMP, 2.87 g (7 mmole) of BAPP and 0.75 g (3
mmole) of "LP-7100" were dissolved. While being cooled below
5°C, the resulting solution was added with 2.13 g (10 mmole) of
4-chloroform-y|benzene-_1,2-dicarboxy|ic anhydride in portiéns.
25 To the resulting mixture, 2.02 g (20 mmole) of triethyl amine

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



such as~an epoxy resin and one or nore of bel owdescribed additives, such

as a coupl i ng -agents—nrake—-t+—possible to adjust its

-. 17 - wat er absorptlon rate and com ng-out length within the
respective rangddis Skreias Bed Replackhe present invention. No particul ar

limtation is | ,ﬂl" luﬂ oxy r esigng whi ch

Example 1, a polyamide-imide was obtained in the form of

powder.
The polyamide-imide so obtained was found to have a
reduced viscosity of 0.57 dl/lg, Tg of 185°C, a thermal
5 | decomposition temperature of 420°C, a water absorption rate of
0.13 wt.% and a coming-out length of 0.8 mm.
A varnish which had been obtained by dissolving 100 g of
the polyamide-imide powder and 3 g of y-
glycidoxypropyltfimethoxysiIane in 400 g of DMF was coated on
10 one sueface of a polyimide film ("UPILEX S" , trade name),
followed by drying at 100°C for 10 minutes. The other sueface of
the polyimide film was also coated with the varnish similarly,
followed by drying at 250°C for 10 minutes, whereby a composite
sheet was obtained. The composite sheet so obtained was found
15 to have an adhesive strength of 1.6 kN/m with a 42 alloy sheet.
The adhesive layers were found to have Tg of 185°C, a water
absorption rate of 1.3 wt.% and a coming-out length of 0.2 mm.
First, the composite sheet was pressed and adhered to a
lead frame at 350°C under 6 MPa for 3 seconds and then a chip
20 was pressed and adhered to the other side of the sheet at 375°C
under 6 MPa for 3 seconds. After wire bonding, the resulting
wired chip was molded with a molding compound as shown in FIG.
1. The TSOP-type-package so obtained was subjected to
moisturization at 85°C and 85% RH for 48 hours, and soider was
25 then caused to reflow in a infrared oven controlled at 245°C. No

cracks were developed.



can be fixed with a specific heat-resistant polyin de adhesive of the

present invention—-h-so far as it has at |least 2 epoxy groups on average
per nol ecul e. Exanpl es of such an epoxy resin include the glycidyl ether of

bi sphenol A, the glth;g(shéiyﬂ{as@ggl 4Di sphenol F, phenol novol ak type epoxy
resins, polyglyci dy yhydr3"¢ al cohol's, polyglycidyl esters of
pol ybaS| c aci ds; aI iﬁ eS| ns and hydant0| n epoxy resins. I n
addi tion, fillers s powder, gl ass powder, silver powder and
copper powder and coupl [ ng agents can al so be added to the heat-resistant
adhesi ve of the present invention. The heat-resistant adhesive according to
t he present 'E&?Pﬁsﬂlgn 1§an al so be used after inpregnating with it a base
sheet such as S fabric, aram d fabric and carbon fiber fabric.

b SCA e o 1§ OATSOL PRS0 419 il o AP oo g
mmole) of X-22-161AS were dissolved. Below 5°C, 4.10 g (10
mmole) of ethyleneglycolbistrimellitate dianhydride were

5 thereafter added to the resulting solution in portions, followed by
the reaction for 2 hours. To the reaction mixture, 15 g of xylene
were added. The resulting mixture was reacted at 180°C for 5
hours under a nitrogen gas stream while condensed water was
azeotropically removed together with xylene, whereby a

10 polyimide was synthesized. The reaction mixture containing the
polyimide so synthesized was poured into water and the resulting
precipitate was collected, pulverized and dried, whereby the
polyimide was obtained in the form of powder. |

The polyimide so obtained Was found to have a reduced
15 vuscosny of 0.65 dl/g, Tg of 170°C, a thermal decomposition
. temperature of 390°C, a water absorption rate of 1.0 wt.% and a
coming-out length of 1.8 mm.
Using a varnish obtained by dissolving 100 g of the
polyimide powder and 5 g of y-glycidoxypropyl-

20 methyldiethoxysilane in 400 g of DMF, a composite sheet was
obtained as in Example 13. The composite sheet had an adhesive
strength of 1.3 kN/m with a 42 alloy sheet. ‘In addition, the
adhesive layers were found to have Tg of 172°C, a water
absorption rate of 1.0 wt.% and a coming-out length of 1.8 mm.

25 A semiconductor'package of SOJ type obtained as in Example

13 developed no cracks when soldered after moisturization.



pr opyl t fi met hoxysi | ane; epoxysi | anes such as _

y- gl yci doxypropyltri net hoxysilane, [err]- ‘

gl yci doxypr opyl net hyl di et hoxysi |l ane, and [err]-(3, 4-
epoxycyclohexyTW%$hﬁF¥#B%nﬁmwmv%iIane; am nosi | anes such as

y-am nopropyl tri i y- gnopr opyl trimneht oxysi |l ane, and
N-phenyl -[err] - pyl tri methoxysil ane;
- 18- _

Example 15

In a similar manner to Example 13 except that 3.28 g (8
mmole) of BAPP, 0.40 g (2 mmole) of dodecaméthylenediamine and
2.13 g (10 mmole) of 4-chloroformylbenzene-1,2-dicarboxylic

5 anhydride, a polyamide-imide was obtained in the form of powder.

The polyamide-imide so obtained was found to have a
reduced viscosity of 0.85 dl/g, Tg of 190°C, a thermal |
decomposition temperature of 395°C, a water absorption rate of
0.1 wt.% and a coming-out length of 0.6 mm. |

10 A varnish obtained by dissolving 100 g of the polyamide-
imide powder and 10 g of y-glycidoxypropyl-methyldiethoxysilane
in 400 g of NMP was coated on both suefaces of a polyimide film
("UPILEX 8", trade name). The varnish so coated wés dried at
100°C for 10 minutes and then at 275°C for 10 minutes, whereby

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

20 A semiconductor package of TSOP type obtained as in
Example 13 developed no cracks when soldered after
moisturization. _

Comparative Exémple 1

Using a DMF varnish of the polyamide obtained in Example 6

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

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



nercapt05|lanes such as [err]-mercaptopropyltrinmethoxysilane; and
coupl i ng agents-such—as—tt+tamates, al um num chel ates and

zi rcoal um nat es. O these S|Iane coupling agents are preferred with
epoxysi | ane coapk§ thg particularly preferred. Incidentally

y- et hacryl oxypr silane hagsgthe follow ng structural fornula:
[err]

sheet was found to be 1.60 kN/m. A semiconductor package of
TSOP type obtained as in Example 1 developed cracks when
soldered after moisturization.
Comparative Example 2

5 in 20 g of DMF, 2.11 g (8.5 mmole) of DDS and 0.62 g (1.5
mmole) of BAPP were dissolved, followed by the addition of 2.02
g (20 mmole) of triethylamine. While being cooled below 5°C, the
resulting mixture was added with 2.03 g (10 mmole) of
isophthaloyl chloride in portions. They were reacted below 5°C

10 for 5 hours. In a similar manner to Example 1, a polyamide was
obtained in the form of powder.

The polyamide so obtained was found to have a reduced
viscosity of 0.45 dl/g, Tg of 280°C, a thermal dec.ompo'sition
~ temperature of 430°C, a water absorption rate of 3.5 wt.% and a
15 coming-out length of 1.2 mm.
A varnish of the above polyamide was coated onio a

"KAPTON" film which had been subjected to silane coupling
treatment after alkali treatment. The film so coated was heat-
treated at 100°C for 10 minutes and then at 250°C for 10

20 minutes, whereby a composite sheet was obtained. It was found
to have an adhesion strength of 1.5 kN/m with a 42-alloy sheet. A
semiconductor package of TSOP type obtained as iﬁ Example 1
developed cracks when soldered after moisturization.
Comparative Example 3

25 In a similar manner to Example 4, polyimide powder having a

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



ﬁhérééé“[err] egC|doxypropyItr|nethoxy5|lane has the foll ow ng structural
formula: [err] In t he adhesive nenber, the heat - r esi stant adhesi ve
according to the present i nvention can be used either alone, that is, by

itself or by coatlhis haetHa@geﬁkéﬁe filmor inpregnating a base sheet W|th

it. Wien the heat- Sfve i gg@sed alone, it can be coated
directly on an om
franme, or can be for heet-Ilke formin advance, applied to the

such as a sem conductor chip or a lead
obj ect and then conpression bonded on the object under heat. ' The
adhesi ve nmenber conprising the adhesive of the

obtained was found to have Tg of 275°C, a thermal decomposition
temperature of 410°C, a water absorption rate of 0.6 wt.% and a
coming-out length of 3.4 mm. . |
The composite sheet obtained following the procedures
5 described in Example 4 was found to have an adhesive strength of
0.9 kN/m with a 42-alloy sheet. A semiconductor package of SOJ
type obtained as in Example 1 developed cracks when soldered
after moisturization.
Comparative Example 4
10 In a similar manner to Example 1 except that 4.10 g (10
mmole) of ethyleneglycolbistrimellitate dianhydride and 4.32 ¢
(10 mmole) of bis[4-(3-aminophenoxy)phenyl]sulfone instead, a
polyimide was obtained in the form of powder.
The polyimide so obtained was found to have a reduced
15 viscosity of 0.44 di/g, Tg of 187°C, a thermal decomposition
temperature of 465°C, a water absorption rate of 1.1 wt.% and a
coming-out length of 2.2 mm.
A semiconductor package of TSOP type obtained as in
Example 1 developed cracks when soldered after md-isturizetion.

20 Those results are shown in Table 1.
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especi all y an LOC sem conductor package. Mre specifically, the adhesive
menber enpl ow—ﬁg—ﬂﬁe—&d-hesrve—ﬁf t he present i nvention has a shape and
properties suitable for bonding between the sem conductor chip and the | ead
frame of the senibSidetiHapBees REplc@NdUCt Or Hppckage where wire bonding for
connecting the Wrighi p and the lead frane is nmade on the

sem conduct or jmlﬂmwﬂmﬁm the heat-resistant adhesive according to the
present inventi conposite adhesive sheet by coating it on a

base film (or sheet), the conposite adhesive sheet can be obtained by
coating a heat-resistant adhesive having a water.. absorptlon rate of not

nore than 3 W ~%-ahd- Agt-h—af—Rot—rore—t-ha A-ad
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heat-resistant fil musable as the base film

include filns of engineering plastics
pol ysul fones, T ShedEmEeaieplagll i des

adhesi vé according to the present invention.
- pol yaryl at es. '"I
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The heat-resistant filmhas a glass transition tenperature (Tg) which is

hi gher than tth_LIgL;QL_Lhe—heat-resistant adhesi ve according to the
present invention and is preferably at |east 200[err]C, nore preferably
250[err] C ommﬂsghﬂmsB&mémﬁ@%ﬂ-reS|stant f4i |l m has a water absorption rate of

not nore than rably 2 W . gr | ower . Accordi ngly, the
d in this invention may preferably be a
g, water absorption rate and coefficient of

heat - r esi st an

pol yi m de fiI

t hermal expansi on. Partlcularly preferred is a filmequipped with the

physi cal properties that the Tg is at Ieast 250[err]C the water absorption

rate is 2 wt.%oer—tespg—ant et-Hyetrent—gf—tHerymal expansi on of 3
x10-5[err] C or || ower. %% | ncr gase ad®esi on wWith the adhesive, it is
desired to apply $urfhce tpgalirent |to tgeli®at-rlesistant film Surface
treatment nethds § nc| ude SHpM cal [surf & @ ¥reatpent nethods such as alkali
treatnment and $il &he coupliqyt;reatnent- E¥S|ca treatnent method such as
sand bl asting, pptasrai-etehi-Ag—andjeoreraretehi-ng. Al though they are al
usable, it is gegiredito | | :
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choose ‘and use a npst suitable treatment method dependi ng on the adhesive.
As surface treatment applied to a heat-resistant filmupon application of
the heat - Les+s%aﬂ%—adhesrve—0f this invention, chem cal treatnent or plasma

etching is artlcl eferred Nopartlcular limtation is

I nposed on eél\tl ng the hegis-resistant adhesive (varnish) on
t he heat - reS| I“ || e coatlng can“be applied in any suitable manner
by usi ng, fo - 21 -

IP: Isophthalic acid
TA: Trimellitic anhydride
"LP-7100": Siloxyamine; trade name; product of Shin-Etsu
Chemical Co., Ltd.
5 IPDDM: 4,4'-Diamino-3,3',5,5'-tetraisopropyldiphenyimethane
DDS: 4,4'-Diaminodiphenyisulfone
BTDA: 3,3',4,4'-benzophenonetetracarboxylic dianhydride
BAPP: 2,2-bis[4-(4-aminophenoxy)phenyl]proplane
DSDA: Bis[3,4-dicarboxyphenyljsulfone dianhydride
10 "161AS" "X-22-161AS": siloxyamine; trade name;
product of Shin-Etsu Chemical Co., Ltd.
p-APPS: Bis[4-(4-aminophenoxy)phenyl]sulfone
m-APPS: Bis[4-(3-aminophenoxy)phenyi]sulfone
EBTA: Ethyleneglycolbistrimellitate dianhydride
15 DDMA: Dodecamethylenediamine
v-GPTM: y-Glycidoxypropyltrimethoxysilane
v-GPME: y-Glycidoxypropylmethyidiethoxysilane



exanple a doctor blade,, a knife coater, a die coater or the like. The film

may be coated_by—ieedfﬁg—rr’rﬁrough a varnlsh This mdthod is however not

preferred because |t | s Jscult to control the thickness. When t he
film coated S|stant adhesive of this invention is subjected
to heat treat H |n1nat|on a solvent or for imdation, the

t enper at ure of tnent vari es dependi ng on whet her the

heat - resi st ant adhesi ve so coated is a varnish of a polyamc acid or a
varni sh of a polyim de. In the case of the varnish of the polyamc
acid, a tenperature of Tg or higher is needed to achieve imdation. In the
case of the vagrnish of the polyimde, no particular limtation is inposed
insofar as it §’H§gh enough to elimnate the solvent. To inprove the

adhesi on bet ween t he aghgsiy e, b dingahEaive 'StabI&Yor bhhahbsiva P ef e ed

to conduct the abo e

2 member for the fabrication of a semiconductor package by bonding
3 a semiconductor chip to a lead frame with the adhesive member
4 and molding at least the semiconductor chip and a bonded part
5 between the semiconductor chip and the lead frame with a
6 molding compound, wherein said adhesive has a coming-out length
7 of not more than 2 mm and a water absorption rate of not more
8 than 3 wt.%.
9
1 2. A heat-resistant adhesive suitable for an adhesive
2 member for the fabrication of a semiconductor pac_:kage by bonding
3 a semiconductor chip to a lead frame with the adhesive member
4 and molding at least the semiconductor chip and a bonded part
5 between the semiconductor chip and the lead frame with a
6 molding compound, wherein said adhesive has a coming-out length
7 of not more than 2 mm, a water absorption rate of not more than
8 3 wt.% and a glass transition temperature of at least 200°C.
1 3. A heat-resistant adhesive of claim 1, wherein the-
2 adhesive member is a composite adhesive sheet epmprising a
3 heat-resistant film and the heat-resistant adhesive applied in the
4 form of a coating layer on both major surfaces of the heat-

5 resistant film.

A



freatnent at_a tenperature of 250[err]C or higher. . The adhesi ve nenber
maki ng use of the heat-resistant adhesive according td the pr esent
i-nvention i s TherSheetHisBetnReplhdedct i ve for the bondi ng between a | ead frane
and a sem cond . When t he adhesive according to the present

i nvention is u ndi ng of theysem conductor chip and the |ead
frame, no particular Tirmtation is inposed on the nmanner of the bondi ng.
Thi s bondi ng can be achieved by a nethod nost suited for each package so
fabri cat ed.

1 4. A heat-resistant adhesive of claim 1, wherein the

2 adhesive member consists of the heat-resistant édhesive alone.
1 ' 5. A heat-resistant adhesive of claim 2, wherein the

2 adhesive member is a composite adhesive sheet comprising a

3 heat-resistant film and the heat-resistant adhesive applied in the
4 form of a coating layer on both major surfaces of the heat-

5 resistant film.

1 6. A heat-resistant adhesive of claim 2, wherein {he

2 adhesive member consists of the heat-resistant adhesive alone.
1 7. A heat-resistant adhesive of claim 3, whe‘rein said\ heat-
2 resistant adhesive applied in the form of the coating layer of one
3 major sueface of the heat-resistant film is different from the

4 heat-resistant adhesive applied in the form of the coating layer.
5 of the opposite major sueface of the heat-resistant film.

1 8. A heat-resistant adhesive of claim 5, wherein said heat-
2 resistant adhesive applied in the form of the coating layer of one
3 major sueface of the heat-resistant film is different from the

4 heat-resistant adhesive applied in the form of the coating layer
5 of the opposite major sueface of the heat-resistant film.

AN O N

I



I 227 ¢ REPLACEMENT SHEET Vari ous bondi ng

met hods can _E_U§§a‘—fﬁtfudfng——for exanpl e: (1) "A conposite sheet
with a heat-ramh$&&£ﬁuﬁg |ve according to the present invention coated on
opposite surfac rst conpr essi on-bonded onto a |lead frane
under heat. A s h|p i s thgng conpressi on-bonded under heat onto
t he heat-resist f this |nvent|on on the opposite sur face.

(2) A sheet mﬁth a heat-re5|stant adhesi ve according to the present
i nvention coated on one surface thereof is first conpression-bonded onto a
| ead frame under heat. The opposite surface of the sheet is then coated

with th(f sane adhe@! VK Réat-resistant adhesive of claim 3, wherein said heat-
2 resistant adhesive applied in the form of the coating layer of each

3 - major sueface of the heat-resistant film is same.

10. A heat-resistant adhesive 6f claim 5, wherein said

1
2 heat-resistant adhesive applied in the form of the coating layer
3 of each major sueface of the heat-resistant film is same.

(T



anot her "adhesi ve according to the present invention, onto which a

sem conductor chip is conpression-bonded. (3) Affilmconsisting of a
heat -resi stant adhesive of this invention alone is held between a

sem conductor chip and a |ead. frane and is then conpression-bonded under
heat . (4) A heat-resistant adhesi¥ﬁ'according to the present

I nvention is coated on a sem conduct or ip or alead frame and is
conpressi on-bonded with a |l ead frane or a seni conductor chip. :

Speci fic nmethods for bonding a sem conductor chip to a lead frame by using
an adhesi ve nenber nmaki ng use of a heat- resistant adhesive according to
the present invention wll escr bed with reference to FIGS. 1 to 3.

FIGs. 1 to 3 are schematic |I B@FEHEHESC'S@%ductor packages, in

whi ch the shapes of the | ead franes

A heat-resistant adhesive is provided for use in an adhesive

member for the fabrication of a semiconductor package by bdnding

5 a semiconductor chip to a lead frame with the adhesive member
and sealing at least the semiconductor chip and a bonded part
between the semiconductor chip and the lead frame with a _
sealant. The adhesive has a coming-out length of not more than 2
mm and a water absorption rate of not more than 3 wt.%.

10 Preferably, the adhesive has a glass transition point of at least
200°C.

This Sheet Has Been Rep

Ll llllH 10

THIS SHEET HAS BEEN
REPLACED




and the posiTions of the sem conductor chips bonded on trhe | ead franmes are
di fferent. Each;said82MUEOh.package has been fabri cafed by bonding the
sem conduct or chy frame with the adhesive nenber naking use of
t he heat-resi s}}ﬂﬂl’HﬂlﬂHﬂ@ﬁiﬁcor ding to the present invention and then

nol di ng the se p and a bondigd part between the sem conductor
chip and the lead frane with a nol di ng conpound. In FIG 1, the
sem conductor is positioned below the | ead frane. In FIG 2, the
sem conductor is positioned above the

FIG. 1

FIG. 2 2

A Z 0 A N S W

\\\\}\\\\\\\\\\\\‘ PN

FIG. 3




| ead frane. In FIG 3, the semiconductor is also positioned above the

| ead frane. In FIGS. 1 to 3, there are shown the adhesive nenbers at
-nunmeral 1, the sem conductor chips ‘at nunmeral 2, the lead franes at nuneral
3, wires at_nuneral 4 and the sealants-at nuneral 5. The adhesi ve

menber maki ng use of the heat-resistant4%dhesi ve according to the present

I nvention are effective for bonding a sem conductor chip with a |lead frane
so as to fabricate the sem conductor package in LOC structure as
illustrated in Fig. 1. The package of LOC (lead on chip) structure as shown
in Fig. 1 is different fromthe COL (chip on |ead) package of Fig. 2 and

t he package of Fig. 3 in that the rate of the volune occupied by the chip
in the package is larger as gEAYPRESASWANT ADHESIVE the two others. This is
because (1) the package of Fig. I has not a tab while the package Fig. 3
has; and (2) the wire bonding is nade

ABSTRACT OF THE DISCLOSURE

A heat-resistant adhesive is provided for use in an adhesive
member for the fabrication of a semiconductor package by bonding
a semiconductor chip to a lead frame with the adhesive membér
and sealing ét least the semiconductor chip and a bonded part
between the semiconductor chip and the lead frame with a
sealant. The adhesive has a coming-out length of not more than 2
mm and a water absorption rate of not more than 3 wt.%.
Preferably, the adhesive has a glass transition point of at least
200°C.

FIGURE 1

This Sheet Has Been Replaced
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24 - above the chip in the package of Fig. 1, while it is ISC CRMENTHSHEET
R ]

TSUefaces of the chip in the packages of Figs. 2 and 3,

t hus sav

ac

for the wire bonding in addition to the space where the chip is nounted.

This increases the rate of the space occupied by the ch
Fig. 1 and accordingly reduces the thi gkness of the sea

I ncreasing the possibility of occurrence of the package
adhesive, as conpared with the

HEAT-RESISTANT ADHESIVE FOR THE FABRICATION OF A
SEMICONDUCTOR PACKAGE

c

|&ﬁfLAﬁEﬁ_l‘ ﬁTaIS,HEE ]

dCKS due 10 tjnhg

22 SEP 1999

e

of

This invention relates to a heat-resistant adhesive

especially suitable for the bonding of a semiconductor chip to a

lead frame and an adhesive member using the adhesive.

More particularly, this invention relates to a heat-resistant

adhesive suitable for use in a semiconductor package, especially a

package of LOC (lead on chip) structure, which is capable of

preventing or minimizing occurrence of cracks when solder is

subjected to reflow in conditions moisture is absorbed.

The semiconductor package'is fabricated by connecting a

lead frame to a semiconductor chip using an adhesive or

resonance solder and electrically connecting electrodes of the

chip to the lead frame, followed by sealing the entire structure

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

In general, a conventional package has a structure as shown
in Fig. 3 where the chip is mounted on a tab (die pad) of the lead

frame. The connection between the lead frame and the chip is

made by Au-Si resonance solder or a thermosetting epoxy

adhesive (a die bonding agent).
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packages of Figs. 2 and 3. Thus, an effective neasure for reducing the

»~ Possibility of occurrence of the cracks has been awaited. The adheSIVGN@NTSHEET
the present invention is especially effective for prevention or REHAE
of occurrence of the cracks in the package as shown in Fig. 1. Wth
needing being limted thereto, it can al so be ef fecti vel
bondi ng of objects such as ceramic plates, netal plates,
plastic filnms, plastic plates and Ianlnates Upon {bdndi ng each of
such objects, the object can be bonded- 0~ anot her obj ect ZQESE dﬂ?%
adhesive onto the first- nentioned object or where the sive is int
formof a sheet, interposing it between the objects, he & adhesi ve
at a tenperature equal to or higher to the softening poiht of {he adhesive
and t hen applying pressure. The present invention wll hereinafter be
descri bed speci fi cHoWwevay, tdse ahointegratiprexiagreesin the Yaukagehbasver be
borne in mnd that this invention is by no neans |imted to or by the
exanpl es. became higher and a size of a chip to be maunted therein has

become larger, the percentage of the volume occupied by the chip
has become higher to such an extent that the chip cannot
completely be encased in the structure as shown in Fig. 3 where
the chip is mounted on the tab of the lead frame. To salve this
problem such a package having no tab.as shown in Fig. t or Fig. 2
has been prcposed for example, in U.S. Patent 5,140,404,
Japanese Patent Application Publications (K_OKAI) 61-218139
and61-241959, U.S. Patent 4,862,245 and Japanese Patent
Application Publications (KOKAI) 2-36542 and4-318962. The
package structures of Figs. 1 and 2 are called LOC (lead on g:hip)
and COL (chip on lead), respectively. In these packages, the
connection between the lead frame and the chip is made by a
thermosetting adheseive or a heat-resistant hot meit.

With the structures as shown in Figs. 1 and 2, it is a trend
that the paékage size is becoming smaller and thinner and the
percentage of the occupation by the chip is becoming higher, the
thickness of the sealing material is becomming thinner
accordingly. Therefore, moisture absorbed by the adhesive or the
sealing material used would more often cause cracks in the
package when it evaporates or expands. |

To solve this problem, some attempts to improve the
sealing materials and/or the adhesives emplbyable for the
pacakage have been proposed. For example, with respect to the

sealing materials, lowering of moisture absarption and



Exanpl e 1 - 25 - In a
if our-necked flask equipped with a stirrer, a thernmonmeter, a nitrogen i,
tube and a cal ciumchloride tube, 3.66 g (10 nmol e) of - w.d-n
4,4 -diam no-3,3",5,5 - tetrai sopropyl gi phenyl net hane (|1 lm or
N, N- di met hyl f or mani de (DMF) were charged and di ssol ved. e

improvement of mechanical strength have been discussed
(Japanese Patent Application Publication (KOKAI) 5-67703). With
respect to the adhesives, it has been proposed to reduce the
moisturé absorption or to divide an adhesive member into small
pieces to promote escape of vapor during reflow in the soldering
(Japanese Patent Application Publication (KOKAI) 3-109757).
However, there has been no proposal about the approach from the
properties of the adhesive to be employed for the LOC package.
There has been another attempt which intentionally allows
a solvent to remain with a view to lowering a bonding
temperature, lowering the viscosity of the resin (Japanese Patent
Application Publication (KOKAI) 3-64386) or allows a solvent to
remain to improve the fluidity and increase the adhesion for

lowering a possible leak current between inner leads.

It is therefore an object of the present invention to
provide an adhesive suitable for use in a semiconductor
package, especially a semiconductor package of LOC
structure, which is capable of preventing possible cracks
from occurring during reflow of solder under the conditions
the package has absorbed moisture.

The inventors of the present invention has

~ unexpectedly found, as a result of their reserch about a

relationship between cracks developed in the LOC package




bei ng:cool ed bel ow 5[ err] C

%+ (10 mmol e)

They were reacted for one hour under cooling bel ow 5[er{]: 8 ot als
hours at room tenperature, whereby a_pgplyanmic acid was {y the_
formof varnish. To the resultant varnish of the polyanilc|ac} @ SEP 3%9%

of bisphenol A bistrinellitate di anhydride (

acetic anhydride and 1.98 g of pyridine were added, fol ljoge

room t enper
form of var
into water
dri ed, wher
pol yi m de p
g/d/. Ther
30[err]C

ature for 3 hours, whereby a polyimde was synt
ni sh. The varni sh of the pol yi.m de so

&wnéﬂ&fﬁul %nltgg pr i i ta $| ‘S&I@el &Ct edé‘f"gbd. e;irzed and

the resulting solution was added W|th 5. 76

FoAEASE 1. '“e%a%as d' ﬁg‘é'y%ﬁ%dﬁ‘ HartsiescShiiured at -
pol yi m de p é\ﬁ%&%ﬂ?ﬁé‘g‘ﬁgﬁa e@% t@%&?“hgﬂpt O?oﬁg}cﬁ)é# t&(g Bﬁ%f cOfsoIt ant s to

give a concgahpahieOtOh Righ t&hidktatifd iSPRfIY BdtrithitaBldd Phe

package cracks 'than the moisture absorption or the glass
transition point Tg of the adhesive. More particularly, they
have found that an adhesive having a specific hardness or
fluidity may advantageously be employed to prevent the
package cracks in the LOC package. Thus, the present
invention has been achieved.

Heretofore, there have only been known about the
hardness of the adhesive that the solvent may be
intentionally left with a view to lowering the bonding
temperature to lower the viscosity of the resin (KOKA! 3-
64386) or the solvent may be left to enhance the fluidity
and improve the adhesién for reducing leak current between
the inner leads (KOKAI 2-36542). It has not been known
before the present invention that the hardness or
retardm_ent to flow of the adhesive is more attributable to
the packége cracks than the moisture absorbence or Tg of
the adhesion and that the adhesive having the specific
hardness or fluidity is surprisingly effective toc improve
the resistance against the package cracks.

The present invention therefore provides a fabrication

process of a semiconductor package as defined in claim 1.



di ssol ution at roomtenperature. As a result, the polyim de powder was

found to be soluble in each of DMF, N- nethyl pyrrolidone (NVP), nethyl
chloride, dioxane, THF and _ _ p,.EE\:AGEME‘\ﬁ SHEET
t ol uene. Further, the polyi mde powder was dissolved in DVE. The
-5 - REPLACEMENT SHEET
22 SEP 1999

FIG. 1 schematically illustrates a semiconductor paékg’ge
fabricated by bonding a semiconductor chip to a lead frame with
an adhesi\)e member making- use of a heat-resistant adhesive of
the present invention and then molding the semiconductor chip
and a bonded part between the semiconductor chip and the lead

frame with a molding compound, in which the semiconductor chip

_is located below the lead frame;

FIG. 2 schematically illustrates a semiconductor package
similar to' that of FIG. 1 except that a semiconductor chip is
located above a lead frame; and

FIG. 3 schematically illustrates a semiconductor package

similar to that of FIG. 1 except that a semiconductor_chip is
located above a lead frame.

The present invention -as defined by the claims will
hereinafter be described in detail.

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

adhesivg' whose principle constituent is a heat-resistant thermoplastic



varni sh so obtained was cast onto a glass plate and dried at 100[err]C ‘iﬁ—(ﬂﬂ

. 10 mnutes. The resulting green filmwas peeled off fromthe é

" fixed on an iron frane and dried at 250C for one hour, vvherebg
obt ai ned. As a result of neasurenent of the glass

tenperature (Tg) of the thus-obtaineg polyinmide film by hBEMG@M:BHTiWET

met hod under a |oad of 25 kg/cnierr] at a heating rate off fO[err[C mn, f§t

was found to be 262[err] C. The heat deconposition tenper tLrez\AgfsE(nq?qg

o]

afllmvvas

o0 L1

polyinm.de filmwas 405[err]C The filmwas i mersed i ter
25[err] C for 24 hours. As a result, it was found to have |a lwater—ebsorptio
rate of 0.3 w. %" . A19 x 50 mMm wi de adhesive filmoff 25 [err]min

thi ckness was pressed at 350C under 3 MPa for one m nut e.=THre~TEength of a

came- out _peri pheral portlon (hereinafter called "com ng-out |ength" for the
sake of breviré§iy, onQ feeabyhdais @ glassdeansitiont temnpenatare fr atileashe
er surfaces of the adhesive filmwas found to be 0.8

d| recti.on of 2:9(%
Cei 0" 11839 rRBSPNSy 3t B! cﬁﬁﬂﬂﬁ!‘(@oﬂfbﬁ Bely@miger he
" adhesive is preferred.

The term "polyimide” as used herein should be construed as
embracing resins containing imido groups, such as polyamide-
iﬁides, polyester-imides, polyether-imides and polyimide.

The water ébsorption rate of the heat-resistant adhesive
accdrding to the présent invention is 3 wt.% or less, preferably
2.5 wt.% or less, more preferably 2.0 wt.% or less. Its coming-out

' length is 2 mm or less, preferably 1 mm or less, more preferably
0.5 mm or less. In particular, thé heat-resistant adhesive
accordin_g to the present invention desirably has, in addition to
the properties described above, a glass transition temperature of .
at least 200°C, preferably 225°C or higher, more preferably
250°C or higher.

The term "coming-out length® as used herein means the
length of a came-out peripheral portion of a 19 x 50 mm wide
adhesive film of 25 um in thickness as measured at a central part
in the direction of the longer surfaces of the adhesive film when
the adhesive film is pressed at 350°C under 3 MPa for one minute.

Where the glass transition temperature is lower than 250°C
or the coming-out length is greater than 1 mm in the present
invention, the water absorption rate is preferably not more than
1.5 wt.%.

The adhesive according to the present invention can be

tformed of a palyimide or a polyamide alone. ltis preferred to



polyi mde filmover an angle of 180[err]. The filmdevel oped no cracks,
t hus show ng good fl exi bi lity. An NMP varni sh of the polyimde was
coated onto a filmof "UPILEX S" (trade nane; polyimde film produ

Ube Industries, Ltd.) which had been pl asna-etched, fol | opee—tirtre
100[err] C for 10 minutes and then at 300[err]C for 10 nin tRi?L
-27-
1999

. contain amido groups from the standpoint of adhesioni
| " The term "amido groups” as used herein mean amido groups
still remamlng after the ring closure for the formation of the

polyimide. These amido groups therefore do not include the amldo
groups in an amic acid as an imide precursor.

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

The heat-resistant adhesive according to the present
invention can be synthesized principally from (A) a diamine or (A")
a diisocyanate and (B) an acid anhydride and/or (C) a dicarboxylic
acid or an amide-forming derivative thereof. The heat-resistant
adhesive can be easily produced by combining the above reactants
and also adjusting their reaction ratio, reaction conditions and
‘molecular weight, optionally adding additives while selecting
their types and optionally adding an additional resin such as an
epoxy resin in such a way' that the resulting heat-resistant
adhesive has the prescribed properties described above, namely, a
coming-out length of not more than 2 mm a water absorption rate
of not more than 3 wt.% and preferably a glass transition
temperature of at least 200°C.

Examples of the diamine (A), which are usable in the present

invention, include:

alkylenediamines such as hexamethylenediamine,



conposite sheet was obtained. The conposite sheet so obtained was
Superposed on a 42 alloy (Fe-N alloy whose nickel content is 42% sheet,

foll owed by pressing at 350[err] C under 3 MPa for 5 seconds. As a resul t_‘ gg&ﬂ

BTN CVEW

measur enent of the 90 peel strength of the conposite sheet, it R

be 0.7 kNm Usi ng the conposite gheet, a seniconduct g

(thin small out-line package) type was packaged as shown i RERLA EMENT, SHEET

package was subjected to noisturization for 48 hours at 85fefTr an 0
and then imersed in-a solder bath of 260[err]C. No cracks|o¢c s
SEYR

_l

Exanpl e. 2 . I'n a simlar manner to Exanple 1 except that
nmol e) of. bi-§(3, 4-di car boxyphenyl ) sul fone di anhydri de (DSDf\) +~3—83—g—5—
nmol e) of |-PDDM and 2.05 g (5 mol e) of 2,2-bis[4-(4-

am npphehQXY)-phenyHﬁ(%rg{aaBe (BAPP) were used-instead, a polyamc acra
obt ai ned i-n” the fordh'BfMelaYignadiamiseyand mdﬁcérﬁétﬁy?bhgﬁigmﬁ? d was

treated as in Ex whereby a polyimde was obtained 1n the form of
powder . ﬁméﬁeéiammes such as paraphenylenediamine,

metaphenylenediamine and 2,4-diaminotaluene:

diaminodiphenyl  derivatives such as 4,4'-diaminodiphenyl
| ether (DDE), 4,4'-diaminodiphenyl methane, 4 4'-
-diam{nodip’henyl sulfone, 3,3'-diaminadipheny!
Sulfone, 4,4'-diaminobenzophencne, 3,3'-
diaminobenzophenane and 4,4'-diaminobenzanilide;
1,4-bis[1 -(4-amigophenyl)-1-meth_ylethyl]benzene (BAP);
1.,3-bis[1-(4-aminophenyl)-1-methylethyl)benzene;
1 ,3-bis(S-aminophenoxy)benzene;
1 ,4-bis(3-aminophenoxy)benzene ;
1 ,4-bis(4-aminophenoxy)benzene:
2,2-bis[4-(4-aminophenoxy)phenyl]propane (BAPP);
2,2-bis[4-(3-aminophenoxy)bhenyl]propané;
bis[4-(3-amindphenoxy)phenyl)] suifone (m-APPS):
bis[4-(4-aminophenoxy)phenyl] sulfone; and
2,2‘-bis[4-(4-aminophenoxy)phenyl]hexaﬂuoropropane.
Also usable as the diamine (A) in the present invention

include, for example, diamines represented by the following
formula (1):. |




The pol yi m de so obtained was found to have a reduced viscosity of 1.21
d//g, Tg of 268[err]C, a thermal deconposition point of 410[err]C, a water
absorption rate of 0.7 w.%and a conm ng- out length of 0.01 mm

4}
simlar .manner to Exanple 1 except that the varnish of the poly 'p(‘,\'el‘é‘f—‘\wsm
was heat-treated at 100[err]C for 10gm.nutes and then at T
m nutes, a conposite sheet was obtained. It was found to p éH\
strength of. 1.2 kNmwth a 42- :

S 22 SEP 999

~ wherein Y represents an amino group; R11, R12, R13 and R14
independently represent hydrogen or a C,., alkyl or alkaxyl growp, at

Teast two of which are independently an alkyl or alkaxy group; and x is

-CH2-, -C(CH3)2-, -O-, -S0O2-, -CO- or -NHCO-.

llustrative compounds represented by the formula (1) -

include:

_ 4,4’-diamino-3,3'-,5,5'-tetramethyldiphenylmethane,

4,4'-diamino-3,3',5,5'-tetraethyldiphenylmethane,
4,4'-diamino-3,3',5, 5'-tetra-(n-propy! )diphenylmethane
4,4'-diamino-3,3',5,5'-tetraisopropylidiphenylmethane,
4,4'-diamine-3,3',5,5'-tetrabutyldiphenyimethane, |
4,4'-diamino-3,3'-dimethyl-5,5'-diethyldiphenylmethane,
4'—,4'-diamino-3.3'-dimethyl-5,5'-diisopropyldiphenylmethane,
4,4'-diamino-3,3'-diethyl-5,5'-diisopropyldiphenylmethane,
4,4'-diaminof3,S-dimethyl-é',5'-diethy|diphenylmethane,
4,4'-diamino-3,5-dimethyi-3',5'-diisopropyldiphenylmethane,
4,4'-diamino-3,5-diethyl-3',5'-diisopropyldiphenyimethane,
4,43'-diamino-3.5—diethyl-3',5'-dibutyldipheny!methane,
4,4'-diamino-3,5-diisopropyl-3',5'-dibutyldiphenylmethane,
4,4'-diamino-3,3'-diisopropyl-5,5'-dibutyldiphenylmethane,
4,4'-diamino-3,3'-dimethyl-5,5'-dibutyldiphenyimethane,
4,4'-diamino-3,3'-diethyl-5,5'-dibutyldiphenyimethane,
4,4'-diamino-3,3'-dimethyldiphenylmethane,
4,4'.diamino-3,3'-diethyldiphenylmethané,
4,4'-diamino-3,3'-di(n-propyl)diphenyimethane,
4,4'-diamino—3,3'-diisopropyldiphehy|methane.



al l oy sheet. A sem conductor package of TSOP type obtained as in Exanple 1
devel oped no cracks when sol dered after npisturization. Exanple 3 In a
simlar manner to Exanple 1 except that 3.22 g (10 mmol e) of

3,3 ,4,4" -benzophenonet etracar boxyl i ¢ di anhydri de (BDTA) and 20.6 g\%ﬂ PWEET

wer e used instead of BABT and DWVF, rle§p_ectivel y, a polyam c g8

obtained in the formof varnish. Xyl'ene (10 g) was adde§ W :ETSD
obt ai ned, followed by heating at 180[err]C for 5 hours, IWlBLRHY 3 i fle
was obtained in the form of varni sh. The pol yi m d¢ $o obtai ned wa
found to have a reduced viscosity of 0.48 d//g, Tg of 3(Q0fer22 GERN¥Ner

deconposition tenperature of 405C, a water absorption rdt¢ of 1.0 wt. % @n

a com ng-out length of 0.5 nm The pol yi m de varnijsh-was coat ed ont
a filmof "KAPTON'

4,4'-diaminc-3,3'-dibutyldiphenyimethane,

——

4,4'-diamina-3,3',5-trimethyldiphenylmethane,
4,4'-diamino-3,3',5-triethyidiphenyimethane,
4,4'-diamino-3,3',5-tri(n-prcpyl)diphenylme}thane,
4,4'-diamino-3,3',5-triisopropyldiphenyimethane,
4,4'-diamino-3,3',5-tributyldiphenyimethane,
4,4'-diaming-3-methyl-3'-ethyldiphenyimethane,
4,4'-diamino-3-methyl-3'-isopropy!diphenylmethane,
4,4'-diamino-3-ethyl-3'-isopropyldiphenyimethane,
4,4'-diamino-3-ethyl-3'-butyldiphenyimethane,
4,4'-diaminc-3-isopropyl-3'-butyldiphenylmethane,
2,2-bis(4-amino-3,5-dimethylphenyl)propane,
2,2-bis(4-amino-3,5-diethylphenyl)propane,
2,2-bis[4-amino-3,5-di(n-propyl)phenyi]propane,
2.2-bis(4-amino-3.5-diisopr6pylphenyl)propane,
2,2-bis(4.-ami'no-3,5-dibutylphenyl)propane,
4,4'-diamino-3,3',5,5'-tetramethyldiphenyl ether,
4,4'-diamino-3,3',5,5'-tetraethyldipheny! ether,

4 4'-diamino-3,3',5,5'-tetra-(n-propyl)diphenyi
4,4'-diamino-3,3',5,5'-tetraisapropyldipheny! ether,
4,4'-diamino-3,3',5,5'—tetrabutyldip.henyl ethe(,
4,4'-diamino-3,3',5,5'-tetramethyldiphenyl sulfone,
4,4'-diamino-3,3',5,5'-tetraethyldipheny! sulfone,
4,4’-diamino-3,3',5,5'-tetra(n-propyl)dipheny! sulfone,
4,4'-diamino-3,3',5,5'-tetraisopropyldiphenyl sulfane,
4,4'-diamino-3,3',5,5'-tetrabutyldiphenyl sulfene,



——

(trade nane; polyimde film product of Du Pont-Toray |Industries) which had
. been subjected to silane coupling treatnment after alkali treatnent, WSHEET

filmso coated was heat-treated at 100[err]C for 10 m nutes aREP\tWa

275[err]C for 10 m nutes, whereby a conposite sheet was qQuhtained. Lt _was

found to have an adhesive strength-of10-92 kNmwth a 4E'.REPL‘AEEﬁBN?t HEET

I a\s.im'lar
%2 SEP 999

sem conduct or package of TSOP type obtai ned as in Exanpl
cracks when sol dered after noisturization. Exanple 4
manner to Exanple 1 except that 5.76 g (10

4,4'-diamino-3,3',S,S‘-tetramethyldiphenyl ketone,
4,4’-diamino-3,3',5,5'-tetraethyldiphenyl ketone,
4,4'-diamino-3,3',5,5'-tetra(n-propyl)diphenyl ketone,
4,4'-diamino-3,3',5,5'-tetraisopropyidipheny! ketone,
4,4‘-diamino-3,3',5,5'-tet.rabutyldiphenyl ketone,
4,4'-diamino-3,3',5,5'-tetramethyibenzanilide,
4,4'-diamina-3,3',5,5'-tetraethylbenzanilide,
4,4'-diamino-3,3',5,5'-tetra(n-propyl)benzanilide,
4,4'-diamina-3,3',5,5-tetraisopropylbenzanilide, and
4,4'-diaminc-3,3',5,5-tetrabutylbenzanilide.
It is also possible to use, as the diamine (A), siloxydiamines
represented by the following formula (2):

llzls' . lrls
H,N — R1S — -Ti o - si R - NH, (2)
r17 I‘g..v n

wherein R15 and R18 each represents a divalent organic graup,
R16 and R17 each represents a monovalent organic group and m
stands for an integer of 1-100.

In the abave formula (2), R15 and R18 may independently be
a trimethylene group [;_-%EHZH']' a tetramethylene'grcup {-(CH2)4-
], a toluylene group [ ] or a phenylene group | '@' ], while
R18 and R17 may independently be a methy!, ethyl or pheny! group.
Plural R18s and R17s can be either the same or different.

Where R1S and R18 each represents a trimethylene groups



mmol e) of BABT, 2.38 g (6.5 mmple) of IPDDM and 0.43 g (3.5 mmle) of
« met at ol'uyl enedi am ne (MIDA) were used instead, a polyimde was obt al SHEET
the form of powder. The polyi m de so obtained was fgur e ‘
reduced viscosity of 0.61 d//g, Tg of 275C, a thermal de
tenperature of 415[err]C, a water abgerption rate of 0.5
com ng-out length of 1.5 mm An NMP varni sh of the polyi
coated onto a "UPILEX S" fil mwhich had been subjected t
foll owed by drying at 100[err]C for 10 minutes and then &
m nut es, whereby a conposite sheet was obtained. It was ffound to have an

adhesi ve stren 1% of 0835/ KNmwth a 42-all o%‘ sheet. The sem conduct or
package of asmg( d Butl iesshurerresentpakagdy! group in the formula

(2_)', siloxane diamines in which m is 1, about 10 on average, about

20 on average, about 30 on average, about 50 on average and about
1.(')0 on average, respectively, are all commercially available from
~Shin-Etsu Chemical Co., Ltd. under the trade names of "LP-7100",
"X-22-161AS", "X-22-161A", "X-22-161B", "X-22-161C" and "X-
22-161E".

Examples of the diisocyanate (A'), which are usable in the
present invention, inclede those similar to the above-exemplified
diamines except for the substitution of isocyanate groups for the
amino groups.

Examples of the acid anhydride (B), which are usable in the
present invention, include:

trimellitic anhydride,

pyromellitic ;ﬁanhydride. -
3,3',4,4'-benzophenaonetetracarboxylic dianhydride (BTDA),
3,3'.4,4'-biphenyltetracarboxylic dianhydride
2,2-bis(3.4-dicarboxyphenyl)hexaﬂuorOpropane' dianhydride
bis(3,4-dicarboxyphenyl)ether dianhydride,
bis(3,4-dicarboxyphenyl)sulfone dianhydride,
4,4'-bis(3,4-dicarbokyphenoxy)diphenylsuIfone dianhydride,
2,2-bis[4-(3,4-dicarboxyphenoxy)phenyl]propane dianhydride,
ethylene glycol bistrimellitate dianhydride (EBTA),
decamethylene glycol bistrimellitate dianhydride (DBTA),

. bisphenol A bistrimellitate dianhydride (BABT),
2,2-bis[4-(3,4-dicarboxybenzoyloxy)phenyllhexafluoropropane



¥

type obtained as in Exanple 1 devel oped no cracks when sol dered after

froi sturi zation. Exanple 5 In a simlar manner to Exanple 3

that 3.58 g (10 mmol e) of DSDA, 0.92 g (2.5 mmol e) of | PDDM and

T

mol e) of BAPP were used instead, a polyimde was obtai nef™]
powder . The pol yi m de so obtakned was found to have aﬁ#ééﬁﬁﬂw @th

viscosity of 0.62 d//g, Tg of 255[err]C, a thernal deconpps
tenperature of 440[err]C, and a water absorption rate of }

com ng-out length of 0.2 nm DVAc varni sh of the poly
onto a plasma- etched filmof "UPILEX S", foll-owed by drygn
for 10. dianhydride,

tion

P W2

m de

BEPMHM

was coat gd

al

TOOfeTTTC

" 4,4-bis[1-methyl-1-{4-(3,4-dicarboxybenzoyloxy)-

_phelnyl}ethyl]benzene dianhydride,

" maleic anhydride,

- methylmaleic anhydride,

‘nadic anhydride,

allylnadic anhydride

methylnadic anhydride

tetrahydrophthalic anhydride, and

methyltetrahydrophthalic anhydride.

lllustrative of the dicarboxylic acid, which are usable in the

present invention, include terephthalic acid, isophthalic acid,

biphenylcarboxylic acid, phthalic acid, naphthalenedicarboxylic

acid and diphenyletherdicarboxylic acid. Examples of the amide-

forming derivatives of these dicarboxylic acids include-

dichlorides, dialky! esters and the like of the dicarboxylic acids

exemplified -above.

Further, the diamine (A) or the dicarboxylic acid (C) may

partially be replaced by an aminocarboxylic acid such as

aminobenzoic acid.

Preferred examples of the diamine (A), which are usable for

the provision of the heat-resistant adhesives according to the

present invention, include:
alkylene diamine,
metaphenylene diamine,

2.4-diaminotoluene,



- 30 - m nutes and then at 250[err]C for 10 m nutes, whereby a conposite

Sheet was obtained. It was found to have an adhesion strength of 1.40 kN'm

with a 42-all oy sheet. The sem conduct or package of TSOP type obtained as

in Exanple 1 devel oped no cracks when sol dered after noisturization. -

Exanpl e 6 In 24.5 g of DVF, 4.101g (10 rmole) of BAPP were di§]I bgﬂams%\ﬁ

followed by the addition of 2.02 g (20 mol e) of triethylam ne. \ﬂﬁi‘g‘ ei ng

- cool ed below 5[err]C, the resulting solution was added wth |2, @jﬂ‘

mol e) of i sophthal oyl chloride in portions. They were reacte'R@P'Féc T SHEET

bel ow 5[err]C. - "
"~ . .- 4,4-diaminodiphenyl ether (DDE), -22 SEP 1999

- 4 4'-diaminodipheny! methane,

- 4 4'-diaminodiphenyl sulfone,
3,3'-dianﬁinodipheny| sulfone,
3,3'-diaminobenzophenone,
1,3-bis(4-aminocumyl)benzene,
1,4-bis(4-aminocumyl)benzene,
1 ,3-bis(3-émi_nophenoxy)benzene,
1 ,4-bis(3-aminophénoxy)benzene,
' 1,4-bis(4-ahinophenoxy)benzene,
2,2-bis[4-(4-aminophenoxy)phenyl]propane (BAPP),
bis[4-(3-aminophenoxy)phenyl]sulfone (m-APPS),
bis[4-(4-aminophenoxy)phenyl]sulfone,
2,2-bis[4-(4-aminophenoxy)phenyl]hexafluoropropane,
4,4'-diamino-3,3',5,5'-tetramethyldiphenylmethane,
4,4'-diamino-3,3',5,5'-tetrasthyldiphenyimethane, -
4,4'-diamino-3,3',5,5'-tetraisopropyldiphenylmethane,
4,4'-diamino-3,3'-dimethyl-5,5'-diethyldiphenylmethane,
4,4'-diamino-3,3'-dimethyl-5,5'-diisopropyldiphenylimethane,
4,4'-diamino-3,3'-diethy!l-5,5'-diisopropyldiphenylmethane,
4,4'-diamino-3,3'-dimethyldiphenylmethane,
4,4'-diamino-3,3'-diethyldiphenylmethane, or
4,4'-diamino-3,3'-diisopropyldiphenyimethane.
In addition,- it is also preferred to use commercially-
available "LP-7100", "X-22-161AS" and "X-22-161A" as the

siloxanediamine of the formula (2).



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

pol yam de so obtained was found to have a reduced viscosity of 0.45 d/

Tg of 219[err]C, a thermal deconposition tenperature of 425 EpLNE

absorption rate of 2.3 wt.%and a com ng-out |length of 2.4
varnish with 85 w.%of a polyin de_ohtai_ned as in Exanple [
t he pol yani de obtained in this Exanple nixed therein was copt bd 2¢hSEPa1999
pl asma-etched filmof "UPILEX S', followed by drying at 100{efr]C for 10
m nutes and then at 250[err]C for 10 mi nutes, whereby a conpoSTt€ SNeEet was
obt ai ned. The conposite sheet so obtai ned was superposed on

Th

SHEET

and 15 wt

. % of

a 42 aIIQv

Focul i of noacur IEIITEY PRt RER AN e el ARl LALARCRERIES  Gand 1o

frimelItte HRPdhie,fi! mwas found to have Tg of 255[err]C, a

be 1.2 kN/m
wat er

' 3,3',4,4'-benzophenonetefracarboxyliic dianhydride (BTDA),
2,2-bis(3,4-dicarboxyphenyl)hexatiuoropropane dianhydride, '

bis(3,4-dicarboxyphenyl)ether dianhydride,
bis(3,4-dicarboxyphenyl)sulfone dianhydride,
4,4'-bis(3,4-dicarboxyphenoxy)diphenylsulfone dianhydride,

2,24bis[4-(3,4-dicarboxyphenoxy)phenyl]propane dianhydride,
ethyleneglycolbistrimellitate dianhydride (EBTA),
decamethylene glycol bistrimellitate dianhydride (DBTA),

bisphenol A bistrimellitate dianhydride (BABT),
1,4-bis[1-methyl-1-{4-(3,4-dicarboxybenzoyloxy)-
phenyllethyllbenzene dianhydride,

maleic anhydride,

nadic anhydride, and

allylnadic anhydride.

Incidentally, nadic anhydride has the following structural

formula:

Q>
co”

and allylnadic anhydride has the following structural formula:

HyC=HC-H,C



- 31 - absorption rate of 0.6 wt.% and a com ng-out length of 1.5 mMm

tUsi ng the conposite sheet, a sem conductor chip of SQJ type

shown in FIG 1. The filmwas subjected to noisturization fo
85[err]C and 85% RH and then imrersed in a solder bath of 26

cracks were occurred. Exanple 7 -l 20 g of DWF, 1.74 ¢

4,4" - di am nodi phenyl sul fone (DDS) and 1.23 g (3 mmole) of B

di ssol ved, followed by the addition of 2.02 g (20 mmmol e) of

was packaged as

When producing the resin by using the diamine (A), the acid

dnhy'dride (B) and the dicarboxylic acid (C), it is necessary to

select and combine these monomers so that the resulting resin

préferably has Tg of 200°C or higher, more preferably 250°C or

higher.

To obtain a heat-resistant adhesive having characteristics

specified in this invention, a polyfmide and a polyamide méy be

mixed so that the resultant adhesive preferably has Tg

or higher.

of 200°C

Without ‘being limited to the polyimide and

polyamide, polymaleimides and polyallylnadimides can

also be

employed likewise for the production of heat-resistant adhesives

of the present invention.

Polyimides can be obtained by thermal or chemical ring

closure of the corresponding polyamic acids. It is not

necessary

but desirable that the polyimide used in this invention has been

completely imidated.

The heat-resistant adhesive according to the present

invention may be composed of a polyimide or a bolyamide alone or

may be a mixture obtained by combining the polyimide and the

polyamide and, if necessary, an epoxy resin, a curing agent, a

curing accelerator and/or the like.

In this case, it has been found that even if a heat-resistant

adhesive has Tg lower than 200°C, mixing of an additional resin

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

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



tri.ethyl am ne. Wile being cooled below 5[err]C, the resulting solution was
added with 2.03 g (10 mmole) of isophthaloyl chloride in portions. They
were reacted for 5 hours below 5[err]C. As in Exanple 1, a T
obtained in the formof powder. The pol yam de so obtai ned S it AV A
a reduced viscosity of 0.88 dl/g, Tg qgfy 260[err]C, a thernal ecorrp05|t|on
temperature of 435[err]C, a water absorption rate of 2.5 wt }odar2i2SEP 1999
com ng-out length of 0.2 nm Using an NMP varnish with 60 wt. % of the
pol yi m de obtained as in Exanple 1 and 40 wt.% of the pol yafi de obtained In
this Exanpl-e nixed therein, a conposite sheet was obtained ilo.a.sinilar
manner to Exanple 1. The adhesive strength of ‘the conposite sheet so
obt ai ned wiwhter 4bstrptinnsiraté and temvidgicutotedgth kiithin the  The
conposite filmwas found to have. Tg of 260[err] a water absorption rate
of 1.1 wt.%espkdiveorangesuspecifigd iof tl®e5pmsent inverifloarng the conposite
sheet, a sem conductor chip of TSOP

No particular limitation is imposed on the epoxy resin which

can be mixed with a specific heat-resistant polyimide adhesive of
the present invention, in so far as it has at least 2 epoxy groups
on average per molecule. Examples of such an epoxy resin inqlude
the glycidyl ether of bisphenol A, the glycidyl ether of bisphenol
F, phenolnovolak type epoxy resins, polyglycidyl esters of
polyhydric alcohols, polyglycidy! esters of polybasic acids,
alicylic epoxy resins and hydantoin epoxy resins.

In addition, fillers such as ceramic powder, glass powder,
silver powder and copper powder and coupling agents can alsd be
added to the heat-resistant adhesive of the present invention.

~ The heat-resistant adhesive according to the present mventlon
can also be used after impregnating with it a base sheet such as
'glass fabric, aramid fabric and carbon fiber fabric.
Usable examples of the coupling agent include:
vinylsilanes such as vinyltriethoxysilane,
vinyltrimethoxysilane, and y-methacryloxy-
propylfrimethoxysilane;
epoxysilanes such as y-glycidoxypropyltrimethoxysilane, v-

glycidoxypropylmethyldiethoxysilane, and B-(3.4-

epoxycyclohexyl)ethyltrimethoxysilane;

aminosilanes such as y-aminopropyltriethoxysilane, -
aminopropyltrimehtoxysilane, and N-phenyl-y-

aminopropyltrimethoxysilane;



- ?:2 -’ type was packaged as in Exanple 1. The package devel oped no

«cracks when sol dered subsequent to moisturization. Exanple 8 i

si.m lar manner to Exanple 6 except that 1.83 g (5 mmole) of 1y .‘xi‘.'a”\h‘é
(5 mmol e) of BAPP, 0.64 g (3 nmole) of _ St
4-chl or of or nyl benzene- 1, 2- di car boxyl i gg anhydride, 0.30 g (3 D ek f&EP 1999

triethylamne and 30 g of NWMP were used instead, a

. mefcaptosiianes such as y-mercaptopropyltrimethoxysilane;
- and ' '
coupling agents such as titanates, aluminum chelates and
zircoaluminates.

Of these, silane coupling agents are preferred with
epox_ysiléne coupling agents being particularly preferred.
Incidentally y-methacryloxypropyltrimethoxysilane has the
following structural fofmula:

'CH2=c-ﬁ-o—(CH2)3-si-(oc33)3

.
H4C O

whereas y-glycidoxypropyltrimethoxysilane has the following
structural formula:

\
0

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

The adhesive member comprising the adhesive of the



—

pol yam c acid was obtained in the formof varnish. The varni sh so obtained

was added with 2.51 g (7 mmol e) of bis(3,4- dicarboxyphenyl)sulfone _ 1
* dianhydride (DSDA) in portions below 5[err]C, followed by reactio éwa\\ﬁvﬁ\ﬁ%

for 5 hours. Acetic anhydride and pyridine were thereafter ad&éﬁu{fntb

reaction mxture. Follow ng the proggdures described in Exanple 1 e

pol yani de- inide was obtained in the form of powder. TREPLACEMENT SHEET

pol yam de-i m de so obtained was found to have a reduced vi $cesity—of—1"1I5

dl /g, Tg of 258[err]C, a thermal deconposition tenperaturelo 385[§#h®9a

wat er absorption rate of 1.0 wt.% and a com ng-out |ength gf 0.2

A DMAc varni sh of the polyam de-imde was coated onto a "KAPTON _filmwhi-e

had been subjected to silane coupling treatment after alkal}l treatment. The

filmso coated was heat- treated at 100[err]C for 10 ni nut es—ahd—-hen—at

275[err] C for 10 m nutes, whereby a conposite sheet was obtained. It was
found to havepreseatihevetien ssrfargied off 4. shage and tand idpartddwittheet . A
sem conduct or package of TSOP type obtained as in Exanple 1 '

_ properties suitable for bonding the semicanductor chip to the lead

frame in the manufacture of a sealed type semicanductar package,
especially an LOC semiconductor package. More specifically, the

| adhesive member employing the adhesive .of the present invention
has a shape and properties suitable for bonding between the
semiconductar chip and the lead frame of the sealed type
semiconductor package where wire bc;nding for connecting the
semiconductor chip and the lead frame is made on the
semiconductor chip.

When the heat-resistant adhesive according to the present
invention is used as a compasite adhesive sheet by coating iton a
base film. (or sheet), the compaosite adhesi\}e sheet can be’
obtained by coating a heat-resiétant adhesive having a water
absorption rate of not more than 3 wt.% and a coming-cut length
of not more than 2 mm and, preferably, a glass transition
temperature of at least 200°C or a varnish thereof on both
surfacés of a heat-resistant film, preferably a surface-treated
heat-resistant film.

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

Examples of the heat-resistant film usable as the base film
in the present invention include films of engineering plastics
such as polyimides, polyamides, polysulfanes, polyphenylene
sulfides, polyétheretherketones and polyarylates.




developed no cracks when sol dered after noisturization.

-Exanpl e 9 In a simlar manner to Exanple 1 except that 5. 76 g (10
mmol e) of BABT, 2.74 g (7.5 mmole) of I1PDDM 0.41 g (1. 0 “of-rBAReN
1.26 g (1.5 mmol e) of "X-22-161AS" were used

- 20 -
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The heat-resistant film has a glass transition temperature
(Tg) which is higher than that (Tg) of the heat-resistant adhesive
according to_' the present invention and is preferably at least
200°C, more preferably 250°C or higher. The heat-resistant film
has a wafer absorption rate of not more than 3 wt.%, preferably 2
wt.% or lower.

Accordingly, the heat-resistant film employed in this
invention may preferably be a polyimide film in view of Tg, water
.a,bsorption rtate and coefficient of thermal expansion. Particularly
preferred is a film equipped with the physical properties that the
Tg is-at least 250°C.. the water absorption rate is 2 wt.% or less
and a coefficient of thermal expansion of 3 x10-5/°C or lower.

To increase adhesion with the adhesive, it is desired to
apply surface treatment to the heat-resistant film. Surface
treatment methods include chemical surface treatment methods
such as alkali treatment and silane coupling treatment, phyeical
treatment method such as sand blasting, plasma etching, and
corona etching. Although they are all usable, it is desired to
choose and use a most suitable treatment method depending on
the adhesive. As surface treatment applied to a heat-resistant
film upon application of the heat-resistant adhesive of this
invention, chemical treatment or plasma etching is particularly
preferred. |

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

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



s

i nstead, a polyinide was obtained in the formof powder. The polyinide so

obt ai ned was found to have a reduced viscosity of 0.65 dl/g,_Tg of
226[err]C, a thermal deconposition tenperature of 396[err]C| A
absorption rate of 0.3 wt.% and a com ng-out length of 1.7
varni sh.-of the polyinm de so obtained was -coated onto a plas
of "UPILEX S", followed by drying at 100[err]C for 10 m nutgs |a
300[err]C for 10 minutes, whereby a conposite sheet was obtgi
conposite sheet so obtai ned was found to have an adhesive strength of 0.80
KN m -A sem conductor package of SQJ type obtained as in

e T noefAREfS LidheRd ﬁﬁﬁeﬁiﬁrﬁ costeh g %%Bﬁm%%?ﬁm%agm and
£, 32 9,02 0 S Bl 4SBT RS IR SR ™
pol yim de somithddNRY HiRel et Mot Briffed ngé'ﬁgg it is difficult to control

the thickness. _ |

When the film coated with the heat-resistant adhesive of
this invention is subjected to heat treatment for the elimination
of a solvent or for imidation, the temperature of the heat
trea_’trﬁent.varies depending. on whether the heat-resistant
adhesive so coated is a varnish of a polyamic acid or a varnish of
a polyimide.

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

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

The adhesive member making use of the heat-resistant
adhesive according to the present invention is particularly
effective for the bonding between a lead frame and a
semiconductor chip.

When the adhesive according to the present invention is
used for the bonding of the semiconductor chip and the lead
frame, no particular limitation is imposed on the manner of the
bonding. This bonding can be achieved by a method most suited

for each package so fabricated.



Vi écosity of 0.87 dl/g, Tg of 270[err]C, a thermal deconposition - -
tenperature of 520[err]C,a water absorption rate of 2.3 w. % and _E_M\:_NT SHEE

com ng-out length of 0.01 mm An NWVP varni sh .of the pol
obt ai ned was coat ed

REPLACEMENT SHEET - 22 - 34 ont o a| pRERLASEMENTSHEET
filmof "UPILEX S", followed by drying at 100[err]C for 10 | fufes amgthemn
at 300[err]C f.or 10 m nut es, whereby 22 SEP 1999

_' : Various. banding methods can be used, including, fer
example:

(1) A .ccmposite sheet with a heat-res.istant adhésive'
according to the present invention coated on apposite surfaces
thereof is first compression-bonded onto a lead frame under heat.
A semiconductor chip is then compression-bonded under heat onto

- the heat-resistant adhesive of this invention on the opposite
sur face. .

- (2) A sheet wlth a heat—resistant adhesive accarding to the
present invention coated on one surface thereof is first
compression-bonded onto a lead frame under heat. The 6pposite
surface of the sheet is then coated with the same adhesive or
another adhesivé according to the present invention, onto which a
semiconductor chip is compression-bonded.

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

(4) A heat-resistant adhesive according to the present
ihvenﬁon is coated an a semiconductor chip or a lead frame and is
compression-bonded with a lead frame or a semiconductor chip.

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

FIGs. 1 to 3 are schematic illustrations of the

semiconductor packages, in which the shapes of the lead frames




a conposite sheet was obtained. The conposite sheet so obtained was found
to have an adhesive strength of 1.0 kNm A sem conduct or package of TSOR

noi sturi zation. Exanple 11 As in Exanple 1, a fil m conpps
adhesi ve al one was forned using t.he_p%l:,)yi_rri de of Exanple 2.
package of TSOP type obtained using the so-forned filmin a gi m'QagsEpn@gg
to Exanple 1. devel oped no cracks when sol dered after noisturf zjtion.
Exanpl e 12 . An adhesive |layer was fornmed on a sem conduclk or—chtp—by
usi ng an NWP varni sh of the pol yani de-inm de which had been obtained in
Exanpl e 8.. A'seni conduct or package of TSOP type formed as shown in FIG I
by using thanghthe Wasitiens efdthe isemicopductor chips hwndepan tbecleasks even
when it 'was sol dered after noisturization as in Exapple 1. Exanple 13
frames are different. Each semiconductor package has been

fabricated by bonding the semiconductor chip to the lead frame
with the adhesive member making use of the heat-resistant
adhesive according to the present invention and then molding the
semiconductor chip and a bonded part between the semiconductor
chip and the lead frame with a molding compound.
In FIG. 1, the semiconductor is positioned below the
lead frame. ,
In FIG. 2, the semiconductor is positioned above the
lead frame. _
In FIG. 3, the semiconductor is also positioned above the
lead frame. |
~ In FIGS. 1 to 3, there are shown the adhesive members at
numeral 1, the semiconductor chips at numeral 2, the léad frames
at numeral 3, wires at numeral 4 aﬁd the sealants at numeral 5.
The adhesive member making use of the heat-resistant
adhesive according to the present invention are effective for
bonding a semiconductor chip with a lead frame so as to fabricate
the semiconductor package in LOC structure as illustrated in Fig.
1. The package of LOC (lead on chip) structure as shown in Fig. 1
is different from the COL (chip on lead) package of Fié. 2 and the
package of Fig. 3 in that the rate of the volume occupied by the
chip in the package is larger as compared with those of the two
others. This is because (1) the package of Fig. 1 has not a tab

while the package Fig. 3 ha_s; and (2) the wire bonding is made



In‘23;0 g of NWP, 2.87 g (7 nmmole) of BAPP and 0.75 g (3 mmol e) of

V' LP-7100" were dissolved. Wil e being cooled below 5[err]C,
solution was added with 2.13 g (10 mmol e) of

4- chl or of or nyl benzene-1, 2-di car boxyl i ¢c anhydride in portldnff

resulting mxture, 2.02 g (20 nmol e) ,of triethyl am ne were
by the reaction for 5 hours below 5[err]C. As in

- above thé chip in the package of Fig. 1, while it is made

t he resulting

1N
. NT SHEET
ad c:u, —ot-owed
22 SEP 1999
ot
on the

suefaces of the chip in the packages of Figs. 2 and 3, thus saving a

space for the wire bonding in addition to the space where the chip

is mounted. This increases the rate of the space occupied by the

chip in the package of Fig. 1 and accordingly reduces the thickness

of the sealing material, increasing the possibility of occurrence

of the package cracks due to the adhesive, as compared

with the

packages of Figs. 2 and 3. Thus, an effective measure for reducing

the possibility of occurrence of the cracké has been awaited. The

adhesive of the present invention is especially effective for

prevention or reduction of occurrence of the cracks in the package

as shown in Fig. 1.

Without needing being limited thereto, it can also be effectively

applied for the bonding of objects such as ceramic plates, metal

plates, metal foils, plastic films, plastic plates and laminates.
Upon bonding each of such objects, the abject can be bonded .
to another object by coating the adhesive onto the first-

mentioned object or where the adhesive is in the form of a sheet,
interposing it between the objects, heating the adhesive at a

temperature equal to or higher to the softening point of the

adhesive and then applying pressure.

The present invention will hereinafter be described

specifically by the following examples. It should however be

borne in mind that this invention is by no means limited

the examples.

Example 1

to or by



~

Exanpl e 1, a pol yani de-inmide was obtained in the formof powder. The

pol yam de-i m de so obtained was found to have a reduced vis

cositv of Q. 57

dl /g, Tg of 185[err]C, a thermal deconposition tenperature

wat er absorption rate of 1.3 wt.% and a com ng-out | engt
A varni sh which had been obtai ned by. djgssol ving 100 g of t
pol yam de-i m de powder and 3 g of [err]- glycidoxypropyltri
400 g of DVMF was coated on one surface of a polyimde film

trade nane), followed by drying at 100[err]C for 10 m nute:i.

surface of the polyimde filmwas also coated with the var

(PUPLLEX S"

The ot her
Lsh <im La_ll:_!_y,

ite sheet was

obt ai ned: The CoRpBarearskBd hesk, BhEbed 078G ¥ SufBTE

strength ofinbr@idbfdr & Mitrdferiht &%F'and a calcium chloride tube,

3.66 g (10 mmole} of 4,4'-diamino-3,3',5,5'-
tetrais’opfopyldiphenylmethane (IPDDM) and 28.3 g of N,N-
dimethylformamide (DMF) were charged and dissolved. While
being cooled below 5°C, the resulting solution was added with
5.76 g (10 mmole) of bisphenol A bistrimellitate dianhydride
(BABT) in portions. They were reacted for one hour under cooling
below 5°C and then for 6 hours at room temperature, whereby a
polyamic acid was synthesized in the form of varnish. To the
resultant varnish of the polyamic acid, 2.55 g of acetic anhydride
and 1.98 g of pyridine were added, followed by reaction at room
temperature for 3 hours, whereby a polyimide was synthesized in
the form of varnish.

The varnish of the polyimide so obtained was poured into
water and the resulting precipitate was collected, pulverized and
dried, whereby the polyimide was obtained in the form of powder.
The polyimide powder so obtained was dissolved in DMF at a
concentration of 0.1 g/dl. The reduced viscosity of the polyimide
solution as measured at 30°C was 0.71 d/g. _

In addition, a solubility test of the polyimide powder was
conducted by adding it to various organic solvents to give a
concentration of 5 wt.% and then observing its state of
dissolution at room temperature. As a result, the polyimide

powder was found to be soluble in each of DMF, N-

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

e ‘an adhesi ve



Thé adhesive | ayers were found to have Tg of 185[err]C, a water absorption
svate of 1.3 w.% and a com ng-out length of 0.2 mm First, the

conposite sheet was pressed and adhered to a | ead franme at

6 MPa for 3 seconds and then a chip was pressed and adhered

350[ err] C unde EET
side of the sheet at 375[err] C under ggMPa for 3 seconds. Aft.@ﬁpmi_fm SHEET

bondi ng, the resulting wired chip was nolded with a nol ding

cdnpound as
shown in FIG 1. The TSOP-type-package so obtai ned was subj |ct ed2§o§%p 1999
nmoi sturi'zation at 85ferr] C and 85% RH for 48 hours, and sol der} was en

caused to reflowin a infrared oven controlled at 245[err]C.

devel oped. .-
' toluene.

Further, the palyimide powder was dissalved in DMF. The |

varnish so obtained was cast onto a glass plate and dried at

100°C for 10 minutes. The resulting green film was peeled off

fram the glass plate, fixed on an iron frame and dried

for.one hour, whereby a film was obtained.

at 250°C

_.A's a result of measurement of the glass transition
_ temperaturé (Tg) of the thus-obtained polyimide film by the
penetration method under a load of 25 kg/cm2 at a heating rate of
10°C/min, it was found to be 262°C. . The heat decompasition

temperature of the polyimide film was 405°C.

The film was immersed in water of 25°C for 24 hours. As a

resuit, it was found to have a water absorption rate of 0.3 wt.%.

A 18 x 50 mm wide adhesive film of 25 um in thickness was
pr:essed at 350°C under 3 MPa for one minute. The length of a
came-out peript;eral poftion (hereinafter called "coming-out
length® for the sake of brevity) of the adhesive as measured at a
central part in the direction of the longer surfaces of the

adhesive film was found to be 0.8 mm.

In addition, a flexibility test was conducted by bending the

polyimide film over an angle of 180°. The film developed no

cracks, thus showing good flexibility.

An NMP varnish of the polyimide was coated onto a film of

"UPILEX S" (trade name; polyimide film; prod'uct of Ube Industries,

Ltd.) which had been plasma-etched, followed by drying at 100°C

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



Exanpl'e 14 In 34.7 g of NMP, 3.69 g (9 rnmole) of BAPP and 0.88 g (1
.ol e) of X-22- 161AS were dlssolved Bel ow 5[err]C, 4.10 g (10 nnnle) of

water was azeotropically renmoved together with xylene, wherebl
was synthesi zed. The reaction m xture contaihing the polyimde SU
synthe5|zed was poured into water and the resulting

:composnte sheet was obtained. The composite sheet so obtained
-was _superposed on a 42 alloy (Fe-Ni alloy whose nickel content is
42%) sheet, followed by préssing at 350°C under 3 MPa for 5
.secohds. As a result of measurement of the 90° peel strength of -~
the composite sheet, it was found to be 0.7 kN/m.

Using the composite sheet, a semiconductor chip of TSOP
(thin small out-line package) type was packaged as shown in FIG.
1. The package was subjeéted to moisturization for 48 hours at
85°C and 85% RH and then immersed in a solder bath of 260°C. No
cracks oécurred.

Example 2

In a similar manner to Exampie 1 except that 3.58¢g (10
mmole) of bis(3,4-dicarboxyphenyl)sulfone dianhydride (DSDA),
1.83 g (5 mmole). of IPDDM and 2.05 g (5 mmole) of 2,2-bis[4-(4-
aminophenoxy)phenyli]propane (BAPP) were used instead, a
polyamic acid was obtained in the form of varnish. The varnish of
the polyamic acid was treated as in Example 1, whereby a
polyimide was obfained in the form of powder.

The polyimide so obtained was found to have a reduced
viscosity of 1.21 dlflg, Tg of 268°C, a thermal decomposition
point of 410°C, a water absorption rate of 0.7 wt.% and a coming-
out length of 0.01 mm.

In a similar manner to Example 1 except that the varnish of
the polyamic acid was heat-treated at 100°C for 10 minutes and
then at 300°C for 15 minutes, a composite sheet was obtained. It

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



preC| pitate was coll ected, pulverized and dried, whereby the polyimde was
.obtained in the form of povvder The pol yi m de so obt ai ned vvashmﬂ

to have a reduced viscosity of 0.65 dl/g, Tg of 170[err] C|
deconposition tenperature of 390[err]C, a water absorption - M@TOSH E{}}O
and a coming-out length of 1.8 nm_. 38 - Using a varnish|ofjtained by
di ssolving 100 g of the polyimde powder and 5 g of y-glydi qoxyprggp 1999
net hyl di et hoxysilane in 400 g of DMF, a conposite sheet waq |obtained as i
Exanple 13. The conposite sheet had an adhesive strength g -
a 42 alloy sheet. In addition, the adhesive |ayers were fcund to have Tg

—h

8]1: i?(z)[tranrnr] ﬁo asﬁg&e;&n%% n rat fgér Oé\éﬁﬁ(ﬁ/’a d a m n -out Iength
Bxample 12 0R8R PEVARFHLHE cVPQSEE's WhaR' SRt é&rafli@ﬂ St ““ zati 0“
moisturization.
Example 3 _

In a similar manner to Example 1 except that 3.22 g (10_
mmole) of 3,3',4,4'-benzophenonetetracarboxylic dianhyd_ride
(BDTA) and 20.6 g of NMP were used instead of BABT and_ DMF,
respectively, a polyamic acid.was obtained in the form of varnish.
Xylene {10 g) was added to the varnish so obtained, followed by
heating at 180°C for 5 hours, whereby a polyimide was obtained
in the form of varnish.

The polyimide so abtained was found to have a reduced
viscosity of 0.48 d/ig, Tg of 300°C, a thermal decomposition
temperature of 405°C, a water absorption rate of 1.0 wt.% and a
coming-out length of 0.5 mm. _

The polyimide varnish was coated onto a film of "KAPTON"
(trade name; polyimide film; product of Du Pont-Toray Industries)
which had been subjected to silane coupling treatrheht after
alkali treatment. The film so coated was heat-treated at 100°C
for 10 minutes and then at 275°C for 10 minutes, whereby a
compbsite sheet was 'obtained. It was found to have an adhesive
strength of 0.92 kN/m with a 42-alloy sheet. A semiconductor
package of TSOP type obtained as in Example 1 developed no
cracks when soldered after moisturization.

Example 4

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



Exérrpl'e 15 In a simlar manner to Exanple 13 except that 3.28 g (8
ol e) of BAPP, 0.40 g (2 mml e) of dodecanet hyl enedi am ne an :
nmol e) of 4-chl orof ornyl benzene-1 , 2-di carboxylic anhydri dg, T SHEET
pol yam de-im de was obtained in the form of powder. Thie PLAGEMEN

pol yani de-im de so obtained was foundj,to _have a reduced viskosity of 0.85

dl /g, Tg of 190[err]C, a thermal deconposition tenperature 399 SEP11899a
wat er absorption rate of '

—

rﬁmole) of BABT, 2.38 g (6.5 mmole) of IPDDM and 0.43 g (3.5
mmole) of metatoluylenédiamine (MTDA)_were used instead, a
holyimide' was obtained in the form of powder.'

Thé polyimide so obtained was found to have a reduced
viscosity of 0.61 dlg, Tg of 275°C, a thermal decompasition
temperature of 415°C, a water absorption rate of 0.5 wt.% and a
coming-out length of 1.5 mm.

_ An NMP varnish of the polyimide was coated onto a "UPILEX
S" film which had been subjected to alkali treatment, followed by
drying at 100°C for 10 minutes and then at 300°C for 10 minutes,
whereby a composite sheet was obtained. [t was found to have an
adhesive strength of 0.85 kN/m with a 42-alloy sheet. The
semiconductor package of SOJ (small outline J-leaded package
type obtained as in Example 1 developed no cracks when soldered
after moisturization. | -

Example §

In a similar manner to Example 3 except that 3.58 g (10
mmole) of DSDA, 0.92 g (2.5 mmole) of IPDDM and 3.08 g (7.5
mmole) of BAPP were used instead, a polyimide was obtained in
the form of powder. |

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

DMAc varnish of the polyimide was coated onto a plasma-

etched film of "UPILEX S", followed by drying at 100°C for 10




1.0 wt. % and a coni ng-out |ength of 0.6 nmm A varni sh obtai ned by

«di ssol ving 100 g of the pol yanide- imde powder and 10 g of ENT S SHEET
[err]-glycidoxypropyl - net hoxysilane in 400 g of NVP was coa Q?ﬁ\
surfaces of a polyimde film("UPILEX §", trade name). The 'a,rﬂrﬁPﬁAcMNT HEET
coated was dried at 100[err]C for 10-ghnutes and then at 27§[ -
found to have an adhes ve strength of 1.4 kN'muwith a 42 al o] SEEP M
addition, the adhesive l.ayers were found to have Tg of 191[ ¢ril.C__a _water
absorption rate of 1:1 w.%and a com ng-out |ength of 0.2 A
or acks wherMUulas: adaten 2t3588G: for ﬁ‘bQﬁw"mﬁ&#TBw?sé‘SE &,GHAPOSHe
compos t o GHaAt 1as Shiifedt 1 MRS Tadnd i Braver an S0BeSinh sBhaina °* °
adhesi ve sty .%QF(RUR\‘C willf & fo-rall%t Qhé@t.al TR¥ semiconductor package of
TSOP type obtained as-in Example 1 developed no cracks When
sbldered after moisturization.
Example 6
In 24.5 g of DMF, 4.10 g (10 mmole) of BAPP were
dissolved, followed by the addition of 2.02 g (20 mmole) of
triethylamine. While being cooled below. 5°C, the resulting
solution was added with 2.03 g (10 mmole) of isophthaloyl
dhloride in.portions. They were reacted for 5 hours below 5°C.
As in Example 1, a polyamide was obtained in the form of powder.
The polyamide so obtained was found to have a reduced
viscosity of 0.45 dlig, Tg of 219°C, a thermal decomposition
temperature of 425°C, a water absorption rate of 2.3 wt.% and a
coming-out length of 2.4 mm. . |
A DMF varnish with 85 wt.% of a polyimide obtained as in
Example 1 and 15 wt.% of the polyamide obtained in this Example
mixed therein was coated onto a plasma-etched film of "UPILEX
S", followed by drying at 100°C for 10 minutes and then at 250°C
for 10 minutes, whereby a composite sheet was obtained. The
composite sheet so obtained was superposed on a 42 alloy sheet,
followed by pressing 'at 350°C under 3 MPa for 5 seconds. As a
result of measurement of the 90° peel strength of the sheet, it
was found to be 1.2 kN/m.

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



sheet-was found to be 1.60 kN'm A semi conduct or package of TSCP R_)&EENIE\\\T SHEET
.obtained as in Exanple 1 devel oped cracks when sol dered after

noi sturi zation. Conparative Exanple 2 In 20 g of DM, E#’ ET
mol e) of DOS and 0.62 g (1.5 mmol e) of BAPP were di ssol ved;-,m
t he addi'ti on of 2.02 - 31 -
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absorption rate of 0.6 wt.% and a coming-t'nut length of 1.5 mm.
~ Using the composite sheet, a semiconductor chip of SOJ type

-was packaged as shown in FIG. 1. The film was subjected to
‘moisturization for 48 hours at 85°C and 85% RH and then
immersed in a. solder bath of 260°C. No cracks were occurred.
Example 7

In 20 g of DMF, 1.74 g (7 mmole) g of 4,4'-
diaminodiphenyisuifone (DDS) and 1.23 g (3 mmole) of BAPP were
dissolved, followed by the addition of 2.02 g (20 mmole) of
triethylamine. While being cooled below 5°C, the resulting
solution was added wifh 2.03 g (10 mmole) of isophthaloyl
chloride in portions. They were reacted for § hours below §°C.
As in Example 1, a polyamide was obtained in the form of powder.
The polyamide so obtained was found to have a reduced viscosity
of 0.88 di/lg, Tg of 260°C, a thermal decomposition temperature
of 435°C, a water absorption rate of 2.5 wt.% and a coming-out
length of 0.2 mm. |

Using an NMP varnish with 60 wt.% of the polyimide
obtained as in Example 1 and 40 wt.% of the polyamide obtained in
this Example mixed therein, a composite sheet was obtained in a
similar manner to Example 1. The adhesive strength of the _
composite sheet so obtained with a 42 alloy sheet was found to
be 1.6 kN/m.

The composite film was found to have Tg of 260°C, a water
absorption rate of 1.1 wt.% and a coming-out length of 0.5 mm.

Using the composite sheet, a semiconductor chip of TSOP



g (20 mmle) of triethylanine. Wile being cooled bel ow 5[err]C, the

<resulting mxture was added with 2.03 g (10 nmol e) of isophthal oyI chl 1
in portions. They were reacted below 5[err]C for 5 hours. | NT SHEET
manner to Exanple 1, a polyani de was obtained in the form off pma i,

The pol yam de so obt ai ned was found_tgohave a reduced viscoditly of 0.45

dl /g, Tg.of 280C, a thermal deconposition tenperature of 43(4C,| a2 @SEP 1999
A

absorption rate of 3:5 wt.% and a com ng-out |ength of 1.2

varni sh- of the above pol yam de was coated onto a "KAPTON fi llmWhich naa
been subjected to silane coupling treatment after alkali trdatment. The

filmso coated was heag- treated at 100[ err 0 m nut s and t hen at

250[ er r.] C f &¥P& V3§ RECK3TeRNRS dB\EXAMBIDdsi Js%@@%aﬂﬁsd Qpﬁ 01t was
e condur S7295 MABEToROIRIT SHPHAE Hedd B SUEZE 1 devel oped
cracks Wneng n‘?Sf eg after noisturi zat i on. Conparative Exanple 3 :

In a similar manner to Example 6 except that 1.83 g (5
mmole) of IPDDM, 2.05 g (5 mmole) of BAPP, 0.64 g (3 mmole) of
4-chlloroformylbenzene-1,2-dicarboxyiic anhydride, 0.30 g '(3

: mmblé) of triethylamine and 30 g of NMP were used instead, a

' polyamic acid was obtained in the form of varnish. The varnish sa
'o_btained was added with 2.51 g (7 mmole) of bis(3,4-
dicarboxyphenyl)sulfone dianhydride (DSDA) in portions below
5°C, followed by reaétion below 5°C f_br 5 hours. Acetic anhydride
and pyridine were thereafter added to the reaction mixture.
Following the procedures described in Example 1, a polyamide-
imide was obtained in the form of powder.

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

A DMAc varnish of the polyamide-imide was coated onto a
"KAPTON" film which had been subjected to silane coupling
treatment after alkali treatment. The film so coated was heat-
treated at 100°C for 10 minutes and then at 275°C for 10
minutes, whereby a composite sheet was obtained. It was found
to have an adhesive strength of 1.4 kN/m with a 42-alloy sheet. A
semiconductor package of TSOP type obtained as in Example 1

developed no cracks when soldered after’ moisturization.




In‘a simlar manner to Exanple 4, polyimde powder having a reduced
«viscosity of 0.35 dl/g was obtained. The polyimde so

- 39- obt ai ned was found to have Tg of 275[err]C, a thermal deconposifti B SHE
tenperature of 410[err]C, a water absorption rate of 0.6 wt. ®ep -
com ng-out length of 3.4 mMm - 33 - id MENT SHEET
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Ekample g
' | in a éimilar manner to Example 1 except that 5.76 g (10

mmole) of BABT, 2.74 g (7.5 mmole) of IPDDM, 0.41 g (1.0 mmole)

of BAPP and 1.26 g (1.5 mmole) of "X-22-161AS" were used

instead, a polyimide was obtained in the form of powder. '

' The polyimide so obtained was .found to have a reduced viscosity
of 0.65 dl/ig, Tg of 226°C, a thermal decomposition temperature
of.396°C. a water absorption rate of 0.3 wt.% and a coming-out
length of 1.7 mm.

~ An NMP vamish of the polyimide so obtained was coated

onto a plasma-etched film of "UPILEX S", followed by drying at
100°C for 10 minutes and then at 300°C for 10 minutes, whereby
a composite sheet was obtained. The composite sheet so obtained
was found to have an adhesive strength of 0.80 kN/m. A
semiconductor package of SOJ type obtained as in Example 1
developed no cracks when soldered after moisturization.
Example 10

In a similar manner to Example 1 except that 3.58 g (10
mmole) of DSDA and 4.32 g (10 mmole) of bis[4-(4-
aminophenoxy)phenyl]sulfone were used instead, a polyimide was
obtained in the form of powder.

The polyimide so obtained was found to have a reduced
viscosity of 0.87 dl/g, Tg of 270°C, a thermal decomposition
temperature of 520°C, a water absorption rate of 2.3 wt.% and a

coming-out length of 0.01 mm.

An NMP varnish of the polyimide so obtained was coated



The conposite sheet obtained follow ng the procedures described in Exa HEET

.4 was found to have an adhesive strength of 0.9 kNmwith a 42-gEpPiAl ts _
A sem conduct or package of SQJ type obtained as in Exanple 1

cracks when sol dered after noisturization. Conparative Exa }E eﬂﬁﬂnl _ﬁHEET
simlar manner to Exanple 1 except th 4.10 g (10 mol e) of

et hyl enegl ycol bi strinellitate di anhydrl de and 4.32 g (10 moj e) @12 SEP 1999

bi s[ 4- ( 3- am nophenoxy) phenyl ] sul fone i nstead, a polyin de btained in
t he form of powder. The pol yi m de so obt ai ned was found| to-mave a
reduced viscosity of 0.44 dl/g, Tg of 187[err]C, a thernal deconposition
terrperature of 465[err]C, a water absorption rate of 1.1 w.% and a

com ng- ouf dneoig4 hplaknia-2teled film ofA"YPHLEXNSUC toitowedkbgedpfingSaP type

obtained as -in Exanple 1 devel oped cracks when sol dered after
moi st uri zatliGfC Toosd meswtes and Hiteowati 300%4bifer 110 minutes, whereby

a composite sheet was obtained. The composite sheet so obtained
was found to have an adhesive strength of 1.0 kN/m. A
semiconductor package of TSOP type obtained as in Exémple 1
developed no cracks when soldered after moistu}ization.
Example 11

As in Example 1, a film composed of an adhesive alone was
formed using the polyimide of Example 2. A semiconductor
package of TSOP type obtained using the so-formed film in a -
similar manner to Example 1 developed no cracks when scldered
after maisturization.
Example 12 |

An adhesive layer was formed on a semiconductor chip by
using an NMP varnish of the polyamide-imide which had been
obtained in Example 8. A semiconductor package of TSOP type
formed as shown in FIG. 1 by using the chip with the adhesive
layer thereon developed no cracks even when it was soldered
after moisturization as in Example 1.
Examp.le 13

In 23.0 g of NMP, 2.87 g (7 mmole) of BAPP and 0.75 g (3
mmole) of "LP-7100" were dissolved. While being cooled below
5°C, the resulting solution was added with 2.13 g (10 mmole) of
4-chioroformylbenzene-1,2-dicarboxylic anhydride in portions.
To the resulting mixture, 2.02 g (20 mmole) of triethyl amine

were added, followed by the reaction for 5 hours below 5°C. As in
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"Example 1, a polyamide-imide was abtained in the form of

pawder.

The palyamide-imide so abtained was found to have a

- reduced viscosity of 0.57 dl/g, Tg of 185°C, a thermal

decomposition temperature of 420°C, a water absorption rate of
13 wt.% and a coming-out length of 0.8 mm.

.A varnish which had been obtained by dissolving 100 g of

the polyamide-imide powder and 3 g of -

glycidoxypropyitrimethoxysilane in 400 g of DMF was coated on
one surface of a polyimide film ("UPILEX S" , trade name),
followed by drying at 100°C for 10 minutes. The other surface of
the polyimide film was alsg coated with the varnish similarly,
followed by drying at 250°C for 10 minutes, whereSy a corhposite
sheet was obtained. The composit_e sﬁeet so obtaine}i was found
.to' have an adhesive strength of 1.6 kN/m with a 42 alloy sheet.
The adhesive la{{ers were found to have Tg of 185°C, a water
absorption rate of 1.3 wt.% and a coming-ocut length of 0.2 mm.

First, the composite sheet was pressed and adhered to a
lead frame at 350°C under 6 MPé for 3 seconds and then a chip
was pressed and adhered to the other side of the sheet at 375°C
under 6 MPa for 3 seconds. After wire bonding, the resulting
wired chip was molded with a molding compound as shown in FIG.
1. The TSOP-type-package so abtained was subjected to
moisturization at 85°C and 85% RH for 48 hohrs. and solder was
then caused to reflow in a infrared oven controlled at 245°C. No
cracks were developed. '
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:Ex_ahple 14
in 34.7 g of NMP, 3.68 g (3 mmale) of BAPP and 0.88 g (1
mmoie) of X-22-161AS were dissolved. Belaow 5°C, 4.10 g (10

mmale) of ethyieneglycoIblstnmelhtate dianhydride were

thereafter added to the resulting solution in portions, followed by
the reaction for 2 hours. Ta the reaction mixture, 15 g of xylene
were added. The resulting mixture was reacted at 180°C far S
hours under a mtrogen gas stream while condensed water was
azeotropically remaved together with xylene, whereby a
polyimide was synthesized. The reaction mixture caontaining the
polyimide so synthesized was poured into water and the resulting
precipitate was collected, pulverized and dried, whereby the
polyimide was obtained in the form of powder.

The polyimide so abtained was found to have a reduced
viscosity of 0.65 dlig, Tg of 170°C, a thermal decompasition
temperature_ of 390°C. a water absorption rate of 1.0 wt.% and a
coming-out length of 1.8 mm.

‘Using a varnish obtained by dissolving 100 g of the
polyimide powder and § g of y-glycidexypropyl-
methyldiethoxysilane in 400 g of DMF, a composite sheet was
abtained as in Examp-le 13. The composite sheet had an adhesive
strength of 1.3 kN/m with a 42 alloy sheet. In a&dition. the
adhesive layers were found to have Tg of 172‘50. a water
absorption rate of 1.0 wt.% and a coming-oui length of 1.0 mm.

A semiconductor package of SOJ type obtained as in Example

13 developed no cracks when soldered after moisturization.
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In a similar manner to Example 13 except that 3.28 g (8

- mmole) of BAPP, 0.40 g (2 mmale) of dodecamethylenediamine and.

2.13 ‘g (10 mmole) of 4-chloraformylbenzene-1,2-dicarboxylic
anhydride, a polyamide-imide was cbtained in the form of powder.
| The polyamide-imide so obtained was found to have a

reduced viscaosity of 0.85 di/g, Tg of 190°C, a thermal
decﬁmpcsition temperature of 395°C, a water absorption rate of
1.0 wt.% and a coming-out length of 0.6 mm.

A vamish obtained by dissoiving 100 g of the polyamide-
imide powder and 10 g' of y-glycidoxypropyl-methoxysilane

in 400 g of NMP was coated on both surfaces of a palyimide filmr

("UPILEX S*, trade riame). The varnish so coated was dried at .
100°C for 10 minutes and then at 275°C for 10 minutes, whereby
a'composite sheet was obtained.. The composite sheet was found
to have an _adhésive strength of 1.4 kN/m with a 42 alloy sheet. . In
addition, the adhesive layers were found to have Tg of 191°C, a
water ‘absorption rate of 1.1 wt.% and a coming-out length of 0.2
mm.

A semiconductor package of TSOP type obtained as in

Example 1; developed nc cracks when soldered after
moisturization.

Comparative Example 1
Using a DMF varnish of the polyamide obtained in Example 6
was treated, a compgasite sheet was obtained in a similar manner

to Example 1. The adhesive strength of the sheet with 42 alloy
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. sheet was found to be 1.60 kN/m. A sem:conductor package of

- TSOP type obtained as in Example 1 developed cracks when

soldered after moisturization.
Comparative Example 2

In 20 g of DMF, 2.11 g (8.5 mmole) of DDS and 0.62 g (1 5
mmole) of BAPP were dissoived, followed by the addltxon of 2.02
g (26. fnmole). of triethylamine. While being coocled below 5°C, the

resulting mixture. was added with 2.08 g (10 mmole) of

isqphthaloyl.chloride in portions. They were reacted below 5°C
for § hours.. In a similar manner to Example 1, a polyamide was
obtained in the form of powder. -

The polyamide so obtained was found to have a reduced
viscosity of 0.45 di/g, Tg of 280°C, a thermal decompasition
temperature of 430°C, a water absorption rate of 3.5 wt% and a
coming-out length of 1.2 mm.

A.varnish of the above polyamide was coated onto a
"KAPTON" film which had been subjected to silane coupling |
treatment after alkali treatment. The film so coated was heat-
treated at 100°C for 10 minutes and then at 250°C for 10
minutes, whereby a composite sheet was obtained. It was found'
to have an adhesion strength of 1.5 kN/m with a 42-alloy sheet. A
semiconductor package of TSOP type obtained as in Example 1
developed cracks when soldered after moisturization.
Comparative Example 3 |

In a similar manner to Example 4, polyimide powder having a

reduced viscosity of 0.35 di/g was obtained. The polyimide so
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trade nane;

"_o'btained was found to have Tg of 275°C, a thermal dec':ompositi'on

' t'emperatur'e of 410°C, a water absorption rate of 0.6 wt.% and a

coming-out length of 3.4 mm.

The composite sheet obtained following the procedures
described in Example 4 was found to have an adhesive strength of
0.9 kN/m with a 42-alloy sheet. A semiconductor package of SOJ
type obtained .as in Example 1 developed cracks when soldered
afte.r. moisturization. .

Comparative Example 4

| In a similar manner to Example 1 except that 4.10 g (10
mmole) of ethyleneglycolbistrimelIitate dianhydride and 4.32 ¢
(10 mmole) of bis[4-(3-aminophenoxy)phenyl]sulfone instead, a
polyzm|de was- obtained in the form of powder.

The polyimide so obtained was found to have a reduced
viscosity of 0.44 dl/g, Tg of 187°C, a thermal decompasition
temperature of 465°C, a water absorption rate of 1.1 wt% and a
coming-out length of 2.2 mm.

A semiconductor package of TSOP type obtained as in
Example 1 developed cracks when soldered after moisturization.

Those results are shown in Table 1.



IE| AdANtrer Sttt

REPLACEMENT SHEET

=y

22 SEP 1999

rr]- GPME:

p- APPS:

e
&

Lt d.

Bi s(4- (4- am nophenoxy) phenyl ] sul fone m AP PS:

-y-d yci doxypr opyl net hyl di et hoxysi | an

Co. ,
Bi s[ 4- ( 3- am nophenoxy) phenyl ] sul f one EBTA: Ethyl enegl ycol bi stri

di anhydri de DOVA: Dodecanet hyl enedi anmi ne [err]-eGPTM

[err]-d ycidoxypropyl trimethoxysil ane

product of Shin-Etsu Chem cal

-

: $° a8 6T (1) 3o apTubdtod
. E 114 - 3°3n S8
2.092 -3® “ 20 I °x3 Jo eprurdtod
poAtesqo ) - — — = — 1 - — — —m — f — - m —mm s xd
Fon v-e €2 6T¢ GV°0 dava/daxr (1)
0.09Z 3w G'L ddvd xq
AI9SqO 2°0 (AN GGZ 29°0
ee uozw 6°'Z Waadi/vasd
G'€ VAIW
0,092 3¢ .
. G°0 SLe 19°0 xd
um>wwmno o $°9 Waadi/i4avd
2.092Z 3E )
paAxasqo G°0 0°'T 00¢ 8v°0 WaadI/vardg xd
30N :
0.092 3® Lo a0z 2T ¢ ddvd xa
m Ll L ]
uw>wwzno roo S Wagadr/vdsd
0,092 e .
paaxasqo 8°0 €0 292 TL°0 Wagadi/rave p &
30N
(urw) (3°3m) o3ex| (2.) (6/e) 0T/01 = jusuoduod
s)oeId yabuat uotiydao £31S00STA sutwe/juauoduwos pIov
Jno-butwo) |-sqe Je3eM b1, paonpay @ATsS9ype jo uorj3tsoduod
T T o1qed




r]

CLAI MS 1.

conprising the steps of:
wi th an adhesi ve nenber
nol di ng conmpound covers at

bet ween the sem conductor chip and sai
| east one adhesi ve;

menber conprise at

| east said sem conductor chip and
| ead franme, wherein:
and sai d adhesive is

heat - r esi st ant "adhesi ve havi ng a com ng- out

| engt h of not no

A fabrication process of a sem conductor package,
(1) bonding a sem conductor chip to a
and (2) nolding a nol ding conmpound
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and a water absorption rate of not nore than 3 weight % whefefn_the term
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canme-out peripheral portion of a 19 x 50 nm w de adhesive filmof 25 [err]m
“in thickness as nmeasured at a central part in the direction of the 1.on PEE\VY SHEE
surface of the adhesive filmwhen the adhesive filmis press A .
[err] C under 3 MPa for one mnute. A fabrication |pRECEAGEMENT SHEET
according to claim1l1, wherein said adt%ezzl ve menber consists

adhesi ve sheet conprising a heat-resistant filmand a coatin ?5 §éPa|999
heat resistant adhesive applied on each major surface of th

resistant film 3. . A fabrication process accordlngtoc-l-aJ—m’)
wherein the adheswes on each of said ngjor surfaces are difflerent from
each ot her :
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3 or 4 wherein the glass transition

A fabrication process according to claim 2,

‘'on each of said major surfaces are the sane.

process according to claim 2,
tenperature of said heat-resistant filmis higher than the gl

tenperature of said
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heat resistant adhesives. 6. A fabrication process according to

‘claim 1, wherein said adhesive nenber consists of said heat resistant "
adhesi ve al one. 7. A fabrication process according to one p\:AGEMENTS '
claims 1 to 6, wherein the glass transition tenperature of sai L7 -
resi stant adhesive is 200 [err]C or _hi&he_r. ACEMENT SHEET
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IP: Isophthalic acid
" TA: Trimellitic anhydride
| "LP-7100": Siloxyamine; trade name; product of Shin-Etsu
 Chemical Co., Ltd.
IPDDM: 4,4'-Diamino-3,3',5,5'-tetraisopropyldiphenylmethane
‘DDS: 4,4'-Diaminodiphenylsulfone
BTDA: 3,3',4,4'-benzophenonetetracarboxylic dianhydride
~ BAPP: 2,2-bis[4-(4-aminophenoxy)phenyl]propane
. DSDA: Bis[3,4-dicarboxyphenyl]sulfone dianhydride
"161AS"™: "X-22-161AS": siloxyamine; trade name;
product of Shin-Etsu Chemical Co., Lid.
p-APPS: Bis[4-(4-aminophenoxy)phenyl]sulfone
m-APPS: Bis[4-(3-aminophenoxy)phenyl]sulfone
EBTA: Ethyleneglycolbistrimellitate dianhydride
DDMA: Dodecamethylenediaminé
v-GPTM: y-Glycidoxypropyltrimethoxysilane
v-GPME: y-Glycidoxypropylmethyldiethoxysilane
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CLAIMS
1. : A-fabrication process of a semiconductor.package,

-comprising the steps of:

(1) bohding a semiconductor chip to a lead frame with. an-
adhesive membér; and

(2) molding a molding compound so that the molding compound
covers at least said semiconductor chip and a bonded part
.between the semiconductor chip and said lead frame, wherein:
said adhesive member comprise at least one adhesive; and said
. adhesive is-a heat-resistant adhesive having a coming-out length
of not more than 2 mm and a water absorption rate of not more
than 3 weight %, _

wherein the term "coming-out length" defines the length of a
came-out peripheral portion of a 19 x 50 mm wide adhesive film
of 25 pum in thickness as measured at a central part in the
direction of the. longer surface of the adhesive film when the
adhesive film is pressed at 350 °C under 3 MPa for one minute.

2. A fabrication process according to claim 1, wherein
said adhesive member consists of a composite adhesive sheet
comprising a heat-resistant film and a coating layer of a heat

resistant adhesive applied on each major surface of the heat
resistant film. -

3. A fabrication process according to claim 2, wherein
the adhesives on each of said major surfaces are different from
each other.

4, A fabrication process according to claim 2, wherein
the adhesives on each of said major surfaces are the same.

5. A fabrication process according to claim 2, 3 or 4
wherein the glass transition temperature of said heat-resistant
film is higher than the glass transition temperature of said

R
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. heat resistant adhesives.
6. . A fabrication process according to claim 1, wherein

‘said adhesive member consists of said heat resistant adhesive
alone.

7. ’ A fabrication process according to one of claims 1 to
6, wherein the glass transition temperature of said heat-
resistant adhesive is 200 °C or higher.
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PACKAGE .
ABSTRACT OF THE DISCLOSURE

A heat-resistant adhesive is provided for use in an adhesive
member for the fabrication of a semiconductor package by bondmg
a semiconductor chip to a lead frame with the adhesive member
and sealing at least the semiconductor chip. and a bonded part
between the semiconductor chip and the lead frame with a
sealant. The adhesive has a coming-out length of not more than 2
mm and a water absorption rate of not more than 3 wt.%. |
Preferably, the adhesive has a glass transition point of at least
200°C.

Figure 1
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