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(57) ABSTRACT 

Provided is an electrically conductive adhesive capable of 
reliably connecting a semiconductor element and a ?exible 
Wiring board Without causing short circuits. When electri 
cally conductive adhesives of the present invention contain 
ing conductive particles having an average diameter of from 
10 nm or more to 90 nm or less are used to connect a ?exible 

Wiring board and a semiconductor element, the signal part of 
a Wiring ?lm under a protective ?lm is protected and no 
short circuit occurs in Wiring ?lms of the resulting electric 
device because conductive particles do not break-through 
the protective ?lm of-the semiconductor element. 
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ADHESIVES AND ADHESIVE FILMS 

FIELD OF THE INVENTION 

[0001] The present Invention relates to anisotropic con 
ductive adhesives used for electric connection betWeen a 
semiconductor element and a ?exible Wiring board, for 
example. 

PRIOR ART 

[0002] Adhesives containing conductive particles have 
been used as means for connecting a semiconductor element 
and a ?exible Wiring board, for example. 

[0003] Reference 130 in FIG. 8(a) represents a semicon 
ductor element comprising an element body 131, a Wiring 
?lm 135 provided on the top of element body 131 and a 
protective ?lm 137 provided on Wiring ?lm 135 and having 
an opening 139 at a predetermined location. 

[0004] Reference 110 in FIG. 8(a) represents a ?exible 
Wiring board to be connected to semiconductor element 130, 
and the ?exible Wiring board 110 comprises a base ?lm 111 
and a Wiring ?lm 115 formed on a base ?lm 111. 

[0005] Wiring ?lms 115, 135 of ?exible Wiring board 110 
and semiconductor element 130 have connector parts 115a, 
135a serving for the connection described later and Wiring 
parts 115b, 135b running around in ?exible Wiring board 110 
and semiconductor element 130 and connected at one end to 
connector parts 115a, 135a, respectively. 

[0006] Opening 139 in protective ?lm 137 is located on 
connector part 135a of semiconductor element 130. In the 
opening 139 is provided a bump 136 upright on connector 
part 135a With the top of bump 136 projecting from the 
surface of protective ?lm 137. 

[0007] The ?exible Wiring board 110 and semiconductor 
element 130 are connected by ?rst opposing the side of 
semiconductor element 130 having protective ?lm 137 and 
the side of ?exible Wiring board 110 having Wiring ?lm 115 
to each other and inserting an adhesive ?lm 120 made of an 
adhesive containing conductive particles 125 betWeen both, 
as shoWn in FIG. 8(a). 

[0008] Then, adhesive ?lm 120 is sandWiched betWeen 
semiconductor element 130 and ?exible Wiring board 110 
While aligning bump 136 on semiconductor element 130 to 
face connector part 115a of Wiring ?lm 115 of ?exible 
Wiring board 110, and the assembly is heated under pressure 
so that adhesive ?lm 120 softens by heating so that the 
softened adhesive ?lm 120 is displaced from the top of bump 
136 of semiconductor 130 and the remaining adhesive ?lm 
120 is sandWiched betWeen connector part 115a and bump 
136. 

[0009] FIG. 8(b) shoWs this state, in Which conductive 
particles 125 in adhesive ?lm 120 sandWiched betWeen 
bump 136 and connector part 115a enter into the surface of 
the top of bump 136 and the surface of connector part 115a 
under pressure to connect Wiring ?lms 115, 135 via the 
conductive particles 125. 

[0010] Reference 100 in FIG. 8(b) represents an electric 
device obtained by heating, pressing and then cooling. 

[0011] An adhesive ?lm 120 hardens When it is cooled 
after heating, semiconductor element 130 and ?exible Wir 
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ing board 110 are not only electrically but also mechanically 
connected via conductive particles 125 in the electric device 
100. 

[0012] A part of ?exible Wiring board 110 distant from 
connector part 115 to be connected to bump 136 is pressed 
against the surface of protective ?lm 137 of semiconductor 
element 130 during heating under pressure because of its 
?exibility so that protective ?lm 137 of semiconductor 
element 130 and Wiring ?lm 115 or ?exible Wiring board 110 
come into close contact With each other. 

[0013] As conductive particles 125 used in adhesive ?lm 
120 normally have an average particle diameter greater than 
the thickness of protective ?lm 137 of semiconductor ele 
ment 130 and made of a rigid metal, conductive particles 
125 may break through protective ?lm 137 under pressure 
When the surface of protective ?lm 137 of semiconductor 
element 130 and the surface of ?exible Wiring board 110 
come into close contact With each other. 

[0014] The right half of FIG. 8(b) is a schematic sectional 
vieW shoWing that conductive particle 125 have broken 
through protective ?lm 137, and the conductive particles 
125 having broken through protective ?lm 137 may come 
into contact With Wiring parts 115b, 135b to cause short 
circuit in Wiring ?lms 115, 135 forming electric device 100 
When Wiring parts 115b, 135b of Wiring ?lms 115, 135 are 
faced to each other in the Zone Where ?exible Wiring board 
110 and semiconductor element 130 are in close contact With 
each other. 

[0015] With high densi?cation of electronic components, 
the pattern of Wiring ?lm 135 of semiconductor 130 it 
becoming ?ner in recent years, so that When conductive 
particles 125 having broken through protective ?lm 137 
enter betWeen Wiring ?lm members 135, adjacent Wiring 
?lm members 135 may be electrically connected via con 
ductive particles 125 to cause short circuit betWeen Wiring 
?lm members 135 of semiconductor element 130. 

[0016] It is also possible to directly apply an adhesive on 
the surface of ?exible Wiring board 110 for connection to 
semiconductor element 130 Without forming it into a ?lm, 
but such an adhesive may readily cause connection failure 
because the conductive particles 125 are not homogeneously 
dispersed in the pasty adhesive and tend to precipitate. 

[0017] The present invention Was made to solve the prob 
lem of the prior art described above With the purpose of 
providing an adhesive ?lm having high reliability of con 
nection to ?ne-pitch circuits. 

SUMMARY OF THE INVENTION 

[0018] In order to solve the above problems, the present 
invention provides an adhesive comprising an insulating 
adhesive component and conductive particles dispersed in 
the insulating adhesive component Wherein the conductive 
particles have an average diameter of from 10 nm or more 
to 90 nm or less. 

[0019] The present invention provides the adhesive char 
acteriZed in that the conductive particles contained in the 
adhesive, have a speci?c surface area of from 5 m2/g or more 
to 80 m2g or less. 

[0020] The present invention provides the adhesive char 
acteriZed in that the conductive particles contained it the 
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adhesive represent a total volume of from more than 0.1% 
to less than 12% on the basis of the total volume of the 
insulating adhesive component and the conductive particles. 

[0021] The present invention provides the adhesive char 
acteriZed in that the conductive particles are based on at least 

one metal selected from the group consisting of nickel, 
palladium, copper, iron and silver. 

[0022] The present invention provides the adhesive char 
acteriZed in that the insulating adhesive component prefer 
ably contains an epoxy resin and an imidaZole-based latent 

curing agent. 

[0023] The present invention provides the adhesive char 
acteriZed in that the adhesive has a viscosity of 1000 Pa.s or 
less at 25° C. 

[0024] The present invention provides an adhesive ?lm 
made of an adhesive in the form of a ?lm comprising an 

insulating adhesive component and conductive particles 
dispersed in the insulating adhesive component Wherein the 
conductive particles have an average diameter of from 10 
nm or more to 90 nm or less. 

[0025] The present invention provides an electric device 
comprising a semiconductor element and a Wiring board, 
Wherein the semiconductor element is adhesively bonded to 
the Wiring board With the adhesive comprising an insulating 
adhesive component and conductive particles dispersed in 
the insulating adhesive component Wherein the conductive 
particles have an average diameter of from 10 nm or more 

to 90 nm or less. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] FIG. 1 is a diagram for illustrating a ?exible Wiring 
board to be connected using an adhesive of the present 
invention. 

[0027] FIG. 2 is a diagram for illustrating a semiconduc 
tor element to be connected using an adhesive of the present 
invention. 

[0028] FIGS. 3(a)-(c) is a diagram for illustrating a pro 
cess for connecting a semiconductor element and a ?exible 

Wiring board using an adhesive of the present invention. 

[0029] FIGS. 4(a), (b) is a diagram for illustrating a 
process for preparing an adhesive ?lm of the present inven 
tion. 

[0030] FIGS. 5(a), (b) is a diagram for illustrating a 
process for connecting a semiconductor element and a 
?exible Wiring board using an adhesive ?lm of the present 
invention. 

[0031] FIG. 6 is a microphotograph of conductive par 
ticles used in an adhesive of the present invention. 

[0032] FIG. 7 is a microphotograph of conductive par 
ticles used in an adhesive of the prior art. 

[0033] FIGS. 8(a), (b) is a diagram for illustrating a 
process for connecting a semiconductor element and a 
?exible Wiring board using an adhesive ?lm of the prior art. 
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[0034] Various numeral references represent the folloWing 
elements: 25, 45, conductive particles; 40, adhesive ?lm. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS OF THE INVENTION 

[0035] Adhesives of the present invention Will noW be 
explained in detail. 

EXAMPLE 1 

[0036] Thirty parts by Weight of a naphthalene type epoxy 
resin (available from Dainippon Ink & Chemicals, Incorpo 
rated under trade name “HP4032D”) belonging to the ther 
mosetting resin, 18 parts by Weight of a glycidyl amine resin 
(available from Sumitomo Chemical under trade name 
“ELM100”) also belonging to the thermosetting resin, 50 
parts by Weight of a latent curing agent for curing the tWo 
thermosetting resins (available from Asahi Chemical Indus 
try under trade name “HX3721” average particle diameter 5 
pm) and 2 parts by Weight of a coupling agent (available 
from Nippon Unicar under trade name “A-187”) Were mixed 
to give a pasty insulating adhesive component. 

[0037] Then, the insulating adhesive component Was com 
bined and mixed With conductive particles to give an adhe 
sive of the present invention containing the conductive 
particles in a volume of 2 vol % of the total volume. The 
conductive particles used here Were nickel particles having 
an average particle diameter of 10 nm. 

[0038] The adhesive does not harden because no polymer 
iZation reaction occurs in the epoxy resin in the presence of 
the latent curing agent, Which is dispersed in the adhesive 
but not dissolved at normal temperatures. 

[0039] Next, a process for bonding a semiconductor ele 
ment and a ?exible Wiring board using the adhesive of the 
present invention is explained. 

[0040] Reference 10 in FIG. 1 and reference 30 in FIG. 2 
represent a ?exible Wiring board and a semiconductor ele 
ment to be bonded, respectively. Flexible Wiring board 10 
shoWn in FIG. 1 comprises a base ?lm 11 and a Wiring ?lm 
15 formed on the top of base ?lm 11. Here, base ?lm 11 
consists of a polyethylene terephthalate ?lm having a thick 
ness of 45 pm and Wiring ?lm 15 consists of an aluminium 
foil having a thickness of 25 pm patterned in a predeter 
mined geometry. 

[0041] On the other hand, semiconductor element 30 
shoWn in FIG. 2 comprises an element body 31, a Wiring 
?lm 35 provided on the top of element body 31 and a 
protective ?lm 37 provided on the side of element body 31 
having the Wiring ?lm 35, the protective ?lm 37 having an 
opening 39 at a predetermined location. Here, semiconduc 
tor element 30 has a thickness of 0.3 nm and Wiring ?lm 35 
is formed on a square having a side length of 4 mm. 

[0042] Wiring ?lms 15, 35 of the semiconductor element 
30 and ?exible Wiring board 10 comprise connector parts 
15a, 35a serving for the connection described later and 
Wiring parts 15b, 35b running around in ?exible Wiring 
board 10 and semiconductor element 30 and connected at 
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one and to connector parts 15a, 35a, respectively. Here, each 
one of connector parts 15a, 35a and Wiring parts 15b, 35b is 
shoWn. 

[0043] Opening 39 in protective ?lm 37 is located on 
connector part 35a of semiconductor element 30. In the 
opening 39 is provided a bump 36 upright on connector part 
35a With the top of bump 36 projecting from the surface of 
protective ?lm 37. Here, opening 39 having a square bottom 
having a side length of 100 pm is formed in protective ?lm 
37, after Which a bump body is formed in opening 39 by 
electroplating and a plating layer of gold is further formed 
on the surface of the top of the bump body to form a bump 
36 consisting of the plating layer and bump body. 

[0044] The ?exible Wiring board 10 and semiconductor 
element 30 are bonded by ?rst applying the adhesive of the 
present invention prepared by the process described above 
on the side of ?exible Wiring board 10 having Wiring ?lm 15 
to form an adhesive layer. 

[0045] Reference 20 in FIG. 3(a) represents such an 
adhesive layer, Which is ?lled betWeen adjacent members of 
Wiring ?lm 15 of ?exible Wiring board 10 so that Wiring ?lm 
15 is buried in adhesive layer 20. 

[0046] Then, the side of semiconductor element 30 having 
protective ?lm 37 and the side of ?exible Wiring board 10 
having adhesive layer 20 are opposed to each other (FIG. 
3(b)) so that the top of bump 36 comes into close contact 
With the top of adhesive layer 20 While aligning bump 36 on 
semiconductor element 30 to face connector part 15a of the 
?exible Wiring board 10. 

[0047] Then, the assembly is heated under pressure, in 
particular under conditions of 210° C. for 5 seconds With a 
pressure of 9.8 N applied all over semiconductor element 30. 
The viscosity of adhesive layer 20 decreases by heating, 
Whereby a part of adhesive layer 20 having a decreased 
viscosity is displaced from the surface of the top of bump 30 
under pressure and the remaining adhesive layer 20 is 
sandWiched betWeen the top of bump 36 and connector part 
15a so that conductive particles 25 in adhesive layer 20 enter 
into the surface of the top of bump 36 and the surface of 
connector part 15a. 

[0048] When adhesive layer 20 heats up above a prede 
termined temperature, the latent curing agent in adhesive 
layer 20 melts. When the molten latent curing agent is mixed 
With the thermosetting resins, the latent curing agent reacts 
With the thermosetting resins to polymeriZe the thermoset 
ting resins, Whereby adhesive layer 20 hardens. Flexible 
Wiring board 10 and semiconductor element 30 are bonded 
via the thus hardened adhesive layer 20. 

[0049] Reference 1 in FIG. 3(c) represents an electric 
device obtained by bonding ?exible Wiring board 10 and 
semiconductor element 30, in Which Wiring ?lms 15, 35 of 
the electric device 1 are electrically connected via bump 36. 

[0050] Not only ?exible Wiring board 10 and semiconduc 
tor element 30 are mechanically connected via adhesive 
layer 20 but also Wiring parts 15b, 35b of their Wiring ?lms 
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15, 35 are insulated from each other because of the insulat 

ing properties of adhesive layer 20. 

[0051] Conductive particles having an average diameter of 
from 10 nm or more to 90 nm or less used in the adhesive 

never break through the protective ?lm of the semiconductor 
element under pressure even if the thickness of the protec 

tive ?lm of the semiconductor element is small. 

[0052] Example 1 relates to the adhesive and electric 
device 1 prepared by the processes described above, Which 
Were subjected to evaluation testing for “viscosity”, “dis 
persion of conductive particles , connection resistance” 

and “short circuit” as folloWs. 

[0053] Viscosity 

[0054] The viscosity of the adhesive of Example 1 Was 
measured using a rotary viscometer (JIS X7117-2). Here, 
measurements Were made under conditions of a temperature 

of 25° C. and a rotation speed of the rotary viscometer of 20 

min-1. 

[0055] Dispersion of Conductive Particle 

[0056] After the adhesive of Example 1 Was left at room 

temperature for a Week, it Was visually observed to assess 

Whether or not conductive particles in the adhesive sepa 

rated. 

[0057] Evaluation standards are as follows. 0: Conductive 

particles did not separate; x: Conductive particles separated 
and precipitated. 

[0058] Connection Resistance 

[0059] Electric device 1 of Example 1 Was measured for 
connection resistance before and after storage for 500 hours 

under conditions of high temperature and high humidity of 
85° C., 85% relative humidity. Evaluation standards are 
based on the measured value of connection resistance as 

follows. 0: less than 100 m9; A: from 100 m9 or more to 

500 m9 or less; x: more than 500 m9. 

[0060] Short Circuit 

[0061] Electric device 1 after storage at high temperature 
and high humidity in the testing for “connection resistance” 
above Was tested for short circuit in Wiring ?lms 15, 35. 
Evaluation standards are as follows. 0: No short circuit 

occurred; x: Short circuit occurred. The evaluation results 
are shoWn in Table 1 beloW. 

[0062] Further, overall evaluation Was made as “o” if all 
“ 1, 

these evaluation results were 0 , or “x” if one or more 
<< 1, 

results Were x . 

[0063] The results of these individual evaluations and the 
overall evaluation are shoWn in Table 1 beloW together With 
the speci?c surface areas of conductive particles 25. 
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TABLE 1 

Average diameters, contents, speci?c surface areas and 
various test results of conductive particles 
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Connection 
resistance 

Before high After high 
Speci?c temperature temperature 

Average Particle surface Particle and high and high Short Overall 
diameter content area Viscosity disper- humidity humidity circuit evalua 
(nm) (vol %) (mZ/g) (Pa - s) sion testing testing testing tion 

EXample 1 10 2.0 69.4 150 o o o o 0 

Example 2 35 2.0 18.9 85 o o o o 0 

Example 3 50 2.0 13.2 60 o o o o 0 

Example 4 90 2.0 7.3 48 o o o o 0 

Example 5 50 0.2 13.2 15 o o o o 0 

Example 6 50 10 13.2 520 o o o o 0 

Comparative 5 2.0 85.2 360 o A X o X 

eXample 1 
Comparative 100 2.0 4.0 13 X o o X X 

eXample 2 
Comparative 2000 2.0 0.68 11 X o o X X 

eXample 3 
Comparative 50 0.1 13.2 14 o o X o X 

eXample 4 
Comparative 50 12 13.2 1100 o o o X X 

eXample 5 

EXAMPLES 2-4 electric devices 1 of Comparative examples 1-3 according to 

[0064] Conductive particles 25 having an average diam 
eter of 10 nm used in Example 1 above Were replaced by 
three types of conductive particles 25 having average diam 
eters of 35 nm, 50 nm and 90 nm to prepare adhesives of 
Examples 2-4, respectively, according to the same procedure 
and the same mixing ratio as in Example 1. Further, a 
semiconductor element 30 and a ?exible Wiring board 30 
used in Example 1 Were bonded by the same procedure as in 
Example 1 using adhesives of Examples 2-4 to prepare 
electric devices 1 of Examples 2-4. 

[0065] These adhesives and electric devices 1 of Examples 
2-4 Were evaluated under the same conditions as in Example 
1. The results of these evaluations and the speci?c surface 
areas of conductive particles 25 contained in conductive 
adhesives of Examples 2-4 are shoWn in Table 1 above. 

[0066] Adhesives and electric devices of Examples 5, 6 
and Comparative examples 1-4 Were also subjected to 
evaluation testing for “viscosity”, “dispersion of conductive 
particles”, “connection resistance” and “short” under the 
same conditions as in Example 1, and the results and the 
speci?c surface area of conductive particles in each adhesive 
are shoWn in Table 1 above. 

EXAMPLES 5, 6 

[0067] Adhesives containing conductive particles 25 used 
in Example 3 above at 0.2 vol % and 10 vol % of the total 
adhesives Were prepared by the same procedure as in 
Example 3 to give adhesives of Example 5 and 6, respec 
tively, and electric devices 1 of Examples 5 and 6. 

COMPARATIVE EXAMPLES 1-3 

[0068] The conductive particles used in Example 1 Were 
replaced by three types of conductive particles having 
average diameters of 5 nm, 100 nm and 2000 nm to prepare 
adhesives of Comparative examples 1-3, respectively, and 

the same procedure and the same mixing ratio as in Example 
1. 

COMPARATIVE EXAMPLES 4, 5 

[0069] Adhesives of Comparative Example 4, 5 and elec 
tric devices of Comparative examples 4 and 5 Were prepared 
by the same procedure as in Example 3, 5 and 6 except that 
the conductive particles used in Examples 3, 5 and 6 having 
an average diameter of 50 nm Were added at 0.1 vol % and 
12 vol % of the total adhesives, respectively. 

[0070] Table 1 above shoWs that evaluation results of 
testing for “dispersion of conductive particles”, “connection 
resistance” and “short circuit” are good in Examples 1-6 
containing conductive particles 25 having an average diam 
eter of from 10 nm or more to 90 nm or less at from 0.2 vol 
% or more to 10 vol % or less of the total adhesives, 
con?rming that ?exible Wiring board 10 and semiconductor 
element 30 can be ?rmly connected by using adhesives of 
the present invention, 

[0071] However, the results of testing for “connection 
resistance” Were poor in Comparative example 1 containing 
conductive particles having an average diameter of 5 nm and 
Comparative example 4 containing conductive particles at 
0.1 vol % because less amounts of conductive particles enter 
into the surfaces of bumps and connector parts. 

[0072] On the contrary, the results of testing for “connec 
tion resistance” Were good but the results of testing for 
“dispersion of conductive particles” Were poor in Compara 
tive examples 2, 3 containing conductive particle, having an 
average diameter of 100 nm or more. This is because the 
large particle diameters mean small speci?c surface areas of 
less than 5 mZ/g, Which makes it easier for conductive 
particles to precipitate in adhesives. The results of testing for 
“short circuit” Were also poor in Comparative examples 2 
and 3. This is probably because conductive particles having 
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such a large diameter as 100 nm or more broke through the 
protective ?lm during connection to cause short circuit in the 
Wiring ?lms. 

[0073] In Comparative example 4 containing conductive 
particles at 0.1 vol % of the total adhesive, the results of 
testing for “connection resistance” Were poor because too 
small amounts of conductive particles entered into the 
bumps and connector parts. On the contrary, the results of 
testing for “short circuit” Were poor in Comparative example 
5 containing conductive particles at 12 vol % of the total 
adhesive because conductive particles overlapped betWeen 
the ?exible Wiring board and the semiconductor element to 
break through the protective layer. 

EXAMPLE 7 

[0074] Next, an adhesive ?lm made of an adhesive of the 
present invention is explained. 

[0075] Forty parts by Weight of a phenoxy resin (available 
from Union Carbide under trade name “PKHH”) belonging 
to the thermosetting resin, 20 parts by Weight of a naphtha 
lene type epoxy resin (available from Dainippon Ink & 
Chemicals, Incorporated under trade name “HP4032D”) 
also belonging to the thermosetting resin and 38 parts by 
Weight of a latent curing agent (available from Asahi Kasei 
Epoxy Co. Ltd. under trade name “HX3721”, average par 
ticle diameter 5 pm) and 2 parts by Weight of a coupling 
agent (available from Nippon Unicar under trade name 
“A-187”) as additives Were mixed to give an insulating 
adhesive component. 

[0076] Then, the insulating adhesive component Was com 
bined With conductive particles to give, an adhesive con 
sisting of the insulating adhesive component and the con 
ductive particles. The conductive particles used here Were 
metal particles of palladium having an average diameter of 
60 nm, and mixed With the insulating adhesive component 
at 4 vol % of the total volume of the total adhesive. 

[0077] Then, 100 parts by Weight of the mixture of the 
insulating adhesive component and the conductive particles 
Were combined With 20 parts by Weight each of toluene and 
ethyl acetate as organic solvents, and the mixed solution Was 
stirred until the thermosetting resins in the insulating adhe 
sive component Were completely dissolved to prepare an 
adhesive solution. 

[0078] Then, the adhesive solution Was applied in a uni 
form thickness on the top of a separator (release liner) 49 to 
form an adhesive layer 41 (FIG. 4(a)). Reference 45 in FIG. 
4(a) represents conductive particles dispersed in adhesive 
layer 41. 
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[0079] Then, the assembly Was dried under conditions of 
80° C. in a heat-drying oven to completely evaporate the 
organic solvent, and then separated from the separator (FIG. 
4(b)) to give an adhesive ?lm 40 of the present invention 
made of the adhesive. 

[0080] Reference 40 in FIG. 5(a) represents the adhesive 
?lm of the present invention prepared in the process 
described above. 

[0081] NoW, a process for connecting a semiconductor 
element and a ?exible Wiring board using the adhesive ?lm 
40 is explained. 

[0082] References 10, 30 represent the same ?exible Wir 
ing board and semiconductor element as used in electric 
device 1, respectively in Example 1 above, and the ?exible 
Wiring board 10 and semiconductor element 30 are con 
nected by ?rst opposing Wiring ?lm 15 of ?exible Wiring 
board 10 and protective ?lm 37 of semiconductor element 
30 to each other With adhesive ?lm 40 inserted therebetWeen 
as shoWn in FIG. 5(a). 

[0083] Then, adhesive ?lm 40 is sandWiched betWeen 
semiconductor element 30 and ?exible Wiring board 10 
While aligning bump 36 on semiconductor element 30 to 
face connector part 15a of ?exible Wiring board 10. 

[0084] Then, the assembly is heated under pressure (under 
the same heating and pressure conditions as in Example 1 
above), so that a part of adhesive ?lm 40 is displaced from 
the top of bump 36 and the remaining part of adhesive ?lm 
40 is sandWiched betWeen bump 36 and connector part 15a, 
Whereby conductive particles 45 contained therein enter into 
the surfaces of bump 36 and connector part 15a to connect 
Wiring ?lms 15, 35. 

[0085] At the same time, adhesive ?lm 40 hardens by 
heating so that ?exible Wiring board 10 and semiconductor 
element 30 are also mechanically connected. 

[0086] Reference 5 in FIG. 5(b) represents an electric 
device obtained by connecting ?exible Wiring board 10 and 
semiconductor element 30. 

[0087] Example 7 relates to the electric device 5, Which 
Was subjected to evaluation testing for “dispersion of con 
ductive particles”, “connection resistance” and “short cir 
cuit” under the same conditions as in Example 1 above. The 
results of these evaluations and the speci?c surface area of 
conductive particles are shoWn in Table 2 beloW. 

TABLE 2 

Type of metal, average diameters, contents, speci?c surface area 
and various test results of conductive particles 

Connection 
resistance 

Before high After high 
Speci?c temperature temperature 

Average Particle surface and high and high Short Overall 
diameter content area humidity humidity circuit evalua 

Type of metal (nm) (Vol %) (mZ/g) testing testing testing tion 

Example 7 Pd 60 4.0 9.5 o o o 0 

Example 8 Cu 66 4.0 10.3 o o o o 
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TABLE 2-continued 
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Type of metal, average diameters, contents, speci?c surface area 
and various test results of conductive particles 

Connection 
resistance 

Before high After high 
Speci?c temperature temperature 

Average Particle surface and high and high Short Overall 
diameter content area humidity humidity circuit evalua 

Type of metal (nm) (Vol %) (m2/g) testing testing testing tion 

Example 9 Fe 70 4.0 10.8 o o o 0 

Example 10 Ag 90 4.0 6.4 o o o o 

EXAMPLES 8-10 

[0088] Conductive particles 45 used in Example 7 Were 
replaced by conductive particles 45 made of copper having 
an average diameter of 65 nm to prepare an adhesive ?lm 40 
according to the same procedure and the same mixing ratio 
as in Example 7, and the adhesive ?lm 40 Was used to 
prepare an electric device 5 of Example 8. 

[0089] Examples 9 and 10 relate to the cases using con 
ductive particles 45 made of iron having an average diam 
eter of 70 nm and made of silver having an average diameter 
of 90 nm, respectively 

[0090] The electric devices 5 of Examples 8-10 Were 
evaluated for “dispersion of conductive particles”, “connec 
tion resistance” and “short circuit” under the same condi 
tions as in Example 1 above. The results of these evaluations 
and the speci?c surface are of conductive articles contained 
in adhesive ?lms 40 of Examples 8-10 are shoWn in Table 
2 above. 

[0091] Table 2 above shoWs that high evaluation results 
Were obtained in each test in Examples 7-10 using conduc 
tive particles 45 made of metals other than nickel. It Was 
con?rmed from these results that high connection reliability 
is obtained When any type of conductive particles having an 
average diameter of from 10 nm or more to 90 nm or less are 
used. 

[0092] Although foregoing descriptions relate to the case 
using thermosetting resins such as epoxy resins or phenoxy 
resins in insulating adhesive components, the present inven 
tion is not limited thereto. 

[0093] For example, thermosetting resins may be replaced 
by UV-curable resins such as acrylic monomers or acrylic 
oligomers. In this case, an adhesive layer consisting of an 
adhesive or an adhesive ?lm is inserted betWeen a ?exible 
Wiring board 10 and a semiconductor element 30 and the 
assembly is irradiated With UV rays to cure the adhesive 
layer. 

[0094] In case Where thermosetting resins are used, 
although preferably such may be epoxy resins, phenoxy 
resins or both, they are not limited to epoxy resins or 
phenoxy resins but include any suitable thermosetting resin. 

[0095] Optional additives that may be included in the 
adhesive are not limited to coupling agents or latent curing 
agents, either, but include various ones, though curing 
agents such as latent curing agents are preferably added 
When epoxy resins are used as thermosetting resins. 

[0096] The method for mixing conductive particles and 
insulating adhesive components is not speci?cally limited, 
but may be any conventional dispersion method using rolls, 
bead mills, dissolvers, etc. 

[0097] The process for preparing conductive particles hav 
ing an average diameter of 90 nm or less (metal micropar 
ticles) includes gas evaporation, and especially suitable for 
the present invention is the active plasma-induced metal 
fusion process in Which metal feed is evaporated by plasma 
are melting. 

[0098] FIG. 6 shoWs a microphotograph of conductive 
particles (nickel particles having an average diameter of 50 
nm) obtained by the active plasma-induced metal fusion 
process at a magni?cation of 120,000. The distance of 0.6 
cm in FIG. 6 corresponds to the actual distance of 50 nm. 

[0099] FIG. 7 shoWs a microphotograph of conductive 
particles (nickel particles having an average diameter of 2 
pm) normally used in the prior art, at a magni?cation of 
7,500. The distance of 1.5 cm in FIG. 7 corresponds to the 
actual distance of 2 pm. 

[0100] FIGS. 6 and 7 shoW that the active plasma 
induced metal fusion process alloWs conductive particles 
having a smaller diameter to be prepared than those of 
conductive particles of the prior art. 

[0101] The active plasma-induced metal fusion process 
also alloWs conductive particles having not only a small 
diameter but also a homogeneous particle system With loW 
impurities to be prepared in large amounts. If tWo or more 
metals are used to prepare metal microparticles via the 
active plasma-induced metal fusion process, conductive 
particles consisting of metal alloy microparticles can also be 
obtained. 

[0102] Insulating adhesive components contain various 
additives such as thermosetting resins or latent curing 
agents. When conductive particles representing a total vol 
ume exceeding 0.1% on the basis of the total volume of the 
insulating adhesive components and conductive particles are 
added, a semiconductor element and a ?exible Wiring board 
can be reliably connected. Further, When the added conduc 
tive particles represent a total volume less than 12% on that 
basis of the total volume of the insulating adhesive compo 
nents and conductive particles, short circuits induced by 
conductive particles betWeen adjacent Wiring ?lm members 
can be avoided even When a ?exible Wiring board Without 
insulating layer on the Wiring ?lm is bonded. 

[0103] Latent curing agents contained in insulating adhe 
sive components are dispersed but not dissolved in adhe 
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sives, but become dissolved to react With epoxy resins to 
harden the adhesives once the adhesives are heated above a 
predetermined temperature. Thus, adhesives of the present 
invention can be heated above a predetermined temperature 
to bond objects. This predetermined temperature depends on 
the latent curing agents and may be, for example, above 
about 60° C. 

[0104] If such an adhesive is applied on the top of a release 
liner such as release paper and dried and then the release 
liner is separated, an adhesive ?lm made of the adhesive can 
be obtained. 

[0105] As has been described above, adhesives for con 
necting a semiconductor element and a ?exible Wiring board 
With high reliability can be provided according to the present 
invention. 

What is claimed is: 
1. An adhesive comprising an insulating adhesive com 

ponent and conductive particles dispersed in the insulating 
adhesive component Wherein the conductive particles have 
an average diameter of from 10 nm or more to 90 nm or less. 

2. The adhesive of claim 1 Wherein the conductive par 
ticles contained in the adhesive have a speci?c surface areas 
of from 5 m2/g or more to 80 m2/g or less. 

3. The adhesive of claim 1 Wherein the conductive par 
ticles contained in the adhesive represent a total volume of 
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from more than 0.1% to less than 12% on a basis of the total 
volume of the insulating adhesive component and the con 
ductive particles. 

4. The adhesive of claim 1 Wherein the conductive par 
ticles are based on at least one metal selected from the group 
consisting of nickel, palladium, copper, iron and silver. 

5. The adhesive of claim 1 Wherein the insulating adhe 
sive component comprises an epoxy resin and an imidaZole 
based latent curing agent. 

6. The adhesive of claim 1 Wherein the adhesive has a 
viscosity of 1000 Pa.s or less at 25° C. 

7. An adhesive ?lm made of an adhesive in a form of a 
?lm comprising an insulating adhesive component and con 
ductive particles dispersed in the insulating adhesive com 
ponent Wherein the conductive particles have an average 
diameter of from 10 nm or more to 90 nm or less. 

8. An electric device comprising a semiconductor element 
and a Wiring board, Wherein the semiconductor element is 
adhesively bonded to the Wiring board With the adhesive 
comprising an insulating adhesive component and conduc 
tive particles dispersed in the insulating adhesive component 
Wherein the conductive particles have an average diameter 
of from 10 nm or more to 90 nm or less. 


