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CONDUCTIVE PARTICLES AND METHOD AND 
DEVICES FOR MANUFACTURING THE SAME, 
ANISOTROPIC CONDUCTIVE ADHESIVE AND 
CONDUCTIVE CONNECTIONSTRUCTURE, AND 
ELECTRONIC CIRCUIT COMPONENTS AND 
METHOD OF MANUFACTURING THE SAME 

FIELD OF THE INVENTION 

0001. The present invention relates to a manufacturing 
method of conductive fine particles which are free from 
aggregation in a plating Solution and which forms a plating 
layer having a extremely uniform thickness, the manufac 
turing device thereof, the conductive fine particles as well as 
an anisotropic conductive adhesive and a conductive con 
necting Structural element using Such particles. 
0002 The present invention further concerns an elec 
tronic circuit part which is obtained by connecting an 
electronic circuit element, Such as a Semiconductor element, 
a quartz oscillator and a photoelectric transfer element that 
are used in the field of electronics, and an electronic circuit 
Substrate through conductive fine particles in a manner So as 
to be connected to fine electrodes, an electronic circuit 
element, an electronic circuit Substrate and conductive fine 
particles used in Such an electronic circuit part, as well as a 
manufacturing method for Such an electronic circuit part. 

BACKGROUND OF THE INVENTION 

0.003 Conductive materials include conductive paste, 
conductive adhesives, anisotropic conductive films, etc., and 
for this conductive material, a conductive composition com 
prising conductive fine particles and a resin is used. With 
respect to the conductive fine particles, there are generally 
used metal powder, carbon powder, fine particles having a 
metal plating layer on the Surface, etc. 
0004. Manufacturing methods for such conductive fine 
particles having a metal plating layer on the Surface are 
disclosed by for example, the following Japanese Kokai 
Applications: Sho-52-147797, Sho-61-277104, Sho-61 
277.105, Sho-62-185749, Sho-63-190204, Hei-1-225776, 
Hei-1-2475O1 and Hei-4-147513. 

0005 Among these manufacturing methods, when carry 
ing out plating on fine particles having a particle size of not 
less than 5000 um, barrel plating devices are generally used. 
In the barrel plating device, a plating target is put inside a 
rotatable barrel having a polygon cylinder shape in which a 
plating Solution is contained, and while the barrel is being 
rotated, electroplating is carried out by allowing the plating 
target to contact the cathode-placed inside the barrel. 
0006. However, when plating is carried out on fine par 
ticles having a particle size not more than 5000 um by a 
method using the barrel plating device, problems arise in it 
that fine particles in an aggregated State are Subjected to 
plating in the plating Solution, failing to form mono-particles 
and in it that particles are not plated uniformly, causing an 
irregular plating layer. 
0007. In order to solve these problems, for example, the 
following plating devices have been proposed: Japanese 
Kokai Publication Hei-7-118896 discloses a manufacturing 
device for conductive fine particles which comprises a 
disk-shaped bottom plate Secured to the upper end of a 
perpendicular driving Shaft, a contact ring for conducting 
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electricity placed on the upper face of the porous member, 
a porous member that is placed in the vicinity of the contact 
ring and that allows only a plating Solution to pass there 
through, a hollow cover of a trapezoidal cone shape having 
an opening on its upper center portion, a treatment chamber 
formed in a manner So as to Sandwich the contact ring 
between the outer circumferential portion of the hollow 
cover and the bottom plate, a Supply tube for Supplying the 
plating Solution to the treatment chamber through the open 
ing, a container for receiving plating Solution Scattered from 
the pores of the porous member, a drain tube for draining the 
plating Solution accumulated in the container, and an elec 
trode inserted through the opening to contact the plating 
Solution, wherein, during the plating process, rotation and 
Stoppage or Speed reduction are repeated. 

0008 Japanese Kokai Publication Hei-8-239799 dis 
closes a manufacturing device for conductive fine particles, 
in which the contact ring and the porous member are 
integrally connected. 

0009 Japanese Kokai Publication Hei-9-137289 dis 
closes a manufacturing method for conductive fine particles, 
wherein a plating device, comprising a rotatable plating 
device main body having a filter Section formed on at least 
one portion of its outer circumferential Section and a cathode 
as a contact ring formed on the outer circumferential Section 
and an anode placed inside the main body So as not to 
contact the cathode, is used for forming a plating layer on the 
Surface of the fine particles put inside the main body, while 
the main body is rotated centered on its rotation axis and the 
plating Solution is Supplied to inside of the main body. 

0010. In these manufacturing devices for conductive fine 
particles, a plating target is pressed onto the contact ring by 
a centrifugal force, and rotated, and Stopped or reduced in 
the Speed repeatedly, therefore, the conductivity is improved 
even in the uniformly mixed State, the current density is 
increased, and the update of the plating Solution is frequently 
carried out So that the fine particles are free from aggregation 
in the plating Solution, thereby making it possible to obtain 
conductive fine particles having a plating layer with a 
uniform thickness. 

0011. However, the following problems arise in these 
manufacturing devices for conductive fine particles. 

0012. The pore size of the porous member and the 
number of revolutions (peripheral velocity) of the treatment 
chamber are appropriately Selected in accordance with the 
particle size of fine particles as plating targets. In the case 
when fine particles having a particle size of not more than 
100 um are Subjected to plating, it is necessary to increase 
the peripheral Velocity of the treatment chamber So as to 
make the particles contact the contact ring. For example, in 
the case of fine particles having a diameter in the range of 
60 to 100 um, the pore size of the porous member needs to 
be set to not less than 20 um and the peripheral Velocity 
needs to be set to not less than 300 m/min. It is confirmed 
that the peripheral Velocity not more than this value is hard 
to allow the fine particles to contact the cathode (contact 
ring) and plating deposition is Sometimes not carried out. 
0013 However, when the peripheral velocity of the treat 
ment chamber is increased, the plating Solution is Subject to 
a force in the outer circumferential direction by the function 
of a centrifugal force So that the plating Solution forms a 
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Vortex having a mortar-like shape inside the treatment 
chamber, gradually rises along the inner wall of the hollow 
cover, and is Scattered from the opening of the hollow cover. 
AS a result, the problem arises in it that the fine particles flow 
out (overflow) from the treatment chamber together with the 
Scattered plating Solution. In addition, if the amount of the 
liquid within the treatment chamber is reduced So as to 
prevent the overflow, the area in which the electrode in 
contact with the plating Solution is reduced, with the result 
that the current density is reduced and further the formation 
of a Vortex causes the electrode to be exposed, resulting in 
no contact with the plating Solution and no current flow. 
0.014. Because of these problems, it have been impossible 
to actually carry out plating on fine particles of not more 
than 100 um. 
0.015 Moreover, with respect to the pore size of the 
porous member, those pore sizes not allowing a plating 
Solution to pass there through have been adopted, and 
Several kinds of porous members have been used in accor 
dance with the particle size of the fine particles. 
0016. However, since these porous members are filter 
shaped porous members made of plastics or ceramics having 
communicating bubbles, the pore sizes within the porous 
members have considerably much variation. For this reason, 
at portions where the pore sizes of the porous members are 
the same as or greater than the particle Size of the fine 
particles, clogging and particle losses occur at the time of 
passage of the particles. Moreover, when a porous member 
of not more than 20 um is used, the resistance at the time of 
the passage of the plating Solution through the porous 
member becomes greater, as a result that the amount of 
passage of the plating Solution through the porous member 
is remarkably reduced. When clogging occurs in this State, 
the plating Solution within the treatment chamber is hardly 
circulated and/or updated, with the result that problems. Such 
as a liquid temperature rise within the treatment chamber 
and variations in the composition of the plating Solution 
occur, causing Serious adverse effects on the quality of the 
plating layer. 

0017 Moreover, in the case of these prior art manufac 
turing devices for conductive fine particles, it has been 
confirmed that, when electroplating is carried out on fine 
particles of approximately not more than 100 um, aggrega 
tion occurs as the electroplating progresses, and there is a 
limit in efficiently carrying out electroplating on each of the 
fine particles. 
0.018. In prior art manufacturing methods for conductive 
fine particles, an electric current is applied and electroplating 
is carried out in a State where the fine particles is being 
pressed against the contact ring (cathode) by the function of 
a centrifugal force due to rotation of the treatment chamber. 
Here, at the time of Stoppage of the power application, the 
rotation is also stopped, with the result that the fine particles 
are dragged by gravity and the flow of the plating Solution 
due to inertia, made to drop on the flat Surface of the central 
portion of the bottom plate, and mixed. When the treatment 
chamber is rotated next time, they are pressed against the 
contact ring in a different attitude while being mixed, and 
Subjected to electroplating. By using this repeated cycle of 
rotation and stoppage, an attempt is made to form a plating 
layer having a uniform thickness on each of the fine particles 
contained in the treatment chamber. 
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0019 However, in this conventional manufacturing 
method for conductive fine particles, the following problems 
arise. 

0020. In the conventional manufacturing method for con 
ductive fine particles, a given time is provided from the Start 
of rotation of the treatment chamber to the start of the 
application of power, and during this time, the fine particles 
are shifted to the contact ring (cathode) (hereinafter, this 
time is referred to as “particle shifting time'). Next, the 
power application is Started while the treatment chamber is 
being rotated at a constant Speed, an electric current is 
applied to the fine-particle lumps contacting the contact ring, 
So that a plating coat film is deposited (hereinafter, this time 
is referred to as "power application time'). Further, at the 
time of the Stoppage of the power application, the rotation 
Speed of the treatment chamber is reduced gradually in a 
predetermined time (hereinafter, this time is referred to as 
“speed reduction time”) so that the treatment chamber is 
temporarily stopped (hereinafter, this time is referred to as 
“Stoppage time'). The process is repeated with this cycle as 
one cycle. 
0021. In this case, in order to improve the efficiency of 
plating, it is necessary to Set the power application time 
longer or to increase the current density at the time of power 
application. 
0022. However, since the fine particles are allowed to 
contact the contact ring (cathode) in a state of aggregated 
fine-particle lumps, when a plating coat film is deposited in 
this State by applying power for a long time, Some particles 
are Subjected to plating in the aggregated State, as a result to 
occur a problem of aggregation lumps. In other words, in 
order to prevent the occurrence of aggregation lumps, the 
power application time cannot be set much longer. 
0023 Moreover, when the current density is increased 
higher, the amount of deposition of the plating coat film 
becomes too high within the power application time in one 
cycle, as a result to occur in a problem of aggregation lumps. 
This is presumedly because the too much amount of depo 
Sition of the plating coat film in one cycle causes a deposi 
tion of a thick plating coat film covering the Surface of 
aggregated fine-particle lumps, thus, it is not possible to 
break the plating coat film covering the Surface of fine 
particle lumps by using only a Stirring force at the time of the 
Stoppage of the treatment chamber, and another plating coat 
film is again deposited on the Surface thereof at the next 
power application. 
0024. Furthermore, the following problems arise in the 
prior art manufacturing methods for conductive fine par 
ticles. In the case when plating is carried out on fine particles 
having a Small Specific gravity, Since there is little difference 
between their specific gravity and the Specific gravity of the 
plating Solution, there is a delay in their approach to the 
contact ring, and when power is applied before they have 
completely approached the contact ring, the conductive base 
layer tends to melt down due to the bipolar phenomenon. 
The bipolar phenomenon refers to a phenomenon in which 
in the case when contact force between the plating target and 
the cathode is weak, or in the case when power is applied 
before the plating target has contacted the cathode, the 
plating target itself is Subjected to polarization, and the coat 
film melts down from portions getting positively charged. 
0025. In particular, in the case of fine particles to which 
electric conductivity is imparted by forming a conductive 
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base layer of angstroms on the Surface of the non-conductive 
fine particles, Such as organic resin fine particles and inor 
ganic fine particles, by using the electroleSS plating method, 
etc., when the bipolar phenomenon occurs, the conductive 
base layer melts down and the fine particle Surface loses its 
conductivity, failing to carry out electroplating. 
0026. Moreover, in the case when the power application 
time is too short, Since the application of power is started 
before all the fine particles have approached the contact ring, 
the bipolar phenomenon occurs, failing to carry out electro 
plating. In contrast, when the power application is too long, 
the ratio of the power application time within one cycle 
becomes Smaller, resulting in degradation in the efficiency. 
0027. Here, anisotropic conductive adhesives have been 
widely used So as to electrically connect Small-size parts 
Such as Semiconductor elements to a Substrate, or to elec 
trically connect substrates with each other, in the field of 
electronics products Such as liquid crystal displayS, perSon 
nel computers and portable communication devices. 
0028. With respect to these anisotropic conductive adhe 
Sives, binder resins in which conductive fine particles are 
blended have been widely used. With respect to such con 
ductive fine particles, those particles made by applying 
metal plating onto the outer Surface of organic base particles 
or inorganic base particles have been widely used. With 
respect to these conductive fine particles, various techniques 
have been disclosed, for example, by Japanese Kokoku 
Publications Hei-6-9677, Japanese Kokai Publication Hei 
4-36902, Hei-4-269720 and Hei-3-257710. 
0029 Moreover, with respect to anisotropic conductive 
adhesives in which these conductive fine particles are 
blended in binder resins So as to form films and paste, 
various techniques have been disclosed by for example, 
Japanese Kokai Publications Sho-63-231889, Hei-4- 
259766, Hei-2-291807, and Hei-5-75250. 
0.030. In anisotropic conductive adhesives based on these 
techniques, those adhesives that use conductive fine par 
ticles comprising a conductive layer on an electric insulating 
material by electroless plating have been widely adopted. 
However, the conductive layer formed by electroless plating 
generally cannot be made thicker, resulting in a problem of 
little current capacity at the time of connection. 
0.031) For this reason, in an attempt to ensure the con 
ductivity and to increase the current capacity at the time of 
connection, plating by noble metal has been adopted, how 
ever, since it is difficult to directly plate the noble metal on 
an insulating material, a method in which base metal Such as 
nickel is first plated by electroless plating, and noble metal 
is then Substitute-plated has been adopted. In the Substitution 
reaction in this case, the Surface of the base metal layer is not 
completely Substituted, and a part of the base metal remains, 
therefore there is a possibility that this part gradually dete 
riorates, failing to provide Sufficient reliability. 
0032. In particular, in recent years, miniaturization has 
been achieved in electronic apparatuses and electronic parts, 
with the result that wiring for Substrates, etc., becomes finer 
and reliability in connecting Sections has been demanded 
acutely. Moreover, with respect to elements to be adopted 
for plasma displays that have been developed recently, Since 
these elements are of the large-current driven type, aniso 
tropic conductive adhesives which are Suitable for large 
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electric currents have been demanded. In order to Solve the 
problem with current capacity, there is another method to 
increase the concentration of the conductive fine particles, 
however, an increased concentration causes another problem 
of the possibility of leakage between electrodes. 
0033 Meanwhile, electronic circuit elements, such as 
Semiconductor elements, quartz oscillators, and photoelec 
tric transfer elements, are connected to an electronic circuit 
Substrate to form an electric circuit part, thus, these are 
utilized in various forms in the field of electronics. Various 
techniques have been developed with respect to connection 
of these electronic circuit elements to electronic circuit 
Substrates. 

0034) Japanese Kokai Publication Hei-9-293753 has dis 
closed a technique in which a conductive ball is used in 
order to improve the connecting property of an electronic 
circuit element and an electronic circuit Substrate without 
applying any specific additional process to the respective 
electrode Sections. However, this technique fails to Solve the 
following various problems Systematically. 
0035) Japanese Kokai Publication Hei-9-213741 dis 
closes a Semiconductor device wherein a Semiconductor 
chip and an organic printed wiring Substrate are connected 
with each other by solder and the entire surface, etc. of the 
connected Section is coated with an insulating organic Seal 
ing material. However, this technique requires time-consum 
ing tasks, and also fails to Solve various problems with 
connecting Sections Systematically. 
0.036 Upon manufacturing an electronic circuit part by 
connecting electronic circuit elements to an electronic cir 
cuit Substrate, various problems arise due to the connecting 
property of the connecting Section, and various techniques 
have been used So as to Solve these problems. 
0037 Here, these prior art techniques are collectively 
described as follows by exemplifying a case in which an IC 
bear chip as a Semiconductor element is connected to an 
electronic circuit Substrate. 

0.038 (1) Wire Bonding Method 
0039) Peripheral electrodes of the IC chip and the elec 
tronic circuit Substrate are heated and press-bonded by using 
thin wires of gold or copper So as to connect to each other. 
This wire bonding method has an advantage in that wire 
connection is made without applying any processing to 
aluminum electrodes in the IC chips, however, in contrast, it 
has disadvantages in that the connecting pitch is not made 
Smaller and in that the connecting Section becomes bulky. 
0040 (2) Flip Chip Bonding Method by Using Solder 
Bumps (for example, Japanese Kokai Publication Hei-9- 
246319) 
0041 Solder bumps are formed on the electrode sections 
of the IC bear chip, and are Superposed on the electrode 
Sections of the electronic circuit Substrate, and heated So that 
connection is formed by molten solder (FIG. 36). The 
formation of solder bumps is made by a method in which 
after forming a multi-layer metal barrier layer on the alu 
minum electrodes of the IC chip, Solder plating is carried out 
and then heated, or in which Solder balls are placed on the 
electrode Sections, and then heated. 
0042. The flip chip bonding method by solder bumps has 
an advantage in that positioning between the electrodes is 
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easily carried out because of the Self-alignment effect of the 
Solder. In contrast, problems arise in it that a multi-layer 
metal barrier layer has to be formed on the aluminum 
electrodes of the IC chip, that the gap cannot be maintained 
constant due to molten Solder bump Sections, and that the 
Solder bump Sections are Subjected to “shearing deforma 
tion” exerted by the difference in the thermal expansion 
coefficient between the IC bear chip and the electronic 
circuit Substrate, with the result that cracks tend to occur in 
the connected Section between the Solder bump Sections and 
the Substrate electrode Sections, resulting in degradation in 
the connecting reliability. 
0043 (3) Flip Chip Bonding Method by Using a Solder 
Coat Ball Having a Highly Rigid Core (for example, Japa 
nese Kokai Publications Hei-9-293753, Hei-9-293754, Hei 
5-243332), Hei-7-212017) 
0044) For example, balls coated coating copper core with 
Solder are placed on the electrode Sections on an IC chip, and 
then heated So that the Solder coat balls are Secured to the 
electrode Sections on the IC chip; then, the Secured Solder 
coat balls are Superposed on the electrode Sections of an 
electronic circuit Substrate, and then again heated So as to 
make connection (FIG. 47). In the same manner as (2), in 
this method also, “shearing deformation' is exerted due to 
the difference in the thermal expansion coefficient between 
the IC bear chip and the electronic circuit substrate, with the 
result that cracks tend to occur in the connected Sections 
between the Solder coat balls and the Substrate electrode 
Sections, resulting in degradation in the connecting reliabil 
ity. 

0045 (4) Flip Chip Bonding Method by the Bump Trans 
fer Method 

0046. A gold bump formed on a bump forming substrate 
is transferred and placed on a lead portion of a tin- or gold 
plated film carrier formed by thermal press bonding at the 
first Stage, and next, after an IC chip has been Superposed 
thereon, the Second Srage thermal preSS bonding is carried 
out (FIG. 48). This method has an advantage in that the 
formation of metal barrier layer is not required on the 
aluminum electrodes on the IC chip. In contrast, a particu 
larly high pressure needs to be applied at the Second Stage 
thermal press bonding, resulting in a possibility of damage 
to the IC chip performance. 
0047 (5) Flip Chip Bonding Method by Using Bumps 
Comprising Conductive Resin 
0.048. A conductive resin comprising silver powder and 
an epoxy-based adhesive is formed into a bump shape with 
a thickness of approximately 10 um by a Screen printing 
method on the electrode Sections of an IC bear chip, and this 
is heated to be cured, and after being Superposed on the 
electrode Sections of an electronic circuit Substrate, connec 
tion is performed by using another conductive adhesive 
(FIG. 49). This method has advantages in that upon con 
nection, no expensive materials are required while only a 
Simple proceSS is used. In contrast, problems arise in that 
Special electrodes, made of nickel/palladium, etc., have to be 
added to the aluminum electrodes of the IC chip, and in that 
the bump Section is Susceptible to plastic deformation, with 
the result that the connection reliability may deteriorate. 
0049 (6) Flip Chip Bonding Method by an Anisotropic 
Conductive Adhesive 
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0050 Metal fine particles of approximately 5 lum, or 
conductive fine particles applying metal plating to resin core 
fine particles, are blended with a thermoplastic or thermo 
Setting adhering resin to form a liquid or a film-shaped 
anisotropic conductive adhesive, and by using this anisotro 
pic conductive adhesive, gold bump Sections formed on the 
aluminum electrodes of an IC chip and the electrode Sections 
of an electronic circuit Substrate are joined to each other by 
thermal press bonding (FIG. 50). This method has an 
advantage in that upon joining, no reinforcing Seal resin, 
which is required in the above-mentioned (1) to (5), for 
filling the gap between the IC chip and the electronic circuit 
Substrate is required. In contrast, because of the necessity of 
installing the gold bump, problems arise in that the conduc 
tive fine particles enter the gap Section other than the gap 
between the IC chip and the electrode sections of the 
electronic circuit Substrate, resulting in a reduction in the 
insulating resistivity between adjacent electrodes and the 
Subsequent possibility of a short circuit between the elec 
trodes. 

0051. In order to solve the above-mentioned problems 
with the prior art techniques (1) to (6), the following devises 
are proposed: 

0052. In the wire bonding method (1) and the flip chip 
bonding method by using Solder bumps (2), in order to Solve 
the problem of the difficulty in high-density packaging with 
pitches of not more than 100 tim, an attempt is required to 
join an IC chip with high density wiring to an electronic 
circuit Substrate. 

0053. In the flip chip bonding method by solder bumps 
(2) and the flip chip bonding method by using a Solder coat 
ball having a highly rigid core (3), in order to Solve the 
problems in which shearing deformation is exerted due to 
the difference in the thermal expansion coefficient between 
the IC chip and the electronic circuit substrate with the result 
that cracks tend to occur in the connected Sections between 
the solder bumps or the solder coat balls and the substrate 
electrode Sections, resulting in degradation in the connecting 
reliability, and in order to solve the problem in which, in the 
flip chip bonding method by bumps made of conductive 
resin (5), the bump section is Susceptible to plastic defor 
mation with the result that the connection reliability may 
deteriorate, an attempt is required to improve the connection 
reliability in the electronic circuit parts comprising IC chips 
and electronic circuit Substrates. 

0054. In the filp chip bonding method by the use of the 
bump transfer method (4), in order to solve the problem in 
which a particularly high preSSure needs to be applied at the 
Second Stage thermal press bonding, resulting in a possibility 
of damage to the IC chip performance, an attempt is required 
to eliminate the need for applying a high pressure in the 
attaching proceSS between the IC chip and the electronic 
circuit Substrate. 

0055. In the flip chip bonding method by an anisotropic 
conductive adhesive (6), in order to solve the problem in 
which the conductive fine particles enter the gap Section 
other than the gap of the electrode Sections with the result 
that the insulating resistivity between the adjacent electrodes 
is reduced, an attempt is required to prevent the reduction in 
the insulating resistivity between the adjacent electrodes of 
the IC chip and electronic circuit Substrate. 
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0056. In order to solve the problems with the prior art, 
attempts have been required to Solve all the above-men 
tioned problems. 

SUMMARY OF THE INVENTION 

0057. In the light of the above-mentioned problem, the 
present invention has its object to provide a manufacturing 
device for conductive fine particles which can carry out a 
plating process efficiently and can form a uniform plating 
layer on fine particles of not more than 100 lim. 
0.058 Moreover, another objective of the present inven 
tion is to provide a manufacturing device for conductive fine 
particles which can prevent aggregation of conductive fine 
particles and can form an electroplating layer uniformly on 
the Surface of each of the conductive fine particles. 
0059 Furthermore, still another objective of the present 
invention is to provide a manufacturing method for conduc 
tive fine particles which can form a plating layer having a 
uniform thickneSS on each of the fine particles efficiently 
without causing aggregation of the fine particles in a plating 
Solution. 

0060 Still another objective of the present invention is to 
provide an anisotropic conductive adhesive and a conductive 
connecting element which have a low connecting resistance, 
have a large current capacity upon connection, have high 
connecting reliability and is free from leakage, and also to 
provide conductive fine particles used for Such purposes. 
0061 The other objective of the present invention is to 
provide an electronic circuit part which can Systematically 
eliminate malconnection, etc. between an electronic circuit 
element and an electronic circuit Substrate resulting from 
various reasons, and an electronic circuit element, an elec 
tronic circuit Substrate and conductive fine particles used for 
Such an electronic circuit part, as well as a manufacturing 
method for Such an electronic circuit part. 
0062) The present invention 1 provides a manufacturing 
device for conductive fine particles which comprises: a 
disk-shaped bottom plate Secured to the upper end of a 
perpendicular driving shaft; a porous member that is placed 
on the outer circumferential upper face of the bottom plate 
and that allows only a plating Solution to pass there through; 
a contact ring for conducting electricity placed on the upper 
face of the porous member; a hollow cover of a trapezoidal 
cone shape having an opening on its upper center portion, to 
the upper end of which a hollow cylinder having the same 
pore diameter as the opening diameter is joined, with the 
upper end of the hollow cylinder being bent toward the inner 
wall side of the hollow cylinder; a rotatable treatment 
chamber formed in a manner So as to Sandwich the porous 
member and the contact ring between the outer circumfer 
ential portion of the hollow cover and the bottom plate; a 
Supply tube for Supplying the plating the Solution to the 
treatment chamber through the opening; a container for 
receiving plating Solution Scattered from the pores of the 
porous member; a drain tube for draining the plating Solu 
tion accumulated in the container, and an electrode inserted 
through the opening to contact the plating Solution. 
0.063. The present invention 2 provides a manufacturing 
device for conductive fine particles which comprises: a 
disk-shaped bottom plate Secured to the upper end of a 
perpendicular driving shaft; a porous member that is placed 
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on the Outer circumferential upper face of the bottom plate 
and that comprises a plate-shaped porous Support and a 
sheet-shaped filter, affixed on inner Side face thereof, having 
a thickness of 10 to 1000 um with a pore size allowing only 
a plating Solution to pass there through; a contact ring for 
conducting electricity placed on the upper face of the porous 
member; a hollow cover of a trapezoidal cone shape having 
an opening on its upper center portion, a rotatable treatment 
chamber formed in a manner So as to Sandwich the porous 
member and the contact ring between the outer circumfer 
ential portion of the hollow cover and the bottom plate; a 
Supply tube for Supplying the plating Solution to the treat 
ment chamber through the opening, a container for receiving 
the plating Solution Scattered from the pores of the porous 
member; a drain tube for draining the plating Solution 
accumulated in the container, and an electrode inserted 
through the opening to contact the plating Solution. 
0064. The present invention 3 provides a manufacturing 
device for conductive fine particles having the same con 
Struction as the manufacturing device for conductive fine 
particles of the present invention 1 except that the porous 
member comprises a plate-shaped porous Support and a 
sheet-shaped filter, affixed on inner Side face thereof, having 
a thickness of 10 to 1000 um with a pore size allowing only 
a plating Solution to pass there through. 
0065. The present invention 4 provides a manufacturing 
device for conductive fine particles which comprises: a 
disk-shaped bottom plate Secured to the upper end of a 
perpendicular driving shaft, a plate-shaped porous member 
that allows only a plating Solution to pass there through and 
that is placed on the upper face of the bottom plate; a contact 
ring for conducting electricity placed on the upper face of 
the porous member; a hollow cover of a trapezoidal cone 
shape having an opening on its upper center portion; a 
rotatable treatment chamber formed in a manner So as to 
Sandwich the porous member and the contact ring between 
the outer circumferential portion of the hollow cover and the 
bottom plate; a Supply tube for Supplying the plating Solu 
tion to the treatment chamber through the opening; a con 
tainer for the receiving plating Solution Scattered from the 
pores of the porous member; a drain tube for draining the 
plating Solution accumulated in the container, and an elec 
trode inserted through the opening to contact the plating 
Solution. 

0066. The present invention 5 provides a manufacturing 
device for conductive fine particles which comprises: a 
disk-shaped bottom plate Secured to the upper end of a 
perpendicular driving shaft, a plate-shaped porous member 
that allows only a plating Solution to pass there through and 
that is placed on the upper face of the bottom plate; a contact 
ring for conducting electricity placed on the upper face of 
the porous member; a hollow cover of a trapezoidal cone 
shape having an opening on its upper center portion, to the 
upper end of which a hollow cylinder having the same pore 
diameter as the opening diameter is joined, with the upper 
end of the hollow cylinder being bent toward the inner wall 
side of the hollow cylinder; a rotatable treatment chamber 
formed in a manner So as to Sandwich the porous member 
and the contact ring between the Outer circumferential 
portion of the hollow cover and the bottom plate, a Supply 
tube for Supplying the plating Solution to the treatment 
chamber through the opening, a container for receiving the 
plating Solution Scattered from the pores of the porous 
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member; a drain tube for draining the plating Solution 
accumulated in the container, and an electrode inserted 
through the opening to contact the plating Solution. 
0067. The present invention 6 provides a manufacturing 
device for conductive fine particles having the same con 
Struction as the manufacturing device for conductive fine 
particles of the present invention 4 or 5 except that the 
porous member comprises a plate-shaped porous Support 
and a sheet-shaped filter, affixed on upper face thereof, 
having a thickness of 10 to 1000 um with a pore size 
allowing only a plating Solution to pass there through. 

0068 The present invention 7 provides a manufacturing 
method for conductive fine particles which comprises a 
plating proceSS providing an electroplating layer on the 
Surface of each of the fine particles, and a process of 
applying at least one kind of force Selected from the group 
consisting of a Shearing force, an impact force and cavitation 
in order to disperse, pulverize and divide into individual 
particles, aggregated lumps of fine particles formed during 
the plating process. 

0069. The present invention 8 provides a manufacturing 
method for conductive fine particles which comprises a 
plating process for making the fine particles collide with a 
cathode by a centrifugal force in a plating bath having the 
cathode and an anode to form an electroplating layer on the 
Surface of each of the fine particles, and a process of 
applying at least one kind of force Selected from the group 
consisting of a Shearing force, an impact force and cavitation 
in order to disperse, pulverize and divide into individual 
particles, aggregated lumps of fine particles formed during 
the plating process. 

0070 The present invention 9 provides a manufacturing 
method for conductive fine particles, which comprises load 
ing pre-treated fine particles into a treatment chamber, and 
carrying out a plating process by allowing the treatment 
chamber to rotate centered on its rotation axis while Sup 
plying a plating Solution into the treatment chamber to form 
an electroplating layer on each of the fine particles, and a 
Step of applying at least one kind of force Selected from the 
group consisting of a Shearing force, an impact force and 
cavitation in order to disperse, pulverize and divide into 
individual particles, aggregated lumps of fine particles 
formed during the plating process, wherein the plating 
proceSS is performed with use of an electroplating device 
comprising: a disk-shaped bottom plate Secured to the upper 
end of a perpendicular driving shaft, a porous member that 
is placed on the outer circumferential upper face of the 
bottom plate and that allows only a plating Solution to pass 
there through; a contact ring for conducting electricity 
placed on the upper face of the porous member; a hollow 
cover of a trapezoidal cone shape having an opening on its 
upper center portion, to the upper end of which a hollow 
cylinder having the same pore diameter as the opening 
diameter is joined, with the upper end of the hollow cylinder 
being bent toward the inner wall side of the hollow cylinder; 
a rotatable treatment chamber formed in a manner So as to 
Sandwich the porous member and the contact ring between 
the outer circumferential portion of the hollow cover and the 
bottom plate; a Supply tube for Supplying the plating Solu 
tion to the treatment chamber through the opening; a con 
tainer for receiving the plating Solution Scattered from the 
pores of the porous member; a drain tube for draining the 
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plating Solution accumulated in the container, and an elec 
trode inserted through the opening to contact the plating 
Solution. 

0071. The present invention 10 provides a manufacturing 
device for conductive fine particles used for carrying out the 
manufacturing method for conductive fine particles of the 
present inventions 7, 8 and 9. 
0072 The present invention 11 provides a manufacturing 
method for conductive fine particles which comprises: a 
disk-shaped bottom plate Secured to the upper end of a 
perpendicular driving shaft; a porous member that is placed 
on the Outer circumferential upper face of the bottom plate 
and that allows only a plating Solution to pass there through; 
a contact ring for conducting electricity placed on the upper 
face of the porous member; a hollow cover having an 
opening on its upper center portion; a rotatable plating 
vessel formed in a manner So as to Sandwich the porous 
member and the contact ring between the outer circumfer 
ential portion of the hollow cover and the bottom plate; a 
treatment chamber, placed inside the plating vessel, that is 
formed by a partition plate allowing only a plating Solution 
to pass there through, and that includes the inside face of the 
contact ring, a Supply tube for Supplying the plating Solution 
to the plating vessel through the opening, a container for 
receiving the plating Solution Scattered from the pores of the 
porous member; a drain tube for draining the plating Solu 
tion accumulated in the container, and an electrode inserted 
through the opening to contact the plating Solution. 
0073. The present invention 12 provides a manufacturing 
method for conductive fine particles for forming a plating 
layer on the Surface of each of the fine particles by a plating 
process, which comprises a power application process for 
applying power with the fine particles contacting the cathode 
to form a plating layer on the Surface of each of the fine 
particles and a stirring process for Stirring the fine particles, 
wherein Said plating process is performed with use of a 
manufacturing device for conductive fine particles that com 
prising, a rotatable treatment chamber that has a cathode on 
its side face and a filter Section allowing the plating Solution 
to pass there through and to drain it; and an anode placed in 
the treatment chamber So as not to contact the cathode, is 
carried out by repeating rotation and stoppage of the treat 
ment chamber. 

0074 The present invention 13 provides a manufacturing 
method for conductive fine particles for forming an electro 
plating layer on the Surface of each of the fine particles by 
a plating process, wherein the plating process, using a 
manufacturing device for conductive fine particles compris 
ing a rotatable treatment chamber having a cathode on its 
Side face and a filter Section passing the plating Solution to 
drain it, and an anode placed in the treatment chamber So as 
not to contact the cathode, comprises Steps of applying 
power with the fine particles being made contact with the 
cathode by the effect of a centrifugal force caused by the 
rotation of the treatment chamber to form an electroplating 
layer on the Surface of each of the fine particles, and 
Stopping the rotation of the treatment chamber and the 
application of power, further repeating the rotation and 
Stoppage of the treatment chamber, and wherein the differ 
ence in gravity between the fine particles and the plating 
solution is set in the range of 0.04 to 22.00. 
0075. The present invention 14 provides a manufacturing 
method for conductive fine particles for forming an electro 
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plating layer on the Surface of each of the fine particles by 
a plating process, wherein the plating process, using a 
manufacturing device for conductive fine particles that com 
prises, a rotatable treatment chamber that has a cathode on 
its Side face and a filter Section allowing the plating Solution 
to pass there through and to drain it; and an anode placed in 
the treatment chamber So as not to contact the cathode, 
comprises the Steps of applying power with the fine particles 
being made contact with the cathode by the effect of a 
centrifugal force caused by the rotation of the treatment 
chamber, So as to form an electroplating layer on the Surface 
of each of the fine particles, and stopping the rotation of the 
treatment chamber and the application of power, and repeat 
ing the rotation and stoppage of the treatment chamber, 
wherein the rotation of the treatment chamber is carried out 
with the number of revolutions So as to Set the centrifugal 
effect at 2.0 to 40.0, the power application is started 0.5 to 
10 seconds after the start of the rotation of the treatment 
chamber, and the time of Stoppage of the treatment chamber 
is set to 0 to 10 seconds. 

0.076 The present invention 16 provides conductive fine 
particle, which is Subjected to electroplating on the outer 
surface thereof, wherein a particle size thereof is 0.5 to 500 
tim, an aspect ratio of less than 1.5 and a variation coefficient 
of not more than 50%, and an anisotropic conductive adhe 
Sive and a conductive connecting element that use Such 
conductive fine particles. 
0077. The present invention 17 provides an electronic 
circuit part which is formed by electrically connecting an 
electrode Section of an electronic circuit element and an 
electrode Section of an electronic circuit Substrate, 
0078 wherein the connection is formed by using a lami 
nated conductive fine particle provided with a conductive 
metal layer on the Surface of a spherical elastic base particle, 
and 

0079 the electrical connection is formed by a plurality of 
the laminated conductive fine particles per each connecting 
Section at connecting Sections between the electrode Section 
of the electronic circuit element and the electrode Section of 
the electronic circuit Substrate. 

BRIEF DESCRIPTIONS OF THE DRAWINGS 

0080 FIG. 1 is a schematic cross-sectional view that 
shows a manufacturing device for conductive fine particles 
of the present invention. 
0.081 FIG. 2 is a schematic cross-sectional view that 
shows a conventional manufacturing device for conductive 
fine particles. 
0082 FIG. 3 is a schematic enlarged view that shows a 
hollow cover in one embodiment of the manufacturing 
device for conductive fine particles of the present invention. 
0.083 FIG. 4 is a schematic enlarged view that shows a 
hollow cover in one embodiment of the manufacturing 
device for conductive fine particles of the present invention. 
0084 FIG. 5 is a schematic enlarged view that shows a 
hollow cover in one embodiment of the manufacturing 
device for conductive fine particles of the present invention. 
0085 FIG. 6 is a schematic enlarged view that shows a 
hollow cover in one embodiment of the manufacturing 
device for conductive fine particles of the present invention. 
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0086 FIG. 7 is a schematic cross-sectional view that 
shows a treatment chamber Sealing type in one embodiment 
of the manufacturing device for conductive fine particles of 
the present invention. 
0087 FIG. 8 is a schematic enlarged view of a porous 
member in one embodiment of the manufacturing device for 
conductive fine particles of the present invention. 
0088 FIG. 9 is a schematic cross-sectional view that 
shows one embodiment of the manufacturing device for 
conductive fine particles in the present invention. 
0089 FIG. 10 is a schematic cross-sectional view that 
shows one embodiment of the manufacturing device for 
conductive fine particles in the present invention. 
0090 FIG. 11 is a schematic cross-sectional view that 
shows one embodiment of the manufacturing device for 
conductive fine particles in the present invention. 

0091 FIG. 12 is a schematic cross-sectional view that 
shows one embodiment of the manufacturing device for 
conductive fine particles in the present invention. 
0092 FIG. 13 is a system flow diagram of a high 
preSSure homogenizer in Example 10. 

0093 FIG. 14 is a flow diagram inside the chamber of the 
high-pressure homogenizer in Example 10. 

0094 FIG. 15 is a flow diagram showing a circulation 
type in which an electroplating device of Example 15 and a 
pulverizing device (high-pressure homogenizer) are com 
bined. 

0095 FIG. 16 is a flow diagram showing a circulation 
type in which an electroplating device of Example 16 and a 
pulverizing device (high pressure homomixer) are com 
bined. 

0096 FIG. 17 is a flow diagram showing a circulation 
type in which an electroplating device of Example 17 and a 
pulverizing device (static mixer) are combined. 
0097 FIG. 18 is a flow diagram showing a circulation 
type in which an electroplating device of Example 18 and a 
pulverizing device (ultrasonic generator) are combined. 
0.098 FIG. 19 is a schematic cross-sectional view that 
shows one embodiment of a manufacturing device for 
conductive fine particles of the present invention 11. 

0099 FIG. 20 is a schematic cross-sectional view that 
shows a conventional manufacturing device for conductive 
fine particles. 

0100 FIG. 21 is a time chart showing operation condi 
tions of Example 20. 
0101 FIG. 22 is a time chart showing operation condi 
tions of Example 21. 
0102 FIG. 23 is a time chart showing operation condi 
tions of Comparative Example 10. 

0.103 FIG. 24 is a time chart showing operation condi 
tions of Comparative Example 11. 

0104 FIG. 25 is a graph that shows a relationship 
between the thickness of an electroleSS nickel plating film 
and the Specific gravity of fine particles. 
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0105 FIG. 26 is a time chart showing one embodiment 
of operation conditions of the present invention 14. 
0106 FIG. 27 is a time chart showing operation condi 
tions of Example 27 and Example 31. 
0107 FIG. 28 is a time chart showing operation condi 
tions of Example 28. 
0108 FIG. 29 is a time chart showing operation condi 
tions of Example 29. 
0109 FIG. 30 is a time chart showing operation condi 
tions of Example 30. 
0110 FIG. 31 is a time chart showing operation condi 
tions of Example 31. 
0111 FIG. 32 is a time chart showing operation condi 
tions of Example 32. 
0112 FIG. 33 is a time chart showing operation condi 
tions of Example 33. 
0113 FIG. 34 is a time chart showing operation condi 
tions of Comparative Example 14. 

0114 FIG. 35 is a time chart showing operation condi 
tions of Comparative Example 15. 

0115 FIG. 36 is a time chart showing operation condi 
tions of Comparative Example 16. 

0116 FIG. 37 is a time chart showing operation condi 
tions of Comparative Example 17. 

0117 FIG. 38 is a time chart showing operation condi 
tions of Compative Example 18. 

0118 FIG. 39 is a cross-sectional view that schemati 
cally shows laminated conductive fine particles of the 
present invention 17. 

0119 FIG. 40 is a cross-sectional view that schemati 
cally shows double laminated conductive fine particles of 
the present invention 17. 

0120 FIG. 41 is a cross-sectional view that schemati 
cally shows an electronic circuit element of the present 
invention on which laminated conductive fine particles are 
Stacked. 

0121 FIG. 42 is a cross-sectional view that schemati 
cally shows an electronic circuit Substrate of the present 
invention on which laminated conductive fine particles are 
Stacked. 

0.122 FIG. 43 is a cross-sectional view that schemati 
cally shows an electronic circuit element of the present 
invention on which double laminated conductive fine par 
ticles are Stacked. 

0123 FIG. 44 is a cross-sectional view that schemati 
cally shows an electronic circuit Substrate of the present 
invention on which double laminated conductive fine par 
ticles are Stacked. 

0.124 FIG. 45 is a cross-sectional view that schemati 
cally shows an electronic circuit part of the present inven 
tion. 

0.125 FIG. 46 is an explanatory drawing that schemati 
cally shows a flip chip bonding method using Solder bumps. 
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0.126 FIG. 47 is an explanatory drawing that schemati 
cally shows a flip chip bonding method using Solder coat 
balls each having a highly rigid core. 
0127 FIG. 48 is an explanatory drawing that schemati 
cally shows a flip chip bonding method using a bump 
transfer System. 
0128 FIG. 49 is an explanatory drawing that schemati 
cally shows a flip chip bonding method using bumps formed 
by conductive resin. 
0.129 FIG. 50 is an explanatory drawing that schemati 
cally shows a flip chip bonding method using an anisotropic 
conductive adhesive. 

0.130 FIG. 51 is an explanatory drawing that schemati 
cally shows an electroplating device used in the present 
invention, wherein respective reference numerals are used in 
the drawing: 

Explanation of Reference Numerals 
0131) 1 hollow cover 
0132) 2 electrode 
0133) 2a anode 
0134) 3 driving shaft 
0135) 4 container 
0136 5 level sensor 
0137 6 supply tube 
0138 7 drain tube 
0139) 8 opening 
0140) 9 contact brush 
0141 10 bottom plate 
0.142 11 contact ring 
0.143 12 ring-shaped porous member 
0144 13 treatment chamber 
0145 14 hollow cover sealing lid 
0146) 15 packing 
0147 16 anode side contact brush 
0148) 17 universal joint 
0149) 18 air drawing valve 
0150 19 ring-shaped porous support 
0151. 20 sheet-shaped filter 
0152 21 plate-shaped porous member 
01:53 22 plate-shaped porous Support 
0154) 214 container 
O155 215 Suspension of plating solution and fine 
particles 

0156 216 pump 
0157 217 pressure gage 
0158 
0159) 

218 chamber 

219 heat exchanger 
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0160 220 plating solution receiving vessel 
0161) 221 fine particle drawing tube 
0162 222 ground fine particle supply tube 
0163. 223 fine particle circulating pump 
0164. 224 plating Solution circulating pump 
0165) 225 pipeline homomixer 
0166 226 static mixer 
0.167 227 ultrasonic generator 
0168 228 pure water 
0169) 229 glass container 
0170 230 ground particle transporting pump 
0171 331 plated fine particle drawing pump 
0172) 313 plating vessel 
0173 
0174) 
0175) 
0176) 
0177) 
0178) 
0179 
0180 
0181) 
0182 
0183) 
0184 
0185 
0186 

314 partition plate 
315 treatment chamber 

316 filter sheet 

317 porous support 
111 base particle 
122 conductive metal layer 
333 low melting point metal layer 
444 conductive fine particles 
555 electrode Section 

666 electronic circuit element 

777 electrode Section 

888 electronic circuit Substrate 

999 low melting point metal 
510 under fill 

DETAILED DESCRIPTION OF THE 
INVENTION 

0187 Referring to Figures, the following description will 
discuss embodiments of the manufacturing device for con 
ductive fine particles of the present invention in detail. 
0188 FIG. 1 shows one embodiment of a manufacturing 
device for conductive fine particles of the present invention. 
0189 The manufacturing device for conductive fine par 
ticles of the present invention 1 comprises: a disk-shaped 
bottom plate 10 Secured to the upper end of a perpendicular 
driving Shaft; a porous member 12 that is placed on the outer 
circumferential upper face of the bottom plate 10 and that 
allows only a plating Solution to pass there through; a 
contact ring 11 for conducting electricity placed on the upper 
face of the porous member; a hollow cover 1 of a trapezoidal 
cone shape having an opening 8 on its upper center portion, 
to the upper end of which a hollow cylinder having the same 
pore diameter as the opening diameter is joined, with the 
upper end of the hollow cylinder being bent toward the inner 
wall side of the hollow cylinder; a rotatable treatment 
chamber 13 formed in a manner So as to Sandwich the porous 
member 12 and the contact ring 11 between the outer 
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circumferential portion of the hollow cover 1 and the bottom 
plate 10, a Supply tube 6 for Supplying the plating Solution 
to the treatment chamber 13 through the opening 8; a 
container 4, for receiving the plating Solution Scattered from 
the pores of the porous member 12; a drain tube 7 for 
draining the plating Solution accumulated in the container 4, 
and an electrode 2 that is inserted through the opening 8 to 
contact the plating Solution. 
0190. The above-mentioned porous member 12 has a ring 
shape, and is a filter-shaped porous member having com 
municating bubbles comprising plastics or ceramics. Those 
members, which have a pore size allowing a liquid Such as 
a plating Solution to pass there through but not allowing fine 
particles and conductive fine particles obtained to pass there 
through, are adopted. 
0191 The plating solution, subjected to a centrifugal 
force by the rotation of the driving shaft 3, is allowed to pass 
the porous member 12, and Scattered into the plastic con 
tainer 4, with the result that the liquid level of the plating 
Solution inside the treatment chamber 13 drops, therefore, in 
order to compensate for the reduction, the amount of the 
liquid is monitored by a level Sensor 5 So that the plating 
solution is supplied to the treatment chamber 13 from the 
Supply tube 6 for Supplying the plating Solution through the 
opening 8 and the liquid level inside the treatment chamber 
13 is always made to contact an electrode 2a. In FIG. 1, 
reference numeral 2 represents a positive electrode that is 
connected to the anode 2a. Reference numeral 9 is a contact 
brush. Here, a power Supply used for the electrodes is not 
shown in the Figure. 
0.192 In the present invention 1, the plating solution is 
Supplied to the treatment chamber 13 from the plating 
Solution Supply tube 6, and fine particles having a conduc 
tive base layer formed thereon are charged into the treatment 
chamber 13 through the opening 8 of the hollow cover 1, and 
dispersed therein. With respect to the formation of the 
conductive base layer, electroleSS plating is preferably 
adopted; however, not limited by this, other known conduc 
tivity-applying methods may be adopted. Upon introducing 
the fine particles into the treatment chamber 13, the driving 
shaft 3 is allowed to rotate. Since the plating Solution passes 
through the porous member 12 and goes out of the treatment 
chamber 13 while being subjected to the rotation of the 
driving shaft 3, the plating Solution Supply tube 6 compen 
Sates for the amount of the reduction. Other plating condi 
tions are not particularly distinct from general plating opera 
tions. 

0193 In order to form a more uniform plating layer, it is 
preferable to reverse in its rotation direction or to Stop the 
rotation of the driving shaft 3 in each predetermined time. 
0194 In the manufacturing device for conductive fine 
particles of the present invention 1, the hollow cover 1 has 
a shape in which, to the upper end of the cover having a 
trapezoidal cone shape with the opening 8 on its upper center 
portion, a hollow cylinder having the same pore diameter as 
the opening diameter is joined, with the upper end of the 
hollow cylinder being bent toward the inner wall side of the 
hollow cylinder, therefore, even if, by increasing the number 
of revolutions of the driving shaft 3 to increase the periph 
eral velocity of the treatment chamber 13, the plating 
Solution, Subjected to a force in the outer circumferential 
direction by the effect of a centrifugal force by the rotation, 
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forms a vorteX having a mortar-like shape and gradually 
rises along the inner wall of the cover 1 in the treatment 
chamber as illustrated in FIG. 3, there is no possibility of 
overflow. Moreover, even if the peripheral velocity further 
increases, and the Solution rises to the upper end of the 
cover, there is no possibility of Scattering of the Solution 
outside the hollow cover 1. Therefore, in the manufacturing 
device for conductive fine particles of the present invention 
1, in the case when the fine particles having the conductive 
base layer formed thereon have a particle size of not more 
than 100 um, the peripheral velocity of the treatment cham 
ber 13 can be increased to a sufficient velocity so as to form 
a uniform plating layer. 
0195 The upper end of the hollow cover 1 may be 
formed into any shape as long as it prevents the plating 
solution from overflowing the treatment chamber; for 
example, shapes shown in FIGS. 4, 5 and 6 may be adopted. 
Moreover, as illustrated in FIG. 7, a lid 14 for sealing the 
hollow cover, attached to the electrode 2, and the hollow 
cover 1 may seal the treatment chamber 13 while allowing 
the treatment chamber 13 and the electrode 2 to freely rotate. 
In this case, it does not have to considered to control the 
liquid level by the use of a liquid level gage. 
0196. The manufacturing device for conductive fine par 
ticles of the present invention 2 has the same construction as 
that of the manufacturing device for conductive fine par 
ticles of the present invention 1, except that a hollow cover 
has a trapezoidal cone shape with an opening on the upper 
center portion thereof and that a porous member comprises 
a plate-shaped porous Support and a sheet-shaped filter, 
affixed on inner Side face thereof, having a thickness of 10 
to 1000 um with a pore size allowing only a plating Solution 
to pass there through. 
0197). In the present invention 2, by using such a porous 
member, it becomes possible to prevent clogging and over 
flow of particles without decreasing the amount of the liquid 
passage. 

0198 FIG. 8 shows a cross-sectional structure of one 
embodiment of a porous member used in the present inven 
tion 2. The porous member used in this embodiment com 
prises affixing a sheet-shaped filter 20 having a thickness of 
10 to 1000 um with a pore size that allows only a plating 
Solution to pass there through onto the inner Side Surface of 
a ring-shaped porous support 19. The filter 20 may be affixed 
onto only the inner Side Surface of the ring-shaped porous 
support 19, however it is preferable to affixed onto the upper 
Surface and lower Surface of the ring-shaped porous Support 
19 in an extended wrapping manner to be sandwiched by the 
contact ring 11 and the base plate 10. 
0199 The material of the ring-shaped porous Support 19 
is not particularly limited; and for example, polypropylene, 
polyethylene, ceramics, etc. are used. 
0200. The pore size of the ring-shaped porous support 19 
is not related to the particle Size of the fine particles to be 
loaded into the treatment chamber 13, and it only requires to 
have a Sufficient Strength to form the treatment chamber, and 
set in the range of 50 to 600 um, and more preferably, 70 to 
300 lum. 
0201 The material of the sheet-shaped filter 20 is not 
particularly limited; and for example, nylon 66, nonwoven 
fabric of polyester, Teflon, etc. are used. 
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0202) The pore size of the sheet-shaped filter 20 is 
appropriately Selected according to the particle Size of the 
fine particles, thus plating objects. Moreover, a plurality of 
filters may be overlapped to adjust the amount of passage. 
0203 The manufacturing device for conductive fine par 
ticles of the present invention 3 has the same construction as 
that of the manufacturing device for conductive fine par 
ticles of the present invention 1, except that the porous 
member comprises a plate-shaped porous Support and a 
sheet-shaped filter, affixed on upper face thereof, having a 
thickness of 10 to 1000 um with a pore size allowing only 
a plating Solution to pass there through. In other words, the 
manufacturing device for conductive fine particles of the 
present invention 3 comprises both a hollow cover with its 
upper end being bent toward the inner Side wall side of the 
hollow cylinder, which forms a feature of the manufacturing 
method for conductive fine particles of the present invention 
1, and the ring-shaped porous member comprising the 
ring-shaped porous Support and the sheet-shaped filter 
according to the manufacturing device for conductive fine 
particles of the present invention 2. 
0204. The manufacturing device for conductive fine par 
ticles of the present invention 3 has Such a construction that, 
when the peripheral velocity of the treatment chamber 
increases, and even when the plating Solution, Subjected to 
a force in the outer circumferential direction due to a 
centrifugal force by the rotation, forms a mortar-like-shaped 
Vortex inside the treatment chamber and rises gradually 
along the inner wall of the cover, overflow and Scattering the 
liquid outside the hollow cover do not occur, and it is 
possible to prevent clogging and overflow of particles with 
out reducing the amount of liquid passage; therefore, it 
becomes possible to form a uniform plating layer efficiently, 
even in the case when the fine particles, each having a 
conductive base layer formed thereon, have a particle size of 
not more than 100 um. 
0205 FIG. 9 shows one embodiment of a manufacturing 
device for conductive fine particles of the present invention 
4. 

0206. The manufacturing device for conductive fine par 
ticles of the present invention 4 comprises a disk-shaped 
bottom plate 10 Secured to the upper end of a perpendicular 
driving Shaft; a plate-shaped porous member 21 that is 
placed on the upper face of the bottom plate 10 and that 
allows only a plating Solution to pass there through; a 
contact ring 11 for conducting electricity placed on the upper 
face of the porous member 21; a hollow cover 1 of a 
trapezoidal cone shape having an opening 8 on its upper 
center portion; a rotatable treatment chamber 13 formed in 
a manner So as to Sandwich the porous member 21 and the 
contact ring 11 between the Outer circumferential portion of 
the hollow cover 1 and the bottom plate 10; a supply tube 6 
for Supplying the plating Solution to the treatment chamber 
13 through the opening 8; a container 4 for receiving the 
plating Solution Scattered from the pores of the porous 
member 21; a drain tube 7 for draining the plating Solution 
accumulated in the container 4, and an electrode 2 that is 
inserted through the opening 8 to contact the plating Solu 
tion. 

0207. The manufacturing device for conductive fine par 
ticles of the present invention 4 has the same construction as 
that of the manufacturing device for conductive fine par 
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ticles of the present invention 1, except that the hollow cover 
of a trapezoidal cone shape having an opening on its upper 
center portion, and that the porous member has a plate shape. 
0208. In the manufacturing device for conductive fine 
particles comprising a ring-shaped porous member, in the 
case when plating is applied to fine particles having a 
particle size of not more than 100 um, the fine particles are 
pressed onto the porous member filtering face due to the 
flow of liquid from the porous member, with the result that 
ring-shaped aggregated lumpS may be produced. Here, the 
plate-shaped porous member has a wider cross-sectional 
area through which the plating Solution passes as compared 
with the ring-shaped porous member. Accordingly, the 
manufacturing device for conductive fine particles of the 
present invention 4 makes the passage flow Speed through 
the filtering face slower, thereby solving the problem of the 
production of ring-shaped aggregated lumps due to pressed 
fine particles on the porous member filtering face. 
0209 The manufacturing device for conductive fine par 
ticles of the present invention 5 has the same construction as 
the manufacturing device for conductive fine particles of the 
present invention 4, except that, to the upper end of the 
hollow cover of a trapezoidal cone shape having an opening 
on its upper center portion, a hollow cylinder having the 
Same pore diameter as the opening diameter is joined, with 
the upper end of the hollow cylinder being bent toward the 
inner wall side of the hollow cylinder. In other words, the 
manufacturing device for conductive fine particles of the 
present invention 5 comprises the hollow cover with the 
upper end being bent toward the inner wall side of the 
hollow cylinder which features the manufacturing device for 
conductive fine particles of the present invention 1 and the 
plate-shaped porous member which features the manufac 
turing device for conductive fine particles of the present 
invention 4. 

0210 FIG. 10 shows one embodiment of the manufac 
turing device for conductive fine particles of the present 
invention 5. 

0211 Since the manufacturing device for conductive fine 
particles of the present invention 5 has Such a construction 
that even in the case when the peripheral Velocity of the 
treatment chamber increases and the plating Solution, Sub 
jected to a force in the Outer circumferential direction due to 
the effect of a centrifugal force by the rotation, forms a 
mortar-shaped Vortex in the treatment chamber and rises 
gradually along the inner wall of the cover, overflow and 
Scattering of the liquid outside the hollow cover do not 
occur; moreover, Since the passage flow speed through the 
filtering face is slower, it becomes possible to Solve the 
problem of the occurrence of ring-shaped aggregated lumps 
due to the pressed fine particles on the porous member 
filtering face. 
0212. The manufacturing device for conductive fine par 
ticles of the present invention 6 has the same construction as 
that of the manufacturing device for conductive fine par 
ticles of the present invention 4 or the manufacturing device 
for conductive fine particles of the present invention 5, 
except that the porous member comprises a disk-shaped 
porous Support and a sheet-shaped filter, affixed on upper 
face thereof, having a thickness of 10 to 1000 um with a pore 
Size allowing only a plating Solution to pass there through. 
0213. In the present invention 6, the application of this 
porous member makes it possible to effectively prevent 
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clogging and overflow of particles without the need for 
reducing the amount of liquid passage. 

0214 FIG. 11 shows one embodiment of the manufac 
turing device for conductive fine particles of the present 
invention 6. 

0215. The porous member used in this embodiment com 
prises a plate-shaped pore Support 22 and a sheet-shaped 
filter 20, affixed on upper Side face thereof, having a 
thickness of 10 to 1000 um with a pore size allowing only 
a plating Solution to pass there through. The plate-shaped 
porous Support 22 is the same as the ring-shaped porous 
Support 19 except its shape. 

0216) Moreover, with respect to another embodiment of 
the manufacturing device for conductive fine particles of the 
present invention 6, as illustrated in FIG. 12, between the 
ring-shaped porous Support 19 placed on the upper face 
outer circumferential portion of the bottom plate 10 and the 
contact ring 11, a sheet-shaped filter 20 may be placed So as 
to allow the entire bottom face of the treatment chamber 13 
to form a filtering face, thereby forming a structure in which 
the inside of the treatment chamber 13 is divided by the 
sheet-shaped filter 20. 
0217. With respect to the materials for a plating layer of 
conductive fine particles produced by the manufacturing 
devices for conductive fine particles of the present inven 
tions 1, 2, 3, 4, 5 and 6, they are not particularly limited, but 
include, for example, gold, Silver, copper, platinum, Zinc, 
iron, tin, aluminum, cobalt, indium, nickel, chromium, tita 
nium, antimony, bismuth, germanium, cadmium, Silica, and 
the like. One of these materials may be used, or not less than 
two kinds of these may be used concomitantly. 
0218. Those fine particles used in the manufacturing 
devices for conductive fine particles of the present inven 
tions 1, 2, 3, 4, 5 and 6 may be either organic resin fine 
particles or inorganic fine particles. 
0219. The above-mentioned fine particles are preferably 
set to have a particle size of 0.5 to 5000 um and a variation 
coefficient of not more than 50%. 

0220. In the present inventions 7, 8 and 9, an electroplat 
ing layer is formed on the Surface of each of the fine particles 
by a plating process. In particular, it is preferable to form the 
electroplating layer on the Surface of each of the fine 
particles by a plating proceSS in which the fine particles are 
made to collide with the cathode by a centrifugal force in a 
plating bath provided with a cathode and an anode. 
0221) In the present inventions 7, 8 and 9, a step is 
required which comprises applying at least one kind of force 
Selected from the group consisting of a shearing force, an 
impact force and cavitation, in order to disperse, pulverize 
and divide into individual particles, aggregated lumps of fine 
particles formed during the plating proceSS. 
0222. In the present invention 7, the method for applying 
at least one kind of force Selected from the group consisting 
of a Shearing force, an impact force and cavitation is not 
particularly limited; and examples include methods using a 
pulverizing device, Such as a Static mixer, a homomixer, a 
homogenizer, a Stirrer, a pump, and ultraSonic waves. The 
cavitation (pressure drop) means a phenomenon in which the 
preSSure of a flowing liquid drops locally, thereby generating 
bubbles containing vapor and gases. 
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0223) The above-mentioned plating process is carried out 
with an electroplating device. 

0224. With respect to the electroplating device, it is not 
particularly limited as long as it is generally used; and, for 
example, as illustrated in FIG. 1, an electroplating device 
comprising the following equipment is preferably used: a 
disk-shaped bottom plate Secured to the upper end of a 
perpendicular driving shaft; a porous member that is placed 
on the outer circumferential upper face of the bottom plate 
and that allows only a plating Solution to pass there through; 
a contact ring for conducting electricity placed on the upper 
face of the porous member; a hollow cover of a trapezoidal 
cone shape having an opening on its upper center portion, to 
the upper end of which a hollow cylinder having the same 
pore diameter as the opening diameter is joined, with the 
upper end of the hollow cylinder being bent toward the inner 
wall side of the hollow cylinder; a rotatable treatment 
chamber formed in a manner So as to Sandwich the porous 
member and the contact ring between the outer circumfer 
ential portion of the hollow cover and the bottom plate; a 
Supply tube for Supplying the plating Solution to the treat 
ment chamber through the opening, a container for receiving 
plating Solution Scattered from the pores of the porous 
member; a drain tube for draining the plating Solution 
accumulated in the container, and an electrode inserted 
through the opening to contact the plating Solution. 

0225. In the present inventions 7, 8 and 9, the above 
mentioned electroplating device and the above-mentioned 
pulverizing device are concomitantly used So that the fine 
particle aggregated lumps produced during the plating pro 
ceSS can be dispersed, pulverized and divided into an indi 
vidual particle, thereby making it possible to uniformly form 
an electroplating layer on the Surface of each of the fine 
particles. 

0226. With respect to the method for combining the 
above-mentioned electroplating device and the pulverizing 
device, for example, after completion of the plating proceSS 
by the above-mentioned electroplating device, the resulting 
product may be divided into an individual particle by using 
the pulverizing device; however, in this case, Scratches and 
Scrape marks remain on the Surface of the plated fine 
particles, failing to form a uniform plating layer. Accord 
ingly, it is preferable to continuously carry out the dividing 
proceSS into individual particles by the pulverizing device 
while forming the plating layer in the electroplating device. 
Moreover, the fine particles may be circulated until an 
objective film thickness has been achieved, or the electro 
plating device and the pulverizing device may be aligned in 
Series So as to carry out a single-pass plating process. 

0227. In the present inventions 7, 8 and 9, the electro 
plating layer of fine particles is not particularly limited, but 
includes, for example, at least one kind of metal Selected 
from the group consisting of the following metals is pref 
erably used: gold, Silver, copper, platinum, Zinc, iron, lead, 
tin, aluminum, cobalt, indium, nickel, chromium, titanium, 
antimony, bismuth, germanium, cadmium, Silica, and the 
like. 

0228 Those fine particles used in the manufacturing 
devices for conductive fine particles of the present inven 
tions 7, 8 and 9 may be either organic resin fine particles or 
inorganic fine particles. 
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0229. The above-mentioned fine particles are preferably 
set to have a particle size of 0.5 to 5000 um and a variation 
coefficient of not more than 50%. 

0230. The manufacturing method for conductive fine 
particles of the present inventions 7, 8 and 9 provide the 
following effects: 
0231) CD Because of comprising a step of applying at 
least one kind of force Selected from the group consisting of 
a Shearing force, an impact force and cavitation, it is possible 
to obtain conductive fine particles divided into an individual 
particle which have a plating layer of a uniform thickness, 
even when fine particles have a particle size of approxi 
mately not more than 100 um. 
0232) (2) The electroplating device and the pulverizing 
device are aligned in Series So that a plating layer is formed 
in the electroplating device while fine particles are continu 
ously being divided into an individual particle in the pull 
Verizing device; therefore, it is possible to obtain conductive 
fine particles with a plating layer having a uniform thickness 
without Scrap marks and Scatches on the Surface of the plated 
fine particles. 
0233 Referring to Figures, the following description will 
discuss one embodiment of a manufacturing device for 
conductive fine particles of the present invention 10. 
0234 FIG. 1 shows one embodiment of an electroplating 
device used in the manufacturing device for conductive fine 
particles of the present invention 10. FIG. 15 shows a flow 
diagram of one embodiment of a circulating System in which 
the electroplating device and the pulverizing device are 
combined in the manufacturing device for conductive fine 
particles of the present invention 10. 
0235. As illustrated in FIG. 1, the electroplating device 
used in the manufacturing device for conductive fine par 
ticles of the present invention 10 comprises a disk-shaped 
bottom plate 10 Secured to the upper end of a perpendicular 
driving shaft 3; a porous member 12 that is placed on the 
outer circumferential upper face of the bottom plate 10 and 
that allows only a treatment liquid to pass there through and; 
a contact ring 11 for conducting electricity placed on the 
upper face of the porous member; a hollow cover 1 of a 
trapezoidal cone shape having an opening 8 on its upper 
center portion, to the upper end of which a hollow cylinder 
having the same pore diameter as the opening diameter is 
joined, with the upper end of the hollow cylinder being bent 
toward the inner wall side of the hollow cylinder; a rotatable 
treatment chamber 13 formed in a manner So as to Sandwich 
the porous member 12 and the contact ring 11 between the 
outer circumferential portion of the hollow cover 1 and the 
bottom plate 10; a Supply tube 6 for Supplying the treatment 
liquid to the treatment chamber 13 through the opening 8; a 
container 4 for receiving the treatment liquid Scattered from 
the pores of the porous member 12; a drain tube 7 for 
draining the treatment liquid accumulated in the container 4, 
and an electrode 2 inserted through the opening 8 to contact 
the plating Solution. 
0236. The above-mentioned porous member 12 is a filter 
shaped porous member comprising communicating bubbles 
formed with plastics or ceramics. Those members, which 
have a pore size that allows a treatment liquid Such as a 
plating Solution to pass there through but does not allow fine 
particles and conductive fine particles to do, are adopted. 
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0237) The treatment liquid, subjected to a centrifugal 
force by the rotation of the driving shaft 3, is allowed to pass 
the porous member 12, and Scattered into the plastic con 
tainer 4, with the result that the liquid level of the theatment 
solution inside the treatment chamber 13 drops; therefore, in 
order to compensate for the reduction, the amount of the 
liquid is monitored by a level sensor 5 so that the treatment 
liquid is supplied to the treatment chamber 13 from the 
Supply tube 6 for Supplying the treatment liquid through the 
opening 8 and the liquid level inside the treatment chamber 
13 is always made to contact an electrode 2a. In FIG. 1, 
reference numeral 2 represents a positive electrode that is 
connected to the anode 2a. Reference numeral 9 is a contact 
brush. A power Supply used for the electrodes is not shown 
in the Figure. 
0238. In the present invention 10, the plating solution is 
Supplied to the treatment chamber 13 from the plating 
Solution Supply tube 6, and fine particles, each having a 
conductive base layer formed thereon, are charged into the 
treatment chamber 13 through the opening 8 of the hollow 
cover 1, and dispersed therein. With respect to the formation 
of the conductive base layer, electroleSS plating is preferably 
adopted; however, not limited, and other known conductiv 
ity-applying methods may be adopted. Upon introducing the 
fine particles into the treatment chamber 13, the driving shaft 
3 is allowed to rotate. Since the plating Solution passes 
through the porous member 12 and goes out of the treatment 
chamber 13 with being subject to the rotation of the driving 
shaft 3, the plating Solution Supply tube 6 compensates for 
the amount of the reduction. Other plating conditions are not 
particularly distinct from general plating operations. 
0239). In order to form a more uniform plating layer, it is 
preferable to reverse in its rotation direction or to Stop the 
rotation of the driving shaft 3 in each predetermined time. 
0240. In the present invention 10, the fine particles, each 
having a conductive base layer formed thereon, are placed in 
the treatment chamber 13 while being immersed in a plating 
Solution, and power is applied acroSS the respective elec 
trodes of the contact ring 11 (cathode) and the anode 2a 
while the driving shaft 3 being rotated. The fine particles are 
pressed against the contact ring 11 by the effect of a 
centrifugal force So that a plating layer is formed on each of 
the fine particles facing the anode 2a. When the driving shaft 
3 is Stopped, the fine particles are dragged by gravity and the 
flow of the plating Solution due to inertia, made to drop on 
the flat Surface of the central portion of the bottom plate, and 
mixed. When the driving shaft 3 starts to rotate reversely 
next time, they are pressed against the contact ring 11 by the 
effect of a centrifugal force in a different attitude while being 
mixed So that a plating layer is formed on each of other fine 
particles facing the anode 2a. 
0241 AS described above, a plating process is carried out 
by repeating the rotation and Stoppage of the driving Shaft 3, 
and, as illustrated in FIG. 15, during this plating process, the 
fine particles inside the treatment chamber 13 are continu 
ously taken out together with the plating Solution, and 
transported to the pulverizing device. The fine particles, 
transported to the pulverizing device, are Subjected to at 
least one kind of force Selected from the group consisting of 
Shearing force, impact force and cavitation (pressure drop), 
and divided into an individual particle, and these are again 
returned to the treatment chamber of the electroplating 
device. 
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0242 By repeating these processes, it becomes possible 
to prevent aggregation of the fine particles, and conse 
quently to provide conductive fine particles, each having a 
uniform electroplating layer formed thereon. 

0243 FIG. 19 shows one embodiment of a manufactur 
ing device for conductive fine particles of the present 
invention 11. 

0244. The manufacturing device for conductive fine par 
ticles of the present invention 11 comprises a disk-shaped 
bottom plate 10 Secured to the upper end of a perpendicular 
driving shaft 3; a porous member 12 that is placed on the 
outer circumferential upper face of the bottom plate 10 and 
that allows only a plating Solution to pass there through; a 
contact ring 11 for conducting electricity that is placed on 
the upper face of the porous member 12; a hollow cover 1 
having an opening 8 on its upper center portion; a rotatable 
plating vessel 313 formed in a manner So as to Sandwich the 
porous member 12 and the contact ring 11 between the outer 
circumferential portion of the hollow cover 1 and the bottom 
plate 10; a treatment chamber 315, placed inside the plating 
vessel 313, that is formed by a partition plate 314 passing 
only a plating Solution, and includes the inside face of the 
contact ring 11; a Supply tube 6 for Supplying the plating 
Solution to the plating vessel 313 through the opening 8; a 
container 4 for receiving the plating Solution Scattered from 
the pores of the porous member 12; a drain tube 7 for 
draining the plating Solution accumulated in the container 4, 
and an electrode 2 inserted through the opening 8 to contact 
the plating Solution. 
0245. The plating solution, subjected to a centrifugal 
force by the rotation of the driving shaft 3, is allowed to pass 
the porous member 12, and Scattered into the container 4. 
Consequently, the liquid level of the plating Solution in the 
plating vessel 313 drops, therefore, in order to compensate 
for the reduction, the amount of the liquid is monitored by 
a level Sensor 5 So that the plating Solution is Supplied to the 
plating vessel 313 from the supply tube 6 for supplying the 
plating Solution through the opening 8 and the liquid level in 
the plating vessel 313 is always made to contact an electrode 
2a. In FIG. 19, reference numeral 2 represents a positive 
electrode connected to the anode 2a. Reference numeral 9 is 
a contact brush. A power Supply used for the electrodes is not 
shown in the Figure. 
0246. In the present invention 11, fine particles are 
charged into the treatment chamber 315, and a plating 
Solution is Supplied into the plating vessel 313 through the 
Supply tube 6. Since the plating Solution passes through the 
porous member 12 and goes out of the plating vessel 313 
Subjected to the rotation of the driving shaft 3, the plating 
Solution Supply tube 6 compensates for the amount of the 
reduction. Other plating conditions are not particularly dis 
tinct from general plating operations. 

0247. In order to form a more uniform plating layer, it is 
preferable to reverse in its rotation direction or to Stop the 
rotation of the driving shaft 3 in each predetermined time. 
0248 Power is applied while the fine particles are being 
pressed onto the contact ring 11 by the effect of a centrifugal 
force due to the rotation of the plating vessel 313, and 
plating is carried out. Simultaneously with the power cut-off, 
the rotation is slowed and Stopped, with the result that the 
fine particles are dragged by gravity and the flow of the 
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plating Solution due to inertia, and shifted to the central 
portion of the bottom plate 10; however, since they are 
shielded by the treatment chamber 15 formed with the 
partition plate 314 allowing only the treatment liquid to pass 
there through, they collide with the inner wall of the 
treatment chamber 315, and are mixed violently. Next, when 
the plating vessel 13 rotates, the fine particles are pressed 
against the contact ring 11 in a different attitude while being 
mixed, and Subjected to plating. By repeating this cycle, all 
the fine particles contained in the treatment chamber 315 are 
allowed to have a plating layer of a uniform thickness. 

0249. As described above, in the manufacturing device 
for conductive fine particles of the present invention, fine 
particles are allowed to shift only ones inside of the treat 
ment chamber 315 formed inside the plating vessel 313. For 
this reason, it is possible to shorten the distance of shift of 
the fine particles, and consequently to shorten the time 
required for the fine particles until pressed against the 
contact ring 11; therefore, the efficiency of plating is 
improved. Moreover, upon Stoppage of the rotation of the 
plating vessel 313, the fine particles are made to collide with 
the inner wall of the treatment chamber 315, and mixed, 
resulting in a Superior Stirring effect. 

0250) The size of the treatment chamber 315 is appro 
priately Set by taking into account the particle size of the fine 
particles, the kind of plating metal, etc. It is preferable to Set 
the distance (particle shift distance) from the inner Side face 
of the contact ring 11 to the inner Side face of the opposing 
partition plate 314, shown in A of FIG. 19, to be greater than 
the thickness of the fine particle layer in the state where the 
fine particles are pressed against the contact ring 11, and it 
is also preferable to Set this distance Smaller than the 
distance from the inner Side face of the contact ring 11 to the 
outer circumferential face of the electrode 2a inserted into 
the center of the plating vessel 313, as an anode shown in B 
in FIG. 19 (particle shift distance in the case of no formation 
of the treatment chamber 315 inside the plating vessel 13). 
0251 With respect to the partition plate 314 forming the 
treatment chamber 315, its shape and material are not 
particularly limited as long as it allows only the plating 
Solution to pass through. However, it is preferable to use a 
plate having a construction wherein a filter sheet has a pore 
Size allowing only the treatment liquid to pass but not 
allowing fine particles to do is affixed to the inner Side face 
of a resin plate comprising a number of pores. The shape and 
the Size of the pores are only required to Set So as to allow 
Smooth passage for the plating Solution, regardless of the 
particle size of fine particles to be loaded into the treatment 
chamber 315. Moreover, the thickness of the resin plate also 
is not particularly limited as long as it has Sufficient Strength 
for forming the treatment chamber 315. 

0252) The fine particles used in the manufacturing device 
for conductive fine particles of the present invention 11 may 
be either organic resin fine particles or inorganic fine par 
ticles. The fine particles are preferably ones comprising a 
conductive base layer. With respect to the formation method 
of the conductive base layer, the electroless plating method 
is preferably used; however, not limited to this method, other 
known conductivity-applying methods may be adopted. 

0253) The above-mentioned organic resin fine particles 
may be fine particles comprising a linear polymer, fine 
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particles comprising a network polymer, fine particles com 
prising a thermosetting resin, or fine particles comprising an 
elastic member. 

0254. With respect to the linear polymer, it is not par 
ticularly limited, but include for examples, nylon, polyeth 
ylene, polypropylene, methylpentene polymer, polystyrene, 
polymethylmethacrylate, polyvinyl chloride, polyvinyl fluo 
ride, polytetrafluoroethylene, polyethylene terephthalate, 
polybutyleneterephthalate, poly Sulfone, polycarbonate, 
polyacrylonitrile, polyacetal, polyamide, and the like. 

0255 With respect to the network polymer, it is not 
particularly limited, but includes for example, mono-poly 
mers of crosslinkable monomer, Such as divinylbenzene, 
hexatoluene, divinylether, divinylsulfone, diallylcarbinol, 
alkylenediacrylate, oligo or poly(alkyleneglycol)diacrylate, 
oligo or poly(alkyleneglycol)dimethacrylate, alkylenetria 
crylate, alkylene trimethacylate, alkylenetetraacrylate, alky 
lenetetramethacrylate, alkylenebisacrylamide, and alkyle 
nebismethacylamide, or copolymers of these crosslinkable 
monomers and other polymerizable monomers. Among 
these, divinylbenzene, heXatoluene, divinylether, divinylsul 
fone, alkylenetriacrylate, alkylenetetraacrylate, etc. are more 
preferably used. 

0256 With respect to the thermosetting resin, it is not 
particularly limited, but includes for example, phenol-form 
aldehyde resins, melamine-formaldehyde resins, benzogua 
namine-formaldehyde resins, urea-formaldehyde resins, 
epoxy resins, etc. 

0257 With respect to the elastic member, it is not par 
ticularly limited, but includes for example, natural rubber, 
Synthetic rubber, etc. 
0258 With respect to the material for the inorganic fine 
particles, it is not particularly limited, but includes for 
example, Silica, titanium oxide, iron oxide, cobalt oxide, 
Zinc oxide, nickel oxide, manganese oxide, aluminum oxide, 
etc. 

0259. The particle size of the fine particles is preferably 
set in the range of 0.5 to 5000 um, more preferably 0.5 to 
2500 um, and most preferably 1 to 1000 um. 

0260 The variation coefficient of the fine particles is 
preferably set to not more than 50%, more preferably, not 
more than 35%, most preferably, not more than 20%, and by 
far the most preferably, not more than 10%. Here, the 
variation coefficient means a value representing the Standard 
deviation by the use of percentage based upon the average 
value; this is represented by the following formula: 

variation coefficient=(standard deviation of particle 
sizes/average value of particle sizes)x100 (%) 

0261) With respect to the plating metal used in the 
manufacturing device for conductive fine particles of the 
present invention 11, it is not particularly limited, but 
includes for example, gold, Silver, copper, platinum, Zinc, 
iron, tin, aluminum, cobalt, indium, nickel, chromium, tita 
nium, antimony, bismuth, germanium, cadmium, Silica, etc. 
One of these materials may be used, or not less than two 
kinds of these may be used concomitantly. 

0262. In the manufacturing device for conductive fine 
particles of the present invention 11, in the case of not more 
than 50 um of the average Size of the fine particles, or in the 
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case when the plating metal tends to aggregation, like Solder, 
plating may be carried out in a State where dummy chips are 
mixed with the fine particles. 

0263. In the manufacturing device for conductive fine 
particles of the present invention 12, a plating layer is 
formed on the Surface of each of the fine particles by using 
a plating process. 

0264. In the present invention, the above-mentioned plat 
ing proceSS is carried out by using a manufacturing device 
for conductive fine particles which comprises, a rotatable 
treatment chamber that has a cathode on its side face and a 
filter Section allowing a plating Solution to pass there 
through and to drain it; and an anode placed in the above 
mentioned treatment chamber in a manner So as not to 
contact the cathode. 

0265. The above-mentioned plating process is carried out 
by repeating the rotation and Stoppage of the treatment 
chamber, and comprises a power application proceSS and a 
Stirring process. 

0266 The above-mentioned power application process is 
a process for forming a plating layer on the Surface of each 
of the fine particles by applying power in a State where the 
treatment chamber is being rotated at a constant Speed. The 
fine particles, loaded into the treatment chamber, are pressed 
onto the cathode located on the Side face of the treatment 
chamber by the effect of a centrifugal force due to the 
rotation of the treatment chamber. By applying power in this 
State, a plating layer is formed on the Surface of each of the 
fine particles. Thereafter, when the rotation of the treatment 
chamber and the power application are Stopped at the same 
time, that is, upon completion of the power application 
process, the fine particles are dragged by gravity and the 
flow of the plating Solution due to inertia is made to drop on 
the bottom plate of the treatment chamber and mixed. 
0267. When, upon completion of the power application 
proceSS or the Stirring proceSS described later, the treatment 
chamber is again rotated and the above-mentioned power 
application process is started, the fine particles are pressed 
against the cathode in an attitude different from that at the 
time of the previous power application proceSS while being 
mixed. By applying power in this State, a plating layer is 
further formed on the surface of each of the fine particles, 
thereby making it possible to form a plating layer having a 
uniform thickness on each of all the fine particles contained 
in the treatment chamber. 

0268. The above-mentioned stirring process is a process 
which comprises Stirring fine particles by rotating only the 
treatment chamber. During this stirring process, no power 
application is made. 

0269. The number of revolutions of the treatment cham 
ber in the above-mentioned Stirring proceSS is appropriately 
Selected according to the degree of aggregation of the fine 
particles, and it may be the same as the number of revolu 
tions in the power application process, or may be different 
therefrom. Moreover, the rotation direction of the treatment 
chamber in the above-mentioned Stirring proceSS may be Set 
either in the forward or reverse direction; however, in order 
to improve the Stirring effect, it is preferable to Set it in the 
direction reversed to the rotation direction in the preceding 
process of the current Stirring process. 
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0270. The operation pattern of the stirring process may be 
the same as the operation pattern of the power application 
process, or may be different therefrom; however, in order to 
improve the efficiency and the Stirring effect, it is preferably 
Set as short as possible. 
0271 The above-mentioned stirring process improves the 
Stirring effect of the plating process as a whole; as a result, 
it becomes possible to extend the power application time. 
Moreover, even in the case when the current density is 
increased higher than that conventionally used, Since the 
resulting aggregated lumps can be pulverized, it is possible 
to form a uniform plating layer with high efficiency. 

0272. It is preferable to carry out the stirring process after 
the power application process, and the Stirring process may 
be carried out after carrying out the power application 
process a plurality of times. Moreover, in the case when the 
fine particles tend to aggregation, the above-mentioned 
Stirring proceSS may be carried out a plurality of times after 
the power application process. 

0273. The fine particles used in the manufacturing device 
for conductive fine particles of the present invention 12 may 
be either organic resin fine particles or inorganic fine par 
ticles. The fine particles are preferably one comprising a 
conductive base layer thereon. With respect to the formation 
method of the conductive base layer, the electroleSS plating 
method is preferably used. However, not limited to this 
method, other known conductivity-applying methods may 
be adopted. 

0274 The above-mentioned organic resin fine particles 
may be fine particles comprising a linear polymer, fine 
particles comprising a network polymer, fine particles com 
prising a thermosetting resin, or fine particles comprising an 
elastic member. 

0275 With respect to the linear polymer constituting the 
above-mentioned fine particles comprising a linear polymer, 
there can be mentioned, nylon, polyethylene, polypropylene, 
methylpentene polymer, polystyrene, polymethylmethacry 
late, polyvinyl chloride, polyvinylfluoride, polytetrafluoro 
ethylene, polyethylene, terephthalate, polybutylenetereph 
thalate, poly Sulfone, polycarbonate, polyacrylonitrile, 
polyacetal, polyamide, etc. 

0276 With respect to the network polymer constituting 
the above-mentioned fine particles comprising a network 
polymer, there can be mentioned, monopolymers of 
crosslinkable monomer, Such as divinylbenzene, hexatolu 
ene, divinylether, divinylsulfone, diallylcarbinol, alkylene 
diacrylate, oligo or poly(alkyleneglycol)diacrylate, oligo or 
poly(alkyleneglycol)dimethacrylate, alkylenetriacrylate, 
alkylene trimethacylate, alkylenetetraacrylate, alkylenetet 
ramethacrylate, alkylenebisacrylamide, and alkylenebis 
methacylamide, or copolymers of these crosslinkable mono 
merS and other polymerizable monomers. Among these, 
divinylbenzene, heXatoluene, divinylether, divinylsulfone, 
alkylenetriacrylate, alkylenetetraacrylate, etc. 

0277 With respect to the thermosetting resin constituting 
the above-mentioned fine particles comprising a thermoset 
ting resin, there can be mentioned, phenol-formaldehyde 
resins, melamine-formaldehyde resins, benzoguanamine 
formaldehyde resins, urea-formaldehyde resins, epoxy res 
ins, etc. 
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0278. With respect to the elastic member, constituting the 
above-mentioned fine particles of an elastic member, for 
example, natural rubber, Synthetic rubber, etc. are used. 
0279. With respect to the material for the inorganic fine 
particles, it is not particularly limited; and examples thereof 
include Silica, titanium oxide, iron oxide, cobalt oxide, Zinc 
oxide, nickel oxide, manganese oxide, aluminum oxide, etc. 
0280 The particle size of the fine particles is preferably 
set in the range of 0.5 to 5000 um, more preferably 0.5 to 
2500 um, and much more preferably 1 to 1000 um. More 
over, the variation coefficient of the fine particles is prefer 
ably set to not more than 50%, more preferably not more 
than 35%, much more preferably not more than 20%, and the 
most preferably, not more than 10%. Here, the variation 
coefficient means a value which represents the Standard 
deviation by the use of percentage based upon the average 
value; this is represented by the following formula: 

variation coefficient=(standard deviation of particle 
sizes/average value of particle sizes)x100 (%) 

0281. With respect to the plating metal forming the above 
plating layer used in the manufacturing device for conduc 
tive fine particles of the present invention, it is not particu 
larly limited, but includes for examples, gold, Silver, copper, 
platinum, Zinc, iron, lead, tin, aluminum, cobalt, indium, 
nickel, chromium, titanium, antimony, bismuth, germanium, 
cadmium, Silica, etc. These materials may be used singly, or 
not leSS than two kinds of these may be used concomitantly. 
0282 Referring to Figures, the following description will 
discuss one embodiment of a manufacturing method of 
conductive fine particles of the present invention 12. 
0283 FIG. 11 shows one example of a manufacturing 
device for conductive fine particles that is preferably used in 
the manufacturing method for conductive fine particles of 
the present invention. 
0284. The manufacturing device for conductive fine par 
ticles, shown in FIG. 11, comprises a disk-shaped bottom 
plate 10 Secured to the upper end of a perpendicular driving 
shaft 3; a porous member 21 that is placed on the outer 
circumferential upper face of the bottom plate 10 and that 
allows only a plating Solution to pass there through; a 
contact ring 11 for conducting electricity placed on the upper 
face of the porous member 21; a hollow cover 1 having an 
opening 8 on its upper center portion; a rotatable treatment 
chamber 13 formed in a manner So as to Sandwich the porous 
member 21 and the contact ring 11 between the outer 
circumferential portion of the hollow cover 1 and the bottom 
plate 10, a Supply tube 6 for Supplying the plating Solution 
to the treatment chamber 13 through the opening 8; a 
container 4 for receiving the plating Solution Scattered from 
the pores of the porous member 21; a drain tube 7 for 
draining the plating Solution accumulated in the container 4, 
and an electrode 2 inserted through the opening 8 to contact 
the plating Solution. Here, in the manufacturing device for 
conductive fine particles having the above-mentioned con 
Struction, the contact ring 11 forms a cathode, the porous 
member 21 forms a filter section, and the electrode 2 forms 
an anode. 

0285) The plating solution, subjected to a centrifugal 
force due to the rotation of the driving shaft 3, is allowed to 
pass the porous member 21, and Scattered into the plastic 
container 4, with the result that the liquid level of the plating 
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solution inside the treatment chamber 13 drops; therefore, in 
order to compensate for the reduction, the amount of the 
liquid is monitored by a level Sensor 5 So that the plating 
solution is supplied to the treatment chamber 13 from the 
Supply tube 6 for Supplying the plating Solution through the 
opening 8 and the liquid level inside the treatment chamber 
13 is always made to contact with an electrode 2a. In FIG. 
1, reference numeral 2 represents a positive electrode con 
nected to the anode 2a. Reference numeral 9 is a contact 
brush. Here, a power Supply used for the electrodes is not 
shown in the Figure. 

0286. In the present embodiment, the plating solution is 
Supplied to the treatment chamber 13 from the plating 
Solution Supply tube 6, and fine particles, each having a 
conductive base layer formed thereon, are charged into the 
treatment chamber 13 through the opening 8 of the hollow 
cover 1, and dispersed therein. Since the plating Solution 
passes through the porous member 21 and goes out of the 
treatment chamber 13 Subjected to the rotation of the driving 
shaft 3, the plating Solution Supply tube 6 compensates for 
the amount of the reduction. Other plating conditions are not 
particularly distinct from general plating operations. 

0287. The above-mentioned porous member 21 is a filter 
shaped porous member having communicating bubbles 
formed by plastics or ceramics, and those having a pore size 
to pass only the plating Solution Such as a plating Solution, 
but not to pass fine particles and conductive fine particles are 
adopted; and it is preferably one having a construction in 
which a filter sheet 20 having a pore size to allow only a 
plating Solution to pass there through is placed on the upper 
face of the plate-shaped porous Support 22. 

0288. In order to form a more uniform plating layer, it is 
preferable to reverse in its rotation direction or to Stop the 
rotation of the driving shaft 3 in each predetermined time. 
The number of revolutions and the operation pattern may be 
the same in both of the forward rotation time and the reverse 
rotation time, or may be different in these cases. 
0289. In the manufacturing method for conductive fine 
particles of the present invention 13, an electroplating layer 
is formed on the Surface of each of fine particles by a plating 
proceSS. 

0290. In the present invention 13, the above-mentioned 
plating process is carried out by using a manufacturing 
device for conductive fine particles which comprises, a 
rotatable treatment chamber that has a cathode on its side 
face and a filter Section allowing a plating Solution to pass 
there through and to drain it; and an anode placed in the 
treatment chamber in a manner So as not to contact the 
cathode. 

0291 Fine particles, loaded into the treatment chamber, 
are pressed onto the cathode located on the Side face of the 
treatment chamber by the effect of a centrifugal force due to 
the rotation of the treatment chamber. By applying power in 
this State, an electroplating layer is formed on the Surface of 
each of the fine particles. Thereafter, when the rotation of the 
treatment chamber and the power application are stopped at 
the same time, the fine particles are dragged by gravity and 
the flow of the plating Solution due to inertia, made to drop 
on the bottom plate, of the treatment chamber and mixed. 
When the treatment chamber is further rotated, the fine 
particles are pressed against the cathode in a different 
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attitude while being mixed. By applying power in this State, 
an electroplating layer is further formed on the Surface of 
each of the fine particles. By repeating the rotation and 
Stoppage of the treatment chamber, it becomes possible to 
form an electroplating layer having a uniform thickness on 
all the fine particles contained in the treatment chamber. 
0292. With respect to the fine particles used in the present 
invention 13, they are not particularly limited, but include 
for example, metal fine particles, organic resin fine particles, 
and inorganic fine particles. In the case of the application of 
the organic resin fine particles or the inorganic particles, 
those fine particles comprising a conductive base layer on 
the surface thereof are preferably used. With respect to the 
formation method of the conductive base layer, the electro 
less plating method is preferably used. However, it is not 
limited to this method, other known conductivity-applying 
methods may be adopted. 
0293 With respect to the metal fine particles, they are not 
particularly limited, but include for example, iron, copper, 
Silver, gold, tin, lead, platinum, nickel, titanium, cobalt, 
chromium, aluminum, Zinc, tungsten, etc., and alloys 
thereof. 

0294 The above-mentioned organic resin fine particles 
may include fine particles comprising a linear polymer, fine 
particles comprising a network polymer, fine particles com 
prising a thermosetting resin, and fine particles comprising 
an elastic member. 

0295 With respect to the linear polymer constituting the 
above-mentioned fine particles comprising a linear polymer, 
there can be mentioned, nylon, polyethylene, polypropylene, 
methylpentene polymer, polystyrene, polymethylmethacry 
late, polyvinyl chloride, polyvinylfluoride, polytetrafluoro 
ethylene, polyethylene-terephthalate, polybutylenetereph 
thalate, poly Sulfone, polycarbonate, polyacrylonitrile, 
polyacetal, polyamide, etc. 
0296. With respect to the network polymer constituting 
the above-mentioned fine particles comprising a network 
polymer, there can be mentioned, mono-polymers of 
crosslinkable monomer, Such as divinylbenzene, hexatolu 
ene, divinylether, divinylsulfone, diallylcarbinol, alkylene 
diacrylate, oligo or poly(alkyleneglycol)diacrylate, oligo or 
poly(alkyleneglycol)dimethacrylate, alkylenetriacrylate, 
alkylenetrimethacylate, alkylenetetraacrylate, alkylenetet 
ramethacrylate, alkylenebisacrylamide, and alkylenebis 
methacylamide, or copolymers, etc. obtained by copolymer 
izing these crosslinkable monomers and other polymerizable 
monomers. Among these, divinylbenzene, hexatoluene, 
divinylether, divinylsulfone, alkylenetriacrylate, alkylene 
tetraacrylate, etc. are more preferably used. 
0297 With respect to the thermosetting resin constituting 
the above-mentioned fine particles comprising a thermoset 
ting resin, there can be mentioned phenol-formaldehyde 
resins, melamine-formaldehyde resins, benzoguanamine 
formaldehyde resins, urea-formaldehyde resins, epoxy res 
ins, etc. 
0298 With respect to the elastic member constituting the 
above-mentioned fine particles comprising an elastic mem 
ber, there can be mentioned, natural rubber, Synthetic rubber, 
etc. 

0299. With respect to the material for the inorganic fine 
particles, it is not particularly limited, but includes for 
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example, Silica, titanium oxide, iron oxide, cobaltoxide, Zinc 
oxide, nickel oxide, manganese oxide, aluminum oxide, etc. 
0300. The particle size of the fine particles is preferably 
set in the range of 0.5 to 5000 um, more preferably 0.5 to 
2500 um, and much more preferably 1 to 1000 um. The 
variation coefficient of the fine particles is preferably Set to 
not more than 50%, more preferably not more than 35%, 
much more preferably not more than 20%, and the most 
preferably not more than 10%. Here, the variation coefficient 
means a value representing the Standard deviation by the use 
of percentage based upon the average value; this is repre 
sented by the following formula: 

variation coefficient=(standard deviation of particle 
sizes/average value of particle sizes)x100 (%) 

0301 In the present invention 13, the difference in the 
Specific gravity between the fine particles and the plating 
solution is set in the range of 0.04 to 22.00. When this is less 
than 0.04, it takes a long time for the fine particles to come 
into contact with the cathode, and power application is 
Started before all the fine particles have been pressed on the 
cathode, with the result that bipolar phenomenon occurs. 
Moreover, when the number of revolutions of the treatment 
chamber is increased in order to increase the shifting Speed 
of the fine particles, the plating Solution, which is Subjected 
to a force in the outer circumferential direction due to the 
effect of a centrifugal force, forms a vortex in a mortar-like 
shape within the treatment chamber, with the result that the 
electrode placed in the center of the treatment chamber is 
exposed, resulting in failure to apply electric current. 
0302) When the shifting time for the fine particles to 
reach the cathode takes long time, the ratio of the power 
application time in one cycle gets to be Smaller, causing not 
only degradation in the efficiency, but also an extreme 
reduction in the amount of power application due to the 
formation of the Vortex in a mortar-like shape by the liquid 
face resulting from the long rotation time of the treatment 
chamber. 

0303 Here, the specific gravity of generally known solid 
Substances is approximately in the range of 0.5 to 23, and in 
the manufacturing method of the present invention, the 
greater the difference in the Specific gravity between the fine 
particles and the plating Solution, the more effective because 
the fine particles in the plating Solution are allowed to shift 
more easily. 
0304. In other words, the difference in the specific gravity 
required for a plating process is in the range of 0.04 to 22.00, 
more preferably 0.04 to 11.00, and much more preferably 
O.04 to 0.2. 

0305 With respect to the method for setting the differ 
ence in the Specific gravity between the fine particles and the 
plating Solution in the above-mentioned range, a method for 
increasing the Specific gravity of the fine particles and a 
method for decreasing the Specific gravity of the plating 
Solution are proposed. 
0306 AS to the method for increasing the specific gravity 
of the fine particles, for example, in the case when the 
organic resin fine particles or the inorganic fine particles are 
used as the fine particles, a method for increasing the film 
thickness of the conductive base layer formed on the Surface 
of each of the fine particles is adopted. More specifically, 
when the electroless nickel plating (specific gravity: 8.85) is 
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applied to organic resin fine particles having a specific 
gravity of, for example, 1.19, the Specific gravity of the fine 
particles increases as the thickness of the plating film 
increases, as shown in a graph in FIG. 1. In this manner, the 
Specific gravity of the fine particles can be controlled 
desirably by forming the conductive base layer, etc. on the 
Surface of each of the fine particles by using the electroleSS 
plating, etc. 
0307 In the method for decreasing the specific gravity of 
the plating Solution, for example, a method for diluting the 
plating Solution, etc. is proposed. More specifically, for 
example, in the case when a Watt bath (specific gravity: not 
less than 1.18) generally used as a plating Solution in a nickel 
plating proceSS is used, it can be diluted to approximate 60% 
with pure water. Here, with respect to additives, it is 
preferable to maintain the concentration thereof constant, 
taking into consideration better adhesion of the plating, etc. 
Moreover, in order to properly maintain the conductivity of 
the plating Solution, it is also preferable to maintain the 
concentration of nickel chloride constant. Here, a Watt bath 
having a composition of nickel chloride 35 to 45 g/L, nickel 
sulfate 140 to 155 g/L and boric acid 30 to 40 g/L forms a 
Specific gravity in the range of 1.05 to 1.12; and this is 
preferably used in the present invention 13. 
0308. In the present invention 13, the electroplating layer 
formed on the Surface of each of the fine particles is not 
particularly limited, but includes for example, an electro 
plating layer, etc. comprising at least one kind of metal 
Selected from the group consisting of gold, Silver, copper, 
platinum, zinc, iron, lead, tin, aluminum, cobalt, indium, 
nickel, chromium, titanium, antimony, bismuth, germanium, 
cadmium and Silica. 

0309 Referring to Figures, the following description will 
discuss one embodiment of a manufacturing method of 
conductive fine particles of the present invention 13. 
0310 FIG. 1 shows one example of a manufacturing 
device for conductive fine particles that is preferably used in 
the manufacturing method for conductive fine particles of 
the present invention 13. 
0311. The manufacturing device for conductive fine par 
ticles, shown in FIG. 1 comprises a disk-shaped bottom 
plate 10 Secured to the upper end of a perpendicular driving 
shaft 3; a porous member 12 that is placed on the outer 
circumferential upper face of the bottom plate 10 and that 
allows only a plating Solution to pass there through; a 
contact ring 11 for conducting electricity placed on the upper 
face of the porous member 12, a hollow cover 1 having a 
trapezoidal cone shape with an opening 8 on its upper center 
portion; a rotatable treatment chamber 13 formed in a 
manner So as to Sandwich the porous member 12 and the 
contact ring 11 between the outer circumferential portion of 
the hollow cover 1 and the bottom plate 10; a supply tube 6 
for Supplying the plating Solution to the treatment chamber 
13 through the opening 8; a container 4 for receiving the 
plating Solution Scattered from the pores of the porous 
member 12, a drain tube 7 for draining the plating Solution 
accumulated in the container 4, and an electrode 2 inserted 
through the opening 8 So as to contact the plating Solution. 
Here, in the manufacturing device for conductive fine par 
ticles having the above-mentioned construction, the contact 
ring 11 forms a cathode, the porous member 12 forms a filter 
Section, and the electrode 2 forms an anode. 
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0312 The plating solution, subjected to a centrifugal 
force due to the rotation of the driving shaft 3, is allowed to 
pass the porous member 12, and Scattered into the plastic 
container 4, with the result that the liquid level of the plating 
solution in the treatment chamber 13 drops, therefore, in 
order to compensate for the reduction, the amount of the 
liquid is monitored by a level Sensor 5 So that the plating 
solution is supplied to the treatment chamber 13 from the 
Supply tube 6 for Supplying the plating Solution through the 
opening 8 and the liquid level inside the treatment chamber 
13 is always made to contact an electrode 2a. In FIG. 2, 
reference numeral 2 represents a positive electrode and is 
connected to the anode 2a. Reference numeral 9 is a contact 
brush. Here, a power Supply used for the electrodes is not 
shown in the Figure. 
0313. In the present embodiment, the plating solution is 
Supplied to the treatment chamber 13 from the plating 
Solution Supply tube 6, and fine particles, each having a 
conductive base layer formed thereon, are charged into the 
treatment chamber 13 through the opening 8 of the hollow 
cover 1, and dispersed therein. Since the plating Solution 
passes through the porous member 12 and goes out of the 
treatment chamber 13 Subjected to the rotation of the driving 
shaft 3, the plating Solution Supply tube 6 compensates for 
the amount of the reduction. Other plating conditions are not 
particularly distinct from general plating operations. 

0314. The above-mentioned porous member 12 is a ring 
shaped porous member with a filter Shape having commu 
nicating bubbles formed by plastics or ceramics, and those 
having a pore size to allow only the plating Solution Such as 
a plating Solution to pass there through, but not to allow fine 
particles to do and conductive fine particles are adopted; and 
a construction may be adopted in which a filter Sheet having 
a pore size that allows only a plating Solution to pass there 
through is placed on the upper face of the plate-shaped 
porous Support. 

0315. In order to form a more uniform electroplating 
layer, it is preferable to reverse in its rotation direction or to 
Stop the rotation of the driving shaft 3 in each predetermined 
time. The number of revolutions and the operation pattern 
may be the same in both of the forward rotation time and the 
reverse rotation time, or may be different in these cases. 
0316. In the manufacturing method for conductive fine 
particles of the present invention 14, an electroplating layer 
is formed on the Surface of each of fine particles by a plating 
proceSS. 

0317. In the present invention 14, the above-mentioned 
plating process is carried out by using a manufacturing 
device for conductive fine particles which comprises, a 
rotatable treatment chamber that has a cathode on its side 
face and a filter Section for allowing a plating Solution to 
pass there through and to drain it; and an anode placed in the 
treatment chamber in a manner So as not to contact the 
cathode. 

0318 Fine particles, loaded into the treatment chamber, 
are pressed onto the cathode on the Side face of the treatment 
chamber by the effect of a centrifugal force due to the 
rotation of the treatment chamber. By applying power in this 
State, an electroplating layer is formed on the Surface of each 
of the fine particles. Thereafter, when the rotation of the 
treatment chamber and the power application are stopped at 
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the same time, the fine particles are dragged by gravity and 
the flow of the plating Solution due to inertia is made to drop 
on the bottom plate of the treatment chamber and mixed. 
When the treatment chamber is further rotated, the fine 
particles are pressed against the cathode in a different 
attitude while being mixed. By applying power in this State, 
an electroplating layer is further formed on the Surface of 
each of the fine particles. By repeating the rotation and 
Stoppage of the treatment chamber, it becomes possible to 
form an electroplating layer having a uniform thickness on 
all the fine particles contained in the treatment chamber. 
03.19. In the present invention 14, the number of revolu 
tions of the above-mentioned treatment chamber is Set So 
that the centrifugal effect is maintained in the range of 2.0 
to 40.0. With the number of revolutions of the treatment 
chamber in this range, it becomes possible to allow the fine 
particles to reach the cathode in a shorter time, and conse 
quently to obtain a Sufficient contact force to carry out an 
electroplating process, even in the case when there is little 
difference between the true specific gravity of the fine 
particles and the Specific gravity of the plating Solution. The 
centrifugal effect less than 2.0 makes the time required for 
the fine particles to reach the cathode extremely longer, 
causing problems. Such as extreme degradation in the effi 
ciency, an insufficient contact force between the fine par 
ticles and the cathode, and the occurrence of a bipolar 
phenomenon due to the existence of fine particles failing to 
completely reach the cathode, consequently, these problems 
make it impossible to carry out the electroplating process. 
Moreover, in the case of the centrifugal effect exceeding 
40.0, although the time required for the fine particles to 
reach the cathode is greatly shortened, the plating Solution, 
Subjected to a force in the Outer circumferential direction 
due to a centrifugal force, forms a Vortex having a mortar 
like shape within the treatment chamber, with the result that 
the anode placed in the center of the treatment chamber is 
exposed, failing to Supply a current flow. Furthermore, in the 
case when the electroplating layer comprises a metal which 
tends to aggregation and that forms a Soft deposition coat 
film, Such as eutectic Solder plating, a problem arises in that 
aggregation occurs as the coat film grows, when the contact 
force of the fine particles to the cathode is too strong. 
Therefore, the centrifugal effect is limited to the range of 2.0 
to 40.0. The range is more preferably set to 3 to 30, and 
much more preferably 7 to 20. 
0320 The above-mentioned centrifugal effect is given as 
the ratio of magnitudes between the centrifugal force and the 
gravity, and found as follows: 
0321) The centrifugal force Fc (N) on the mass point of 
mass M (kg) in circular motion at a constant Velocity is 
represented by the following formula: 

Fc-Mor-MV/r-MN2 r?900 
0322. In the formula, () represents the rotation angular 
Velocity (rad/sec), r represents the rotation radius (m), V 
represents the peripheral Velocity (m/sec), and N represents 
the rotation speed (rpm). 
0323 Therefore the centrifugal effect Z is represented by 
the following formula: 

Z=co rig=V/gr=N'at’ r?900 g 
0324. In the formula, g represents gravity acceleration 
(m/sec). 
0325 From the above-mentioned formula, the centrifugal 
effect is represented as a function between the rotation Speed 
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of the treatment chamber and the radius of the treatment 
chamber. The following table shows the number of revolu 
tions of the treatment chamber, the centrifugal effect and the 
peripheral Velocity in the case of a treatment chamber 
having a diameter of 280 mm, as reference. 

Number of 855 6OO 500 3OO 2SO 150 100 
revolutions 
(rpm) 
Centrifugal 114.5 56.4 39.2 14.1 9.8 3.5 1.6 
effect 
Peripheral 752.1 527.8 439.8 263.9 219.9 131.9 88.0 
velocity 
(m/min.) 

0326 In order to form an electroplating layer on the 
Surface of each of all the fine particles, it is necessary to Start 
power application after a lapse of time until all the fine 
particles have been shifted to the cathode and pressed 
thereon by the effect of the centrifugal force of the rotating 
treatment chamber. If the power application is started before 
all the fine particles have been pressed onto the cathode, a 
bipolar phenomenon will occur, causing the electroplating 
layer or the conductive base layer to melt down and resulting 
in malplating. 

0327. Therefore, in the present invention 14, the power 
application is Started after a lapse of 0.5 to 10 Seconds from 
the start of the rotation of the treatment chamber. In the case 
of the lapse of less than 0.5 Second, Since the power 
application is started before all the fine particles have been 
pressed onto the cathode, a bipolar phenomenon occurs, and 
in the case of the lapse exceeding 10 Seconds, the ratio of the 
power application time in one cycle gets to be Smaller, 
resulting in degradation in the efficiency; thus, the limitation 
to the above-mentioned range is provided. This is more 
preferably Set in the range of 1 to 8 Seconds, and much more 
preferably 1 to 5 seconds. Here, the above-mentioned power 
application time varies depending on the difference between 
the true Specific gravity of the fine particles and the Specific 
gravity of the plating Solution and the particle size of the fine 
particles, therefore, this needs to be appropriately Set within 
the above-mentioned range depending on factors, Such as 
the material, shape, particle size of the fine particles, the 
kind of plating metal and the kind of plating bath. 

0328. In the present invention 14, the stoppage time of 
the treatment chamber is Set in the range of 0 to 10 Seconds. 
With this range, a Sufficient Stirring is carried out from the 
time the fine particles have left the cathode to the time they 
are again allowed to reach the cathode by the next rotation; 
therefore, it is possible to carry out a more uniform plating. 
If this exceeds 10 Seconds, although a uniform plating is 
obtainable Since the fine particles are Sufficiently mixed in 
the treatment chamber, the ratio of the power application 
time in one cycle gets to be Smaller, resulting in degradation 
in the efficiency; thus, the above-mentioned limitation to the 
range is provided. The range is more preferably Set to 0.5 to 
5 seconds, and much more preferably 1 to 3 seconds. If the 
Stoppage time is too short, the next rotation is started before 
the fine particles have returned to the center of the bottom 
plate in the treatment chamber due to the Stoppage of the 
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rotation of the treatment chamber; this may cause failure to 
provide Sufficient Stirring and the Subsequent ununiformity 
in the plating. Here, the Stoppage time has variations 
depending on the difference between the true Specific gravity 
of the fine particles and the Specific gravity of the plating 
Solution, or depending on the pore diameter of fine particles, 
therefore, this needs to be appropriately Set within the 
above-mentioned range depending on factors, Such as the 
material, Shape, particle size of the fine particles, the kind of 
plating metal and the kind of plating bath. 

0329. The present invention 15 provides a manufacturing 
method for conductive fine particles which forms an elec 
troplating layer on the Surface of each of the fine particles by 
a plating process, wherein the plating process, using a 
manufacturing device for conductive fine particles that com 
prises, a rotatable treatment chamber that has a cathode on 
its Side face and a filter Section allowing the plating Solution 
to pass there through and to drain it; and an anode placed in 
the treatment chamber in a manner So as not to contact the 
cathode, comprises Steps applying power with the fine 
particles being made contact with the cathode by the effect 
of a centrifugal force due to the rotation of the treatment 
chamber, So as to form an electroplating layer on the Surface 
of each of the fine particles, and then Stopping the rotation 
of the treatment chamber and the application of power, 
repeating the rotation and stoppage of the treatment cham 
ber, the number of revolutions of the treatment chamber is 
set so that the centrifugal effect in the range of 2.0 to 40.0, 
and the power application is Started after a lapse of 3 to 10 
Seconds from the start of the rotation of the treatment 
chamber before the film thickness of the electroplating layer 
formed on the Surface of each of the fine particles has gotten 
a predetermined value, and after the film thickness of the 
electroplating layer formed on the Surface of each of the fine 
particles has gotten a predetermined value, the power appli 
cation is started after a lapse of 0.5 to 10 seconds from the 
Start of the rotation of the treatment chamber, and Said lapse 
is Set Shorter than the lapse taken before the film thickneSS 
of the electroplating layer formed on the Surface of each of 
the fine particles has become a predetermined value. 

0330. In the manufacturing method for conductive fine 
particles of the present invention 15, the Same manufactur 
ing device for conductive fine particles as the manufacturing 
method for conductive fine particles of the present invention 
14 is used; however, the objective is to prevent a bipolar 
phenomenon that tends to occur at the initial Stage of the 
plating process by delaying the power application Start time 
at the initial Stage of the plating proceSS. 

0331 In the present invention 15, the power application 
is started after a lapse of 3 to 10 seconds from the start of the 
rotation of the treatment chamber before the film thickness 
of the electroplating layer formed on the Surface of each of 
the fine particles has become a predetermined value. In other 
words, by delaying the power application Start time at the 
initial Stage of the plating process, all the fine particles are 
allowed to completely reach and contact the cathode So that 
the occurrence of a bipolar phenomenon is prevented. Here, 
in the case when the current density is set lower at the initial 
Stage of the plating process, it is possible to reduce the 
possibility of a bipolar phenomenon; therefore, the current 
density is preferably set in the range of 0.1 to 1.0 A/dmf. 
This is more preferably set in the range of 0.2 to 0.5A/dmf. 
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0332. In the present invention 15, after the film thickness 
of the electroplating layer formed on the Surface of each of 
the fine particles has gotten to be a constant value, the power 
application is Started after a lapse of 0.5 to 10 Seconds from 
the start of the rotation of the treatment chamber, and this 
lapse is Set Shorter than the lapse taken before the film 
thickness of the electroplating layer formed on the Surface of 
each of the fine particles has gotten to be a predetermined 
value. In other words, when the plating process has pro 
gressed and the electroplating layer has been formed on the 
Surface of each of the fine particles to a certain extent, the 
difference in Specific gravity between the fine particles and 
the plating Solution becomes greater, So that the fine particles 
to reach the cathode in a shorter time. Therefor, by short 
ening the lapse to the power application Start time as 
compared with the initial Stage of the plating process, it 
becomes possible to improve the efficiency of the plating 
process. In this stage, the higher the current density, the 
higher the efficiency; therefore, the current density is pref 
erably set in the range of 0.5 to 5.0 A/dmf, and more 
preferably, 1.0 to 3.0 A/dmf. 
0333 AS described above, by alternating the plating 
conditions in the course of the plating proceSS, it becomes 
possible to prevent the occurrence of a bipolar phenomenon 
in the initial Stage of the plating process, and consequently 
to form an electroplating layer more efficiently. With respect 
to timing for changing the plating conditions, it is preferred 
the time when the film thickness of the electroplating layer 
formed on the Surface of each of the fine particles has 
reached a predetermined value, with the result that the 
Specific gravity of the fine particles gets to be greater So that, 
even if the power application Start time, thus, the time 
required for the fine particles to shift is shortened, all the fine 
particles are allowed to Sufficiently reach and contact the 
cathode; here, Since the shifting Speed of the fine particles 
has variations depending on factors, Such as the particle Size, 
the difference in Specific gravity between the fine particles 
and the plating Solution, the increase in the Specific gravity 
of the particles Subjected to the growth of plating, the 
Viscosity of the plating Solution, and the filtering Speed of 
the plating Solution, it is appropriately determined based 
upon factorS Such as the particle size of the fine particles to 
be plated, the kind of the plating Solution, the number of 
revolutions of the treatment chamber and the pore size of the 
porous member. 

0334. The fine particles used in the present inventions 14 
and 15 are not particularly limited, but include for example, 
metal fine particles, organic resin fine particles or inorganic 
fine particles. In the case of the application of the organic 
resin fine particles or the inorganic fine particles, the fine 
particles formed with a conductive base layer on its Surface 
are preferably used. The electroleSS plating method is pref 
erably used as the formation method of the conductive base 
layer. However, it is not limited to this method, but other 
known conductivity-applying methods may be adopted. 

0335 The above-mentioned metal fine particles are not 
particularly limited, but include for example, iron, copper, 
Silver, gold, tin, lead, platinum, nickel, titanium, cobalt, 
chromium, aluminum, Zinc, tungsten, and alloys thereof. 

0336. The above-mentioned organic resin fine particles 
are not limited but include fine particles comprising a linear 
polymer, or fine particles comprising a network polymer, or 
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fine particles comprising a thermosetting resin, or fine 
particles made of an elastic member. 
0337 With respect to the linear polymer constituting the 
above-mentioned fine particles comprising a linear polymer, 
it includes, nylon, polyethylene, polypropylene, methylpen 
tene polymer, polystyrene, polymethylmethacrylate, polyvi 
nyl chloride, polyvinylfluoride, polytetrafluoroethylene, 
polyethylene terephthalate, polybutyleneterephthalate, 
poly Sulfone, polycarbonate, polyacrylonitrile, polyacetal, 
polyamide, etc. 
0338. With respect to the network polymer constituting 
the above-mentioned fine particles comprising a network 
polymer, it includes, monopolymers of crosslinkable mono 
mer, Such as divinylbenzene, hexatoluene, divinylether, divi 
nylsulfone, diallylcarbinol, alkylenediacrylate, oligo or 
poly(alkyleneglycol)diacrylate, oligo or poly(alkylenegly 
col)dimethacrylate, alkylenetriacrylate, alkylene tri 
methacylate, alkylenetetraacrylate, alkylenetetramethacry 
late, alkylenebisacrylamide, and alkylenebismethacylamide, 
or copolymers of these crosslinkable monomers and other 
polymerizable monomers. As a particularly Suitable poly 
merizable monomer, divinylbenzene, hexatoluene, divi 
nylether, divinylsulfone, alkylenetriacrylate, alkylenetet 
raacrylate, etc. are more preferably used. 
0339. With respect to the thermosetting resin constituting 
the above-mentioned fine particle comprising a thermoset 
ting resin, it includes phenol-formaldehyde resins, 
melamine-formaldehyde resins, benzoguanamine-formalde 
hyde resins, urea-formaldehyde resins, epoxy resins, etc. 
0340 With respect to the elastic member constituting the 
above-mentioned fine comprising an elastic member, for 
example, natural rubber, Synthetic rubber, etc. are used. 
0341. With respect to the material for the inorganic fine 
particles, it is not particularly limited, but include for 
example, Silica, titanium oxide, iron oxide, cobalt oxide, 
Zinc oxide, nickel oxide, manganese oxide, aluminum oxide, 
etc. 

0342. The particle size of the fine particles is preferably 
set in the range of 0.5 to 5000 um, more preferably 0.5 to 
2500 um, and much more preferably 1 to 1000 um. The 
variation coefficient of the fine particles is preferably Set to 
not more than 50%, more preferably not more than 35%, 
much more preferably 20%, and the most preferably not 
more than 10%. Here, the variation coefficient means a value 
representing the Standard deviation by the use of percentage 
based upon the average value; this is represented by the 
following formula: 

variation coefficient=(standard deviation of particle 
sizes/average value of particle sizes)x100 (%) 

0343. In general, the shifting speed of particles in a fluid 
receiving a centrifugal force have variations depending on 
the centrifugal effect, the difference in Specific gravity 
between the particles and the fluid, the particle size and the 
Viscosity of the fluid. For this reason, under a constant 
centrifugal effect, the greater the difference in Specific 
gravity and the particle size, the faster the shifting Speed. 
Accordingly, Since the shifting Speed of the particles 
becomes slower as the particle Size of the fine particles to be 
plated becomes Smaller, the fine particles used in the present 
invention 14 and invention 15 are preferably designed to 
have a greater difference in Specific gravity from the plating 
Solution. 
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0344) With respect to the electroplating layer, it is not 
particularly limited, but includes for example, an electro 
plating layer, etc. comprising at least one kind of metal 
Selected from the group consisting of gold, Silver, copper, 
platinum, Zinc, iron, lead, tin, aluminum, cobalt, indium, 
nickel, chromium, titanium, antimony, bismuth, germanium, 
cadmium and Silica. 

0345 Referring to Figures, the following description will 
discuss one embodiment of a manufacturing method for 
conductive fine particles of the present inventions of 14 and 
15. 

0346 FIG. 11 shows one example of a manufacturing 
device for conductive fine particles that is preferably used in 
the manufacturing method for conductive fine particles in 
the present invention 14. 
0347 The manufacturing device for conductive fine par 
ticles, shown in FIG. 11, comprises a disk-shaped bottom 
plate 10 Secured to the upper end of a perpendicular driving 
shaft 3; a porous member 21 that is placed on the outer 
circumferential upper face of the bottom plate 10 and that 
allows only a plating Solution to pass there through; a 
contact ring 11 for conducting electricity placed on the upper 
face of the porous member 21; a hollow cover 1 having a 
trapezoidal cone shape with an opening 8 on its upper center 
portion; a rotatable treatment chamber 13 formed in a 
manner So as to Sandwich the porous member 21 and the 
contact ring 11 between the Outer circumferential portion of 
the hollow cover 1 and the bottom plate 10; a supply tube 6 
for Supplying the plating Solution to the treatment chamber 
13 through the opening 8; a container 4 for receiving the 
plating Solution Scattered from the pores of the porous 
member 22, a drain tube 7 for draining the plating Solution 
accumulated in the container 4, and an electrode 2 inserted 
through the opening 8 to contact the plating Solution. Here, 
in the manufacturing device for conductive fine particles 
having the above-mentioned construction, the contact ring 
11 forms a cathode, the porous member 21 forms a filter 
Section, and the electrode 2 forms an anode. 
0348 The plating solution, subjected to a centrifugal 
force due to the rotation of the driving shaft 3, is allowed to 
pass the porous member 21, and Scattered into the plastic 
container 4, with the result that the liquid level of the plating 
solution into the treatment chamber 13 drops; therefore, in 
order to compensate for the reduction, the amount of the 
liquid is monitored by a level Sensor 5 So that the plating 
solution is supplied to the treatment chamber 13 from the 
Supply tube 6 for Supplying the plating Solution through the 
opening 8 and the liquid level into the treatment chamber 13 
is always made to contact an electrode 2a. In FIG. 1, 
reference numeral 2 represents a positive electrode con 
nected to the anode 2a. Reference numeral 9 is a contact 
brush. Here, a power Supply used for the electrodes is not 
shown in the Figure. 
0349. In the present embodiment, the plating solution is 
Supplied to the treatment chamber 13 from the plating 
Solution Supply tube 6, fine particles each having a conduc 
tive base layer formed thereon, are charged into the treat 
ment chamber 13 through the opening 8 of the hollow cover 
1, and dispersed therein. Since the plating Solution passes 
through the porous member 21 and goes out of the treatment 
chamber 13 Subjected to the rotation of the driving shaft 3, 
the plating Solution Supply tube 6 compensates for the 
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amount of the reduction. Other plating conditions are not 
particularly distinct from general plating operations. 

0350. The above-mentioned porous member 21 is a filter 
shaped porous member having communicating bubbles 
formed by plastics or ceramics, and those having a pore size 
that allows only the plating Solution Such as a plating 
Solution to pass there through, but does not allow fine 
particles and conductive fine particles to do are adopted; and 
it is preferred that those have a construction in which a filter 
sheet 20 having a pore size that allows only a plating 
Solution to pass there through is placed on the upper face of 
the plate-shaped porous Support 22. 
0351. In order to form a more uniform plating layer, it is 
preferable to reverse in its rotation direction or to Stop the 
rotation of the driving shaft 3 in each predetermined time. 
The number of revolutions and the operation pattern may be 
the same in both of the forward rotation time and the reverse 
rotation time, or may be different within the scope of the 
present invention. 
0352 Referring to a time chart of operation conditions 
shown in FIG. 2, the following description will discuss one 
embodiment of a manufacturing device for conductive fine 
particles of the present invention in which the manufacturing 
device for conductive fine particles shown in FIG. 11 is 
used. 

0353 First, organic resin fine particles having a specific 
gravity of 1.23 and a particle Size of 650 um, each having an 
electroleSS nickel plating layer formed on its Surface, are 
loaded into the treatment chamber 13 having a Watt bath 
having a specific gravity of 1.11 Served as a plating Solution. 
In this case, the difference in Specific gravity between the 
fine particles and the Watt bath is 0.05. Next, the treatment 
chamber 13 is accelerated for one second. After the treat 
ment chamber 13 has reached a peripheral velocity of 226 
m/min, it is rotated constantly at this velocity. Three Seconds 
after the start of the constant rotation (4 Seconds after the 
start of the rotation of the treatment chamber 13, that is, the 
particle shifting time is determined at 4 seconds), a rectifier 
is turned on So that power application is started and a plating 
proceSS is carried out. The power application time is 5 
Seconds. Thereafter, the treatment chamber 13 is decelerated 
in one Second, and stopped for one Second. These operations 
constitute one cycle, and the treatment chamber 13 is 
reversed in its rotation for each cycle to carry out the plating 
proceSS. 

0354 Here, in the manufacturing device for conductive 
fine particles used in the present embodiment, the porous 
member 21 has a construction in which a filter sheet 20 made 
from nylon having a pore size of 10 um and a thickness of 
10 um is affixed to the upper Surface of a plate-shaped 
porous Support 22 formed by high-density polyethylene 
having a pore size of 100 um and a thickness of 6 mm. 
0355 The present invention 16 relates to conductive fine 
particles, and an anisotropic, a conductive adhesive and a 
conductive connecting element utilizing the particles. 
0356. The conductive fine particles of the present inven 
tion 16 has a particle size in the range of 0.5 to 5000 um. 
When particles having a particle size of less than 0.5 lim 
exist, the conductive fine particles are not allowed to contact 
the electrodes to be connected between these, resulting in a 
gap between the electrodes and the Subsequent malconnec 
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tion. The particle size exceeding 5000 um fails to make a 
minute conductive connection; thus, it is limited to the 
above-mentioned range. 
0357 This is preferably set in the range of 0.5 to 2500 
lum, more preferably 1 to 1000 um, much more preferably 5 
to 300 um, in particular preferably 10 to 100 um, and the 
most preferably 20 to 50 lum. 

0358. The conductive fine particles of the present inven 
tion 16 has a variation coefficient of not more than 50%. The 
variation coefficient is represented by the following formula: 

(ofi Dn)x100 

0359 O represents the standard deviation of the particle 
size, and Dn represents the number average particle size. 

0360 The variation coefficient exceeding 50% makes the 
particles ununiform, with the result that upon making the 
electrodes contact with each other through the conductive 
fine particles in a Step described later, a great number of 
particles are left untouched, thereby causing the possibility 
of leakage between the electrodes, therefore, it is limited to 
the above-mentioned range. 

0361 This is preferably set at not more than 35%, more 
preferably not more than 20%, much more preferably not 
more than 10%, and the most preferably not more than 5%. 

0362. The conductive fine particles of the present inven 
tion 16 has an aspect ratio of less than 1.5. The aspect ratio 
refers to a value that is obtained by dividing the average 
major diameter by the average minor diameter of particles. 
The aspect ratio not less than 1.5 makes the particles 
ununiform, with the result that upon making the electrodes 
contact with each other through the conductive fine par 
ticles, a great number of particles are left untouched, thereby 
causing the possibility of leakage between the electrodes, 
therefore, it is limited to the above-mentioned range. 
0363 This is more preferably set to less than 1.1, more 
preferably less than 1.05. 

0364. The above-mentioned particle size, aspect ratio and 
variation coefficient related to the conductive fine particles 
of the present invention 16 can be measured by observation 
using an electronic microScope. 

0365. The conductive fine particles of the present inven 
tion 16 are not particularly limited as long as they are 
particles whose Outer Surface is plated; and, for example, 
those coated with an organic compound, a resin, or an 
inorganic Substance, etc. may be used. 

0366 The conductive fine particles of the present inven 
tion 16 allow electric currents to flow from one of the 
electrodes to the other when pressed in a Sandwiched 
manner between a plurality of electrodes, and Since their 
outer Surface is plated, the current capacity upon connection 
is increased. 

0367 The above-mentioned plating is preferably carried 
out by using a noble metal. In the case of plating without 
noble metal, oxidation occurs on the contact face to the 
electrode when exposed to heating and cooling cycles or a 
high temperature and high moisture State for a long time, 
resulting in an extreme increase in the connection resistivity 
and the Subsequent degradation in reliability. With respect to 
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the above-mentioned noble metal, in particular, gold, plati 
num and palladium are preferably used. 

0368. The above-mentioned plating may be curried out 
with a low-melting-point metal having a melting point of not 
more than 300° C., such as, for example, solder and a tin 
alloy. In this case, in order to obtain a Sufficient metal 
bonding, the thickness of the plating is Set to preferably not 
less than 0.2 tim, and more preferably 3 to 30 lum. 

0369. In the case when the outer surface of each of the 
conductive fine particles of the present invention 16 is 
Subjected to plating, a conductive layer formed by the 
electroleSS plating and the like is preferably formed as a base 
layer and from the viewpoint of conductivity and easiness in 
plating, the conductive layer is preferably provided by the 
electroleSS plating using nickel, copper, or Silver. 

0370. When the outer surface of each of the conductive 
fine particles of the present invention 16 is Subjected to 
plating, an electroplating is preferably adopted as the plat 
ing, and the method of the electroplating is not particularly 
limited; and with Viewpoint of carrying out more uniform 
plating easily, a rotatable plating device, which has a cathode 
on the outer circumferential portion thereof and an anode 
placed So as not to contact the cathode, is preferably used to 
carry out the electroplating. More preferably, a plating 
device, which has a filter Section on its outer circumferential 
portion and carries out plating while rotating and Supplying 
a plating Solution, is used to carry out the electroplating. 

0371. In the above-mentioned plating, the thickness of 
the plating is set in the range of 0.001 to 50 lum. The 
thickness less than 0.001 um fails to obtain a sufficient 
electric capacity, and the thickneSS exceeding 50 um fails to 
Sufficiently demonstrate the performance of the base mate 
rial. More preferably, it is set in the range of 0.01 to 10 um, 
and much more preferably 0.2 to 3 lum. With viewpoint of 
obtaining uniform particles, the variation coefficient of the 
plating thickneSS is Set to not more than 20%, and more 
preferably not more than 10%. 

0372 The base material of the conductive fine particles 
of the present invention 16 is not particularly limited, but 
includes, resins, inorganic particles, metal particles, and 
mixtures thereof. In particular, those having a K value of 200 
to 2000 kgf/m, and more preferably 300 to 500 kgf/m, a 
recovery rate of not less than 10%, and more preferably, not 
less than 50%, a variation coefficient of particle size of not 
less than 5% and an aspect ratio of less than 1.05 are 
preferably used. In the case of low K value and recovery 
rate, malconnection may occur due to impacts and cooling 
and heating cycles. In contrast, in the case of a high K value, 
the electrodes may be damaged. 

0373 The anisotropic conductive adhesive of the present 
invention 16 is obtained by dispersing the conductive fine 
particles of the present invention 16 in an insulating resin. 
The anisotropic conductive adhesive includes an anisotropic 
conductive film, anisotropic conductive paste, anisotropic 
conductive ink, etc. 

0374. With respect to a binder resin for the anisotropic 
conductive adhesive, not particularly limited, but includes 
for example, thermoplastic resins Such as acrylic resins, 
ethylene-Vinylacetate copolymerization resin and Styrene 
butadiene block copolymer resin, and compositions Set by 
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heat and/or light, Such as Setting agents and Setting resin 
compositions of monomers and oligomers having a glycidyl 
group and isocyanate. 
0375. The thickness of a coat film of the anisotropic 
conductive adhesive is preferably set to 10 to several hun 
dreds um. 
0376 With respect to an object to be connected by using 
the anisotropic conductive adhesive of the present invention 
16, there can be mentioned parts and the like of Substrates 
and Semiconductors. Electrode Sections are respectively 
formed on the Surface of these parts. The present invention 
16 includes constructions connected by the anisotropic con 
ductive adhesive of the present invention 16. 
0377 The above-mentioned substrates are classified into 
flexible Substrates and rigid Substrates. A resin Sheet shaving 
a thickness of 50 to 500 um is used as the flexible Substrate, 
and, for example, polyimide, polyamide, polyester, poly Sul 
fone, etc. are used as the resin Sheet. 
0378. The above-mentioned rigid substrates are classified 
into those formed by resins and those formed by ceramics. 
Examples of those formed by resins include glass fiber 
reinforced epoxy resins, phenol resins, cellulose fiber rein 
forced phenol resins, etc. Examples of those formed by 
ceramics include Silicon dioxide, alumina, etc. 
0379 The above-mentioned substrate structure may be a 
mono-layer Structure, or a multi-layer Substrate in which a 
plurality of layers are formed, for example, by means of 
formation of through holes, etc., with electrical connection 
being made with each other, in order to increase the number 
of electrodes per unit area. 
0380 With respect to the above-mentioned parts, they are 
not particularly limited, but include example, active parts for 
Semiconductors, etc., Such as transistors, diodes, ICS and 
LSIs, and passive parts, etc., Such as resistors, capacitors and 
quartz oscillators. 
0381 Electrodes are formed on the surface of each of the 
above-mentioned Substrates and parts. The Shape of the 
above-mentioned electrodes is not particularly limited but 
includes those having a Striped shape, a dot shape, or a 
desired shape, are used. 
0382. With respect to the material of the electrodes, 
examples thereof include gold, Silver, copper, nickel, palla 
dium, carbon, aluminum, ITO, etc. In order to reduce its 
contact resistivity, those having a gold coat on copper, 
nickel, etc., may be used. 
0383. The thickness of the electrodes is preferably set in 
the range of 0.1 to 100 lum. The width of the electrodes is 
preferably set in the range of 1 to 500 um. 
0384. The conductive fine particles of the present inven 
tion 16 may be dispersed at random in the anisotropic 
conductive adhesive of the present invention 16, or may be 
placed at Specific positions. In the case of the random 
dispersion, the electrodes can be generally electrically con 
nected in a universal manner, and in particular, in the case 
of the Specific distribution, electrical connection can be 
made efficiently. 
0385) The method for electrically connecting the oppos 
ing two electrodes with opposite phases by using the con 
ductive fine particles in the present invention 16 may be a 
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method in which the anisotropic conductive adhesive, the 
binder resin and the conductive fine particles are used in a 
Separated manner. 
0386 With respect to the method for using the anisotro 
pic conductive adhesive of the present invention 16, for 
example, on a Substrate or a part having electrodes formed 
on its Surface, the anisotropic conductive film of the present 
invention 16 is placed, and a Substrate or a part having an 
opposing electrode face is then placed, and followed by 
heating and pressing. In place of the anisotropic conductive 
film, a predetermined amount of the anisotropic paste may 
be applied by a printing means Such as Screen printing and 
a dispenser. In the above-mentioned heating and pressing 
processes, a pressing device, a bonding machine, etc., hav 
ing a heater, are used. 
0387 Amethod without using the anisotropic conductive 
film or the anisotropic conductive paste may be proposed, 
for example, a method wherein liquid binder is injected into 
a gap between the two electrode Sections joined by using the 
conductive fine particles, and followed by curing. In the 
connection Structure obtained by the above-mentioned 
method, Since electroplating particles having a Superior 
conductive property are used as the conductive fine par 
ticles, a greater electric current can be stably provided. 
0388 Moreover, by the application of particles having an 
appropriate average particle size, leakage hardly occurs on 
the opposing electrodes with opposing phases, and by lim 
iting the variation coefficient and aspect ratio, non-contact 
particles are hardly generated So that leakage hardly 
occurred between the electrodes, when making the elec 
trodes contact with each other through the conductive fine 
particles. 

0389. Furthermore, in the case of noble metal or low 
melting-point metal plating, even when exposed to heating 
and cooling cycles or a high-temperature, high moisture 
State for a long time, oxidation hardly occurs on the contact 
face, etc. to the electrodes; therefore, it is not likely to occur 
large increase in the connection resistivity, or degradation in 
the reliability. Therefor, the reliability for a long time can be 
ensured even under Such conditions. 

0390 The following description will discuss the elec 
tronic circuit parts, etc. of the present invention 17. Here 
inafter, the simple term “the present invention” refers to the 
electronic circuit parts, the related electronic circuit Sub 
Strates, the electronic circuit elements, etc. of the present 
invention 17. 

0391) In the present specification, “electronic circuit ele 
ments' refer to Semiconductor elements having electrodes 
formed thereon, and for example, diodes, transistors, ICs, 
LSIs, SCRs (Silicon Controlled Rectifier), photoelectric 
elements, Solar batteries, light-emitting diodes (LED), etc. 
are listed. In particular, examples of ICS include bear chips, 
package type ICs, chip size packages (CSP), etc., and also 
include hybrid ICs and multi chip modules (MCM) that are 
manufactured in combination with elements other than Semi 
conductors, Such as resistors, capacitors, inductors and 
quartz oscillators. 
0392 Electrodes for the above-mentioned electronic cir 
cuit elements are manufactured by, for example, the vapor 
deposition method or the Sputtering method, and examples 
of the material for the electrodes include metals. Such as 
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aluminum and copper, and alloys Such as nickel-chromium 
gold, nickel-chromium-copper, chromium-gold, nickel 
chromium-palladium-gold, nickel-chromium-copper-palla 
dium-gold, molybdenum-gold, titanium-palladium-gold, 
titanium-platinum-gold, etc. 

0393 With respect to the layout of the electrodes on the 
electronic circuit element, those of the peripheral type and 
the area type or the mixed type thereof can be mentioned. 
0394. In the present specification, “electronic circuit Sub 
Strates' means those Substrates having electrodes formed 
thereon which are used by placing the above-mentioned 
electronic circuit elements thereon, and examples thereof 
include; printed wiring Substrates formed by paper phenol 
resin, glass epoxy resin, or glass polyimide resin, as a base; 
flexible printed wiring substrates formed by polyimide, or 
Saturated polyester resin; and ceramics Substrates. More 
over, they also include packages formed by resins or ceram 
ics which are used for packaging bear chips. 
0395. In the present specification, “electronic circuit 
parts” refer to those parts that are constituted by the elec 
tronic circuit Substrates on which the above-mentioned 
electronic circuit elements are placed and that are utilized as 
parts in the electronics field, and with respect to the pack 
aging System used in their manufacturing process, for 
example, flip chips, BGAS, etc. are preferably used. 

0396 The present invention 17 relates to an electronic 
circuit part which is formed by electrically connecting 
electrode Sections of an electronic circuit element and elec 
trode Sections of an electronic circuit Substrate, wherein the 
connection is formed by applying a laminated conductive 
fine particle provided with a conductive metal layer on the 
Surface of each of spherical elastic base particles, at each 
connecting Section between the electrode Section of the 
electronic circuit element and the electrode Section of the 
electronic circuit Substrate, the electrical connection is 
formed by a plurality of laminated conductive fine particles 
per connecting Section, and the connection is formed by 
using double laminated conductive fine particles provided 
with the conductive metal layer around each of the Spherical 
elastic base particles, a low-melting-point metal layer 
around the conductive metal layer, and at each connecting 
Section between the electrode Section of the electronic 
circuit element and the electrode Section of the electronic 
circuit Substrate, the electrical connection is formed by a 
plurality of laminated conductive fine particles per connect 
ing Section. 

0397 Moreover, the present invention 17 also relates to 
the above-mentioned electronic circuit part wherein the 
thickness of the conductive metal layer (t: unit mm) is 
represented by the following formula 1). 

PxDfo&ts:0.2xD Formula 1 

0398 where P is a constant based on pressure unit, 0.7 
Kg/mm, D is the diameter (unit: mm) of an elastic base 
particle, and O is a tensile strength (unit: Kg/mm) of a metal 
material forming the conductive metal layer, the tensile 
Strength being measured under the condition that the sheet 
shaped material having a thickness of 0.5 to 2 mm is tested 
at a tensile Speed of 10 mm/min. by a tensile tester. 

0399. The present invention 17 relates to an electronic 
circuit part that is formed by electrically connecting elec 
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trode Sections of an electronic circuit element and electrode 
Sections of an electronic circuit Substrate, wherein the con 
nection is formed by applying laminated conductive fine 
particles provided with a conductive metal layer around each 
of Spherical elastic base particles, at each contact Section 
between the conductive metal layer of the laminated con 
ductive fine particle and the electrode Section of the elec 
tronic circuit element, the electrical connection is formed by 
one laminated conductive fine particle per each contact 
Section, and at each contact Section between the conductive 
metal layer of the laminated conductive fine particle and the 
electrode Section of the electronic circuit Substrate, the 
electrical connection is formed by one laminated conductive 
fine particle per each contact Section, and the above-men 
tioned connection is formed by using double laminated 
conductive fine particles provided with the conductive metal 
layer around each of the Spherical elastic base particles and 
a low-melting-point metal layer around the conductive metal 
layer, and at each contact Section between the conductive 
metal layer and the low-melting-point metal layer of the 
double laminated conductive fine particle and the electrode 
Section of the electronic circuit element, the electrical con 
nection is formed by one double laminated conductive fine 
particle per contact Section, and at each contact Section 
between the conductive metal layer of the double laminated 
conductive fine particle and the electrode Section of the 
electronic circuit Substrate, the electrical connection is 
formed by one double laminated conductive particle per 
each contact Section. 

0400. In the present invention 17, the laminated conduc 
tive fine particles and/or the double laminated conductive 
fine particles are used. In the present specification, the 
laminated conductive fine particles and the double laminated 
conductive fine particles are also collectively referred to as 
conductive fine particles. The above-mentioned laminated 
fine particle comprises a spherical elastic base particle 111 
and a conductive metal layer 2 (FIG. 39). The above 
mentioned double laminated conductive fine particle com 
prises a spherical elastic base particle 111, a conductive 
metal layer 222 and a low-melting-point metal layer 333 
(FIG. 40). 
04.01. With respect to the spherical elastic base particle, it 
is not particularly limited as long as it is a material having 
elasticity, and examples thereof include particles formed by 
a resin material or an organic-inorganic hybrid material, etc. 
The resin material is not particularly limited, but includes for 
example, linear copolymerS Such as polystyrene, polymeth 
ylmethacrylate, polyethylene, polypropylene, polyethylene 
terephthalate, polybutyleneterephthalate, polysulfone, poly 
carbonate, and polyamide, and divinylbenzene, hexatoluene, 
divinylether, divinylsulfone, diallylcarbinol, alkylenediacry 
late, oligo or polyalkylene glycoldiacrylate, oligo or poly 
alkylene glycoldimethacrylate, alkylenetriacrylate, alkyle 
netetraacrylate, alkylenetrimethacylate, 
alkylenetetramethacrylate, alkylenebisacrylamide, and alky 
lenebismethacylamide, and network polymers obtained by 
polymerizing both-ends acryl denatured polybutadiene oli 
gomer Solely or together with other polymerizable mono 
C. 

0402. With respect to particles formed by the resin mate 
rial, it is not particularly limited, but includes for example, 
thermosetting resins Such as phenol-formaldehyde resins, 

Sep. 25, 2003 

melamine-formaldehyde resins, benzoguanamine-formalde 
hyde resins, urea-formaldehyde resins. 
0403. With respect to the organic-inorganic hybrid mate 

rial, for example, the following materials are used: those 
materials obtained by forming a copolymer between acrylate 
or methacrylate with a silyl group on its side chain and a 
Vinyl monomer Such as Styrene and methylmethacrylate, and 
then allowing the Sillyl group to undergo a condensation 
reaction; those materials obtained by allowing tetraethoX 
ySilane, triethoxysilane, or diethoxysilane to undergo a 
Sol-gel reaction in the coexistence of an organic polymer; 
and those materials obtained by allowing tetraethoxysilane, 
triethoxysilane, or diethoxysilane to undergo a Sol-gel reac 
tion, and then baking this at a low temperature, thereby 
allowing the organic components to remain. 
04.04 The particle size of the spherical elastic base par 
ticles is preferably set to 5 to 700 um, and more preferably 
10 to 150 lum. 
04.05 With respect to the particle size distribution of the 
spherical elastic base particles, a variation coefficient (stan 
dard deviation)/(average particle size)x100 is preferably 
not more than 5%, and more preferably not more than 3%. 
0406. The above-mentioned spherical elastic base par 
ticles are preferably designed to have a thermal conductivity 
of not less than 0.30 W/m K. 

0407. The conductive fine particles used in the invention 
17 are allowed to exert a Superior performance when the 
thickness of the conductive metal layer (t: mm) Satisfies the 
following formula 1). 

PxDfo&ts:0.2xD Formula 1 

0408 where P is a constant based on pressure unit, 1.0 
Kg/mm, D is the diameter (unit: mm) of an elastic base 
particle, and O is a tensile strength (unit: Kg/mm) of a metal 
material forming the conductive metal layer, and the tensile 
Strength is measured under the condition that the sheet 
shaped material having a thickness of 0.5 to 2 mm is tested 
at a tensile Speed of 10 mm/min. by a tensile tester. 
04.09 Thus, in the case of the thickness t of the conduc 
tive metal layer of not more than PxD/O, the conductive 
metal layer is not allowed to resist the thermal expansion of 
the elastic base particles upon heat application, and the 
degradation in performance Such as cracking and fatigue 
destruction is consequently occurred. In contrast, in the case 
of the thickness t of not less than 0.2xD, in response to the 
Shearing StreSS that the conductive fine particles receive, 
which will be described later, the elastic base particles 
hardly receive an elastic Shearing deformation beyond its 
recovery, with the result that an excessive StreSS is applied 
to the connection Section between the conductive metal layer 
of the conductive fine particles and the electronic circuit 
element as well as the conductive circuit Substrate, resulting 
in degradation in the connecting reliability. 
0410 Since the lower limit value of the thickness t of the 
conductive metal layer is represented by PxD/O, this is 
inversely proportional to the tensile Strength of the conduc 
tive metal layer; therefore, the more the tensile Strength 
increases, the lower limit value decreases. In the case of 
formation of the conductive metal layer formed by nickel, 
since the tensile strength is approximately 85 Kg/mm. 
PxD/O is approximately 0.0012 mm in the case when D is 
100 um. 
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0411 The kind of the metal constituting the conductive 
metal layer is not particularly limited, but includes for 
example, those materials containing at least one kind 
Selected from the following group consisting in nickel, 
palladium, gold, Silver, copper, platinum, and aluminum. 
0412. With respect to the conductive metal layer, those 
comprising a plurality of metal layerS provide desirable 
results, as compared with those made of a Single metal layer. 
0413 With respect to the formation method of the con 
ductive metal layer, dry plating methods Such as Vacuum 
Vapor deposition and Sputtering, and wet plating methods 
Such as electroless plating and electroplating, are used. In 
particular, the wet plating methods are more preferably used, 
and the most preferable results are obtained when a metal 
layer formed by electroless plating and a metal layer formed 
by electroplating are concomitantly used. 
0414. The above-mentioned electroplating is carried out 
by using a plating device as illustrated in FIG. 41. Thus, the 
electroplating layer is formed on the Surface of each particle 
by plating proceSS, wherein the plating device comprises a 
disk-shaped bottom plate Secured to the upper end of a 
perpendicular driving shaft; a porous member that is placed 
on the outer circumferential upper face of the bottom plate 
and that allows only a plating Solution to pass there through; 
a contact ring for conducting electricity placed on the upper 
face of the porous member; a hollow cover of a trapezoidal 
cone shape having an opening on its upper center portion, to 
the upper end of which a hollow cylinder having the same 
pore diameter as the opening diameter is joined, with the 
upper end of the hollow cylinder being bent toward the inner 
wall side of the hollow cylinder; a rotatable treatment 
chamber formed in a manner So as to Sandwich the porous 
member and the contact ring between the outer circumfer 
ential portion of the hollow cover and the bottom plate; a 
Supply tube for Supplying the plating Solution to the treat 
ment chamber through the opening, a container for receiving 
the plating Solution Scattered from the pores of the porous 
member; a drain tube for draining the plating Solution 
accumulated in the container, and an electrode inserted 
through the opening to contact with the plating Solution, and 
in this device, Spherical elastic base particles, which have 
been preliminarily Subjected to a pre-treatment, for example, 
an electroleSS plating process, are loaded into the treatment 
chamber, and a plating process is carried out by rotating the 
treatment chamber centered on its rotation shaft while a 
plating Solution is being Supplied to the treatment chamber 
and power is being applied thereto. 
0415. The low-melting-point metal layer is preferably 
formed with a thickness of 3 to 50% of the particle size of 
the Spherical elastic base particle. The thickness exceeding 
50% causes not only a reduction in the elastic property of the 
conductive fine particles, but also a problem in which upon 
melting down, the low-melting-point metal layer shifts in 
the horizontal direction resulting in a bridge phenomenon 
between the adjacent electrodes. In contrast, the thickness of 
the low-melting point metal layer of less than 3% Sometimes 
cause a problem of weak connecting Strength between the 
conductive metal layer of the conductive fine particles and 
the electrode Section of the electronic circuit element or the 
conductive circuit Substrate. 

0416) The above-mentioned low-melting-point metal 
layer is formed by metals having a melting point of not more 

26 
Sep. 25, 2003 

than 260 C. Examples of the low-melting-point metals 
include not less than one element Selected from the group 
consisting of tin, lead, bismuth, Silver, Zinc, indium, and 
copper. In the case when an alloy layer is used as the 
low-melting-point metal layer, the low-melting-point metal 
layer containing tin as its main component is preferable, and 
that containing tin as the main component and not less than 
one element Selected from the group consisting of lead, 
bismuth, Silver, Zinc, indium and copper, is more preferable. 
The low-melting-point metal layer may comprise a plurality 
of metal layers. 

0417. The formation of the low-melting-point metal layer 
is carried out by using wet plating methods Such as electro 
less plating and electroplating, and in particular, the elec 
troplating method is preferably used together with the 
above-mentioned electroplating device. 

0418 Next, the following description will discuss a 
manufacturing method for an electronic circuit part using the 
above-mentioned conductive fine particles. 

0419. In the case when an electronic circuit part com 
prising the electronic circuit elements and the electronic 
circuit Substrates is manufactured by using the laminated 
conductive fine particles provided with the conductive metal 
layer around each of the Spherical elastic base particles, a 
conductive material, formed by either a conductive adhesive 
or cream Solder, is placed on either of the electrode Sections 
of the electronic circuit element or the electrode Section of 
the electronic circuit Substrate, and the conductive fine 
particles are placed on said electrode Section, and then the 
conductive metal layer of the conductive fine particles and 
the electrode Section are electrically connected by heating. 
FIG. 41 schematically shows the electronic circuit element 
on which the laminated conductive fine particles are placed. 
Moreover, FIG. 42 schematically shows the electronic cir 
cuit Substrate on which the laminated conductive fine par 
ticles are placed. 

0420 Next, the conductive material comprising either a 
conductive adhesive or cream Solder is placed on the other 
electrode Section of the electronic circuit element or the 
electrode Section of the electronic circuit Substrate, and this 
is then Superposed on the conductive fine particles which 
have already been joined, and heated; thus, electrical con 
nection is formed. In this manufacturing process, Since it is 
not necessary to apply any high preSSure, no damage is given 
to the performance of the IC chip. Upon placing the lami 
nated conductive fine particles on either of the electrode 
Sections of the electronic circuit element or the electrode 
Section of the electronic circuit Substrate, a mold having 
recesses each of which is Smaller than the diameter of the 
conductive fine particle is placed on the position correspond 
ing to the electrode Section of either the electrode circuit 
element or the electrode Section of the electronic circuit 
Substrate, and the conductive fine particles are positioned on 
the recesses of this mold. Next, after adhering liquid has 
been applied to one portion of the exposed Surfaces of the 
conductive fine particles positioned on the mold, the con 
ductive fine particles are transferred on the electrode Section 
by allowing the mold to contact the one of the electrode 
Sections. Accordingly, the conductive fine particles are not 
placed at positions other than the electrode Sections, and a 
reduction in the insulating resistivity between the adjacent 
electrodes can be prevented. 
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0421 Moreover, in the case when an electronic circuit 
part comprising the electronic circuit elements and the 
electronic circuit Substrates is manufactured by using the 
double laminated conductive fine particles provided with the 
conductive metal layer and the low-melting-point metal 
layer around each of the Spherical elastic base particles, the 
double laminated conductive fine particles are first placed on 
either the electrode Section of the electronic circuit element 
or the electrode Section of the electronic circuit Substrate, 
and by heating to the vicinity of the electrode Section on 
which the double laminated conductive fine particles are 
placed, the low-melting-point metal layer of the double 
laminated conductive fine particle is allowed to melt down 
so that the conductive metal layer of the double laminated 
conductive fine particle and the electrode Section are elec 
trically connected. FIG. 43 schematically illustrates the 
electronic circuit element on which the double laminated 
conductive fine particles are placed. Moreover, FIG. 44 
Schematically illustrates the electronic circuit Substrate on 
which the double laminated conductive fine particles are 
placed. 

0422 Next, by cooling while the electric connection is 
maintained, the electric connection is Secured, and the other 
electrode Section is Superposed onto the double laminated 
conductive fine particles Secured on the one of the electrode 
Section and heated So that the low-melting-point metal layer 
is allowed to melt down and the other electrode Section and 
the double laminated conductive fine particles Secured on 
the electrode Section are electrically connected, and then the 
connection is maintained to be secured, by cooling. In this 
manufacturing process also, it is not necessary to apply any 
high pressure. 

0423 In the case when the double laminated conductive 
fine particles are placed on either the electrode Section of the 
electronic circuit element or the electrode Section of the 
electronic circuit Substrate, the above-mentioned mold is 
also used in the same manner as the case in which the 
laminated conductive fine particles are placed. 

0424. With respect to another manufacturing method for 
electronic circuit parts, a method has been proposed, in 
which onto either the electrode section of the electronic 
circuit element or the electrode Section of the electronic 
circuit Substrate, one conductive fine particle, coated with a 
conductive metal layer around the periphery of a spherical 
elastic base particle, is heated and pressed to be placed 
thereon, thus, the conductive metal layer of the conductive 
fine particle and the electrode Section are allowed to main 
tain the electric connection by the conductive material. 
0425. In the electronic circuit part manufactured as 
described above, the above-mentioned connection is formed 
by using the conductive fine particles provided with the 
conductive metal layer or the conductive metal layer and the 
low-melting-point metal layer around the Spherical elastic 
base particle, and at the connecting Section between the 
conductive metal layer of the conductive fine particle and 
the electrode Section of the to electronic circuit element, 
connection is electrically formed by a conductive fine par 
ticle per a contact Section, and at the connecting Section 
between the conductive metal layer of the conductive fine 
particle and the electrode Section of the electronic circuit 
Substrate, connection is electrically formed by one conduc 
tive fine particle per each contact Section. 
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0426 FIG. 45 schematically shows an electronic circuit 
part of the present invention. 

0427. In this electronic circuit part, upon heating or 
cooling, of the electrode Section of the electronic circuit 
element and the base electrode Section of the electronic 
circuit Substrate, one is dislocated in parallel with the other 
due to the difference in the thermal expansion coefficient 
between the above-mentioned electronic circuit element and 
the electronic circuit Substrate. 

0428 For this reason, the conductive fine particles are 
Subjected to a shearing deformation, but in this case, Since 
the Spherical elastic base particle is elastically Subjected to 
the shearing deformation, and this deformation can be 
recovered in the electronic circuit part using the conductive 
fine particles, a Shearing StreSS, exerted on the connecting 
interface between the conductive metal layer of the conduc 
tive fine particles and the electrode Section of the electronic 
circuit element or the electrode Section of the electronic 
circuit Substrate, is reduced, thereby improving the connect 
ing reliability. 

0429. This reducing effect to the shearing stress can be 
measured and evaluated by using a bonding tester (PTR-10 
type, Leska K.K.). With respect to the measurement 
Samples, the conductive fine particles connected to and 
Secured on the electronic circuit Substrates are used. The 
electronic circuit Substrate to which the conductive fine 
particles are connected and Secured is attached to a stage, a 
tool for shear test is placed perpendicular to the Stage, and 
while keeping in contact with the Side face of the conductive 
fine particles, the Stage is shifted So that a Shearing StreSS is 
exerted on the connecting interface between the conductive 
metal layer of the conductive fine particles and the electrode 
Section of the electronic circuit Substrate. 

0430. The amount of elastic strain that can be recovered 
represents the capability of recover from the Shearing defor 
mation. Here, in the conductive fine particles of the present 
invention, the base particles having a Sufficient elasticity are 
used; therefore, the elastic Strain that can be recovered is 
greater So that a greater capability of recover from the 
Shearing deformation can be provided. 

0431. In the electronic circuit part of the present inven 
tion, even in the case when, of the electrode Section of the 
electronic circuit element and the electrode Section of the 
electronic circuit Substrate, one is dislocated in parallel with 
the other due to the physical force of parallel direction, Since 
the conductive fine particles of the present invention have a 
greater recovering capability from Shearing deformation, 
they can be recovered even upon receipt of Such a disloca 
tion, thereby providing high connecting reliability. 

0432 Moreover, in the electronic circuit part of the 
present invention, the conductive fine particles which con 
tain base particle having a Sufficient elasticity are used; 
therefore, Since the peel Strength F from the electrode 
Section against the Strain deformation of the conductive fine 
particles is great as shown in the following formula 2), the 
conductive fine particles are hard to peel even upon receipt 
of a great dislocation, thereby maintaining the electrical 
connection, and consequently to provide high connecting 
reliability. 
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0433 wherein D' represents the diameter (unit: mm) of 
the conductive fine particles. 
0434. In the electronic circuit part of the present inven 
tion, the distance between the electrode Section of the 
electronic circuit element and the electrode Section of the 
electronic circuit substrate is preferably set to 90 to 100% of 
the diameter of the conductive fine particles. 
0435. In the case of the distance of less than 90%, the 
distance between the electrode Section of the electronic 
circuit element and the electrode Section of the electronic 
circuit Substrate is too close, Sometimes resulting in defor 
mation of the conductive fine particles and the Subsequent 
deterioration in the electrical connection. When the distance 
exceeds 100%, the conductive fine partices is likely to run 
det contact deterioration with the electronic circuit element 
or the electronic circuit Substrate, thereby deterioration in 
the electrical connection may occur. 
0436 Moreover, in the electronic circuit part of the 
present invention, the limit value of the current flowing 
between the electrode Section of the electronic circuit ele 
ment and the electrode Section of the electronic circuit 
Substrate is extremely great, that is, 0.5 to 10 Amp per 
electrode Section; therefore, even in the case of a large 
current flowing between these electrodes, no damage is 
given to the electrode Sections and the conductive fine 
particles, thereby ensuring high reliability. Moreover, in the 
present invention, connection is formed by using flip chip 
bonding and BGA bonding as well as using the conductive 
fine particles; therefore, So that high-density wiring to the 
electronic circuit element and the electronic circuit Substrate 
can be provided. 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

0437. The following description will discuss the present 
invention in detail by means of examples; however, the 
present invention is not intended to be limited only by these 
examples. 

Example 1 

0438 A nickel plating layer is formed as a conductive 
base layer on each of organic resin fine particles obtained by 
copolymerizing Styrene and divinylbenzene, thus, a nickel 
plating fine particle having an average particle size of 75.72 
lum and a standard deviation of 2.87 um was obtained. The 
resulting nickel plating fine particles (16 g) were Subjected 
to nickel plating on their Surface by using a manufacturing 
device for conductive fine particles shown in FIG. 1. 
0439 With respect to the porous member 12, a porous 
member having a pore size of 20 lum, formed by high 
density polyethylene, was used. Metal nickel was used as the 
anode 2a. 

0440 A Watt bath was used as the plating solution. The 
composition of the applied Watt bath had a nickel concen 
tration of 42 g/L, nickel sulfate 150 g/L, and boric acid 31 

0441 Power was applied across the electrodes with a 
voltage of 14 to 15 V for 25 minutes, under the conditions 
that the temperature of the plating solution was 50° C., the 
current was 30 A, and the current density was 0.3 A/dmf. 
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The peripheral velocity of the treatment chamber was set at 
300 m/min, and the rotation direction was reversed every 11 
Seconds. 

0442. During the rotation of the treatment chamber, the 
plating Solution, which was Subjected to a force in the outer 
circumferential direction due to the effect of a centrifugal 
force, formed a vortex having a mortar-like shape; however, 
there was no overflowing from the upper opening of the 
hollow cover 1. 

0443) The nickel plated resin fine particles having a 
nickel plated layer as the outermost layer thus obtained were 
observed under a microScope, and all the particles existed as 
individually isolated particles without any aggregation. 
Moreover, the average particle size of 100 of the nickel 
plated resin fine particles was 78.52 um and the thickness of 
the nickel plated layer was 1.4 lum. The variation coefficient 
of the particle size was 2.7%, thereby indicating that the 
thickness of the nickel plated layer was extremely uniform. 
0444 Here, clogging occurred in the porous member, 
resulting in a particle loss of approximately 30%. After the 
plating test was repeated three times, clogging occurred too 
much, with the result that the porous member was no longer 
uSable. 

Example 2 

Comparative Example 

0445 Plating was carried out in the same manner as 
Example 1 except that a conventional manufacturing device 
for conductive fine particles shown in FIG.2 was used as the 
plating device, and that as illustrated in FIG. 8, a porous 
member, which was formed by affixing a nylon filter having 
a pore size of 10 um onto the inner Side Surface on the 
treatment chamber Side of a porous member having a pore 
Size of 70 um made from polypropylene, was used as the 
porous member 12. 
0446. When the treatment chamber was rotated, the plat 
ing Solution, which was Subjected to a force in the outer 
circumferential direction due to the effect of a centrifugal 
force, formed a vortex having a mortar-like shape, and rose 
gradually along the inner wall of the cover 1, with the result 
that the liquid was Scattered from the opening 8 of the cover 
1; consequently, the fine particles flowed (overflow) out of 
the treatment chamber together with the Scattering plating 
Solution, as a result failing to carry out plating. 
0447. However, after completion of the plating process, 
no clogging was found in the porous member. 
0448. Here, this Example 2 should be described as a 
comparative example. 

Example 3 

0449 Plating was carried out in the same manner as 
Example 1 except that a manufacturing device for conduc 
tive fine particles shown in FIG. 1 was used as the manu 
facturing device for conductive fine particles, and that as 
illustrated in FIG. 8, a porous member, which was formed 
by affixing a nylon filter having a pore size of 10 um onto 
the inner Side Surface on the treatment chamber Side of a 
porous member having a pore size of 70 um made from 
polypropylene, was used as a porous member 12. 
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0450. During the rotation of the treatment chamber, the 
plating Solution, which was Subjected to a force in the outer 
circumferential direction due to the effect of a centrifugal 
force, formed a Vortex having a mortar-like shape; however, 
there was no overflowing from the upper opening of the 
hollow cover 1. 

0451. The nickel plated resin fine particles having a 
nickel plated layer as the outermost layer thus obtained were 
observed under a microScope, and all the particles existed as 
individually isolated particles without any aggregation. 
Moreover, the average particle size of 100 of the nickel 
plated resin fine particles was 78.72 um and the thickness of 
the nickel plated layer was 1.5 lim. The variation coefficient 
of the particle size was 2.6%, thereby indicating that the 
thickness of the nickel plated layer was extremely uniform. 

0452 Here, no clogging was found in the porous member 
12, and even after the plating test had been repeated five 
times, no clogging was found. 

Example 4 

0453 A nickel plating layer was formed as a conductive 
base layer on each of organic resin fine particles obtained by 
copolymerizing Styrene and divinylbenzene, thus, a nickel 
plating fine particle having an average particle size of 250.68 
lum and a standard deviation of 8.02 um was obtained. The 
resulting nickel plating fine particles (30 g) were Subjected 
to nickel plating on their Surface by using a manufacturing 
device for conductive fine particles shown in FIG. 1. 

0454. With respect to the porous member 12, a porous 
member having a pore size of 70 um, formed from polypro 
pylene, was used. Metal nickel was used as the anode 2a. A 
Watt bath was used as the plating solution. 

0455 Power was applied across the electrodes with a 
voltage of 16 to 17 V for 20 minutes, under the conditions 
that the temperature of the plating solution was 50° C., the 
current was 38A, and the current density was 0.65 A/dmf. 
The peripheral velocity of the treatment chamber was set at 
250 m/min, and the rotation direction was reversed every 11 
Seconds. 

0456. The nickel plated resin fine particles having a 
nickel plated layer as the outermost layer thus obtained were 
observed under a microScope, and all the particles existed as 
individually isolated particles without any aggregation. 
Moreover, the average particle size of 100 of the nickel 
plated resin fine particles was 255.68 um and the thickneSS 
of the nickel plated layer was 2.5 lum. The variation coef 
ficient of the particle size was 2.4%, thereby indicating that 
the thickness of the nickel plated layer was extremely 
uniform. Here, the total plating time was approximately 45 
minutes. 

Example 5 

0457. The conductive fine particles (28 g) obtained in 
Example 3 were Subjected to Solder plating on their Surface 
by using the manufacturing device for conductive fine 
particles shown in FIG. 1. 

0458 With respect to the porous member 12, a porous 
member having a pore size of 20 tim, formed from high 
density polyethylene, was used. 
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0459. An alloy of tin(Sn): lead (Pb)=6:4 was used as the 
anode 2a. 

0460 Acid bath (537A) made by Ishihara Chemical Co., 
Ltd. was used as the plating Solution. The composition of the 
plating Solution was adjusted So that the total metal concen 
tration was Set in the range of 15 to 30g/L, the metal ratio 
in the bath, Sn 76=55 to 70%, alkanol sulfonic acid, 100 to 
150 g/L, and an additive, 40 mL. The results of analysis on 
the plating Solution showed that the total metal concentra 
tion was 21 g/L, the metal ratio in the bath, Sn%=65%, and 
alkanol Sulfonic acid, 107 g/L. 
0461 Power was applied across the electrodes with a 
voltage of 7 to 8 V for 15 minutes, under the conditions that 
the temperature of the plating solution was 20° C., the 
current was 50 A, and the current density was 0.5 A/dmf. 
The peripheral velocity of the treatment chamber was set at 
300 m/min, and the rotation direction was reversed every 11 
Seconds. 

0462. During the rotation of the treatment chamber, the 
plating Solution, which was Subjected to a force in the outer 
circumferential direction due to the effect of a centrifugal 
force, formed a vortex having a mortar-like shape; however, 
there was no overflowing from the upper opening of the 
hollow cover 1. 

0463 The solder plated resin fine particles having a 
Solder plated layer as the outermost layer thus obtained were 
observed under a microScope, and all the particles existed as 
individually isolated particles. Moreover, the average par 
ticle size of 100 of the solder plated resin fine particles was 
84.88 um and the thickness of the solder plated layer was 3.2 
lum. The variation coefficient of the particle size was 3.2%, 
thereby indicating that the thickness of the nickel plated 
layer was extremely uniform. 

0464) Here, clogging occurred in the porous member, 
resulting in a particle loss of approximately 30%. After the 
plating test was repeated three times, clogging occurred too 
much, with the result that the porous member was no longer 
uSable. 

Example 6 

Comparative Example 

0465 Plating was carried out in the same manner as 
Example 5 except that the conventional manufacturing 
device for conductive fine particles shown in FIG. 2 was 
used, and that as illustrated in FIG. 8, a porous member 
which was formed by affixing a nylon filter having a pore 
Size of 10 um onto the inner Side Surface on the treatment 
chamber side of a porous member with a pore size of 70 um 
that was formed from polypropylene, was used as the porous 
member 12. 

0466. During the rotation of the treatment chamber, the 
plating Solution, which was Subjected to a force in the outer 
circumferential direction due to the effect of a centrifugal 
force, formed a vortex having a mortar-like Shape and 
gradually rose along the inner wall of the cover 1, with the 
result that the liquid was scattered from the opening 8 of the 
cover 1, consequently, the fine particles flowed (overflow) 
out of the treatment chamber together with the Scattering 
plating Solution, as a result failing to carry out plating. 
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0467. However, after completion of the plating process, 
no clogging was found in the porous member. 
0468. Here, this Example 6 should be described as a 
comparative example. 

Example 7 
0469 Solder plating was carried out on the surface in the 
Same manner as Example 5, except that as illustrated in FIG. 
8, a porous member, which was formed by affixing a nylon 
filter having a pore size of 10 um onto the inner Side Surface 
on the treatment chamber Side of a porous member with a 
pore size of 70 um that was formed from polypropylene, was 
used as the porous member 12. 
0470 During the rotation of the treatment chamber, the 
plating Solution, which was Subjected to a force in the outer 
circumferential direction due to the effect of a centrifugal 
force, formed a Vortex having a mortar-like shape; however, 
there was no overflowing from the upper opening of the 
hollow cover 1. 

0471. The solder plated resin fine particles having a 
Solder plated layer as the outermost layer thus obtained were 
observed under a microScope, and all the particles existed as 
individually isolated particles. Moreover, the average par 
ticle size of 100 of the solder plated resin fine particles was 
84.92 um and the thickness of the solder plated layer was 3.4 
lum. The variation coefficient of the particle size was 3.1%, 
thereby indicating that the thickness of the Solder plated 
layer was extremely uniform. 
0472 Here, no clogging was found in the porous member 
12, and even after the plating test had been repeated five 
times, no clogging was found. 

Example 8 
0473 A nickel plating layer is formed as a conductive 
base layer on each of organic resin fine particles obtained by 
copolymerizing Styrene and divinylbenzene, thus, a nickel 
plating fine particle having an average particle Size of 5.43 
lum and a standard deviation of 0.16 um was obtained. The 
resulting nickel plating fine particles (2.5 g) were Subjected 
to nickel plating on their Surface by using a manufacturing 
device for conductive fine particles shown in FIG. 1. 
0474 As illustrated in FIG. 8, a porous member, which 
was formed by affixing a nylon filter having a pore size of 
3 um onto the inner Side Surface on the treatment chamber 
Side of a porous member with a pore size of 70 um that was 
formed from polypropylene, was used as the porous member 
12. Metal nickel was used as the anode 2a. A Watt bath was 
used as the plating Solution. 
0475 Power was applied across the electrodes with a 
voltage of 14 to 15 V for 25 minutes, under the conditions 
that the temperature of the plating solution was 50° C., the 
current was 30 A, and the current density was 0.3 A/dmf. 
The peripheral velocity of the treatment chamber was set at 
300 m/min, and the rotation direction was reversed every 11 
Seconds. 

0476. During the rotation of the treatment chamber, the 
plating Solution, which was Subjected to a force in the outer 
circumferential direction due to the effect of a centrifugal 
force, formed a Vortex having a mortar-like shape; however, 
there was no overflowing from the upper opening of the 
hollow cover 1. 

30 
Sep. 25, 2003 

0477 The nickel plated resin fine particles having a 
nickel plated layer as the outermost layer thus obtained were 
observed under a microScope, and all the particles existed as 
individually isolated particles. Moreover, the average par 
ticle size of 100 of the nickel plated resin fine particles was 
7.23 um and the thickness of the nickel plated layer was 0.9 
lum. The variation coefficient of the particle size was 2.8%, 
thereby indicating that the thickness of the nickel plated 
layer was extremely uniform. 
0478 Moreover, no clogging was found in the porous 
member 12, and even after the repeated plating tests of five 
times, no clogging was found. 

Comparative Example 1 

0479 Plating was carried out in the same manner as 
Example 1 except that the conventional manufacturing 
device for conductive fine particles shown in FIG. 2 was 
used as the manufacturing device for conductive fine par 
ticles, and that a porous member having a pore size of 20 um, 
formed from high-density polyethylene, was used as the 
porous member 12. 
0480. During the rotation of the treatment chamber, the 
plating Solution, which was Subjected to a force in the outer 
circumferential direction due to the effect of a centrifugal 
force, formed a vortex having a mortar-like Shape and 
gradually rose along the inner wall of the hollow cover 1, 
with the result that the liquid was Scattered from the opening 
8 of the hollow cover 1; consequently, the fine particles 
flowed (overflow) out of the treatment chamber together 
with the Scattering plating Solution, as a result failing to 
carry out plating. Moreover, clogging occurred in the porous 
member. 

Comparative Example 2 

0481 Plating was carried out in the same manner as 
Comparative Example 1 except that the peripheral Velocity 
was set to 250 m/min. 

0482 Even during the rotation of the treatment chamber, 
no overflowing occurred; however, power was applied 
before the fine particles had reached the contact ring, result 
ing in no adhesion of the plating material. 

Comparative Example 3 

0483 Plating was carried out in the same manner as 
Example 4 by using the conventional manufacturing device 
for conductive fine particles shown in FIG. 2. Since the 
amount of the liquid in the treatment chamber was Small, 
only the groSS current amount of 26 A was allowed to flow 
with a low current density of 0.44 A/dm; consequently, it 
took approximately 70 minutes to complete all the plating in 
order to obtain the same thickness of nickel layer as 
Example 3. The plating time took about 1.5 times as long. 

Comparative Example 4 

0484 Solder plating was carried out in the same manner 
as Example 5 except that the conventional manufacturing 
device for conductive fine particles shown in FIG. 2 was 
used as the manufacturing device for conductive fine par 
ticles. 

0485. During the rotation of the treatment chamber, the 
plating Solution, which was Subjected to a force in the outer 
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circumferential direction due to the effect of a centrifugal 
force, formed a vortex having a mortar-like Shape and 
gradually rose along the inner wall of the hollow cover 1, 
with the result that the liquid was Scattered from the opening 
8 of the hollow cover 1; consequently, the fine particles 
flowed (overflow) out of the treatment chamber together 
with the Scattering plating Solution, as a result failing to 
carry out plating. Moreover, clogging occurred in the porous 
member. 

Comparative Example 5 

0486 Solder plating was carried out in the same manner 
as Example 8 except that the conventional manufacturing 
device for conductive fine particles shown in FIG. 2 was 
used as the manufacturing device for conductive fine par 
ticles, and that a porous member having a pore size of 2 um, 
formed of ceramics, was used as the porous member 12. 
0487. During the rotation of the treatment chamber, the 
plating Solution, which was Subjected to a force in the outer 
circumferential direction due to the effect of a centrifugal 
force, formed a vortex having a mortar-like Shape and 
gradually rose along the inner wall of the hollow cover 1, 
with the result that the liquid was Scattered from the opening 
8 of the hollow cover 1; consequently, the fine particles 
flowed (overflow) out of the treatment chamber together 
with the Scattering plating Solution, as a result failing to 
carry out plating. 
0488 Table 2 shows the results of Examples 1 to 8 and 
Comparative Examples 1 to 5. 
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0490 A porous member, which was formed by affixing a 
nylon sheet-shaped filter 20 having a pore size of 10 um and 
a thickness of 10 Lim onto the upper Surface of a plate-shaped 
porous Support 22 comprising high-density polyethylene 
having a pore size of 100 um and a thickness of 6 mm, was 
used as the porous member 21. An alloy of tin (Sn): lead 
(Pb)=6:4 was used as the anode 2a. Acid bath (537A) made 
by Ishihara Chemical Co., Ltd. was used as the plating 
Solution. 

0491. The composition of the plating solution was 
adjusted So that the total metal concentration was Set in the 
range of 15 to 30g/L, the metal ratio in the bath, Sn %=55 
to 65%, alkanol sulfonic acid, 100 to 150 g/L, and an 
additive, 40 mL. The results of analysis on the plating 
Solution showed that the total metal concentration was 20 
g/L, the metal ratio in the bath, Sn %=65%, and alkanol 
Sulfonic acid, 106 g/L. 

0492 Power was applied across the electrodes with a 
voltage of 10 to 12 V for the total power application time of 
approximately 25 minutes, under the conditions that the 
temperature of the plating Solution was 20 C., the current 
was 50 A, and the current density was 0.5 A/dmf. The 
peripheral velocity of the treatment chamber was set at 226 
m/min, and the rotation direction was reversed every 7.5 
Seconds and total plating time was about 1 hour. 

0493 As a result, the application of the above-mentioned 
arrangement of the porous member Solved the problem of 

TABLE 1. 

Filter 
Kinds of Particle Porous Support pore size 

plating metal size (um) Cover member Material pore size (um) (um) Overflow Clogging Evaluation 

Example 1 Nickel 75 FIG. 1 PE 2O Ole occurred O 
2 Nickel 75 FIG. 2 FIG. 8 PP 70 1O occurred Ole A 
3 Nickel 75 FIG. 1 FIG. 8 PP 70 1O Ole Ole O 
4. Nickel 250 FIG. 1 - PP 70 Ole Ole O 
5 Solder 75 FIG. 1 PE 2O Ole occurred O 
6 Solder 75 FIG. 2 FIG. 8 PP 70 1O occurred Ole A 
7 Solder 75 FIG. 1 FIG. 8 PP 70 1O Ole Ole O 
8 Nickel 5 FIG. 1 FIG. 8 PP 70 3 Ole Ole O 

Comp- 1. Nickel 75 FIG. 2 PE 2O occurred occurred X 
arative 2 Reduced number of rotations of Comparative Example 1 Ole occurred X 
Example 3 Nickel 250 FIG. 2 PP 70 Ole Ole A 

4 Solder 75 FIG. 2 PE 2O occurred occurred X 
5 Nickel 5 FIG. 2 Ceramics 2 occurred occurred X 

Example 9 the production of ring-shaped aggregated lumps due to 

0489. A nickel plating layer is formed as a conductive 
base layer on each of organic resin fine particles having an 
average particle size of 93.45 Lim, a Standard deviation of 
1.30 um and a variation coefficient, of 1.4%, obtained by 
copolymerizing Styrene and divinylbenzene, thus, a nickel 
plating fine particle having an average particle size of 97.10 
tim, a Standard deviation of 1.86 um and a variation coef 
ficient of 1.9% was obtained. The resulting nickel plating 
fine particles (32.7 g) were Subjected to nickel plating on 
their Surface by using a manufacturing device for conductive 
fine particles shown in FIG. 11. 

pressed fine particles on the porous member filtering face 
during plating. 

0494. The nickel plated resin fine particles having an 
eutectic Solder plated layer as the outermost layer thus 
obtained were observed under a microScope, and all the 
particles existed as individually isolated particles. Moreover, 
the average particle size of 100 of the solder plated resin fine 
particles was 103.78 um and the thickness of the solder 
plated layer was 3.34 um. The variation coefficient of the 
particle size was 2.8%, thereby indicating that the thickneSS 
of the solder plated layer was extremely uniform. Moreover, 
no Scratches were found on the Surface. The resulting Solder 
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coat was analyzed by the atomic absorption method, and Sn 
was 59.1%, which proved its eutectic composition. 
0495. In the following Examples and Comparative 
Examples, the evaluation items of the resulting conductive 
fine particles are given as (1) the ratio of aggregated lumps 
(Table 2) and (2) the surface condition of particles after 
plating (Table 3). 

TABLE 2 

Glade Degree of aggregation of plated particles 

O none of aggregated lumps, each comprising not less 
than 5 particles, in 1000 particles 

1. 1 to 10 of aggregated lumps, each comprising not 
less than 5 particles, in 1000 particles 

2 11 to 30 of aggregated lumps, each comprising not 
less than 5 particles, in 1000 particles 

3 31 to 50 of aggregated lumps, each comprising not 
less than 5 particles, in 1000 particles 

4 51 or more of aggregated lumps, each comprising 
not less than 5 particles, in 1000 particles 

0496) 

TABLE 3 

Presence of separation marks and scratches on the 
Glade surface of plated particles 

O none of particles having separation marks and/or 
scratches on the surface in 100 particles 

1. 1 to 3 particles having separation marks and/or 
scratches on the surface in 100 particles 

2 4 to 10 particles having separation marks and/or 
scratches on the surface in 100 particles 

3 11 to 20 particles having separation marks and/or 
scratches on the surface in 100 particles 

4 21 or more of particles having separation marks 
and/or scratches on the surface in 100 particles 

0497 Moreover, from the results of observation on 100 
particles under microScope, the average particle Size and the 
thickness of the plating layer were calculated. 

Example 10 
0498. A nickel layer was formed as a conductive base 
layer on each of organic resin fine particles obtained by 
copolymerizing Styrene and divinylbenzene, thus, nickel 
coated fine particles having an average particle Size of 30.25 
tim and a Standard deviation of 1.13 um were obtained. The 
resulting nickel coated fine particles (7.5 g) were Subjected 
to nickel plating on their Surface by using an electroplating 
device shown in FIG. 1. 

0499. A nylon filter having a pore size of 10 um was 
affixed onto the inner Side Surface on the treatment chamber 
Side of a porous member that was formed from polypropy 
lene with a pore size of 70 um; and this was used as the 
porous member 12. Metal nickel was used as the anode 2a. 
A Watt bath was used as the plating solution. 
0500 Power was applied across the electrodes with a 
voltage of 15 to 16 V for 20 minutes, under the conditions 
that the temperature of the plating solution was 50° C., the 
current was 36A, and the current density was 0.36 A/dmf. 
The peripheral velocity of the treatment chamber was set at 
250 m/min, and the rotation direction was reversed every 11 
Seconds. 
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0501 Nickel plated resin fine particles having a nickel 
plating layer on their outermost Surface, thus obtained, were 
subjected to a pulverizing process under a pressure of 500 
kg/cm by using a high-pressure homogenizer (made by 
Mizuho Kogyo K.K., Micro-fluidizer M-110Y). One-pass 
pulverizing proceSS was carried out. FIG. 13 shows a System 
flow diagram of the high-pressure homogenizer, and FIG. 
14 shows a flow diagram showing the inside of the chamber 
18. 

0502. As illustrated in FIGS. 13 and 14, the material was 
Supplied by a pump 216, and a difference in preSSures is 
occurred inside the chamber 218 due to the correlation 
between the orifice diameter of the chamber 218 and the 
Supplying energy of the pump. This drop in pressure (cavi 
tation), a shearing force due to the acceleration of the 
material, and an impact force exerted by the frontal collision 
of the accelerated fluid were utilized for pulverizing the fine 
particles inside the chamber. 
0503. In this manner, conductive fine particles, each 
having a nickel plated layer formed on its Surface, were 
obtained. 

Example 11 

0504. In the same manner as Example 10 except that 
three passes of the pulverizing process were carried out, 
conductive fine particles, each having a nickel plated layer 
formed on its Surface, were obtained. 

Example 12 

0505. In the same manner as Example 10 except that five 
passes of the pulverizing proceSS were carried out, conduc 
tive fine particles, each having a nickel plated layer formed 
on its Surface, were obtained. 

Example 13 

0506 The same plating process as Example 10 was 
carried out; however, during the plating process, the fine 
particles are drawn together with the plating Solution con 
tinuously from the treatment chamber 13, and this was 
Subjected to a pulverizing process by under a pressure of 500 
kg/cm by using a high-pressure homogenizer (made by 
Mizuho Kogyo K.K., Micro-fluidizer M-110Y), and again 
returned to the treatment chamber 13, this operation was 
repeated until the completion of the plating process. 
0507 FIG. 15 shows a flow diagram showing a circula 
tion System having the combination of the electroplating 
device and the pulverizing device. 
0508 As illustrated in FIG. 15, a fine-particle drawing 
tube 221 was inserted from the upper opening of the 
treatment chamber (in which the tip of the drawing tube is 
placed in the vicinity of the contact ring 11), and a Suspen 
Sion of the plating Solution and the fine particles in the 
vicinity of the contact ring was Sent to a container 214 by a 
plating fine-particle drawing pump 231. The Suspension 215 
of the plating Solution and the fine particles, Sent to the 
container 214, was supplied to the chamber 218 by a pump 
216, and isolated into individual particles by a pressure drop, 
a Shearing force and an impact force, and then returned to the 
treatment chamber 13 by a pulverized fine-particle Supply 
tube 222. 
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0509 Thus, conductive fine particles, each having a 
nickel plated layer formed on its Surface, were obtained. 

Comparative Example 6 
0510) The same plating process as Example 10 was 
carried out So that conductive fine particles, each having a 
nickel plated layer formed on its Surface, were obtained; 
however, the pulverizing proceSS was omitted. 
0511. The results of Examples 10 to 13 and Comparative 
Example 6 are shown in Table 4. 

TABLE 4 

Number of Presence of 
pulverizing Degree of separation 
process aggregation marks/scratches 

Ex. 10 1 pass Grade 2 Grade 2 
Ex. 11 3 passes Grade 1 Grade 3 
Ex. 12 5 passes Grade O Grade 4 
Ex. 13 Continuous Grade O Grade O 

pulverization 
Compar. Ex. 6 none Grade 3 Grade O 

0512. As shown in Table 4, when the pulverizing process 
was carried out after completion of the plating (Example 
10), the amount of aggregation was reduced as compared 
with Comparative Example 6. However, Separation marks 
and Scratches due to the pulverizing process were found on 
the plated Surface. Moreover, the amount of aggregation 
reduced as the number of the pulverizing processes 
increased, and it became virtually Zero after 5 passes; 
however, the amount of particles having Separation marks 
and Scratches on their Surface increased. 

0513. In the circulation system (Example 13) using the 
combination of the electroplating device and the pulverizing 
device, the plating process and the pulverizing process are 
repeatedly carried out from the initial Stage; therefore, 
aggregation hardly occurs, and it is possible to form a 
plating coat film without Separation marks and Scratches on 
the Surface of each particle. 

Example 14 
0514) A nickel layer was formed as a conductive base 
layer on each of organic resin fine particles obtained by 
copolymerizing Styrene and divinylbenzene, thus, nickel 
coated fine particles having an average particle Size of 15.24 
lum and a standard deviation of 0.70 um were obtained. The 
resulting nickel coated fine particles (10.0 g) were Subjected 
to nickel plating on their Surface by using an electroplating 
device shown in FIG. 1. 

0515 A nylon filter having a pore size of 10 um was 
affixed onto the inner Side Surface on the treatment chamber 
Side of a porous member with a pore size of 70 um that was 
formed from polypropylene, and this was used as the porous 
member 12. Metal nickel was used as the anode 2a. A Watt 
bath was used as the plating Solution. 
0516 Power was applied across the electrodes with a 
voltage of 15 to 16 V for 20 minutes, under the conditions 
that the temperature of the plating Solution was 50, the 
current was 36A, and the current density was 0.36 A/dmf. 
The peripheral velocity of the treatment chamber was set at 
250 m/min, and the rotation direction was reversed every 11 
Seconds. 
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0517. During the plating process, the fine particles were 
drawn together with the plating Solution continuously from 
the treatment chamber 13, and this was subjected to a 
pulverizing process by a homomixer (made by Tokushukika 
Kogyo K.K., T.K. Pipeline Homomixer PL-SL) at 5000 rpm, 
and again returned to the treatment chamber 13, this opera 
tion was repeated until the completion of the plating process. 

0518 FIG. 16 shows a flow diagram showing such a 
circulation System having the combination of the electro 
plating device and the pulverizing device. 

0519 AS illustrated in FIG. 16, a fine-particle drawing 
tube 221 was inserted from the upper opening of the 
treatment chamber (in which the tip of the drawing tube is 
placed in the vicinity of the contact ring 11), and a Suspen 
Sion of the plating Solution and the fine particles in the 
vicinity of the contact ring was drawn, and Subjected to a 
pulverizing process by a Pipeline Homomixer 225, and then 
returned to the treatment chamber 13 by a pulverized 
fine-particle Supply tube 222. 

0520. Thus, conductive fine particles, each having a 
nickel plated layer formed on its Surface, were obtained. 

Comparative Example 7 

0521. The same plating process as Example 14 was 
carried out So that conductive fine particles, each having a 
nickel plated layer formed on its Surface, were obtained; 
however, the pulverizing proceSS was omitted. 

0522 The results of Examples 14 and Comparative 
Example 7 are shown in Table 5. 

TABLE 5 

Number of Presence of 
pulverizing Degree of separation 
process aggregation marks/scratches 

Ex. 14 Continuous Grade O Grade 1 
pulverization 

Compar. Ex. 7 none Grade 3 Grade O 

Example 15 

0523) A nickel layer was formed as a conductive base 
layer on each of organic resin fine particles obtained by 
copolymerizing Styrene and divinylbenzene, thus, nickel 
coated fine particles having an average particle Size of 6.74 
lum and a standard deviation of 0.40 um were obtained. The 
fine particles obtained were Subjected to nickel electroplat 
ing in the same manner as Example 5 So that nickel plated 
fine particles having an average particle size of 8.82 um and 
a nickel plating thickness of 1.04 um were obtained. These 
nickel plated fine particles were Subjected to Solder plating 
on their Surface by using an electroplating device shown in 
FIG. 1. 

0524. A nylon filter having a pore size of 5 um was 
affixed onto the inner Side Surface on the treatment chamber 
Side of a porous member with a pore size of 70 um that was 
formed from polypropylene; and this was used as the porous 
member 12. Metal nickel was used as the anode 2a. An 
alkane Sulfonic acid Solder bath was used as the plating 
solution. The composition of the bath was: tin(I)alkane 
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Sulfonate 60 ml/L, lead alkane Sulfonate 30 ml/L, radical 
alkane sulfonic acid 100 ml/L and brightener 80 ml/L. 
0525 Power was applied across the electrodes with a 
voltage of 16 to 17 V for 15 minutes, under the conditions 
that the temperature of the plating solution was 20° C., the 
current was 80.6 A, and the current density was 0.75 A/dmf. 
The peripheral velocity of the treatment chamber was set at 
250 m/min, and the rotation direction was reversed every 15 
Seconds. 

0526. During the plating process, the fine particles were 
drawn together with the plating Solution continuously from 
the treatment chamber 13, and this was subjected to a 
pulverizing process by a static mixer (products by Tokush 
ukika Kogyo K.K., T.K. - ROSS ISG mixer), and again 
returned to the treatment chamber 13, this operation was 
repeated until the completion of the plating process. 
0527 FIG. 17 shows a flow diagram showing such a 
circulation System having the combination of the electro 
plating device and the pulverizing device. 
0528. As illustrated in FIG. 17, a fine-particle drawing 
tube 221 was inserted from the upper opening of the 
treatment chamber (in which the tip of the drawing tube is 
placed in the vicinity of the contact ring 11), and a Suspen 
Sion of the plating Solution and the fine particles in the 
vicinity of the contact ring was drawn, and Subjected to a 
pulverizing proceSS by a Static mixer 226, and then returned 
to the treatment chamber 13 by a pulverized fine-particle 
Supply tube 222. 
0529. Thus, conductive fine particles, each having a 
Solder plated layer formed on its Surface, were obtained. 

Comparative Example 8 

0530. The same plating process as Example 6 was carried 
out So that conductive fine particles, each having a nickel 
plated layer formed on its Surface, were obtained; however, 
the pulverizing proceSS was omitted. 
0531. The results of Examples 15 and Comparative 
Example 8 are shown in Table 6. 

TABLE 6 

Number of Presence of 
pulverizing Degree of separation 
process aggregation marks/scratches 

Ex. 15 Continuous Grade O Grade 1 
pulverization 

Compar. Ex. 8 none Grade 4 Grade O 

Example 16 

0532. A nickel layer was formed as a conductive base 
layer on each of organic resin fine particles obtained by 
copolymerizing Styrene and divinylbenzene, thus, nickel 
coated fine particles having an average particle Size of 2.98 
lum and a standard deviation of 0.22 um were obtained. The 
resulting nickel coated fine particles (8.0 g) were Subjected 
to nickel plating on their Surface by using an electroplating 
device shown in FIG. 1. 

0533. A membrane filter having a pore size of 10 um was 
affixed onto the inner Side Surface on the treatment chamber 
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Side of a porous member with a pore size of 70 um that was 
formed from polypropylene; and this was used as the porous 
member 12. The membrane filter has a collecting efficiency 
of 98% with respect to 2 um particles and a collecting 
efficiency of not less than 99.9% with respect to 3 um 
particles. Metal nickel was used as the anode 2a. A Watt bath 
was used as the plating Solution. 
0534 Power was applied across the electrodes with a 
voltage of 16 to 17 V for 50 minutes, under the conditions 
that the temperature of the plating solution was 50° C., the 
current was 36A, and the current density was 0.20 A/dmf. 
The peripheral velocity of the treatment chamber was set at 
250 m/min, and the rotation direction was reversed every 15 
Seconds. 

0535. During the plating process, the fine particles were 
drawn together with the plating Solution continuously from 
the treatment chamber 13, and this was subjected to a 
pulverizing process by an ultraSonic generator (products by 
Tsutsui Rikagakukikaisha K. K. Ultrasonic washer AU-70C) 
at a frequency of 28 kHZ/S, and then again returned to the 
treatment chamber 13, this operation was repeated until the 
completion of the plating process. 
0536 FIG. 18 shows a flow diagram showing such a 
circulation System having the combination of the electro 
plating device and the pulverizing device. 
0537. As illustrated in FIG. 18, a fine-particle drawing 
tube 221 was inserted from the upper opening of the 
treatment chamber (in which the tip of the drawing tube is 
placed in the vicinity of the contact ring 11), and a Suspen 
Sion of the plating Solution and the fine particles in the 
vicinity of the contact ring was drawn by a plated fine 
particle drawing pump 231, and Sent to a glass container 
229. The suspension of the plating solution and the fine 
particles, Sent to the glass container 229, was isolated into 
individual particles by the pulverizing effect of ultrasonic 
waves exerted by the ultraSonic generator 227, and then 
returned to the treatment chamber 13 by a pulverized 
fine-particle Sending pump 230 through a pulverized fine 
particle Supply tube 222. 
0538 Thus, conductive fine particles, each having a 
nickel plated layer formed on its Surface, were obtained. 

Comparative Example 9 
0539. The same plating process as Example 16 was 
carried out So that conductive fine particles, each having a 
nickel plated layer formed on its Surface, were obtained; 
however, the pulverizing proceSS was omitted. 
0540. The results of Examples 16 and Comparative 
Example 9 are shown in Table 7. 

TABLE 7 

Number of Presence of 
pulverizing Degree of separation 
process aggregation marks/scratches 

Ex. 16 Continuous Grade 1 Grade O 
pulverization 

Compar. Ex. 9 none Grade 4 Grade O 

Example 17 
0541. A nickel plating layer was formed as a conductive 
base layer by an electroless plating method on each of 
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organic resin fine particles having a specific gravity of 1.19, 
an average particle Size of 98.76 um, a Standard deviation of 
1.48 and a variation coefficient of 1.5%, obtained by copo 
lymerizing Styrene and divinylbenzene, thus, electroleSS 
nickel plated fine particles having an electroless nickel-film 
thickness of 2000 A were obtained. 

0542. The resulting electroless nickel plated fine particles 
(20.0 g) were Subjected to nickel plating on their Surface by 
using a manufacturing device for conductive fine particles of 
the present invention 11 shown in FIG. 19. 
0543 With respect to the treatment chamber 315, a 
partition plate 314 which was formed by affixing a nylon 
filter sheet having a pore size of 10 um and a thickness of 10 
um onto the inner side surface of a resin (HT-PVC) plate 
having a number of pores (p5) was used to form it; thus, fine 
particles into the treatment chamber 315 were prevented 
from leaking into the plating vessel 313. 
0544 The treatment chamber 315 was designed to have 
a particle shifting distance A of 40 mm into the treatment 
chamber 315. 

0545) A ring-shaped porous member having a pore size of 
100 um and a thickness of 6 mm, made from high-density 
polyethylene, was used as the porous member 12. Metal 
nickel was used as the anode 2a. 

0546 A Watt bath was used as the plating solution. The 
composition of the plating Solution was: nickel concentra 
tion 42 g/L, nickel chloride 39 g/L, nickel sulfate 150 g/L, 
and boric acid 31 g/L. The plating solution has a pH of 3.8 
and a specific gravity of 1.11. 
0547 Power was applied across the electrodes under the 
conditions that the temperature of the plating Solution was 
50 C., the current was 34 A, and the current density was 
0.37 A/dmf. The driving condition was set so that the 
number of revolutions of the plating vessel 13 provides a 
centrifugal effect of 10.3. The plating vessel 13 used here 
had an inner diameter of 280 mm, the number of revolutions 
was 256.5 rpm, and the peripheral velocity of the inner side 
surface of the contact ring 11 was 225.6 m/min. The particle 
shifting time was 2 Seconds, the power application time was 
5 Seconds, the deceleration time was 1 Second, and the 
Stoppage time was 1 Second; thus, with the total 9 Seconds 
as one cycle, the forward rotation and the reverse rotation 
were repeated. In this case, the power application rate (the 
ratio of the power application time in one cycle) was 55.6%. 
The total plating time was approximately 72 minutes. 
0548. The nickel plated resin fine particles having a 
nickel plated layer as the outermost layer thus obtained were 
observed under an optical microScope, and all the particles 
existed as individually isolated particles without any aggre 
gation. Moreover, the average particle size of 300 of the 
nickel plated resin fine particles was 103.40 um and the 
thickness of the nickel plated layer was 2.12 lum. The 
variation coefficient of the particle size was 2.7%, thereby 
indicating that the thickness of the nickel plated layer was 
extremely uniform. Moreover, there were no particles influ 
enced by a melt down base nickel plating layer due to the 
bipolar phenomenon. 

Example 18 
0549 Nickel plating was carried out in the same manner 
as Example 17 by using the electroless nickel plating fine 
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particles used in Example 17, except that one cycle was Set 
to 8 Seconds including the particle shifting time of 2 Sec 
onds, the power application time of 5 Seconds, the decel 
eration time of 1 Second and the Stoppage time of O Second. 
In this case, the power application rate (the ratio of the 
power application time in one cycle) was 62.5%. The total 
plating time was approximately 64 minutes. 
0550 The nickel plated resin fine particles having a 
nickel plated layer as the outermost layer thus obtained were 
observed under an optical microscope, and all the particles 
existed as individually isolated particles without any aggre 
gation. Moreover, the average particle size of 300 of the 
nickel plated resin fine particles was 103.26 um and the 
thickness of the nickel plated layer was 2.05 um. The 
variation coefficient of the particle size was 2.9%, thereby 
indicating that the thickness of the nickel plated layer was 
extremely uniform. Moreover, there were no particles influ 
enced by a melt down base nickel plating layer due to the 
bipolar phenomenon. 

Example 19 
0551. By using the electroless nickel plating fine particles 
used in Example 17, nickel plating was carried out in the 
Same manner as Example 17 except the following factors: 
0552. The treatment chamber 315 was formed so as to set 
the particle shifting distance A inside the treatment chamber 
at 15 mm, and 
0553 as for the driving conditions, one cycle was set to 
7 Seconds including the particle shifting time of 1 Second, 
the power application time of 5 Seconds, the deceleration 
time of 1 Second and the Stoppage time of O Second. In this 
case, the power application rate (the ratio of the power 
application time in one cycle) was 71.4%. The total plating 
time was approximately 56 minutes. 
0554. The nickel plated resin fine particles having a 
nickel plated layer as the outermost layer thus obtained were 
observed under an optical microscope, and all the particles 
existed as individually isolated particles without any aggre 
gation. Moreover, the average particle size of 300 of the 
nickel plated resin fine particles was 103.34 um and the 
thickness of the nickel plated layer was 2.09 um. The 
variation coefficient of the particle size was, 2.8%, thereby 
indicating that the thickness of the nickel plated layer was 
extremely uniform. Moreover, there were no particles influ 
enced by a melt down base nickel plating layer due to the 
bipolar phenomenon. 

Comparative Example 9 

0555 Nickel plating was carried out in the same manner 
as Example 17 except that 20 g of the electroless nickel 
plating fine particles used in Example 17 was used, and that 
a conventional manufacturing device for conductive fine 
particles shown in FIG. 20 was used. 
0556. In the case of the conventional manufacturing 
device for conductive fine particles, Since the particle shift 
ing distance was too long, power application was started 
before the fine particles had reached the contact ring, with 
the result that the bipolar phenomenon occurred, causing 
melt-down in the electroless plating layers of not less than 
half the number of fine particles, as a result failing to carry 
out plating. 
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Example 20 
0557. A nickel plating layer was formed as a conductive 
base layer on each of organic resin fine particles having an 
average particle size of 203.18 um, a Standard deviation of 
3.05, and a variation coefficient 1.5%, obtained by copoly 
merizing Styrene and divinylbenzene, thus, nickel coated 
fine particles having an average particle Size of 208.29 um, 
a standard deviation of 4.58 and a variation coefficient of 
2.2% were obtained (with a nickel film thickness of approxi 
mately 2.5 um). The resulting nickel plated fine particles 
(30.0 g) were Subjected to eutectic Solder plating on their 
Surface by using a manufacturing device for conductive fine 
particles shown in FIG. 11. 
0558 Aporous member, which was formed by affixing a 
nylon filter sheet 20 having a pore size of 10 um and a 
thickness of 10 m onto the upper Surface of a plate-shaped 
porous Support 12 having a pore size of 100 um and a 
thickness of 6 mm, made from high density polyethylene, 
was used as the porous member 21. 
0559) An alloy of tin(Sn): lead (Pb)=6:4 was used as the 
anode 2a. 

0560 Acid bath (537 A) (made by Ishihara Chemical Co., 
Ltd.) was used as the plating Solution. 
0561. The composition of the plating solution was 
adjusted So that the total metal concentration was 21.39 g/L, 
the metal ratio in the bath, Sn 76 was 65.3%, alkanol Sulfonic 
acid was 106.4 g/L, and an additive was 40 mL. 
0562 Power was applied across the electrodes under the 
conditions that the temperature of the plating Solution was 
20 C., the current was 24.8 A, and the current density was 
0.5 A/dm’. 

0563 The driving condition was set so that the number of 
revolutions of the treatment chamber 13 provides a centrifu 
gal effect of 10.3. The treatment chamber 13 used here had 
an inner diameter of 280 mm, the number of revolutions of 
the treatment chamber was 256.5 rpm, and the peripheral 
velocity thereof was 225.6 m/min. The driving pattern of the 
power application process was Set So that one cycle included 
the particle shifting time of 2 Seconds, the power application 
time of 6 Seconds, the deceleration time of 0.5 Second, and 
the Stoppage time of 2 Seconds, and the driving pattern of the 
Stirring proceSS was Set So that one cycle included the 
rotation time of 1 second, the deceleration time of 0.5 
Second, and the Stoppage time of 1 Second; thus, the power 
application process and the Stirring process were carried out 
alternately. The total plating time was approximately 83 
minutes. 

0564) 
tions. 

FIG. 21 shows a time chart of the driving condi 

0565. The eutectic solder plated resin fine particles hav 
ing an eutectic Solder plated layer as the outermost layer thus 
obtained were observed under an optical microScope, and all 
the particles existed as individually isolated particles. 
0566 Moreover, the average particle size of 300 of the 
eutectic Solder plated resin fine particles was 219.47 um and 
the thickness of the solder plated layer was 5.59 lum. The 
variation coefficient of the particle size was 3.1%, thereby 
indicating that the thickness of the Solder plated layer was 
extremely uniform. Moreover, no Scratches were found on 
the Surface. 
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0567 The resulting solder coat was analyzed by the 
atomic absorption method, and Sn was 61.3%, which proved 
its eutectic composition. 

Example 21 

0568 Eutectic solder plating was carried out in the same 
manner as Example 20 by using the same nickel plating fine 
particles (average particle size: 208.29 um, a standard devia 
tion: 4.58, variation coefficient: 2.2% and nickel film thick 
ness: approximately 2.5 lim) as Example 20, except that the 
driving conditions were altered as follows: 

0569. The current value was set to 74.5 A, and the current 
density was set to 1.5 A/dm; thus, the plating was carried 
Out. 

0570. The driving condition was set so that the number of 
revolutions of the treatment chamber provides a centrifugal 
effect of 10.3. The treatment chamber used here had an inner 
diameter of 280 mm, the number of revolutions of the 
treatment chamber was 256.5 rpm, and the peripheral Veloc 
ity thereof was 225.6 m/min. The driving pattern of the 
power application process was Set So that one cycle included 
the particle shifting time of 2 Seconds, the power application 
time of 6 Seconds, the deceleration time of 0.5 Second, and 
the Stoppage time of 2 Seconds, and the driving pattern of the 
Stirring proceSS was Set So that one cycle included the 
rotation time of 1 second, the deceleration time of 0.5 
Seconds, and the Stoppage time of 1 Second. The plating was 
carried out at the ratio of one cycle of the power application 
process to four cycles of the Stirring processes, with the 
respective power-application proceSS and the Stirring pro 
ceSS being repeated alternately in their forward and reverse 
rotations. The total plating time was approximately 49 
minutes. 

0571 FIG. 22 shows a time chart of the driving condi 
tions. The eutectic Solder plated resin fine particles having 
an eutectic Solder plated layer as the Outermost layer thus 
obtained were observed under an optical microScope, and all 
the particles existed as individually isolated particles. 

0572 Moreover, the average particle size of 300 of the 
eutectic Solder plated resin fine particles was 219.43 um and 
the thickness of the solder plated layer was 5.57 um. The 
variation coefficient of the particle size was 3.3%, thereby 
indicating that the thickness of the Solder plated layer was 
extremely uniform. 

0573 The resulting solder coat was analyzed by the 
atomic absorption method, and Sn was 62.8%, which proved 
its eutectic composition. 

Comparative Example 10 

0574 Eutectic solder plating was carried out in the same 
manner as Example 20 by using the same nickel plating fine 
particles (average particle size: 208.29 um, a standard devia 
tion: 4.58, variation coefficient: 2.2% and nickel film thick 
ness: approximately 2.5 um), except that the driving condi 
tions were altered as follows: 

0575. The current value was set to 24.8A, and the current 
density was set to 0.5 A/dmf; thus, the plating was carried 
Out. 



US 2003/0178313 A1 

0576. The driving condition was set so that the number of 
revolutions of the treatment chamber provides a centrifugal 
effect of 10.3. The treatment chamber used here had an inner 
diameter of 280 mm, the number of revolutions of the 
treatment chamber was 256.5 rpm, and the peripheral Veloc 
ity thereof was 225.6 m/min. The driving pattern of the 
power application process was Set So that one cycle included 
the particle shifting time of 2 Seconds, the power application 
time of 6 Seconds, the deceleration time of 0.5 Second, and 
the Stoppage time of 2 Seconds, and no Stirring proceSS was 
applied; thus, the plating was carried out by repeating 
forward and reverse rotations during only the power appli 
cation process. The total plating time was approximately 62 
minutes. 
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cation process. The total plating time was approximately 62 
minutes. 

0582 FIG. 24 shows a time chart of the driving condi 
tions. 

0583. The eutectic solder plated resin fine particles hav 
ing an eutectic Solder plated layer as the outermost layer thus 
obtained were observed under an optical microScope, and a 
number of aggregated lumps, each formed by approximately 
5 to 15 particles, were found. Thus, it was shown that 
aggregated lumps are formed in the case when no Stirring 
process is applied with an increased current density. 

0584) Table 8 shows the results of Examples 20 and 21 as 
well as Comparative Examples 10 and 11. 

TABLE 8 

Driving pattern (Sec. Total 

Current Power application process Stirring process plating Presence Total 

density Power De- Number of time of evalu 
(A/dm ) shift application celeration Stoppage Rotation Deceleration Stoppage repetitions (min.) aggregation ation 

Ex. 20 0.5 2 6 0.5 2 2 0.5 1. 1. 83 Ole O 
Ex. 21 1.5 2 6 0.5 2 2 0.5 1. 4 49 Ole GD 
Comper. 0.5 2 6 0.5 2 62 occurred X 
Ex. 10 
Comper. 1.5 2 3 0.5 2 3O occurred X 
Ex. 11 

0577 FIG. 23 shows a time chart of the driving condi- Example 22 
tions. 

0578. The eutectic solder plated resin fine particles hav 
ing an eutectic Solder plated layer as the outermost layer thus 
obtained were observed under an optical microScope, and a 
number of aggregated lumps, each formed by approximately 
3 to 10 particles, were found. Thus, it was shown that 
aggregated lumps are formed in the case when no Stirring 
proceSS is applied while using the same power application 
time as Example 20. 

Comparative Example 11 
0579 Eutectic solder plating was carried out in the same 
manner as Example 20 by using the same nickel plating fine 
particles (average particle size: 208.29 um, a standard devia 
tion: 4.58, variation coefficient: 2.2% and nickel film thick 
ness: approximately 2.5 um), except that the driving condi 
tions were altered as follows: 

0580. The current value was set to 74.5 A, and the current 
density was set to 1.5 A/dm; thus, the plating was carried 
Out. 

0581. The driving condition was set so that the number of 
revolutions of the treatment chamber provides a centrifugal 
effect of 10.3. The treatment chamber used here had an inner 
diameter of 280 mm, the number of revolutions of the 
treatment chamber was 256.5 rpm, and the peripheral Veloc 
ity thereof was 225.6 m/min. The driving pattern of the 
power application process was Set So that one cycle included 
the particle shifting time of 2 Seconds, the power application 
time of 3 Seconds, the deceleration time of 0.5 Second, and 
the Stoppage time of 2 Seconds, and no Stirring proceSS was 
applied; thus, the plating was carried out by repeating 
forward and reverse rotations during only the power appli 

0585. A nickel plating layer was formed as a conductive 
base layer by an electroless plating method on each of 
organic resin fine particles having a specific gravity of 1.19, 
an average particle size of 650.38 um, a Standard deviation 
of 9.75 um and a variation coefficient of 1.5%, obtained by 
copolymerizing Styrene and divinylbenzene, thus, electro 
less nickel plated fine particles having an electroleSS nickel 
film thickness of 5000A were obtained. The Specific gravity 
of the electroleSS nickel plated fine particles thus obtained 
was 1.225. 

0586 The resulting nickel plated fine particles (105 g) 
were Subjected to nickel plating on their Surface by using a 
manufacturing device for conductive fine particles shown in 
FIG. 1. 

0587. A porous member, which was formed by affixing a 
nylon filter sheet having a pore Size of 10 um and a thickness 
of 10 um onto the upper Surface of a plate-shaped porous 
Support having a pore size of 100 um and a thickness of 6 
mm, made from high density polyethylene, was used as the 
porous member 12. 
0588 Metal nickel was used as the anode 2a. 
0589 AWatt bath was used as the plating solution. The 
composition of the plating Solution was 68 g/L of nickel 
concentration, 42 g/L of nickel chloride, 260 g/L of nickel 
Sulfate, and 42 g/L of boric acid. The plating Solution had a 
pH of 3.7 and a specific gravity of 1.18. 

0590 Power was applied across the electrodes under the 
conditions that the temperature of the plating Solution was 
50° C., the current was 32 A, and the current density was 0.4 
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A/dmf. Here, the total power application time was approxi 
mately 80 minutes. The peripheral velocity of the treatment 
chamber was 226 m/min, and the rotation direction was 
reversed every 11 Seconds. 
0591. By increasing the film thickness of the electroless 
plating as described above, the difference between it and the 
bath specific gravity was widened to not less than 0.04 so 
that all the fine particles were allowed to completely 
approach the contact ring, thereby as a result failing to form 
a uniform plating layer. 
0592. The nickel plated resin fine particles having a 
nickel plated layer as the outermost layer thus obtained were 
observed under an optical microScope, and all the particles 
existed as individually Isolated particles without any aggre 
gation. From cross-sectional photographs of the resulting 
nickel plated resin fine particles, it was confirmed that 
plating was uniformly formed on the Surface of each par 
ticle. Moreover, the average particle size of 300 of the nickel 
plated resin fine particles was 661.18 um and the thickneSS 
of the nickel plated layer was 5.40 um. The variation 
coefficient of the particle size was 2.7%, thereby indicating 
that the thickness of the nickel plated layer was extremely 
uniform. Moreover, there were no particles influenced by a 
melt down base nickel plating layer due to the bipolar 
phenomenon. 

Example 23 

0593. A nickel layer was formed as a conductive base 
layer by an electroleSS plating method on each of organic 
resin fine particles Same as those used in Example 22, thus, 
electroleSS nickel plated fine particles having an electroleSS 
nickel-film thickness of 2000A were obtained. The Specific 
gravity of the electroleSS nickel plated fine particles thus 
obtained was 1.204. 

0594. The resulting nickel plated fine particles (105 g) 
were Subjected to nickel plating on their Surface by using a 
manufacturing device for conductive fine particles shown in 
FIG. 1. 

0595. The nickel plating was carried out in the same 
manner as Example 1, except that the composition of a Watt 
bath used here was altered as follows: nickel concentration 
was 42 g/L, nickel chloride was 39 g/L, nickel Sulfate was 
150 g/L, and boric acid was 31 g/L. The plating Solution had 
a pH of 3.8 and a specific gravity of 1.11. 
0596) Even in the case when the film thickness of the 
electroleSS plating was thinner than that of Example 22 and 
the particle Specific gravity was Small, the difference 
between it and the bath Specific gravity was increased to not 
less than 0.04 by reducing the electrolytic concentration of 
the Watt bath as described above, so that all the fine particles 
were allowed to completely approach the contact ring, 
thereby forming a uniform plating layer. 
0597. The nickel plated resin fine particles having a 
nickel plated layer as the outermost layer thus obtained were 
observed under an optical microScope, and all the particles 
existed as individually isolated particles without any aggre 
gation. From cross-sectional photographs of the resulting 
nickel plated resin fine particles, it was confirmed that 
plating was uniformly formed on the Surface of each par 
ticle. Moreover, the average particle size of 300 of the nickel 
plated resin fine particles was 660.72 um and the thickneSS 
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of the nickel plated layer was 5.170 um. The variation 
coefficient of the particle size was 2.7%, thereby indicating 
that the thickness of the nickel plated layer was extremely 
uniform. Moreover, there were no particles influenced by a 
melt down base nickel plating layer due to the bipolar 
phenomenon. 

Example 24 
0598. A nickel layer was formed as a conductive base 
layer by an electroleSS plating method on each of glass beads 
having a specific gravity of 2.54, an average particle size of 
203.67 um, a standard deviation of 4.10 um and a variation 
coefficient of 2.0%; thus, electroless nickel plated fine 
particles having a nickel-film thickness of 600 A were 
obtained. The Specific gravity of the electroless nickel plated 
fine particles thus obtained was 2.551. 
0599 The resulting nickel plated fine particles (75 g) 
were Subjected to nickel plating on their Surface by using a 
manufacturing device for conductive fine particles shown in 
FIG. 1. 

0600 A porous member, which was formed by affixing a 
nylon filter sheet having a pore Size of 10 um and a thickness 
of 10 um onto the upper Surface of a plate-shaped porous 
Support having a pore size of 100 um and a thickness of 6 
mm, made from high density polyethylene, was used as the 
porous member 12. 
0601 Metal nickel was used as the anode 2a. 
0602) A Watt bath was used as the plating solution. The 
composition of the plating Solution was 45 g/L of nickel 
chloride, 300 g/L of nickel sulfate, and 45 g/L of boric acid. 
The plating Solution had a pH of 3.7 and a specific gravity 
of 1.23. 

0603 Power was applied across the electrodes under the 
conditions that the temperature of the plating Solution was 
50° C., the current was 40 A, and the current density was 
0.90 A/dmf. Here, the total power application time was 
approximately 35 minutes. The peripheral velocity of the 
treatment chamber was 226 m/min, and the rotation direc 
tion was reversed every 11 Seconds. 
0604. As described above, by setting the difference 
between its Specific gravity and the bath Specific gravity to 
1.321 so that all the fine particles were allowed to com 
pletely approach the contact ring, thereby forming a uniform 
plating layer. 
0605. The nickel plated glass beads having a nickel 
plated layer as the outermost layer thus obtained were 
observed under an optical microscope, and all the particles 
existed as individually isolated particles without any aggre 
gation. From cross-sectional photographs of the resulting 
nickel plated glass beads, it was confirmed that plating was 
uniformly formed on the surfac of each particle. Moreover, 
the average particle Size of 300 of the nickel plated glass 
beads was 210.13 um and the thickness of the nickel plated 
layer was 3.23 um. The variation coefficient of the particle 
size was 3.7%, thereby indicating that the thickness of the 
nickel plated layer was extremely uniform. Moreover, there 
were no particles influenced by a melt down base nickel 
plating layer due to the bipolar phenomenon. 

Example 25 
0606 Copper fine particles (200 g) having a specific 
gravity of 8.93, an average particle size of 301.45 Lim, a 



US 2003/0178313 A1 

standard deviation of 4.67 um and a variation coefficient of 
1.5% were Subjected to nickel plating on their Surface. 
0607. A porous member, which was formed by affixing a 
nylon filter sheet having a pore Size of 10 Lim and a thickneSS 
of 10 um onto the upper Surface of a plate-shaped porous 
Support having a pore size of 100 um and a thickness of 6 
mm, made from high density polyethylene, was used as the 
porous member 12. 

0608 Metal nickel was used as the anode 2a. 
0609 A Watt bath was used as the plating solution. The 
composition of the plating Solution was 45 g/L of nickel 
chloride, 300 g/L of nickel sulfate, and 45 g/L of boric acid. 
The plating Solution had a pH of 3.7 and a specific gravity 
of 1.23. 

0610 Power was applied across the electrodes under the 
conditions that the temperature of the plating Solution was 
50 C., the current was 40 A, and the current density was 
0.90 A/dm. Here, the total power application time was 
approximately 35 minutes. The peripheral velocity of the 
treatment chamber was 226 m/min, and the rotation direc 
tion was reversed every 11 Seconds. 

0611 AS described above, by setting the difference 
between its Specific gravity and the bath Specific gravity to 
7.7 so that all the fine particles were allowed to completely 
approach the contact ring, thereby forming a uniform plating 
layer. 

0612 The nickel plated copper fine particles having a 
nickel plated layer as the outermost layer thus obtained were 
observed under an optical microScope, and all the particles 
existed as individually isolated particles without any aggre 
gation. From cross-sectional photographs of the resulting 
nickel plated copper fine particles, it was confirmed that 
plating was uniformly formed on the Surfac of each particle. 
Moreover, the average particle size of 300 of the nickel 
plated copper fine particles was 310.38 um and the thickneSS 
of the nickel plated layer was 4.46 um. The variation 
coefficient of the particle size was 2.8%, thereby indicating 
that the thickness of the nickel plated layer was extremely 
uniform. Moreover, there were no particles influenced by a 
melt down base nickel plating layer due to the bipolar 
phenomenon. 

Example 26 

0613 Lead fine particles (200g) having a specific gravity 
of 11.34, an average particle size of 448.76 um, a Standard 
deviation of 7.63 um and a variation coefficient of 1.7% 
were Subjected to nickel plating on their Surface by using a 
manufacturing device for conductive fine particles shown in 
FIG. 1. 

0614) A porous member, which was formed by affixing a 
nylon filter sheet having a pore Size of 10 Lim and a thickneSS 
of 10 um onto the upper Surface of a plate-shaped porous 
Support having a pore size of 100 um and a thickness of 6 
mm, made from high density polyethylene, was used as the 
porous member 12. 

0615 Metal nickel was used as the anode 2a. 
0616) A Watt bath was used as the plating solution. The 
composition of the plating Solution was 45 g/L of nickel 
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chloride, 300 g/L of nickel sulfate, and 45 g/L of boric acid. 
The plating Solution had a pH of 3.7 and a specific gravity 
of 1.23. 

0.617 Power was applied across the electrodes under the 
conditions that the temperature of the plating Solution was 
50° C., the current was 23.5 A, and the current density was 
1.0 A/dmf. Here, the total power application time was 
approximately 30 minutes. The peripheral velocity of the 
treatment chamber was 226 m/min, and the rotation direc 
tion was reversed every 11 Seconds. 
0618. As described above, by setting the difference 
between its Specific gravity and the bath Specific gravity to 
10.11 so that all the fine particles were allowed to com 
pletely approach the contact ring, thereby forming a uniform 
plating layer. 
0619. The nickel plated lead fine particles having a nickel 
plated layer as the outermost layer thus obtained were 
observed under an optical microscope, and all the particles 
existed as individually isolated particles without any aggre 
gation. From cross-sectional photographs of the resulting 
nickel plated lead fine particles, it was confirmed that plating 
was uniformly formed on the Surface of each particle. 
Moreover, the average particle size of 300 of the nickel 
plated lead fine particles was 459.26 um and the thickness of 
the nickel plated layer was 5.25 lum. The variation coefficient 
of the particle size was 3.1%, thereby indicating that the 
thickness of the nickel plated layer was extremely uniform. 
Moreover, there were no particles influenced by a melt 
down base nickel plating layer due to the bipolar phenom 
CO. 

Comparative Example 12 

0620. Nickel plating was carried out on the surface of the 
completely same electroless nickel plated fine particles 
(plating Solution specific gravity: 1.204) as Example 23 by 
using a manufacturing device for conductive fine particles 
shown in FIG. 1 under the completely same plating condi 
tions (specific gravity: 1.18) as Example 1. 
0621. Since the difference in specific gravity between the 
plated fine particles and the plating Solution was as Small as 
0.024, power application was started before the fine particles 
had reached contact ring, with the result that there were a 
number of fine particles having melt-down conductive base 
layers due to the bipolar phenomenon. 

Comparative Example 13 

0622. A nickel plating layer was formed as a conductive 
base layer on each of the completely Same organic resin fine 
particles as Example 22 by using an electroless plating 
method; thus, electroless nickel plated fine particles having 
an electroless nickel film thickness of 600 A were obtained. 
The resulting electroleSS nickel plating fine particles had a 
specific gravity of 1.194. 
0623 The nickel plated fine particles (105 g) thus 
obtained were Subjected to plating on their Surface by using 
a manufacturing device for conductive fine particles shown 
in FIG. 1 under the completely same plating conditions 
(plating Solution specific gravity: 1.18) as Example 1. 
0624. Since the difference in specific gravity between the 
plated fine particles and the plating Solution was 0.014, 
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which was far smaller than that of Comparative Example 1, 
power application was Started before almost all the fine 
particles had reached contact ring, with the result that almost 
all the fine particles were Subjected to melt down conductive 
base layers due to the bipolar phenomenon. 
0625 Table 9 shows the results of Examples 22 to 26 and 
Comparative Examples 12 and 13. Here, with respect to the 
evaluation in Table 9, the occurrence of malplating due to 
the bipolar phenomenon was evaluated based upon the 
following criteria. 

0626 O: not observed 
0627 x: malplating in not less than half 
0628 xx: malplating in almost all 

TABLE 9 

Electroless Particle 
Particle Particle Plating film specific Bath specific 
material size (um) thickness (A) gravity gravity 

Ex. 22 Organic resin 650.38 5OOO 1.225 1.18 
Ex. 23 Organic resin 650.38 2OOO 1.204 1.11 
Ex. 24 Glass 2O3.67 6OO 2.551 1.23 
Ex. 25 Copper 301.45 8.93 1.23 
Ex. 26 Lead 448.76 11.34 1.23 
Comper. Organic resin 650.38 2OOO 1.204 1.18 
Ex. 12 
Comper. Organic resin 650.38 6OO 1.194 1.18 
Ex. 13 

0629 layer by an electroless plating method on each of 
organic resin fine particles having a specific gravity of 1.19, 
an average particle Size of 650.8 um, a Standard deviation of 
9.75 um and a variation coefficient of 1.5%, formed by 
copolymerizing Styrene and divinylbenzene, thus, electro 
less nickel plated fine particles having an ectrololeSS nickel 
film thickness of 2000A were obtained. The Specific gravity 
of the electroleSS nickel plated fine particles thus obtained 
was 1.204. 

0630. The resulting nickel plated fine particles (105 g) 
were Subjected to nickel plating on their Surface by using a 
manufacturing device for conductive fine particles shown in 
FIG. 11. 

0631 A porous member, which was formed by affixing a 
nylon filter sheet 20 having a pore size of 10 um and a 
thickness of 10 um onto the upper Surface of a plate-shaped 
porous Support 22 having a pore size of 100 um and a 
thickness of 6 mm, made from high density polyethylene, 
was used as the porous member 21. 
0632 Metal nickel was used as the anode 2a. 
0633 A Watt bath was used as the plating solution. 
0634. The composition of the plating solution was 42 g/L 
of nickel concentration, 39 g/L of nickel chloride, 150 g/L of 
nickel Sulfate, and 31 g/L of boric acid. The plating Solution 
had a pH of 3.8 and a specific gravity of 1.11. 

0635 Power was applied across the electrodes under the 
conditions that the temperature of the plating Solution was 
50 C., the current was 32 A, and the current density was 0.4 
A/dmf. Here, the total power application time was approxi 
mately 80 minutes. 
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0636. With respect to the driving conditions, the number 
of revolutions of the treatment chamber was Set So as to 
provide a centrifugal effect of 10.3. The inner diameter of 
the treatment chamber used in this case was 280 mm, and the 
number of revolutions of the treatment chamber was 256.5 
rpm, and the peripheral Velocity thereof was 225.6 m/min. 
The particle shifting time was 4 Seconds, the power appli 
cation time was 5 Seconds, the deceleration time was 1 
Second, and the Stoppage time was 1 Second; these were Set 
as one cycle, and the forward and reverse rotations were 
repeated. 

0637 At this time, the power application efficiency (the 
ratio of power application time in one cycle) was 45.5%. 

Difference in 
specific 
gravity Evaluation 

O.O45 
O.O94 
1.321 
7.7 
10.11 
O.O24 

O.O14 XX 

0638) 
tions. 

FIG. 27 shows a time chart of the driving condi 

0639 The nickel plated resin fine particles having a 
nickel plated layer as the outermost layer thus obtained were 
observed under an optical microscope, and all the particles 
existed as individually isolated particles without any aggre 
gation. 
0640 Moreover, the average particle size of 300 of the 
nickel plated resin fine particles was 661.18 um and the 
thickness of the nickel plated layer was 5.40 lum. The 
variation coefficient of the particle size was 2.7%, thereby 
indicating that the thickness of the nickel plated layer was 
extremely uniform. Here, there were no particles influenced 
by a melt down base nickel plating layer due to the bipolar 
phenomenon. 

Example 28 

0641) A nickel plating layer was formed as a conductive 
base layer by an electroless plating method on each of 
completely the same organic resin fine particles as Example 
27; thus, electroleSS nickel plated fine particles having an 
electroless nickel-film thickness of 2000 A were obtained. 
The Specific gravity of the electroleSS nickel plated fine 
particles thus obtained was 1.204. 
0642 The resulting nickel plated fine particles (105 g) 
were Subjected to nickel plating on their Surface by using a 
manufacturing device for conductive fine particles shown in 
FIG. 11. 

0643 Plating was carried out in the same manner as 
Example 27 except that the driving conditions were altered 
as follows: 
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0644. The number of revolutions of the treatment cham 
ber was set so as to provide a centrifugal effect of 28.6. The 
inner diameter of the treatment chamber used was 280 mm, 
and the number of revolutions of the treatment chamber was 
427.5 rpm, the peripheral velocity thereof was 376.0 m/min. 
The particle shifting time was 2 Seconds, the power appli 
cation time was 3 Seconds, the deceleration time was 1 
Second, and the Stoppage time was 1 Second; these were Set 
as one cycle, and the forward and reverse rotations were 
repeated. 
0645. At this time, the power application efficiency (the 
ratio of power application time in one cycle) was 46.2%. 
0646) 
tions. 

FIG. 28 shows a time chart of the driving condi 

0647. The nickel plated resin fine particles having a 
nickel plated layer as the outermost layer thus obtained were 
observed under an optical microScope, and all the particles 
existed as individually isolated particles without any aggre 
gation. 

0648 Moreover, the average particle size of 300 of the 
nickel plated resin fine particles was 660.78 um and the 
thickness of the nickel plated layer was 5.20 um. The 
variation coefficient of the particle size was 2.5%, thereby 
indicating that the thickness of the nickel plated layer was 
extremely uniform. Here, there were no particles influenced 
by a melt down base nickel plating layer due to the bipolar 
phenomenon. 

Example 29 

0649. A nickel plated layer was formed as a conductive 
base layer by an electroless plating method on each of 
completely the same organic resin fine particles as Example 
27; thus, electroleSS nickel plated fine particles having an 
electroless nickel-film thickness of 2000 A were obtained. 
The Specific gravity of the electroleSS nickel plated fine 
particles thus obtained was 1.204. 
0650 The resulting nickel plated fine particles (105 g) 
were Subjected to nickel plating on their Surface by using a 
manufacturing device for conductive fine particles shown in 
FIG. 11. 

0651 Plating was carried out in the same manner as 
Example 27 except that the driving conditions were altered 
as follows: 

0652 The number of revolutions of the treatment cham 
ber was set so as to provide a centrifugal effect of 3.2. The 
inner diameter of the treatment chamber was 280 mm, and 
the number of revolutions of the treatment chamber was 
142.5 rpm, the peripheral velocity thereof was 125.3 m/min. 
The particle shifting time was 8 Seconds, the power appli 
cation time was 5 Seconds, the deceleration time was 1 
Second, and the Stoppage time was 0 Second; these were Set 
as one cycle, and the forward and reverse rotations were 
repeated. 
0653 At this time, the power application efficiency (the 
ratio of power application time in one cycle) was 35.7%. 
0654) 
tions. 

FIG. 29 shows a time chart of the driving condi 

0655 The nickel plated resin fine particles having a 
nickel plated layer as the outermost layer thus obtained were 
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observed under an optical microscope, and all the particles 
existed as individually isolated particles without any aggre 
gation. 

0656 Moreover, the average particle size of 300 of the 
nickel plated resin fine particles was 659.46 um and the 
thickness of the nickel plated layer was 5.04 um. The 
variation coefficient of the particle size was 2.5%, thereby 
indicating that the thickness of the nickel plated layer was 
extremely uniform. Here, there were no particles influenced 
by a melt down base nickel plating layer due to the bipolar 
phenomenon. 

Example 30 

0657 The nickel plated resin fine particles (140 g)(par 
ticle size: 661.18 um, variation coefficient: 2.7%, specific 
gravity: 1.57) having a nickel plating layer as the outermost 
Surface, obtained in Example 27, were Subjected to eutectic 
Solder plating on their Surface by using a manufacturing 
device for conductive fine particles shown in FIG. 11. 
0658) A porous member, which was formed by affixing a 
nylon filter sheet 20 having a pore size of 10 um and a 
thickness of 10 um onto the upper Surface of a plate-shaped 
porous Support 22 having a pore size of 100 um and a 
thickness of 6 mm, made from high density polyethylene, 
was used as the porous member 21. 

0659 An alloy of tin(Sn): lead (Pb)=6:4 was used as the 
anode 2a. 

0660 Acid bath (537 A) (product by Ishihara Yakuhin 
Kogyo K.K.) was used as the plating Solution. 
0661 The composition of the plating solution was 
adjusted So that the total metal concentration was 21.39 g/L, 
the metal ratio in the bath, Sn was 65.3%, alkanol Sulfonic 
acid was 106.4 g/L, and an additive was 40 mL. 

0662 Power was applied across the electrodes under the 
conditions that the temperature of the plating Solution was 
20 C., the current was 40.5 A, and the current density was 
0.5 A/dm. The total power application time was 105 min 
uteS. 

0663 The driving condition was set so that the number of 
revolutions of the treatment chamber provides a centrifugal 
effect of 10.3. The treatment chamber used here had an inner 
diameter of 280 mm, the number of revolutions of the 
treatment chamber was 256.5 rpm, and the peripheral Veloc 
ity thereof was 225.6 m/min. The driving pattern of the 
power application process was Set So that one cycle included 
the particle shifting time of 2 Seconds, the power application 
time of 3 Seconds, the deceleration time of 0.5 Seconds, and 
the Stoppage time of 2 Seconds; thus, in this cycle, the 
forward and reverse rotations were repeated. 

0664) At this time, the power application efficiency (the 
ratio of power application time in one cycle) was 40%. 

0665 FIG. 30 shows a time chart of the driving condi 
tions. 

0.666 The eutectic solder plated resin fine particles hav 
ing an eutectic Solder layer as the outermost layer thus 
obtained were observed under an optical microScope, and all 
the particles existed as individually isolated particles. 
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0667 Moreover, the average particle size of 300 of the 
eutectic solder plated resin fine particles was 693.06 um and 
the thickness of the solder plated layer was 15.94 um. The 
variation coefficient of the particle size was 3.8%, thereby 
indicating that the thickness of the Solder plated layer was 
extremely uniform. The resulting Solder coat was analyzed 
by the atomic absorption method, and Sn was 61.7%, which 
proved its eutectic composition. Here, there were no par 
ticles influenced by a melt down base nickel plating layer 
due to the bipolar phenomenon. 

Example 31 

0668. A nickel plated layer was formed as a conductive 
base layer by an electroless plating method on each of 
organic resin fine particles having a specific gravity of 1.19, 
an average particle size of 106.42 um, a Standard deviation 
of 1.70 um and a variation coefficient of 1.6%, formed by 
copolymerizing Styrene and divinylbenzene, thus, electro 
less nickel plated fine particles having an electroless nickel 
film thickness of 2000A were obtained. The Specific gravity 
of the electroleSS nickel plated fine particles thus obtained 
was 1.276. 

0669 The resulting nickel plated fine particles (21.6 g) 
were Subjected to nickel plating on their Surface by using a 
manufacturing device for conductive fine particles shown in 
FIG. 11. 

0670) A porous member, which was formed by affixing a 
nylon filter sheet 20 having a pore size of 10 um and a 
thickness of 10 um onto the upper Surface of a plate-shaped 
porous Support 22 having a pore size of 100 um and a 
thickness of 6 mm, made from high density polyethylene, 
was used as the porous member 21. 

0671 Metal nickel was used as the anode 2a. 
0672 A Watt bath was used as the plating solution. 
0673. The composition of the plating solution was 68 g/L 
of nickel concentration, 42 g/L of nickel chloride, nickel 
Sulfate 260 g/L, and 42 g/L of boric acid. The plating 
solution had a pH of 3.7 and a specific gravity of 1.18. 

0674 Power was applied across the electrodes under the 
conditions that the temperature of the plating Solution was 
50 C., the current was 33 A, and the current density was 
0.35 A/dm. Here, the total power application time was 
approximately 50 minutes. 

0675 With respect to the driving conditions, the number 
of revolutions of the treatment chamber was Set So as to 
provide a centrifugal effect of 10.3. The inner diameter of 
the treatment chamber used in this case was 280 mm, and the 
number of revolutions of the treatment chamber was 256.5 
rpm, and the peripheral Velocity thereof was 225.6 m/min. 
The particle shifting time was 4 Seconds, the power appli 
cation time was 5 Seconds, the deceleration time was 1 
Second, and the Stoppage time was 1 Second; these were Set 
as one cycle, and the forward and reverse rotations were 
repeated. 

0676. At this time, the power application efficiency (the 
ratio of power application time in one cycle) was 45.5%. 
0677 FIG. 27 shows a time chart of the driving condi 
tions. 
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0678. The nickel plated resin fine particles having a 
nickel plated layer as the outermost layer thus obtained were 
observed under an optical microscope, and all the particles 
existed as individually isolated particles without any aggre 
gation. 

0679) Moreover, the average particle size of 300 of the 
nickel plated resin fine particles was 111.06 um and the 
thickness of the nickel plated layer was 2.32 um. The 
variation coefficient of the particle size was 2.4%, thereby 
indicating that the thickness of the nickel plated layer was 
extremely uniform. Here, there were no particles influenced 
by a melt down base nickel plating layer due to the bipolar 
phenomenon. 

Example 32 

0680 The nickel plated resin fine particles (40 g) (par 
ticle size: 111.06 um, variation coefficient: 2.4%, Specific 
gravity: 2.111) having a nickel plating layer as the outermost 
Surface, obtained in Example 31, were Subjected to eutectic 
Solder plating on their Surface by using a manufacturing 
device for conductive fine particles shown in FIG. 11. 
0681 A porous member, which was formed by affixing a 
nylon filter sheet 20 having a pore size of 10 um and a 
thickness of 10 um onto the upper Surface of a plate-shaped 
porous Support 22 having a pore size of 100 um and a 
thickness of 6 mm, made from high density polyethylene, 
was used as the porous member 21. 
0682 An alloy of tin (Sn): lead (Pb)=6:4 was used as the 
anode 2a. 

0683 Acid bath (537 A) produced by Ishihara Yakuhin 
Kogyo K.K. was used as the plating Solution. 
0684. The composition of the plating solution was 
adjusted So that the total metal concentration was 21.39 g/L, 
and the metal ratio in the bath was 65.3% of Sn, 106.4 g/L 
of alkanol Sulfonic acid, and 40 mL of an additive. 

0685 Power was applied across the electrodes under the 
conditions that the temperature of the plating Solution was 
20 C., the current was 40.5 A, and the current density was 
0.5 A/dm. The total power application time was 105 min 
uteS. 

0686. The driving condition was set so that the number of 
revolutions of the treatment chamber provides a centrifugal 
effect of 10.3. The treatment chamber used here had an inner 
diameter of 280 mm, the number of revolutions was 256.5 
rpm, and the peripheral Velocity thereof was 225.6 m/min. 
The particle shifting time was 3 Seconds, the power appli 
cation time was 2 Seconds, the deceleration time was 0.5 
Second, and the Stoppage time of 2 Seconds, thus, these were 
Set as one cycle, and the forward and reverse rotations were 
repeated. 

0687. At this time, the power application efficiency (the 
ratio of power application time in one cycle) was 26.7%. 
0688) 
tions. 

FIG. 31 shows a time chart of the driving condi 

0689. The eutectic solder plated resin fine particles hav 
ing an eutectic Solder plated layer as the outermost layer thus 
obtained were observed under an optical microScope, and all 
the particles existed as individually isolated particles. 
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0690 Moreover, the average particle size of 300 of the 
nickel Solder plated resin fine particles was 119.3 um and the 
thickness of the solder plated layer was 4.12 lum. The 
variation coefficient of the particle size was 3.6%, thereby 
indicating that the thickness of the Solder plated layer was 
extremely uniform. The resulting Solder coat was analyzed 
by the atomic absorption method, and Sn was 62.6%, which 
proved its eutectic composition. Here, there were no par 
ticles influenced by a melt down base nickel plating layer 
due to the bipolar phenomenon. 

Example 33 

0691. A nickel plated layer was formed as a conductive 
base layer by an electroless plating method on each of 
organic resin fine particles having a specific gravity of 1.19, 
an average particle Size of 19.74 um, a Standard deviation of 
0.28 um and a variation coefficient of 1.4%, formed by 
copolymerizing Styrene and divinylbenzene, thus, electro 
less nickel plated fine particles having an electroless nickel 
film thickness of 2000A were obtained. The Specific gravity 
of the electroleSS nickel plated fine particles thus obtained 
was 1.637. 

0692 The resulting nickel plated fine particles (4.8 g) 
were Subjected to nickel plating on their Surface by using a 
manufacturing device for conductive fine particles shown in 
FIG. 11. 

0693 A porous member, which was formed by affixing a 
nylon filter sheet 20 having a pore size of 10 um and a 
thickness of 10 um onto the upper Surface of a plate-shaped 
porous Support 22 having a pore size of 100 um and a 
thickness of 6 mm, made from high density polyethylene, 
was used as the porous member 21. 

0694 Metal nickel was used as the anode 2a. 
0695) A Watt bath was used as the plating solution. 
0696. The composition of the plating solution was 68 g/L 
of nickel concentration, 42 g/L of nickel chloride, 260 g/L of 
nickel Sulfate, and 42 g/L of boric acid. The plating Solution 
had a pH of 3.7 and a specific gravity of 1.18. 

0697 Power was applied across the electrodes under the 
conditions that the temperature of the plating Solution was 
50 C., the current was 33 A, and the current density was 
0.35 A/dm. Here, the total power application time was 
approximately 50 minutes. 

0698. With respect to the driving conditions, the number 
of revolutions of the treatment chamber was Set So as to 
provide a centrifugal effect of 10.3. The inner diameter of 
the treatment chamber used in this case was 280 mm, and the 
number of revolutions of the treatment chamber was 256.5 
rpm, and the peripheral Velocity thereof was 225.6 m/min. 
The particle shifting time was 7 Seconds, the power appli 
cation time was 3 Seconds, the deceleration time was 0.5 
Second, and the Stoppage time was 2 Seconds, these were Set 
as one cycle, and the forward and reverse rotations were 
repeated. 

0699. At this time, the power application efficiency (the 
ratio of power application time in one cycle) was 24.0%. 
0700) 
tions. 

FIG. 32 shows a time chart of the driving condi 
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0701. The nickel plated resin fine particles having a 
nickel plated layer as the outermost layer thus obtained were 
observed under an optical microscope, and all the particles 
existed as individually isolated particles without any aggre 
gation. Moreover, the average particle size of 300 of the 
nickel plated resin fine particles was 22.62 um and the 
thickness of the nickel plated layer was 1.44 um. The 
variation coefficient of the particle size was 2.6%, thereby 
indicating that the thickness of the nickel plated layer was 
extremely uniform. Here, there were no particles influenced 
by a melt down base nickel plating layer due to the bipolar 
phenomenon. 

Example 34 

0702 The nickel plated resin fine particles (14.0 g) 
(particle size: 22.62 m, variation coefficient: 2.6%, Specific 
gravity: 3.759) having a nickel plating layer as the outermost 
layer, obtained in Example 33, were Subjected to eutectic 
Solder plating on their Surface by using a manufacturing 
device for conductive fine particles shown in FIG. 11. 
0703) A porous member, which was formed by affixing a 
nylon filter sheet 20 having a pore size of 10 um and a 
thickness of 10 um onto the upper Surface of a plate-shaped 
porous Support 22 having a pore size of 100 um and a 
thickness of 6 mm, made from high density polyethylene, 
was used as the porous member 21. 
0704. An alloy of tin(Sn): lead (Pb)=6:4 was used as the 
anode 2a. 

0705) Acid bath (537 A) produced by Ishihara Yakuhin 
Kogyo K.K. was used as the plating Solution. 
0706 The composition of the plating solution was 
adjusted So that the total metal concentration was 21.39 g/L, 
the metal ratio in the bath was 65.3% of Sn, 106.4 g/L of 
alkanol Sulfonic acid, and 40 mL of an additive. 
0707 Power was applied across the electrodes under the 
conditions that the temperature of the plating Solution was 
20 C., the current was 40.5 A, and the current density was 
0.5 A/dm. The total power application time was 105 min 
uteS. 

0708. The driving condition was set so that the number of 
revolutions of the treatment chamber provides a centrifugal 
effect of 10.3. The treatment chamber used here had an inner 
diameter of 280 mm, the number of revolutions of the 
treatment chamber was 256.5 rpm, and the peripheral Veloc 
ity thereof was 225.6 m/min. The particle shifting time was 
5 Seconds, the power application time was 1.5 Seconds, the 
deceleration time was 0.5 Second, and the Stoppage time of 
2 Seconds, thus, there were Set as one cycle, and the forward 
and reverse rotations were repeated. 
0709 At this time, the power application efficiency (the 
ratio of power application time in one cycle) was 16.7%. 
0710) 
tions. 

FIG. 33 shows a time chart of the driving condi 

0711. The eutectic solder plated resin fine particles hav 
ing an eutectic Solder plated layer as the outermost layer thus 
obtained were observed under an optical microScope, and all 
the particles existed as individually isolated particles. 
0712 Moreover, the average particle size of 300 of the 
nickel plated resin fine particles was 26.59 um and the 
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thickness of the solder plated layer was 1.99 um. The 
variation coefficient of the particle size was 3.8%, thereby 
indicating that the thickness of the Solder plated layer was 
extremely uniform. The resulting Solder coat was analyzed 
by the atomic absorption method, and Sn was 59.7%, which 
proved its eutectic composition. Here, there were no par 
ticles influenced by a melt down base nickel plating layer 
due to the bipolar phenomenon. 

Comparative Example 14 

0713. A nickel plating layer was formed as a conductive 
base layer on each of the completely Same organic resin fine 
particles as Example 27 by using an electroless plating 
method; thus, electroless nickel plated fine particles having 
an electroless nickel film thickness of 2000 A were obtained. 
The resulting electroleSS nickel plating fine particles had a 
Specific gravity of 1.204. 
0714 The nickel plated fine particles (105 g) thus 
obtained were Subjected to nickel plating on their Surface by 
using a manufacturing device for conductive fine particles 
shown in FIG. 11. 

0715 The plating was carried out in the same manner as 
Example 27 except that the driving conditions were altered 
as follows: 

0716. The number of revolutions of the treatment cham 
ber was set so as to provide a centrifugal effect of 47.4. The 
inner diameter of the treatment chamber used in this case 
was 280 mm, the number of revolutions of the treatment 
chamber was 550.0 rpm, and the peripheral velocity thereof 
was 483.8 m/min. The particle shifting time was 1 second, 
the power application time was 3 Seconds, the deceleration 
time was 1 Second, and the Stoppage time was 1 Second; 
these were Set as one cycle, and the forward and reverse 
rotations were repeated. 
0717. At this time, the power application efficiency (the 
ratio of power application time in one cycle) was 45.5%. 
0718) 
tions. 

0719. In the case of the centrifugal effect of not less than 
40.0, the time it took for the fine particles to reach the 
contact ring was greatly shortened; however, Since the 
plating Solution, which had been Subjected to a force in the 
outer circumferential direction due to the centrifugal force, 
formed a Vortex having a mortar-like shape inside the 
treatment chamber, with the result that the anode placed in 
the center of the treatment chamber was exposed, failing to 
flow current and to carry out plating. 

FIG. 34 shows a time chart of the driving condi 

Comparative Example 15 

0720) A nickel plating layer was formed as a conductive 
base layer on each of the completely Same organic resin fine 
particles as Example 27 by using an electroless plating 
method; thus, electroless nickel plated fine particles having 
an electroless nickel film thickness of 2000 A were obtained. 
The resulting electroleSS nickel plating fine particles had a 
Specific gravity of 1.204. 
0721 The nickel plated fine particles (105 g) thus 
obtained were Subjected to nickel plating on their Surface by 
using a manufacturing device for conductive fine particles 
shown in FIG. 11. 
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0722. The plating was carried out in the same manner as 
Example 27 except that the driving conditions were altered 
as follows: 

0723. The number of revolutions of the treatment cham 
ber was set so as to provide a centrifugal effect of 1.6. The 
inner diameter of the treatment chamber used in this case 
was 280 mm, the number of revolutions of the treatment 
chamber was 99.8 rpm, and the peripheral velocity thereof 
was 87.7 m/min. The particle shifting time was 10 seconds, 
the power application time was 5 Seconds, the deceleration 
time was 1 Second, and the Stoppage time was 1 Second; 
these were Set as one cycle, and the forward and reverse 
rotations were repeated. 
0724. At this time, the power application efficiency (the 
ratio of power application time in one cycle) was 29.4%. 
0725 FIG. 35 shows a time chart of the driving condi 
tions. 

0726. In the case of the centrifugal effect of not more than 
2.0, the fine particles hardly approached the contact ring 
even when the particle shifting time was Set to 10 Seconds, 
the bipolar phenomenon occurred, causing melt-down in the 
electroleSS plating layers of almost all the particles, and the 
as a result failing to carry out plating. 

Comparative Example 16 

0727. A nickel plating layer was formed as a conductive 
base layer on each of the completely Same organic resin fine 
particles as Example 27 by using an electroleSS plating 
method; thus, electroless nickel plated fine particles having 
an electroless nickel film thickness of 2000 A were obtained. 
The resulting electroleSS nickel plating fine particles had a 
Specific gravity of 1.204. 
0728. The nickel plated fine particles (105 g) thus 
obtained were Subjected to nickel plating on their Surface by 
using a manufacturing device for conductive fine particles 
shown in FIG. 11. 

0729. The plating was carried out in the same manner as 
Example 27 except that the driving conditions were altered 
as follows: 

0730 The number of revolutions of the treatment cham 
ber was set so as to provide a centrifugal effect of 28.6. The 
inner diameter of the treatment chamber used in this case 
was 280 mm, the number of revolutions of the treatment 
chamber was 427.5 rpm, and the peripheral velocity thereof 
was 376.0 m/min. The particle shifting time was 12 seconds, 
the power application time was 3 Seconds, the deceleration 
time was 1 Second, and the Stoppage time was 1 Second; 
these were Set as one cycle, and the forward and reverse 
rotations were repeated. 
0731. At this time, the power application efficiency (the 
ratio of power application time in one cycle) was 17.6%. 
0732 FIG. 36 shows a time chart of the driving condi 
tions. 

0733 Even in the case of the centrifugal effect of 28.6 
which was within the plating permissible range in Example 
2, Since the particle shifting time was Set too long, the 
plating Solution, which had been Subjected to a force in the 
outer circumferential direction due to the centrifugal force, 
formed a Vortex having a mortar-like shape inside the 
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treatment chamber, with the result that the anode placed in 
the center of the treatment chamber was exposed. As a result, 
the current did not flow and plating did not be curried out. 

Comparative Example 17 
0734. A nickel plating layer was formed as a conductive 
base layer on each of the completely Same organic resin fine 
particles as Example 27 by using an electroless plating 
method; thus, electroless nickel plated fine particles having 
an electroless nickel film thickness of 2000 A were obtained. 
The resulting electroleSS nickel plating fine particles had a 
Specific gravity of 1.204. 
0735. The nickel plated fine particles (105 g) thus 
obtained were Subjected to nickel plating on their Surface by 
using a manufacturing device for conductive fine particles 
shown in FIG. 11. 

0736. The plating was carried out in the same manner as 
Example 27 except that the driving conditions were altered 
as follows: 

0737. The number of revolutions of the treatment cham 
ber was set so as to provide a centrifugal effect of 28.6. The 
inner diameter of the treatment chamber used in this case 
was 280 mm, the number of revolutions of the treatment 
chamber was 427.5 rpm, and the peripheral velocity thereof 
was 376.0 m/min. The particle shifting time was 0 seconds, 
the power application time was 5 Seconds, the deceleration 
time was 1 Second, and the Stoppage time was 1 Second; 
these were Set as one cycle, and the forward and reverse 
rotations were repeated. 
0738. At this time, the power application efficiency (the 
ratio of power application time in one cycle) was 71.4%. 
0739) 
tions. 

FIG. 37 shows a time chart of the driving condi 

0740 Since the power application was started simulta 
neously with the rotation of the treatment chamber, an 
electric current was allowed to flow while the fine particles 
were shifting toward the contact ring. As a result, the bipolar 
phenomenon occurred, causing melt-down in the electroleSS 
plating layers of almost all the fine particles, and failing to 
carry out plating. 
0741. When the resulting fine particles were observed 
under an optical microscope, it was found that approxi 
mately 90% of the fine particles had melt-down electroless 
plating layers due to the bipolar phenomenon, and were left 
as exposed resin fine particles. 

Comparative Example 18 
0742 A nickel plating layer was formed as a conductive 
base layer on each of the completely Same organic resin fine 

particles as Example 27 by using an electroless plating 
method; thus, electroless nickel plated fine particles having 
an electroless nickel film thickness of 2000 A were obtained. 
The resulting electroleSS nickel plating fine particles had a 
Specific gravity of 1.204. 

0743 The nickel plated fine particles (105 g) thus 
obtained were Subjected to nickel plating on their Surface by 
using a manufacturing device for conductive fine particles 
shown in FIG. 11. 

0744. The plating was carried out in the same manner as 
Example 27 except that the driving conditions were altered 
as follows: The number of revolutions of the treatment 
chamber was Set So as to provide a centrifugal effect of 10.3. 
The inner diameter of the treatment chamber used in this 
case was 280 mm, the number of revolutions of the treat 
ment chamber was 256.5 rpm, and the peripheral velocity 
thereof was 225.6 m/min. The particle shifting time was 4 
Seconds, the power application time was 5 Seconds, the 
deceleration time was 1 Second, and the Stoppage time was 
12 Seconds, these were Set as one cycle, and the forward and 
reverse rotations were repeated. 

0745) At this time, the power application efficiency (the 
ratio of power application time in one cycle) was 22.7%. 

0746) 
tions. 

FIG. 38 shows a time chart of the driving condi 

0747 The nickel plated resin fine particles having a 
nickel plating layer as the Outermost layer thus obtained 
were observed under an optical microScope, and all the 
particles existed as individually isolated particles without 
any aggregation. 

0748 Moreover, the average particle size of 300 of the 
nickel plated resin fine particles was 660.33 um and the 
thickness of the nickel plated layer was 4.98 um. The 
variation coefficient of the particle size was 2.8%, thereby 
indicating that the thickness of the nickel plated layer was 
extremely uniform. Here, there were no particles influenced 
by a melt down base nickel plating layer due to the bipolar 
phenomenon. 

0749. The fine particles thus obtained were the same as 
those of Example 1; however, Since the Stoppage time was 
Set too long, the efficiency became inferior and the total 
plating times took approximately twice longer than that of 
Example 1. 

0750 Table 10 shows the results of Examples 27 to 34 as 
well as Comparative Examples 14 to 18. 

TABLE 10 

Particle 
Particle Peripheral Number of shifting Power Deceleration Stoppage Power 

Particle specific Centrifugal velocity revolutions time application time time application Evalu 
size (um) gravity effect (m/min.) (rpm) (sec.) time (sec.) (sec.) (sec.) efficiency (%) ation 

Ex. 27 6SO 1.20 10.3 225.6 256.5 4 5 1. 1. 45.5 O 
Ex. 28 6SO 1.20 28.6 376 427.5 2 3 0.5 1. 46.2 O 
Ex. 29 6SO 1.20 3.2 125.3 142.5 8 5 1. O 35.7 O 
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TABLE 10-continued 

Particle Peripheral Number of 
Particle specific Centrifugal velocity revolutions 
size (um) gravity effect (m/min.) (rpm) 

Ex. 30 650 1.57 10.3 225.6 256.5 
Ex. 31 106 1.28 10.3 225.6 256.5 
Ex. 32 106 2.11 10.3 225.6 256.5 
Ex. 33 2O 1.64 10.3 225.6 256.5 
Ex. 34 2O 3.76 10.3 225.6 256.5 
Compar. 650 1.2O 47.4 483.8 550 
Ex. 14 
Compar. 650 1.2O 1.6 87.7 99.8 
Ex. 15 
Compar. 650 1.2O 28.6 376 427.5 
Ex. 16 
Compar. 650 1.2O 28.6 376 427.5 
Ex. 17 
Compar. 650 1.2O 10.3 225.6 256.5 
Ex. 18 

Example 35 
0751. A nickel plated layer was formed as a conductive 
base layer by an electroless plating method on each of 
organic resin fine particles having a specific gravity of 1.19, 
an average particle size 650.8 um, a standard deviation 9.75 
lum and a variation coefficient of 1.5%, formed by copoly 
merizing Styrene and divinylbenzene, thus, electroleSS 
nickel-plated fine particles having a nickel-film thickness of 
2000 A were obtained. The specific gravity of the electroleSS 
nickel plated fine particles thus obtained was 1.204. 
0752 The resulting nickel plated fine particles (105 g) 
were Subjected to nickel plating on their Surface by using a 
manufacturing device for conductive fine particles shown in 
FIG. 11. 

0753 A porous member, which was formed by affixing a 
nylon filter sheet 20 having a pore size of 10 um and a 
thickness of 10 um onto the upper Surface of a plate-shaped 
porous Support 22 having a pore size of 100 um and a 
thickness of 6 mm, made from high density polyethylene, 
was used as the porous member 21. 
0754 Metal nickel was used as the anode 2a. 
0755. A Watt bath was used as the plating solution. 
0756. The composition of the plating solution was 42 g/L 
of nickel concentration, 39 g/L of nickel chloride, 150 g/L of 
nickel Sulfate, and 45 g/L of boric acid. The plating Solution 
had a pH of 3.8 and a specific gravity of 1.11. 
0757 Power was applied across the electrodes under the 
conditions that the temperature of the plating Solution was 
50 C., the current was 32 A, and the current density was 0.4 
A/dmf. Here, the total power application time was approxi 
mately 80 minutes. 
0758. With respect to the driving conditions, the number 
of revolutions of the treatment chamber was Set So as to 
provide a centrifugal effect of 10.3. The inner diameter of 
the treatment chamber used in this case was 280 mm, and the 
number of revolutions of the treatment chamber was 256.5 
rpm, and the peripheral Velocity thereof was 225.6 m/min. 
0759. With respect to the driving pattern in the plating 
initial Stage, the particle shifting time was 4 Seconds, the 
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Particle 
shifting Power Deceleration Stoppage Power 
time application time time application Evalu 
(sec.) time (sec.) (sec.) (sec.) efficiency (%) ation 

2 3 0.5 2 40.O O 
4 5 1. 1. 45.5 O 
3 2 0.5 2 26.7 O 
7 3 0.5 2 24.0 O 
5 1.5 0.5 2 16.7 O 
1. 3 1. 1. SO.O X 

1O 5 1. 1. 29.4 X 

12 3 1. 1. 17.6 A 

O 5 1. 1. 71.4 X 

4 5 1. 12 22.7 A 

power application time was 5 Seconds, the deceleration time 
was 1 Second, and the Stoppage time was 1 Second; these 
were Set as one cycle, and the forward and reverse rotations 
were repeated. Approximately 39 minutes after the plating 
Start, the fine particles were Sampled and observed under an 
optical microscope, and all the particles existed as individu 
ally isolated particles without any aggregation. Moreover, 
the average particle size of 100 of the nickel plated resin fine 
particles was 652.82 um and the thickness of the nickel 
plated layer was 1.02 um, and the specific gravity thereof 
was 1.276. Here, the driving pattern was altered So as to 
Shorten the particle shifting time So that one cycle included 
the particle shifting time of 2 Seconds, the power application 
time of 5 Seconds, the deceleration time of 1 Second and the 
Stoppage time of 1 Second, and the forward and reverse 
rotations were repeated; thus, the plating was continued. The 
total plating time was approximately 168 minutes. 
0760. The nickel plated resin fine particles having a 
nickel plated layer as the outermost layer thus obtained were 
observed under an optical microscope, and all the particles 
existed as individually isolated particles without any aggre 
gation. 
0761 Moreover, the average particle size of 300 of the 
nickel plated resin fine particles was 661.06 um and the 
thickness of the nickel plated layer was 5.14 um. The 
variation coefficient of the particle size was 2.5%, thereby 
indicating that the thickness of the nickel plated layer was 
extremely uniform. Here, there were no particles influenced 
by a melt down base nickel plating layer due to the bipolar 
phenomenon. 

0762. From the above-mentioned plating film thickness 
and the total plating time, it was found that the plating time 
per 1 um of coat film was approximately 32.7 minutes. 

Example 36 
0763. By using completely the same electroless nickel 
plated fine particles as Example 35, plating was carried out 
in the same manner as Example 35 except that the driving 
conditions were altered as follows: 

0764 With respect to the driving pattern in the plating 
initial Stage, the particle shifting time was 4 Seconds, the 
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power application time was 5 Seconds, the deceleration time 
was 1 Second, and the Stoppage time was 1 Second; these 
were Set as one cycle, and the forward and reverse rotations 
were repeated. Approximately 37 minutes after the plating 
Start, the fine particles were Sampled and observed under an 
optical microscope, and all the particles existed as individu 
ally isolated particles without any aggregation. Moreover, 
the average particle size of 100 of the nickel plated resin fine 
particles was 652.74 um and the thickness of the nickel 
plated layer was 0.98 um, and the Specific gravity thereof 
was 1.273. Here, the driving pattern was altered So as to 
Shorten the particle shifting time So that one cycle included 
the particle shifting time of 0.5 Seconds, the power appli 
cation time of 5 Seconds, the deceleration time of 1 Second 
and the Stoppage time of 1 Second, and the forward and 
reverse rotations were repeated; thus, the plating was con 
tinued. The total plating time was approximately 143 min 
uteS. 

0765. The nickel plated resin fine particles having a 
nickel plated layer as the outermost layer thus obtained were 
observed under an optical microScope, and all the particles 
existed as individually isolated particles without any aggre 
gation. 
0766 Moreover, the average particle size of 300 of the 
nickel plated resin fine particles was 660.88 um and the 
thickness of the nickel plated layer was 5.05 um. The 
variation coefficient of the particle size was 2.5%, thereby 
indicating that the thickness of the nickel plated layer was 
extremely uniform. Here, there were no particles influenced 
by a melt down base nickel plating layer due to the bipolar 
phenomenon. 

0767 From the above-mentioned plating film thickness 
and the total plating time, it was found that the plating time 
per 1 m of coat film was approximately 28.3 minutes. 

Example 37 
0768. By using completely the same electroless nickel 
plated fine particles as Example 35, plating was carried out 
in the same manner as Example 35 except that the driving 
conditions were altered as follows: 

0769. With respect to the driving pattern in the plating 
initial Stage, the particle shifting time was 4 Seconds, the 
power application time was 5 Seconds, the deceleration time 
was 1 Second, and the Stoppage time was 1 Second; these 
were Set as one cycle, and the forward and reverse rotations 
were repeated. At approximately 23 minutes after the plating 
Start, the fine particles were Sampled and observed under an 
optical microscope, and all the particles existed as individu 
ally isolated particles without any aggregation. Moreover, 
the average particle size of 100 of the nickel plated resin fine 
particles was 650.00 um and the thickness of the nickel 
plated layer was 0.61 um, and the Specific gravity thereof 
was 1.247. Here, the driving pattern was altered So as to 
Shorten the particle shifting time So that one cycle included 
the particle shifting time of 0.5 Seconds, the power appli 
cation time of 5 Seconds, the deceleration time of 1 Second 
and the Stoppage time of 1 Second, and the forward and 
reverse rotations were repeated; thus, the plating was con 
tinued. The total plating time was approximately 140 min 
uteS. 

0770. The nickel plated resin fine particles having a 
nickel plated layer as the outermost layer thus obtained were 
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observed under an optical microscope, and all the particles 
existed as individually isolated particles without any aggre 
gation. 
0771 Moreover, the average particle size of 300 of the 
nickel plated resin fine particles was 660.98 um and the 
thickness of the nickel plated layer was 5.10 um. The 
variation coefficient of the particle size was 2.6%, thereby 
indicating that the thickness of the nickel plated layer was 
extremely uniform. Here, there were no particles influenced 
by a melt down base nickel plating layer due to the bipolar 
phenomenon. 

0772. From the above-mentioned plating film thickness 
and the total plating time, it was found that the plating time 
per 1 um of coat film was approximately 27.5 minutes. 

Comparative Example 19 

0773 By using completely the same electroless nickel 
plated fine particles as Example 35, plating was carried out 
in the same manner as Example 35 except that the driving 
conditions were altered as follows: 

0774. With respect to the driving pattern in the plating 
initial Stage, the particle shifting time was 12 Seconds, the 
power application time was 5 Seconds, the deceleration time 
was 1 Second, and the Stoppage time was 1 Second; these 
were Set as one cycle, and the forward and reverse rotations 
were repeated. 
0775 Since the particle shifting time was extended to 12 
Seconds, the plating Solution, which had been Subjected to a 
force in the outer circumferential direction due to the 
centrifugal force, formed a vorteX having a mortar-like 
shape inside the treatment chamber, with the result that the 
anode placed in the center of the treatment chamber was 
exposed, failing to flow current and to carry out plating. 

Comparative Example 20 

0776 By using completely the same electroless nickel 
plated fine particles as Example 35, plating was carried out 
in the Same manner as Example 9 except that the driving 
conditions were altered as follows: 

0777 With respect to the driving pattern in the plating 
initial Stage, the particle shifting time was 4 Seconds, the 
power application time was 5 Seconds, the deceleration time 
was 1 Second, and the Stoppage time was 1 Second; these 
were Set as one cycle, and the forward and reverse rotations 
were repeated. Approximately 44 minutes after the plating 
Start, the fine particles were Sampled and observed under an 
optical microscope, and all the particles existed as individu 
ally isolated particles without any aggregation. Moreover, 
the average particle size of 100 of the nickel plated resin fine 
particles was 653.06 um and the thickness of the nickel 
plated layer was 1.14 um, and the Specific gravity thereof 
was 1.276. Here, the driving pattern was altered So as to 
Shorten the particle shifting time So that one cycle included 
the particle shifting time of O Seconds, the power application 
time of 5 Seconds, the deceleration time of 1 Second and the 
Stoppage time of 1 Second, and the forward and reverse 
rotations were repeated; thus, the plating was continued. The 
total plating time was approximately 140 minutes. 
0778 The nickel plated resin fine particles having a 
nickel plated layer as the outermost layer thus obtained were 
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observed under an optical microScope, and all the particles 
existed as individually isolated particles without any aggre 
gation. 
0779. However, since the particle shifting time was set to 
0 after the alternation of the driving pattern, power was 
applied Simultaneously as the particles Started to shift 
toward the cathode; therefore, the bipolar phenomenon 
occurred until they contacted the cathode, with the result that 
a few particles had melt-down electroleSS nickel layers, 
although the number thereof was Small. 
0780 Moreover, the average particle size of 300 of the 
nickel plated resin fine particles was 657.76 um and the 
thickness of the nickel plated layer was 3.69 lum. The 
variation coefficient of the particle size was 13.2%, thereby 
indicating that the thickness of the nickel plated layer was 
extremely ununiform. 
0781 Table 11 shows Examples 35 to 37,and Compara 
tive Examples 19 and 20. 

TABLE 11 

Initial driving pattern (sec.) 
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values obtained through observation of 300 particles under 
an electronic microscope. The K value is represented by: 

0784 where F is a load value (kgf) at 20° C. at the time 
of 10% compressed deformation, S represents a compressed 
dislocation (mm) and R is a radius (mm). 
0785. The recovery rate is a value after the 10% com 
pressed deformation at 20 C. 
0786 The plating thickness and the plating variation 
coefficient were found through observation on croSS-Sec 
tions of 20 plating particles under an electronic microScope. 
0787. The conductive fine particles were mixed with, and 
dispersed in a thermosetting epoxy resin with a concentra 
tion of 10%. So that an anisotropic conductive paste was 
formed. This was applied to a glass-epoxy copper coated 
Substrate (thickness: 1.6 mm, wiring width:80 um, electrode 
pitch: 200 um) with a virtually uniform thickness by a screen 
printing method. 

Driving pattern after alternation (sec.) 

Particle Power Particle Power De 
shifting application Deceleration Stoppage shifting appliction celeration Stoppage 
time time time time time time time time 

Ex. 35 4 5 1. 1. 2 5 1. 1. 
Ex. 36 4 5 1. 1. 0.5 5 1. 1. 
Ex. 37 4 5 1. 1. 0.5 5 1. 1. 
Compar. 12 5 1. 1. 
Ex. 19 
Compar. 4 5 1. 1. O 5 1. 1. 
Ex. 20 

Start time Film thickness Film thickness Plating time 
of pattern at the time of at the time of Variation Total per 1 um of 
alternation alternation completion of coefficient plating coat film 

(min.) (um) plating (um) (%) time (min.) (min.fum) 

Ex. 35 39 1.02 5.14 2.5 168 32.68 
Ex. 36 37 O.98 5.05 2.7 143 28.32 
Ex. 37 23 O.61 5.10 2.6 140 27.45 
Compar. Formation of Vortex, no current flow, no plating 
Ex. 19 
Compar. 44 1.14 3.69 13.2 Bipolar phenomenon 
Ex. 20 occurred 

Example 38 0788. On this is Superposed a polyimide film Substrate 
0782. A nickel coating with a thickness of 0.2 um was 
formed by electroleSS plating on a divinylbenzene polymer 
having an average particle size of 23 um, a CV value of 5%, 
an aspect ratio of 1.04, a K value of 400 kgf/mm at the time 
of 10% deformation and a recovery rate of 60%. Thereafter, 
a filter was formed on the outer circumferential portion of a 
rotatable electroplating device having a cathode on the 
circumferential portion and an anode that was placed in a 
manner So as not to contact the cathode, and while this is 
being continuously rotated, Stopped, Subjected to a ultra 
Sonic process, and reversed, gold was plated with a thickneSS 
of 0.8 um with a plating Solution being Supplied thereto; 
thus, conductive fine particles having a plating thickneSS 
variation coefficient of 10%, an average particle size 25 um, 
a CV value of 5%, and an aspect ratio of 1.04 were formed. 
0783. Here, the average particle size, the CV value (stan 
dard deviation/average particle size) and the aspect ratio are 

(thickness: 50 um, wiring width:80 um, electrode pitch: 200 
um) with a thickness of 100 um, and this was then heated 
and pressed at 150° C. for two minutes; thus, a conductive 
connecting element was formed. 

0789. This conductive connecting element had a suffi 
ciently low connecting resistivity of 0.002S2, and a connect 
ing resistance between the adjacent electrodes was not leSS 
than 1x10, thereby providing a sufficient line-to-line insu 
lating property. 

0790 Cooling and heating cycle tests were carried out 
1000 times in the range of -40 to 85 C.; however, the 
connecting resistance virtually showed no change. More 
over, these tests were carried out as many as 5000 times, 
however, the connecting resistance virtually showed no 
change. 
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0791) Furthermore, the conductive fine particles were 
immersed into hot water of 120° C. for 24 hours, and then 
Subjected to the same tests; however, no change was found 
in the connecting resistivity and the insulating property. 

0792 Here, the electric resistivity can be reduced by 
increasing the concentration of the conductive fine particles 
in the anisotropic conductive paste, the concentration of the 
conductive fine particles was gradually increased, and no 
leakage occurred between the electrodes until the concen 
tration had reached 35%. 

Example 39 

0793. A nickel coating with a thickness of 0.1 um was 
formed by electroleSS plating on a divinylbenzene polymer 
having an average particle size of 11 lum, a CV value of 10%, 
an aspect ratio of 1.09, a K value of 430 kgf/mm and a 
recovery rate of 50%, with the other factors being the same 
as Example 38. Thereafter, gold was plated with a thickneSS 
of 0.4 um; thus, conductive fine particles having a plating 
thickneSS Variation coefficient of 20%, 12 um of an average 
particle size, 10% of a CV value, and 1.09 of an aspect ratio 
were formed. 

0794. These conductive fine particles were subjected to 
the same tests as Example 38, and the results showed that the 
conductive connecting element had a Sufficiently low con 
necting resistivity of 0.00492, and a connecting resistance 
between the adjacent electrodes was not less than 1x10, 
thereby providing a Sufficient line-to-line insulating prop 
erty. 

0795 Cooling and heating cycle tests were carried out 
1000 times in the range of -40 to 85 C.; however, the 
connecting resistance virtually showed no change. More 
over, these tests were carried out as many as 5000 times, 
however, the connecting resistance virtually showed no 
change. 

0796. Furthermore, the conductive fine particles were 
immersed into hot water of 120° C. for 24 hours, and then 
Subjected to the same tests; however, no change was found 
in the connecting resistivity and the insulating property. 

0797 Here, the concentration of the conductive fine 
particles in the anisotropic conductive paste was gradually 
increased, and no leakage occurred between the electrodes 
until the concentration had reached 30%. 

Example 40 

0798. A nickel coating with a thickness of 0.2 um was 
formed by electroless plating on a crosslinking acrylonitrile 
copolymer having an average particle Size of 58 um, a CV 
value of 5%, an aspect ratio of 1.04, a K value of 600 
kgf/mm and a recovery rate of 70%, with the other factors 
being the same as Example 38. Thereafter, gold was plated 
with a thickness of 0.8 um; thus, conductive fine particles 
having a plating thickness variation coefficient of 10%, an 
average particle size 60 um, a CV value of 5%, and an aspect 
ratio of 1.04 were formed. 

0799. These conductive fine particles were subjected to 
the same tests as Example 38, and the results showed that the 
conductive connecting element had a Sufficiently low con 
necting resistivity of 0.00492, and a connecting resistance 
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between the adjacent electrodes was not less than 1x10, 
thereby providing a Sufficient line-to-line insulating prop 
erty. 

0800 Cooling and heating cycle tests were carried out 
1000 times in the range of -40 to 85 C.; however, the 
connecting resistance virtually showed no change. More 
over, these tests were carried out as many as 5000 times, 
however, the connecting resistance virtually showed no 
change. 

0801) Furthermore, the conductive fine particles were 
immersed into hot water of 120° C. for 24 hours, and then 
Subjected to the same tests; however, no change was found 
in the connecting resistivity and the insulating property. 

0802 Here, the concentration of the conductive fine 
particles in the anisotropic conductive paste was gradually 
increased, and no leakage occurred between the electrodes 
until the concentration had reached 25%. 

Example 41 

0803) A nickel coating with a thickness of 0.2 um was 
formed by electroless plating on a divinylbenzene polymer 
having an average particle size of 23 um, a CV value of 15%, 
an aspect ratio of 1.1, a K value of 400 kgf/mm and a 
recovery rate of 60%, with the other factors being the same 
as Example 38. Thereafter, gold was plated with a thickness 
of 0.8 um; thus, conductive fine particles having a plating 
thickness variation coefficient of 10%, an average particle 
size 25um, a CV value of 15%, and an aspect ratio of 1.1 
were formed. 

0804. These conductive fine particles were subjected to 
the same tests as Example 38, and the results showed that the 
conductive connecting element had a Sufficiently low con 
necting resistivity of 0.00892, and a connecting resistance 
between the adjacent electrodes was not less than 1x10, 
thereby providing a Sufficient line-to-line insulating prop 
erty. 

0805 Cooling and heating cycle tests were carried out 
1000 times in the range of -40 to 85 C.; however, the 
connecting resistance virtually showed no change. More 
over, these tests were carried out as many as 5000 times, 
however, the connecting resistance virtually showed no 
change. 

0806 Furthermore, the conductive fine particles were 
immersed into hot water of 120° C. for 24 hours, and then 
Subjected to the same tests; however, no change was found 
in the connecting resistivity and the insulating property. 

0807 Here, the concentration of the conductive fine 
particles in the anisotropic conductive paste was gradually 
increased, and no leakage occurred between the electrodes 
until the concentration had reached 25%. 

Example 42 

0808. A nickel coating with a thickness of 0.2 um was 
formed by electroless plating on a divinylbenzene polymer 
having an average particle size of 23 um, a CV value of 10%, 
an aspect ratio of 1.2, a K value of 400 kgf/mm and a 
recovery rate of 60%, with the other factors being the same 
as Example 38. Thereafter, gold was plated with a thickness 
of 0.8 um; thus, conductive fine particles having a plating 
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thickneSS Variation coefficient of 10%, an average particle 
size 25 um, a CV value of 10%, and an aspect ratio of 1.2 
were formed. 

0809. These conductive fine particles were subjected to 
the same tests as Example 38, and the results showed that the 
conductive connecting element had a Sufficiently low con 
necting resistivity of 0.00892, and a connecting resistance 
between the adjacent electrodes was not less than 1x10, 
thereby providing a Sufficient line-to-line insulating prop 
erty. 

0810 Cooling and heating cycle tests were carried out 
1000 times in the range of -40 to 85 C.; however, the 
connecting resistance virtually showed no change. More 
over, these tests were carried out as many as 5000 times, 
however, the connecting resistance virtually showed no 
change. 

0811 Furthermore, the conductive fine particles were 
immersed into hot water of 120° C. for 24 hours, and then 
Subjected to the same tests; however, no change was found 
in the connecting resistivity and the insulating property. 

0812 Here, the concentration of the conductive fine 
particles in the anisotropic conductive paste was gradually 
increased, and no leakage occurred between the electrodes 
until the concentration had reached 25%. 

Example 43 
0813. A nickel coating with a thickness of 0.2 um was 
formed by electroless plating on an acrylic copolymer 
having an average particle size of 23 um, a CV value of 10%, 
an aspect ratio of 1.09, a K value of 100 kgf/mm and a 
recovery rate of 9%, with the other factors being the same 
as Example 38. Thereafter, gold was plated with a thickneSS 
of 0.8 um; thus, conductive fine particles having a plating 
thickneSS Variation coefficient of 10%, an average particle 
size 25 tim, a CV value of 10%, and an aspect ratio of 1.09 
were formed. 

0814. These conductive fine particles were subjected to 
the same tests as Example 38, and the results showed that the 
conductive connecting element had a Sufficiently low con 
necting resistivity of 0.01S2, and a connecting resistance 
between the adjacent electrodes was not less than 1x10, 
thereby providing a Sufficient line-to-line insulating prop 
erty. 

0815 Cooling and heating cycle tests were carried out 
1000 times in the range of -40 to 85 C.; however, the 
connecting resistance virtually showed no change. More 
over, these tests were carried out as many as 5000 times, 
and, although the connecting resistivity Slightly increased, 
no problem arose in practical use. 
0816 Furthermore, the conductive fine particles were 
immersed into hot water of 120° C. for 24 hours, and then 
Subjected to the same tests; however, no change was found 
in the connecting resistivity and the insulating property. 

0817. Here, the concentration of the conductive fine 
particles in the anisotropic conductive paste was gradually 
increased, and no leakage occurred between the electrodes 
until the concentration had reached 25%. 

Example 44 
0818. A nickel coating with a thickness of 0.2 um was 
formed by electroleSS plating on Silica having an average 
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particle size of 23 um, a CV value of 5%, an aspect ratio of 
1.04, a Kvalue of 3000 kgf/mm and a recovery rate of 90%, 
with the other factors being the same as Example 38. 
Thereafter, gold was plated with a thickness of 0.8 um; thus, 
conductive fine particles having a plating thickness variation 
coefficient of 10%, an average particle size of 25 tim, a CV 
value of 5%, and an aspect ratio of 1.04 were formed. 
0819. These conductive fine particles were subjected to 
the same tests as Example 38, and the results showed that the 
conductive connecting element had a Sufficiently low con 
necting resistivity of 0.01S2, and a connecting resistance 
between the adjacent electrodes was not less than 1x10, 
thereby providing a Sufficient line-to-line insulating prop 
erty. 

0820 Cooling and heating cycle tests were carried out 
1000 times in the range of -40 to 85 C.; however, the 
connecting resistance virtually showed no change. More 
over, these tests were carried out as many as 5000 times, 
however, the connecting resistance virtually showed no 
change. 

0821. Furthermore, the conductive fine particles were 
immersed into hot water of 120° C. for 24 hours, and then 
Subjected to the same tests; however, no change was found 
in the connecting resistivity and the insulating property. 

0822. Here, the concentration of the conductive fine 
particles in the anisotropic conductive paste was gradually 
increased, and no leakage occurred between the electrodes 
until the concentration had reached 35%. 

Example 45 

0823. A nickel coating with a thickness of 0.2 um was 
formed by electroless plating on a divinylbenzene polymer 
having an average particle size of 24.5 tim, a CV value of 
5%, an aspect ratio of 1.04, a K value of 4000 kgf/mm and 
a recovery rate of 60%, with the other factors being the same 
as Example 38. Thereafter, gold was plated with a thickness 
of 0.1 um; thus, conductive fine particles having a plating 
thickness variation coefficient of 30%, an average particle 
size of 25 um, a CV value of 5%, and an aspect ratio of 1.04 
were formed. 

0824. These conductive fine particles were subjected to 
the same tests as Example 38, and the results showed that the 
conductive connecting element had a Sufficiently low con 
necting resistivity of 0.01S2, and a connecting resistance 
between the adjacent electrodes was not less than 1x10, 
thereby providing a Sufficient line-to-line insulating prop 
erty. 

0825 Cooling and heating cycle tests were carried out 
1000 times in the range of -40 to 85 C.; however, the 
connecting resistance virtually showed no change. More 
over, these tests were carried out as many as 5000 times, 
however, the connecting resistance virtually showed no 
change. 

0826 Furthermore, the conductive fine particles were 
immersed into hot water of 120° C. for 24 hours, and then 
Subjected to the same tests; however, no change was found 
in the connecting resistivity and the insulating property. 

0827. Here, the concentration of the conductive fine 
particles in the anisotropic conductive paste was gradually 
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increased, and no leakage occurred between the electrodes 
until the concentration had reached 25%. 

Example 46 
0828. A nickel coating with a thickness of 0.2 um was 
formed by electroleSS plating on a divinylbenzene polymer 
having an average particle size of 14.5 tim, a CV value of 
10%, an aspect ratio of 1.09, a K value of 430 kgf/mm° and 
a recovery rate of 50%, with the other factors being the same 
as Example 38. Thereafter, gold was plated with a thickneSS 
of 5 um; thus, conductive fine particles having a plating 
thickneSS Variation coefficient of 10%, an average particle 
size 25 tim, a CV value of 10%, and an aspect ratio of 1.09 
were formed. 

0829. These conductive fine particles were subjected to 
the same tests as Example 38, and the results showed that the 
conductive connecting element had a Sufficiently low con 
necting resistivity of 0.001S2, and a connecting resistance 
between the adjacent electrodes was not less than 1x10, 
thereby providing a Sufficient line-to-line insulating prop 
erty. 

0830 Cooling and heating cycle tests were carried out 
1000 times in the range of -40 to 85 C.; however, the 
connecting resistance virtually showed no change. More 
over, these tests were carried out as many as 5000 times, and 
although the value became 5 times higher than the initial 
value, the connecting resistivity was still Sufficiently low. 
0831 Furthermore, the conductive fine particles were 
immersed into hot water of 120° C. for 24 hours, and then 
Subjected to the same tests; however, no change was found 
in the connecting resistivity and the insulating property. 

0832 Here, the concentration of the conductive fine 
particles in the anisotropic conductive paste was gradually 
increased, and no leakage occurred between the electrodes 
until the concentration had reached 40%. 

Example 47 
0833) A nickel coating with a thickness of 0.2 um was 
formed by electroleSS plating on a divinylbenzene polymer 
having an average particle size of 23 um, a CV value of 5%, 
an aspect ratio of 1.05, a K value of 400 kgf/mm and a 
recovery rate of 60%, with the other factors being the same 
as Example 38. Thereafter, gold was plated with a thickneSS 
of 0.8 um by barrel plating; thus, conductive fine particles 
having a plating thickness variation coefficient of 50%, an 
average particle size 30 lum, a CV value of 10%, and an 
aspect ratio of 1.1 were formed. 
0834. These conductive fine particles were subjected to 
the same tests as Example 38, and the results showed that the 
conductive connecting element had a Sufficiently low con 
necting resistivity of 0.015C2, and a connecting resistance 
between the adjacent electrodes was not less than 1x10, 
thereby providing a Sufficient line-to-line insulating prop 
erty. 

0835 Cooling and heating cycle tests were carried out 
1000 times in the range of -40 to 85 C.; however, the 
connecting resistance virtually showed no change. More 
over, these tests were carried out as many as 5000 times, and 
a slight increase in the connecting resistivity was Seen, but 
this was considered to be within a permissible range of 
practical use. 
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0836 Furthermore, the conductive fine particles were 
immersed into hot water of 120° C. for 24 hours, and then 
Subjected to the same tests; however, no change was found 
in the connecting resistivity and the insulating property. 

0837 Here, the concentration of the conductive fine 
particles in the anisotropic conductive paste was gradually 
increased, and no leakage occurred between the electrodes 
until the concentration had reached 25%. 

Example 48 

0838 A nickel coating with a thickness of 0.2 um was 
formed by electroless plating on a divinylbenzene polymer 
having an average particle size of 21.5 tim, a CV value of 
5%, an aspect ratio of 1.04, a K value of 400 kgf/mm and 
a recovery rate of 60%, with the other factors being the same 
as Example 38. Thereafter, solder was electroplated with a 
thickness of 5 um; thus, conductive fine particles having a 
plating thickneSS Variation coefficient of 10%, an average 
particle size 32 um, a CV value of 5%, and an aspect ratio 
of 1.04 were formed. 

0839. These conductive fine particles were subjected to 
the same tests as Example 38, and the results showed that the 
conductive connecting element had a Sufficiently low con 
necting resistivity of 0.00292, and a connecting resistance 
between the adjacent electrodes was not less than 1x10, 
thereby providing a Sufficient line-to-line insulating prop 
erty. 

0840 Cooling and heating cycle tests were carried out 
1000 times in the range of -40 to 85 C.; however, the 
connecting resistance virtually showed no change. More 
over, these tests were carried out as many as 5000 times, 
however, the connecting resistance virtually showed no 
change. 

0841 Furthermore, the conductive fine particles were 
immersed into hot water of 120° C. for 24 hours, and then 
Subjected to the same tests, and although the connecting 
resistivity became 2 times greater than before, no change 
was found in the insulating property. 
0842) Here, the concentration of the conductive fine 
particles in the anisotropic conductive paste was gradually 
increased, and no leakage occurred between the electrodes 
until the concentration had reached 40%. 

Example 49 

0843. The conductive fine particles obtained in Example 
48 were alloy-bonded onto bumps of an IC chip, and after 
the periphery of the conductive fine particles had been 
Surrounded by epoxy resin, this was positioned on the bumps 
on the Substrate, and heated and pressed So as to be alloy 
bonded. The resulting Structural element had a low resistiv 
ity in the same manner as Example 48 with high reliability. 

Comparative Example 21 

0844. A nickel coating with a thickness of 0.2 um was 
formed by electroless plating on a divinylbenzene polymer 
having an average particle size of 24.5 tim, a CV value of 
5%, an aspect ratio of 1.04, a K value of 400 kgf/mm and 
a recovery rate of 60%, with the other factors being the same 
as Example 38. Thereafter, gold was deposited as much as 
possible by Substitute plating So as to have a thickness of 0.1 
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tim; thus, conductive fine particles having a plating thick 
neSS Variation coefficient of 10%, an average particle size of 
25 tim, a CV value of 5%, and an aspect ratio of 1.04 were 
formed. 

0845 These conductive fine particles were subjected to 
the same tests as Example 38, and the results showed that the 
conductive connecting element had a connecting resistivity 
of 0.04C2, and it was inferior to the conductive fine particles 
of the present invention, but a connecting resistance between 
the adjacent electrodes was not less than 1x10, thereby 
providing a Sufficient line-to-line insulating property. 
0846 Cooling and heating cycle tests were carried out 
1000 times in the range of -40 to 85 C.; however, the 
connecting resistance virtually showed no change. More 
over, these tests were carried out as many as 5000 times, and 
a significant increase in the connecting resistivity was seen. 
0847 Furthermore, the conductive fine particles were 
immersed into hot water of 120° C. for 24 hours, and then 
Subjected to the same tests, and no change was found in the 
insulating resistivity, but a significant increase was seen in 
the connecting resistivity. 

0848. Here, the concentration of the conductive fine 
particles in the anisotropic conductive paste was gradually 
increased, and no leakage occurred between the electrodes 
until the concentration had reached 25%. 

Comparative Example 22 

0849. A nickel coating with a thickness of 0.05 um was 
formed by electroleSS plating on a divinylbenzene polymer 
having an average particle Size of 0.2 tim, a CV value of 
30%, an aspect ratio of 1.1, a K value of 600 kgf/mm and 
a recovery rate of 40%, with the other factors being the same 
as Example 38. Thereafter, gold was electroplated with a 
thickness of 0.05 um; thus, conductive fine particles having 
a plating thickness variation coefficient of 20%, an average 
particle size of 0.4 um, a CV value of 25%, and an aspect 
ratio of 1.2 were formed. 

0850. These conductive fine particles were subjected to 
the same tests as Example 38; however, failure in connection 
occurred in one portion. 

Comparative Example 23 

0851 A nickel coating with a thickness of 0.2 um was 
formed by electroleSS plating on a divinylbenzene polymer 
having an average particle size of 6000 um, a CV value of 
5%, an aspect ratio of 1.04, a K value of 300 kgf/mm and 
a recovery rate of 60%, with the other factors being the same 
as Example 38. Thereafter, gold was electroplated with a 
thickness of 0.8 um; thus, conductive fine particles having a 
plating thickness variation coefficient of 10%, an average 
particle size of 6000 um, a CV value of 5%, and an aspect 
ratio of 1.04 were formed. 

0852. These conductive fine particles were subjected to 
the same tests as Example 38; however, shortcircuiting 
occurred due to failure in Serving as fine electrodes even in 
the case of electrode pitches of 3000 um. 

Comparative Example 24 

0853. A nickel coating with a thickness of 0.2 um was 
formed by electroleSS plating on a divinylbenzene polymer 
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having an average particle size of 23 um, a CV value of 60%, 
an aspect ratio of 1.08, a K value of 400 kgf/mm and a 
recovery rate of 60%, with the other factors being the same 
as Example 38. Thereafter, gold was electroplated with a 
thickness of 0.8 um; thus, conductive fine particles having a 
plating thickneSS Variation coefficient of 20%, an average 
particle size of 25 tim, a CV value of 60%, and an aspect 
ratio of 1.1 were formed. 

0854. These conductive fine particles were subjected to 
the same tests as Example 38, and the results showed that the 
conductive connecting element had a significantly high 
connecting resistivity of 0.0392; however, a connecting 
resistance between the adjacent electrodes was not less than 
1x10, thereby providing a sufficient line-to-line insulating 
property. 

0855 Cooling and heating cycle tests were carried out 
1000 times in the range of -40 to 85 C.; however, the 
connecting resistance virtually showed no change. More 
over, these tests were carried out as many as 5000 times, 
however, the connecting resistance virtually showed no 
change. 

0856 Furthermore, the conductive fine particles were 
immersed into hot water of 120° C. for 24 hours, and then 
Subjected to the same tests; however, no change was found 
in the connecting resistivity and the insulating property. 

0857 Here, when the concentration of the conductive 
fine particles in the anisotropic conductive paste was gradu 
ally increased, current leakage occurred between the elec 
trodes at the concentration of 15%. 

Comparative Example 25 

0858. A nickel coating with a thickness of 0.2 um was 
formed by electroless plating on a divinylbenzene polymer 
having an average particle size of 23 um, a CV value of 15%, 
an aspect ratio of 1.6, a K value of 400 kgf/mm and a 
recovery rate of 60%, with the other factors being the same 
as Example 38. Thereafter, gold was electroplated with a 
thickness of 0.8 um; thus, conductive fine particles having a 
plating thickneSS Variation coefficient of 10%, an average 
particle size of 25 tim, a CV value of 15%, and an aspect 
ratio of 1.6 were formed. 

0859. These conductive fine particles were subjected to 
the same tests as Example 38, and the results showed that the 
conductive connecting element had a significantly high 
connecting resistivity of 0.0392; however, a connecting 
resistance between the adjacent electrodes was not less than 
1x10, thereby providing a sufficient line-to-line insulating 
property. 

0860 Cooling and heating cycle tests were carried out 
1000 times in the range of -40 to 85 C.; however, the 
connecting resistance virtually showed no change. More 
over, these tests were carried out as many as 5000 times, 
however, the connecting resistance virtually showed no 
change. 

0861) Furthermore, the conductive fine particles were 
immersed into hot water of 120° C. for 24 hours, and then 
Subjected to the same tests; however, no change was found 
in the connecting resistivity and the insulating property. 

0862 Here, when the concentration of the conductive 
fine particles in the anisotropic conductive paste was gradu 
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ally increased, current leakage occurred between the elec 
trodes at the concentration of 15%. 

Example 50 
0863 Nickel particles of 0.4 um were driven onto nickel 
balls by using a hybridizer So as to provide protrusions on 
their Surface, and gold plating was then carried out; except 
these, the same processes as Example 39 were carried out to 
obtain conductive fine particles. These were then Subjected 
to the same tests, and the results showed that the conductive 
connecting element had a Sufficiently low connecting resis 
tivity of 0.0062, and a connecting resistance between the 
adjacent electrodes was not less than 1x10, thereby pro 
Viding a Sufficient line-to-line insulating property. 
0864 Cooling and heating cycle tests were carried out 
1000 times in the range of -40 to 85 C.; however, the 
connecting resistance virtually showed no change. Here, the 
concentration of the conductive fine particles in the aniso 
tropic conductive paste was gradually increased, and no 
leakage occurred between the electrodes until the concen 
tration had reached 40%. 

Example 51 
0865 The same processes as Example 39 were carried 
out except that nickel-gold plated balls were coated with 
thermoplastic vinyl copolymer resin having a thickness of 1 
tim; thus, conductive fine particles were obtained. These 
were then Subjected to the same tests, and the results showed 
that the conductive fine particles had a sufficiently low 
connecting resistivity of 0.0062, and a connecting resis 
tance between the adjacent electrodes was not less than 
1x10, thereby providing a Sufficient line-to-line insulating 
property. 

0866 Cooling and heating cycle tests were carried out 
1000 times in the range of -40 to 85 C.; however, the 
connecting resistance virtually showed no change. Here, the 
concentration of the conductive fine particles in the aniso 
tropic conductive paste was gradually increased, and no 
leakage occurred between the electrodes until the concen 
tration had reached 60%. 

Example 52 
0867 Nickel-gold plated balls having an average particle 
size of 8 um, an aspect ratio of 1.17 and a CV value of 20% 
were mixed with and dispersed in epoxy resin So that an 
anisotropic conductive paste was formed. This was applied 
to a glass-epoxy copper clad Substrate (thickness: 1.6 mm, 
wiring width: 50 lum, electrode pitch: 100 um) with a 
Virtually uniform thickness by a Screen printing method. 
0868. On this is Superposed a polyimide film Substrate 
(thickness: 30 um, wiring width: 50 um, electrode pitch: 100 
um) with a thickness of 100 um, and this was then heated 
and pressed at 150° C. for two minutes; thus, a conductive 
connecting element was formed. 
0869. This conductive connecting element had a suffi 
ciently low connecting resistivity of 0.0062, and a connect 
ing resistance between the adjacent electrodes was not leSS 
than 1x10, thereby providing a sufficient line-to-line insu 
lating property. 
0870 Cooling and heating cycle tests were carried out 
1000 times in the range of -40 to 85 C.; however, the 
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connecting resistance virtually showed no change. Here, the 
concentration of the conductive fine particles in the aniso 
tropic conductive paste was gradually increased, however, 
no leakage occurred between the electrodes until the con 
centration had reached 40%. 

Example 53 
0871. The same processes as Example 39 were carried 
out except that nickel-palladium plated balls were used So 
that conductive fine particles were obtained. These were 
Subjected to the same tests, and the conductive fine particles 
had a sufficiently low connecting resistivity of 0.00792, and 
a connecting resistance between the adjacent electrodes was 
not less than 1x10, thereby providing a sufficient line-to 
line insulating property. 
0872) Cooling and heating cycle tests were carried out 
1000 times in the range of -40 to 85 C.; however, the 
connecting resistance virtually showed no change. Here, the 
concentration of the conductive fine particles in the aniso 
tropic conductive paste was gradually increased; however, 
no leakage occurred between the electrodes until the con 
centration had reached 40%. 

Example 54 
0873. The same processes as Example 39 were carried 
out except that the gold plating was carried-out by electro 
plating with a thickness of 0.2 um So that conductive fine 
particles were obtained. These were Subjected to the same 
tests, and the conductive fine particles had a Sufficiently low 
connecting resistivity of 0.007 S2, and a connecting resis 
tance between the adjacent electrodes was not leSS than 
1x10, thereby providing a sufficient line-to-line insulating 
property. 

0874 Cooling and heating cycle tests were carried out 
1000 times in the range of -40 to 85 C.; however, the 
connecting resistance virtually showed no change. Here, the 
concentration of the conductive fine particles in the aniso 
tropic conductive paste was gradually increased; however, 
no leakage occurred between the electrodes until the con 
centration had reached 40%. 

Example 55 
0875. The same processes as Example 39 were carried 
out except that copper-gold plated balls having an aspect 
ratio of 1.17 and a CV value of 18% were used, so that 
conductive fine particles were obtained. These were Sub 
jected to the same tests, and the conductive fine particles had 
a sufficiently low connecting resistivity of 0.005C2, and a 
connecting resistance between the adjacent electrodes was 
not less than 1x10, thereby providing a sufficient line-to 
line insulating property. 
0876 Cooling and heating cycle tests were carried out 
1000 times in the range of -40 to 85 C.; however, the 
connecting resistance virtually showed no change. Here, the 
concentration of the conductive fine particles in the aniso 
tropic conductive paste was gradually increased; however, 
no leakage occurred between the electrodes until the con 
centration had reached 35%. 

Example 56 
0877. The same processes as Example 39 were carried 
out except that metal balls, formed by applying nickel 



US 2003/0178313 A1 

electroleSS plating with a thickness of 0.15 um to copper 
having an aspect ratio of 1.17 and a CV value of 18% and 
then further applying gold plating to this, were used, So that 
conductive fine particles were obtained. These were Sub 
jected to the same tests, and the conductive fine particles had 
a sufficiently low connecting resistivity of 0.005S2, and a 
connecting resistance between the adjacent electrodes was 
not less than 1x10, thereby providing a sufficient line-to 
line insulating property. 
0878 Cooling and heating cycle tests were carried out 
1000 times in the range of -40 to 85 C.; however, the 
connecting resistance virtually showed no change. Here, the 
concentration of the conductive fine particles in the aniso 
tropic conductive paste was gradually increased; however, 
no leakage occurred between the electrodes until the con 
centration had reached 35%. 

Comparative Example 26 

0879 The same processes as Example 38 were carried 
out except that nickel (having an aspect ratio of 1.2 and a CV 
value of 42%, made by INCO Co., Ltd., Nickel Powder 
4SP)-gold plated balls were used, so that conductive fine 
particles were obtained. These were Subjected to the same 
tests, and the conductive fine particles had an inferior 
connecting resistivity of 0.025C2, but a connecting resistance 
between the adjacent electrodes was not less than 1x10, 
thereby providing a Sufficient line-to-line insulating prop 
erty. 

0880 Cooling and heating cycle tests were carried out 
1000 times in the range of -40 to 85 C.; however, the 
connecting resistance virtually showed no change. Here, the 
concentration of the conductive fine particles in the aniso 
tropic conductive paste was gradually increased, and current 
leakage occurred between the electrodes at the concentration 
of 30%. 

Comparative Example 27 

0881. The same processes as Example 38 were carried 
out except that nickelballs having an aspect ratio of 1.17 and 
a CV value of 18% were used so that conductive fine 
particles were obtained. These were Subjected to the same 
tests, and the conductive fine particles had a Sufficient 
connecting resistivity of 0.00992, and a connecting resis 
tance between the adjacent electrodes was not less than 
1x10, thereby providing a Sufficient line-to-line insulating 
property. 

0882 Here, the concentration of the conductive fine 
particles in the anisotropic conductive paste was gradually 
increased; however, no current leakage occurred between 
the electrodes until the concentration had reached 45%. 
However, when cooling and heating cycle tests were carried 
out 1000 times in the range of -40 to 85 C., the connecting 
resistance became 10 times greater than the initial value. 

Comparative Example 28 

0883. The same processes as Example 38 were carried 
out except that copper balls having an aspect ratio of 1.17 
and a CV value of 18% were used so that conductive fine 
particles were obtained. These were Subjected to the same 
tests, and the conductive fine particles had a Sufficient 
connecting resistivity of 0.0062, and a connecting resis 
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tance between the adjacent electrodes was not leSS than 
1x10, thereby providing a sufficient line-to-line insulating 
property. 

0884. Here, the concentration of the conductive fine 
particles in the anisotropic conductive paste was gradually 
increased; however, no current leakage occurred between 
the electrodes until the concentration had reached 40%. 
However, when cooling and heating cycle tests were carried 
out 1000 times in the range of -40 to 85 C., the connecting 
resistance became 3 times greater than the initial value. 

Comparative Example 29 

0885. The same processes as Example 38 were carried 
out except that copper balls having an aspect ratio of 1.17 
and a CV value of 18% were used so that conductive fine 
particles were obtained. These were Subjected to the same 
tests, and the conductive fine particles had a Sufficient 
connecting resistivity of 0.0062, and a connecting resis 
tance between the adjacent electrodes was not leSS than 
1x10, thereby providing a sufficient line-to-line insulating 
property. 

0886. Here, the concentration of the conductive fine 
particles in the anisotropic conductive paste was gradually 
increased; however, no current leakage occurred between 
the electrodes until the concentration had reached 40%. 
However, when cooling and heating cycle tests were carried 
out 1000 times in the range of -40 to 85 C., shortcircuiting, 
which was Supposedly caused by migration, was observed. 

Comparative Example 30 

0887. The same processes as Example 38 were carried 
out except that balls which were obtained by gold plating 
onto a crosslinked polystylene polymer and that had an 
aspect ratio of 1.05 and a CV value of 8% were used so that 
conductive fine particles were obtained. These were Sub 
jected to the same tests, and the conductive fine particles had 
an inferior connecting resistivity of 0.02S2, but a connecting 
resistance between the adjacent electrodes was not less than 
1x10, thereby providing a sufficient line-to-line insulating 
property. 

0888. Here, the concentration of the conductive fine 
particles in the anisotropic conductive paste was gradually 
increased; and current leakage occurred when the concen 
tration reached 25%. When cooling and heating cycle tests 
were carried out 1000 times in the range of -40 to 85 C., 
the connecting resistance virtually showed no change. 

Comparative Example 31 

0889. The same processes as Example 38 were carried 
out except that nickel-gold plated balls having an average 
particle size of 200 um, an aspect ratio of 1.05 and a CV 
value of 8% were used so that conductive fine particles were 
obtained. These were Supposed to be Subjected to the same 
tests; however, the particles Settled in the Stage of a binder 
Solution, failing to provide an anisotropic conductive paste. 

Comparative Example 32 

0890. The same processes as Example 38 were carried 
out except that nickel-gold plating powder of not more than 
0.2 um was used, So that conductive fine particles were 
obtained. These were Supposed to be Subjected to the same 
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tests; however, poor connection occurred in Some places 
even though the concentration of the powder increased, 
resulting in failure to carry out the tests. 

Example 57 

0891 (A) Production of Base Particles 
0892 Divinylbenzene were polymerized by a suspension 
polymerization method, and this was then classified by a 
wet-method to produce base particles. These base particles 
had an average particle Size of 100 um, a Standard deviation 
of 0.98 um and a CV value of 0.98%. 
0893) (B) Production of Conductive Fine Particles by the 
Formation of a Conductive Metal Layer 
0894) Next, the base particles were subjected to an elec 
troless nickel plating process as a pre-treatment for the base 
particles So that a nickel plating layer of 0.15 um was formed 
on the Surface of each of the base particles. 
0895. Successively, after completion of the pre-treat 
ment, the base particles were immersed in a plating bath 
containing nickel chloride, nickel Sulfate and boric acid So 
as to carry out electroplating by using a flow-through plater 
(produced by Uemura Kogyo K.K.); thus, conductive fine 
particles having three types of conductive metal layers, that 
is, nickel thicknesses of 2, 5 and 13 lum, were produced. 
0896) (C) Application of the Conductive Fine Particles 
onto an IC Chip 

0897. An IC chip (wafer), which had electrode sections 
comprising plated nickel and plated copper on aluminum, 
with electrode pitches of 150 um (peripheral arrangement) 
and 200 pins, was used, and Silver paste (silver flake/epoxy 
adhesive) was formed with a thickness of 10 um on the 
electrode Sections of this IC chip by using the Screen 
printing. 

0898 Next, by using a ball mounter produced by Nittetsu 
Micro K.K., balls were Sucked onto ball Suction holes in a 
mold provided with ball suction holes having a diameter of 
30 um at positions corresponding to the electrodes of the IC 
chip; thus, the balls were placed on the electrode Sections of 
the IC chip. 
0899) Thereafter, the conductive fine particles were 
secured to the electrode sections of the IC chip (wafer) by 
heating at 130 C. for five minutes, and by cutting the wafer 
so that the IC chips (wafer) were divided into its chip size. 
0900 (D) Connection and Securing of the IC Chip onto 
a Substrate 

0901 Next, a glass-epoxy substrate in which electrode 
Sections were formed by electroless copper plating at posi 
tions corresponding to the electrode Sections of the IC chip 
was used, and after a Silver paste printing process had been 
carried out on the electrode Sections of the glass-epoxy 
substrate, the IC chip on which the conductive fine particles 
had been Secured was Secured thereon by heat by using a 
bonding device. 

0902 Evaluation 
0903. With respect to the glass-epoxy substrate on which 
the base particles, the conductive fine particles and the IC 
chip were connected and Secured, obtained in Example 57, 
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the following evaluation tests were carried out to evaluate 
the characteristics thereof. Table 12 shows the results of the 
teStS. 

0904) (1) Thermal Conductivity of the Base Particles 
0905. A sheet having a thickness of 1.0 mm and com 
prising the same material as the base particles was prepared, 
and the thermal conductivity was measured thereon by using 
a quick thermal conductivity meter (produced by Kyoto 
Denshisha K.K., Type QTM-D3). 
0906) (2) Tensile Strength of the Conductive Metal Layer 
0907. A film-shaped sample having a thickness of 0.5 
mm was manufactured under the same conditions as the 
plating process onto the base particles, and this was Sub 
jected to measurements at a tension Speed of 10 mm/min by 
using a tension tester (made by Simadzu Corporation, Auto 
graph). 
0908 (3) Evaluation on Bonding Strength of the Con 
ductive Fine Particles to the IC Chip (Wafer) 
0909. By using a bonding tester (produced by Leska K.K. 
PTR-10 Type) as a testing device, strain deformation tests 
were carried out at a Strain dislocation Speed of 0.05 mm/Sec 
with a location of 30 um; thus, the amount of recoverable 
elastic Strain and the Strength against Separation of the IC 
chip (wafer) from the electrode Section due to Strain defor 
mation of the conductive fine particles were found. 

0910 (4) Heat Resistance Test 
0911. By using a Perfect Oven produced by Tabai Sei 
Sakusho K.K. was used as a testing device, tests were carried 
out at 200 C. for 500 hours to examine the electrical 
bonding State. 

0912) (5) Heat Cycle Test 
0913. By using a heat cycle tester produced by Kondo 
Kagakusha K.K. as a testing device, heat cycles, each Setting 
30-minute hold at 160° C. and 30-minute hold at -40° C., 
were repeated 1000 times, and the electrical connecting State 
of the connecting Section was then examined. 
0914 (6) Limiting Current Value Test 
0915. An electric current was allowed to flow while the 
applied Voltage across the electrodes was gradually 
increased by using a dc-Stabilized power Source So that the 
current at the limited point on the Voltage-current Straight 
line was found. 

Example 58 

0916 (A) Production of Base Particles 
0917. The same processes as Example 57 were carried 
out except that divinylbenzene manufactured had an average 
particle size of 50 lum, a standard deviation of 0.53 um and 
a CV value of 1.06%. 

0918 (B) Production of Conductive Fine Particles by the 
Formation of a Conductive Metal Layer 
0919) Next, the base particles were subjected to a pre 
treatment in the same manner as Example 57, and a nickel 
plating layer of 0.15 um was formed on the Surface of each 
of the base particles. 
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0920 Successively, after completion of the pre-treat 
ment, the base particles were immersed in a plating bath 
containing potassium gold cyanide to carry out electroplat 
ing by using the same plating device as Example 57; thus, 
conductive fine particles were manufactured by forming a 
conductive metal layer having a gold thickness of 2 um. 
0921) (C) Application of the Conductive Fine Particles 
onto an IC Chip and Connection and Securing of the IC Chip 
to the Substrate 

0922. The same processes as Example 57 were carried 
Out. 

0923) Evaluation 
0924 With respect to the glass-epoxy substrate on which 
the base particles, the conductive fine particles and the IC 
chip were connected and Secured, the same evaluation tests 
as Example 57 were carried out. Table 12 shows the results 
of the tests. 

Example 59 

0925 (A) Production of Conductive Fine Particles by 
Formation of a Conductive Metal Layer and a Low-melting 
point Metal Layer 
0926 The same base particles as Example 57 was used 
and Subjected to electroleSS nickel plating. Further, by using 
the same plating device and plating bath as Example 57, 
particles having a conductive metal layer composed of 
nickel with a thickness of 5 um were manufactured. Then, 
these particles were immersed in a Solder plating bath 
(produced by Okuno Seiyaku Kogyo K.K., Toptina MS), 
comprising an acidic brightening bath, to carry out an 
electroplating process; thus, a low-melting-point metal layer 
comprising an eutectic Solder layer with a thickness of 10 
lum and a composition of tin 63 weight %/lead 37 weight 96 
was formed around each of the fine particles, thereby 
preparing conductive fine particles. 
0927) (B) Application of the Conductive Fine Particles 
onto an IC Chip and Connection and Securing of the IC Chip 
to the Substrate 

0928 The conductive fine particles were applied onto the 
IC chip in the same manner as Example 57, and the 
conductive fine particles were connected and Secured to the 
electrode sections of the IC chip (wafer) by heating at 230 
C. for 10 seconds, and the IC chip (wafer) was cut into its 
chip size. 
0929. Thereafter, the IC chip was connected and secured 
to the Substrate in the same manner as Example 57. 
0930 Evaluation 
0931. With respect to the glass-epoxy substrate on which 
the base particles, the conductive fine particles and the IC 
chip were connected and Secured, the same evaluation tests 
as Example 57 were carried out. Table 12 shows the results 
of the tests. 

Example 60 

0932 (A) Production of Base Particles 
0933 First, after styrene and methaacryloxytriethoxysi 
lane (6 to 4 weight ratio) were copolymerized by using a 
Suspension polymerization method, alcoxysilyl groups were 
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Subjected to a hydrolysis reaction with each other So as to be 
crosslinked, and this was classified by a wet-method So that 
base particles were manufactured. These base particles had 
an average particle Size of 95 um, a Standard deviation of 
0.79 um and a CV value of 0.83%. 
0934) (B) Production of Conductive Fine Particles by the 
Formation of a Conductive Metal Layer and a Low-melting 
point Metal Layer 
0935 Next, the base particles were subjected to a pre 
treatment in the same manner as Example 57, and a nickel 
plating layer of 2 um was formed on the Surface of each of 
the base particles. Moreover, the same processes as Example 
3 were carried out So that a low-melting-point metal layer 
comprising an eutectic Solder plating layer with a thickness 
of 10 um was formed, thereby preparing conductive fine 
particles. 

0936) (C) Application of the Conductive Fine Particles 
onto an IC Chip and Connection and Securing of the IC Chip 
to the Substrate 

0937. After the conductive fine particles were applied to 
the IC chip in the same manner as Example 57, this was 
heated at 210 C. for one minute so that the conductive fine 
particles were connected and Secured to the electrode Sec 
tions of the IC chip (wafer), and the IC chip (wafer) was then 
cut into its chip size. 
0938. Thereafter in the same manner as Example 57, the 
chip was connected and Secured to the Substrate. 
0939 Evaluation 
0940. With respect to the glass-epoxy substrate on which 
the base particles, the conductive fine particles and the IC 
chip were connected and Secured, the same evaluation tests 
as Example 57 were carried out. Table 12 shows the results 
of the tests. 

Example 61 

0941 (A) Production of Base Particles 
0942 First, a polymer in which 10% by weight of tita 
nium oxide whisker was uniformly blended in a divinylben 
Zene polymer was manufactured by using a Suspension 
polymerization method, and this was classified by a wet 
method So that base particles were manufactured. These base 
particles had an average particle size of 103 um, a Standard 
deviation of 1.34 um and a CV value of 1.3%. 
0943) (B) Production of Conductive Fine Particles by the 
Formation of a Conductive Metal Layer and a Low-melting 
point Metal Layer 
0944. In the same manner as Example 60, a conductive 
metal layer which comprises a nickel plating layer of 2 um 
and a low-melting-point metal layer comprising an eutectic 
Solder plating layer with a thickness of 10 um were formed, 
thereby preparing conductive fine particles. 
0945) (C) Application of the Conductive Fine Particles 
onto an IC Chip and Connection and Securing of the IC Chip 
to the Substrate 

0946. In the same manner as Example 4, the application 
of the conductive fine particles to the IC chip and the 
connection and Securing of the IC chip onto the Substrate 
were carried out. 
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0947 Evaluation 
0948 With respect to the glass-epoxy substrate on which 
the base particles, the conductive fine particles and the IC 
chip were connected and Secured, the same evaluation tests 
as Example 57 were carried out. Table 12 shows the results 
of the tests. 

Example 62 

0949) (A) Production of Base Particles 
0950 The same base particles as manufactured in 
Example 57 were used. 
0951) (B) Production of Conductive Fine Particles by the 
Formation of a Conductive Metal Layer and a Low-melting 
point Metal Layer 

0952 Next, in the same manner as Example 57, the base 
particles were Subjected to a pre-treatment, and a conductive 
metal layer having a nickel thickness of 5 um was prepared. 
0953. By using the same plating device as Example 57, 
the base particles having the conductive metal layer were 
immersed in a plating bath containing tin pyrophosphate and 
Silver iodide So as to carry out an electroplating process, 
thus, a low-melting-point metal layer comprising an eutectic 
Solder layer that had a thickness of 12 um and a composition 
of tin 96.5 weight%/silver 3.5 weight% was formed around 
each of the fine particles, thereby preparing conductive fine 
particles. 

0954) (C) Application of the Conductive Fine Particles 
onto an IC Chip and Connection and Securing of the IC Chip 
to the Substrate 

0955. In the same manner as Example 4, the application 
of the conductive fine particles to the IC chip and the 
connection and Securing of the IC chip onto the Substrate 
were carried out. 

0956) Evaluation 
0957 With respect to the glass-epoxy substrate on which 
the base particles, the conductive fine particles and the IC 
chip were connected and Secured, the same evaluation tests 
as Example 57 were carried out. Table 12 shows the results 
of the tests. 

Example 63 

0958) (A) Production of Base Particles 
0959. The base particles were manufactured in the same 
manner as Example 57. 

0960 (B) Production of Conductive Fine Particles by the 
Formation of a Conductive Metal Layer and a Low-melting 
point Metal Layer 

0961 Next, in the same manner as Example 57, the base 
particles were Subjected to a pre-treatment, and a conductive 
metal layer having a nickel thickness of 5 um was prepared. 
0962 By using the same plating device as Example 57, 
the base particles having the conductive metal layer were 
immersed in a plating bath containing methasulfonic acid 
and bismuth methasulfonate to carry out an electroplating 
process, thus, a low-melting-point metal layer comprising an 
eutectic Solder layer that had a thickness of 10 um and a 
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composition of tin 92.5 weight%/bismuth 7.5 weight% was 
formed around each of the fine particles, thereby preparing 
conductive fine particles. 

0963) (C) Application of the Conductive Fine Particles 
onto an IC Chip and Connection and Securing of the IC Chip 
to the Substrate 

0964. In the same manner as Example 4, the application 
of the conductive fine particles to the IC chip and the 
connection and Securing of the IC chip onto the Substrate 
were carried out. 

0965) Evaluation 
0966. With respect to the glass-epoxy substrate on which 
the base particles, the conductive fine particles and the IC 
chip were connected and Secured, the same evaluation tests 
as Example 57 were carried out. Table 12 shows the results 
of the tests. 

Example 64 

0967 (A) Production of Base Particles 
0968. The base particles were manufactured in the same 
manner as Example 57. 

0969 (B) Production of Conductive Fine Particles by the 
Formation of a Conductive Metal Layer and a Low-melting 
point Metal Layer 

0970 Next, in the same manner as Example 57, the base 
particles were Subjected to a pre-treatment, and after 
completion of the tre-treatment, the base particles were 
Subjected to an electroplating process to the pre-treated base 
particles by using the same plating device as Example 57 So 
that a conductive metal layer having a copper thickness of 8 
tim was prepared. 

0971 Then, the base particles having the conductive 
metal layer were immersed in a plating bath containing 
bismuth methasulfonate to carry out an electroplating pro 
ceSS, thus, a low-melting-point metal layer comprising bis 
muth with a thickness of 1 um was formed. Further, this was 
Subjected to an electroplating process using a plating bath 
containing tin pyrophosphate and Silver iodide, thus, a 
low-melting-point metal layer comprising an eutectic Solder 
layer that had a thickness of 10 um and a composition of tin 
96.5 weight %/silver 3.5 weight % was formed on the 
low-melting-point metal layer comprising bismuth, thereby 
preparing conductive fine particles. 

0972) (C) Application of the Conductive Fine Particles 
onto an IC Chip and Connection and Securing of the IC Chip 
to the Substrate 

0973. In the same manner as Example 60, the application 
of the conductive fine particles to the IC chip, the connection 
and Securing of the IC chip onto the Substrate were carried 
Out. 

0974 Evaluation 
0975 With respect to the glass-epoxy substrate on which 
the base particles, the conductive fine particles and the IC 
chip were connected and Secured, the same evaluation tests 
as Example 57 were carried out. Table 12 shows the results 
of the tests. 
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Example 65 

0976) (A) Production of Base Particles 
0977 First, divinylbenzene was polymerized by a sus 
pension polymerization method, and this was classified by a 
wet-method So that base particles were manufactured. These 
base particles had an average particle Size of 300 um, a 
standard deviation of 2.90 um and a CV value of 0.97%. 
0978 (B) Production of Conductive Fine Particles by the 
Formation of a Conductive Metal Layer and a Low-melting 
point Metal Layer 
0979 Next, the base particles were subjected an electro 
less nickel plating process as a pre-treatment So that a nickel 
plating layer of 0.3 um was formed on the Surface of each 
of the base particles. 
0980 Then, by using the same plating device as Example 
57, the base particles after completion of the pre-treatment 
were immersed in a plating bath containing nickel chloride, 
nickel Sulfate and boric acid to carry out an electroplating 
process, thus, a conductive metal layer having a nickel 
thickness of 30 um was formed. 
0981 Next, the base particles having the conductive 
metal layer were Subjected to an electroplating proceSS So 
that a low-melting-point metal layer comprising an eutectic 
Solder layer that had a thickness of 25 um and a composition 
of tin 63 weight 96/lead 37 weight % was formed, thereby 
preparing conductive fine particles. 
0982) (C) Application of the Conductive Fine Particles 
onto an IC Chip and Connection and Securing of the IC Chip 
to the Substrate 

0983. In the same manner as Example 4, the application 
of the conductive fine particles to the IC chip, the connection 
and Securing of the IC chip onto the Substrate were carried 
Out. 

0984) Evaluation 
0985 With respect to the glass-epoxy substrate on which 
the base particles, the conductive fine particles and the IC 
chip were connected and Secured, the same evaluation tests 
as Example 57 were carried out. Table 12 shows the results 
of the tests. 

Example 66 

0986) (A) Production of Base Particles 
0987 First, divinylbenzene was polymerized by a sus 
pension polymerization method, and this was classified by a 
wet-method So that base particles were manufactured. These 
base particles had an average particle Size of 650 tim, a 
standard deviation of 4.88 um and a CV value of 0.75%. 
0988 (B) Production of Conductive Fine Particles by the 
Formation of a Conductive Metal Layer and a Low-melting 
point Metal Layer 
0989 Next, the base particles were subjected an electro 
less nickel plating process as a pre-treatment So that a nickel 
plating layer of 0.3 um was formed on the Surface of each 
of the base particles. 
0990 Then, by using the same plating device as Example 
57, the base particles after completion of the pre-treatment 
were immersed in a plating bath containing nickel chloride, 
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nickel Sulfate and boric acid to carry out an electroplating 
process, thus, a conductive metal layer having a nickel 
thickness of 55 um was formed. 
0991 Next, the base particles having the conductive 
metal layer were Subjected to an electroplating process So 
that a low-melting-point metal layer comprising an eutectic 
Solder layer that had a thickness of 50 um and a composition 
of tin 63 weight 96/lead 37 weight % was formed, thereby 
preparing conductive fine particles. 

0992) (C). Application of the Conductive Fine Particles 
onto an IC Chip and Connection and Securing of the IC Chip 
to the Substrate 

0993. In the same manner as Example 60, the application 
of the conductive fine particles to the IC chip, the connection 
and Securing of the IC chip onto the Substrate were carried 
Out. 

0994) Evaluation 
0995 With respect to the glass-epoxy substrate on which 
the base particles, the conductive fine particles and the IC 
chip were connected and Secured, the same evaluation tests 
as Example 57 were carried out. Table 12 shows the results 
of the tests. 

Example 67 

0996 (A) Production of Base Particles 
0997 The same base particles as Example 57 were used. 

0998 (B) Production of Conductive Fine Particles by the 
Formation of a Conductive Metal Layer and a Low-melting 
point Metal Layer 

0999 Next, in the same manner as Example 57, the base 
particles were Subjected to a pre-treatment by electroleSS 
plating, with the result that an electroless nickel plating layer 
having a thickness of 0.15 um was formed. Then, the base 
particles after completion of the pre-treatment was Subjected 
to an electroplating proceSS in the same manner as Example 
8 So that a metal layer comprising copper which a thickness 
of 8 um was prepared. This was coated with a nickel plating 
layer of 1 um by electroplating. Moreover, this was coated 
with a low-melting-point metal layer which comprises a 
solder layer composed of tin 96.5 weight 96/silver 3.5 weight 
% and which has a thickness of 10 um in the Same manner 
as Example 6 So that conductive fine particles were pre 
pared. 

1000 (C) Application of the Conductive Fine Particles 
onto an IC Chip and Connection and Securing of the IC Chip 
to the Substrate 

1001 In the same manner as Example 60, the application 
of the conductive fine particles to the IC chip, the connection 
and Securing of the IC chip onto the Substrate were carried 
Out. 

1002 Evaluation 
1003 With respect to the glass-epoxy substrate on which 
the base particles, the conductive fine particles and the IC 
chip were connected and Secured, the same evaluation tests 
as Example 57 were carried out. Table 12 shows the results 
of the tests. 
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Example 68 

1004) (A) Production of Base Particles 
1005 The same base particles as Example 57 were used. 
1006 (B) Production of Conductive Fine Particles by the 
Formation of a Conductive Metal Layer and a Low-melting 
point Metal Layer 

1007 Next, in the same manner as Example 57, the base 
particles were Subjected to a pre-treatment by electroleSS 
plating, with the result that an electroless nickel plating layer 
having a thickness of 0.15 um was formed. Then, the base 
particles after completion of the pre-treatment was Subjected 
to an electroplating process in the same manner as Example 
2 to form a conductive metal layer comprising gold having 
a thickness of 8 um; thus, conductive fine particles were 
prepared. 

1008 (C) Application of the Conductive Fine Particles 
onto an IC Chip and Connection and Securing of the IC Chip 
to the Substrate 

1009. By using the same ball mounter as Example 57, the 
conductive fine particles were placed on the electrodes of an 
IC chip, and the conductive fine particles were then pressed 
onto the electrode Sections with heat by a bonding machine 
at 300° C. while applying ultrasonic waves. 
1010 (D) Connection and Securing of the IC Chip to the 
Substrate 

1011 The IC chip to which the conductive fine particles 
had been connected and Secured was connected and Secured 
to a glass-epoxy Substrate in the same manner as Example 
57. 

1012 Evaluation 
1013 With respect to the glass-epoxy substrate on which 
the base particles, the conductive fine particles and the IC 
chip were connected and Secured, the same evaluation tests 
as Example 57 were carried out. Table 12 shows the results 
of the tests. 

Comparative Example 32 

1014) (A) Conductive Fine Particles 
1015 Particles, which comprises high-melting-point sol 
der particles having an average particle size of 78 um and 
comprising tin 10 weight %/lead 90 weight %, and formed 
thereon, an eutectic Solder plating having a thickness of 10 
lum and comprising tin 63 weight %/lead 37 weight 9%, were 
used as the conductive fine particles. The Standard deviation 
thereof was 0.9 tum. 
1016 (B) Application of the Conductive Fine Particles 
onto an IC Chip and Connection and Securing of the IC Chip 
to the Substrate 

1017 The conductive fine particles were applied onto the 
IC chip in the same manner as Example 57, and the 
conductive fine particles were connected and Secured to the 
electrode sections of the IC chip (wafer) by heating at 230 
C. for 10 seconds, and the IC chip (wafer) was cut into its 
chip size. 
1018. Thereafter, the IC chip was connected and secured 

to the Substrate in the same manner as Example 57. 
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1019 Evaluation 
1020. With respect to the glass-epoxy substrate to which 
the IC chip was connected and Secured by using the con 
ductive fine particles, evaluation tests were carried out. AS a 
result, Separation occurred at connecting Sections between 
the conductive fine particles and the IC chip, and after the 
heat cycle tests of 450 times, a failure occurred in conduc 
tion. 

Comparative Example 33 

1021 (A) Conductive Fine Particles 
1022 Particles, which comprises copper balls having an 
average particle size of 80 tim, and formed thereon, a gold 
plating layer having a thickness of 7 um were used as the 
conductive fine particles. The Standard deviation thereof was 
1.1 lim. 
1023 (B) Application of the Conductive Fine Particles 
onto an IC Chip and Connection and Securing of the IC Chip 
to the Substrate 

1024. The conductive fine particles were applied onto the 
IC chip in the same manner as Example 57, and the 
conductive fine particles were connected and Secured to the 
electrode sections of the IC chip (wafer) by heating at 230 
C. for 10 seconds, and the IC chip (wafer) was cut into its 
chip size. 
1025 Thereafter, the IC chip was connected and secured 
to the Substrate in the Same manner as Example 57. 
1026. Evaluation 
1027. With respect to the glass-epoxy substrate to which 
the IC chip was connected and Secured by using the con 
ductive fine particles, evaluation tests were carried out. AS a 
result, Separation occurred at connecting Sections between 
the conductive fine particles and the IC chip, and after the 
heat cycle tests of 550 times, a failure occurred in conduc 
tion. 

Comparative Example 34 

1028 (A) Production of Base Particles 
1029. The same base particles as manufactured in 
Example 57 were used. 
1030 (B) Production of Conductive Fine Particles by the 
Formation of a Conductive Metal Layer 
1031 The base particles were subjected to a pre-treat 
ment in the same manner as Example 57, and a nickel plating 
layer having a thickness of 0.8 um was formed thereon by 
electroplating; thus, conductive fine particles were manu 
factured. 

1032 (C) Application of the Conductive Fine Particles 
onto an IC Chip and Connection and Securing of the IC Chip 
to the Substrate 

1033. The conductive fine particles were placed on the 
electrode Sections of the IC chip, and connected and Secured 
thereto under the same conditions as Example 57. 
1034) Evaluation 
1035 With respect to the glass-epoxy substrate to which 
the base particles, the conductive fine particles and the IC 
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chip were connected and Secured, evaluation tests were 
carried out in the same manner as Example 57. As a result, 
cracks took place in the conductive metal layer due to heat; 
consequently, after the heat resistance test of 50 hours, a 
failure occurred in conduction. Moreover, after the heat 
cycle tests of 170 times, a failure occurred in conduction. 

Comparative Example 35 

1036) (A) Production of Base Particles 
1037. The same base particles as manufactured in 
Example 57 were used. 
1038 (B) Production of Conductive Fine Particles by the 
Formation of a Conductive Metal Layer 
1039 The base particles were subjected to a pre-treat 
ment in the same manner as Example 57, and a nickel plating 
layer having a thickness of 2.5 um was formed thereon by 
electroplating; thus, conductive fine particles were manu 
factured. 

1040 (C) Application of the Conductive Fine Particles 
onto an IC Chip and Connection and Securing of the IC Chip 
to the Substrate 

1041. The conductive fine particles were placed on the 
electrode Sections of the IC chip, and connected and Secured 
thereto under the same conditions as Example 57. 
1042 Evaluation 
1043 With respect to the glass-epoxy substrate to which 
the base particles, the conductive fine particles and the IC 
chip were connected and Secured, evaluation tests were 
carried out in the same manner as Example 57. As a result, 
the results of the heat resistance test was good; however, 
after the heat cycle tests of 350 times, a failure occurred in 
conduction. 

Comparative Example 36 

1044) (A) Production of Base Particles 
1045. The same base particles as manufactured in 
Example 57 were used. 
1046 (B) Production of Conductive Fine Particles by the 
Formation of a Conductive Metal Layer 
1047 The base particles were allowed to adsorb a cata 

lyst comprising a tin/palladium double Salt on their Surface, 
and these were treated with a Sulfuric acid Solution to be 
activated. A nickel layer having a thickness of 0.9 um was 
formed on the Surface thereof by electroleSS plating So that 
conductive fine particles were manufactured. 
1048 (C) Application of the Conductive Fine Particles 
onto an IC Chip and Connection and Securing of the IC Chip 
to the Substrate 

1049. The conductive fine particles were placed on the 
electrode Sections of the IC chip, and connected and Secured 
thereto under the same conditions as Example 57. 
1050 Evaluation 
1051. With respect to the glass-epoxy substrate to which 
the base particles, the conductive fine particles and the IC 
chip were connected and Secured, evaluation tests were 
carried out in the same manner as Example 57. As a result, 

60 
Sep. 25, 2003 

after the heat resistance test of 270 hours, cracks took place 
in the nickel plating layer, resulting in failure in conduction. 
Moreover, after the heat cycle tests of 560 times, a failure 
occurred in conduction. 

Comparative Example 37 

1052 (A) Production of Base Particles 
1053 The same base particles as Example 57 were used. 

1054 (B) Production of Conductive Fine Particles by the 
Formation of a Conductive Metal Layer and a Low-melting 
point Metal Layer 

1055) Next, in the same manner as Example 57, the base 
particles were Subjected to a pre-treatment by electroleSS 
plating, with the result that an electroless nickel plating layer 
having a thickness of 0.15 um was formed. Then, the base 
particles after completion of the pre-treatment was Subjected 
to an electroplating proceSS in the same manner as Example 
57 So as to form a conductive metal layer comprising nickel 
with a thickness of 5 lum. Moreover, this was coated with 
eutectic Solder plating with a thickness of 53 um and 
comprising tin 63 weight 96/lead 37 weight % in the same 
manner as Example 3, thus, particles were prepared. The 
Standard deviation was 2.3 lim. 

1056 (C) Application of the Conductive Fine Particles 
onto an IC Chip and Connection and Securing of the IC Chip 
to the Substrate 

1057 The conductive fine particles were placed on the IC 
chip, and the IC chip was connected and Secured to the 
Substrate in the same manner as Example 3. 

1058 Evaluation 
1059. With respect to the glass-epoxy substrate to which 
the base particles, the conductive fine particles and the IC 
chip were connected and Secured, evaluation tests were 
carried out in the same manner as Example 57. As a result, 
the results of the heat resistance test was good; however, 
after the heat cycle tests of 750 times, a failure occurred in 
conduction. 

Comparative Example 38 

1060 (A) Production of Base Particles 
1061. The same base particles as Example 57 were used. 

1062 (B) Production of Conductive Fine Particles by the 
Formation of a Conductive Metal Layer and a Low-melting 
point Metal Layer 

1063) Next, in the same manner as Example 57, the base 
particles were Subjected to a pre-treatment by an electroleSS 
plating, with the result that an electroless nickel plating layer 
with a thickness of 0.15 um was formed. Then, the base 
particles after completion of the pre-treatment was Subjected 
to an electroplating proceSS in the same manner as Example 
57 to form a conductive metal layer comprising nickel 
having a thickness of 5 um. Moreover, this was coated with 
eutectic Solder plating having a thickness of 2.5 um and 
comprising tin 63 weight 96/lead 37 weight % in the same 
manner as Example 3, thus, particles were prepared. The 
Standard deviation was 1.7 lim. 
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1064) (C) Application of the Conductive Fine Particles 
onto an IC Chip and Connection and Securing of the IC Chip 
to the Substrate 

1065. The conductive fine particles were placed on the IC 
chip, and the IC chip was connected and Secured to the 
Substrate in the same manner as Example 59. 
1066 Evaluation 
1067. With respect to the glass-epoxy substrate to which 
the base particles, the conductive fine particles and the IC 
chip were connected and Secured, evaluation tests were 
carried out in the same manner as Example 57. As a result, 
Since the Solder plating layer was thin, the limited current 
value was as low as 0.4Amp. Moreover, after the heat cycle 
tests of 750 times, a failure occurred in conduction. 

TABLE 12 

Evaluation of conductive particles 

Thermal 
conductivity of Tensile strength of Peel Connection state 
base particles conductive metal strength after heat 

(W/mK) layer (kg/mm) (gr) resistance test 

Ex. 57 O.12 85 38 Good 
Ex. 58 O.12 23 35 Good 
Ex. 59 O.12 85 38 Good 
Ex. 60 O.36 85 34 Good 
Ex. 61 O.32 85 45 Good 
Ex. 62 O.12 85 50 Good 
Ex. 63 O.12 85 43 Good 
Ex. 64 O.12 57 Good 
Ex. 65 O.12 85 350 Good 
Ex. 66 O.12 85 1150 Good 
Ex. 67 O.12 55 Good 
Ex. 68 O.12 23 3O Good 

INDUSTRIAL APPLICABILITY 

1068 As described above, in the manufacturing device 
for conductive fine particles of the present invention, even if 
the number of revolutions of the treatment chamber is 
increased, no overflow occurs, and the amount of flow from 
the porous member is increased; therefore, plating is uni 
formly carried out even on particles having a size not more 
than 100 lim. Moreover, even in the case of a large particle 
Size of not less than 100 um, Since the amount of a plating 
Solution inside the treatment chamber is increased and a high 
current density is obtained, it is possible to shorten the 
plating time. Moreover, a sheet-shaped filter is affixed on the 
inner Side face of the porous member So that clogging of 
particles is not occurred and consequently to increase the 
number of applications thereof. The sheet-shaped filter is 
more inexpensive than the porous member of plastic, ceram 
ics or the like, and it results in cutting costs. Furthermore, the 
application of a plate-shaped porous member contributes to 
avoid aggregation of fine particles without adding dummy 
chips, therefore, it is possible to obtain clean conductive fine 
particles free from Scratches and dents on the plating Surface 
thereof, and also to omit the Separation process between the 
dummy chips and the fine particles. Accordingly, the manu 
facturing device for conductive fine particles of the present 
invention is particularly effective when applied to cases in 
which plating is carried out on metal which tends to aggre 
gate and has a Soft coat film, Such as Solder plating. 

1069. The manufacturing method for conductive fine 
particles of the present invention has a Superior Stirring 
effect So that aggregated lumps, caused at the time of 
extended power application time or a high current density, 
can be pulverized; thus, it is possible to form a uniform 
plating layer with high efficiency. 
1070. In the manufacturing method for conductive fine 
particles of the present invention, even in the case that fine 
particles are relatively Small, it is possible to form a uniform 
plating layer effectively on all the fine particles, by control 
ling the film thickness of the conductive base layer by means 
of an electroleSS plating, adjusting the Specific gravity of the 
plating Solution or the like. 
1071. The conductive fine particles of the present inven 
tion can provide an anisotropic conductive adhesive that has 

Evluation of electronic circuit part 

Connection 
state after Limiting 
heat cycle current value 

test test (A) 

Good 4 
Good 5 
Good 4.5 
Good 3.6 
Good 5 
Good 3.8 
Good 4.8 
Good 4.5 
Good 8 
Good 8 
Good 5 
Good 5 

a greater current capacity upon connection and high reli 
ability in connecting processes, and is free from current 
leakage. 

1072 The electronic circuit part of the present invention 
makes it possible to Systematically eliminate poor connec 
tion, etc. resulting from various reasons between the elec 
tronic circuit element and the electronic circuit Substrate, 
and also to minimize the connection pitches, therefore, it 
contributes to Solve various conventional problems by using, 
for example, electronic circuit elements and electronic cir 
cuit Substrates with high-density wiring. 

1. A manufacturing device for conductive fine particles 
comprising: 

a disk-shaped bottom plate Secured to the upper end of a 
perpendicular driving shaft; 

a porous member that is placed on the outer circumfer 
ential upper face of the bottom plate and that allows 
only a plating Solution to pass there through; 

a contact ring for conducting electricity placed on the 
upper face of the porous member; 

a hollow cover of a trapezoidal cone shape having an 
opening on an upper center portion thereof, to the upper 
end of which a hollow cylinder having the same pore 
diameter as the opening diameter is joined, with the 
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upper end of the hollow cylinder being bent toward the 
inner wall side of the hollow cylinder; 

a rotatable treatment chamber formed in a manner So as to 
Sandwich the porous member and the contact ring, 
between the outer circumferential portion of the hollow 
cover and the bottom plate, 

a Supply tube for Supplying the plating Solution to the 
treatment chamber through the opening; 

a container for receiving plating Solution Scattered from 
the pores of the porous member; 

a drain tube for draining the plating Solution accumulated 
in the container; and 

an electrode inserted through the opening to contact the 
plating Solution. 

2. A manufacturing device for conductive fine particles 
comprising: 

a disk-shaped bottom plate Secured to the upper end of a 
perpendicular driving shaft; 

a porous member that is placed on the Outer circumfer 
ential upper face of the bottom plate and that comprises 
a plate-shaped porous Support and a sheet-shaped filter, 
affixed on inner Side face thereof, having a thickness of 
10 to 1000 um with a pore size allowing only a plating 
Solution to pass there through; 

a contact ring for conducting electricity placed on the 
upper face of the porous member; 

a hollow cover of a trapezoidal cone shape having an 
opening on an upper center portion thereof; 

a rotatable treatment chamber formed in a manner So as to 
Sandwich the porous member and the contact ring, 
between the outer circumferential portion of the hollow 
cover and the bottom plate, 

a Supply tube for Supplying the plating Solution to the 
treatment chamber through the opening; 

a container for receiving plating Solution Scattered from 
the pores of the porous member; 

a drain tube for draining the plating Solution accumulated 
in the container; and 

an electrode inserted through the opening to contact the 
plating Solution. 

3. The manufacturing device for conductive fine particles 
according to claim 1, wherein the porous member comprises 
a plate-shaped porous Support and a sheet-shaped filter, 
affixed on inner Side face thereof, having a thickness of 10 
to 1000 um with a pore size allowing only a plating Solution 
to pass there through. 

4. A manufacturing device for conductive fine particles 
comprising: 

a disk-shaped bottom plate Secured to the upper end of a 
perpendicular driving shaft; 

a plate-shaped porous member that allows only a plating 
Solution to pass there through and that is placed on the 
upper face of the bottom plate; 

a contact ring for conducting electricity placed on the 
upper face of the porous member; 
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a hollow cover of a trapezoidal cone shape having an 
opening on an upper center portion thereof; 

a rotatable treatment chamber formed in a manner So as to 
Sandwich the porous member and the contact ring, 
between the outer circumferential portion of the hollow 
cover and the bottom plate, 

a Supply tube for Supplying the plating Solution to the 
treatment chamber through the opening; 

a container for receiving plating Solution Scattered from 
the pores of the porous member; 

a drain tube for draining the plating Solution accumulated 
in the container; and 

an electrode inserted through the opening to contact the 
plating Solution. 

5. A manufacturing device for conductive fine particles 
comprising: 

a disk-shaped bottom plate Secured to the upper end of a 
perpendicular driving shaft; 

a plate-shaped porous member that allows only a plating 
Solution to pass there through and that is placed on the 
upper face of the bottom plate; 

a contact ring for conducting electricity placed on the 
upper face of the porous member; 

a hollow cover of a trapezoidal cone shape having an 
opening on an upper center portion thereof, to the upper 
end of which a hollow cylinder having the same pore 
diameter as the opening diameter is joined, with the 
upper end of the hollow cylinder being bent toward the 
inner wall side of the hollow cylinder; 

a rotatable treatment chamber formed in a manner So as to 
Sandwich the porous member and the contact ring, 
between the outer circumferential portion of the hollow 
cover and the bottom plate, 

a Supply tube for Supplying the plating Solution to the 
treatment chamber through the opening; 

a container for receiving plating Solution Scattered from 
the pores of the porous member; 

a drain tube for draining the plating Solution accumulated 
in the container; and 

an electrode inserted through the opening to contact the 
plating Solution. 

6. The manufacturing device for conductive fine particles 
according to claim 4 or 5, wherein the porous member 
comprises a plate-shaped porous Support and a sheet-shaped 
filter, affixed on upper face thereof, having a thickness of 10 
to 1000 um with a pore size allowing only a plating Solution 
to pass there through. 

7. A manufacturing method for conductive fine particles, 
which comprises a plating proceSS providing an electroplat 
ing layer on the Surface of each of the fine particles and a 
process of: 

applying at least one force Selected from the group 
consisting of a Shearing force, an impact force and 
cavitation, in order to disperse, pulverize and divide 
into individual particles, aggregated lumps of fine 
particles formed during the plating proceSS. 
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8. A manufacturing method for conductive fine particles, 
which comprises a plating proceSS for making the fine 
particles collide with a cathode by a centrifugal force in a 
plating bath having the cathode and an anode, to form an 
electroplating layer on the Surface of each of the fine 
particles, and a process of 

applying at least one force Selected from the group 
consisting of a shearing force, an impact force and 
cavitation, in order to disperse, pulverize and divide 
into individual particles, aggregated lumps of fine 
particles formed during the plating proceSS. 

9. A manufacturing method for conductive fine particles, 
which comprises loading pre-treated fine particles into a 

treatment chamber and carrying out a plating proceSS 
by allowing the treatment chamber to rotate centered on 
its rotation axis while Supplying a plating Solution into 
the treatment chamber to form an electroplating layer 
on each of the fine particles, 

and applying at least one Selected from the group con 
Sisting of a shearing force, an impact force and cavi 
tation, in order to disperse, pulverize and divide into 
individual particles, aggregated lumps of fine particles 
formed during the plating process, 

wherein the plating process is performed with use of an 
electroplating device comprising: 
a disk-shaped bottom plate Secured to the upper end of 

a perpendicular driving shaft; a porous member that 
is placed on the outer circumferential upper face of 
the bottom plate and that allows only a plating 
Solution to pass there through; a contact ring for 
conducting electricity placed on the upper face of the 
porous member; a hollow cover of a trapezoidal cone 
shape having an opening on its upper center portion, 
to the upper end of which a hollow cylinder having 
the same pore diameter as the opening diameter is 
joined, with the upper end of the hollow cylinder 
being bent toward the inner wall side of the hollow 
cylinder; the rotatable treatment chamber formed in 
a manner So as to Sandwich the porous member and 
the contact ring between the outer circumferential 
portion of the hollow cover and the bottom plate; a 
Supply tube for Supplying the plating Solution to the 
treatment chamber through the opening, a container 
for receiving plating Solution Scattered from the 
pores of the porous member; a drain tube for drain 
ing the plating Solution accumulated in the container; 
and an electrode inserted through the opening to 
contact the plating Solution. 

10. A manufacturing device for conductive fine particles 
comprising: 

a disk-shaped bottom plate Secured to the upper end of a 
perpendicular driving shaft; 

a porous member that is placed on the Outer circumfer 
ential upper face of the bottom plate and that allows 
only a treatment liquid to pass there through; a contact 
ring for conducting electricity placed on the upper face 
of the porous member; a hollow cover of a trapezoidal 
cone shape having an opening on an upper center 
portion thereof, to the upper end of which a hollow 
cylinder having the same pore diameter as the opening 
diameter is joined, with the upper end of the hollow 
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cylinder being bent toward the inner wall side of the 
hollow cylinder; a rotatable treatment chamber formed 
in a manner So as to Sandwich the porous member and 
the contact ring, between the outer circumferential 
portion of the hollow cover and the bottom plate; a 
Supply tube for Supplying the treatment liquid to the 
plating vessel through the opening, a container for 
receiving treatment liquid Scattered from the pores of 
the porous member; a drain tube for draining the 
treatment liquid accumulated in the container; an elec 
trode inserted through the opening to contact the plat 
ing Solution, and a pulverizing device for applying at 
least one Selected from the group consisting of a 
shearing force, an impact force and cavitation, in order 
to disperse, pulverize and divide into individual par 
ticles, aggregated lumps of fine particles formed during 
the plating process. 

11. A manufacturing device for conductive fine particles 
comprising: 

a disk-shaped bottom plate Secured to the upper end of a 
perpendicular driving shaft; 

a porous member that is placed on the outer circumfer 
ential upper face of the bottom plate and that allows 
only a plating Solution to pass there through; 

a contact ring for conducting electricity placed on the 
upper face of the porous member; 

a hollow cover having an opening on its upper center 
portion; 

a rotatable plating vessel formed in a manner So as to 
Sandwich the porous member and the contact ring 
between the outer circumferential portion of the hollow 
cover and the bottom plate, 

a treatment chamber, placed inside the plating vessel, that 
is formed with a partition plate for allowing only a 
plating Solution to pass through, and comprises the 
inside face of the contact ring, 

a Supply tube for Supplying the plating Solution to the 
plating vessel through the opening, 

a container for receiving plating Solution Scattered from 
the pores of the porous member; 

a drain tube for draining the plating Solution accumulated 
in the container; and 

an electrode inserted through the opening to contact the 
plating Solution. 

12. A manufacturing method for conductive fine particles 
for forming a plating layer on the Surface of each of the fine 
particles by a plating process, 
which comprises a power application process for applying 

power with the fine particles contacting the cathode to 
form a plating layer on the Surface of each of the fine 
particles and a stirring proceSS for Stirring the fine 
particles, 

wherein Said plating process is performed with use of a 
manufacturing device for conductive fine particles 
comprising, a rotatable treatment chamber that has a 
cathode on its side face and a filter Section allowing the 
plating Solution to pass there through and to drain it; 
and an anode placed in the treatment chamber So as not 
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to contact the cathode, is carried out by repeating 
rotation and Stoppage of the treatment chamber. 

13. The manufacturing method for conductive fine par 
ticles according to claim 12, wherein Said manufacturing 
device for conductive fine particles comprises: a disk-shaped 
bottom plate Secured to the upper end of a perpendicular 
driving shaft, a porous member that is placed on the outer 
circumferential upper face of the bottom plate and that 
allows only a plating Solution to pass there through; a 
contact ring for conducting electricity placed on the upper 
face of the porous member; a hollow cover having an 
opening on an upper center portion thereof; the rotatable 
treatment chamber formed in a manner So as to Sandwich the 
porous member and the contact ring, between the outer 
circumferential portion of the hollow cover and the bottom 
plate; a Supply tube for Supplying the plating Solution to the 
treatment chamber through the opening; a container for 
receiving plating Solution Scattered from the pores of the 
porous member; a drain tube for draining the plating Solu 
tion accumulated in the container, and an electrode inserted 
through the opening to contact the plating Solution. 

14. A manufacturing method for conductive fine particles 
for forming an electroplating layer on the Surface of each of 
the fine particles by a plating process, 

wherein the plating process, using a manufacturing device 
for conductive fine particles comprising a rotatable 
treatment chamber having a cathode on its side face and 
a filter Section passing the plating Solution to drain it, 
and an anode placed in the treatment chamber So as not 
to contact the cathode, comprises Steps of applying 
power with the fine particles being made contact with 
the cathode by the effect of a centrifugal force caused 
by the rotation of the treatment chamber to form an 
electroplating layer on the Surface of each of the fine 
particles, and stopping the rotation of the treatment 
chamber and the application of power, further repeating 
the rotation and stoppage of the treatment chamber, and 

the difference in gravity between the fine particles and the 
plating solution is set in the range of 0.04 to 22.00. 

15. The manufacturing method for conductive fine par 
ticles according to claim 14, wherein the manufacturing 
device of the conductive fine particles comprises: a disk 
shaped bottom plate Secured to the upper end of a perpen 
dicular driving shaft; a porous member that is placed on the 
outer circumferential upper face of the bottom plate and that 
allows only a plating Solution to pass there through; a 
contact ring for conducting electricity placed on the upper 
face of the porous member; a hollow cover having a trap 
eZoidal cone shape having an opening on its upper center 
portion; a rotatable treatment chamber formed in a manner 
So as to Sandwich the porous member and the contact ring, 
between the outer circumferential portion of the hollow 
cover and the bottom plate; a Supply tube for Supplying the 
plating Solution to the plating vessel through the opening; a 
container for receiving plating Solution Scattered from the 
pores of the porous member; a drain tube for draining the 
plating Solution accumulated in the container; and an elec 
trode inserted through the opening to contact the plating 
Solution. 

16. A manufacturing method for conductive fine particles 
for forming an electroplating layer on the Surface of each of 
the fine particles by a plating process, 
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wherein the plating process, using a manufacturing device 
for conductive fine particles that comprises, a rotatable 
treatment chamber that has a cathode on its side face 
and a filter Section allowing the plating Solution to pass 
there through and to drain it; and an anode placed in the 
treatment chamber So as not to contact the cathode, 
comprises the Steps of applying power with the fine 
particles being made contact with the cathode by the 
effect of a centrifugal force caused by the rotation of the 
treatment chamber, So as to form an electroplating layer 
on the Surface of each of the fine particles, and Stopping 
the rotation of the treatment chamber and the applica 
tion of power, and repeating the rotation and Stoppage 
of the treatment chamber, and 

the rotation of the treatment chamber is carried out with 
the number of revolutions So as to Set the centrifugal 
effect at 2.0 to 40.0, the power application is started 0.5 
to 10 seconds after the start of the rotation of the 
treatment chamber, and the time of Stoppage of the 
treatment chamber is set to 0 to 10 seconds. 

17. A manufacturing method for conductive fine particles 
for forming an electroplating layer on the Surface of each of 
the fine particles by a plating process, wherein the plating 
process, using a manufacturing device for conductive fine 
particles that comprises, a rotatable treatment chamber that 
has a cathode on its Side face and a filter Section allowing the 
plating Solution to pass there through and to drain it; and an 
anode placed in the treatment chamber So as not to contact 
the cathode, comprises applying power with the fine par 
ticles being made contact with the cathode by the effect of 
a centrifugal force caused by the rotation of the treatment 
chamber to form an electroplating layer on the Surface of 
each of the fine particles, and Stopping the rotation of the 
treatment chamber and the application of power, and repeat 
ing the rotation and Stoppage of the treatment chamber, and 

the rotation of the treatment chamber is carried out with 
a number of rotations So as to provide a centrifugal 
effect of 2.0 to 40.0, the power application is started 3 
to 10 seconds after the rotation start of the treatment 
chamber before the film thickness of the electroplating 
layer formed on the Surface of each of the fine particles 
has become a constant value, and after the film thick 
neSS of the electroplating layer formed on the Surface of 
each of the fine particles has become a constant value, 
the power application is started 0.5 to 10 seconds after 
the rotation Start of the treatment chamber, and the 
Starting time is earlier than the power application Start 
time before the film thickness of the electroplating 
layer formed on the Surface of each of the fine particles 
has become the constant value. 

18. The manufacturing method for conductive fine par 
ticles according to claim 16 or claim 17, wherein the 
manufacturing device for conductive fine particles com 
prises: a disk-shaped bottom plate Secured to the upper end 
of a perpendicular driving shaft; a porous member that is 
placed on the outer circumferential upper face of the bottom 
plate and that allows only a plating Solution to pass there 
through; a contact ring for conducting electricity placed on 
the upper face of the porous member; a hollow cover having 
a trapezoidal cone shape having an opening on its upper 
center portion; a rotatable treatment chamber formed in a 
manner So as to Sandwich the porous member and the 
contact ring, between the outer circumferential portion of the 
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hollow cover and the bottom plate; a supply tube for 
Supplying the plating Solution to the plating vessel through 
the opening, a container for receiving plating Solution Scat 
tered from the pores of the porous member; a drain tube for 
draining the plating Solution accumulated in the container; 
and an electrode inserted through the opening to contact the 
plating Solution. 

19. A conductive fine particle, which is subjected to 
electroplating on the outer Surface thereof, wherein a particle 
size thereof is 0.5 to 500 um, an aspect ratio of less than 1.5 
and a variation coefficient of not more than 50%. 

20. The conductive fine particle according to claim 19 
which is Subjected to electroplating by a rotatable plating 
device having a cathode on an outer circumferential portion 
thereof and an anode placed So as not to contact the cathode. 

21. The conductive fine particle according to claim 19 or 
claim 20, wherein the electroplating is curried out with gold, 
platinum or palladium. 

22. The conductive fine particle according to claim 19, 20 
or 21, wherein the electroplating has a thickness of 0.2 to 3 
plm. 

23. An anisotropic conductive adhesive comprising the 
conductive fine particle according to claim 19, 20, 21 or 22. 

24. The anisotropic conductive adhesive according to 
claim 23, wherein each of the conductive fine particles is 
placed at a Specific area. 

25. A conductive connecting element wherein connection 
is formed by using the anisotropic conductive adhesive 
disclosed in claim 23 or claim 24. 

26. An electronic circuit part which is formed by electri 
cally connecting an electrode Section of an electronic circuit 
element and an electrode Section of an electronic circuit 
Substrate, 

wherein the connection is formed by using a laminated 
conductive fine particle provided with a conductive 
metal layer on the Surface of a spherical elastic base 
particle, and 

the electrical connection is formed by a plurality of the 
laminated conductive fine particles per each connecting 
Section at connecting Sections between the electrode 
Section of the electronic circuit element and the elec 
trode Section of the electronic circuit Substrate. 

27. An electronic circuit part which is formed by electri 
cally connecting an electrode Section of an electronic circuit 
element and an electrode Section of an electronic circuit 
Substrate, 

wherein the connection which is formed by using a double 
laminated conductive fine particle provided with a 
conductive metal layer on the Surface of a spherical 
elastic base particle and, further on the Surface of the 
conductive metal layer, a low-melting-point metal 
layer, and 

the electrical connection being made by a plurality of the 
laminated conductive fine particles per each connecting 
Section at connecting Sections between the electrode 
Section of the electronic circuit element and the elec 
trode Section of the electronic circuit Substrate. 

28. The electronic circuit part according to claim 26 or 27, 
wherein the thickness (t: unit mm) of the conductive metal 
layer is set in a range represented by formula 1 

PxDfo&ts:0.2xD formula 1 
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where P is a constant of pressure unit, 0.7 Kg/mm, D is 
the diameter (unit: mm) of an elastic base particle, and 
O is a tensile strength (unit: Kg/mm) of a metal 
material forming the conductive metal layer, and the 
tensile Strength is measured under the condition that the 
sheet-shaped material having a thickness of 0.5 to 2 
mm is tested at a tensile Speed of 10 mm/min. by a 
tensile tester. 

29. An electronic circuit part which is formed by electri 
cally connecting an electrode Section of an electronic circuit 
element and an electrode Section of an electronic circuit 
Substrate, 

wherein the connection is formed by using a laminated 
conductive fine particle provided with a conductive 
metal layer around of a spherical elastic base particle, 

the electrical connection is formed by one laminated 
conductive fine particle per each connecting Section at 
each of connecting Sections between the conductive 
metal layer of the laminated conductive fine particle 
and the electrode Section of the electrode circuit ele 
ment, as well as by one laminated conductive fine 
particle per each connecting Section at the connecting 
Sections between the conductive metal layer of each of 
the laminated conductive fine particles and the elec 
trode Section of the electronic circuit Substrate. 

30. An electronic circuit part which is formed by electri 
cally connecting an electrode Section of an electronic circuit 
element and an electrode Section of an electronic circuit 
Substrate, 

wherein the connection is formed by using a double 
laminated conductive fine particle provided with a 
conductive metal layer around a spherical elastic base 
particle and, further on the Surface of the conductive 
metal layer, a low-melting-point metal layer, and 

the electrical connection is formed by one double lami 
nated conductive fine particle per each connecting 
Section at connecting Sections between the conductive 
metal layer and the low-melting-point metal layer of 
each of the double laminated conductive fine particles 
and the electrode Section of the electrode circuit ele 
ment, as well as by one double laminated conductive 
fine particle per each connecting Section at the con 
necting Sections between the conductive metal layer the 
double laminated conductive fine particle and the elec 
trode Section of the electrode circuit Substrate. 

31. The electronic circuit part according to claim 26, 27, 
28, 29 or 30, wherein the spherical elastic base particles have 
a thermal conductivity of not less than 0.30 W/m K. 

32. The electronic circuit part according to claims 26, 27, 
28, 29, 30 or 31, wherein the spherical elastic base particles 
is a resin material or an organic/inorganic hybrid material. 

33. The electronic circuit part according to claim 26, 27, 
28, 29, 30, 31 or 32, wherein a spherical elastic base particle 
further includes an inorganic filler. 

34. The electronic circuit part according to any one of 
claims 29 to 33, wherein the thickness (t: unit mm) of the 
conductive metal layer is Set in a range represented by 
formula 1 

PxDfo&ts:0.2xD Formula 1 

where P is a constant of pressure unit, 1.0 Kg/mm , D is 
the diameter (unit: mm) of an elastic base particle, O is 
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a tensile strength (unit: Kg/mm) of a metal material 
forming the conductive metal layer, and the tensile 
Strength is measured under the condition that the sheet 
shaped material having a thickness of 0.5 to 2 mm is 
tested at a tensile Speed of 10 mm/min. by a tensile 
teSter. 

35. The electronic circuit part according to any one of 
claims 26 to 35, wherein the conductive metal layer com 
prises at least one component Selected from the group 
consisting of nickel, palladium, gold, Silver, copper, alumi 
num and platinum. 

36. The electronic circuit part according to any one of 
claims 26 to 35, wherein the conductive metal layer com 
prises a plurality of metal layers. 

37. The electronic circuit part according to any one of 
claims 26 to 36, wherein at least one of the metal layers 
constituting a conductive metal layer is formed by electro 
plating. 

38. The electronic circuit part according to any one of 
claims 29 to 37, wherein at least one metal layer constituting 
the conductive metal layer is formed by electroplating using 
an electroplating device, 

the electroplating device comprises a disk-shaped bottom 
plate Secured to the upper end of a perpendicular 
driving shaft, a porous member that is placed on the 
outer circumferential upper face of the bottom plate and 
that allows only a plating Solution to pass there 
through; a contact ring for conducting electricity placed 
on the upper face of the porous member, a hollow cover 
of a trapezoidal cone shape having an opening on an 
upper center portion thereof, to the upper end of which 
a hollow cylinder having the same pore diameter as the 
opening diameter is joined, with the upper end of the 
hollow cylinder being bent toward the inner wall side 
of the hollow cylinder; a rotatable treatment chamber 
formed in a manner So as to Sandwich the porous 
member and the contact ring, between the Outer cir 
cumferential portion of the hollow cover and the bot 
tom plate; a Supply tube for Supplying the plating 
Solution to the treatment chamber through the opening, 
a container for receiving plating Solution Scattered from 
the pores of the porous member; a drain tube for 
draining the plating Solution accumulated in the con 
tainer; and an electrode inserted through the opening to 
contact the plating Solution. 

39. The electronic circuit part according to any one of 
claims 26 to 38, wherein a low-melting-point metal layer has 
a thickness of not more than 50% of the diameter of the 
elastic base particles. 

40. The electronic circuit part according to any one of 
claims 26 to 39, wherein a low-melting-point metal layer has 
a thickness of not less than 3% of the diameter of the elastic 
base particles. 

41. The electronic circuit part according to any one of 
claims 26 to 40, wherein a metal constituting the low 
melting-point metal layer has a melting point of not more 
than 260 C. 

42. The electronic circuit part according to any one of 
claims 26 to 41, wherein a metal constituting the low 
melting-point metal layer comprises at least one metal 
Selected from the group consisting of tin, lead, bismuth, 
Silver, Zinc, indium and copper. 

43. The electronic circuit part according to any one of 
claims 26 to 42, wherein a metal constituting the low 
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melting-point metal layer comprises at least one metal 
Selected from the group consisting of tin and alloys of tin. 

44. The electronic circuit part according to any one of 
claims 26 to 43, wherein a metal constituting the low 
melting-point metal layer comprises at least one metal 
Selected from the group consisting of tin and alloys of tin, 
and further comprises at least one metal Selected from the 
group consisting of lead, bismuth, Silver, Zinc, indium and 
copper. 

45. The electronic circuit part according to any one of 
claims 26 to 44, wherein the low-melting-point metal layer 
is constituted by a plurality of metal layers. 

46. The electronic circuit part according to any one of 
claims 26 to 45, wherein at least one portion constituting a 
low-melting-point metal layer is formed by electroplating. 

47. The electronic circuit part according to any one of 
claims 26 to 46, wherein at least one metal layer constituting 
the conductive metal layer is formed by electroplating using 
an electroplating device, 

the electroplating device comprises a disk-shaped bottom 
plate Secured to the upper end of a perpendicular 
driving shaft, a porous member that is placed on the 
Outer circumferential upper face of the bottom plate and 
that allows only a plating Solution to pass there 
through; a contact ring for conducting electricity placed 
on the upper face of the porous member; a hollow cover 
of a trapezoidal cone shape having an opening on an 
upper center portion thereof, to the upper end of which 
a hollow cylinder having the same pore diameter as the 
opening diameter is joined, with the upper end of the 
hollow cylinder being bent toward the inner wall side 
of the hollow cylinder; a rotatable treatment chamber 
formed in a manner So as to Sandwich the porous 
member and the contact ring, between the outer cir 
cumferential portion of the hollow cover and the bot 
tom plate; a Supply tube for Supplying the plating 
Solution to the treatment chamber through the opening, 
a container for receiving plating Solution Scattered from 
the pores of the porous member; a drain tube for 
draining the plating Solution accumulated in the con 
tainer; and an electrode inserted through the opening to 
contact the plating Solution. 

48. The electronic circuit part according to any one of 
claims 26 to 47, wherein an elastic base particles has a 
diameter in a range of 5 to 700 um. 

49. The electronic circuit part according to any one of 
claims 26 to 48, wherein an elastic base particles has a 
diameter in a range of 10 to 150 lum. 

50. The electronic circuit part according to any one of 
claims 26 to 49, wherein even in the case when, of the 
electrode Section of the electronic circuit element and the 
electrode Section of the electronic circuit Substrate, one is 
dislocated in parallel with the other due to a physical force 
in the parallel direction, a laminated conductive fine particle 
or a double laminated conductive fine particle exert an 
elastic Shearing deformation, thereby providing a recovering 
capability. 

51. An electronic circuit element or an electronic circuit 
Substrate, which is connected by a conductive fine particle, 
wherein a bonding strength F (unit: gr) between the con 
ductive fine particle and an electrode Section of an electronic 
circuit element or an electrode Section of an electronic 
circuit Substrate is set in a range represented by formula 2: 
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wherein D' represents the diameter (unit: mm) of the 
conductive fine particles. 

52. The electronic circuit part according to any one of 
claims 26 to 51, wherein the current flowing between an 
electrode Section of an electronic circuit element and an 
electrode Section of an electronic circuit Substrate has a 
limited value in a range of 0.5 to 10 Amp per the electrode 
Section. 

53. The electronic circuit part according to any one of 
claims 26 to 52, wherein an electronic circuit element is an 
IC bear chip and a flip chip bonding is formed between the 
electronic circuit element and an electronic circuit Substrate. 

54. The electronic circuit part according to any one of 
claims 26 to 53, wherein an electronic circuit element is a 
chip size package (CSP), and a ball grid array (BGA) 
bonding is formed between the electronic circuit element 
and an electronic circuit Substrate. 

55. A manufacturing method of an electronic circuit part 
for manufacturing the electronic circuit part according to 
any one of claims 26 to 54, 
which comprises 

a first Step of applying a conductive material compris 
ing either a conductive adhesive or cream Solder onto 
either an electrode Section of an electronic circuit 
element or an electrode Section of an electronic 
circuit Substrate; 

a Second step of placing a laminated conductive fine 
particles on the electrode Section to which the con 
ductive material has been applied; 

a third Step of heating the electrode Section on which 
the laminated conductive fine particles have been 
placed to form electrical connection; and 

a fourth Step of cooling while maintaining the electrical 
connection to fix the electrical connection. 

56. A manufacturing method of an electronic circuit part 
for manufacturing the electronic circuit part according to 
any one of claims 26 to 54, 

comprising a Step in which one conductive fine particle, 
made by coating with a conductive metal layer around 
a spherical elastic base particle, is heated and pressed 
on either of an electrode Section of an electronic circuit 
element or an electrode Section of an electronic circuit 
Substrate to be Secured thereon So that the conductive 
metal layer of the conductive fine particle and the 
electrode Section maintains the electrical connection 
through the conductive material. 

57. A manufacturing method of an electronic circuit part 
for manufacturing the electronic circuit part according to 
any one of claims 26 to 54, comprising 

a first Step of placing a double laminated conductive fine 
particle on either an electrode Section of an electronic 
circuit element or an electrode Section of an electronic 
circuit Substrate; 
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a Second Step of heating the vicinity of an electrode 
Section on which the double laminated conductive fine 
particle has been placed to fuse an low-melting-point 
metal layer of the double laminated conductive fine 
particle, thereby electrically connecting the conductive 
metal layer of the double laminated conductive fine 
particle and the electrode Section; 

a third Step of cooling while maintaining the electrical 
connection to Secure the electrical connection; 

a fourth Step of Superposing the other electrode Section on 
the double laminated conductive fine particle Secured 
on one of the electrodes, and 

a fifth Step of electrically connecting the other electrode 
Section and the double laminated conductive fine par 
ticle Secured on the one of the electrodes. 

58. A manufacturing method of an electronic circuit part 
for manufacturing the electronic circuit part according to 
any one of claims 26 to 54, comprising the Steps of: 

upon placing a laminated conductive fine particle or a 
double laminated conductive fine particle on either an 
electrode Section of an electronic circuit element or an 
electrode Section of an electronic circuit Substrate, 

at a position corresponding to either the electrode Section 
of the electrode circuit element or the electrode Section 
of the electronic circuit Substrate, placing the laminated 
conductive fine particle or the double laminated con 
ductive fine particle in a receSS of a mold having 
receSSes Smaller than the diameter of the laminated 
conductive fine particle or the double laminated con 
ductive fine particle, and 

after adhering liquid has been applied to one portion of the 
exposed Surface of the laminated conductive fine par 
ticle or the double laminated conductive fine particle 
positioned on the mold, allowing the mold to contact 
either of the electrode Section So that the laminated 
conductive fine particle or the double laminated con 
ductive file particle is transferred on the electrode 
Section. 

59. A laminated conductive fine particle or a double 
laminated conductive fine particle which is used in the 
electronic circuit part according to any one of claims 26 to 
54. 

60. An electronic circuit element which is used in the 
electronic circuit part according to any one of claims 26 to 
54. 

61. An electronic circuit Substrate which is used in the 
electronic circuit part according to any one of claims 26 to 
54. 


