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SPECIFICATION 

TX~ OF 'l'BE I:NVENT:COlf 

SEMl:CONDUC'l'OR UIU'l' PACKAGE, SEM:CCORDUCTOR UHJ:'l' PACKAG:CNG 

llB'l'BOD, AND ENCAPSULDl'l' FOR USE :CH SEMICONDUCTOR UNI'l' 

5 PACKAG:CNG 

'l'ECBN:CCAL FJ:ELD 

This invention is directed generally to a semiconductor 

unit package arid to a semiconductor unit packaging method .. 

More specific;:ally, the present invention pertains to a 

10 technique wherein a semiconductor device is mounted by mea.nS 

of fl.ip-chip bonding onto a substrate, with a conductive 

adhesive sandwiched therebetween, and the substrate and the 

semiconductor device are mechanically connected togeth~r, 

with a resin encapsul.ating l.ayer sandwiched therehetween. 

15 BACKGROUND AR.'l' 

Generally, sol.der interconnection has been . used for 

establ.ishing :S-nterconnections betwe~ connection termi~~s of 

electron:l.c components such as semiconductor devices and 

terminal. electrodes of circu~ t; patterns on a substrate·. . As 

20 the s:ize of semicond.u~tor packages has been decreased 

d~amatical.l.y, and. a~ the spacing between connection terminals 

. has been reduced owing to, · for eXSD1ple, increase in the . 
number of .connection terminals, conv~tio~ soldering finds 

it difficult to catch up with such recent advances, since it 

2S requires large adh9sive area. 

Various flip-~p bonding approaches, in which the.chip 

is flip~d or inverted such that its active element surface 
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faces the substrate ·and is direc~ly connected to the 

substrate wi~h terminal electrodes, have been proposed for 

effective use of packaging areas. Typical examples of the 

flip-chip bonding are described below. 

(1) Junction By Low Melting-Point Metal 

As shown in FIGURE 8, a solder bump electrode 8 is 

formed on an electrode pad 2 of a semiconductor device 1. 

The solder bump electrode 8 is al.igned with a terminal. 

electrode 5 on a substrate 6, Thereafter, solder is melted 

10 "to establish electrical connection between the seiniconductor· 

device 1 and the substrate 6. FIGURE 9 shows a technique 

simJ.lar -to the one of FIGURE 8. In this technique, a bump 

electrode 3 of go1d is formed. ·A deposit of a low melting­

point metal, e.g., a deposit 9 of indium, is formed between 

15 the gold bump electrode 3 and the termina1 electrode 5. The 

indium d~po~it 9 is_ melted· and the bump el.ectrode 3 and the 

terminal electrode 5 are electrically connected toge~her. 

Subsequently, the semiconductor device 1 and.the substrate 6 

are mechanically connected together, with an encapsulating . . 
20 layer· 10 sandwiched therebetween·. 

(2) Junction By Curi,ng·contraction Stress 

As shown in . FIG. 10, a bump electrode 3 of gold is 

fOrJ\led on an electrode pad 2 of a semiconductor device 1. 

Alignment of the bump electrode 3· on the semiconductor device 

25 1 with a terminal electrode 5 on a.substrate 6 is carried 

out. Then, an encapsulating material is filled between the 

semiconductor device 1 ~ the substrate 6. This 

encapsulating materia1 cures or hardens to form an 
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encapsulating layer 12. Contraction stress produced by such 

hardening re~ul.ts in ·application of compressive stress 

between the bump el~trode 3 and the terminal electrode 5, 
. 

whereupon the bump electrode 3 and the terminal electrode.5 

are electrically connected together and, at the same time, 

the semiconductor device 1 and the s\,lbstrate 6 are 

mechanically . connected together. Additionally, in order. to 

improve connection reliability, a deposit 11 of gold may be 

formed on the terminal electrode 5 (see FIGURE 10). 

(3) Junction By Anisotropic Conductive Adhesive 
. ' 

Referring now to FIGURE 11, a bump electrode 3 of gold 

is formed on an el.ectrode pad 2 of a s~iconductor device 1. 

An anisotropic conductive adhesive, which includes a.binder 

in which conductive particles are dispersed, is fil.J.ed 

15 between the semiconductor device 1 and a substrate 6. This 

conducti~ ·.~dhesive .is heated while at th,e same t:iJne having 

application of pressure, whereupon it cures or hardens to 

form an anisotropic conductive adhesive layer 13. 

result, the bump electrode 3 and a terminal electrode 5 are 

20 electrically connected together ·and, at the same time, the 

semiconductor device 1 and. the substrate 6 are mechanically 

connected together • 

. (4) Junction By Conductive Adhesive 

As shown in FIGURE 12, a·bump electrode 3 ~f gold is formed 

2S . on an electrode pad 2 of a semiconductor device 1. 

Thereafter, a condustive adhesive is transferred to the bump 

el.ectrode · 3. Al.ignment of the bump electrode 3 with a 

terminal e1ectrode 5 formed on a substrate 6 is carried out 
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and thereafter the transferred conductive adhesive cures to 

form a conductive adhesive layer 4. As a result, the bump 

electrode 3 and the terminal electrode 5 are electrically 

connected together, with the conductive adhesive layer .4 

sandwiched therebetween. An encapsulating material is filled 
. . 

between the semiconductor device 1 and the substrate 6, as a 

result of which the semiconductor device 1 and the substrate 

6 are mechanically connected together. This encapsulating 

material cures to forin an encapsulating layer 7, whereupon 

10 the semiconduc~or device 1 and the substrate 6 are 

mechanically connected together. A typical encapsulating 

material has a composition essentiall.y formed of (a) a resin 
. . 

binder ~ncluding a cresol NOVOLAC type epoxy resin and a 

NOVOLAC type phenol resin (curing agent) and ( b) a ·filler 

15 formed of dielectric· particl.es. 

T~e ~ave-described packaging te(Shnj.ques (1)-(4), 

however, have. their respective drawbacks. 

The packaging techniques (1) and (2) have the problem 

that, _since their structures have difficulties in reducing 

20 therma1 stress produced. by the difference in expansion 

coeffic:Lent between semiQC?nductor device and substrate, they 

ar~ unsuitable for .applications where connection stability is 

required over ·a·wide range of temperature. . . 

Nezt, the packaging technique (3) is discussed. The 

2S packaging technique. ( 3) empl.oy~ an ani.sotropic conductive 

adhesive that contains a resin binder formed of a: resin 

mater:Lal. with high flezibili ty, thereby making it possible to 
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reduce thermal stress. In sp~te of such an advanta~e, the 

hygroscopic of the resin binder increases and the packaging 

technique (3) suffers the problem of connection stability 

under conditions of lU.gh humidity. Additionally, in the 

packaging technique (3), it is possible to reduce thermal 

stress by matching the thermal expansion coefficient of the 

binder with that of the semiconductor device 1 and with that 

of the substrate 6. However, a filler having a low thermal 

expansion coefficient is contained in large amounts, so that 

10 . connection re1iabi1i ty at the early stage is 1ikely to be . 

degraded. 

Finally, the ·packaging technique ( 4) is discussed. This 

packaging techni.que (4) is abl.e to·reduce thermal stress by 

. a conductive adhesive with f1exibi1ity and by matching t~e 

1S thermal expansion coefficient of the encapsulating material 

with that of the semiconductor device 1 and with that of the 

20 

2S 

. . . 
substrate 6. . Because of such an advantage, the packaging 

technique (4) appears to be most attractive as compared to 

the other packaging techniques •. 

The packaging technique (.4), however, has the following 

drawbacks. The previous1y-described encapsulant, which is 

formed of a mixture composition of (A) a cresol. NOVOLAC type 

epo~ resin.and ·cs> a NOVOLAC type phenol resin, has 8: high_ 

viscosity coefficient. Addit:i.onally, matching of thex:mal 

expansion coefficients requires a high proportion in content 

of a filler in the encapsulant, resulting in increasing the 

viscosity of the encapsulant. Therefore, at the time of 

filling such an encapsulant between the semiconductor device 
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and the .substrate, it becomes necessary to heat the 

encapsulant ~P to 70-80. degrees centigrade_ or more to reduce 

the viscosity. 'l'his resul.ts in poor productivity. Further, 

at the time of the encapsulant filling, conductive 

interconnections may be damaged by thermal stress produced by 

the thermal expansion difference when temperature is 

increased, thereby reducing connection reliability.· 

On the other hand, a resin binder as an encapsulant may 

be used whi.ch is- formed essentially of (A) a polyepoxide the 

10 · viscosity of which is very low at normal room temperature and· . 

(B) an acid anhydride. Note that "polyepoxide" is a general 

term for epoxy resins and/or epoxy compounds. However, if a 

large quantity _of a filler is added to such a resin binder 

for the purpose of reducing the thermal expansion 

15 coefficient, this will hold the viscosity of the encapsulant 

loW b~t Uiprease the thixotropy index. . ThJ.s produces the 

problem that the encapsulant is unable to enter between the 

semiconductor device and the substrate, or the.problem that; 

even if the ~apsu1ant manage~ to enter, such ·entrance is . . 
20 accompanied with a great number 0£ air bubbles. The presence 

of such air bubbles in the encapsulant contributes to non­

un:Lformi ty in, for example," thermal expansion of the cured 

encapsulant. Connection reliabiii ty is reduced. For this 

rea~on, it has been considered impractical to use a resin of 

25 polyepoz:Lde and acid anhydride as a binde~. 

DJ:SCLOSURE OF 'l'BE :INVENTJ:ON 

Bearing in mind the above-described problems with the 

prior art techniq\ies, 1:his invention was made. Accordingly 
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a general object of the present invention is to provide an 

improved sem~conductor unit package and associated packaging 

method capable of aclU.eving high connection reliability and 

high productivity. The inventors of the present invention 

investigated the limitation of the characteristics of 

viscosity and thixotropy index necessary for obtaining 

desirable encapsulating characteristics of fil.lers. It is to 

be noted that npolyepoxide" is a general term for epoxy 

resins and/or epoxy compounds. 

'l'he inventors of this invention found out th8 fact that . . 
the reason that conventional materials are unsuitable for ari 

encapsulant lies not only in viscosl ty but also in thixotropy 

index (high thi~otropy index) • For example, for the case of 
. . 

resin binders containin~ polyepoxides and acid anhydrid~s, 

15 the inventors ·of the·present invention found out that "the 

flowabil~ty_is .impe~ed by interaction between free acids in 

the acid anhydride and polar groups at the· surface of a 

filler. From this knowledge found out J;>y the present 

inventors, the following means are provided to achieve t~e 

20 object of the present invention. 

More specifically, .in accordance ~ith the present 

invention, a compof?ition, the viscosity and the thixotropy of 

which are below 100 Pa • s and below 1.1, respectively, is . . . 

used as an.encapsulating-material in the f1ip-chip bonding. 

2S This composi ti.on cures to form an encapsulating layer by 

which a semiconductor- device and a substrate are mechanically 

co:Qnected. together • 
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The present invention provides a semi.conductor uni. t 

package that.comprises: 

(a) a semiconductor device having an electrode pad: 

(b) a substrate having a terminal electrode: 

(c) a bump.electrode formed on the electrode pad of the 

semiconductor d~vice: 

(d) a conductive adhesive l.ayer which is formed of a 

conductive adhesive with flexibil.i ty and which establishes an 

electrical connection between the bump electrode and the 

10 . termi.nal e1ectr6de; and 

(e) an encapsulating l.ayer which is formed by curing a 

composition having a viscos:L ty of bel.ow 100 Pa • s and a 

thixotropy index of below 1.1 and which fills a 9ap defined 

between the semiconductor device and the substrate in such a 

lS way that the semiconductor device and the substrate a.re 

mech~ically joined together. 

The encapsul.ating layer, whiCh mechanically joi~ a 

semiconductor device and a substrate, is formed of ari 

encapsulant, whi.ch is in the state of liquid in a packaging . . 
20 step and which has not only a 1ow viscosity coefficient of 

. . 
below 100 Pa • s but al.so a low. thixotropy index of below 1.1. 

As a resul. t of suCh arrangement, in a packaging step, such an 

encapsul.ant readily flows and spreads, even into t~ny gaps 

wit}\ no air. bubbles. The. temperature of filling 1'ay bli;l 

decreased.· 

not on1y 

These arrangements make it possible to imp~ove 

el.ectrical connection reliability (e.g., 

semiconductor device-to-substrate ~dhesion, and resistance to 

thermal shock) but also productivity. 
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:rt i·s preferred that the composi ti.on consists 

essentially o~ {A) a res~n binder that contains at least a 

polyepoxide, a carboxylic acid's anhydride, a rheology 

modifier, and a latent curing accelerator, and (B) a fill.er 

s that is formed. of a dielectric material, and that the 

rheology modifier functions to impede interaction between a 

free acid in the anhydride of the carboxylic acid and a polar 

group at the surface of the filler. 

it is preferred that the rheology modifier contains a 

10 substance capabl.e of selective adsorption of the free acid i.n · 

the anhydride of the carbox:ylic acid. 

:rt is pre~erred that the rheology modifier is a Lewis­

base compound. 

. :It is preferred that the rheol.ogy modifier is ei.ther a 
. . 

15 tertiary amine compound, a tertiary phosph.ine compound, a 

quaternary ammonium salt, a quaternary phosphonium salt: or. 

a heterocyclic compound that contains in a cyclic chain 

thereof an atom of nitrogen. 

As described above, the encapsulant is .formed 
. . 

20 essentially of (A) an acid anhydride-curing type·epoxy resin 
. . ' . 

and ( B) a materi~l having a low- thermal expansion coef'fic.ient 

{ e. g:, a dielectric material) • This arrangement reduces· 

thermal stresses applied to the encapsulati~g layer. 

Additionally, the rheology modifier usea is a rheology 

2S modifier op~rable to impede ~nteraction between a free ac1d 

in the acid anhydride and a polar group at the surface of. the 
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f:l11er and hence a low viscos:L ty coeffic.ient and a 1ow 

th.ixotropy i~ex can be achieved. 

· It is preferred that the anhydride of ~he carboxylic 

acid in the res.in binder contains at least an anhydride of an 

S alicyclic acid. 

J:t is preferred that the foregoing alicyclic acid 

anhydride contains · at least an anhydride of a 

trialk:yltetrahydrophthalic-acid. 

'l'he chara~teristics of alicyclic acid's anhydr:ldes with 

10 low water absorption are utilized to give the desirable 

resistance of _resin b:lnder to moisture. Additionally, the 

viscosity of the resin binder which is in the state of liquid 

.in a packaging step i~ low, so that encapsul~t filling can 

be·fin.ished in a short time. 'l'he costs of production can be 

15 cut down. 

J:t ·is preferred that the bump electrode of the 

sem.iconductor device is a stud _bump electrode with a two 

stepped protuberance. · 

Such arrangement makes .it possibl.e to increase the 

20 . density of bump eiectrode. When mounting a semiconductor 

device onto a substrate, densely-placed bump electrodes of 

the semiconductor dev:l.ce and terminal electrodes on ·the 

substrate are electrically connected togettier. Subsequently, 

an encapsulant having a low viscosity coefficient an~- a low 

2S thixotropy index is employed 1$0 that it can readily flow.and 

fill a gap defined between the semiconductor device and the 
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substrate. As a resu1t, even :in high-density semiconductor 

units, elec1;rical and mechanical oonnections between 

semiconductor device and substrate are improved in 

reliability. 

S . The present ·invention provides a semiconductor unit 

packaging method wherein a semiconductor device havi.ng an 

electrode pad is mounted on a substrate having a term:inal 

electrode. More specifically, this method comprises: 

(a) a first step of fornnng a bump electrode on the 

10 ·electrode pad of the semiconductor device; 

(b) a second step of applying a conductive adhesive·· 

around the tip of the bump electrode; 

(c) a thirQ step comprising: 

performing alignment of the bump electrode and the 

15 terminal electrode; 

20 

pl.ac~ng_ the sem:!-conductor device onto .the substrate; a:iid 

establishing, through the conductive adhesive,_ an 

.electrical connect.ion between the bump el.ec;:trode and the 

terminal electrode; 

(d) a fourth step of preparing an·encapsul.ant formed of 

a compos:L ti.on the viscosi fy and th.ixotropy i~ex of which are 

beiow 100.Pa•s and below 1.1, respectively; 

· (e) a fifth step of filling a gap defined betw~en the 

semiconductor dev:lce and the substrate with the encapsulant;. 

25 and 

(f} a sixth step 

mechan:lcally joint· ·the 

substrate. 

of curi~g the. encapsulant to 

semiconductor device and the 
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Since the encapsulant has not only a low viscosity 

coefficient of below 100 Pa • s but also a low thixotropy 

J.ndex of below 1.1, this makes it possib.le for such an 
. . 

encapsulant in a packaging step to readily flow and spread, 

even into tiny gaps with no air bubbles. The temperature of 

filling may .be decreased. These arrangements make it 

possible to : improve not only electrical connection 

reliability ·.· (e.g., . semi.conductor device-to-substrate . 

adhesion, and resistance to thermal shock) · but also 

10 productivity, ana to shorten the packaging time. 

• < 

It is preferred that the composition of the fourth step" 

cons~sts.essentiaily of (A) a resin binder that contains at 

lea~t a polyepo~ide, an anhydride of a carboxylic _acid, a 

rheology modifier, and a latent curing accelerator, and (~) 
. . 

1S a filler that is formed of a dielectric material, and that 

the rheol<:>gy. modifie:z:- functions to impede interaction between 

a· free acid in the carboxylicacid's anhydride and a ~ol.ar 

_group at the surfaee of the filler.· . . 

S~ch arrangement makes it possible to reduce both the 

20 viscosity and thixotropy ind.ex of the encapsulant in the 

fifth step. Additiona~ly, the encapsulant is formed 

essential.ly of (A).an acid anhydride-curing type epoxy resin 

and ( B) a mater:l.a1 having a low thermal ezpans:Lon coefficient 
" . . . 

(e.g. , .a diel.ectric material ) • · This arrangem~t reduces 

2S thermal stresses applied after the ~ackaging to the 

encapsulating layer. 
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It is preferred that the rheology modifier contains a 

substance, which acts ·also as a curing accelerator for a 

double-liquid epoxy resin type encapsulant, by such a trace 

amoWit as to prevent the substance from exhibi t.ing its curing 

S function. 

Such arrangement controls an encapsulant in such a way 

that the encapsulant does not start curing between the fourth 

step and the fifth s~ep and is cured in the sixth step. When 

cured in the sixth step, a rheology modifier is incorporated 

10 into an encapsulating resin layer's network structure. This · 

eliminates the possibility that· addJ. tion of a rheology· 

modifier . reduces resistance to heat and resistance to 

moisture. 

It is preferred tjlat the anhydride of tpe carboxylic 

1S acid :in the resin binder of the fourth step contains at least 

20 

. . . . . 
an anhydride of an alicyclic acid. 

It is preferred that the alicyclic acid anhydride of the 

fourth step contains at least an anhydride of a 
trialkyltetrahydrophthali~ acid. 

Since an anhydride of an alicyclic acid · is low in 
. . . 

viscosity as well as in water .absorption, time required for 

fill.!ng of an encapsulant in the sixth step is reduced·, and 

resistance to moisture is enhanced. 

It is preferred that the bump electrode of the first 

2S step is a stud bump e1ectrode with a two stepped 

protuberance. 

13 
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Su~ arrangement enabl.es the high-density placement of 

.bump el.ectro~es, anci" the encapsul.ant, which is low in 

·viscosity as well as in thixotropy index, readil.y spreads, 

even into tiny gaps defined between the densely-placed bump 

electrodes and terminal electrodes of the substrates. As a 

resul.t, electrical. and mechanical. connections ·between 

semiconductor~ device and substrate · are improved in 

rel.iabil.:l. ty. 

It is preferred that in the fifth step the encapsul.ant 

10 is injected be~een the semiconductor device and the 

substrate at room t~perature. 

Such arrangement achieves a reduction of the thermal 

stress thereby improving resistance to thermal shock. As a 

resul. t, a semiconductor unit package with improved electrical 

15 connec~ion ~eliability is achieved. 

It i~ pref erred that in the fifth step the encapsulant 

is injected between the semiconductor device and the 

substrate under a depressurized condition • 

. 
Such arrangement not only achieves an · improvement in 

20 productivity but also provides a semiconductor unit package 

with improved el.ectrical. connection rel.iabil.ity-. 

It is preferred that in the fourth step the composition 

of the encapsulan~ is prepared by providing a mixture of an 

anhydride of a carbo:xylic acid and a part of a ~.tller, 

2S subjecting the mixture to an ~ging process, and 

adding a polyepox.f.de and the remaining filler to the mixture. 

14 
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As a result of such arrangement, i.nteraction between a 

free acid an~ a polar group is diminished. This achieves an 

encapsul.ant having a low viscosity and a low thixotropy 

index. 

It is preferred that the rheology modifier c0ntains a 

substance capable of selective ad~orption of the free acid in 

the anhydride:of the carboxylic acid. 

As a resul. t- of such arrangement, a free acid in an acid 

·anhydride is selectively adsorbed by a rheology modifier,· . 

10 whereupon interaction between free acid and polar group is 

impeded.. This achieves an encapsulant having a low viscosity 

and a l.ow thi.xo~py index. 

It is preferred that the rheology modifi~ is a Lewis­

base compound. 

lS . It is pr~fer~ed that the rheology modifier is either ~ 

tertiary amine compound, a tertiary phosphine compound, a 

quaternary ammonium salt, a quaternary phosphonium salt, or 
a heterocyclic compound. that contains in a cyclic chain 

thereof an atom of nitrogen. 

20· As a resul.t of such arrangements, interaction·between 

free acid and polar group is impeded. This achieves an 

encapsulant having a low viscosity and a l.ow th:l.xQtropy 

index. 

The present invention provides. an encapsulant :for 

2S filling a gap between a semiconductor device and a substrate 

15 
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for use in the packaging of a semiconductor un:l t. This 

encapsulant e~sentially consists of: 

(A) a resin binder that contains at least a polyepoxide, 

an anhydride of a ca~boxylic acid, a rheology. modifier, and 

a latent curing accelerator wherein the weight percentage of 

the resin binder is within the range of from 80% to 25%; and 

(B) a filler that is formed of a dielectric material 

wherein the weight percentage of the filler is within the 

range of from 20% to 75%; 

wherein the rheology modifier functions to impede. 

interaction between a free acid in the anhydride of the 

carboxylic acid and a polar group at the surface of the 

filler. · 

Since the encapsulant has not only a low viscosi "!=Y 

15 coefficient of below · 100 Pa • s but also a low thixotropy 

index of below 1.1, this· makes it poss.:i.ble for such an· . . . 
encapsulant to readily fl.ow and spread, even into tiny ~aps 

with no air bubbles. The temperature of ~illing may be· 

lowered. Additionally, the latent curing accelerator ensures. . . 
20 the starage stability of the· encapsulant and practical curing 

25 

accelerant function. These arrangements make it possible to 

improve not only e;tectrical connection reli.abi.l.i ty ·c e.g. , 

semLconductor device-to-substrate adhesion, and resistance to 

therJPal. shock) but al.so productivity. 

It is preferred that the.rheology modifier contains a 

substance capable of.selective adsorption of the free acid in 

the anhydr:Lde of the carbC?.xylic acid. 
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It is preferred that the rheology modifier is a Lewis­
base compound .• 

· It is preferred that the rheology modifi~r is either a 

tertiary amine compound, a tertiary phosphine compound, a 
5 quaternary ammonium salt, a quaternary phosphonium.-salt, or . 

a heterocyclic compound that contains in a cyclic chain 
thereof an atom of n1.trogen. 

The encapsuJ.ant is formed essentially of (A) an acid 
'anhydride-curing type epoxy resin and ( B) a material having .. 

10 a low 'thermal expansion coefficient (e.g., a dielectric· 
material) • This arrangement reduces thermal stresses applied 
to the encapsula~ing layer in a semiconductor unit package to 
be formed. Additionally, the rheology modifier used is a 
rheology modifier operable to impede interaction between ·a 

15 free ac;::id :l:n the acid anhydride and a ~lar group at the 
surface of the filler and hence a.low viscosity coefficient 
and a low thixotropy index can be achieved. 

. 
I~ is pref erred that the anhydride of the carboxylic 

acid in the ~esin binder contains at least an anhydride df an 
20 alicyclic acid. 

It is preferred that the aforesaid alicycl!c acid . 
anhydr~de contains at leas~ an anhydride of a 
trialkyltetrahydrophthalic acid. 

'l'he characteristics of alicyclic acid 1 s anhydride~ with 
~ 25 low water absorption are utilized to give ti:ie desir~ble 

resistance of resin binder to moisture. Additionally, the 

17 
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viscosity of the resin bindez: which is in tl_ie state of 1.:f.quid 
in a packaging step is ·l.ow, so that encapsulant filling can 

be finished in a shor:t time. The costs of packaging can be 

cut down. 

It is preferred that the resin binder and the fi11er are 
arranged to stay as a single liquid. 

Such arrangeme~t ·facilitates uniform disper~ion of the 

filler thereby providing a desirable encapsulant for the 
·manufacture of LSis. 

It is preferred that the resin binder in the encapsulant 
has a composi~:f.on wherein: 

(a) the chemical equivalent ratio of the anhydride of 
the carboxylic acid to.thepolyepoxide is within the range of 
from ·a.a tq i.11 

.· . . 
(b) the weight percentage of the curing accelerator to 

the entirety qf the res:f.n binder is within the range of from· 
0.3t to 3t; ~d 

(~) the weight percentage of the rheology modifier to 

the entirety of the res.in.binder is within the range of ·from 
20 0.02% to 0.3%. 

2S 

The present invention provides an encapsulant for . . filling a gap between a semiconductor device and a substrate . . . . 
for use in the packaging of a semiconductor unit. This 

encapsulant.essenti~l~y consists of: 

(A) a ~esin binder that contains at least a polyepezide, 
an anhydride of a carboxylic acid, a rheology modifier, ·and 

18 



.: 

W096/42106 PCf/JP96/01600 

a latent curing accelerator wherein t~e weight percentage of 

the resin binder is within the range of from sot to 25%; and . . 

(B) a filler that is formed of a dielectric material 

whe'rein the weight percentage of the filler.is within the 

S range of from 20t to 75%; 

10 

wherein the encapsulant is prepared by: 

providing a m:i.xture of an anhydride of a carboxyl.ic acid 

and a part of a·fil.ler; 

subjecting the mixture to an aging process;.and 

adding a p61yepox:l.de ·and the rtmiaining filler to the. 

mixture. 

As a resul. t of such arrangement, interaction between the 

free acid in t~ anhydride of the carboxylic acid and the 

polar group at the surface of the filler, is suppressed and 

lS the th:l.xotropy index of the encapsulant is reduced. 

BRZBP DESCIUP.rZON OP 'l'llE DRAWXNGS 

FIGURE 1 is a cross-section of a semiconductor unit of· 

an embodiment in accordance with the present invention. 

FIGURE 2 is a cross~section of a joint of the FIG. 1 

20 semiconductor unit. 

FIGURE 3 is a cross-section of a semiconductor unit 

formed by a stud bump techn:l._que of an embodiment iri 

accordance with the present invention • 

. 
FIGURES 4(a)-4(e) are cross-sections of a semiconductor 

2S un1t at different process stages of a flip-chip bon~ing 
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techn1.que of an embodiment in accordanqe with the present 

invention. 

FIGURE 5 is a flow diagram showing steps of a flip-chip 

bonding technique of an embodiment in accordance with the 

5 present invention. 

t 

FIGURE 6; shows the generic chemical composition of a 

bisphenol type epo~y resin in a resin binder lJ:Sed in an 

embodiment in accordance with the present invention. 

FIGURE 7 shows the generic 'chemicai composition of a-
. . 

10 trialkyl. tetrahyclrophthalic acid in a resin binder used in an 

15 

embodiment in accordance with the ~resent invention. 

FIGURE 8 ·is a cross section of a conventiona1 

semiconductor unit in which connection is established by a 

solder bump" electrode. 

FIGURE 9 is a cross section of a conventional 

semiconductor unit in which connection is established by ~ 

low meiting-point metal layer. 

FIGURE 10 is a cross section of a conventional 

sem:iconductor um t · in which QC>nnection is established by 

20 ·making use of contraction stresses exerted when an· 

encapsul.ating resin cures~ 

FIGURE 11 is ·a cross s~ction of a conventional 

semiconductor unit in which connection is established by an 

anisotropic conductive adhesive. 

20 
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FIGURE 12 :Ls a cross section of a convent:Lonal 

semJ.conductor. un:Lt'in wh:Lch connection is estab1:Lshed by a 

conduct:Lve adhesive. 

BEST MODE l'OR CARRYJ:NG OUT DE INVENTION 

Preferred embod:Lments of the present invention are . 
described by making reference to the accompanying drawing 

f:Lgures. 

FIGURE 1 i& a cross section depicting a semiconductor 

·unit package in accordance with the present invent:Lon. · 

10 FIGURE· 2 :Ls a cross section of a joint of the FIG. 1· 

sem:Lcond~ctor unit package. This semiconductor unit package 

is formed by a ~lip-chip bonding method. Reference numeral 

1 denotes a sem:Lconductor device such as an LSI chip. 

Reference numeral 2 denotes an e1ectrode pad formed in tne 

15 semico~duct~r device 1. Reference numera~ 3 denotes a bump 

e1ectrode of gold. Reference numeral 4 denotes a conductive 

adhesive layer of a· composition (:L.e., a conductive adhesi.ve) · 

essentially f~rmed of a special epoxy resin and conductive . . 
powders of, for example, an alloy of AgPd. R~ference numeral 

20 6 :Ls a substrate, e.g., a· cerflllllic substrate, onto which the 

semiconductor dev:Lce 1 :l.#1 inounted. Reference numeral 5 

denotes a terminal electrode formed on the substrate 6. 

Reference numera1 7 denotes an encapsulating layer-formed of . . 
an encapsulant. Such an encapsulant is essent:i.ally form~ of 

25 an ac.id anhydride-curing type epoxy res:Ln. This encapsulant 

7, when it remains fluid, has a thixotropy index of below 1.1 

and. a viscos:Lty coeff:Lcient of 100 Pa• s. The encapsulant 7 

is injected between the semiconductor device 1 and ·the 

21 
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substrate 6 by capillary action and is cured. It is to be 

noted that t~ thixotropy index is the ind.ex expressed by 

. A 1J j 6 e where e is the shear rate and TJ is the viscosity 
. 

coefficient. Here, the thixotropy index when the shear rate 

s falls in the range of 2 Cl/sec) to 20 (l/sec), is shown. 

FIGURE 3· ·.is a cross-section of a seinicond.uctor unit 

package by means of a f lip-chi.p bonding method using a stud 

bump electrode. The semiconductor unit package of FIGURE 3 

and the semiconductor unit ·package of PIG. 1 are basically 

10 the same, except that the former semiconductor unit package 

employs· ·a stUd bump· electrode · 14 with a two stepped · 

protuberance instead of the ~ump electrode 13. Bmpl.oyment of 

a flip-chip bond~ng method using a stud bump electrode with 

.a two stepped protuberance makes it possible to deal with~ 

15 semi.conductor device with a greater number of el.ectrode pads, 

whiCh is detailed later. 

A flip-chip bOnding method, which uses the stud bump · 

electrode 14 of FIGURE 3, is illustrated by making reference ·. . 

to PIGQRBS 4(a)-4(e) and to FIGURE 5. FIGURES 4(a)-4(e) are 

20 cross-sections of a semiconductor unit package at different 

·stages of a flip-chip bo~~ing method. FIGURE 5 is a flow 

diagram showing steps of t~e fJ.ip-chip bonding ·method. The 

. packaging process :Ls described step by step with reference to · . . . . 

FIGURE 5. 

At· step STl, an.~ire of gold (Au) is used to form·stud 

bump electrodes 14 at electrode pads 2 in the semiconductor 

device (LSI chip) 1. At step ST2, a leveling process· is 

22 

•. 



W096142106 PCT/JP96/0HOO 

carried out and each stud bump electrode 14 is pressed 

against a leve1 surface so that the J.eading ends of the stud 

bwnp e1ectrodes 14 are flush with one another. 

Next, at step ST3, as shown in FIGURES 4(a)-4(c), the 

S semiconductor. device 1, with the side of the stud bump 

electrode 14 facing down, is placed above a ·substrate 20 with 

application of a conductive adhesive 4a. Thereafter, the· 

semiconductor device 1 is 1owered towards the substrate 20 

such that the stud bump . electrode 14 is soaked in the 

10 ·conductive adhesi.ve 4a on the substrate 20. · Subsequently, · 

the seniiconductor device 1 is lifted up, as a result of which 

transfer of the conductive adhesive 4a onto the. stud bump 

electrode 14 i.s completed. 

Next, at steps ST4 and ST5, as shown in FI~E 4(d), the 

15 semidonductor device 1 is placed onto the ceramic substrate 
. . . 

6-having 'thereon the terminal electrode 5. At this time, 

ali.gnment of the stud bump electrode 14 of the semiconductor 

device 1 with the terminal electrode 5 of the substrate 6 is 

carried out, .and the conductive adhesive 4a is heated to.cure 

20 to form the conductive ac;lhesive layer 4. As a result; the 

stud bump electrode 14 of the semiconductor device 1 and the 

terminal electrode 5 of the substrate 6 are electrically 

connected together. 

25 

At step ST6, testing for the presence or absence of an 

electrical connection failure is carried out. If an 

electrical connection failure is found, chip replacement is 

carried out at step ST7 and.the flip-chip bonding process 
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returns back to step ST4. If no e1ectrical connection 

failure is found, the process advances to step STS. 

At step S'l'B, an encapsulant, which is formed of. a 

composition having a low viscosity of below 100 Pa • s and a 

5 .low thixotropy index of below 1.1, is injected between the 

semiconductor,deviee 1 and the substrate 6 at normal room 

temperature · to resin-encapsulate connection . parts. 

Subsequently, at stepST9, a heating treatment i~ carried out 

to cure a resin •binder contained in the injected encapsulant~ 

10 As a result, the encapsulating layer 7 is formed (see FIGURE 
4(e)): whereupon the semiconductor device 1 and the substra't:e 

6 are meCbanically connected together by the.encapsulating 

l.ayer 7. 

At step $'1'10, final testing is made and the flip-chip 

15 bondi~g process is completed. 

'l'he present· embodiment · employs a low-vi.scosi ty: low 

thixotropy-:i.ndex encapsulant. This produces the advantages 

that an encapsulant injection process can be done smoothiy 

even at room temperature.and the encapsulant injected readily 

20 :flows and well spreads to fill a tiny gap between the . . 
semiconductor device 1 and the substrate 6. · ·This is time 

saving, and the connection rel.iabili ty of a joint. made by the 
. . . 

condu~tiv~ adhesive 4 cem be maintained._Additionally, the 

·encapsulant is a composition essentially formed of (a) an 

25 acid anhydride-curing type epoxy resin with improved 

flowability and (b)·a ·filler such a fused silica, ~n other 

words it has a low pos~-curing thermal expansion coefficient. 
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Since the coefficient of thermal expansion of the 

encapsulating layer 7 is low, this control.s thermal stresses 

produced by the differences in the coefficient of thermal 

expansion between the semiconductor device 1.of silicon and 

S the substrate 6 of, for example, alumina. Additionally, an 

encapsulant, ~armed of a resin of the epoxy group,.ezhibits 

high resistance to heat and has strong adhesion, therefore 

achieving connection reliability that remains stable even 

under high temperature and high humidity conditions. 

10 Since the conductive adhesive 4 has great flexibility, 

this contributes to reducing theimal stresses a~d connection. 

reliabil~ty is further improved. 

In the present embodiment, the bump el.ectrode 3 is 

formed of gold. Othe:c: functionally equivalent metals, e.g·., 

15 copper, may be used to form the bump electrode 3. 

·Additionally, in the present embodiment, the stud bump 

electrode 14 is used. Other types of bump electrodes used in 

usual fl,ip-chip bonding techniques may be used. It is, 

howe~, to be noted that use of stud bump electrodes 

20 controls lateral spreading of the conductive adhesive layer 

4 thereby achieving a much higher packaging density. 

In the present embodiment, the conductive adhesive 4 is . . . 
formed of ~ material of .the epoxy group. Other materials 

with flexibility may be used, e.g., a material of the rubber 

2S group (e.g., SBR, ~R-': IR, BR, CR), amaterialoftheacrylic 

group, a m~terial of the polyester group, a material ·of the 

polyamide group, a material of the polyether group, a 
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mater.ial. of the polyurethane group, a mater:lal. of the 

polyimi.de g~up, and a mater.ial of t~ silicon group. As a 

conductive po~der material that is contained in the 

conductive adhesive, powders of noble metals (silver, gold, 

5 palladium), poWders of base metals ( n1cke1, copper), powders 

of alloys (solder, AgPd}, mixture powders of silver-p1~ted 

copper, and powders of nonmetals with conductivity (carbon). 

These powders·· may be used separately or in combination. The . . 

diameter of powders is not limited to a particular one. The 

10 . shape of powders is not limited to a particul.ar one • 

. 
The encapsul.ant is formed essentially of (A) a resi.n 

b.inder and (B) ·a fi.11.er. The resin binder's essential 

components are a po1yepoxide, an acid anhydride, and a 

rheology mod:l.fier. Such a polyepoxide is the so-cal.led epC?XY 

1S compounds (epoxy resins) and there are no limitations on its 

elements •. Examples of the pol.yepoxide are a bisphenol type . . 
epoxy resin (see the F:CG. 6), a NOVOLAC type epoxy res;n, a 

. glycidylether type epoxy resin, a glycidylester type epogy 

resin, a· glycidylamine type epoxy resin, an alicyclic. tYP,B. 

20 epoxy.resin, a biphenyl type epoxy resin, a naphthalene type 

epoxy resin, a styrene oxide,. an alkylglycidylether, and an 

alkyl.g1yci.dylester. 

combination. 

They are used separately or in 

As. the ac:ld a_nhydride used here. in the present 

25 invent:lon, curing agents for epoxy compounds and epoxy resins 

may be used. one of .the most preferable acid anhydrides is 
. . 

a trialkyl tetrahydrophthalic ac.id' s anhydride (see FIGURE 7) • . . 

Other preferable ones are a niethyltetrahydrophthalic acid's 
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Bnbydride, and a methylhexahydrophthalic acid's anhydride and 

a methylhymi~ acid's anhydride of the cyclic aliphatic group 

that are in the state of liquid at 25 degrees centigrade. 

Other acid anhydrides may be used. These acid- anhydrides may 

be used separately or in combination. If these acid 

anhydrides mentioned above are used as predominant e1em~ts 

of the resin binder, this provides an improved encapsulant 

that has veri low viscosity, bi.gh heat resistance, high 

humidity resistance, and high adhesion. 

In addition to the foregoing essential elements of the 

resin binder, a third binder element may be added as 

required., for improvement in heat resistance, humidity 

resistance, adh~sion strength and for adjustment of thermal 

expansion coefficient, rheology, and reactivity. 

A?Y po_wdery filler may be used as one of the predominant 

elements of the encapsulant as long as its average particle 

diameter falls in· the range of from l µm to 50 µm. For 

example, silica oxides, alumina oxides, aluminum nitrides, . . 
silico.n carbides, and silicification.compounds all of which 

20 are thermally stable and have low thermal expansion 

coeffici.ents. These f ;t.ller elements are used in any 

· c~ination. Tb~ are no particular limits on the filler 

dose, preferably 20-80 percent, on a weight basis, of the . . . 
entirety of the encapsulant. Use of these filler elements 

2S achieves an improved encapsulant which_ is superior in 

insulation and which produces less thermal stress. 
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Any rheol.ogy modif:l.er for · modi.ficat:Lon of the 
encapsulant. flowability may be used as long as it functions 

to prevent a free acid in the acid anhydride from interacting 

with a polar group at the surface of .the filler and to reduce 

S the thixotropj" index of the encapsulant. 'l'he following are 
preferred exampl.es of the rheol.ogy mod.if ication. 

. . 
· ( 1) Rheology Modification Method I 

. . 
In Method 1, .an· acid anhydride is pre-mixe~ with a part 

of a filler. ~he mixture is subjected to an aging process. 

10 · For example, the mixture may be heated up to 100 degree.a 

15 

oentigrade or 1ess. This is · followed by addi ti.on of · a 
polyepoxi.de compound, the rema:i.ning filler, and other 
addition agen~s, to obtain a desirable encapsulant. 

(2) Rheology Modification Method II 

In Method II, a substance capable of selective 
·adsorpti.on of free acids .in an acid anhydride is added to an 
encapsulant. 

(3) Rheology Modification _Method III 

I:n M~thod III, a s'1bstance (e.g., a Lewis-base compound-
20 havi.ng ne:f. ther N-H groups nor 0-H groups) tliat interacts more . . 

strongly with a free aci.d than ·a pol.ar group at the surface 

of a filler, is added to an·encapsulant. 

Sui tabl.e · Lewis-base compounds include tert:iary ··amine 

compounds, terti~ry phosphine compound~, : quaternary ammoni.wn 
25 sa1ts su~ as the tetrabutylammonium bromide, quaternary 

phosphonium s a.l t s such as 

tetrabu~ylphosphoniumbenzotriazolate, melamines, 

28 
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heterocyclic compounds that contain in cyclic chains th~reof 
atoms of ni~rogen.such as imidazole compounds. There are 
many Lewi.s-base compounds other than the above. These Lewis-. 
base compounds may be used separately or in combination. · 

S The encapsulant may contain, as required, a solvent, a 

10 

dispersing agent, a rheology regulatory agent such as a 
1eveling agent, an adhesion improving agent such as a 
coup1ing agent, or a reaction regulatory agent such as a 
curing accelerator. 

The rheology modifier of the present invention, which 
consist~ of a Lewis-base compound such as the amine compound, 
is usually used as a reaction {curing) accelerator between a 
polyepoxide and an anhydride of an carboxylic acid. 

When the rheology modifier is used as a curing . . 
15 accelerator· for an.encapsulant, curing reaction progresses 

even when stored ·at low temperature to enter the stage of 
gel. This limits the type of encapsulant to double-liquid . type ones, in other words.mixing mu,st be made just before 
use. On t~e other hand,. LSI encapsulant require that·large 

20 amounts of fillers must be dispersed uniform1y, in other 
words a single-li~:l.d type encapsulant :Ls required for LSJ:. 

To sum up, the :r;heology. modifier of the present 
invention may be used as a curing accelerator for a double­

liqu'id type encaps~lant but not for a single-liquid type 
25 encapsula~t. 
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If the dose is reduced to such an extent as to prevent 
gel.l.ing durin~ the ·storage, the present rheology modifier may 
find applications in the ~ingle-liquid type encapsulant. In 

such a case, a curing accelerant function that the rheology 

S modifier performs is too poor to meet practical requirements, 

:Ln . other words no hi.gh-level encapsulant curi~ 

characteristics are obtained. 
~. 

The present invention is characterized in that it 
employs a l.atent curing ·accelerator with both storage 

10 stability and practical curing accelerant functions, and that 
substances, e.g., amiiles, which are usually used as a curing· 

accelerator for the doubl.e-l.iquid type encapsulant, are 
employed as a r~ol.ogy modifier. Such a rhea.logy modifier is 

_added in such an amount that it performs no curing functio~ 
15 but functions to improve interface characteristics. 

A latent curing accelerator is the catalyst whose 
catal.yst activities· are greatly promoted upon application of, · 

for example, thermal energy. Generally, latent .curing . . 
accele~ators are me1ted (l.iquefied) or reaction-dissociated 

20 upon application of energy, to be enhanced in activity.· 

2S 

it is preferred that the encapsulant has the f o11owing 
composition. 

. Wt. per~ent 
Resin binder ••••••••••••••••• 80-25 
Fill.er el.ement ••••••••••••••• 20-77. 
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It . is preferred that the resin binder essentially 

consists of a ·pol.yepozide, an anhydride of a carbozyl.ic acid, 

a curing accelerator, and a rheology modifier according ~o 

the following eiement ratios. 

Equival.ent ratio 
Carbo.xylic acid's anhydride/Polyepoxide •••••• 0.8-1.1 

Wt. percent 
10 Curing accel.erator/Resin binder •••••••••••••• 0.3-3 ,. 

Rheology modifier/Resin binder ••••••••••••••• 0~02-0.3. 

In the present invention, the substrate 6 is formed of· 

ceramic ·ce.g., alumina). Metal glaze substrates, glass 

substrates, resin substrates (e.g. , glass epoxy substrates), 

15 pol~e~ film substrates are applicable. 

There are no specific J.:i.mi tat:lons on the material of the. 

terminal e1ectrode 5. 

The following are embodiments for investigation of the 

characteristics of _semiconductor uni. ts obtained by the above-

20 desc~ibed f1ip-chip bonding method. 

EMBODJ:MEN'l' l 

A semi.conductor unit with the FIG. 1 structure is :formed 

in accordance with steps of FIGS. 4(a)-4(e). Bump electrode 
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3 is £orme? by means of gold plating. Conductive adhesive 4a .. 
has a composition formed essentially of p~ers of AgPd and 

an epoxy resin with flexibility. Conductive adhesive 4a is 

heated at 120 degrees centigrade_ and, as a result, cures. 

5 Further, an encapsulft,nt of COMPOSITION a·in_ TABLE 1 is cured 

10 

at 150 degreeJ centigrade. 

EMBOD:IMBN'l' 2 

s~ud bump electrode 14 of FIG. 3 is formed on electrode. 

pad 2 of semiconductor device l · by means of · a gold-wire 

bonder. ~he · fol~owing steps are the same as the first 

embodiment and .are carried out under the same conditions as 

the fi~st ~diment. 

\ 
\'· 

EMBOD:CMEN'l' 3 

. 
Semiconductor device 1 is mounted onto substrate 6 under 

15 the same conditions as the first embodiment, except that in 

the third embodiment an ·encapsulant injection process is 

carried out under depressurized condition. 

BMBOD:tMEN'l' 4 
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Semiconductor ·device 1 is mounted onto substrate 6 under 

the same conditions as the second embodiment, except that in 

the fourth embodiment COMPOSITION b of TABLE .1 is used. 

EMBOD%MEN'.r 5 

s Semiconductor device 1 is mounted onto substrate 6 under 

the same conditions as the second embodiment, except that in 

the fifth embodiment substrate 6 is a glass epoxy substrate·. 

and COMPOSITION c of TABLE 1 is used. 

EMBODJ:MEN'l'. 6 

10 Semiconductor device 1 is mounted onto substrate 6 under 

the SB!De c~nditions as the .second embodim~t, except that in . . . 
the sixth embodi~t substrate 6 is a glass epoxy substr.ate, 

conductive adhesive 4 contains powders of silver as 

conduQtive powders, and COMPOSITION d of TABLE 1 is used. 

15 EllBODDmft" 7 

Semiconductor device 1 is mounted onto substrf;lte 6 under 

the same conditions as the second embodiment, except that in 

the seventh embodiment substrate 6 is a· glass substrate, 

conductive. adhesive 4 is formed essentially of powders of 

20 silver and an urethane. resin:, COMPOSITION e of TABLE 1 :Ls 
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used, and encapsulanF injection is card.ed out under 

depressurized·condition. 

· BMBODUIENT 8 

Bump electrode 3 of FIG. 1 is.formed on electrode pad 2 

5 of semiconductor device 1 by means of gold plating. 

Semiconductor device 1· is mounted onto substrate 6 in the 

. s~e way as the seventh embodiment and under the same . 

conditions as the seventh embodiment. 

COMPARE EXAMPliE 1 

10 semiconductor device 1 is mounted onto substrate 6 und91=' 

the·same condit.ions as the second embodiment,· except that in . . . 

the first compare example COMPOSITION f of TABLS 1 is u~ed. 

COMPARE EXAMPLE 2 

Semiconductor device 1 is ~mounted onto substrate 6 uiid.er 

lS the ·same conditions as the ·second embodlluimt, except that in 

the second compare &Xamp1e COMPOSITION 9 of TABLE l is used. 

COMPOSITIONS a-g are shown below. 
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"l'ABLE 1 

---~-------------~-----------------------------------------
COMPOS%'.r:ION a: 
bisphenol F type epoxy resin {epoxy equivalent: 
bisphenol A type epoxy resin .<epoxy equivalent: 
trialkyltetrahydro phthalic acid's anhydride 

· (anhydride equiv.: 
2-(2-methylimidazolylethyl)-4, 6-d.iamino 

triazine-isocyanuric ac.id addition product 
diazabicycloundecene 
fused sil.ica 

162) 85phr 
18~) 15phr 

234) . 126phr 

1.6phr 
o·.1phr 
340phr 

-----------------------------------------------------------· 
COMPOSZ'.r:ION b: 

15 trialkyltetrahydro phthalic acid's anhydride 
(anhydride equiv.: 234) 126phr 

fused silica 340phr 

These two mater.ial were kneaded and subjected to an aging 
process for 10 hours at 60 degrees centigrade. Thereafter 

20 the ~c:>l1owing materials were added to them. 

2S 

30 

~ispheno1 F.type epoxy resin (epoxy equ1valent: 
bisphenol A type epoxy resin (epoxy equivalent: 
2-(2-methyl:i.midazolylethyl)-4, 6-diamino 

triazine-isocyanuric acid addition product 
1-cyanoethyl-2-ethyl-4-methylimidazole 

162) 
182) 

85phr 
15phr 

l.6phr 
0.2phr 

-----------~-------------------~----~---------------------
COMPOSJ:'.rJ:ON c: 
bispheno1 F type epoxy resin (epoxy equ1va1ent: 
alicyclic epoxy resin (ERL4221)* 
trialkyltetrahydro phthalic acid's anhydride 

AMICURE PN** 
tetrabutylammonium bromide 
fu·sed silica 

· ( anhydride equiv. : 

162) BOphr 
20phr 

234) 135phr 
Sphr 

0.2phr 
400phr 

35 -------------~----~-~--------------------------------------
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COMPOS:t'J.'J:Olf d: 
bispheno1 F ~e epoxy resin (epoxy equivalent: 
bisphenol A type epoxy resin (epoxy equivalent: 
tri~lkyltetrahydro phthalic acid's anhydride 

PCT/JPHI01600· 

162) 90phr 
182) lOphr 

5 (anhydride equi ~. : 234) 128plµ-

FUJIHARD FXElOOO*** . 
tetrabutyJ.phosphoiUumbenzotriazolate 
fused siJ.i.ca 

5phr 
0.2phr 
350phr 

------~----------------------------------------------------
10 COMPOSI'.r:tON e:, 

bisphenol" F type epoxy resin (epoxy equivalent: 
naphthalene type epoxy resin (epoxy equivalent: 
trialkyltetrahyd:ro phthalic acid's anhydride 

(anhydride equiv.: 

162) 
148) 

234) 

70phr. 
30phr 

82phr·. 
15 methyJ.tetrahydro phthalic acid's.anhydride 

(anhydride equiv.: 
triphenylphosphinetriphenylborate 
tetrabutirlphosphoniumbenzotriazolate 
fused silica · . 

166) 40phr 
3.6phr 
0.2phr 
225phr 

20 --------------~-----------------------------------------~--

25 

COMPOSITION f: 
bisphenol F type epoxy resin (epoxy equivalent: 
bisphenol-A.type epoxy resin (epoxy equivalent: 
trialkyltetrahydro phthali.c acid's anhydride 

(~ydride equiv.: 
2-(2-methylimi.dazolylethyl)-4, 6-diamino 
triazine-is~cyanuric acid addition product 

£used silica · 

162) 85phr 
182) l5phr 

234) 126phr 

l.6phr 
340phr 

----------~-------------~----------------------------~-----
30 COMPOSXTZOlf g: 

bisphenol F type epoxy resin (epoxy equivalent: 162) lOOphr 
alkyl modified phf!l!lol resin (hydroxyl. group· equ:l.v: 113) 

70phr 
triphenylphosphine .0.6p~ 

35 fused silica 255phr 

---------------------------------~-------------------------

Note: * = product by UCC; 
** =product by.AJINOMOTO; and 

*** = "product by FUJI KASEI 
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COMPARE EXAMPLE 3 

Semiconductor device 1 is mounted onto substrate 6 in a 

conventional way shown in FIG. 9. Substrate 6 is an alumina . . 

substrate. Bump el.ectrode 3 is formed of gol.d. Terminal 

S electrode 5 is· indium-plated. Al.ignment o~ bump electrode 3 

with terminal i electrode 5 is carried out and, thereafter 

semiconductor device 1 is pressed by a jig and, at the same 
,. 

-time, is heated up to 170 degrees centigrade, whereupon bump·. 

. . 
electrode 3 and terminal el.ectrode 5 is connected together.· 

10 Further, · a silicon encapsulant of zero stress type is 

injected between semiconductor device 1 and substrate 6. 

This encapsulant is cured to form encapsulating l.ayer 10. · 

COMPARE EXAMPLE 4 

semiconductor device l is mounted onto substrate 6 in a 

15 conventional way shown in FIG. · 10. Bump electrode 3 is 

formed of gol.d. Gol.d deposit 11 is formed on terminal. 

el.~ctrode 5. Go~d deposi. t 11 is coated wi :th an acrylic 

encapsulant. Al.ignment of bump electrode 3 with t~rmina:J, 

electrode 5 is carried out. Subsequently, semiconductor 

20 device 1 is pressed. by a jig while at the same time the 

eneapsulant is cured by UV irradiation or by application of 

beat, to ~orm encapsulating layer 12. 
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COMPARE EDMPLE 5 

semieonductor device 1 is mounted.onto substrate 6 in a 

conventional way shown in FIG. 11. Bump electrode 3 is . . 

formed of gold. Substrate 6 is formed of alumina. Alumina 

5 substrate 6 is coated. w:i. th an anisotrop.:Lc co~uct.:L ve adhesive 

in which particles of gold are dispersed in an epoxy binder. 

Alignment of bump eiectrode 3 and terminal electrode 5 is 

carried out. Thereafter, semiconductor device 1 is pressed ·. 

by a jig while at the same time the adhesive is cured by UV-

10 irradiation or by application of heat, to form anisotropic 

conductive adhesive layer 13. As a result, bump electrode 3. 

" . and terminal electrode 5 are electrically and. mechanically 

connected .together •. 

The viscosity, thJ.xotropy ;Lndex, injection time of each 

15 of the ·encapsulant used in the first to eight embodiments and 

the first to fifth compare ~amples, are shown below (TABLE 

2). 
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TABLE 2 

. COMP • VISCOSITY THIXOTROPY TIME(min) 
INDEX 

EX.1 & BX.2 a 7Pa • s 1.0 3.5 

BX.3 t a 7Pa • s 1.0 0.4 

BX.4 b 8Pa • s 0.9 3.0 

5 BX.5 c 4Pa • s 1.0 2.3· 

BX.6 r d 5Pa • s 1.0 2.s· 

EX.7 & BX.8 e llPa • s 1.0 0.6 

COMP.ARB EX.1 f 7Pa •s 4.8 100 or 
more 

COMPARE EX.2 g 120Pa • s 1.3 45 

10 NOTE:VISCOSITY: measured by E-type viscometer · 
( 25 °C; lOrpm); 

THIXOTROPY INDEX: measured by B-type viscometer 
. ( 25 °C; lrpm/lOrpni) ; 

INJECTION TIME: time requ_ired for encapsulation of. 
15 5-mm square semiconductor chip at 25 

°C 

AS can be seen from TABLE 2, in the embodiments of the 
. 

present invention, the injection ti.me is short fall.ing in the 

range of 0. 4 to ;3. 5 minutes. The present. invention is 

20 suitable for practical applications, aci:::ordingly •. 

Conversely, in the compare examples, the injection time is 

much longer than that· of the present invention. The compare 

exampl.es are unsu.i table for practical applications. TABLE 2 

shows t~t the injection time correlates with the 
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viscos.ity/th:l.xotropy index. In other words, in the present 

invention, the viscosity is low (i.e., bel.ow 100 Pa•s) and 

the thixotropy index is also low (i.e. , b~low 1.1) , wh;i.ch 
. . 

results in reducing the encapsulant inject:l.(?n time. 0n·the 

S other hand, in the second compare example, the viscosity 
. . 

exceeds 100 Pa• s and, in the first compare example, the 

thixotropy index exceeds 1.1, which results· in greatly 

:l.ncreasing the encapsul.ant injection time. · To sum up, when 

the encapsulant Viscosity is below 100 Pa • S and when the 

10 thixotropy :l.ndex is bel.ow l. l, the fl.owabi~i ty of encapsulant 

becomes improved·to be suitable for practical appl.ications • 

. For . the pu1:Pose of eval.uating . the stability of 

connection in eaC?}l of the first to eighth embodiments of the 

present· invention and the first to fifth compare examples, 

15 varieus environmental tests were made as shown in TABLES 3 

and 4. 
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'l'ABLE 3 

TEST 1 TEST 2 TEST 3 TSST 4 'l'BS'l'.5 

EX. 1 0 0 0 0 0 
EX. 2 0 0 0 0 0 
EX. 3 0 0 0 0 0 

s EX. 4 0 0 0 0 0 
EX. 5 0 0 0 0 0 
EX. 6 b 0 0 0 ·o 
EX. 7 0 0 0 0 0 
BX. 8 0 0 0 0 O· 

10 COMP. l 0 0 x 0 x 

COMP. 2 ·o. 0 x 0 0 
COMP. 3 0 0 x o. Q. 

. COMP. 4 0 0 x x 0 
COMP. ·5 x 0 0 x x 

15 Note: TEST 1: semiconductor devices are subjected to.a 
high-temperature condition f~r a specified period; 
TEST 2: semiconductor devices are subjected to.a low­
temperature. condition· for a specifie!i per:iod; TEST 3: 
semiconductor dev;ces are subjected to a thermal 

20 shock; TEST 4: semiconductor devices are subjected to 
a high humidity condi~ion for a specified period; 
TEST 5: solder-heat resistance testing. 
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TABLE 4 

POST-TESTING CONNECTION RESISTIVITY: 
BBLOW 200 Q = 0 
ABOVE 200 g == X 

150 °C; lOOOhr 

- 55 °C; 1000" hr 

150 to - 55 °C; 500 cycles 

121 °C; 100%; 100 br" 

270 °C; 10 sec; 5 cycles 

The evaluation results are demonstrated. As can be seen 

from the tables, none of the fi.rst to eighth exampl!i!S of thi:s 

i.nvention . suffer problems ·in connection ·stability. Each 

embodiment uses an.encapsulant the viscosity and thixotropy 

15 :index of whi.ch are below 100 Pa • s and below 1.1, 

respectively. Use of such a low-vis~osity, low-thixotropy 

encapsulant achieves semiconductor un.:1 t paCkages of high 

proc:luctivity and. high resistivity against various 

env:Lronmental conditions, regardless of the structure of bump· 

20 electrodes, the type of substrate, the type of add:L tion 

agent, and the type of conductive adhesive. 
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In each of the f.irst to &ghth embod:i.ments, a Lew.is-base 

compound, which interacts more strongly with a free acid than 

a polar group at the surface of a fi1ler, . is used as .a 

rheology modifier. 'l'his rheology modifier not only modifies 

S rheology but. t also . acts as a catalyst .for reaction ·of 

polyepoxide with acid anhydride. 'l'h:l.s .improves the 

encapsulant' s resistance to various environmental conditions. 

'l'he first compare example' is now discussed. .'l'his 

compare examp1e uses an encapsu1ant that is 1ow in viscosity 

10 but high in th1.xot.ropy index and, as a resul.t of being high 

in thixotropy index, the encapsulant injectio~ time becomes 

long~ . T~is. causes. some interc~nnections to cut off upon 

applicat.ion of hea.t and thermal shock. Such fa.ilure may be 

caused by the·:fact that when the encapsul.ant .injection time 

15 is long the encapsulant layer ho1ds unwanted air bubbles, as 

a resul.t of which non-unifOJ':'.Dl application o~ thermal stress 

to ~he encapsu1ati~g layer occurs thereby damaging conductive 

interconnections. 

'l'he second compare example is discussed. In this 

20 COOJpare example, the conducti.ve adhesive used has high 

flexibility and the encapsu1ant used :Ls, for example, a h:Lgh-
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vJ.scos;f.ty resi.n of the phenol curing type epoxy resi.n group • 
.. 

The encapsulant must be heated for the purpose of 

facilitating injection. This causes some interconnections to 

have high connection resistivity when the encapsulant is 

5 injected, and cutoff is likely to occur where unstable 

i.nterconnections exist 1.n a thermal shock resistance testing, 

since the encapsulant viscosity is high and the.conductive 

· adhes.ive' s junction is damaged by stress produced when the·. 

encapsulant is injected. 

10 The third and. fourth compare examples are discussed. In 

these compare examples, interconnections will cut off in·· a 

reiatJ.vely .short time. The fourth compare example suffers 
. . 

great connection resistivity. variation when subjected to 

TESTS 4 and 5 • In the third compare example, 
.. 

15 interconnections fail to reduce thermal stresses and cutoff 

results. :rn the fourth co.mpare example, ~ encapsulant 

exerts strong thermal stresses and has high water· absorption, · 

and putoff results. 

The fifth compare example J.s 4iscussed. This compare 

20 ex~pie undergoes great ~ncrease in connection resistivity 

when subjected to TESTS 1, 4, or 5. The reason may be that 
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the anisotropic conductive adhes:i.ve's binder has .low humidity . . 

resistance, and J.ow adhesion at high temperature. Use of ·an 

aniBotropic conductive adhesive formed of a_ binder havi~g 

high hwnidity resistance wi11 cause interconnections to cut 

S off when subjected to a thermal. shock test .• 

A semiconductor ·unit package in accordance with the 
,. 

present invention is highly reliabl.e against various-

environmental conditions. Conventionally, encapsulant, wh1.ch 

contain pol.yepoxide and acid anhydride (curing agent) as a 

10 resin binder, have not been used in the flip-cltlp bonding 

method by a conductive adhesive. If a resin ~inder made up 
. . 

of pol.yep~xi~e and ~cid anhydride (curing. agent) is used as 

an encapsulant for semiconductor unit packaging, th:i.s 

increases the thi:xotropy index of the encapsul.ant, therefore 

15 producing the probl.em that the encapsulant is injected to 

onl.y a part of a gap between :the semiconducto.r device and the 

substrate. 

. . 
'l'he inventors of the present invention discovered that 

a high thixotropy index results from interaction between a 

20 fre,e acid contained in an acid anhydride and a polar group at 

the surf ace of a f il.J:er. Based on this knowledge, the 
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present .invention prov.id8s a means capable of .impeding 

interaction between free acid and polar group. 

There is another reason why an encapsulant, which 

contains a po~yepox:f:de and an acid anhydri~ (curing agent) 

5 as a resin binder, has not been used. That is, "such a resin 

binder undergoes hydrolysis in a h:igh hum1.d atmosphere, so 
. 

that it has been considered that use of th~ resin binder-

causes · problems in humidity . resistance of connections. 

established by a conductive adhesive, ~ in reliability. 

10 It was confirmed by the present invention that even if 

a res~ bin~er, whi.ch uses an acid anhydri_de ( particul.arl.y a 

trialkyl tetrahydro phthalic acid's anhydride) as a cu.ring 

agent, is used as an encapsulant in a flip-chip bonding step, 

a resulting encapsulating layer has sufficient resistance to 

15 humidi. ty to· meet requirements of practical: applications. 

Additionally, such an encapsulant is low in v~scosity and 

also low in ·thixotropy index:, so that even if the encapsulant . . . 

. . . '· 
is injected at room temperature (low temperature), it well 

penetrates even into tiny gaps. SuCh characteristics of the 

20 pre.sent ·encapsul.ant produce various advant"ageous 

characterist~cs such as high resi~tance to thermal shock. 
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In the case of conventional. semicenductor unit packages 

wherein in a flip-chi.p bonding step COMPOSITION f of TABLE 1 

is used as a resin binder, the encapsulant tll:ixotropy inde:x 

is so ·high that air bubbles are held in the encapsulating 

5 layer~ Conductive"interconnections are damaged in TESTS 3 

and 5. On the other hand, in the case of conventional 

semiconductor unit packages wherein in a flip-chip bonding 

.step COMPOSITION g ·of TABLE l is used as a resin binder, the·. 
. . 

resin binder must be heated for· injection. As a result,· 

10 conductive interconnections are damaged, and resistance to 

thermal shock becomes low. 

ZNDUS'l'RXAL APPLICABILZ'rY 

The present ;l.nvention is generall.y appli.cabl.e to a 

semiconductor unit package i.n which a semiconductor-chip is 

1S mounted on a substrate through a conductive adhesive by means 

of flip-chip bonding. For i.n~tance, ~he present invention is 

app~icable to a ~lti-chip module (MCM) in which a device 

such. as LSI chip, chip condenser is mounted on ·a circuit. 

board, and to a method of manufactur1ng the same. 
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C:t,AZMs: 

1. A semiconductor unit package which comprises: 

(a) a semiconductor device 1 having an electrode pad 2; 

(b) a substrate,6 having a terminal electrode 5; 

( c) a bump electrode 3 formed on said electrode pad 2 of 

said semiconductor device 1; 
. 

(d) a conductive adhesive layer 4 which is formed of a. 

conductive adhesive with flexibility and which establishes an. 

electrica1 connection.between said bump electrode 3 and said 

terminal electrode.5; and 

(e) an encapsulat~ng layer 7 which is formed by curing 
. . 

a composition having a viscosity of belo.w 100 Pa•s and a .· . 

thixotropy index o~ be1ow·1.1 and which fills a gap defined 

between said semiconductor device 1 and said sub~trate 6 in 

such a way that sai.d semiconductor device 1 and said 

substrate 6 are mechanically.joined together. 

2. A semiconductor unit pack~ge of claim 1, 

wherein: 

said composition consists essentially of (A) a resi.n 

bin.der that contains at least a pol~epo:xide,,. a carbbxylic 

acid's anhydride, a rheology modifier, and a latent curing 
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acce1erator, and (B) a fi11er that is formed of a die1ectr1c 

material; and 

said rheology modifier functions to impede interactic::m 

between a free acid in said anhydride of said carboxylic acid 

and a polar group at the surface of said filler. 

3. A semiconductor unit package of clai~ 2 wherein 
. . 

said rheology modifier contains a substance capable 0£ 

selective adsorption of said free acid in said anhydride of 

said carboxylic acid. 

4. A semiconductor unit package of claim 2 wherein 

said rheology modifier is a Lewis-base compound. 

5. A semiconductor unit package of claim 2 wherein 

said rheology modifier is ~ither.a tertiary amine comp0und', 

a tertiary phosphine compound,, a quaternary ammonium sait, a 

quaternary phosphonium salt, or a heterocye1:Lc compound that 

contains in a cyclic chain thereof an atom of ni.~rogen. 

6. A semiconductor unit package of claim 2 wherein 

said anhydride of said carboxylic·acid'in said resin;binder 

contains at 1east an ~ydride of an alicyclic acid. 
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7. A semiconductor unit package of c1a:l.m 6 wherein 

said alicyclic acid anhydride contains at least an anhydride 

of a trialkyltetrahydrophthalic acid. 

8. A semicon':'uctor unit packag~ of claJ.m l wherein 

said bump electrode 3 of said semiconductor device 1 is a· 

stud bump electrod~ with a two stepped protuber~ce. 

9. A semiconductor unit packaging method wherein a 

semiconductor device 1 having an electrode pad 2 is mounted 

on a substrate 6 having a terminal electrode 5, said method 

comprising: 

-(a) a first step of forming a bump electrode 3 on said 

electrode pad 2 of said semiconductor device 1: 

O» a second step of applying a eonductive adhesive 

around the tip of said bump electrode 3; 

(c) a third step ccniprisd.ng: 

performing alignment of said bump e1ectrode 3 and said 

terminal electrode 5: 

placing said semiconductor device l onto said subst~ate 
. . 

6; and 

so 
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establ:Lshing, ·through sa:l.d conductive adhesive, an 

electrical. connection between said bump electrode 3 and said · 

terndnal electrode 5; 

( d) a fourth step· of preparing an encapsulant formed of 

a composition the vi.scosi ty and thi:xotropy index of which are 

below 100 Pa•s and below 1.1, respectively; 

(e) a fi~th step of fill:l.ng a gap defined between said 

semiconductor device 1 and said substrate 6 with said 

encapsulant; and 

(f) a sixth step of curing said encapsulant to 

mechanically joint ·said semiconductor device 1 and said 

substrate 6. 

10. A semicon4uctor unit packaging method of claim 9 

wherein: 

sai:d composi ti.on of said fourth step consists 

essen~ially of (A) a resin bi~der that contains at least a 

poly~po:xide, an anh~ide of a carboxylic acid, a rheology 

modifier, and a latent curing accelerator, and (B) ·a filler 

that is formed of a dielectric material; and 

said rheology modifier functions to impede interaction 

between a free acid in said carbo:xylic acid's anhydride and 

a polar group at the surface of said fil.ler • 
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.. 
11. A semiconductor unit ~ackaging method of c1aim 9 

wherein said rheo1ogy modifier contains a substance, which 

acts slso as a curing accelerator for a double-liquid type 

encapsulant, by such a trace amount as to prevent said 

substance from exhibiting its.curing accelerant function. 

12. A semiconductor unit packaging method of cl.aim 10 

' wherein said anhydride of said carboxyl~c acid in said resin 

binder of ·said fourth step contains at least an anhydride of 

an alicyc1ic acid. 

13. A semiconductor unit packaging method of claim 12 

wh~ein s_aid ~licyclic acid anhydride of sai.d fourth step 

contains at least an anhydride of .a 

trialkyl.tetrahydrophthalic acid. 

14. A semiconductor unit packaging method of claJ.m 9 

wherein said bump electrode ·3 of s~d first step is a stud 

bump electrode with a two stepped protuberance. 

15. A semiconductor unit packag~ng method of c1aim 9 

wherein in said fifth step said encapsulant is injeqted 
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between said semiconductor device 1 and said substrate 6 at 

room temperature. 

16. A semiconductor unit packaging method of claim 9 

wherein in said fi~th step said encapsu~ant is injected 

between said semiconductor device and said substrate under a 

depressurized condition. 

17. A semiconductor unit packaging method of claim 9 

wherein in said fourth step said composition ·of said 

encapsulant is prepared by: 

providing a mixture of an anhydride of a carboxyl.ic acid 
. . 

and a ~art of a filler; 

subjecting said mixture to an aging process; and 

adding a polyepoxide and the remaining filler to said 

mi.xtur.e. 

18. A semiconductor.unit packaging method.of cla:i.m 10 

wherein said rheology modifier conta:i.ns a substan~ capable 

of selective adsorption of said free acid in said anhydride 

of said carboxylic acid. 
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19. A semi.conductor unit packagi.ng.method of clai.m 10 ·. 

wherein said rheo1ogy modifier is a Lewis-base compound. 

20. A semiconductor unit packaging method of claim 10 

wherein said rheo~oqy modifi.er is either a tertiary am.~ne 

compound, a tertiary phosphine compound, · a quaternary . 

ammonium sa1t, a qi.laternary phosphonium sa~t, or a 

. heterocyc11c comPound that contains in a cyclic chain thereof. 

an atom of nitrogen. 

21. An encapsulant for filling a gap between a 

· semi.conductor device 1 and a substrate 6 for use in tQ.e 

packaging of a semi.conductor uni. t, said encapsulant 
. . 

essentially consisting of: 

(A) a resin binder that contains at least a polyepoxide, 

an anhydride of a carboxylic aci.d, a rheology modifier, and 

a latent curing accelerator wherein the weigh~ percentage 0£ 

. . 
said resin bi.nder J.s w:L thin the range of from 80% ·to 25%; and 

(B) a filler that is formed of a dielectric material 

wherein the weight percentage of said filler is within ~he 

range of .from 20% to. 75%; 

. wherein said rheology mod:Lf:Ler functions to impede 

interaction between a free acid in said anhydride of said 
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carboxy1ic acid and a po1ar group at the surface of said 

filler. 

22. An encapsulant of clam 21 wherein said rheology 

modifier contains a ~ubstance capabl.e of sel.ective adsorption 

of said free acid in said anhydride of said carboxylic acid. 

23. An encapsul.ant of claim 21 wherein said rheology .. 

modifier is a Lewis-base compound. 

24. An en"?apsulant of claim 21 wherein said rheology 

·modifier is either a tertiary amine compound, a tertiary 
. ' 

phosphine compound, a quate~nary ammonium salt, a quaternary 

pliosphonium salt, or a heterocyclic compound that contains in 
. . 

a cyclic chain thereof an atom of nitrogen. 

25. ~ encapsulant of claim 21 wherein said anhydride 

of said carbozylic acid in said resin binder contains at 

least an anhydr~de of an alicyclic acid. 

26. An encapsulant of cl.aim 25 wherein said alicyclic 

acid anhydride contains at least an anhydride of a 

trial.kyl.tetrahydrophthalic acid. 
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27. 
J 

An encapsulant of claim 21 wherein sa~d resin 

' 
binder and sa:f.d filler are arranged to stay as a single 

l.iqaid. 

28. An encapsu~ant of claim 21, 

said resin binder having a composition where.in: 

(a) the chemical equivalent ratio Of Sa.id anhydride of 
r 

· said carboxyl.ic acid to said polyepoxide is within the range ··. 

of from 0.8 to 1.1; 

( b) .the weight percentage of said curing accelerator to 

the entirety of said resin binder is wi. thin the range of from 

0.3t to 3%; and· 

(c) ~he_we:f.ght ~ercentage of said rheology modifier to 

the entirety of sai~ resin binder is within the range of from 

0.02% to 0.-3%. 

29. Ari encapsulant for fill:lng a gap between a 

semi.conductor device 1 and a substrate 6 for ·use in the 

packaging of a semiconductor unit, said encapsulant . 
ess~tially consisting of: 

(A) a resin bi~e~ that contains at least a polyepoxide, 

an ~ydr.ide of a carboxylic acid, a rheology modifier, and 
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a 1atent cur.ing accelerator wherein the we:l.ght percentage of 

sa:Ld res.in binder :Ls within the range of from 80% to 25%: and 

(B) a filler that is formed of a diel~ctric material 

wherein the weight percentage of said filler is within the 

range of from 20% to 75%; 

wherein said encapsulant is prepared by: 

prov.id.ing a m.ixture of an anhydride of a carboxyl.ic ac:i.d 

.and a part of a filler; 

subject.ing said m.ixture to an aging process; and 

adding a polyepoxide and the remaining filler to said 

mixture. 
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