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SEMICONDUCTOR DEVICE HAVING IMPROVED 
ELECTRICAL CHARACTERISTIC AND METHOD 

OF PRODUCING THE SAME 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention generally relates to semicon 
ductor devices and methods of producing the same, and 
more particularly to a semiconductor device having a chip 
siZe package (CSP) structure and a method of producing the 
same. 

[0003] Recently, attempts have been made to produce a 
smaller siZe semiconductor device having a higher density in 
order to meet a demand for a smaller electronic device and 
apparatus. Proposed as such a smaller siZe semiconductor 
device is a semiconductor device having a so-called CSP 
structure, Which is doWnsiZed by being shaped as close to a 
semiconductor element (chip) as possible. 

[0004] A doWnsiZed high-density semiconductor device 
With an increased number of pins requires pitches betWeen 
its external connection terminals to be narroWed. Therefore, 
a protrusion electrode (bump) is employed as an eXternal 
connection terminal so that a relatively large number of 
external connection electrodes can be formed in a reduced 
space. 

[0005] 2. Description of the Related Art 

[0006] FIGS. 1 and 2 shoW a conventional semiconductor 
device 10. FIG. 1 is a sectional vieW of the semiconductor 
device 10 and FIG. 2 is a plan vieW of the semiconductor 
device 10 Without a sealing resin 14. The semiconductor 
device 10 is doWnsiZed by being formed to have the CSP 
structure. The semiconductor device 10 includes a semicon 
ductor substrate 11 in a chip state, interconnection lines 18, 
protrusion electrodes for signal (hereinafter, protrusion sig 
nal electrodes) 12, protrusion electrodes for ground (here 
inafter, protrusion ground electrodes) 13 and the sealing 
resin 14. 

[0007] The upper surface of the semiconductor substrate 
11 in FIG. 1 is a circuit-containing surface on Which a circuit 
including pads for signal (hereinafter, signal pads) 15 and 
pads for ground (hereinafter, ground pads) 16 is formed. An 
insulating ?lm is formed on the circuit-containing surface 
eXcept for the positions Where the signal and ground pads 15 
and 16 are formed. The insulating ?lm provides protection 
for the circuit-containing surface. 

[0008] The interconnection lines 18 are formed directly on 
the upper surface of the insulating ?lm 17 in a predetermined 
pattern. One end portion of each of the interconnection lines 
18 is connected to one of the signal pads 15 or the ground 
pads 16, While one of the protrusion signal electrodes 12 or 
the protrusion ground electrodes 13 is formed on the other 
end portion of each of the interconnection lines 18. The 
protrusion signal and ground electrodes 12 and 13 serve as 
the eXternal connection terminals of the semiconductor 
device 10. 

[0009] Further, the sealing resin 14 is formed to cover the 
circuit-containing surface of the semiconductor substrate 11 
so as to protect the insulating ?lm 17, the interconnection 
lines 18, and the protrusion signal and ground electrodes 12 
and 13. HoWever, the upper end surfaces of the protrusion 

Sep. 27, 2001 

signal and ground electrodes 12 and 13 are uncovered and 
appear from the sealing resin 14. 

[0010] As described above, the semiconductor device 10 
having the conventional CSP structure has the interconnec 
tion lines 18 formed on the insulating ?lm 17 so as to 
electrically connect the signal and ground pads 15 and 16 
and the corresponding protrusion signal and ground elec 
trodes 12 and 13. The interconnection lines 18 serve as 
interposers, thus alloWing the signal and ground pads 15 and 
16 to be formed at a distance from the protrusion signal and 
ground electrodes 12 and 13. This gives more latitude in 
determining Where to dispose the protruding signal and 
ground electrodes 12 and 13, and also alloWs the semicon 
ductor device 10 to accommodate an increased number of 
pins. 

[0011] HoWever, according to the conventional semicon 
ductor device 10, the interconnection lines 18 serving as the 
interposers each have a single-layer structure, thus restrict 
ing the layout of the interconnection lines 18. Therefore, a 
layout of the interconnection lines 18 considering an elec 
trical characteristic is prevented from being formed. In other 
Words, the semiconductor device 10 having the conventional 
CSP structure is doWnsiZed to have only a limited region for 
forming the interconnection lines 18. Forming a large num 
ber of the interconnection lines 18 in the region Would 
require each of the interconnection lines 18 to have a 
narroWer line Width, thus causing the impedance of each of 
the interconnection lines 18 to become higher. 

[0012] On the other hand, a high-frequency clock has been 
employed in the semiconductor substrate 11 to meet a 
demand for a higher processing speed. Therefore, a signal 
input to or output from each of the signal pads 15 via a 
corresponding one of the interconnection lines 18 becomes 
a high-frequency signal, Which may generate interference 
betWeen adjacent tWo of the interconnection lines 18. Thus, 
the restriction on the layout of the interconnection lines 18 
prevents the semiconductor device 10 having the conven 
tional CSP structure from realiZing the higher processing 
speed. 

SUMMARY OF THE INVENTION 

[0013] It is a general object of the present invention to 
provide a semiconductor device in Which the above disad 
vantages are eliminated and a method of producing the 
same. 

[0014] Amore speci?c object of the present invention is to 
provide a semiconductor device having an improved elec 
trical characteristic and a method of producing the same. 

[0015] The above objects of the present invention are 
achieved by a semiconductor device including a semicon 
ductor substrate including a plurality of signal pads and 
ground pads, an insulating ?lm formed on the semiconduc 
tor substrate, a conductive metal ?lm formed on the insu 
lating ?lm and electrically connected to the ground pads and 
a plurality of ?rst interconnection lines electrically con 
nected to the signal pads and insulated from the conductive 
metal ?lm, Wherein the conductive metal ?lm is formed over 
a region including the ?rst interconnection lines in a plan 
vieW of the semiconductor device. 

[0016] According to the above-described semiconductor 
device, since the conductive metal ?lm is formed to be 
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electrically connected to the ground pads, the conductive 
metal ?lm can be employed as a ground layer having a 
ground potential. Further, the conductive metal ?lm is 
formed over the region including the interconnection lines in 
the plan vieW of the semiconductor device. Therefore, the 
conductive metal ?lm can be formed over a Wide area 

Without being restricted by the positions of the interconnec 
tion lines. 

[0017] As is knoWn, an electrical resistance is inversely 
proportional to the cross-sectional area of a conductive 
material. Therefore, the Wide formation area of the conduc 
tive metal ?lm, that is, the Wide cross-sectional area of a 
ground, loWers a ground impedance. As a result, the semi 
conductor device is provided With an improved electrical 
characteristic so as to become a fast semiconductor device 

employing a high frequency. Since the conductive metal ?lm 
is electrically insulated from the interconnection lines, the 
conductive metal ?lm does not cause a short circuit betWeen 
the interconnection lines and the ground. 

[0018] The above objects of the present invention are also 
achieved by a semiconductor device including a semicon 
ductor substrate including a plurality of signal pads and 
ground pads, an insulating ?lm formed on the semiconduc 
tor substrate, a conductive metal ?lm electrically connected 
to the ground pads, a plurality of ?rst interconnection lines 
electrically connected to the signal pads and insulated from 
the conductive metal ?lm and a plurality of metal ?lms 
electrically connected to the ?rst interconnection lines and 
insulated from the conductive metal ?lm, Wherein the con 
ductive metal ?lm is formed over a region including the ?rst 
interconnection lines in a plan vieW of the semiconductor 
device. 

[0019] The above objects of the present invention are also 
achieved by a semiconductor device including a semicon 
ductor substrate including a plurality of signal pads and 
ground pads, an insulating ?lm formed on the semiconduc 
tor substrate, a ?rst conductive metal ?lm formed on the 
insulating ?lm and electrically connected to the ground 
pads, a second conductive metal ?lm electrically connected 
to and formed on the ?rst conductive metal ?lm, and a 
plurality of interconnection lines electrically connected to 
the signal pads and insulated from the ?rst and second 
conductive metal ?lms, Wherein the ?rst and second con 
ductive metal ?lms are formed over a region including the 
interconnection lines in a plan vieW of the semiconductor 
device. 

[0020] The above objects of the present invention are 
further achieved by a method of producing a semiconductor 
device comprising the steps of (a) forming a ?rst insulating 
?lm on a semiconductor substrate including signal and 
ground pads eXcept for positions Where the signal and 
ground pads are formed, (b) forming a conductive metal ?lm 
on the ?rst insulating ?lm eXcept for the positions Where the 
signal pads are formed, (c) forming a second insulating ?lm 
over the conductive metal ?lm, (d) forming interconnection 
lines on the second insulating ?lm, (e) forming protrusion 
electrodes each having a predetermined height on the inter 
connection lines and providing resin sealing on the ?rst 
and second insulating ?lms, the conductive metal ?lm, the 
interconnection lines and sides of the protrusion electrodes. 

Sep. 27, 2001 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] Other objects, features and advantages of the 
present invention Will become more apparent from the 
folloWing detailed description When read in conjunction 
With the accompanying draWings, in Which: 

[0022] FIG. 1 is a sectional vieW of a conventional 
semiconductor device; 

[0023] FIG. 2 is a plan vieW of the conventional semi 
conductor device of FIG. 1 Without a sealing resin; 

[0024] FIG. 3 is a sectional vieW of a semiconductor 
device according to a ?rst embodiment of the present 
invention; 
[0025] FIG. 4 is a sectional vieW of a semiconductor 
substrate of FIG. 5 taken along an A-A line for illustrating 
steps of forming a ?rst insulating ?lm and forming a 
conductive metal ?lm, the steps being included in a method 
of producing a semiconductor device according to a second 
embodiment of the present invention; 

[0026] FIG. 5 is a plan vieW of the semiconductor sub 
strate Whose sectional vieW is shoWn in FIG. 4; 

[0027] FIG. 6 is a sectional vieW of a semiconductor 
substrate of FIG. 7 taken along an A-A line for illustrating 
a step of forming a second insulating ?lm, the step being 
included in the method of producing the semiconductor 
device according to the second embodiment of the present 
invention; 
[0028] FIG. 7 is a plan vieW of the semiconductor sub 
strate Whose sectional vieW is shoWn in FIG. 6; 

[0029] FIG. 8 is a sectional vieW of a semiconductor 
substrate of FIG. 9 taken along an A-A line for illustrating 
steps of forming interconnection lines and forming protru 
sion electrodes, the steps being included in the method of 
producing the semiconductor device according to the second 
embodiment of the present invention; 

[0030] FIG. 9 is a plan vieW of the semiconductor sub 
strate Whose sectional vieW is shoWn in FIG. 8; 

[0031] FIG. 10 is an enlarged fragmentary sectional vieW 
of the semiconductor substrate for illustrating a protective 
metal ?lm formed on a signal pad; 

[0032] FIG. 11 is a sectional vieW of a semiconductor 
device according to a third embodiment of the present 
invention; 
[0033] FIG. 12 is a sectional vieW of a semiconductor 
device according to a fourth embodiment of the present 
invention; 
[0034] FIG. 13 is a sectional vieW of a semiconductor 
device according to a ?fth embodiment of the present 
invention; and 

[0035] FIG. 14 is a plan vieW of a semiconductor device 
according to a siXth embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0036] NeXt, a description Will be given of embodiments 
of the present invention With reference to the accompanying 
draWings. 
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[0037] FIG. 3 is a sectional vieW of a semiconductor 
device 20A according to a ?rst embodiment of the present 
invention. The semiconductor device 20A includes a semi 
conductor substrate (semiconductor chip) 21, protrusion 
signal electrodes 22 and protrusion ground electrodes 23, a 
sealing resin 24, interconnection lines 28A, a metal ?lm 
(conductive metal ?lm) 29A and ?rst and second insulating 
?lms 30 and 31. The semiconductor device 20A is doWn 
siZed by being formed to have a CSP structure so that the 
semiconductor substrate 21 is approximately equal to the 
sealing resin 24 in siZe in a plan vieW of the semiconductor 
device 20A. 

[0038] The semiconductor substrate 21 is formed by form 
ing an electronic circuit on a semiconductor substrate such 
as a silicon substrate. The circuit is formed on the upper 
surface of the semiconductor substrate 21 in FIG. 3. The 
upper surface is hereinafter referred to as a circuit-contain 
ing surface. Signal pads 25 and ground pads 26 are formed 
on the circuit-containing surface of the semiconductor sub 
strate 21. The signal pads 25 and ground pads 26 are made, 
for example, of aluminum. 

[0039] Besides the above-described signal and ground 
pads 25 and 26, the semiconductor substrate 21 has other 
pads including a pad for poWer supply (hereinafter, a poWer 
supply pad). HoWever, in this embodiment, only the above 
described signal and ground pads 25 and 26 are shoWn in the 
draWings, and graphical representations of the other pads are 
omitted. 

[0040] The semiconductor substrate 21 having the above 
described structure has the ?rst insulating ?lm 30 formed on 
its circuit-containing surface. The ?rst insulating ?lm 30, for 
example, includes a resin of a polyimide family having a 
high electrical insulation. Further, the ?rst insulating ?lm 30 
does not cover the positions Where the above-described 
signal and ground pads 25 and 26 are formed so as to have 
opening portions 37B over the positions Where the signal 
pads 25 are formed and opening portions 37A over the 
positions Where the ground pads 26 are formed. The ?rst 
insulating ?lm 30 of the above-described structure has a 
main function of preventing a short circuit betWeen the 
electronic circuit-containing on the semiconductor substrate 
21 and the beloW-described metal ?lm 29A. The ?rst insu 
lating ?lm 30 has an approximate thickness of 10 pm. 

[0041] The metal ?lm 29A is formed on the upper surface 
of the ?rst insulating ?lm 30 having the above-described 
structure. The metal ?lm 29A is made of a metallic material 
having loW electrical resistance such as copper (Cu) or 
aluminum The thickness of the metal ?lm 29A ranges 
from 20 to 30 pm, and is thicker than the respective 
thicknesses of the above-described ?rst insulating ?lm 30, 
the beloW-described interconnection lines 28A and second 
insulating ?lm 31. Each of the latter thicknesses is approxi 
mately 10 pm. 

[0042] The metal ?lm 29A is formed on almost the entire 
surface of the semiconductor substrate 21 except for the 
positions Where the signal pads 25 are formed. Further, the 
metal ?lm 29A is directly electrically connected to the 
ground pads 26 via the opening portions 37A formed in the 
?rst insulating ?lm 30. By thus directly connecting the 
ground pads 26 and the metal ?lm 29A, an impedance can 
be loWered in this structure compared With a structure 
employing interconnection lines or the like for ground 
connections. 

Sep. 27, 2001 

[0043] The second insulating ?lm 31 is formed over the 
metal ?lm 29A having the above-described structure. The 
second insulating ?lm 31, for example, includes a resin of 
the polyimide family having a high electrical insulation. The 
second insulating ?lm 31 does not cover the positions Where 
the signal pads 25 and the protrusion ground electrodes 23 
are formed. 

[0044] In other Words, the second insulating ?lm 31 has 
the opening portions 37B over the positions Where the signal 
pads 25 are formed and openings 32 in the positions Where 
the protrusion ground electrodes 23 are formed. The second 
insulating ?lm 31 having the above-described structure has 
a main function of preventing a short circuit betWeen the 
metal ?lm 29A and the beloW-described interconnection 
lines 28A. As previously described, the second insulating 
?lm 31 has an approximate thickness of 10 pm. 

[0045] The interconnection lines 28A are formed on the 
second insulating ?lm 31 having the above-described struc 
ture. A ?rst end portion of each of the interconnection lines 
28A is connected to one of the signal pads 25, While one of 
the protrusion signal electrodes 22 is formed on a second end 
portion of each of the interconnection lines 28A. According 
to this embodiment, the interconnection lines 28A are pro 
vided only betWeen the signal pads 25 and the protrusion 
signal electrodes 22. Each of the interconnection lines 28A 
is made of a material having loW electrical resistance such 
as copper (Cu) or aluminum (Al), and has an approximate 
thickness of 10 pm. 

[0046] The protrusion signal and ground electrodes 22 and 
23 serve as the external connection terminals of the semi 
conductor device 20A. The protrusion signal electrodes 22, 
as described above, are formed on the interconnection lines 
28A and connected to the signal pads 25 on the semicon 
ductor substrate 21 via the interconnection lines 28A. The 
protrusion ground electrodes 23 are directly electrically 
connected to the metal ?lm 29A via the openings 32 formed 
in the second insulating ?lm 31. 

[0047] According to the above-described structure, the 
protrusion ground electrodes 23 are electrically connected to 
the ground pads 26 via the metal ?lm 29A. Since the 
protrusion ground electrodes 23 and the metal ?lm 29A are 
directly electrically connected, an impedance is loWered in 
this structure. Further, the metal ?lm 29A is formed thick, as 
previously described, so as to have a loW impedance. 
Therefore, according to the structure of this embodiment, the 
Whole circuit from the protrusion ground electrodes 23 to the 
ground pads 26 has a loWered impedance. 

[0048] Furthermore, the sealing resin 24 is formed to 
cover the circuit-containing surface of the semiconductor 
substrate 21 so as to protect the second insulating ?lm 31, 
the interconnection lines 28A and the protrusion signal and 
ground electrodes 22 and 23. HoWever, the upper end 
surfaces of the protrusion signal and ground electrodes 22 
and 23 are uncovered and appear from the sealing resin 24. 

[0049] Examples of the sealing resin 24, Which is shoWn 
stippled in FIG. 3, include thermoplastic or thermosetting 
resins such as polyimide, an epoxy resin, poly(phenylene 
sul?de) (PPS), poly(ether-ketone) (PEK), poly(ether-sul 
fone) (PES) and a heat-resistant liquid crystal resin. The 
sealing resin 24 is formed over the entire circuit-containing 
surface of the semiconductor substrate 21. Therefore, the 
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interconnection lines 28, the metal ?lm 29A, the ?rst and 
second insulating ?lms 30 and 31, and the protrusion signal 
and ground electrodes 22 and 23, each formed on the 
semiconductor substrate 21, are sealed by the sealing resin 
24. 

[0050] HoWever, the sealing resin 24 seals only the sides 
of the protrusion signal and ground electrodes 22 and 23, so 
that the top end portions thereof appear from the sealing 
resin 24. In other Words, the sealing resin 24 seals the 
protrusion signal and ground electrodes 22 and 23 except for 
their top end portions. This alloWs the semiconductor device 
20A to be mounted on an external apparatus such as a 
mounting board by using the protrusion signal and ground 
electrodes 22 and 23. 

[0051] As described above, according to the semiconduc 
tor device 20A of this embodiment, the metal ?lm 29A is 
formed to be electrically connected to the protrusion ground 
electrodes 23 and the ground pads 26. Therefore, the metal 
?lm 29A has a ground potential and can be employed as a 
ground layer. Further, since the interconnection lines 28A 
are formed above the metal ?lm 29A With the second 
insulating ?lm 31 interposed therebetWeen, the metal ?lm 
29A, in the plan vieW of the semiconductor device 20A, is 
formed over a region including a plurality of the intercon 
nection lines 28A. That is, the metal ?lm 29A and the 
interconnection lines 28A have a layered structure. There 
fore, the metal ?lm 29A and the interconnection lines 28A 
can be formed Without being restricted by each other’s 
positions, thus alloWing a Wide formation area for each of 
the metal ?lm 29A and the interconnection lines 28A. 

[0052] As is knoWn, an electrical resistance is inversely 
proportional to the cross-sectional area of a conductive 
material. Therefore, the Wide formation areas of the metal 
?lm 29A and the interconnection lines 28A loWer the ground 
impedance of the metal ?lm 29A and the signal impedance 
of each of the interconnection lines 28A. As a result, the 
semiconductor device 20A is provided With an improved 
electrical characteristic so as to become a fast semiconductor 
device employing a high frequency. 

[0053] As previously described, according to the semicon 
ductor device 20A of this embodiment, the protrusion 
ground electrodes 23 are formed directly on the metal ?lm 
29A, Which is directly connected to the ground pads 26. This 
structure requires no interconnection lines for ground to be 
provided so as to electrically connect the ground pads 26 and 
the protrusion ground electrodes 23, thus giving more lati 
tude in a layout of interconnection lines. 

[0054] Next, a description Will be given, With reference to 
FIGS. 4 through 10, of a method of producing a semicon 
ductor device according to a second embodiment of the 
present invention. The folloWing description Will be given 
by referring to the method of producing the semiconductor 
device 20A shoWn in FIG. 3. 

[0055] The method of producing the semiconductor 
device 20A according to this embodiment includes the steps 
of forming a ?rst insulating ?lm, forming a conductive metal 
?lm, forming a second insulating ?lm, forming interconnec 
tion lines, forming protrusion electrodes and providing resin 
sealing. In each of FIGS. 4 through 9, only a portion 
corresponding to one semiconductor device is shoWn for the 
convenience of graphical representation. HoWever, the 
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above-mentioned steps are performed on the semiconductor 
substrate 21 in a Wafer state in the actual production process. 
The semiconductor device 20A is produced by dividing the 
Wafer of the semiconductor substrate 21 into pieces by 
dicing after the above-mentioned steps are over. NoW, a 
detailed description Will be given of each of the above 
mentioned steps. 

[0056] FIGS. 4 and 5 are diagrams for illustrating the 
steps of forming the ?rst insulating ?lm and forming the 
conductive metal ?lm. FIG. 5 is a plan vieW of the semi 
conductor substrate 21 in a state Where the steps of forming 
the ?rst insulating ?lm and forming the conductive metal 
?lm are completed. FIG. 4 is a sectional vieW of the 
semiconductor substrate 21 shoWn in FIG. 5 taken along the 
A-A line. 

[0057] In producing the semiconductor device 20A, the 
step of forming the ?rst insulating ?lm is performed ?rst to 
form the ?rst insulating ?lm 30 on the semiconductor 
substrate 21. As described above, the semiconductor sub 
strate 21 is a semiconductor Wafer on the upper surface of 
Which electronic circuits are formed in advance in a separate 
process. 

[0058] The signal pads 25, the ground pads 26 and the 
poWer supply pad (not shoWn) are formed on the periphery 
of a region Where the electronic circuit is formed. The signal 

and ground pads 25 and 26 are made of aluminum having a good electrical characteristic. 

[0059] Protective metal ?lms 33 are formed on the sur 
faces of the signal pads 25 as shoWn in FIG. 10. According 
to this embodiment, each of the protective metal ?lms 33 has 
a layered structure including a chromium (Cr) layer 33A and 
a copper (Cu) layer 33B each having a thickness of 0.5 pm. 
The protective metal ?lms 33 each having the above 
described structure protect the signal pads 25 in the beloW 
described step of forming the interconnection lines. 

[0060] The protective metal ?lm 33 can be formed using, 
for example, electroplating, electroless plating or sputtering. 
Although the protective metal ?lms 33 are formed only on 
the signal pads 25 according to this embodiment, the pro 
tective metal ?lms 33 can be formed also on the ground pads 
26. 

[0061] The ?rst insulating ?lm 30 is an insulating resin 
such as polyimide, and is formed by spin coating or the like 
to have a thickness of approximately 10 pm. In forming the 
?rst insulating ?lm 30, the opening portions 37A and 37B 
are formed over the positions Where the ground and signal 
pads 26 and 25 are formed, respectively, by providing the 
spin coating With the above-mentioned positions being 
masked. In other Words, the ?rst insulating ?lm 30 does not 
cover the positions Where the signal and ground pads 25 and 
26 are formed. The ?rst insulating ?lm 30 has a main 
function of protecting the electronic circuit-containing on 
the semiconductor substrate 21. Further, resists 35 are 
formed in and on the opening portions 37B facing the signal 
pads 25 so that each of the resists 35 has a predetermined 
height, Which is equal to that of the metal ?lm 29A formed 
in the folloWing step. 

[0062] When the step of forming the ?rst insulating ?lm is 
completed, the step of forming the conductive metal ?lm is 
entered on. The metal ?lm 29A is made of a metal having 
loW electrical resistance such as copper (Cu), aluminum 
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or chromium (Cr), and is formed by, for example, electro 
plating to have a thickness of approximately 30 pm. 

[0063] As previously described, in the ?rst insulating ?lm 
30, the resists 35 are formed on the positions facing the 
signal pads 25. Therefore, the metal ?lm 29A is formed to 
cover almost the entire surface of the ?rst insulating ?lm 30 
except for the positions Where the signal pads 25 are formed. 
On the other hand, in the ?rst insulating ?lm 30, the opening 
portions 37A are formed in the positions facing the ground 
pads 26. Thus, the metal ?lm 29A is formed to be directly 
electrically connected to the ground pads 26 via the opening 
portions 37A. 

[0064] The method of forming the metal ?lm 29A is not 
limited to the above-mentioned electroplating. For example, 
it is also possible to employ a method of attaching a thin 
copper or aluminum ?lm having the above-mentioned pre 
determined thickness on the ?rst insulating ?lm 30. 

[0065] When the formation of the metal ?lm 29A is over, 
the resists 35 are removed. 

[0066] After the above-described steps of forming the ?rst 
insulating ?lm and forming the conductive metal ?lm are 
completed, the step of forming the second insulating ?lm is 
performed. FIGS. 6 and 7 are diagrams for illustrating the 
step of forming the second insulating ?lm. FIG. 7 is a plan 
vieW of the semiconductor substrate 21 in a state Where the 
step of forming the second insulating ?lm is completed, and 
FIG. 6 is a sectional vieW of the semiconductor substrate 21 
shoWn in FIG. 7 taken along the A-A line. 

[0067] Like the above-described ?rst insulating ?lm 30, 
the second insulating ?lm 31 is an insulating resin such as 
polyimide. The second insulating ?lm 31 is formed by spin 
coating or the like to have a thickness of approximately 10 
pm and cover the metal ?lm 29A. In forming the second 
insulating ?lm 31, resists 36A are formed in advance in the 
positions Where the protrusion ground electrodes 23 are 
formed, and resists 36B are formed on the signal pads 25. 

[0068] In other Words, the second insulating ?lm 31 does 
not cover the positions Where the protrusion ground elec 
trodes 23 and the signal pads 25 are formed. The second 
insulating ?lm 31 has a main function of preventing a short 
circuit betWeen the interconnection lines 28A and the metal 
?lm 29A. 

[0069] When the above-described step of forming the 
second insulating ?lm is completed, the steps of forming the 
interconnection lines and forming the protrusion electrodes 
are performed in the order mentioned. FIGS. 8 and 9 are 
diagrams for illustrating the steps of forming the intercon 
nection lines and forming the protrusion electrodes. FIG. 9 
is a plan vieW of the semiconductor substrate 21 in a state 
Where the steps of forming the interconnection lines and 
forming the protrusion electrodes are completed. FIG. 8 is 
a sectional vieW of the semiconductor substrate 21 shoWn in 
FIG. 9 taken along the A-A line. 

[0070] In the step of forming the interconnection lines, the 
resists 36B formed on the signal pads 25 are removed, and 
a metal ?lm to be formed into the interconnection lines 28A 
is formed over the entire surface of the second insulating 
?lm 31. This metal ?lm can be made of a material such as 
copper (Cu) and formed by electroplating. 
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[0071] When the metal ?lm is formed, a photosensitive 
resist is applied on the upper surface of the metal ?lm, and 
an exposure process is performed only on the positions 
Where the interconnection lines 28A are formed by using a 
mask. Then, the resist is removed from a region other than 
the positions Where the interconnection lines 28A are 
formed, so that the metal ?lm is provided With the resist only 
on the positions Where the interconnection lines 28A are 
formed. 

[0072] Next, the metal ?lm is removed by etching from the 
region other than the positions Where the interconnection 
lines 28A are formed, and the interconnection lines 28A are 
formed in a predetermined pattern by removing the residual 
resist. At this point, each of the ?rst end portions of the 
interconnection lines 28A is electrically connected to the 
corresponding one of the signal pads 25. 

[0073] As described above, the interconnection lines 28A 
are formed above the metal ?lm 29A With the second 
insulating ?lm 31 interposed therebetWeen. The metal ?lm 
29A, in a plan vieW of the semiconductor substrate 21, is 
formed over the region including a plurality of the intercon 
nection lines 28A. That is, the metal ?lm 29A and the 
interconnection lines 28A have the layered structure. There 
fore, the metal ?lm 29A and the interconnection lines 28A 
can be formed Without being restricted by each other’s 
positions, thus alloWing the Wide formation area for each of 
the metal ?lm 29A and the interconnection lines 28A. 

[0074] In the step of forming the interconnection lines, a 
plurality of chemical treatments such as the application and 
removal of the resist and the etching of the metal ?lm are 
performed so as to form the interconnection lines 28A. On 
the other hand, the signal pads 25, Which, in many cases, are 
made of a material sensitive to chemical treatment such as 
aluminum, are prone to be damaged in the step of forming 
the interconnection lines or in other steps. 

[0075] HoWever, according to this embodiment, the pro 
tective metal ?lms 33, Which are resistant to chemical 
treatment, are formed on the surface of the signal pads 25 
(see FIG. 10). By thus forming the protective metal ?lms 33 
on the signal pads 25, the signal pads 25 are prevented from 
being damaged in the step of forming the interconnection 
lines, thus increasing the reliability of the semiconductor 
device 20A. 

[0076] When the interconnection lines 28A are formed as 
described above, the step of forming the protrusion elec 
trodes is entered on so as to form the protrusion signal and 
ground electrodes 22 and 23. The protrusion signal elec 
trodes 22 are formed on the interconnection lines 28A 
formed in the step of forming the interconnection lines, and 
the protrusion ground electrodes 23 are formed, after remov 
ing the resists 36A, in the openings 32 formed in the second 
insulating ?lm 31. The protrusion signal and ground elec 
trodes 22 and 23 are formed by, for example, electroplating. 

[0077] Each of the protrusion signal and ground electrodes 
22 and 23 is formed to have a height of, for example, 
approximately 100 pm. The height is a distance from the 
circuit-containing surface of the semiconductor substrate 21 
to the top end portion of each of the protrusion signal and 
ground electrodes 22 and 23. Since the protrusion ground 
electrodes 23 are formed directly on the metal ?lm 29A 
through the openings 32 formed in the second insulating ?lm 








