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(57) ABSTRACT 

After a copper diffusion preventing ?lm 4 is formed on a 

copper pad 1, a barrier metal including a titanium ?lm 5, a 
nickel ?lm 6, and a palladium ?lm 7 is formed on the copper 
diffusion preventing ?lm 4. The copper diffusion preventing 
?lm formed on the copper pad suppresses diffusion of 
copper. Even When a solder bump is formed on the copper 
pad, diffusion of tin in the solder and copper is suppressed. 
This prevents formation of an intermetallic compound 
betWeen copper and tin, so no interface de-adhesion or 

delamination occurs and a highly reliable connection is 
obtained. This structure can be realized by a simple fabri 
cation process unlike a method of forming a thick barrier 

metal by electroplating. In this invention, high shear strength 
can be ensured by connecting a solder bump, gold Wire, or 
gold bump to a copper pad Without increasing the number of 
fabrication steps. 
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SEMICONDUCTOR DEVICE AND METHOD OF 
FABRICATING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a semiconductor 
device and, more particularly, to a device having a copper 
pad and a method of fabricating the same. 

[0002] Recently, in the ?eld of semiconductor devices, 
Wiring layers in a semiconductor chip are formed by using 
copper, instead of aluminum, for reasons of preventing 
signal delay and the like. In this case, pads formed on the 
surface of a semiconductor chip are also formed using 
copper like copper Wiring. 

[0003] The folloWing three methods are used to mount a 
semiconductor chip on a Wiring substrate and electrically 
connect them. 

[0004] The ?rst method is generally called ?ip chip 
mounting by Which a semiconductor chip is mounted in a 
vertically inverted state on a Wiring substrate. Solder bumps 
are formed on copper pads of the semiconductor chip. The 
semiconductor chip is mounted on the Wiring substrate via 
the solder bumps, and a layer of an encapsulating resin is 
formed betWeen them. 

[0005] Solder balls arranged in the form of an array are 
formed on the opposite side of the Wiring substrate and 
connected to a printed circuit board (not shoWn) or the like. 

[0006] A method relevant to the present invention by 
Which a solder bump is formed on a copper pad Will be 
described beloW. 

[0007] FIGS. 18A to 18E shoW a semiconductor device 
fabrication method of forming a copper pad in order of steps. 

[0008] As shoWn in FIG. 18A, a copper pad 101 is formed 
on the surface of a silicon substrate 103. With the surface of 
this copper pad 101 eXposed, the silicon substrate 103 is 
covered With a passivation ?lm 102. 

[0009] As shoWn in FIG. 18B, a titanium ?lm 104, a 
nickel ?lm 105, and a palladium ?lm 106 are stacked in this 
order on the entire Wafer surface by sputtering or evapora 
tion, thereby forming a barrier metal. 

[0010] As shoWn in FIG. 18C, this barrier metal is coated 
With a resist, and a hole is formed to obtain a resist ?lm 107. 
In this hole, solder plating is formed as a loW-melting metal 
?lm 108 for forming a projecting electrode. 

[0011] As shoWn in FIG. 18D, the resist ?lm 107 is 
removed, and the Pd/Ni/T i ?lms 104, 105, and 106 forming 
the barrier metal are etched. 

[0012] The Whole semiconductor Wafer is coated With a 
?uX and heated in a nitrogen atmosphere to re?oW the solder. 

[0013] The second method is Wire bonding. As shoWn in 
FIG. 19, a copper pad 302 is formed on a silicon substrate 
300. With the surface of this copper pad 302 eXposed, the 
silicon substrate 300 is covered With a passivation ?lm 301. 
A gold Wire 304 is connected to the copper pad 302 of this 
semiconductor chip. After this bonding connection, the 
semiconductor chip is mounted on a Wiring substrate and 
encapsulated With a molding resin. 
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[0014] The third method uses TAB (Tape Automated 
Bonding). That is, a gold bump is formed on a pad of a 
semiconductor chip. The semiconductor chip is mounted on 
a metal cap, and a polyimide tape on Which Wiring is formed 
is connected to the gold bump. 

[0015] Unfortunately, the aforementioned semiconductor 
devices have the folloWing problems. As described above, a 
copper pad of a semiconductor chip is subjected to (1) ?ip 
chip mounting using a solder bump, (2) connection by 
bonding to a gold Wire, or (3) TAB mounting using a gold 
bump. The problems of these methods Will be separately 
described beloW. 

[0016] (1) To form a solder bump on a copper pad, a metal 
stacked ?lm is formed to suppress diffusion of tin in the 
solder. HoWever, copper in the copper pad reaches the solder 
through this metal stacked ?lm and forms an intermetallic 
compound of tin and copper. As a consequence, the shear 
strength loWers When the device is left to stand at high 
temperatures. 

[0017] (2) In bonding connection of a copper pad and a 
gold Wire, it is dif?cult to connect gold and copper by 
ultrasonic Waves commonly used. 

[0018] (3) To form a gold bump on a copper pad, a metal 
stacked ?lm is formed to suppress diffusion of gold. HoW 
ever, copper in the copper pad reaches the gold through this 
metal stacked ?lm. Consequently, the shear strength loWers 
by diffusion of the gold and copper. 

[0019] To avoid the problem of item (1) above, a thick 
barrier metal of copper or nickel can be formed on a copper 

pad by electroplating. In this method, hoWever, the number 
of fabrication steps increases by the plating step. 

SUMMARY OF THE INVENTION 

[0020] The present invention has been made in consider 
ation of the above situation, and has as its object to provide 
a semiconductor device capable of ensuring high shear 
strength by connecting a solder bump, gold Wire, or gold 
bump to a copper pad Without increasing the number of 
fabrication steps, and a method of fabricating the same. 

[0021] The present invention is a semiconductor device in 
Which a semiconductor element having a copper pad is 
mounted on a Wiring substrate, comprising a copper diffu 
sion preventing ?lm formed on the surface of the copper pad 
to prevent diffusion of copper, and a metal bump electrically 
connected to the copper pad With the copper diffusion 
preventing ?lm interposed betWeen them, Wherein the semi 
conductor element is mounted on the Wiring substrate via the 
metal bump. 

[0022] The copper diffusion preventing ?lm can contain at 
least one of Ni, Cr, TiN, TaN, Ta, Nb, and WN. 

[0023] The present invention is a semiconductor device in 
Which a semiconductor element having a copper pad is 
mounted on a Wiring substrate, comprising a copper diffu 
sion preventing ?lm formed on the surface of the copper pad 
to prevent diffusion of copper, a metal ?lm formed on the 
surface of the copper diffusion preventing ?lm to improve 
adhesion betWeen the copper diffusion preventing ?lm and 
a metal Wire, and the metal Wire electrically connected to the 
copper pad With the copper diffusion preventing ?lm and the 
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metal ?lm interposed between them, Wherein the semicon 
ductor element is mounted on the Wiring substrate via the 
metal Wire. 

[0024] The copper diffusion preventing ?lm can contain at 
least one of Ni, Cr, TiN, TaN, Ta, Nb, and WN, and the metal 
?lm can contain one of Au and Pd. 

[0025] The metal bump can contain gold, and one of a 
stacked ?lm of Ti, Ni, and Pd, a stacked ?lm of Ti, Ni, and 
Au, a stacked ?lm of TiW and Au, and a stacked ?lm of TiW 
and Pd can be formed betWeen the copper diffusion pre 
venting ?lm and the metal bump. 

[0026] The metal bump can contain solder, and one of a 
stacked ?lm of Ti and Ni, a stacked ?lm of Ti, Ni, and Pd, 
a stacked ?lm of Ti, Ni, and Au, a stacked ?lm of Cr and Ni, 
a stacked ?lm of Cr and Au, a stacked ?lm of Cr, Ni, and Au, 
a stacked ?lm of Cr, Ni, and Pd, a stacked ?lm of Ti and Cu, 
a stacked ?lm of Ti, Cu, and Au, a stacked ?lm of Cr and Cu, 
and a stacked ?lm of Cr, Cu, and Au can be formed betWeen 
the copper diffusion preventing ?lm and the metal bump. 

[0027] The present invention is a method of fabricating a 
semiconductor device in Which a semiconductor element 
having a copper pad is mounted on a Wiring substrate, 
comprising the steps of forming a copper diffusion prevent 
ing ?lm for preventing diffusion of copper on the surface of 
the copper pad, forming a metal bump to be electrically 
connected to the copper pad With the copper diffusion 
preventing ?lm interposed betWeen them, and mounting the 
semiconductor element on the Wiring substrate via the metal 
bump. 

[0028] The present invention is a semiconductor device 
fabrication method of mounting a semiconductor element 
having a copper pad on a Wiring substrate by ?ip chip 
mounting by using a solder bump, comprising the steps of 
forming a copper diffusion preventing ?lm for preventing 
diffusion of copper on the surface of the copper pad, forming 
a metal stacked ?lm for suppressing diffusion of tin con 
tained in a solder bump on the copper diffusion preventing 
?lm, forming the solder bump on the metal stacked ?lm, and 
mounting the semiconductor element on the Wiring substrate 
via the solder bump. 

[0029] The metal stacked ?lm can be one of a stacked ?lm 
of Ti and Ni, a stacked ?lm of Ti, Ni, and Pd, a stacked ?lm 
of Ti, Ni, and Au, a stacked ?lm of Cr and Ni, a stacked ?lm 
of Cr and Au, a stacked ?lm of Cr, Ni, and Au, a stacked ?lm 
of Cr, Ni, and Pd, a stacked ?lm of Ti and Cu, a stacked ?lm 
of Ti, Cu, and Au, a stacked ?lm of Cr and Cu, and a stacked 
?lm of Cr, Cu, and Au. 

[0030] The present invention is a method of fabricating a 
semiconductor device in Which a semiconductor element 
having a copper pad is mounted on a Wiring substrate, 
comprising the steps of forming a copper diffusion prevent 
ing ?lm for preventing diffusion of copper on the surface of 
the copper pad, forming a metal ?lm for improving adhesion 
to a metal Wire on the copper diffusion preventing ?lm, 
electrically connecting the metal Wire to the copper pad With 
the copper diffusion preventing ?lm and the metal ?lm 
interposed betWeen them, and mounting the semiconductor 
element on the Wiring substrate via the metal Wire. 

[0031] The present invention is a method of fabricating a 
semiconductor device in Which a semiconductor element 
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having a copper pad is mounted on a Wiring substrate, 
comprising the steps of forming a copper diffusion prevent 
ing ?lm for preventing diffusion of copper on the surface of 
the copper pad, forming a metal stacked ?lm for preventing 
diffusion of gold on the copper diffusion preventing ?lm, 
forming a gold bump to be electrically connected to the 
copper pad With the copper diffusion preventing ?lm and the 
metal stacked ?lm interposed betWeen them, and mounting 
the semiconductor element on the Wiring substrate via the 
gold bump. 
[0032] In the semiconductor devices and their fabrication 
methods according to the present invention, a copper diffu 
sion preventing ?lm formed on a copper pad suppresses 
diffusion of copper, and this suppresses diffusion of a 
component in a metal bump or metal Wire and copper. 
Therefore, no intermetallic compound of the component in 
the metal bump or metal Wire and copper is formed, so no 
interfacial de-adhesion removal takes place. Accordingly, a 
highly reliable connection is obtained. Additionally, the 
fabrication process can be simpli?ed compared to a method 
of forming a thick barrier metal by electroplating. 

[0033] Also, the present invention is a semiconductor 
device in Which a semiconductor element having a copper 
pad is mounted on a Wiring substrate, comprising a copper 
diffusion preventing ?lm formed on the surface of the copper 
pad to prevent diffusion of copper, an aluminum ?lm formed 
on the surface of the copper diffusion preventing ?lm, and 
a metal Wire electrically connected to the copper pad With 
the copper diffusion preventing ?lm and the aluminum ?lm 
interposed betWeen them, Wherein the semiconductor ele 
ment is mounted on the Wiring substrate via the metal Wire. 

[0034] The device can further comprise a metal ?lm for 
improving adhesion betWeen the copper diffusion prevent 
ing ?lm and the aluminum ?lm. 

[0035] The copper diffusion preventing ?lm can contain at 
least one of Ni, Cr, TiN, TaN, Ta, Nb, and WN. 

[0036] When the device further comprises the metal ?lm, 
this metal ?lm can contain at least one of Ti, Ni, Cr, TiN, 
TaN, Ta, Nb, and WN. 

[0037] The device can further comprise a passivation ?lm 
covering the copper pad or a passivation ?lm covering the 
copper pad and the copper diffusion preventing ?lm. 

[0038] A method of fabricating this semiconductor device 
comprises the steps of forming a copper diffusion preventing 
?lm for preventing diffusion of copper on the surface of the 
copper pad, forming an aluminum ?lm on the copper dif 
fusion preventing ?lm, electrically connecting a metal Wire 
to the copper pad With the copper diffusion preventing ?lm 
and the aluminum ?lm interposed betWeen them, and 
mounting the semiconductor element on the Wiring substrate 
via the metal Wire. 

[0039] The method can further comprise the step of form 
ing a metal ?lm for improving adhesion betWeen the copper 
diffusion preventing ?lm and the aluminum ?lm. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0040] FIGS. 1A to 1F are longitudinal sectional vieWs 
shoWing the structure of a semiconductor device according 
to the ?rst embodiment of the present invention and a 
method of fabricating the same in order of steps; 
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[0041] FIGS. 2A to 2E are longitudinal sectional views 
showing the structure of a modi?cation of the semiconductor 
device according to the ?rst embodiment and a method of 
fabricating the same in order of steps; 

[0042] FIGS. 3A to 3D are longitudinal sectional vieWs 
shoWing the structure of a semiconductor device according 
to the second embodiment of the present invention and a 
method of fabricating the same in order of steps; 

[0043] FIGS. 4A and 4B are longitudinal sectional vieWs 
shoWing the structure of a semiconductor device according 
to the third embodiment of the present invention and a 
method of fabricating the same in order of steps; 

[0044] FIGS. 5A to 5F are longitudinal sectional vieWs 
shoWing the structure of a semiconductor device according 
to the fourth embodiment of the present invention and a 
method of fabricating the same in order of steps; 

[0045] FIGS. 6A to 6C are longitudinal sectional vieWs 
shoWing the structure of a semiconductor device according 
to the ?fth embodiment of the present invention and a 
method of fabricating the same in order of steps; 

[0046] FIGS. 7A to 7D are longitudinal sectional vieWs 
shoWing the structure of a semiconductor device according 
to the siXth embodiment of the present invention and a 
method of fabricating the same in order of steps; 

[0047] FIGS. 8A to SE are longitudinal sectional vieWs 
shoWing the structure of a semiconductor device according 
to the seventh embodiment of the present invention and a 
method of fabricating the same in order of steps; 

[0048] FIGS. 9A to 9E are longitudinal sectional vieWs 
shoWing the structure of a semiconductor device according 
to the eighth embodiment of the present invention and a 
method of fabricating the same in order of steps; 

[0049] FIGS. 10A to 10D are longitudinal sectional vieWs 
shoWing the structure of a modi?cation of the semiconductor 
device according to the eighth embodiment and a method of 
fabricating the same in order of steps; 

[0050] FIG. 11 is a graph comparing the shear strength of 
a solder bump connected to a copper pad of the semicon 
ductor devices according to the above embodiments With 
that of a semiconductor device relevant to the present 

invention; 

[0051] FIG. 12 is a longitudinal sectional vieW shoWing a 
structure When the semiconductor device of any of the above 
embodiments is ?ip-chip-mounted; 

[0052] FIG. 13 is a longitudinal sectional vieW shoWing a 
structure When the semiconductor device to Which gold 
Wires are connected according to any of the above embodi 
ments is mounted on a Wiring substrate and encapsulated 
With a resin; 

[0053] FIG. 14 is a longitudinal sectional vieW shoWing a 
structure When TAB mounting is performed for a semicon 
ductor chip having copper pads; 

[0054] FIGS. 15A to 15E are longitudinal sectional vieWs 
shoWing the structure of a semiconductor device according 
to the ninth embodiment of the present invention and a 
method of fabricating the same in order of steps; 
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[0055] FIG. 16 is a longitudinal sectional vieW shoWing 
one modi?cation of the ninth embodiment; 

[0056] FIG. 17 is a longitudinal sectional vieW shoWing 
another modi?cation of the ninth embodiment; 

[0057] FIGS. 18A to 18E are longitudinal sectional vieWs 
shoWing the structure of a semiconductor device relevant to 
the present invention and a method of fabricating the same 
in order of steps; and 

[0058] FIG. 19 is a longitudinal sectional vieW shoWing a 
structure When a gold Wire is connected by bonding to a 
semiconductor chip having a copper pad. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0059] One embodiment of the present invention Will be 
described beloW With reference to the accompanying draW 
ings. 
[0060] The structure of a semiconductor device according 
to the ?rst embodiment of the present invention and a 
method of fabricating the same Will be described With 
reference to FIGS. 1A to 1F. 

[0061] A semiconductor chip Wafer (6 inches in diameter 
and 625 pm in thickness) on Which a copper pad 1 is formed 
is prepared. The siZe of this copper pad 1 is 100 pm square. 
A plurality of such pads are tWo-dimensionally formed at a 
pitch of 350 pm on the entire surface of a semiconductor 
chip (10 mm><10 The longitudinal sectional structure 
in this state is as shoWn in FIG. 1A. The copper pad 1 is 
formed on the surface of a silicon substrate 3. With the 
surface of this copper pad 1 exposed, the surface of the 
silicon substrate 3 is covered With a passivation ?lm 2 
having a thickness of, e.g., 1 pm. 

[0062] As shoWn in FIG. 1B, a copper diffusion prevent 
ing ?lm 4 is formed on the entire Wafer surface by, e.g., 
sputtering or evaporation. This copper diffusion preventing 
?lm 4 is formed to have a thickness of, e.g., 1 pm by using 
Ni, Cr, TiN, TaN, Ta, Nb, or WN. 

[0063] As shoWn in FIG. 1C, a 1,000-A thick titanium 
?lm 5, a 3,000-A thick iiickcl ?lm 6, and a 500% thick 
palladium ?lm 7 are formed in this order on the entire Wafer 
surface by using, e.g., a sputtering system or an electron 
beam evaporation system, thereby forming a barrier metal. 

[0064] As shoWn in FIG. 1D, this barrier metal is coated 
With a resist ?lm 8 having a thickness of about 50 pm. A 
square hole of 100 pm side is formed in a portion of this 
resist ?lm 8, Which corresponds to a prospective projecting 
electrode portion on the copper pad 1. This hole is plated 
with 501MB thick solder as a loW-melting metal ?lm 9 for 
forming a projecting electrode. 

[0065] When eutectic Sn/Pb solder, for eXample, is used in 
this solder plating, the semiconductor Wafer having a resist 
pattern is dipped into a solution containing 30 g/l of tin, 20 
g/l of lead, 100 g/l of alkanesulfonic acid, and an additive 
consisting primarily of a surfactant. At a bath temperature of 
20° C., plating is performed under moderate stirring at a 
current density of 1 A/dm2 by using the barrier metal as a 
cathode and an Sn/Pb plate as an anode. 

[0066] As shoWn in FIG. 1E, the resist ?lm 8 is removed 
by using a solvent such as acetone or a release agent, and the 
Pd/Ni/Ti ?lm as the barrier metal is etched. 
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[0067] That is, an aqua regia-based etchant is used to etch 
the palladium ?lm 7 and the nickel ?lm 6. An ethylenedi 
aminetetraacetic acid-based etchant can be used to etch the 
titanium ?lm 5. 

[0068] Subsequently, the copper diffusion preventing ?lm 
4 is also patterned by etching. 

[0069] Finally, the Whole semiconductor Wafer is coated 
With a ?uX and heated in a nitrogen atmosphere at 220° C. 
for 30 sec to re?oW the loW-melting metal ?lm 9. 

[0070] After that, electrical tests are conducted, the Wafer 
is diced into semiconductor chips, and ?ip chip mounting is 
performed. That is, a semiconductor chip and a mounting 
substrate are temporarily ?Xed and passed through a nitro 
gen re?oW furnace to melt the loW-melting metal ?lm 9 
forming the bump. Consequently, the semiconductor chip is 
mounted as it is electrically connected to the mounting 
substrate, thereby obtaining a semiconductor device. 

[0071] A connection pad on the Wiring substrate is one of 
Cu, Ni, Au, and Pd or a stacked ?lm or miXed ?lm of these 
metals. Alternatively, one of loW-melting metals such as Sn, 
pb, Ag, Bi, Zn, In, Sb, Cu, Bi and Ge or a miXed ?lm of these 
metals is formed on a metal ?lm. 

[0072] A semiconductor device can also be formed by 
?lling and later curing a silicone resin betWeen the semi 
conductor chip, Which is mounted on the mounting sub 
strate, and the mounting substrate. An epoXy resin or an 
acrylic resin can also be used as the resin. 

[0073] After the semiconductor device Was fabricated in 
accordance With the abovementioned stesp, a temperature 
cycle test Was conducted to examine its reliability. 

[0074] A square chip of 10 mm side on Which 900 bumps 
Were formed Was used as a semiconductor ship, and this chip 
Was mounted on a resin substrate to form a sample. In the 
temperature cycle test, the temperature Was maintained in 
—65° C. for 30 min, 25° C. for 5 min, and 150° C. for 30 min 
in one cycle. 

[0075] Even after 3,000 such cycles, no breaking Was 
found in portions Where solder bumps Were connected to the 
copper pads 1. 

[0076] Also, as shoWn in FIG. 11, the shear strength of the 
metal bump had no problem against a force of 50 gf even 
after the sample Was left to stand at a high temperature of 
150° C. for 1,000 hr. That is, neither bump removal nor 
strength degradation occurred, and no short circuit betWeen 
bumps took place. 

[0077] Furthermore, the bump shear strength did not loWer 
even after the semiconductor Wafer Was left to stand at 150° 
C. for 5,000 hr. 

[0078] In this sample, Sn/Pb solder Was used as the solder 
bump. HoWever, it Was also possible to use a solder bump 
formed by any of metals such as Sn, Pb, Ag, Bi, Zn, In, Sb, 
Cu, Bi, and Ge or by a miXed ?lm of these metals. 

[0079] In the above embodiment, a titanium/nickel/palla 
dium ?lm is used as a barrier metal. HoWever, it is also 
possible to use any of a titanium/nickel stacked ?lm, tita 
nium/nickel/gold stacked ?lm, chromium/nickel stacked 
?lm, chromium/gold stacked ?lm, chromium/nickel/gold 
stacked ?lm, chromium/nickel/palladium stacked ?lm, tita 
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nium/copper stacked ?lm, titanium/copper/gold stacked 
?lm, chromium/copper stacked ?lm, and chromium/copper/ 
gold stacked ?lm. 

[0080] In this embodiment as described above, a copper 
diffusion preventing ?lm formed on a copper pad suppresses 
diffusion of copper, and this prevents diffusion of tin in a 
solder bump and copper. Therefore, no intermetallic com 
pound of copper and tin is formed, so no interface removal 
occurs. Consequently, a highly reliable connection is 
obtained. Also, the fabrication process can be simpli?ed 
compared to a method of forming a thick barrier metal by 
electroplating. 

[0081] In this embodiment, the titanium ?lm 5, the nickel 
?lm 6, the palladium ?lm 7 are formed on the copper 
diffusion preventing ?lm 4, and the loW-melting metal ?lm 
9 is formed on top of these ?lms. HoWever, as shoWn in 
FIGS. 2A to 2E, a loW-melting metal ?lm 9 can also be 
formed directly on a copper diffusion preventing ?lm 4. 

[0082] The structure of a semiconductor device according 
to the second embodiment of the present invention and a 
method of fabricating the same Will be described beloW. 

[0083] As shoWn in FIG. 3A, similar to the steps shoWn 
in FIGS. 1A and 1B in the ?rst embodiment described 
above, a copper pad 11, a passivation ?lm 12, and a copper 
diffusion preventing ?lm 14 are formed on a silicon substrate 
13. In addition, a resist ?lm 20 is formed on the entire 
surface of the silicon substrate 13. 

[0084] As shoWn in FIG. 3B, the resist ?lm 20 developed 
such that its portion corresponding to a hole in the passiva 
tion ?lm 12 on the copper pad 11, and a resist ?lm 20 portion 
larger than this hole remains. The siZe of this residual resist 
?lm 20 is, e.g., 70 pm square. 

[0085] As shoWn in FIG. 3C, the resist ?lm 20 is used as 
a mask to etch the copper diffusion preventing ?lm 14, 
thereby patterning the ?lm 14 such that it remains in a 
portion corresponding to the hole. After that, as in the above 
?rst embodiment, a titanium ?lm 15, a nickel ?lm 16, a 
palladium ?lm 17, and a loW-melting metal ?lm 19 are 
formed as shoWn in FIG. 3D. 

[0086] In this embodiment, the copper diffusion prevent 
ing ?lm 14 formed on the copper pad 11 is so patterned as 
to correspond to the hole before the barrier metal layer is 
formed. Therefore, only the barrier metal needs to be etched, 
so the fabrication process is simple. 

[0087] Finally, as in the ?rst embodiment, the semicon 
ductor Wafer is coated With a ?uX and heated in a nitrogen 
atmosphere at 220° C. for 30 sec to re?oW the loW-melting 
metal ?lm 19. After that, electrical tests are conducted, 
dicing is performed to divide the Wafer into chips, and ?ip 
chip mounting is performed. 

[0088] In this embodiment, effects similar to the afore 
mentioned ?rst embodiment can be obtained. In the ?rst 
embodiment, the loW-melting metal ?lm and the barrier 
metal are simultaneously etched. Therefore, damage to the 
loW-melting metal ?lm may increase depending on the type 
of etchant. In this second embodiment, hoWever, the copper 
diffusion preventing ?lm is patterned before the barrier 
metal is formed on the entire surface. This can reduce 
etching damage to the loW-melting metal ?lm. 










