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(57) ABSTRACT 

A flip chip mounting process wherein a semiconductor chip 
and a circuit substrate are electrically interconnected. The 
process includes the steps of preparing a semiconductor chip 
on which a first plurality of electrodes are formed and a circuit 
substrate on which a second plurality of electrodes are 
formed; Supplying a composition onto a Surface of the circuit 
Substrate. Such surface being provided with second plurality 
of electrodes; bringing the semiconductor chip into contact 
with a surface of said composition such that the first plurality 
of electrodes are opposed to the second plurality of elec 
trodes; and heating the circuit Substrate, and thereby electrical 
connections including a metal component constituting the 
metal particles dispersed in the composition are formed 
between the first plurality of electrodes and the second plu 
rality of electrodes. Also, a thermoset resin layer is formed 
between the semiconductor chip and the circuit substrate. 
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METAL PARTICLES-OSPERSED 
COMPOSITION AND FLIP CHIP MOUNTING 
PROCESS AND BUMP-FORMING PROCESS 

USING THE SAME 

0001. This application is a divisional of prior application 
Ser. No. 1 1/885,562, which is the National Stage of Interna 
tional Application No. PCT/JP2006/304256, filed Mar. 6, 
2006. 

BACKGROUND OF THE INVENTION 

0002 1. Technical Field 
0003. The present invention relates to a composition in 
which metal particles are dispersed (the composition is here 
inafter referred to also as “metal particles-dispersed compo 
sition'). In particular, the present invention relates to a metal 
particles-dispersed composition that is used for electrically 
interconnecting a circuit Substrate and a semiconductor chip, 
or a metal particles-dispersed composition that is used for 
forming bumps on electrodes of a circuit substrate. Further 
more, the present invention relates to a flip chip mounting 
process and a bump-forming process using the metal par 
ticles-dispersed composition. 
0004 2. Description of the Related Art 
0005. In recent years, mobile electronic devices such as a 
cellar phone, a notebook-size personal computer, PDA and a 
digital video camera have been increasingly used, and they 
are becoming Smaller, thinner and lighter. There has been also 
increasing a demand for a high performance and a multifunc 
tion of the mobile electronic devices. As a result, electronic 
components such as a semiconductor device and a circuit 
component are becoming ultraSmall, and thereby a mounting 
process or a packaging process of the electronic components 
has been improved. Also, a high-density process of an elec 
tronic circuit has been rapidly improved. 
0006. The technology needed for the high-density process 
of the electronic circuit is a high-density mounting technol 
ogy or a high-density packaging technology for a semicon 
ductor integrated circuit (LSI). With a rapid development of a 
high pin-number and a fine pitch for connecting electrodes 
(which are hereinafter referred to also as “electrode(s)) of a 
LSI chip, semiconductor packaging technologies such as 
CSP (chip size package) by performance of the flip chip 
mounting of a bare chip as well as PPGA and BGA mounting 
processes for external terminals have been commonly used. 
Therefore, there is a demand for a new mounting technology 
or a new packing technology that can accommodate a high 
speed processing and a miniaturization of a mounted IC as 
well as a high number of input/output terminals of the 
mounted IC. 
0007. In a flip chip mounting process, firstly, a plurality of 
electrode pads are formed on a semiconductor chip. Then, 
bumps are formed on the electrode pads by using a material 
Such as a solder, Au or the like. Subsequently the semicon 
ductor chip is mounted over a circuit substrate such that the 
bumps of the semiconductor chip are opposed to a plurality of 
electrodes formed on the circuit substrate. This results in a 
formation of an electrical conduction between the bumps and 
the electrodes. After that, a resin material (underfill agent) is 
poured into a clearance gap between the semiconductor chip 
and the circuit Substrate so as to form a mechanical connec 
tion between the semiconductor chip and the circuit substrate. 
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0008 For mounting a next-generation LSI having 5000 or 
more electrodes over a circuit Substrate, it is required to form 
fine-pitch bumps with their pitch of 100 um or less. It is, 
however, difficult for a conventional solder bump-forming 
process to form such fine-pitch bumps. 
0009 Moreover, from a viewpoint that a large number of 
bumps must be formed according to the number of the elec 
trodes, a high productivity is required for reducing a manu 
facturing cost by reducing mounting tact time per chip. 
0010. There has been developed a plating process and a 
screen printing process as a conventional bump-forming pro 
cess. The plating process is suitable for achieving a fine pitch, 
but it is complicated and has to compromise the productivity. 
The screen printing process, on the other hand, has a high 
productivity, but is not suitable for achieving the fine pitch 
since a mask is used. 
0011 Recently, there has been proposed several processes 
for selectively forming solder bumps on electrodes of a LSI 
chip or a circuit Substrate. These processes are not only Suit 
able for achieving a fine pitch of the bumps, but also suitable 
for achieving a high productivity since a plurality of the fine 
bumps can beformed in a batch process. Accordingly they are 
expected as promising processes that can be applicable to a 
mounting or packaging for the next-generation LSI. 
0012. According to one of these promising processes, a 
solderpaste comprising a mixture of solder powder and a flux 
is applied directly onto a whole surface of a circuit substrate 
having electrodes (surfaces of the electrodes have been oxi 
dized). Subsequently the circuit substrate is heated so as to 
melt the solder powder. As a result, solder bumps (solder 
layers) are selectively formed on the electrodes without caus 
ing an electrical short circuit between the adjacent electrodes. 
See Japanese Patent Kokai Publication No. 2000-94179 
(which is referred to also as “patent literature 1), for 
example. 
0013. According to another one of the promising pro 
cesses, a paste composition (so-called “deposition type solder 
using chemical reaction') mainly comprising organic acid 
lead salt and tin metal is applied onto a whole Surface of a 
circuit substrate, the surface being provided with electrodes. 
Subsequently the circuit Substrate is heated so as to induce a 
displacement reaction for Pb and Sn, and thereby Pb/Sn alloy 
is selectively deposited on the electrodes of the circuit sub 
strate. See Japanese Patent Kokai Publication No. 
H01-157796 (which is referred to also as “patent literature 
2) and “Electronics Packaging Technology', issued on Sep 
tember, 2000, pp. 38-45 (which is referred to also as “Non 
patent literature 1), for example. 
0014. There is also another process wherein bumps are 
selectively formed on electrodes of a circuit substrate. In this 
process, the circuit Substrate is immersed in a chemical solu 
tion so as to form an adhesive film only on Surfaces of the 
electrodes of the circuit substrate. Then, solder powder is put 
into contact with the adhesive film so as to attach the solder 
powder to the electrodes. See Japanese Patent Kokai Publi 
cation No. H07-74459 (which is referred to also as “patent 
literature 3’), for example. 
0015. However, when the above-mentioned processes are 
employed, the flip chip mounting process requires the follow 
ing steps (1) and (2) due to the fact that the bumps are formed 
on the electrode pads of the semiconductor chip or on the 
electrodes of the circuit substrate: 
0016 (1) The step for forming an electrical connection 
between the opposed electrodes by performance of a reflow 
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process after the formation of the bumps and the mounting of 
the semiconductor chip over the circuit Substrate; and 
0017 (2) The step for pouring an underfill resin into a 
clearance gap formed between the semiconductor chip and 
the circuit Substrate so as to secure the semiconductor chip to 
the circuit substrate. 
The steps (1) and (2) will cause an increase of the manufac 
turing cost. 
0018. Therefore, there is recently proposed another pro 
cess. According to Such process, an electrical connection is 
formed at desired position by disposing a film consisting of an 
anisotropic conductive material (which contains electrically 
conductive particles) between a projected electrode of a semi 
conductor chip and an electrode of a circuit Substrate, fol 
lowed by heating and pressurizing the film. See Japanese 
Patent Kokai Publication No. 2000-332055 (which is referred 
to also as “patent literature 4), for example. 
0019. There is also proposed another process wherein an 
electrically-conductive adhesive consisting of a thermoset 
ting resin and electrically-conductive particles is Supplied 
between a semiconductor chip and a circuit Substrate, and 
thereafter the semiconductor chip is pressurized and the elec 
trically-conductive adhesive is heated. According to this pro 
cess, the molten electrically-conductive particles are allowed 
to gather between electrodes of the semiconductor chip and 
electrodes of the circuit substrate. As a result, an electrical 
conduction between each electrode of the semiconductor chip 
and each electrode of the circuit substrate is formed, and also 
a bonding between the semiconductor chip and the circuit 
substrate is formed. See Japanese Patent Kokai Publication 
No. 2004-260131 (which is hereinafter referred to also as 
“patent literature 5'), for example. 

SUMMARY OF THE INVENTION 

0020. In the technology disclosed in patent literature 5, a 
curing temperature of the thermosetting resin is above a melt 
ing point of the electrically-conductive particles. Despite, 
this, as a general rule, the Viscosity of the Supplied electri 
cally-conductive adhesive gradually increases as a polymer 
ization thereof proceeds (the polymerization being brought 
about by the heating). Therefore, a mobility of the melted 
electrically-conductive particles is impaired due to the vis 
cosity increase of the adhesive. As a result, there may be 
occurred a problem that a part of the electrically-conductive 
particles is left outside of the region formed between each 
electrode of the semiconductor chip and each electrode of the 
circuit substrate, which will lead to a deterioration of electri 
cal insulating properties at the region located between the 
neighboring electrodes. 
0021. The present invention is directed to solve the above 
problem. That is to say, an object of the present invention is to 
provide a composition that can solve a problem attributable to 
the viscosity increase. Also, another object of the present 
invention is to provide a satisfactory flip chip mounting pro 
cess and a satisfactory bump-forming process in terms of a 
prevented short-circuit and thus in terms of a connecting 
reliability. 
0022. In order to solve the above problem, the present 
invention provides a composition comprising a first compo 
nent, a second component, metal particles and a convection 
additive wherein 
0023 the metal particles are dispersed in the second com 
ponent, and the convection additive is contained in the second 
component; 
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0024 the first component is contained in an interior of at 
least one of the metal particles, wherein the metal particles 
melt upon heating so that the first component comes in con 
tact with the second component to formathermoset resin; and 
0025 the convection additive is capable of generating a 
gas upon heating. 
0026. It is preferred that the first component is a curing 
agent or a curing promoter (accelerator) used for forming the 
thermoset resin, whereas the second component is a base 
resin used for forming the thermoset resin. 
0027. The composition of the present invention is at least 
characterized in that the first component is built in at least one 
of the metal particles that are dispersed in the second com 
ponent (i.e., at lease one of the metal particles dispersed in the 
second component has a built-in first component). Thus, a 
curing reaction between the first component and the second 
component is not initiated until the metal particles melt. In 
other words, when a temperature reaches a melting point of 
the metal particles, the curing reaction is initiated so that the 
Viscosity of the composition increases. As a result, the vis 
cosity of the composition is kept low during the starting phase 
of the heating (that is to say, “pot life” regarding the compo 
sition of the present invention is long). 
0028. The composition of the present invention is also 
characterized in that the convection additive is contained 
therein. When the convection additive is heated, it boils to 
generate a gas or it is decomposed to generate a gas. Due to 
the movement of the generated gas, a convection effect is 
provided within the composition, which allows the move 
ment of the metal particles. Thus, for example, in a case where 
the composition of the present invention is Supplied between 
a semiconductor chip and a circuit Substrate in the flip chip 
mounting process, followed by being heated, the metal par 
ticles can easily self-assemble into a region between each 
electrode of the semiconductor chip and each electrode of the 
circuit substrate due to wettability of the electrodes (i.e., due 
to the fact that the electrodes have high wettability to the 
metal particles). As a result, electrical connections can be 
formed, each of which serves to interconnect the opposed 
electrodes electrically. By the way, it is preferred that the 
convection additive is at least one material selected from the 
group consisting of Xylene, isobutyl alcohol, isopentyl alco 
hol, butyl acetate, tetrachlorethylene, methyl isobutyl ketone, 
ethyl carbitol, butyl carbitol, ethylene glycol, aluminum 
hydroxide, dawsonite, ammonium metaborate, barium 
metaborate and Sodium hydrogen carbonate. 
0029. In a preferred embodiment, the curing agent is at 
least one material selected from the group consisting of ali 
phatic amine, aromatic amine, aliphatic acid anhydride, 
cycloaliphatic acid anhydride, organic peroxide and polyba 
sic acid; and 
0030 the base resin is at least one material selected from 
the group consisting of epoxy resin, unsaturated polyester 
resin, alkyd resin, polybutadiene resin, polyimide resin, 
polyamide resin and cyanate resin. 
0031. In a preferred embodiment, a metal component con 
stituting the metal particles is at least one alloy selected from 
the group consisting of Sn-Pb alloy, Sn—Ag alloy, 
Sn—Ag Cu alloy, Sn—Bi-Ag—In alloy, Sn—Bi-Zn 
alloy, Sn—Bi-Ag—Cu alloy, Sn-Zn alloy and Sn—Sb 
alloy. 
0032. It is preferred that the composition of the present 
invention is in paste form or in sheet form. It is also preferred 
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that a content of a metal component constituting the metal 
particles ranges from 0.5 to 30% by volume with respect to 
the composition. 
0033. In a preferred embodiment, a melting point of a 
metal component constituting the metal particles is between a 
curing reaction-initiating temperature and a peak temperature 
of the curing reaction with respect to a mixture of the first 
component and the second component. Similarly, in a pre 
ferred embodiment, a boiling point of the convection additive 
is between a curing reaction-initiating temperature and a peak 
temperature of the curing reaction with respect to a mixture of 
the first component and the second component. In another 
preferred embodiment, the convection additive is decom 
posed to generate a gas under a temperature condition 
between a curing reaction-initiating temperature and a peak 
temperature of the curing reaction with respect to a mixture of 
the first component and the second component. 
0034. The present invention also provides a flip chip 
mounting process using the above-mentioned composition. 
The flip chip mounting process of the present invention com 
prises the steps of 
0035 (i) preparing a semiconductor chip on which a plu 

rality of electrodes (a) (or “connecting terminals’) are formed 
and a circuit substrate on which a plurality of electrodes (b) 
(or “electrode terminals’) are formed (wherein the electrodes 
(a) and the electrodes (b) can be opposed to each other when 
the semiconductor chip is mounted over the circuit Substrate); 
0036 (ii) supplying the composition of the present inven 
tion onto a surface of the circuit substrate, such surface being 
provided with the electrodes (b): 
0037 (iii) bringing the semiconductor chip into contact 
with the supplied composition such that the electrodes (a) of 
the semiconductor chip are opposed to the electrodes (b) of 
the circuit substrate; and 
0038 (iv) heating the circuit substrate, and thereby elec 

trical connections consisting of a metal component constitut 
ing the metal particles are formed between each electrode (a) 
and each electrode (b), and also a thermoset resin layer is 
formed between the semiconductor chip and the circuit sub 
Strate. 

0039. In this flip chip mounting process, the movement of 
the metal particles and the molten metal component (i.e., the 
melted metal produced due to the melting of the metal par 
ticles) is achieved due to the convection phenomenon. As a 
result, the metal particles and the molten metal component are 
allowed to self-assemble onto the electrodes (a) and/or the 
electrodes (b), and thereby the electrical connection for inter 
connecting each electrode (a) and each electrode (b) can be 
formed. In addition to that, the thermoset resin layer is formed 
between the semiconductor chip and the circuit substrate 
through the contact of the first component and the second 
component, the contact being brought about by the melting of 
the metal particles. Therefore, the flip chip mounting process 
of the present invention can concurrently achieve “solder 
joint or solder connection” by use of the metal component 
constituting the metal particles and “formation of underfill 
resin layer” by use of the thermoset resin. 
0040 Since the composition used for the flip chip mount 
ing process of the present invention has a relatively long "pot 
life', a stability of the composition at ambient temperatures 
(i.e., at ordinary temperatures) is improved. Therefore, an 
operating efficiency upon performing the flip chip mounting 
process is significantly improved. 
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0041. It is preferred that a plurality of the semiconductor 
chips are brought into contact with the Supplied composition 
in the step(iii). The circuit substrate prepared in the step (i) 
may be a printed circuit board, a ceramic Substrate, a glass 
Substrate or a semiconductor wafer. 
0042. The present invention also provides a process for 
forming bumps using the above-mentioned composition. The 
process for forming bumps of the present invention comprises 
the steps of: 
0043 (i) preparing a circuit substrate on which a plurality 
of electrodes (or “electrode terminals') are formed, and also 
preparing a cover having release properties; 
0044 (ii) supplying the composition of the present inven 
tion onto a surface (A) of the circuit Substrate, such surface 
(A) being provided with the electrodes; 
0045 (iii) bringing the cover into contact with the supplied 
composition; 
0046 (iv) heating the circuit substrate, and thereby bumps 
consisting of a metal component constituting the metal par 
ticles are formed on the electrodes, and also a thermoset resin 
layer is formed between the circuit substrate and the cover; 
and 
0047 (v) removing (or peeling away) the cover from the 
thermoset resin layer. 
0048. In the process for forming bumps of the present 
invention, the movement of the metal particles and the molten 
metal component (i.e., the melted metal produced due to the 
melting of the metal particles) is achieved due to the convec 
tion phenomenon. As a result, the metal particles and the 
molten metal component are allowed to self-assemble onto 
the electrodes, and thereby the bumps can be formed. In 
addition to that, the thermoset resin layer is formed between 
the cover and the circuit substrate through the contact of the 
first component and the second component, the contact being 
brought about by the melting of the metal particles. 
0049. The circuit substrate prepared in the step (i) may be 
a printed circuit board, a ceramic Substrate, a glass Substrate 
or a semiconductor wafer. 
0050. According to the process for forming bumps of the 
present invention, bumps (solder bumps) having a high aspect 
ratio can be easily formed on the circuit substrate. Moreover, 
according to the process for forming bumps of the present 
invention, fine-pitch bumps (fine-pitch Solder bumps) can be 
also easily formed. The simplification of the bump-forming 
steps can be achieved. Furthermore, the bump package region 
(except for a Surface region on which the bumps are formed) 
is protected by the thermoset resin, which leads to an 
improvement of the reliability. 
0051. In a preferred embodiment of the process for form 
ing bumps of the present invention, 
0.052 between the step (i) and step (ii), a release agent 
layer is formed on the surface (A) of the circuit substrate 
except for a surface region provided with the electrodes; and 
0053 in the step (v), not only the cover is removed from 
the thermoset resin layer, but also the thermoset resin layer 
and the release agent layer are removed. 
0054. In a preferred embodiment of the process for form 
ing bumps of the present invention, 
0055 a plurality of lands are formed on a surface (B) of the 
cover prepared in the step (i) Such that a land pattern corre 
sponds to that of the electrodes of the circuit substrate, and 
also a release agent layer is formed on the Surface (B) except 
for a surface region provided with the lands; 
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0056 in the step the cover is brought into contact with the 
Supplied composition Such that the lands of the cover are 
opposed to the electrodes of the circuit substrate; 
0057 in the step (iv), the bumps consisting of the metal 
component constituting the metal particles (i.e., metal pro 
duced due to the melting of the metal particles) are formed so 
that the lands and the electrodes are interconnected; and 
0058 in the step (v), the cover and the release agent layer 
are removed whereas the lands are left to remain on the 
bumps. 
0059. In this embodiment, the bump package region 
except for a Surface region on which the bumps are formed is 
protected by the thermoset resin layer, which leads to an 
improvement of the connecting reliability. Also, the project 
ing portion of each bump, which projects upward from the 
surface of the thermoset resin layer, can be used for a subse 
quent mounting process. Since the periphery of the bumps 
(except for the projecting portions of bumps) is Surrounded by 
the thermoset resin, a fine pitch of the bumps can be achieved. 
0060. It is preferred that the cover prepared in the step (i) 

is the following plate: 
0061 a plate made of glass; 
0062) a plate made of ceramic; or 
0063 a plate that is coated with a material having release 
properties with respect to the thermoset resin, for example, 
coated with at least one material selected from the group 
consisting of silicone resin, fluorine resin (fluoroplastic), 
polypropylene resin, silicone oil, inorganic oxide, inorganic 
nitride and inorganic nitrided oxide. In this case, it is ensured 
that the cover is finally removed from the thermoset resin 
layer. 
0064. Similarly, the release agent layer which may be 
formed between the step (i) and the step (ii) of the process for 
forming bumps is preferably made of Some material having 
release properties with respect to the thermoset So as to ensure 
a subsequent removal of the cover. For example, it is preferred 
that the release agent layer is formed by applying at least one 
material selected from the group consisting of silicone resin, 
fluorine resin, polypropylene resin, silicone oil, inorganic 
oxide, inorganic nitride and inorganic nitrided oxide. 
0065. Furthermore, the present invention provides a semi 
conductor package that is obtained by dividing the semicon 
ductor wafer on which the bumps are formed by performance 
of the above process (i.e., the process for forming bumps of 
the present invention) into pieces. That is to say, a chip size 
package (CSP) can be easily obtained by performance of the 
process for forming bumps of the present invention. 
0066. Due to the fact that the first component is built in at 
least one of the metal particles dispersed in the second com 
ponent, the composition of the present invention provides an 
advantageous effect. In particular, in a case where the com 
position of the present invention is used for a flip chip mount 
ing process or a process for forming bumps, the viscosity of 
the composition is kept low during the starting phase of the 
heating since a curing reaction between the first component 
and the second component is not initiated until the metal 
particles melt. As a result, the convection effect (which is 
occurred due to the convection additive or a buoyant force 
based on the thermal motion) is not adversely affected during 
the starting phase of the heating, and thereby a smooth move 
ment of the metal particles can be performed within the com 
position. 
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0067. Therefore, the following matters can be concluded: 
0068 According to the prior art wherein a pre-mixed 
composition of a curing agent and a base resin for a 
thermoset resin (e.g., epoxy resin) is used, the compo 
sition has a short “pot life'. As a result, the curing reac 
tion is already initiated and the composition viscosity 
increases during the step of applying the composition 
onto the circuit Substrate or during the starting phase of 
heating the circuit Substrate, and thereby the occurrence 
of the convection phenomenon may be suppressed so 
that the self-assembly or the like of the metal particles is 
adversely affected. 

0069. On the other hand, the present invention takes a 
long time between a initiation of the heating and a 
completion of the curing reaction since a curing reaction 
between the first component and the second component 
is not initiated until the metal particles melt. As a result, 
a satisfactory convection effect is provided so that the 
self-assembly of the metal particles is achieved wherein 
the metal particles are allowed to move onto the elec 
trodes or into a region between the opposed electrodes. 

0070. As described above, in a case where the composition 
of the present invention is used for a flip chip mounting 
process or a process for forming bumps, the metal particles 
are allowed to efficiently self-assemble onto the electrodes or 
into a region between the opposed electrodes. It is thus pos 
sible to reduce a amount of the residual metal particles that are 
left outside of electrodes or outside of the region between the 
opposed electrodes, which will lead to a prevention of the 
short-circuit. As a result, an excellent connecting reliability 
between the opposed electrodes is achieved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0071 FIG. 1A shows a cross-sectional view illustrating a 
metal particle contained in a composition of the present 
invention, and particularly a metal particle having a metal 
layer and a core region in which a first component is con 
tained. 
0072 FIG. 1B shows a cross-sectional view illustrating a 
metal particle contained in a composition of the present 
invention, and particularly a metal particle having no first 
component and thus made of metal material as a whole. 
0073 FIG.1C shows a conceptual diagram of a DSC curve 
obtained from a differential scanning calorimetry for a mix 
ture of a first component and a second component. 
0074 FIG. 1D shows schematic views illustrating the 
steps in a process for manufacturing metal particles, each of 
which has a metal layer and a core region in which a first 
component is contained. 
0075 FIGS. 2A(a) to 2A(d) show cross-sectional views 
illustrating the steps in a flip chip mounting process of the 
present invention according to the first embodiment. 
(0076 FIGS. 2B(a) to 2B(cd) show cross-sectional views 
illustrating the steps in a flip chip mounting process of the 
present invention according to the first embodiment. 
(0077 FIGS. 3A(a) to 3A(f) show cross-sectional views 
illustrating the steps in a bump-forming process of the present 
invention according to the second embodiment. 
(0078 FIGS. 3B(a) to 3B(f) show cross-sectional views 
illustrating the steps in a bump-forming process of the present 
invention according to the second embodiment. 
007.9 FIGS. 4(a) to 4(g) show cross-sectional views illus 
trating the steps in a bump-forming process of the present 
invention according to the third embodiment. 
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0080 FIGS. 5(a) and 5(b) show a top plan view and a 
cross-sectional view (taken along the line A-A) illustrating a 
cover having release properties that is used, for a bump 
forming process of the present invention according to the 
fourth embodiment. FIG. 5(c) shows a cross-sectional view 
illustrating a circuit Substrate that is prepared according to the 
COV. 

0081 FIGS. 6(a) to 6(f) show cross-sectional views illus 
trating the steps in a bump-forming process of the present 
invention according to the fourth embodiment. 
0082 FIG. 7 shows a cross-sectional view illustrating a 
modified example of a cove having release properties that is 
used for a bump-forming process of the present invention 
according to the fourth embodiment. 
0083 FIGS. 8(a) to 8(d) show cross-sectional views illus 
trating the steps in a bump-forming process of the present 
invention according to the fifth embodiment. 
0084 FIG.9 shows a cross-sectional view illustrating of a 
semiconductor package obtained by cutting a semiconductor 
wafer of FIG. 8(d) into dice. 
I0085 FIGS. 10(a) to 10(d) show cross-sectional views 
illustrating the steps in a bump-forming process of the present 
invention according to the sixth embodiment. 
I0086 FIG. 11 shows a cross-sectional view illustrating of 
a semiconductor package obtained by cutting a semiconduc 
tor wafer of FIG. 10(d) into dice. 
0087. In the drawings, the reference numbers correspond 

to the following elements: 
0088 1,21,31,51: Metal particle having a metal layer and 
a core region in which a first component is contained 

I0089. 1", 21' 31",51': Metal particle made of metal mate 
rial (or solder material) as a whole 

0090 1": Melted metal component (melted metal particle 
1 and melted metal layer 2) 

0091 21": Melted metal component (melted metal par 
ticle 21 and melted metal layer 22) 

0092) 2, 22, 32, 52: Metal layer (solder material layer) 
0093) 20: Cylindrical metal member 
0094) 3a, 23a, 33a, 53a: First component 
0095 3b, 23b, 33b, 53b; Second component 
0096 3c, 23c, 33c., 53c: Thermoset resin or thermoset 
resin layer 

0097 4, 24, 34,54: Composition of the present invention 
(metal particles-dispersed composition) 

0098 5, 25: Electrode (Electrode (b)) of circuit substrate 
0099 6, 26: Circuit substrate 
0100 7: Electrode (Electrode (a)) of semiconductor chip 
0101 8: Semiconductor chip 
0102 9, 28, 36,55: Gas generated from convection addi 
tive 

0103) 10: Connection (solder connection) 
0104 27, 41, 63: Cover having release properties 
0105 29, 58 Bump (solder bump) 
0106 35,43: Release agent layer 
01.07 42: Land 
0108. 56: Bump body 
0109) 57: Top of bump (projecting portion of bump) 
0110 61: Electrode of semiconductor wafer 
0111 62: Semiconductor wafer 
0112 64: Dicing line 
0113 65, 66: Semiconductor package 
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DETAILED DESCRIPTION OF THE INVENTION 

0114 With reference to the attached drawings, a few 
embodiments of the present invention will be hereinafter 
described. As to the drawings, the constituent elements hav 
ing Substantially the same function carry the same reference 
number for ease of the description. 
0115 (Metal Particles-Dispersed Composition) 
A metal particles-dispersed composition of the present inven 
tion will be described. The metal particles-dispersed compo 
sition comprises a first component, a second component, 
metal particles and a convection additive. The second com 
ponent can serve as a continuous phase in which the metal 
particles are dispersed. The convection additive is contained 
in the second component so that a mixture of the convection 
additive and the second component is formed. In a case where 
the convection additive is in liquid form, the convection addi 
tive and the second component serve as a continuous phase. In 
a case where the convection additive is in solid form or 
powder form, the convection additive is dispersed in the sec 
ond component. The first component is contained in an inte 
rior of at least one of the metal particles. 
0116 (Metal Particles) 

It is preferred that at least one of the metal particles has the 
first component in the core region thereof. In other words, the 
metal particles are composed of metal particles 1 as shown in 
FIG. 1A and metal particles 1" as shown in FIG. 1B. In the 
metal particle 1 shown in FIG. 1A, the first component 3a is 
covered with a metal layer 2. On the other hand, the metal 
particle 1" shown in FIG. 1B consists of only a metal compo 
nent. Since a thermoset resin is formed from the first compo 
nent and the second component, the amount of the first com 
ponent is determined depending on the amount of the 
thermoset resin to be formed. On the other hand, the amount 
ofa metal component constituting the metal particles is deter 
mined depending on the amount of bumps or electrical con 
nections to be formed. Therefore, in some cases, all the metal 
particles contained in the composition may be metal particles 
1. 
0117. In a case where a content of a metal component 
constituting the metal particles 1.1' is less than 0.5% by vol 
ume with respect to the composition, a satisfactory size of the 
connections formed between the opposed electrodes cannot 
be obtained in the flip chip mounting process, which may 
cause a poor electrical conduction. On the other hand, in a 
case where a content of a metal component constituting the 
metal particles 1,1' is more than 30% by volume with respect 
to the composition, this may increase the Surplus metal par 
ticles that have not been used for the formation of the electri 
cal connections and thus exist as residual metal, which will 
cause a short-circuit at the region between the neighboring 
connections. It is therefore preferred that a content of a metal 
component constituting the metal particles 1.1' ranges from 
0.5 to 30% by volume with respect to the composition. 
0118. As a metal component constituting the metal par 
ticles 1.1' (i.e., a component constituting particles 1' and 
metal layer 2), a conventional solder material such as Pb Sn 
alloy may be used. Some solder materials that have been 
recently developed in terms of an environmental problem 
may be also used. The examples of Such solder materials 
include Sn-Agalloy, Sn—Ag—Cu alloy, Sn—Bi-Ag In 
alloy, Sn—Bi-Zn alloy, Sn—Bi-Ag—Cu alloy and 
Sn-Zn alloy. In a case where the metal component consti 
tuting the metal particles 1.1' is solder material, the metal 
particles 1.1' can be referred to also as “solder particles”. 
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0119. It is preferred that the metal component constituting 
the metal particles 1.1' has a melting point suitable for a flip 
chip mounting process and a bump-forming process. For 
example, it is preferred that the melting point of the metal 
component constituting the metal particles 1.1' is above a 
curing reaction-initiating temperature (T) of a mixture of the 
first component and the second component. It is more pre 
ferred that the melting point of the metal component consti 
tuting the metal particles 1.1' is between the curing reaction 
initiating temperature (T) and a peak temperature (T) of the 
curing reaction with respect to the mixture of the first com 
ponent and the second component. “Curing reaction-initiat 
ing temperature (T)”used herein is one as shown in FIG. 1C. 
Namely, in a DSC curve obtained from a differential scanning 
calorimetry for a mixture of the first component and the 
second component, the curing reaction-initiating temperature 
(To) is a temperature at the intersection of a baseline and a 
tangent line passing through an inflection point P (such 
inflection point P being located in a curve section rising 
toward an exothermic peak). Similarly, the peak temperature 
(T) of the curing reaction is a temperature at an exothermic 
peak in the DSC curve obtained from a differential scanning 
calorimetry for a mixture of the first component and the 
second component. The term "differential scanning calorim 
etry used herein is a calorimetry by using a differential 
scanning calorimeter (Seiko Instruments Inc., DSC220) 
wherein a mixture of the first component and the second 
component charged in a sample pan (which is made of alu 
minum) is heated from a room temperature at a rise rate of 10° 
C./min. 
0120 (First Component) 
The first component3a is preferably a curing agent oracuring 
promoter used for forming a general thermoset resin. For 
example, it is preferred that the first component 3a is at least 
one kind of curing agent selected from the group consisting of 
aliphatic amine, aromatic amine, aliphatic acid anhydride, 
cycloaliphatic acid anhydride, organic peroxide and polyba 
sic acid. 
0121 (Method for Producing Metal Particles) 
0122) Next, a method for producing metal particles 1 will 
be described. There is no limit on the method for producing 
metal particles 1 in the present invention. Any Suitable meth 
ods can be employed as long as the first component is con 
tained in an interior of each of particulate metals. For 
example, the following methods (1) and (2) can be employed: 
0123 (1) Method by Performance of Elongation Process 
0.124 FIG. 1D shows schematic views illustrating a 
method for producing the metal particles 1 by performance of 
an elongation process. Firstly, as shown in FIG. 1D(a), a 
metal cylinder 20 in which the first component3a is deposited 
is formed, followed by being elongated as shown in FIG. 
1D(b). These are performed by means of an extrusion die so 
as to form a thin elongated metal member. Subsequently, a 
plurality of squeezed or dented portions of the metal member 
are formed at a desired spacing (see FIG. 1 D(c)), and there 
after the metal member is divided into pieces by cutting it at 
the squeezed or dented portions (see FIG. 1D(d)). After that, 
a spheronization process is performed if needed. As a result, 
the metal particles 1 as shown in FIG. 1D(e) are obtained. 
0.125 (2) Method by Performance of Embossing Process 
0126 Firstly, the first component is applied on a first metal 
plate, and thereafter a second metal plate is disposed on the 
Supplied first component. Subsequently, the first metal plate 
and the second metal plate are welded with pressure by an 
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embossing press machine, followed by cutting the welded 
plates into pieces. As a result, the metal particles 1 are 
obtained. 
I0127 (Second Component) 
I0128. The second component may be any suitable ones as 
long as they are capable of forming a thermoset resin through 
a contact with the first component. It is preferred that the 
second component is a base resin used for forming a general 
thermoset resin. For example, it is preferred that the second 
component is a base resin used for forming at least one ther 
moset resin selected from the group consisting of epoxy resin, 
unsaturated polyester resin, alkyd resin, polybutadiene resin, 
polyimide resin, polyamide resin and cyanate resin. In a case 
where the composition having a paste form or a sheet form is 
desirable, the second component having higher viscosity is 
preferably used. 
I0129. As described above, it is preferred that the first com 
ponent is a curing agent or a curing promoter used for forming 
the thermoset resin whereas the second component is a base 
resin used for forming the thermoset resin. However, it is also 
preferred that the first component is a base resin used for 
forming the thermoset resin whereas the second component is 
a curing agent or a curing promoter used for forming the 
thermoset resin. 
0.130. Furthermore, the second component may be some 
material capable of initiating its curing process or promoting 
its curing process after the melting of the metal particles. 
I0131 (Convection Additive Contained in Composition) 
0.132. The convection additive may be any suitable ones as 
long as they can provide a convection effect within the com 
position when being heated. It is preferred that the convection 
additive boils so as to generate a gas when it is heated. It is 
also preferred that the convection additive is decomposed to 
generate or release a gas when it is heated. For example, the 
convection additive is preferably at least one material selected 
from the group consisting of xylene, isobutyl alcohol, isopen 
tyl alcohol, butyl acetate, tetrachlorethylene, methyl isobutyl 
ketone, ethyl carbitol, butyl carbitol, ethylene glycol, alumi 
num hydroxide, dawsonite, ammonium metaborate, barium 
metaborate and Sodium hydrogen carbonate. 
I0133. It is preferred that convection additive has physical 
properties Suitable for a flip chip mounting process and a 
bump-forming process. For example, it is preferred that a 
boiling point of the convection additive is between a curing 
reaction-initiating temperature (To) and a peak temperature 
(T) of the curing reaction of a mixture of the first component 
and the second component. It is also preferred that the con 
vection additive is decomposed to generate gas at a tempera 
ture condition of between the curing reaction-initiating tem 
perature (To) and the peak temperature (T) of a curing 
reaction with respect to a mixture of the first component and 
the second component. As described above, "curing reaction 
initiating temperature (T) used herein is one as shown in 
FIG.1C. Namely, in a DSC curve obtained from a differential 
scanning calorimetry for a mixture of the first component and 
the second component, the curing reaction-initiating tem 
perature (To) is a temperature at the intersection of a baseline 
and a tangent line passing through an inflection point P (Such 
inflection point P being located in a curve section rising 
toward an exothermic peak). Similarly, the peak temperature 
(T) of the curing reaction is a temperature at an exothermic 
peak in the DSC curve obtained from a differential scanning 
calorimetry for a mixture of the first component and the 
second component. The term "differential scanning calorim 
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etry used herein is a calorimetry by using a differential 
scanning calorimeter (Seiko Instruments Inc., DSC220) 
wherein a mixture of the first component and the second 
component charged in a sample pan (which is made of alu 
minum) is heated from a room temperature at a rise rate of 10° 
C./min. 

The First Embodiment 

0134. With reference to FIGS. 2A(a) to 2A(d), a flip chip 
mounting process using a composition of the present inven 
tion according to the first embodiment will be hereinafter 
described. FIG. 2A shows cross-sectional views illustrating 
the steps in the flip chip mounting process of the present 
invention according to the first embodiment. In the drawings, 
double circle (9) indicates a metal particle 1 having a metal 
layer 2 and a core region in which the first component 3a is 
contained, whereas single circle (O) indicates a metal par 
ticle 1" made of only the metal component, and thus having no 
content of the first component. It should be noted that the 
convection additive is not shown in the drawings. 
0135) In this first embodiment, the following materials are 
used. As a metal component constituting the metal particles 1 
and the metal layer 2, a solder material consisting of 
Sn—Ag Cu alloy is used. As a first component 3a, dicyan 
diamide (curing agent) is used. As a second component 3b, 
bisphenol A type epoxy resin (base resin) is used. As a con 
vection additive, butyl acetate is used. 
0.136 Firstly, as shown in FIG. 2A(a), a metal particles 
dispersed composition 4 of the present invention is applied 
onto a Surface of a circuit Substrate 6, the Surface being 
provided with a plurality of electrodes 5 (i.e., electrodes (b)). 
Subsequently, a semiconductor chip 8 which is provided with 
a plurality of electrodes 7 (i.e., electrodes (a)) is brought into 
contact with a surface of the Supplied composition 4. In this 
regard, the semiconductor chip 8 is mounted over the circuit 
substrate 6 such that the electrodes 7 of the semiconductor 
chip 8 are opposed to the electrodes 5 of the circuit substrate 
6. 
0.137 Subsequently, as shown in FIG. 2A(b), the circuit 
substrate 6 is heated. As the temperature rises, the viscosity of 
the second component 3b becomes lower. This allows the 
movement of the metal particles 1.1". Furthermore, as the 
temperature rises, the convection additive (butyl carbitol) 
boils to generate a gas 9. The generated gas 9 provides a 
convection effect (as indicated as an arrow A in FIG. 2A) 
within the composition until the gas 9 escapes to the outside. 
This convection effect makes it possible to promote a move 
ment of the metal particles 1,1'. 
0.138. The moving metal particles 1,1' are allowed to self 
assemble into a region between each electrode 7 of the semi 
conductor chip 8 and each electrode 5 of the circuit substrate 
6 as shown in FIG. 2A(c) due to high wettability of the 
electrodes 5 and 7. 
0.139. A metal component constituting the metal particles 
1.1' melts as the temperature rises. The melted metal compo 
nent agglomerates and grows so as to interconnect each elec 
trode 7 of the semiconductor chip 8 and each electrode 5 of 
the circuit substrate 6. The melting of the metal component 
causes the melting of the metal layer 2 of the metal particle 1. 
Thus, the first component 3a (dicyandiamide) that has been 
contained in the metal particles 1 is released into the second 
component 3b. (bisphenol A type epoxy resin), which leads to 
a contact of the first component3a and the second component 
3b. This contact initiates a curing reaction between the first 
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component 3a and the second component 3b, and thereby a 
thermoset resin 3c is formed. The formation of the thermoset 
resin 3c causes a viscosity rise of the composition 4. This 
means that the Viscosity of the composition 4 is kept low 
while the metal particles 1.1' are moving since the curing 
reaction is not yet initiated during the starting phase of the 
heating. As a result, the self-assembling of the metal particles 
1.1' is not adversely affected during the starting phase of the 
heating. 
0140. The sufficient growth of the melted metal compo 
nent between each electrode 7 of the semiconductor chip 8 
and each electrode 5 of the circuit substrate 6 results in a 
formation of the connection 10 which interconnects each 
electrode 7 of the semiconductor chip 8 and each electrode 5 
of the circuit substrate 6, as shown in FIG. 2A(d). Also, the 
completion of the curing reaction between the first compo 
nent3a and the second component 3b results in a formation of 
a thermoset resin layer 3c located between the circuit sub 
strate 6 and the semiconductor chip 8, and thereby the semi 
conductor chip 8 is mechanically secured to the circuit sub 
strate 6. 
0.141. In this way, the flip chip mounting process of the 
present invention according to the first embodiment can con 
currently achieve “solderjoint or solder connection” by use of 
the metal component and “formation of underfill resin' by 
use of the thermoset resin. 
0142. According to the first embodiment, prior to the melt 
ing of the metal particles 1.1", the metal particles 1.1' self 
assemble into a region between each electrode 7 of the semi 
conductor chip 8 and each electrode 5 of the circuit substrate 
6. In this regard, however, the metal particles 1.1 may melt 
while they are moving (see FIGS. 2B(a) to 2B(cd), particularly 
FIG. 2B(c)) as long as the self-assembly of the metal particles 
1.1' is not adversely affected. In this case, the movement/self 
assembly of the metal particles 1.1' and a molten metal com 
ponent is performed at the same time when the curing reaction 
between the first component and the second component pro 
ceeds. 

The Second Embodiment 

0143 With reference to FIGS. 3A(a) to 3A(f), a process 
for forming bumps using a composition of the present inven 
tion according to the second embodiment will be hereinafter 
described. FIGS. 3A(a) to 3A(f) show cross-sectional views 
illustrating the steps in the process for forming bumps of the 
present invention according to the second embodiment. 
0144. In the second embodiment, the following materials 
are used. As a metal component constituting the metal par 
ticles 21' and the metal layer 22, a solder material consisting 
of Pb Sn alloy is used. As a first component 23a, a chain 
aliphatic amine, e.g., ethylenediamine (curing agent) is used. 
As a second component 23b, bisphenol F type epoxy resin 
(base resin) is used. As a convection additive, a liquid mixture 
of butyl carbitol and isobutyl alcohol is used. 
0145 Firstly, as shown in FIG. 3A(a), a metal particles 
dispersed composition 24 of the present invention is applied 
onto a surface (surface (A)) of a circuit substrate 26, the 
surface (surface (A)) being provided with a plurality of elec 
trodes 25. 
0146 Subsequently, as shown in FIG. 3A(b), a cover 27 
having release properties is brought into contact with a Sur 
face of the Supplied composition 24. In this regard, the cover 
27 having release properties is a plate made of polypropylene 
resin or the like. 
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0147 Next, as shown in FIG. 3A(c), the circuit substrate 
26 is heated. As the temperature rises, the viscosity of the 
second component 23b (bisphenol F type epoxy resin) 
becomes lower. This allows the movement of the metal par 
ticles 21.21". Furthermore, as the temperature rises, the con 
vection additive (liquid mixture of butyl carbitol and isobutyl 
alcohol) boils to generate a gas 28. The generated gas 28 
provides a convection effect (as indicated as an arrow A in 
FIG. 3A) within the composition until the gas 28 escapes to 
the outside. This convection effect makes it possible to pro 
mote a movement of the metal particles 21.21'. 
0148. The moving metal particles 2121' are allowed to 
self-assemble onto a surface of each electrode 25 of the circuit 
substrate 26 as shown in FIG.3A(d) due to high wettability of 
the electrodes 25. 
0149. A metal component constituting the metal particles 
2121' melts as the temperature rises. The melted metal com 
ponent agglomerates and grows toward a Surface of the cover 
27 from a surface of each electrode 25. The melting of the 
metal component causes the melting of the metal layer 22 of 
the metal particle 21. Thus, the first component 23a (ethyl 
enediamine) that has been contained in the metal particles 21 
is released into the second component 23b (bisphenol F type 
epoxy resin), which leads to a contact of the first component 
23a and the second component 23b. This contact imitates a 
curing reaction between the first component 23a and the 
second component 23b, and thereby a thermoset resin 23C is 
formed. The formation of the thermoset resin 23C causes a 
viscosity rise of the composition 24. This means that the 
viscosity of the composition 24 is kept low while the metal 
particles 2121' are moving since the curing reaction is not yet 
initiated during the starting phase of the heating. As a result, 
the self-assembling of the metal particles 21.21" is not 
adversely affected during the starting phase of the heating. In 
other words, the melted metal component has already been 
growing from the surface of each electrode 25 by the time the 
curing reaction between the first component and the second 
component proceeds. 
0150. The sufficient growth of the melted metal compo 
nent, which has grown from the surface of each electrode 25 
to a surface of the cover 27, results in a formation of the 
bumps (solder bumps) 29, as shown in FIG. 3A(e). Also, the 
completion of the curing reaction between the first compo 
nent 23a and the second component 23b results in a formation 
of a thermoset resin layer 23c located between the circuit 
substrate 26 and the cover 27. 
0151. Subsequently, the cover 27 is, removed (or peeled 
away) from the thermoset resin layer 23c. Since the cover 23c 
is a plate made of polypropylene resin or the like which has no 
adhesiveness to a thermoset resin, the cover 27 can be easily 
removed from the thermoset resin layer 23c. As a result, the 
circuit board 26 on which the bumps (solder bumps) 29 are 
formed can be obtained, as shown in FIG. 3A(f). 
0152. In a case where a semiconductor chip is flip chip 
connected to the obtained circuit substrate 26, the thermoset 
resin layer 23c may be removed from the circuit substrate 26 
prior to the flip chip connection (not shown). 
0153. According to the second embodiment, prior to the 
melting of the metal particles 21.21", the metal particles 
2121' self-assemble onto each electrode 25 of the circuit 
substrate 26. In this regard, however, the metal particles 
21.21" may melt while they are moving (see FIGS. 3B(a) to 
3B(f), particularly FIG.3B(cd)) as long as the self-assembly of 
the metal particles 2121' is not adversely affected. In this 
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case, the movement/self-assembly of the metal particles 
21.21" and a molten metal component is performed at the 
same time when the curing reaction between the first compo 
nent and the second component proceeds. 

The Third Embodiment 

0154 With reference to FIGS. 4(a) to 4(g), a process for 
forming bumps of the present invention using a composition 
of the present invention according to the third embodiment 
will be hereinafter described. FIGS. 4(a) to 4(g) show cross 
sectional views illustrating the steps in the process for form 
ing bumps of the present invention according to the third 
embodiment. 
0.155. In the third embodiment, the following materials are 
used. As a metal component constituting the metal particles 
31' and the metal layer 32, a solder material consisting of 
Pb Sn alloy is used. As a first component 33a, phthalic 
anhydride is used. As a second component 33b, glycerin 
based compound is used. As a convection additive, ammo 
nium metaborate is used. 
0156 Firstly, by performance of a coating method using a 
release agent (e.g., silicone oil), a release agent layer 35 is 
formed on a surface (surface (A)) of a circuit substrate 26 
except for a surface region provided with the electrodes 25 
(see FIG. 4(a)). Subsequently, a metal particles-dispersed 
composition 34 of the present invention is applied onto each 
electrode 25 and the release agent layer 35. 
(O157 Next, as shown in FIG. 4(b), a cover 27 having 
release properties is brought into contact with a surface of the 
Supplied composition34. In this regard, Such cover 27 having 
release properties is a plate made of silicone resin or the like. 
0158 Next, as shown in FIG. 4(c), the circuit substrate 26 

is heated. As the temperature rises, the Viscosity of the second 
component 33b (glycerin-based compound) becomes lower. 
This allows the movement of the metal particles 31.31". Fur 
thermore, as the temperature rises, the convection additive 
(ammonium metaborate) is decomposed to generate a gas 36. 
The generated gas 36 provides a convection effect (as indi 
cated as an arrow A in FIG. 4) within the composition con 
sisting primarily of the second component 33b until the gas 36 
escapes to the outside. This convection effect makes it pos 
sible to promote a movement of the metal particles 31.31'. 
0159. The moving metal particles 31,31' are allowed to 
self-assemble onto each electrode 25 of the circuit substrate 
26 as shown in FIG. 4(d) due to high wettability of the 
electrodes 25. 
0160 A metal component constituting the metal particles 
31,31' melts as the temperature rises. The melted metal com 
ponent agglomerates and grows toward a surface of the cover 
27 from a surface of each electrode 25. The melting of the 
metal component causes the melting of the metal layer 32 of 
the metal particle 31. Thus, the first component 33a (phthalic 
anhydride) that has been contained in the metal particles 31 is 
released into the second component 33b (glycerin-based 
compound), which leads to a contact of the first component 
33a and the second component 33b. This contact initiates a 
curing reaction between the first component 33a and the 
second component 33b, and thereby a thermoset resin 33 c is 
formed. The formation of the thermoset resin 33c causes a 
viscosity rise of the composition 34. This means that the 
viscosity of the composition 34 is kept low while the metal 
particles 31.31' are moving since the curing reaction is not yet 
initiated during the starting phase of the heating. As a result, 
the self-assembling of the metal particles 31.31' is not 
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adversely affected during the starting phase of the heating. In 
other words, the melted metal component has already been 
growing from the surface of each electrode 25 by the time the 
curing reaction between the first component and the second 
component proceeds. 
0161 The sufficient growth of the melted metal compo 
nent, which has grown from the surface of each electrode 25, 
results in a formation of the bumps (solder bumps) 29, as 
shown in FIG. 4(e). Also, the completion of the curing reac 
tion and the Subsequent cooling of the resulting thermoset 
resin result in a formation of a thermoset resin layer 33c 
located between the circuit substrate 26 and the cover 27. 
0162. Subsequently, the cover 27 is removed (or peeled 
away) from the thermoset resin layer 33c as shown in FIG. 
4(f), and thereafter the thermoset resin layer 33c and the 
release agent layer 35 are removed. As a result, the circuit 
board 26 on which the bumps 29 are left to remain can be 
obtained, as shown in FIG. 4(g). 

The Fourth Embodiment 

0163 FIGS. 5(a) and 5(b) show a top plan view and a 
cross-sectional view illustrating a cover 41 having release 
properties that is used for a process for forming bumps of the 
present invention according to the fourth embodiment. FIG. 
5(b) shows the cross-sectional view of the cover 41 taken 
along the line A-A of FIG. 5(a). FIG. 5(c) shows a cross 
sectional view illustrating the circuit substrate 26 that is pre 
pared according to the cover 41. FIG. 6 shows cross-sectional 
views illustrating the main steps in the process for forming 
bumps of the present invention according to the fourth 
embodiment. 
0164. In the fourth embodiment, the following materials 
are used. As a metal component constituting the metal par 
ticles 51' and the metal layer 52, a solder material consisting 
of Sn—Zn alloy is used. As a first component 53a, benzoyl 
peroxide is used. As a second component 53b, a mixture of 
glycol, maleic anhydride and tertiary amine (curing pro 
moter) is used. As a convection additive, Sodium hydrogen 
carbonate is used. 
0.165. As shown in FIGS. 5(a) and 5(b), lands 42 consist 
ing primarily of copper(Cu) and/or tin(Sn) are formed on a 
Surface (B) of the cover according to a configuration of a 
plurality of electrodes 25 of a circuit substrate 26 (such con 
figuration of the electrodes 25 of the circuit substrate 26 is 
shown in FIG. 5(c) in this case). Also, by performance of a 
coating method, a release agent layer 43 is formed on the 
surface (B) of the cover 41 except for a surface region pro 
vided with the lands 42. Such release agent layer consists 
primarily of epoxy resin that has no adhesiveness to a ther 
moset resin. 
0166 Firstly, as shown in FIG. 6(a), a metal particles 
dispersed composition 54 is applied onto a Surface (Surface 
(A)) of the circuit substrate 26, the surface (surface (A)) being 
provided with the electrodes 25. 
0167 Subsequently, as shown in FIG. 6(b), the cover 27 
having lands 42 and the release agent layer 43 formed thereon 
is brought into contact with a Surface of the Supplied compo 
sition54. In this case, the cover 41 is mounted over the circuit 
substrate 26 such that each land 42 of the cover 41 is opposed 
to each electrode 25 of the circuit substrate 26. 
0168 Next, as shown in FIG. 6(c), the circuit substrate 26 

is heated. As the temperature rises, the Viscosity of the second 
component 53b becomes lower. This allows the movement of 
the metal particles 51.51". Furthermore, as the temperature 
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rises, the convection additive (sodium hydrogen carbonate) is 
decomposed to generate a gas 55. The generated gas 55 pro 
vides a convection effect (as indicated as an arrow A in FIG. 
6) within the composition until the gas 55 escapes to the 
outside. This convection effect makes it possible to promote a 
movement of the metal particles 51,51'. 
(0169. The moving metal particles 51,51' are allowed to 
self-assemble into a region between each electrode 25 and 
each land 42 as shown in FIG. 6(d) due to high wettability of 
the electrode 25 and the land 42. 
0170 A metal component constituting the metal particles 
51,51' melts as the temperature rises. The melted metal com 
ponent agglomerates and grows so as to interconnect each 
electrode 25 and each land 42. The melting of the metal 
component causes the melting of the metal layer 52 of the 
metal particle 51. Thus, the first component 53a (benzoyl 
peroxide) that has been contained in the metal particles 51 is 
released into the second component 53b (mixture of glycol, 
maleic anhydride and tertiary amine), which leads to a contact 
of the first component 53a and the second component 53b. 
This contact initiates a curing reaction between the first com 
ponent 53a and the second component 53b, and thereby a 
thermoset resin 53c is formed. 
0171 The sufficient growth of the melted metal compo 
nent between each electrode 25 and each land 42 results in a 
formation of a bump body 56 which electrically interconnects 
each electrode 25 and each land 42, as shown in FIG. 6(e). 
Also, the completion of the curing reaction between the first 
component 53a and the second component 53b results in a 
formation of a thermoset resin layer 53c located between the 
circuit substrate 26 and the cover 41. 
(0172. After the thermoset resin layer 53c is formed, the 
cover 41 and the release agent layer 43 are removed (or peeled 
away) from the thermoset resin layer 53c. In this regard, when 
the cover 41 and the release agent layer 43 are removed while 
each bump body 56 is still in molten state, the lands 42 are left 
to remain on each bump body 56. As a result, there is provided 
bumps 58 (solder bumps) that respectively have projecting 
portions 57 with uniform height, such portions 57 being pro 
jected from a surface of the thermoset resin layer 53c. 
0173. In a case where the resulting circuit substrate having 
the bumps 58 are subsequently used for a flip chip mounting 
process using a semiconductor chip, the thermoset resin layer 
53c can serving as a “member for regulating a connecting 
distance', which will lead to an achievement of a satisfactory 
flip chip mounting process interms of an excellent connecting 
reliability. 
0.174. In a case where a thickness of each land 42 formed 
on the cover 41 is approximately equal to a thickness of the 
release agent layer 43 formed on the cover 41 as shown in 
FIG. 5(b), the thermoset resin is preferably selected so as to 
occur a large Volume shrinkage thereof during the curing 
process of forming the thermoset resin layer 53c. 
0.175. As shown in FIG. 7, the release agent layer 43 may 
be thicker than the lands 42, in which case the higher project 
ing portions 57 of the bumps 58 can be formed. 
0176 According to the fourth embodiment, as the thermo 
set resin, an unsaturated polyester resin is formed from the 
composition comprising the first component and the second 
component. In this regard, however, an epoxy resin may be 
formed from the composition. Even in this case, the bumps 
can be similarly formed. 

The Fifth Embodiment 

0177. By performance of the process for forming bumps 
according to the fifth embodiment, not only bumps can be 
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formed on electrodes provided in a circuit element of a semi 
conductor wafer, but also a region of the circuit element 
except for a bumps-formed surface can be protected with a 
resin layer. The process for forming bumps according to the 
fifth embodiment can achieve a formation of a chip size 
package (CSP). With reference to FIGS. 8 and 9, the process 
for forming bumps of the present invention according to the 
fifth embodiment will be described in detail. 
0.178 FIG. 8 shows cross-sectional views illustrating the 
main steps in the process for forming bumps according to the 
fifth embodiment. FIG. 9 shows a cross-sectional view illus 
trating of a semiconductor package obtained from a semicon 
ductor wafer of FIG. 8(d). 
0179 A metal particles-dispersed composition used in the 

fifth embodiment is the same as the composition 24 used in 
the second embodiment. 
0180 Firstly, as shown in FIG. 8(a), the metal particles 
dispersed composition 24 is applied onto a surface of a semi 
conductor wafer 62, the surface being provided with elec 
trodes 61. In this regard, however, the metal particles 
dispersed composition 24 is applied only onto electrodes 
formed Surface regions (i.e., Surface regions on which the 
electrodes 61 are formed) and adjacent Surface regions 
thereof. 
0181 Subsequently, as shown in FIG. 8(b), a cover 63 
having release properties (i.e., a plate made of polypropylene 
resin or the like) is brought into contact with a surface of the 
supplied composition 24. It is preferred that the size of the 
cover 63 is approximately the same as that of the semicon 
ductor wafer 62. However, it may be possible to use a plurality 
of covers 63, each of which has the size of the corresponding 
“circuit element area of the semiconductor wafer. 

0182 Next, as in the case of the second embodiment, 
bumps (solder bumps) 29 are formed on the electrodes 61 by 
performing the heating step (see FIG. 8(c)). After that, the 
cover 63 is removed (see FIG. 8(d)). 
0183 Subsequently, the semiconductor wafer is cut into 
dice along the line 64 (i.e., dicing line 64). As a result, a 
semiconductor package 65 having a chip size can be obtained 
as shown in FIG.9. When the semiconductor package 65 is 
mounted over a circuit substrate or the like by performance of 
a conventional flip chip mounting process, an electronic cir 
cuit substrate whose size is smaller than ever before can be 
obtained. 

0184. It will be understood that the cover 41 of the fourth 
embodiment can be used as the cover 63 of this fifth embodi 
ment. 

The Sixth Embodiment 

0185. The sixth embodiment is one wherein the fifth 
embodiment is modified. FIG. 10 shows cross-sectional 
views illustrating the main steps in a process for forming 
bumps according to the sixth embodiment. FIG. 11 shows a 
cross-sectional view illustrating of a semiconductor package 
obtained from a semiconductor wafer of FIG. 10(d). 
0186 Although the metal particles-dispersed composition 
24 is applied only onto the limited region (i.e., electrodes 
61-formed Surface regions and the adjacent Surface regions 
thereof) in the fifth embodiment, the composition 24 is 
applied onto an approximately entire Surface region of a 
semiconductor wafer as shown in FIG. 10(d) in the sixth 
embodiment. It will be noted that there is no limit on the 
Surface region for applying the metal particles-dispersed 
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composition 24 as long as all the electrodes 61 are covered 
with the applied composition 24. 
0187. The obtained semiconductor wafer is preferably cut 
into dice along the dicing line 64 shown in FIG. 10(d), in 
which case the semiconductor package 66 having a chip size 
can be obtained as shown in FIG. 11. 
0188 The present invention has been hereinabove 
described according to some embodiments. It will be however 
understood by those skilled in the art that the present inven 
tion is not limited to such embodiments and can be modified 
in various ways. 
0189 For example, instead of applying the metal par 
ticles-dispersed composition having a paste form onto the 
circuit Substrate, the metal particles-dispersed composition 
that is preliminarily semi-cured and thus has a sheet form may 
be interposed between the circuit substrate and the semicon 
ductor chip. Moreover, in a case where a curing reaction 
between the curing agent and the base resin proceeds rela 
tively moderately, a mixture of the curing agent and the base 
resin may be used as the first component whereas the curing 
promoter may be used as the second component. In this case, 
the curing reaction will proceed rapidly when the first com 
ponent comes in contact with the second component, Such 
contact being brought about by the melting of the metal 
particles. 
0190. The present invention as described above includes 
the following aspects: 
0191 The first aspect: A composition comprising a first 
component, a second component, metal particles and a con 
vection additive 
wherein 
0.192 said metal particles are dispersed in said second 
component, and said convection additive is contained in said 
second component; 
0193 said first component is contained in an interior of at 
least one of the metal particles, wherein said metal particles 
melt upon heating so that said first component comes in 
contact with said second component to form a thermoset 
resin; and 
0194 said convection additive is capable of generating a 
gas upon heating 
0.195 The second aspect: The composition according to 
the first aspect, wherein said first component is a curing agent 
or a curing promoter used for forming said thermoset resin, 
whereas said second component is a base resin used for form 
ing said thermoset resin. 
0196. The third aspect: The composition according to the 
second aspect, wherein 
0.197 said curing agent is at least one material selected 
from the group consisting of aliphatic amine, aromatic amine, 
aliphatic acid anhydride, cycloaliphatic acid anhydride, 
organic peroxide and polybasic acid; and 
0198 said base resin is at least one material selected from 
the group consisting of epoxy resin, unsaturated polyester 
resin, alkyd resin, polybutadiene resin, polyimide resin, 
polyamide resin and cyanate resin. 
0199 The fourth aspect: The composition according to 
any one of the first to the third aspects, wherein a metal 
component constituting said metal particles is at least one 
alloy selected from the group consisting of Sn-Pb alloy, 
Sn—Ag alloy, Sn—Ag—Cu alloy, Sn-B-Ag—In alloy, 
Sn—Bi-Zn alloy, Sn—Bi-Ag—Cu alloy, Sn-Zn alloy 
and Sn Sb alloy. 
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0200. The fifth aspect: The composition according to any 
one of the first to the fourth aspects, wherein 
said convection additive is at least one material selected from 
the group consisting of Xylene, isobutyl alcohol, isopentyl 
alcohol, butyl acetate, tetrachlorethylene, methyl isobutyl 
ketone, ethyl carbitol, butyl carbitol, ethylene glycol, alumi 
num hydroxide, dawsonite, ammonium metaborate, barium 
metaborate and sodium hydrogen carbonate. 
0201 The sixth aspect: The composition according to any 
one of the first to the fifth aspects, wherein said gas provides 
a convection effect within said composition. 
0202 The seventh aspect: The composition according to 
any one of the first to sixth aspects, wherein said composition 
is in paste form or in sheet form. 
0203 The eighth aspect: The composition according to 
any one of the first to the seventh aspects, whereina content of 
a metal component constituting said metal particles ranges 
from 0.5 to 30% by volume with respect to said composition. 
0204 The ninth aspect: The composition according to any 
one of the first to the eighth aspects, wherein 
a melting point of a metal component constituting said metal 
particles is between a curing reaction-initiating temperature 
and a peak temperature of the curing reaction with respect to 
a mixture of said first component and said second component. 
0205 The tenth aspect: The composition according to any 
one of the first to the ninth aspects, wherein 
0206 a boiling point of said convection additive is 
between a curing reaction-initiating temperature and a peak 
temperature of the curing reaction with respect to a mixture of 
said first component and said second component, or 
0207 said convection additive is decomposed to generate 
a gas under a temperature condition between a curing reac 
tion-initiating temperature and a peak temperature of said 
curing reaction with respect to a mixture of said first compo 
nent and said second component. 
0208. The eleventh aspect: A flip chip mounting process 
wherein a semiconductor chip and a circuit Substrate are 
electrically interconnected, said process comprising the steps 
of: 

0209 (i) preparing a semiconductor chip on which a plu 
rality of electrodes (a) are formed and a circuit substrate on 
which a plurality of electrodes (b) are formed; 
0210 (ii) Supplying the composition according to any one 
of the first to the tenth aspects onto a surface of said circuit 
substrate, such surface being provided with said electrodes 
(b): 
0211 (iii) bringing said semiconductor chip into contact 
with a surface of said composition Such that said electrodes 
(a) of said semiconductor chip are opposed to said electrodes 
(b) of said circuit substrate; and 
0212 (iv) heating said circuit substrate, and thereby elec 

trical connections consisting of a metal component constitut 
ing said metal particles are formed between said electrodes 
(a) and said electrodes (b), and also a thermoset resin layer is 
formed between said semiconductor chip and said circuit 
substrate. 

0213. The twelfth aspect: The flip chip mounting process 
according to the eleventh aspect, wherein a plurality of said 
semiconductor chips are brought into contact with said Sur 
face of said composition in the step (iii). 
0214. The thirteenth aspect: The flip chip mounting pro 
cess according to the eleventh or the twelfth aspect, wherein 
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said circuit Substrate prepared in the step (i) is a printed circuit 
board, a ceramic Substrate, a glass Substrate or a semiconduc 
tor wafer. 
0215. The fourteenth aspect: A process for forming bumps 
on a plurality of electrodes of a circuit Substrate, comprising 
the steps of: 
0216 (i) preparing a circuit substrate on which a plurality 
of electrodes are formed, and also a cover having release 
properties; 
0217 (ii) Supplying the composition according to any one 
of the first to the tenth aspects onto a surface (A) of said circuit 
Substrate, such surface (A) being provided with said elec 
trodes; 
0218 (iii) bringing said cover into contact with a surface 
of said composition; 
0219 (iv) heating said circuit substrate, and thereby 
bumps consisting of a metal component constituting said 
metal particles are formed on said electrodes, and also a 
thermoset resin layer is formed between said circuit substrate 
and said cover; and 
0220 (V) removing said cover. 
0221) The fifteenth aspect: The process according to the 
fourteenth aspect, wherein, 
0222 between the step (i) and step (ii), a release agent 
layer is formed on said surface (A) of said circuit substrate 
except for a surface region provided with said electrodes; and 
0223 in the step (v), not only said cover is removed, but 
also said thermoset resin layer and said release agent layer are 
removed. 
0224. The sixteenth aspect: The process according to the 
fourteenth aspect, wherein, 
0225 a plurality of lands are formed on a surface (B) of 
said cover prepared in the step (i) Such that a land pattern 
corresponds to that of said electrodes of said circuit Substrate, 
and also a release agent layer is formed on said Surface (B) 
except for a surface region provided with said lands; 
0226 in the step (iii), said cover is brought into contact 
with the Surface of said composition Such that said lands of 
said cover are opposed to said electrodes of said circuit Sub 
Strate; 
0227 in the step (iv), said bumps consisting of said metal 
component constituting said metal particles are formed so 
that said lands and said electrodes are interconnected; and 
0228 in the step (v), said cover and said release agent layer 
are removed whereas said lands are left to remain on said 
bumps. 
0229. The seventeenth aspect: The process according to 
any one of the fourteenth to the sixteenth aspects, wherein 
said circuit Substrate prepared in the step (i) is a printed circuit 
board, a ceramic Substrate, a glass Substrate or a semiconduc 
tor wafer. 
0230. The eighteenth aspect: The process according to any 
one of the fourteenth to the seventeenth aspects, wherein said 
cover prepared in the step (i) is the following plate: 
0231 a plate made of glass; 
0232 a plate made of ceramic; or 
0233 a plate that is coated with at least one material 
selected from the group consisting of silicone resin, fluorine 
resin, polypropylene resin, silicone oil, inorganic oxide, inor 
ganic nitride and inorganic nitrided oxide. 
0234. The nineteenth aspect: The process according to the 
fifteenth aspect, wherein said release agent layer is made of at 
least one material selected from the group consisting of sili 
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cone resin, fluorine resin, polypropylene resin, silicone oil, 
inorganic oxide, inorganic nitride and inorganic nitrided 
oxide. 
0235. The twentieth aspect: A semiconductor package 
obtained by forming bumps onto a semiconductor wafer serv 
ing as said circuit Substrate by performance of the process 
according to any one of the fourteenth to the nineteenth 
aspects, followed by dividing said semiconductor wafer into 
pieces. 
0236. The twenty-first aspect: A composition comprising 
a curing agent, a base rein, a curing promoter, metal particles 
and a convection additive wherein 
0237 the metal particles are dispersed in a mixture of said 
curing agent and the base resin, and said convection additive 
is contained in said mixture of said curing agent and the base 
resin; 
0238 said curing promoter is contained in an interior of at 
least one of said metal particles, wherein said metal particles 
melt upon heating so that said curing promoter comes in 
contact with said mixture to promote a curing reaction 
between said curing agent and said base resin; and 
0239 said convection additive is capable of generating a 
gas upon heating. 

INDUSTRIAL APPLICABILITY 

0240. When an electronic component (e.g., semiconduc 
torchip) is mounted over a circuit Substrate, a metal particles 
dispersed composition of the present invention allows the 
solder material and the like to self-assemble into a region 
between the opposed electrodes prior to an initiation of the 
curing reaction. As a result, there is no residual Solder mate 
rial that is left outside of the region between the opposed 
electrodes, which will lead to an improvement of electrical 
insulating properties. Therefore, the metal particles-dis 
persed composition of the present invention is particularly 
useful for an flip chip mounting field in which an electronic 
component and a circuit Substrate are interconnected. 

CROSS REFERENCE TO RELATED PATENT 
APPLICATION 

0241 The present application claims the right of priority 
of Japanese Patent Application No. 2005-065243 (filed on 
Mar. 9, 2005, the title of the invention: “METAL PAR 
TICLES-DISPERSED COMPOSITION AND FILP-CHIP 
MOUNTING PROCESS AND BUMP-FORMING PRO 
CESS USING THE SAME), the disclosure of which is 
incorporated herein by reference. 

1. A composition comprising a first component, a second 
component, metal particles and a convection additive wherein 

said metal particles are dispersed in said second compo 
nent, and said convection additive is contained in said 
second component; 

said first component is contained in an interior of at least 
one of said metal particles, wherein said metal particles 
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melt upon heating so that said first component comes in 
contact with said second component to formathermoset 
resin; and 

said convection additive is capable of generating a gas 
upon heating. 

2. The composition according to claim 1, wherein said first 
component is a curing agent or a curing promoter used for 
forming said thermoset resin, whereas said second compo 
nent is a base resin used for forming said thermoset resin. 

3. The composition according to claim 2, wherein 
said curing agent is at least one material selected from the 

group consisting of aliphatic amine, aromatic amine, 
aliphatic acid anhydride, cycloaliphatic acid anhydride, 
organic peroxide and polybasic acid; and 

said base resin is at least one material selected from the 
group consisting of epoxy resin, unsaturated polyester 
resin, alkyd resin, polybutadiene resin, polyimide resin, 
polyamide resin and cyanate resin. 

4. The composition according to claim 1, wherein a metal 
component constituting said metal particles is at least one 
alloy selected from the group consisting of Sn-Pb alloy, 
Sn—Ag alloy, Sn—Ag Cu alloy, Sn—Bi-Ag In alloy, 
Sn—Bi-Zn alloy, Sn—Bi-Ag—Cu alloy, Sn-Zn alloy 
and Sn Sb alloy. 

5. The composition according to claim 1, wherein said 
convection additive is at least one material selected from the 
group consisting of Xylene, isobutyl alcohol, isopentyl alco 
hol, butyl acetate, tetrachlorethylene, methyl isobutyl ketone, 
ethyl carbitol, butyl carbitol, ethylene glycol, aluminum 
hydroxide, dawsonite, ammonium metaborate, barium 
metaborate and Sodium hydrogen carbonate. 

6. The composition according to claim 1, wherein said gas 
provides a convection effect in said composition. 

7. The composition according to claim 1, wherein said 
composition is in paste form or in sheet form. 

8. The composition according to claim 1, wherein a content 
of a metal component constituting said metal particles ranges 
from 0.5 to 30% by volume with respect to said composition. 

9. The composition according to claim 1, wherein a melting 
point of a metal component constituting said metal particles is 
between a curing reaction-initiating temperature and a peak 
temperature of the curing reaction with respect to a mixture of 
said first component and said second component. 

10. The composition according to claim 1, wherein 
a boiling point of said convection additive is between a 

curing reaction-initiating temperature and a peak tem 
perature of the curing reaction with respect to a mixture 
of said first component and said second component, or 

said convection additive is decomposed to generate a gas 
under a temperature condition between a curing reac 
tion-initiating temperature and a peak temperature of the 
curing reaction. 


