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(57) ABSTRACT 

Correspondence Address? A ?ip chip mounting method which is applicable to the ?ip 
MCDERMOTT WILL & EMERY LLP chip mounting of a next-generation LSI and high in produc 
600 13TH STREET, NW tivity and reliability as well as a method for connecting sub 
WASHINGTON, DC 20005-3096 (US) strates are provided. A circuit board 10 having a plurality of 

connecting terminals 1 1 and a semiconductor chip 20 having 
a plurality of electrode terminals 21 are disposed in mutually 

(21) APP1- NO? 11/ 8871331 facing relation and a resin 13 containing conductive particles 
12 and a gas bubble generating agent is supplied into the 

- _ space therebetween. In this state, the resin 13 is heated to 
(22) PCT Flled' Mar' 16’ 2006 generate gas bubbles 30 from the gas bubble generating agent 

contained in the resin 13. The resin 13 is pushed toward the 
(86) PCT NO_; PCT/JP2006/305274 outside of the generated gas bubbles 30 by the growth thereof. 

The resin 13 pushed to the outside is self-assembled in the 
§ 371 (0X1) form of columns between the respective terminals of the 

’. circuit board 10 and the semiconductor chip 20. In this state, 
(2)’ (4) Date' sep' 28’ 2007 by pressing the semiconductor chip 20 against the circuit 

board 10, the conductive particles 12 contained in the resin 13 
(30) Foreign Application Priority Data self-assembled between the facing terminals are brought into 

contact with each other to provide electrical connection 
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FLIP CHIP MOUNTING METHOD AND 
METHOD FOR CONNECTING SUBSTRATES 

RELATED APPLICATIONS 

[0001] This application is the US. National Phase under 35 
U.S.C. § 371 of International Application No. PCT/JP 2006/ 
305274, ?led on Mar. 16, 2006, Which in turn claims the 
bene?t of Japanese Application No. 2005-094233, ?led on 
Mar. 29, 2005, the disclosures of Which Applications are 
incorporated by reference herein. 

TECHNICAL FIELD 

[0002] The present invention relates to a ?ip chip mounting 
method for mounting a semiconductor chip on a circuit board 
and to a method for connecting substrates each formed With a 
plurality of electrodes. 

BACKGROUND ART 

[0003] In recent years, as semiconductor integrated circuits 
(LSIs) used in electronic equipment have become higher in 
density and degree of integration, the electrode terminals of 
LSI chips have rapidly become higher in pin count and nar 
roWer in pitch. To mount such an LSI chip on a circuit board, 
?ip chip mounting has been used Widely for a reduction in 
Wiring delay. In the ?ip chip mounting, it is typical to form 
solder bumps on the electrode terminals of an LSI chip and 
simultaneously bond the electrode terminals to connecting 
terminals formed on a circuit board via the solder bumps. 
[0004] To mount a next-generation LSI having electrode 
terminals the number of Which is over 5,000, it is needed to 
form bumps corresponding to a narroWer pitch of not more 
than 100 um. However, With a current solder-bump forming 
technology, it is di?icult to respond to the need. In addition, it 
is needed to form a large number of bumps corresponding to 
the number of electrode terminals. Therefore, to reduce cost, 
it is also required to achieve high productivity by reducing a 
mounting tact time per chip. 
[0005] Likewise, due to an increased number of electrode 
terminals, the semiconductor integrated circuit has shifted 
from the use of peripheral electrode terminals to that of area 
array electrode terminals. Under the higher-density and 
higher-integration requirements, it is expected that the scale 
of a semiconductor process advances from 90 nm to 65 nm 
and 45 nm. As a result, the miniaturization of Wiring further 
proceeds and a Wire-to-Wire capacitance increases so that 
problems associated With a higher speed and a poWer con 
sumption loss have become serious and demand for a loW 
dielectric-constant (loW-k) insulating ?lm betWeen Wiring 
layers has further groWn. Such a loW-k insulating ?lm can be 
implemented by porosifying an insulating layer material so 
that the mechanical strength thereof is loW, presenting an 
obstacle to a reduction in the thickness of a semiconductor. 
Moreover, When area array electrode terminals are con 
structed as described above, there is a problem in the strength 
of a loW-k porous ?lm. Consequently, it has become di?icult 
to form bumps on the area array electrodes and perform ?ip 
chip mounting itself. As a result, there has been demand for a 
loW-load ?ip chip mounting method suitable for a higher 
density thin semiconductor compatible With the future 
advancement of a semiconductor process. 
[0006] As conventional bump forming techniques, a plat 
ing method, a screen printing method, and the like have been 
developed. The plating method is suitable for a narroW pitch, 
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but has a problem in productivity because of complicated 
process steps. The screen printing method is excellent in 
productivity, but is not suitable for a narroW pitch because of 
the use of a mask. 

[0007] In such a situation, several techniques Which selec 
tively form solder bumps on the electrodes of an LSI chip and 
a circuit board have been developed recently. These tech 
niques are not only suitable for the formation of micro -bumps 
but also capable of simultaneously forming the bumps so that 
they are also excellent in productivity and draW attention as 
techniques applicable to the mounting of a next-generation 
LSI on a circuit board. 

[0008] For example, the technique disclosed in Patent 
Document 1, Patent Document 2, or the like solidly coats a 
solder paste composed of a mixture of a solder poWder and a 
?ux on a substrate having electrodes formed on the surface 
thereof, melts the solder poWder by heating the substrate, and 
selectively forms solder bumps on the electrodes having high 
Wettability. 
[0009] The technique disclosed in Patent Document 3 sol 
idly coats a paste-like composition (deposition-type solder 
using a chemical reaction) containing an organic acid lead salt 
and metallic tin as main components on a substrate on Which 
electrodes are formed, causes a substitution reaction betWeen 
Pb and Sn by heating the substrate, and selectively deposits a 
Pb/ Sn alloy on the electrodes of the substrate. 

[0010] HoWever, each of the techniques disclosed in Patent 
Documents 1 to 3 shoWn above supplies a paste-like compo 
sition onto the substrate by coating, local variations in thick 
ness and concentration occur. Accordingly, the amount of a 
deposited solder differs from one electrode to another and 
bumps having uniform heights cannot be obtained. In addi 
tion, since each of the methods supplies the paste-like com 
position by coating onto the circuit board having projections 
and depressions formed in the surface thereof, a suf?cient 
amount of the solder cannot be supplied onto the electrodes 
forming projecting portions so that it is di?icult to obtain 
bumps of desired heights, Which is necessary in ?ip chip 
mounting. 
[0011] In ?ip chip mounting using a conventional bump 
forming technique, after a semiconductor chip is mounted on 
a circuit board on Which bumps are formed, the step of inject 
ing a resin termed an under?ll into the space betWeen the 
semiconductor chip and the circuit board is further needed to 
?x the semiconductor chip to the circuit board. 

[0012] As a method for simultaneously performing the pro 
vision of electrical connection betWeen the facing electrode 
terminals of the semiconductor chip and the circuit board and 
the ?xation of the semiconductor chip to the circuit board, a 
?ip chip mounting technique (see, e.g., Patent Document 4) 
using an anisotropic conductive material has been developed. 
The technique supplies a thermosetting resin containing con 
ductive particles into the space betWeen the circuit board and 
the semiconductor chip and heats the thermosetting resin, 
While simultaneously pressing the semiconductor chip, 
thereby simultaneously implementing the electrical connec 
tion betWeen the respective electrode terminals of the semi 
conductor chip and the circuit board and the ?xation of the 
semiconductor chip to the circuit board. 

[0013] Patent Document 1: Japanese Laid-Open Patent 
Publication No. 2000-94179 

[0014] Patent Document 2: Japanese Laid-Open Patent 
Publication No. HEI 6-125169 
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[0015] Patent Document 3: Japanese Laid-Open Patent 
Publication No. HEI 1-157796 

[0016] Patent Document 4: Japanese Laid-Open Patent 
Publication No. 2000-332055 

[0017] Patent Document 5: Japanese Laid-Open Patent 
Publication No. 2002-26070 

[0018] Patent Document 6: Japanese Laid-Open Patent 
Publication No. HEI 11-186334 

[0019] Patent Document 7: Japanese Laid-Open Patent 
Publication No. 2004-260131 

[0020] Non-Patent Document 1: Masahito Yasuda et al., 
“Self-Organized Joining Assembly Process by Electrically 
Conductive Adhesive Using LoW Melting Point Filler” 
10th Symposium on “Microjoining and Assembly Tech 
nology in Electronics, pp. 183 to 188, 2004) 

DISCLOSURE OF THE INVENTION 

Problems to be Solved by the Invention 

[0021] It can be said that ?ip chip mounting using an aniso 
tropic conductive material is excellent in productivity in 
terms of simultaneously implementing electrical connection 
betWeen the respective electrode terminals of a semiconduc 
tor chip and a circuit board and ?xation of the semiconductor 
chip to the circuit board. HoWever, as shoWn beloW, there are 
problems to be solved. 
[0022] The anisotropic conductive material mentioned 
above has the conductive particles uniformly dispersed in the 
resin. By pressing the semiconductor chip against the circuit 
board, the dispersed conductive particles are brought into 
physical contact With the respective electrode terminals of the 
semiconductor chip and the circuit board, thereby alloWing 
electrical connection betWeen the facing electrode terminals. 
On the other hand, the resin of the anisotropic conductive 
material ensures insulation properties betWeen the adjacent 
electrode terminals. 
[0023] HoWever, because the conductive particles are uni 
formly dispersed in the resin, the conductive particles con 
tributing to conduction betWeen the facing electrode termi 
nals are only among all the conductive particles. As a result, 
it is di?icult to obtain a stable conductive state, resulting in a 
problem that su?icient reliability cannot be provided for elec 
trical connection. Moreover, even though the adjacent elec 
trode terminals are insulated from each other, there is a pos 
sibility that suf?cient insulation properties cannot be ensured, 
since the conductive particles not contributing to the conduc 
tion betWeen the facing electrode terminals are dispersed in 
the resin. 
[0024] Thus, to apply the ?ip chip mounting using the 
anisotropic conductive material to a next-generation LSI chip 
having connecting terminals the number of Which is over 
5,000, problems associated With reliability remain to be 
solved. 
[0025] The present invention has been achieved in vieW of 
the foregoing and an object of the present invention is to 
provide a ?ip chip mounting method Which is applicable to 
the ?ip chip mounting of a next-generation LSI and high in 
productivity and reliability as Well as a method for connecting 
substrates having the same basic process steps as the ?ip chip 
mounting method. 

Means for Solving the Problems 

[0026] A ?ip chip mounting method of the present inven 
tion is a ?ip chip mounting method for disposing a semicon 
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ductor chip having a plurality of electrode terminals in facing 
relation to a circuit board having a plurality of connecting 
terminals and electrically connecting the connecting termi 
nals of the circuit board to the electrode terminals of the 
semiconductor chip, the ?ip chip mounting method compris 
ing: a ?rst step of supplying a resin containing conductive 
particles and a gas bubble generating agent into a space 
betWeen the circuit board and the semiconductor chip; a sec 
ond step of heating the resin to generate gas bubbles from the 
gas bubble generating agent contained in the resin; a third step 
of pressing the semiconductor chip against the circuit board; 
and a fourth step of curing the resin, Wherein, in the second 
step, the resin is pushed toWard the outside of the gas bubbles 
generated from the gas bubble generating agent by groWth of 
the gas bubbles and self-assembled betWeen the connecting 
terminals of the circuit board and the electrode terminals of 
the semiconductor chip, in the third step, the conductive par 
ticles contained in the resin self-assembled betWeen the ter 
minals come in contact With each other to provide electrical 
connection betWeen the terminals, and in the fourth step, the 
resin betWeen the terminals is cured to ?x the semiconductor 
chip to the circuit board. 
[0027] Preferably, the gas bubble generating agent is com 
posed of a material Which boils When the resin is heated. The 
gas bubble generating agent may be composed of tWo or more 
materials having different boiling temperatures. The gas 
bubble generating agent may also be composed of a material 
Which is thermally decomposed to generate a gas When the 
resin is heated. For example, the gas bubble generating agent 
is composed of a compound containing Water of crystalliza 
tion and decomposed to generate Water vapor When the resin 
is heated. 
[0028] In a preferred embodiment, the second step is per 
formed While the space betWeen the circuit board and the 
semiconductor chip is varied. 
[0029] In a preferred embodiment, the ?rst step is per 
formed by supplying the resin containing the conductive par 
ticles and the gas bubble generating agent onto the circuit 
board and then disposing the semiconductor chip on a surface 
of the resin. 

[0030] In a preferred embodiment, the fourth step is per 
formed by heating the resin to thermally cure the resin. The 
?ip chip mounting method may also further comprise, after 
the fourth step, the step of: supplying an under?ll material 
into the space betWeen the circuit board and the semiconduc 
tor chip and then curing the under?ll material. 
[0031] In a preferred embodiment, the semiconductor chip 
having the plurality of electrode terminals has a structure in 
Which a semiconductor bare chip is mounted on an interposer 
having the plurality of electrode terminals. 
[0032] A method for connecting substrates of the present 
invention is a method for connecting substrates by disposing 
a second substrate having a plurality of electrodes in facing 
relation to a ?rst substrate having a plurality of electrodes and 
providing electrical connection betWeen the electrodes of the 
?rst substrate and the electrodes of the second substrate, the 
method comprising: a ?rst step of supplying a resin contain 
ing conductive particles and a gas bubble generating agent 
into a space betWeen the ?rst substrate and the second sub 
strate; a second step of heating the resin to generate gas 
bubbles from the gas bubble generating agent contained in the 
resin; a third step of pressing the second substrate against the 
?rst substrate; and a fourth step of curing the resin, Wherein in 
the second step, the resin is pushed toWard the outside of the 
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gas bubbles generated from the gas bubble generating agent 
by growth of the gas bubbles and self-assembled betWeen the 
electrodes of the ?rst substrate and the electrodes of the 
second substrate, in the third step, the conductive particles 
contained in the resin self-assembled betWeen the electrodes 
come in contact With each other to provide electrical connec 
tion betWeen the electrodes, and in the fourth step, the resin 
self-assembled betWeen the electrodes is cured to ?x the ?rst 
substrate to the second substrate. 
[0033] Preferably, the gas bubble generating agent is com 
posed of a material Which boils When the resin is heated. 
[0034] In a preferred embodiment, the second step is per 
formed While varying the space betWeen the ?rst substrate 
and the second substrate. 
[0035] In a preferred embodiment, the ?rst step is per 
formed by supplying the resin containing the conductive par 
ticles and the gas bubble generating agent onto the ?rst sub 
strate and then disposing the second substrate on a surface of 
the resin. 
[0036] In a preferred embodiment, the ?ip chip mounting 
method further comprises, after the fourth step, the step of: 
supplying an under?ll material into the space betWeen the 
?rst substrate and the second substrate and then curing the 
under?ll material. 
[0037] A ?ip chip mounting method of the present inven 
tion is a ?ip chip mounting body comprising a circuit board 
having a plurality of connecting terminals and a semiconduc 
tor chip having a plurality of electrode terminals and disposed 
in facing relation to the circuit board such that the connecting 
terminals of the circuit board are electrically connected to the 
electrode terminals of the semiconductor chip, Wherein the 
connecting terminals are electrically connected to the elec 
trode terminals by supplying a resin containing conductive 
particles and a gas bubble generating agent into a space 
betWeen the circuit board and the semiconductor chip, caus 
ing the resin to be self-assembled betWeen the connecting 
terminals and the electrode terminals, and bringing the con 
ductive particles in the self-assembled resin into contact With 
each other. 
[0038] In a preferred embodiment, the ?ip chip mounting 
body is ?xed With an under?ll material supplied into the space 
betWeen the circuit board and the semiconductor chip. 
[0039] A ?ip chip mounting apparatus of the present inven 
tion is a ?ip chip mounting apparatus for ?ip chip mounting a 
semiconductor chip on a circuit board, the ?ip chip mounting 
apparatus comprising: holding means for holding the semi 
conductor chip and the circuit board in mutually facing rela 
tion With a given space provided therebetWeen; supplying 
means for supplying a resin containing conductive particles 
and a gas bubble generating agent into the space betWeen the 
semiconductor chip and the circuit board; heating means for 
heating the resin, and pressing means for pressing the semi 
conductor chip against the circuit board, Wherein the heating 
means has ?rst heating means for controlling a temperature to 
a value at Which gas bubbles are from the gas bubble gener 
ating agent contained in the resin and second heating means 
for controlling the temperature to a value at Which the resin is 
thermally cured. 
[0040] In a preferred embodiment, the resin heated With the 
?rst heating means is pushed toWard the outside of the gas 
bubbles generated from the gas bubble generating agent by 
groWth of the gas bubbles and self-assembled betWeen con 
necting terminals of the circuit board and electrode terminals 
of the semiconductor chip, the semiconductor chip is pressed 
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against the circuit board With the pressing means to bring the 
conductive particles contained in the resin self-assembled 
betWeen the terminals into contact With each other and pro 
vide electrical connection betWeen the terminals, and the 
resin is heated With the second heating means to ?x the 
semiconductor chip to the circuit board in a state in Which the 
conductive particles contained in the resin are in contact With 
each other. 

Effect of the Invention 

[0041] In the ?ip chip mounting method according to the 
present invention, by heating the resin containing the conduc 
tive particles and the gas bubble generating agent Which is 
supplied into the space betWeen the circuit board and the 
semiconductor chip, the gas bubbles are generated from the 
gas bubble generating agent and the resin is pushed toWard the 
outside of the gas bubbles by the groWth thereof and alloWed 
to be self-assembled betWeen the connecting terminals of the 
circuit board and the electrode terminals of the semiconduc 
tor chip. Then, by pressing the semiconductor chip against the 
circuit board, the conductive particles contained in the resin 
self-assembled betWeen the facing terminals are brought into 
contact With each other to alloW electrical connection 
betWeen the terminals. This alloWs the conductive particles 
dispersed in the resin to be ef?ciently self-assembled betWeen 
the terminals and contribute to conduction betWeen the ter 
minals. As a result, a stable conductive state is obtained and 
electrical connection With high reliability can be achieved. 

[0042] Likewise, in the method for connecting substrates 
according to the present invention also, by heating the resin 
containing the conductive particles and the gas bubble gen 
erating agent Which is supplied into the space betWeen the 
facing substrates, the gas bubbles are generated from the gas 
bubble generating agent and the resin is pushed toWard the 
outside of the gas bubbles by the groWth thereof and alloWed 
to be self-assembled betWeen the respective electrodes of the 
facing substrates. By pressing the substrates against each 
other, the conductive particles contained in the resin self 
assembled betWeen the electrodes are brought into contact 
With each other to alloW electrical connection betWeen the 
electrodes. This alloWs the conductive particles dispersed in 
the resin to be e?iciently self-assembled betWeen the elec 
trodes and contribute to conduction betWeen the electrodes. 
As a result, a stable conductive state is obtained and substrate 
to-substrate connection With high reliability can be achieved. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0043] FIGS. 1(a) to 1(d) are step-by-step cross-sectional 
vieWs shoWing a ?ip chip mounting method in an embodi 
ment of the present invention; 
[0044] FIGS. 2(a) to 2(0) are step-by-step cross-sectional 
vieWs shoWing the ?ip chip mounting method in the embodi 
ment; 
[0045] FIG. 3(a) is vieW shoWing a temperature pro?le in 
heating a resin in the present invention and FIG. 3(b) is a vieW 
shoWing a pressure pro?le When a semiconductor chip is 
pressed against a circuit board; 
[0046] FIGS. 4(a) and 4(b) are vieWs for illustrating the 
mechanism of self-assembly of a resin in the present inven 
tion; 
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[0047] FIG. 5(a) to 5(c) are step-by-step cross-sectional 
vieWs illustrating a step of performing heating While varying 
a gap between the circuit board and the semiconductor chip in 
the present invention; 
[0048] FIG. 6 is a vieW for illustrating the self-assembly of 
a resin containing tWo or more gas bubble generating agents 
in the present invention; 
[0049] FIG. 7 is a vieW shoWing the materials of a gas 
bubble generating agent in the present invention; 
[0050] FIG. 8 is a vieW shoWing the materials of a gas 
bubble generating agent poWder Which is thermally decom 
posed in the present invention; and 
[0051] FIG. 9 is a block diagram shoWing a structure of a 
?ip-chip mounting apparatus in the present invention. 

DESCRIPTION OF NUMERALS 

[0052] 10 Circuit Board 
[0053] 11 Connecting Terminal 
[0054] 12 Conductive Particle 
[0055] 13 Resin 
[0056] 20 Under?ll Material 
[0057] 21 Semiconductor Chip 
[0058] 30, 30a, 30b Gas bubbles 
[0059] 40 Flip Chip Mounting Apparatus 
[0060] 41 Holding Means 
[0061] 42 Supplying Means 
[0062] 43 Heating Means 
[0063] 44 First Heating Means 
[0064] 45 Second Heating Means 
[0065] 46 Pressing Means 

BEST MODE FOR CARRYING OUT THE 
INVENTION 

[0066] Referring to the draWings, the embodiments of the 
present invention Will be described herein beloW. For easier 
illustration, components having substantially the same func 
tions are designated by the same reference numerals in the 
draWings shoWn beloW. The present invention is not limited to 
the folloWing embodiments. 
[0067] FIGS. 1(a) to 1(d) and FIGS. 2(a) to 2(c) are step 
by-step cross-sectional vieWs shoWing the basic steps of a ?ip 
chip mounting method in an embodiment of the present 
invention. 
[0068] First, as shoWn in FIG. 1(a), a resin (e.g., an epoxy 
resin or the like) 13 containing conductive particles (e. g., Cu 
or the like) 12 and a gas bubble generating agent (e.g., iso 
propyl alcohol or the like) is supplied onto a circuit board 10 
having a plurality of connecting terminals 11. Then, as shoWn 
in FIG. 1(b), a semiconductor chip 20 having a plurality of 
electrode terminals 21 is disposed on the surface of the resin 
13 to face the circuit board 10. At this time, the electrode 
terminals 21 of the semiconductor chip 20 are aligned With 
respect to the connecting terminals 11 of the circuit board 10. 
[0069] The steps shoWn herein may also be such that the 
circuit board 10 and the semiconductor chip 20 are prelimi 
narily disposed to face each other With a given space (e.g., 10 
to 80 um) interposed therebetWeen and then the resin 13 
containing the conductive particles 12 and the gas bubble 
generating agent is supplied into the space. 
[0070] In this state, When the resin 13 is heated to a prede 
termined temperature (e.g., 100 to 1500 C.), gas bubbles 30 
are generated from the gas bubble generating agent contained 
in the resin 13, as shoWn in FIG. 1(c). Then, as shoWn in FIG. 
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1(d), the generated gas bubbles 30 gradually groW so that the 
resin 13 is pushed by the groWn gas bubbles 30 toWard the 
outside thereof. 
[0071] As shoWn in FIG. 2(a), the resin 13 pushed to the 
outside is self-assembled in the form of columns (e.g., gen 
erally cylindrical columns) betWeen the connecting terminals 
11 of the circuit board 10 and the electrode terminals 21 of the 
semiconductor chip 20. At this time, most of the resin 13 
Which is not self-assembled betWeen the terminals is pushed 
from the space betWeen the circuit board 10 and the semicon 
ductor chip 20 toWard the outside under the pressure of the 
groWn gas bubbles 30. 
[0072] Then, in this state, the semiconductor chip 20 is 
pressed against the circuit board 10 in the direction indicated 
by the arroWs, as shoWn in FIG. 2(b). The magnitude of the 
pressure is set to, e.g., about 20 k to 200 kPa. By the pressing, 
the conductive particles 12 contained in the resin 13 self 
assembled betWeen the facing terminals are brought into con 
tact With each other to provide electrical connection betWeen 
the terminals. At this time, the electrical connection betWeen 
the terminals is intended to be achieved With at least one or 
more conductive particles 12 interposed betWeen the termi 
nals. In pressing, the conductive particles 12 contained in the 
resin 13 are prevented from ?oWing out of the resin 13 by the 
action of a stress resulting from the viscosity of the resin 13. 
[0073] In this state, the resin 13 self-assembled betWeen the 
facing terminals is cured to ?x the semiconductor chip 20 to 
the circuit board 10, as shoWn in FIG. 2(c).Although the resin 
13 that has spread over the entire surfaces of the terminals is 
suf?cient to ?x the semiconductor chip 20 to the circuit board 
10, an under?ll material 14 may also be injected as necessary 
into the space betWeen the semiconductor chip 20 and the 
circuit board 10 and then cured to enhance the ?xation of the 
semiconductor chip 20 to the circuit board 10. It is also 
possible to supply the under?ll material 14 before pressing 
the semiconductor chip 20 against the circuit board 10. 
[0074] In accordance With the present invention, by heating 
the resin 13 containing the conductive particles 12 and the gas 
bubble generating agent supplied into the space betWeen the 
circuit board 10 and the semiconductor chip 20, the gas 
bubbles are generated from the gas bubble generating agent 
and, by alloWing the gas bubbles to groW and push the resin 13 
toWard the outside thereof, the resin 13 can be self-assembled 
betWeen the connecting terminals 11 of the circuit board 10 
and the electrode terminals 21 of the semiconductor chip 20. 
By pressing the semiconductor chip 20 against the circuit 
board 10, the conductive particles 12 contained in the resin 13 
self-assembled betWeen the facing terminals are brought into 
contact With each other to alloW electrical connection 
betWeen the terminals. This alloWs the conductive particles 
12 dispersed in the resin 13 to be e?iciently self-assembled 
betWeen the terminals and contribute to conduction betWeen 
the terminals.As a result, a stable conductive state is obtained 
and electrical connection With high reliability can be 
achieved. 
[0075] The siZes of the individual components and the posi 
tional relationships therebetWeen shoWn in FIGS. 1(a) to 1(d) 
and FIGS. 2(a) to 2(c) (e.g., the siZes of the conductive 
particles 12, the siZe of the spacing betWeen the circuit board 
10 and the semiconductor chip 20, and the like) are repre 
sented for the convenience of easier illustration and do not 
shoW real siZes and the like. 
[0076] FIGS. 3(a) and 3(b) are graphs shoWing an example 
of a temperature pro?le in the step of heating the resin 13 and 
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an example of a pressure pro?le in a pressing step in the ?ip 
chip mounting method described above. 
[0077] As shoWn in FIG. 3(a), the resin 13 is ?rst heated to 
a temperature T 1 at Which the gas bubbles 30 are generated 
from the gas bubble generating agent contained in the resin 
13. The temperature T1 is held for a given time t1, during 
Which the generated gas bubbles 30 groW to push the resin 13 
toWard the outside thereof and the resin 13 is self-assembled 
in the form of columns betWeen the facing terminals. The 
temperature T1 is set herein to, e.g., 100 to 1800 C. and the 
given time tl is set to, e.g., about 5 to 10 seconds. 

[0078] Then, in the state, the semiconductor chip 20 is 
pressed under a pressure P 1 against the circuit board 10 in the 
direction indicated by the arroWs for a given time t2, as shoWn 
in FIG. 3(b). By the pressing, the conductive particles 12 
contained in the resin 13 self-assembled betWeen the facing 
terminals are brought into contact With each other to provide 
electrical connection betWeen the terminals. At this time, the 
resin 13 is maintained at a given heating temperature T1. The 
pressure P1 is set herein to, e.g., 70 to 200 kPa and the given 
time t2 is set to, e.g., about 0 to 5 seconds. 

[0079] Finally, as shoWn in FIG. 3(a), the resin 13 is heated 
to a temperature T3 at Which the resin 13 is cured. The tem 
perature T3 is held for a given time t3 to cure the resin 13 
remaining betWeen the facing terminals and thereby ?x the 
semiconductor chip 20 to the circuit board 10. The tempera 
ture T3 is set herein to, e.g., 150 to 2500 C. and the given time 
t3 is set to, e.g., about 10 to 20 seconds. 

[0080] In the temperature pro?le shoWn in FIG. 3(a), the 
heating temperature at Which the gas bubbles 3 0 are generated 
from the gas bubble generating agent is held at the ?xed 
temperature T 1 for the period of the time t 1 (or the time t1+t2). 
HoWever, it is also possible to gradually increase the tempera 
ture during the period of the time. 
[0081] Referring to FIGS. 4(a) and 4(b), the mechanism of 
the self-assembly of the resin 13 betWeen the terminals, 
Which is a key point to the ?ip chip mounting method of the 
present invention, Will be brie?y described herein. 
[0082] FIG. 4(a) is a vieW shoWing the state of the resin 13 
pushed by the groWn gas bubbles (not shoWn) into the space 
betWeen one of the connecting terminals 11 of the circuit 
board 10 and the corresponding electrode terminal 21 of the 
semiconductor chip 20. The resin 13 that has come in contact 
With the connecting terminal 11 and the electrode terminal 21 
has an interfacial tension (a force resulting from the so-called 
Wet-spreading of a resin) F5 at the interfaces thereof Which is 
larger than a stress Fn generated from the viscosity 1] of the 
resin so that the resin 13 spreads over the entire surfaces of the 
connecting terminal 11 and the electrode terminal 21 to 
?nally form a columnar resin having boundaries at the end 
portions of the terminals 11 and 21. Accordingly, even When 
the positions at Which the connecting terminal 11 and the 
electrode terminal 21 face to each other are slightly displaced, 
the resin 13 can be reliably self-assembled betWeen the ter 
minals under the interfacial tension. 

[0083] As shoWn in FIG. 4(b), a stress Fl, resulting from the 
groWth (or movement) of the gas bubbles 30 is applied to the 
columnar resin 13 formed by self-groWth betWeen the termi 
nals. HoWever, the columnar resin 13 can retain the shape 
thereof under the effect of a reverse stress Fn resulting from 
the viscosity 1] of the resin 13 so that the resin 13 once 
self-assembled does not disappear. In addition, a surface ten 
sion (or a gas-liquid interfacial tension) acts on the boundary 
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betWeen the resin 13 and a gas (e.g., gas bubbles 30) and the 
surface tension can also act to retain the shape of the columnar 
resin 13. 
[0084] As described above, in the ?ip chip mounting 
method of the present invention, the groWth of the gas bubbles 
generated from the gas bubble generating agent operates to 
cause the self-assembly of the resin betWeen the terminals. To 
further enhance the operation and effect thereof, it is effective 
in varying the space (gap) betWeen the circuit board 10 and 
the semiconductor chip 20 in the step of heating the resin. 
[0085] FIGS. 5(a) to 5(c) are vieWs shoWing an example in 
Which the gap betWeen the circuit board 10 and the semicon 
ductor chip 20 is varied in the step of generating the gas 
bubbles from the gas bubble generating agent contained in the 
resin 13 in the step of heating the resin 13 and causing the 
resin 13 to be self-assembled betWeen the terminals by the 
groWth of the gas bubbles. 
[0086] FIG. 5(a) shoWs the state in Which the resin 13 
containing the conductive particles 12 and the gas bubble 
generating agent (not shoWn) is supplied into the space 
betWeen the circuit board 10 and the semiconductor chip 20. 
At this time, the gap L 1 betWeen the circuit board 10 and the 
semiconductor chip 20 is small. 
[0087] From this state, the resin 13 is heated, While the gap 
L2 betWeen the circuit board 10 and the semiconductor chip 
20 is increased, as shoWn in FIG. 5(b). In the heating step, the 
gas bubbles 30 generated from the gas bubble generating 
agent gradually groW and, in the groWing process, the gap L2 
betWeen the circuit board 10 and the semiconductor chip 20 is 
also gradually increased. This alloWs a given amount of the 
resin 13 initially supplied into the space betWeen the circuit 
board 10 and the semiconductor chip 20 to be e?iciently 
self-assembled betWeen the connecting terminals 11 and the 
electrode terminals 21. 
[0088] FIG. 5(c) shoWs the state of the resin 13 self-as 
sembled betWeen the facing terminals at the time at Which the 
gap betWeen the circuit board 10 and the semiconductor chip 
20 is L3, in Which the resin 13 scarcely remains betWeen the 
adjacent terminals. This is because most of the resin 13 Which 
is not self-assembled betWeen the terminals is pushed from 
the space betWeen the circuit board 10 and the semiconductor 
chip 20 toWard the outside under the pressure of the groWn gas 
bubbles 30. 
[0089] Although the description has been given to the 
example in Which the gap betWeen the circuit board 1 0 and the 
semiconductor chip 20 is increased in the heating step in 
FIGS. 5(a) to 5(c), the same operation and effect can be 
obtained even When the heating step is performed While peri 
odically varying the gap. 
[0090] A characteristic feature of the ?ip chip mounting 
method of the present invention is that the gas bubbles are 
generated from the gas bubble generating agent contained in 
the resin 13 to groW and cause the resin 13 to be self-as 
sembled betWeen the terminals. Although the gas bubble gen 
erating agent used in the example shoWn in FIGS. 1(a) to 1(d) 
and FIGS. 2(a) to 2(c) is made of one material, the gas bubble 
generating agent may also be made of tWo or more materials 
having, e. g., different boiling temperatures. 
[0091] FIG. 6 is a vieW shoWing an example in Which tWo 
gas bubble generating agents having different boiling tem 
peratures are contained in the resin 13, Which shoWs the state 
of the gas bubbles generated from the gas bubble generating 
agents. Gas bubbles 30a generated from the gas bubble gen 
erating agent having a loWer boiling temperature are larger 
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than gas bubbles 30b generated from the gas bubble generat 
ing agent having a higher boiling temperature because the 
growth of the gas bubbles 30a is temporally leading that of the 
gas bubbles 30b. 
[0092] The growing gas bubbles 30b push the resin 13 
toWard the outside thereof under the groWing pres sure thereof 
and can move a part of the resin 13 into the space betWeen the 
connecting terminals 11 of the circuit board 10 and the elec 
trode terminals 21 of the semiconductor chip 20, While there 
is also the resin 13 left behind. By repeating the operation of 
causing the gas bubbles 30b, Which are retarded in groWth, to 
push the resin 13 left behind again toWard the outside thereof, 
the resin 13 can be e?iciently moved into the space betWeen 
the terminals. This alloWs uniform self-assembly of the resin 
13 betWeen the terminals. 
[0093] The resin 13, the conductive particles 12, and the gas 
bubble generating agent used in the ?ip chip mounting 
method of the present invention are not particularly limited, 
but the folloWing materials can be used respectively therefor. 
[0094] As the resin 13, there can be used a thermosetting 
resin such as an epoxy resin, a phenol resin, or a silicone resin, 
or a thermoplastic resin. HoWever, the resin 13 preferably has 
a viscosity on the order Which at least alloWs the resin 13 to 
?oW in the heating step. 
[0095] As the conductive particles 12, Cu, Ag, AgCu, or the 
like can be used. In the present invention, electrical connec 
tion betWeen the terminals is intended to be achieved by 
contact betWeen the individual conductive particles so that it 
is preferable to maximally suppress the groWth of an oxide 
?lm on the surface of each of the conductive particles. It is 
also possible to implement a state in Which only the surfaces 
of the conductive particles in contact With each other are 
melted to form metal bonding at the interfaces therebetWeen. 
The content of the conductive particles 12 in the resin 13 is 
preferably in the range of, e.g., about 0.5% to 30% by volume. 
The content of the gas bubble generating agent in the resin 13 
is preferably in the range of, e.g., about 0.1% to 20% by 
Weight. 
[0096] As the gas bubble generating agent, any of the mate 
rials shoWn in FIG. 7 can be used. To prevent the conductive 
particles 12 from melting in the heating step for generating 
the bas bubbles (a gas such as H2O, CO2, or N2) from the gas 
bubble generating agent, it is necessary to select the material 
having a boiling temperature loWer than the melting tempera 
ture of the conductive particles 12 during the generation of the 
gas bubbles. 
[0097] As the gas bubble generating agent, a material 
Which is thermally decomposed to generate the gas bubbles 
When the resin is heated may also be used. As such a gas 
bubble generating agent, any of the materials shoWn in FIG. 8 
can be used. In the case of using, e.g., a compound containing 
Water of crystallization (aluminum hydroxide), the com 
pound is thermally decomposed When the resin is heated and 
Water vapor is generated as gas bubbles. 
[0098] In the ?ip chip mounting method described thus far, 
the semiconductor chip 20 may also be a structure (such as, 
e.g., a CSP or a BGA) in Which a semiconductor bare chip is 
mounted on an interposer having a plurality of electrode 
terminals (lands). The present invention is applicable not only 
to ?ip chip mounting but also to substrate-to-substrate con 
nection for achieving electrical connection betWeen the 
respective electrodes of substrates each having the plurality 
of electrode terminals. The substrate-to-substrate connection 
can be achieved by the folloWing method. 
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[0099] First, a resin containing conductive particles and a 
gas bubble generating agent is supplied into the space 
betWeen a ?rst substrate and a second substrate each having a 
plurality of electrodes. Thereafter, the resin is heated to gen 
erate gas bubbles from the gas bubble generating agent con 
tained in the resin. In the heating step, the resin is pushed 
toWard the outside of the gas bubbles generated from the gas 
bubble generating agent by the groWth thereof and self-as 
sembled betWeen the electrodes of the ?rst substrate and the 
electrodes of the second substrate. 
[0100] Then, the second substrate is pressed against the ?rst 
substrate to bring the conductive particles contained in the 
resin self-assembled betWeen the facing electrodes into con 
tact With each other. This alloWs electrical connection 
betWeen the facing electrodes. 
[0101] Finally, the resin self-assembled betWeen the elec 
trodes is cured to ?x the ?rst substrate to the second substrate, 
Whereby the substrate-to-substrate connection is completed. 
[0102] As the ?rst substrate or the second substrate, there 
can be used a circuit board, a semiconductor Wafer, a semi 
conductor chip (including a bare chip and a mounted chip), or 
the like. 
[0103] To the substrate-to-substrate connection also, the 
various conditions or methods described in the ?ip chip 
mounting method described above are applicable. For 
example, to a temperature pro?le in the step of heating resin 
13, the pro?le shoWn in FIG. 3(a) is applicable. To the varia 
tion in the gap betWeen the substrates, the method shoWn in 
FIG. 5 is applicable. 
[0104] For the resin 13, the conductive particles 12, and the 
gas bubble generating agent to be used also, the materials 
described in the ?ip chip mounting method can also be appro 
priately selected and used. 
[0105] Heretofore, the ?ip chip mounting method and the 
method for connecting substrates according to the present 
invention have been described. An apparatus for fabricating a 
?ip chip mounting body by practicing the ?ip chip mounting 
method can be implemented With a ?ip chip mounting appa 
ratus 40 as shoWn in FIG. 9. 

[0106] As shoWn in the block diagram of FIG. 9, the ?ip 
chip mounting apparatus 54 comprises holding means 41 for 
holding the semiconductor chip 20 and the circuit board 10 in 
mutually facing relation With a given space provided therebe 
tWeen, supplying means 42 for supplying the resin 13 con 
taining the conductive particles 12 and the gas bubble gener 
ating agent into the space betWeen the semiconductor chip 20 
and the circuit board 10, heating means 43 for heating the 
resin 13, and pressing means 46 for pressing the semiconduc 
tor chip 20 against the circuit board 10. The heating means 43 
has ?rst heating means 44 for controlling a temperature to a 
value at Which the gas bubbles are generated from the gas 
bubble generating agent contained in the resin 13 and second 
heating means 45 for controlling the temperature to a value at 
Which the resin 13 is thermally cured. 
[0107] The holding means 41 has an additional alignment 
mechanism for aligning the positions of the electrode termi 
nals of the semiconductor chip 20 With respect to those of the 
connecting terminals of the circuit board 10. When the resin 
is in the form of a paste, the supplying means 42 can use a 
dispenser or the like and the heating means 43 can use a 
heating stage (hot plate) or a heating box (oven) heated With 
a hot blast or an infrared ray. 

[0108] In the ?ip chip mounting apparatus 40, the resin 13 
heated With the ?rst heating means 44 is pushed toWard the 
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outside of the gas bubbles generated from the gas bubble 
generating agent by the growth thereof and self-assembled 
betWeen the connecting terminals 11 of the circuit board 10 
and the electrode terminals 21 of the semiconductor chip 20. 
By further pressing the semiconductor chip 20 against the 
circuit board 10 With the pressing means 46, the conductive 
particles 12 contained in the resin 13 self-assembled betWeen 
the facing electrodes are brought into contact With each other, 
Whereby the ?ip chip mounting body is completed. 
[0109] A method Which simultaneously performs the pro 
vision of electrical connection betWeen the facing terminals 
of a semiconductor chip and a circuit board and the ?xation of 
the semiconductor chip to the circuit board using a resin 
containing a solderpoWder (conductive particles) is disclosed 
in each of Patent Document 5 (Japanese Laid-Open Patent 
Publication No. 2002-26070) and Patent Document 6 (Japa 
nese Laid-Open Patent Publication No. HEI 11-186334). In 
the method disclosed in each of the documents, the respective 
portions of the facing terminals of the semiconductor chip and 
the circuit board Which are in contact With each other are 
soldered by melting the solder poWder contained in the resin 
and then the semiconductor chip is encapsulated in and ?xed 
to the circuit board by curing the resin. Although the method 
disclosed in each of the documents apparently seems to be a 
similar technique to the present invention, the method solders 
the terminals by a so-called re?oW process. Accordingly, the 
solder poWder is dispersed in the resin even after resin encap 
sulation and, unlike in the present invention, it is not intended 
to achieve electrical connection betWeen the terminals by 
causing the resin containing the conductive particles to be 
self-assembled betWeen the facing terminals and then bring 
ing the conductive particles contained in the resin into contact 
With each other. Therefore, the method disclosed in each of 
the documents is a technique essentially different from the 
present invention. 
[0110] On the other hand, a method Which simultaneously 
performs the provision of electrical connection betWeen the 
facing terminals of a semiconductor chip and a circuit board 
and the ?xation of the semiconductor chip to the circuit board, 
each using a resin containing conductive particles (loW-melt 
ing-point metal ?ller), is described in each of Patent Docu 
ment 7 (Japanese Laid-Open Patent Publication No. 2004 
260131) and Non-Patent Document 1 (Masahiro Yasuda et 
al., “Self-Organized Joining Assembly Process by Electri 
cally Conductive Adhesive Using LoW Melting Point Filler” 
10th Symposium on “Microjoining and Assembly Technol 
ogy in Electronics, pp. 183 to 188, 2004). Each of the docu 
ments discloses a technique in Which conductive particles 
selectively form self-organized connectors betWeen termi 
nals by using a resin having an oxidiZing/reducing ability 
based on the aggregation and Wetting of the molten metal 
?ller contained in the resin. 

[0111] HoWever, Patent Document 7 and Non-Patent 
Document 1 do not go beyond indicating the probability of a 
process Which selectively (in a self-assembled manner) joins 
the facing terminals and merely causes aggregation (self 
assembly) by relying only on the Wettability of the molten 
conductive particles. As a result, it is di?icult to uniformly 
form the connectors betWeen the terminals. 

[0112] The present invention has been achieved based on 
the recognition that, since the resin containing the conductive 
particles does not function as the “sea” in Which the conduc 
tive particles can freely move, the bonding process of the 
conductive particles does not uniformly proceed and, conse 
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quently, uniform connectors cannot be formed betWeen the 
terminals. Therefore, by applying the method according to 
the present invention, it is possible to perform high-yield ?ip 
chip mounting of a semiconductor chip having a large number 
of electrode terminals so that a useful method applicable to a 
mass production process is provided. 
[0113] Although the present invention has thus been 
described using the preferred embodiments thereof, such a 
description is not a restrictive matter and various modi?ca 
tions can be naturally made. 

INDUSTRIAL APPLICABILITY 

[0114] In accordance With the present invention, it is pos 
sible to provide a ?ip chip mounting method Which is appli 
cable to the ?ip chip mounting of a next-generation LSI and 
high in productivity and reliability as Well as a method for 
connecting substrates. 

1. A ?ip chip mounting method for disposing a semicon 
ductor chip having a plurality of electrode terminals in facing 
relation to a circuit board having a plurality of connecting 
terminals and electrically connecting the connecting termi 
nals of the circuit board to the electrode terminals of the 
semiconductor chip, the ?ip chip mounting method compris 
ing: 

a ?rst step of supplying a resin containing conductive par 
ticles and a gas bubble generating agent into a space 
betWeen the circuit board and the semiconductor chip; 

a second step of heating the resin to generate gas bubbles 
from the gas bubble generating agent contained in the 
resin; 

a third step of pressing the semiconductor chip against the 
circuit board; and 

a fourth step of curing the resin, Wherein, 
in the second step, the resin is pushed toWard the outside of 

the gas bubbles generated from the gas bubble generat 
ing agent by groWth of the gas bubbles and self-as 
sembled betWeen the connecting terminals of the circuit 
board and the electrode terminals of the semiconductor 
chip, 

in the third step, the conductive particles contained in the 
resin self-assembled betWeen the terminals come in con 
tact With each other to provide electrical connection 
betWeen the terminals, and 

in the fourth step, the resin betWeen the terminals is cured 
to ?x the semiconductor chip to the circuit board. 

2. The ?ip chip mounting method of claim 1, Wherein the 
gas bubble generating agent is composed of a material Which 
boils When the resin is heated. 

3. The ?ip chip mounting method of claim 1, Wherein the 
gas bubble generating agent is composed of tWo or more 
materials having different boiling temperatures. 

4. The ?ip chip mounting method of claim 1, Wherein the 
gas bubble generating agent is composed of a material Which 
is thermally decomposed to generate a gas When the resin is 
heated. 

5. The ?ip chip mounting method of claim 4, Wherein the 
gas bubble generating agent is composed of a compound 
containing Water of crystallization and decomposed to gen 
erate Water vapor When the resin is heated. 

6. The ?ip chip mounting method of claim 1, Wherein the 
second step is performed While the space betWeen the circuit 
board and the semiconductor chip is varied. 

7. The ?ip chip mounting method of claim 1, Wherein the 
?rst step is performed by supplying the resin containing the 



US 2009/0115071Al 

conductive particles and the gas bubble generating agent onto 
the circuit board and then disposing the semiconductor chip 
on a surface of the resin. 

8. The ?ip-chip mounting method of claim 1, Wherein the 
fourth step is performed by heating the resin to thermally cure 
the resin. 

9. The ?ip chip mounting method of claim 1, further com 
prising, after the fourth step, the step of: 

supplying an under?ll material into the space betWeen the 
circuit board and the semiconductor chip and then cur 
ing the under?ll material. 

10. The ?ip chip mounting method of claim 1, Wherein the 
semiconductor chip having the plurality of electrode termi 
nals has a structure in Which a semiconductor bare chip is 
mounted on an interposer having the plurality of electrode 
terminals. 

11. A method for connecting substrates by disposing a 
second substrate having a plurality of electrodes in facing 
relation to a ?rst substrate having a plurality of electrodes and 
providing electrical connection betWeen the electrodes of the 
?rst substrate and the electrodes of the second substrate, the 
method comprising: 

a ?rst step of supplying a resin containing conductive par 
ticles and a gas bubble generating agent into a space 
betWeen the ?rst substrate and the second substrate; 

a second step of heating the resin to generate gas bubbles 
from the gas bubble generating agent contained in the 
resin; 

a third step of pressing the second substrate against the ?rst 
substrate; and 

a fourth step of curing the resin, Wherein 
in the second step, the resin is pushed toWard the outside of 

the gas bubbles generated from the gas bubble generat 
ing agent by groWth of the gas bubbles and self-as 
sembled betWeen the electrodes of the ?rst substrate and 
the electrodes of the second substrate, 

in the third step, the conductive particles contained in the 
resin self-assembled betWeen the electrodes come in 
contact With each other to provide electrical connection 
betWeen the electrodes, and 
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in the fourth step, the resin self-assembled betWeen the 
electrodes is cured to ?x the ?rst substrate to the second 
substrate. 

12. The method of claim 11, Wherein the gas bubble gen 
erating agent is composed of a material Which boils When the 
resin is heated. 

13. The method of claim 11, Wherein the second step is 
performed While varying the space betWeen the ?rst substrate 
and the second substrate. 

14. The method of claim 11, Wherein the ?rst step is per 
formed by supplying the resin containing the conductive par 
ticles and the gas bubble generating agent onto the ?rst sub 
strate and then disposing the second substrate on a surface of 
the resin. 

15. The method of claim 11, further comprising, after the 
fourth step, the step of: 

supplying an under?ll material into the space betWeen the 
?rst substrate and the second substrate and then curing 
the under?ll material. 

16. A ?ip chip mounting body comprising a circuit board 
having a plurality of connecting terminals and a semiconduc 
tor chip having a plurality of electrode terminals and disposed 
in facing relation to the circuit board such that the connecting 
terminals of the circuit board are electrically connected to the 
electrode terminals of the semiconductor chip, Wherein 

the connecting terminals are electrically connected to the 
electrode terminals by supplying a resin containing con 
ductive particles and a gas bubble generating agent into 
a space betWeen the circuit board and the semiconductor 
chip, causing the resin to be self-assembled betWeen the 
connecting terminals and the electrode terminals, and 
bringing the conductive particles in the self-assembled 
resin into contact With each other. 

17. The ?ip chip mounting body of claim 16, Which is ?xed 
With an under?ll material supplied into the space betWeen the 
circuit board and the semiconductor chip. 

18. (canceled) 
19. (canceled) 


