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body including the semiconductor device are provided in 

MINNEAPOLIS’ MN 55402-0903 (Us) Which the semiconductor device can be easily connected to 
a circuit board With high reliability. An aluminum electrode 
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' TRIAL CO LTD OSAKA (JP) the IC substrate so as to cover the peripheral portion of the 
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ecution application (CPA) ?led under 37 num oxide ?lm~ is formed on the surface of the aluminum 
CFR 153w) electrode that is exposed around the bump electrode. A 

conductive adhesive is applied as a bonding layer to the tip 
(21) APPL NO: 09 /197’334 portion of the bump electrode of the semiconductor device 

by a transfer method or a printing method. The semicon 
(22) Filed; NOV_ 19, I998 ductor device is aligned in the face-down state in such a 

manner that the bump electrode abuts on a terminal elec 
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In this state, the conductive adhesive is hardened. A gap 
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ELECTRODE STRUCTURE FOR 
SEMICONDUCTOR DEVICE, METHOD FOR 
FORMING THE SAME, MOUNTED BODY 

INCLUDING SEMICONDUCTOR DEVICE AND 
SEMICONDUCTOR DEVICE 

FIELD OF THE INVENTION 

[0001] The present invention relates to an electrode struc 
ture for a semiconductor device mounted on a circuit board 

and a method for forming the electrode structure, and a 
mounted body including the semiconductor device, and 
more particularly to an electrode structure for a semicon 
ductor device mounted on a circuit board in the face-doWn 
state and a method for forming the electrode structure, and 
a mounted body including the semiconductor device 

BACKGROUND OF THE INVENTION 

[0002] Conventionally, a semiconductor device is often 
mounted on a circuit board by soldering. In recent years, 
hoWever, the package for the semiconductor device has been 
small-siZed and the number of connecting terminals has 
been increased. Consequently, the space betWeen the con 
necting terminals has been reduced. Thus, it has become 
gradually harder to apply the soldering technique according 
to the prior art. 

[0003] A method for directly attaching the semiconductor 
device onto the circuit board to reduce the mounting area so 
that the circuit board can be used ef?ciently has been 
proposed. In particular, the folloWing mounting method is 
considered effective because the mechanical strength 
obtained after connecting the semiconductor device to the 
circuit board is great and direct connection can be performed 
(for example, “Microelectronics Packaging Handbook; 
Nikkei BP published on Mar. 27, 1991”). According to the 
above-mentioned method, a semiconductor device having an 
electrode structure is manufactured in Which a deposited 
?lm such as an adherence metal or a diffusion preventive 
metal is formed on an aluminum electrode in advance When 
connecting the semiconductor device to the circuit board and 
a bump electrode made of a solder is formed on the 
deposited ?lm by a plating method, and the semiconductor 
device is provided on the circuit board in the face-doWn state 
and heated at a high temperature so that the solder (bump 
electrode) and the terminal electrode of the circuit board are 
fused. 

[0004] According to this method for forming the bump 
electrode, the electrode structure is complicated so that a lot 
of steps are necessary. For this reason, a method for easily 
forming the bump electrode on the aluminum electrode of 
the semiconductor device by using the Wire bonding tech 
nique has been proposed (for eXample, Japanese Unexam 
ined Patent Application No. 49-52973). 

[0005] An eXample of the electrode structure for a semi 
conductor device and a method for forming the electrode 
structure and the mounted body including the semiconductor 
device according to the prior art Will be described beloW 
With reference to the draWings. FIG. 3 is a sectional vieW 
shoWing the electrode structure for the semiconductor 
device according to the prior art. FIG. 4 is a sectional vieW 
shoWing the mounted body including the semiconductor 
device according to the prior art. 

Aug. 16, 2001 

[0006] As shoWn in FIG. 3, an aluminum electrode 11 is 
formed on an IC substrate 10. A passivation ?lm 13 is 
formed on the IC substrate 10 so as to cover the peripheral 
portion of the aluminum electrode 11. Abump electrode 12 
is formed on the aluminum electrode 11 by a Wire bonding 
method. 

[0007] As shoWn in FIG. 4, the semiconductor device 
having the bump electrode 12 is aligned in the face-doWn 
state in such a manner that the bump electrode 12 closely 
comes in contact With a terminal electrode 15 of a circuit 
board 14, and is provided on the circuit board 14. The bump 
electrode 12 and the terminal electrode 15 are fused together 
by thermo-compression bonding or ultrasonic Welding. 
Thus, a mounted body including the semiconductor device 
is obtained. 

[0008] HoWever, the semiconductor device having the 
above-mentioned electrode structure and the mounted body 
including the semiconductor device have the folloWing 
problems. 

[0009] More speci?cally, the aluminum electrode is 
eXposed around the bump electrode. For this reason, if Water 
eXists in the eXposed aluminum electrode portion, there is a 
possibility that aluminum ?oWs out in a comparatively short 
time so that the semiconductor device is not electrically 
conducted to the circuit board. In order to enhance the 
reliability of a junction, it has been proposed to ?ll a gap 
betWeen the semiconductor device and the circuit board With 
an insulating resin. In this case, hoWever, there is a possi 
bility that impurity ions such as chlorine contained in the 
insulating resin promote the corrosion of the aluminum 
electrode so that the semiconductor device is not electrically 
conducted to the circuit board. In the case Where an organic 
board such as a glass epoXy board is used for light Weight 
and loW cost, the corrosion of the aluminum electrode 
becomes more serious because the organic board is gener 
ally permeable to Water and a lot of impurity ions are present 
in the organic board. 

SUMMARY OF THE INVENTION 

[0010] In order to solve the above-mentioned problems in 
the prior art, it is an object of the present invention to 
provide an electrode structure for a semiconductor device 
and a method for forming the electrode structure and a 
mounted body including the semiconductor device in Which 
the semiconductor device can be easily connected to a 
circuit board reliably. 

[0011] To accomplish the above-mentioned object, the 
present invention provides an electrode structure for a 
semiconductor device Which is suitable for mounting on a 
circuit board in the face-doWn state, comprising a bump 
electrode formed on an aluminum electrode of the semicon 
ductor device; and an aluminum oXide ?lm suf?cient for the 
prevention of corrosion of the aluminum electrode, Which is 
formed on a surface of the aluminum electrode eXposed 
around the bump electrode. According to the electrode 
structure for the semiconductor device, the aluminum elec 
trode is not corroded due to Water and impurity ions When 
mounting the semiconductor device on the circuit board. 

[0012] In the electrode structure for a semiconductor 
device according to the present invention, it is preferable 
that the aluminum oXide ?lm for the prevention of corrosion 
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should be obtained by further oxidizing a natural oxide ?lm 
on the surface of the aluminum electrode. 

[0013] In the electrode structure for a semiconductor 
device according to the present invention, it is preferable 
that the thickness of the aluminum oxide ?lm should be 5 to 
20% of the thickness of the aluminum electrode. According 
to the preferred example, a practical electrode structure for 
the semiconductor device can be obtained. In other Words, 
the thickness of the aluminum oxide ?lm Which is smaller 
than 5% of the thickness of the aluminum electrode is not 
practical because it is very hard to form the aluminum oxide 
?lm densely. Furthermore, the thickness of the aluminum 
oxide ?lm Which is greater than 20% of the thickness of the 
aluminum electrode is not practical because the resistance 
value of the aluminum electrode portion is increased too 
much. 

[0014] In the electrode structure for a semiconductor 
device according to the present invention, it is preferable 
that the thickness of the aluminum oxide ?lm should be 0.05 
to 0.2 pm. According to the preferred example, a practical 
electrode structure for the semiconductor device can be 
obtained. In general, the thickness of the aluminum elec 
trode is about 1 pm. Consequently, the aluminum oxide ?lm 
having a thickness of 5 to 20% of the thickness of the 
aluminum electrode can be obtained. 

[0015] In the electrode structure for a semiconductor 
device according to the present invention, it is preferable 
that the bump electrode should be made of Au. According to 
the preferred example, the surface of the bump electrode is 
not oxidiZed at the step of forming an oxide ?lm on the 
aluminum electrode of the semiconductor device. Accord 
ingly, the bump electrode made of Au is convenient for the 
folloWing bonding step. The reason is that if an oxide ?lm 
is formed betWeen the bonding layer and the surface of the 
bump electrode, a good electrical conduction cannot be 
obtained. 

[0016] The present invention provides a method for form 
ing an electrode structure for a semiconductor device Which 
is mounted on a circuit board in the face-doWn state, 
comprising the steps of forming a bump electrode on an 
aluminum electrode of the semiconductor device; and form 
ing an aluminum oxide ?lm suf?cient for the prevention of 
corrosion on a surface of the aluminum electrode that is 
exposed around the bump electrode. According to the 
method for forming the electrode structure for a semicon 
ductor device, it is possible to obtain a semiconductor device 
in Which the aluminum oxide ?lm for the prevention of 
corrosion is formed on the surface of the aluminum elec 
trode. As a result, the aluminum electrode is not corroded 
due to Water and impurity ions When mounting the semi 
conductor device on the circuit board. 

[0017] In the method for forming the electrode structure 
for a semiconductor device according to the present inven 
tion, it is preferable that the bump electrode should be 
formed by a Wire bonding method using a Au Wire. For 
example, the bump electrode is formed by the Wire bonding 
method in the folloWing manner. First of all, the tip of the Au 
Wire is fused by thermal energy to form a Au ball. Then, the 
Au ball formed on the tip of the Au Wire is put on the 
aluminum electrode. Thereafter, a pressure of about 50 g is 
applied to the Au ball formed on the tip of the Au Wire at a 
temperature of about 150° C. so as to be bonded onto the 
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aluminum electrode by pressure. Finally, the Au Wire is 
pulled upWard. After the above-mentioned steps, the bump 
electrode made of Au is formed on the aluminum electrode. 
According to the preferred example, the bump electrode can 
be formed directly on the aluminum electrode (a general 
electrode material) of the semiconductor device. Conse 
quently, the bump electrode can be formed easily on the 
general purpose semiconductor device. 

[0018] In the method for forming the electrode structure 
for a semiconductor device according to the present inven 
tion, it is preferable that the aluminum oxide ?lm should be 
formed by exposing the semiconductor device having the 
bump electrode formed thereon to the high-temperature 
state. According to the preferred example, the aluminum 
oxide ?lm can be formed ef?ciently in a short time. In this 
case, the high-temperature state should have a temperature 
of 200 to 300° C. According to the preferred example, this 
temperature range does not have a bad in?uence on the 
semiconductor device itself, that is, disconnection of an 
internal Wiring or the like. Consequently, the aluminum 
oxide ?lm can be formed efficiently in a short time. Fur 
thermore, it is preferable that the aluminum oxide ?lm 
should be formed simultaneously at the step of forming the 
bump electrode at a temperature of 200 to 300° C. According 
to the preferred example, the steps of forming the electrode 
structure for the semiconductor device can be simpli?ed. 

[0019] In the method for forming the electrode structure 
for a semiconductor device according to the present inven 
tion, the aluminum oxide ?lm should be formed by immers 
ing the semiconductor device having the bump electrode 
formed thereon in ammonium persulfate or hydrogen per 
oxide. According to this preferred example, the aluminum 
oxide ?lm can be formed ef?ciently in a short time. 

[0020] The present invention provides a mounted body 
including a semiconductor device, comprising a circuit 
board having a terminal electrode and a semiconductor 
device mounted on the circuit board in the face-doWn state, 
a bump electrode formed on an aluminum electrode of the 
semiconductor device and an aluminum oxide ?lm suf?cient 
for the prevention of corrosion that is formed on the surface 
of the aluminum electrode exposed around the bump elec 
trode, the bump electrode being electrically connected to the 
terminal electrode on the circuit board through a bonding 
layer. With the present mounted body including a semicon 
ductor device, the aluminum electrode is not corroded due to 
Water and impurity ions. As a result, there is no possibility 
that the semiconductor is not electrically conducted to the 
circuit board. Consequently, a mounted body including a 
semiconductor device having high reliability can be 
obtained. 

[0021] In the structure for the mounted body including a 
semiconductor device according to the present invention, it 
is preferable that the circuit board should be formed from a 
board including an organic material. According to the pre 
ferred example, the folloWing functions and effects can be 
obtained. Recently, a board containing an organic material 
such as a glass epoxy board, a paper phenol board or the like 
has been used as a circuit board for light Weight and loW 
cost. This kind of board is permeable to Water and contains 
a lot of impurity ions therein. HoWever, the aluminum oxide 
?lm for the prevention of corrosion is formed on the surface 
of the aluminum electrode that is exposed around the bump 
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electrode. Consequently, the aluminum electrode is not 
corroded due to Water and impurity ions. According to the 
preferred example, it is possible to prevent the corrosion of 
the aluminum electrode While obtaining a reduction in 
Weight and cost of the semiconductor device. 

[0022] In the structure for the mounted body including a 
semiconductor device according to the present invention, it 
is preferable that the aluminum oxide ?lm for the prevention 
of corrosion should be obtained by further oxidiZing a 
natural oxide ?lm on the surface of the aluminum electrode. 

[0023] In the structure for the mounted body including a 
semiconductor device according to the present invention, it 
is preferable that the bonding layer should be made of a 
conductive adhesive. The conductive adhesive is obtained 
by mixing an organic binder, Which contributes to adhesion, 
and a conductive ?ller, Which contributes to electric con 
duction. An epoxy resin, a polyimide resin and the like are 
used as the organic binder. Ag, Cu, Au, Pd, Ni and the like 
having a mean volume particle diameter of 2 to 5 pm are 
used as a conductive ?ller In the case Where the epoxy resin 
is used as the organic binder, the content of the conductive 
?ller is 60 to 70% by Weight. An amine hardening agent or 
a phenol hardening agent is used. In the case Where the 
polyimide resin is used as the organic binder, the content of 
the conductive ?ller is 60 to 90% by Weight and the 
hardening temperature is about 200° C. According to the 
preferred example, the thermal stress on the junction caused 
by the mismatching of physical property values (in particu 
lar, coef?cients of thermal expansion) of the semiconductor 
device and the circuit board is relaxed. Thus, the mounted 
body including a semiconductor device can be obtained With 
high reliability. The reason is that the conductive adhesive 
has excellent relaxation ability in stress because it is gen 
erally softer than an inorganic material such as a solder. 

[0024] In the structure for the mounted body including a 
semiconductor device according to the present invention, it 
is preferable that the bonding layer should be made of a 
solder. According to the preferred example, the semicon 
ductor device can be mounted at the same steps as the 
mounting of parts other than the semiconductor device, for 
example, a chip resistor, a chip capacitor and the like. As a 
result, the semiconductor device can also be mounted at the 
re?oW soldering step together With other parts than the 
semiconductor device. Consequently, the process can be 
simpli?ed. 

[0025] In the structure for the mounted body including a 
semiconductor device according to the present invention, it 
is preferable that a gap betWeen the semiconductor device 
and the circuit board should be ?lled With an insulating 
resin. An example of the insulating resin is an epoxy resin. 
According to the preferred example, the junction of the 
semiconductor device and the semiconductor device itself 
can be protected. In particular, the in?uence of Water under 
high humidity conditions, such as the degradation of the 
junction or the failure of the semiconductor device, can be 
eliminated. 

[0026] In the structure for the mounted body including a 
semiconductor device according to the present invention, it 
is preferable that the thickness of the aluminum oxide ?lm 
should be 5 to 20% of the thickness of the aluminum 
electrode. 
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[0027] In the structure for the mounted body including a 
semiconductor device according to the present invention, it 
is preferable that the thickness of the aluminum oxide ?lm 
should be 0.05 to 0.2 pm. 

[0028] In the structure for the mounted body including a 
semiconductor device according to the present invention, it 
is preferable that the bump electrode should be made of Au. 

[0029] The present invention provides a semiconductor 
device suitable for mounting on a circuit board, comprising 
an aluminum electrode; a bump electrode formed on the 
aluminum electrode; and an aluminum oxide ?lm suf?cient 
for the prevention of corrosion of the aluminum electrode, 
Which is formed on a surface of the aluminum electrode 
exposed around the bump electrode. 

[0030] According to the electrode structure for the semi 
conductor device of the present invention, the aluminum 
electrode is not corroded due to Water and impurity ions 
When mounting the semiconductor device on the circuit 
board. 

[0031] According to the method for forming the electrode 
structure for the semiconductor device of the present inven 
tion, the semiconductor device in Which the aluminum oxide 
?lm is formed on the surface of the aluminum electrode is 
obtained. As a result, the aluminum electrode is not corroded 
due to Water and impurity ions When mounting the semi 
conductor device on the circuit board. 

[0032] According to the mounted body including the 
semiconductor device of the present invention, the alumi 
num electrode is not corroded due to Water and impurity 
ions. As a result, possibility that the semiconductor device is 
not electrically conducted to the circuit board is greatly 
reduced. Consequently, it is possible to obtain the mounted 
body including the semiconductor device Which is very 
stable and reliable. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0033] FIG. 1 is a sectional vieW shoWing an electrode 
structure for a semiconductor device according to an 
embodiment of the present invention; 

[0034] FIG. 2 is a sectional vieW shoWing a mounted body 
including the semiconductor device according to the 
embodiment of the present invention; 

[0035] FIG. 3 is a sectional vieW shoWing an electrode 
structure for the semiconductor device according to the prior 
art; and 

[0036] FIG. 4 is a sectional vieW shoWing a mounted body 
including the semiconductor device according to the prior 
art. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0037] A preferred embodiment of the present invention 
Will be described beloW. 

[0038] FIG. 1 is a sectional vieW shoWing an electrode 
structure for a semiconductor device according to an 
embodiment of the present invention. FIG. 2 is a sectional 
vieW shoWing a mounted body including the semiconductor 
device according to the embodiment of the present inven 
tion. 
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[0039] As shown in FIG. 1, an aluminum electrode 2 is 
formed on an IC substrate 1. A passivation ?lm 5 made of 
SiO2 is formed on the IC substrate 1 so as to cover the 
peripheral portion of the aluminum electrode 2. A bump 
electrode 3 is formed on the aluminum electrode 2 by a Wire 
bonding method. The aluminum electrode 2 has an alumi 
num oxide ?lm 4 formed on the surface Which is exposed 
around the bump electrode 3. If the aluminum oxide ?lm 4 
is formed on the surface of the aluminum electrode 2 that is 
exposed around the bump electrode 3, the aluminum elec 
trode 2 that is not corroded due to Water and impurity ions 
When the semiconductor device is mounted on the circuit 
board. The bump electrode 3 is generally formed by the Wire 
bonding method at a comparatively loW temperature of 
about 150° C. The IC substrate 1 having about 100 alumi 
num electrodes 2 only passes through a heat history at a 
temperature of 150° C. for a very short time of about 10 secs. 
For this reason, a natural oxide ?lm formed on the surface 
of the aluminum electrode 2 during Wire bonding has a 
thickness of about 0.01 pm and is porous, and is not 
sufficient to prevent the corrosion of the aluminum electrode 
2. 

[0040] It is preferable that the thickness of the aluminum 
oxide ?lm 4 should be 5 to 20% of the thickness of the 
aluminum electrode 2. In general, the thickness of the 
aluminum electrode 2 of the semiconductor device is about 
1 pm. In this case, it is suf?cient that the thickness of the 
aluminum oxide ?lm 4 is about 0.1 pm. If the aluminum 
oxide ?lm 4 is dense (there is no pin hole), the thickness of 
the aluminum oxide ?lm 4 may be smaller, that is, about 
0.05 pm. The thickness of the aluminum oxide ?lm 4 Which 
is smaller than 5% of the thickness of the aluminum elec 
trode 2, that is, 0.05 pm, is not practical because it is very 
hard to form the aluminum oxide ?lm 4 densely. Further 
more, the thickness of the aluminum oxide ?lm 4 Which is 
greater than 20% of the thickness of the aluminum electrode 
2, that is, 0.2 pm, is not practical because the resistance 
value of the aluminum electrode portion is increased too 
much. 

[0041] By Way of example, the aluminum oxide ?lm 4 can 
be formed by exposing the IC substrate 1 having the bump 
electrode 3 provided thereon to the high-temperature state 
(for example, 300° C.) in the air. More speci?cally, the 
aluminum oxide ?lm 4 can be formed by a thermal oxidation 
method. Thus, the aluminum oxide ?lm 4 can be formed 
ef?ciently in a short time by using the thermal oxidation 
method. In this case, it is preferable that the high-tempera 
ture state should have a temperature of 200 to 300° C. 

[0042] It is preferable that the bump electrode 3 should be 
made of Au. The bump electrode 3 made of Au is convenient 
for the folloWing bonding step because the surface of the 
bump electrode 3 is not oxidiZed at the step of forming an 
oxide ?lm on the aluminum electrode 2. This is important 
because if an oxide ?lm is formed betWeen the bonding layer 
and the surface of the bump electrode 3, a good electric 
conduction cannot be obtained. In this case, the bump 
electrode 3 can be directly formed on the aluminum elec 
trode (a general electrode material) 2 by the Wire bonding 
method using a Au Wire in the same manner as in the present 
embodiment. Consequently, the bump electrode can be 
easily formed on a general purpose semiconductor device. In 
general, the bump electrode is formed by a plating method. 
In this case, a thin ?lm such as an adherence layer or a 
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diffusion preventive layer is formed on the aluminum elec 
trode and the bump electrode is then formed on the thin ?lm. 
For this reason, the complicated process and apparatus are 
required. 
[0043] The formation of the bump electrode 3 by the Wire 
bonding method Will be brie?y described beloW. First of all, 
the tip of the Au Wire is fused by thermal energy to form a 
Au ball. Then, the Au ball formed on the tip of the Au Wire 
is put on the aluminum electrode. Thereafter, a pressure of 
about 50 g is applied to the Au ball formed on the tip of the 
Au Wire at a temperature of about 150° C. so as to be bonded 
onto the aluminum electrode by pressure. Finally, the Au 
Wire is pulled upWard. After these steps, the bump electrode 
3 made of Au is formed on the aluminum electrode 2. By 
setting a heating temperature to the high-temperature state 
during Wire bonding, that is, 200 to 300° C., the bump 
electrode 3 can be formed on the aluminum electrode 2 and 
the aluminum oxide ?lm 4 can be formed on the surface of 
the aluminum electrode 2 that is exposed around the bump 
electrode 3. If the bump electrode 3 and the aluminum oxide 
?lm 4 are formed at the same time, the step of forming the 
electrode structure for the semiconductor device can be 
simpli?ed. 
[0044] The method for manufacturing the mounted body 
including the semiconductor device Will be described beloW. 
As shoWn in FIG. 2, a conductive adhesive 8 is applied as 
a bonding layer to the tip portion of the bump electrode 3 of 
the semiconductor device having the above-mentioned 
structure by a transfer method or a printing method. Then, 
the semiconductor device is aligned in the face-doWn state 
in such a manner that the bump electrode 3 abuts on the 
terminal electrode 7 of the circuit board 6. Then, the 
semiconductor device is mounted on the circuit board 6. 
When the conductive adhesive 8 is hardened in this state, the 
IC substrate 1 can be electrically connected to the circuit 
board 6. Finally, a gap betWeen the IC substrate 1 and the 
circuit board 6 is ?lled With an insulating resin 9 such as an 
epoxy resin so that the mounted body including the semi 
conductor device can be obtained. By ?lling the gap betWeen 
the IC substrate 1 and the circuit board 6 With the insulating 
resin 9, the junction betWeen the board and the IC substrate 
1 and the IC substrate 1 itself can be protected. In particular, 
it is possible to eliminate the in?uence of Water at a high 
humidity, that is, the degradation of the junction and the 
failure of the semiconductor device. In the mounted body 
including the semiconductor device, the abovementioned IC 
substrate 1, that is, the IC substrate 1 in Which the surface is 
exposed around the bump electrode 3; is used and has the 
aluminum oxide ?lm 4 formed thereon. Therefore, the 
aluminum electrode 2 is not corroded due to Water and 
impurity ions. As a result, there is a greatly reduced possi 
bility that the IC substrate 1 is not electrically conducted to 
the circuit board 6. Consequently, it is possible to obtain the 
mounted body including the semiconductor device With high 
reliability. In addition, it is possible to use, for the circuit 
board 6, an organic board such as a glass epoxy board Which 
is permeable to Water and contains a lot of impurity ions. 
Consequently, the Weight and siZe of the semiconductor 
device can be reduced. An epoxy resin Which is generally 
used as the insulating resin 9 is closely bonded to the metal 
surface by causing a hydroxyl group in the resin to generate 
hydrogen bonding With an oxide on the metal surface. By 
using a structure in Which the aluminum oxide ?lm 4 is 
formed on the surface of the aluminum electrode 2 exposed 
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around the bump electrode 3 as in the present embodiment, 
the adhesion strength on an interface betWeen the insulating 
resin 9 and the aluminum electrode 2 is enhanced. Thus, the 
sealing effect of the insulating resin 9 can be enhanced still 
more. 

[0045] If the conductive adhesive 8 is used as a bonding 
layer, the thermal stress on the junction caused by the 
mismatching of physical property values (in particular, 
coef?cients of thermal expansion) of the IC substrate 1 With 
the circuit board 6 is relaxed so that the mounted body 
including the semiconductor device can be obtained With 
high reliability. The reason is that the conductive adhesive 
has excellent relaxation ability in stress because it is softer 
than an inorganic material such as a solder. The conductive 
adhesive is obtained by mixing an organic binder Which 
contributes to adhesion With a conductive ?ller Which con 
tributes to electric conduction. An epoxy resin, a polyimide 
resin and the like are used as the organic binder. Ag, Cu, Au, 
Pd, Ni and the like Which have a mean volume particle 
diameter of 2 to 5 pm are used as the conductive ?ller. If the 
epoxy resin is used for the organic binder, the content of the 
conductive ?ller is 60 to 70% by Weight and amine and 
phenol hardening agents are used. If the polyimide resin is 
used as the organic binder, the content of the conductive 
?ller is 60 to 90% by Weight and the hardening temperature 
is about 200° C. 

[0046] In the present embodiment, the bump electrode 3 is 
formed by the Wire bonding method, Which should not be 
construed as being restricted. If the bump electrode 3 is 
directly formed on the aluminum electrode 2, an electroless 
plating method may be used. 

[0047] While the conductive adhesive 8 is formed as the 
bonding layer on the bump electrode 3 by the transfer 
method or the printing method, the bonding layer instead 
may be formed on the terminal electrode 7 of the circuit 
board 6 in advance. 

[0048] While the conductive adhesive 8 is used as the 
bonding layer in the present embodiment, other bonding 
materials such as a solder may be used. In particular, if the 
solder is used as the bonding layer, the semiconductor device 
can be mounted at the same steps as the mounting of parts 
other than the semiconductor device, for example, a chip 
resistor, a chip capacitor and the like. As a result, the 
semiconductor device can collectively be mounted at the 
re?oW soldering step together With parts other than the 
semiconductor device. Consequently, the process can be 
simpli?ed. 
[0049] While the aluminum oxide ?lm 4 is formed by the 
thermal oxidation method in the present embodiment, 
another method for oxidiZing the surface of the aluminum 
electrode 2 may be used. As one example, the semiconductor 
device having the bump electrode 3 formed thereon is 
immersed in ammonium persulfate or hydrogen peroxide so 
as to form the aluminum oxide ?lm 4. 

[0050] While the semiconductor device Which is mounted 
on the circuit board in the face-doWn state has been 
described as an example in the present embodiment, the 
present invention can be applied to the case Where other 
mounting methods are used. 

[0051] The invention may be embodied in other forms 
Without departing from the spirit or essential characteristics 
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thereof. The embodiments disclosed in this application are to 
be considered in all respects as illustrative and not restric 
tive, the scope of the invention is indicated by the appended 
claims rather than by the foregoing description, and all 
changes Which come Within the meaning and range of 
equivalency of the claims are intended to be embraced 
therein. 

What is claimed is: 
1. An electrode structure for a semiconductor device 

Which is suitable for mounting on a circuit board in the 
face-doWn state, comprising: 

a bump electrode formed on an aluminum electrode of 
said semiconductor device; and 

an aluminum oxide ?lm suf?cient for the prevention of 
corrosion of the aluminum electrode, Which is formed 
on a surface of said aluminum electrode exposed 
around said bump electrode. 

2. The electrode structure for a semiconductor device as 
de?ned in claim 1, Wherein said aluminum oxide ?lm for the 
prevention of corrosion is obtained by further oxidiZing a 
natural oxide ?lm on the surface of said aluminum electrode. 

3. The electrode structure for a semiconductor device as 
de?ned in claim 1, Wherein the thickness of said aluminum 
oxide ?lm is 5 to 20% of the thickness of said aluminum 
electrode. 

4. The electrode structure for a semiconductor device as 
de?ned in claim 1, Wherein the thickness of said aluminum 
oxide ?lm is 0.05 to 0.2 pm. 

5. The electrode structure for a semiconductor device as 
de?ned in claim 1, Wherein said bump electrode is made of 
Au. 

6. A method for forming an electrode structure for a 
semiconductor device Which is to be mounted on a circuit 
board in the face-doWn state, comprising the steps of: 

forming a bump electrode on an aluminum electrode of 
said semiconductor device; and 

forming an aluminum oxide ?lm suf?cient for the pre 
vention of corrosion on a surface of said aluminum 
electrode that is exposed around said bump electrode. 

7. The method for forming an electrode structure for a 
semiconductor device as de?ned in claim 6, Wherein the 
bump electrode is formed by a Wire bonding method using 
a Au Wire. 

8. The method for forming an electrode structure for a 
semiconductor device as de?ned in claim 6, Wherein said 
aluminum oxide ?lm is formed by exposing said semicon 
ductor device having said bump electrode formed thereon to 
the high-temperature state. 

9. The method for forming an electrode structure for a 
semiconductor device as de?ned in claim 8, Wherein the 
high-temperature state has a temperature of 200 to 300° C. 

10. The method for forming an electrode structure for a 
semiconductor device as de?ned in claim 9, Wherein said 
aluminum oxide ?lm is formed simultaneously at the step of 
forming the bump electrode at a temperature of 200 to 300° 
C. 

11. The method for forming an electrode structure for a 
semiconductor device as de?ned in claim 6, Where said 
aluminum oxide ?lm is formed by immersing said semicon 
ductor device having said bump electrode formed thereon in 
ammonium persulfate or hydrogen peroxide. 
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12. A mounted body including a semiconductor device, 
comprising a circuit board having a terminal electrode and 
a semiconductor device mounted on said circuit board in the 
facedoWn state, a bump electrode formed on an aluminum 
electrode of said semiconductor device and an aluminum 
oXide ?lm suf?cient for the prevention of corrosion Which is 
formed on the surface of said aluminum electrode eXposed 
around said bump electrode, the bump electrode being 
electrically connected to said terminal electrode on said 
circuit board through a bonding layer. 

13. The mounted body including a semiconductor device 
as de?ned in claim 12, Wherein said circuit board is formed 
from a board including an organic material. 

14. The mounted body including a semiconductor device 
as de?ned in claim 12, Wherein said aluminum oXide ?lm for 
the prevention of corrosion is obtained by further oXidiZing 
a natural oXide ?lm on the surface of said aluminum 
electrode. 

15. The mounted body including a semiconductor device 
as de?ned in claim 12, Wherein said bonding layer is made 
of a conductive adhesive. 

16. The mounted body including a semiconductor device 
as de?ned in claim 12, Wherein said bonding layer is made 
of a solder. 
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17. The mounted body including a semiconductor device 
as de?ned in claim 12, Wherein a gap betWeen said semi 
conductor device and said circuit board is ?lled With an 
insulating resin. 

18. The mounted body including a semiconductor device 
as de?ned in claim 12, Wherein the thickness of said 
aluminum oXide ?lm is 5 to 20% of the thickness of said 
aluminum electrode. 

19. The mounted body including a semiconductor device 
as de?ned in claim 12, Wherein the thickness of said 
aluminum oXide ?lm is 0.05 to 0.2 pm. 

20. The mounted body including a semiconductor device 
as de?ned in claim 12, Wherein said bump electrode is made 
of Au. 

21. A semiconductor device suitable for mounting on a 
circuit board, comprising: 

an aluminum electrode; 

a bump electrode formed on said aluminum electrode; and 

an aluminum oXide ?lm suf?cient for the prevention of 
corrosion of said aluminum electrode, Which is formed 
on a surface of said aluminum electrode eXposed 
around said bump electrode. 

* * * * * 


