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(57) ABSTRACT 

A circuit board includes a film substrate, a plurality of wiring 
layers arranged in order on the film Substrate, and bumps 
formed on the wiring layers, respectively. Each of the bumps 
is provided across a longitudinal direction of a corresponding 
one of the wiring layers so as to extend over regions on both 
sides of the wiring layer above the insulating Substrate, and a 
cross sectional shape of the bump taken in the width direction 
of the wiring layer is such that a central portion is higher than 
portions on both sides of the central portion. Accordingly, the 
bumps formed on the wiring layers can be held with strength 
Sufficient for practical use against the force applied in the 
lateral direction. 
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CIRCUIT BOARD AND METHOD FOR 
MANUFACTURING THE SAME AND 

SEMCONDUCTOR DEVICE AND METHOD 
FOR MANUFACTURING THE SAME 

0001. This application is a continuation of U.S. Ser. No. 
10/833,972, filed Apr. 27, 2004, which application is incor 
porated herein by reference. 

FIELD OF THE INVENTION 

0002 The present invention relates generally to a circuit 
board Such as a tape carrier Substrate used in a chip-on-film 
(COF) package module. In particular, the present invention 
relates to a configuration of bumps formed on wiring layers 
on the circuit board and a method for manufacturing the 
circuit board. 

BACKGROUND OF THE INVENTION 

0003. As one type of package module using a film sub 
strate, the one employing a COF structure has been known. 
FIG. 14 is a cross-sectional view showing a part of one 
example of a package module with a COF structure. The COF 
package module includes a semiconductor chip 21 mounted 
on an insulating flexible tape carrier Substrate 20 and is pro 
tected by an encapsulation resin 22. Such a COF package 
module mainly is used as a driver for operating a flat panel 
display. The tape carrier substrate 20 includes as main com 
ponents an insulating film Substrate 23 and wiring layers 24 
formed on a surface of the film substrate 23. A metal coating 
25 formed by plating and a layer of a solder resist 26 as an 
insulating resin are formed on the wiring layers 24, if neces 
sary. In general, polyimide is used as a material of the film 
Substrate 23 and copper is used as a material of the wiring 
layers 24. 
0004. The wiring layers 24 formed on the tape carrier 
substrate 20 and electrode pads 27 formed on the semicon 
ductor chip 21 are connected to each other via bumps 28. The 
bumps 28 are provided either by previously forming them on 
the wiring layers 24 on the tape carrier substrate 20 or by 
previously forming them on the electrode pads 27 on the 
semiconductor chip 21. 
0005. When forming the bumps 28 on the wiring layers 24 
on the tape carrier substrate 20, a method as disclosed in JP 
2001-168129A is used, for example. Major aspects of this 
method will be described with reference to FIGS. 15A1 to 
15F1 and FIGS. 15A2 to 15F2. FIGS. 15A1 to 15F1 are plan 
views showing a part of the film substrate in a series of 
processes in the conventional method. FIGS. 15A2 to 15F2 
are cross-sectional views of FIGS. 15A1 to 15F1, respec 
tively. Each of the cross-sectional views is taken along the line 
C-C in FIG. 15A1. These processes are directed to an 
example where the bumps are formed by metal plating. 
0006 First, on the film substrate 23 on which the wiring 
layers 24 are formed as shown in FIG. 15A1, a photoresist 29 
is formed so as to cover the entire surface of the film substrate 
23 as shown in FIG. 15B1. Next, as shown in FIG. 15C1, 
using an exposure mask 30 for forming the bumps, the pho 
toresist 29 is exposed to light through light-transmitting 
regions 30a of the exposure mask30. Subsequently, as shown 
in FIG. 15D1, the photoresist 29 is developed to form opening 
patterns 29a. Thereafter, as shown in FIG. 15E1, a metal is 
plated on the wiring layers 24 through these opening patterns 

Jul. 24, 2008 

29a. By removing the photoresist 29, the tape carrier substrate 
20 provided with the wiring layers 24 on which the bumps 28 
are formed is obtained as shown in FIG. 15F1. In general, the 
bumps 28 are arranged along four sides of the rectangular film 
substrate 23 as shown in FIG. 15F1. However, instead of a 
single row arrangement along each side of the film Substrate 
23 as shown in FIG. 15F1, the bumps 28 may be arranged in 
a plurality of rows along each side of the film substrate 23. 
0007 When forming the bumps 28 on the wiring layers 24 
formed on the tape carrier substrate 20 in the above-described 
manner, accurate positioning of the exposure mask 30 is 
difficult owing to the characteristics of the film substrate 23. 
If the exposure mask 30 is not placed in proper position, 
favorable bumps 28 cannot be formed. On this account, the 
bumps 28 generally are formed on the electrode pads 27 on 
the semiconductor chip 21. On the other hand, forming the 
bumps 28 on the wiring layers 24 on the tape carrier substrate 
20 is advantageous in that it requires a smaller number of 
processes than forming the bumps 28 on the electrode pads 27 
on the semiconductor chip 21 and thus can reduce manufac 
turing cost. 
0008. However, the bumps 28 formed by the above-de 
scribed conventional method have a problem in that the shape 
thereof is not favorable. FIGS. 16A and 16B are cross-sec 
tional views of the tape carrier substrate obtained through the 
processes described above. FIG. 16A is a cross-sectional 
view taken in the longitudinal direction of the wiring layers 
24, which is the same cross-sectional view as FIG. 15F2. On 
the other hand, FIG.16B is a cross-sectional view taken along 
the line D-D in FIG.16A, i.e., taken in the transverse direction 
of the wiring layers 24. 
0009. As shown in FIGS. 16A and 16B, each of the bumps 
28 is formed to be joined to an upper surface of the corre 
sponding wiring layer 24. Thus, the bump 28 is held on the 
wiring layer 24 only by joining a portion with an extremely 
Small area to the upper Surface of the wiring layer 24. Accord 
ingly, when the bump 28 receives a force in the lateral direc 
tion, it is liable to come off from the upper surface of the 
wiring layer 24. For example, when a force in the lateral 
direction is applied between the semiconductor chip 21 and 
the tape carrier substrate 20 when the bumps 28 are joined to 
the electrode pads 27 (see FIG. 14) on the semiconductor chip 
21, there is a risk that the bumps 28 might come off from the 
wiring layers 24, which renders the connection after the semi 
conductor chip is mounted unstable. 
0010 Furthermore, the bumps 28 have flat upper surfaces 
because they are formed only on the upper surfaces of the 
wiring layers 24 by carrying out. plating through the minute 
opening patterns 29a shown in FIG. 15D1. The flat upper 
surfaces of the bumps 28 may bring about the following 
problems when connecting the bumps 28 to the electrode pads 
27 on the semiconductor chip 21. 
0011 First, if there is a displacement in positioning 
between the bumps 28 and the electrode pads 27, each of the 
bumps 28 with the flat upper surfaces is prone to be in contact 
with the electrode pad 27 that is adjacent to the electrode pad 
27 to which the bump 28 actually is to be connected. This 
brings about the risk that the bumps 28 might be connected to 
incorrect electrode pads 27. 
0012 Second, when connecting the bumps 28 to the elec 
trode pads 27, it is difficult to break natural oxide films 
formed on the surfaces of the electrode pads 27. Usually, the 
oxide films formed on the electrode pads 27 are broken by the 
contact of the bumps 28 against the electrode pads 27 so that 
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the bumps 28 are electrically connected to metal portions of 
the electrode pads 27 that are not oxidized. However, with the 
flat upper surfaces of the bumps 28, it is difficult to break the 
oxide films. 
0013 Thirdly, it is difficult to connect the bumps 28 to the 
electrode pads 27 in the state where the resin layer 22 inter 
venes between the semiconductor chip 21 and the tape carrier 
substrate 20 as shown in FIG. 17. When mounting the semi 
conductor chip 21 on the tape carrier substrate 20, the bumps 
28 are brought into contact with the respective electrode pads 
27 by displacing the resin layer 22 with their heads. However, 
the bumps 28 with the flat upper surfaces cannot displace the 
resin layer 22 sufficiently. 
0014 Moreover, when forming the bumps 28 by the con 
ventional method illustrated in FIGS. 15A1 to 15F1 and 
FIGS. 15A2 to 15F2, if the positioning accuracy of the expo 
sure mask 30 for forming the bumps relative to the wiring 
layers 24 is not sufficient, an area of the portions where the 
opening patterns 29a overlap with the respective wiring lay 
ers 24 becomes smaller. As a result, as shown in FIG. 18, the 
bumps 28 formed on the respective wiring layers 24 cannot 
attain the designed size. The problem of such defect in size of 
the bumps 28 will become more serious as the pitch of the 
electrode pads 27 becomes narrower in accordance with the 
demand for higher output power from COF package modules. 
0015. Although the above-describe problems are particu 
larly noticeable when using tape carrier Substrates, these 
problems are common to similar kinds of circuit boards. 

SUMMARY OF THE INVENTION 

0016. Therefore, with the foregoing in mind, it is an object 
of the present invention to provide a circuit board that allows 
bumps formed on respective wiring layers to be held with 
strength sufficient for practical use against the force applied 
in the lateral direction, thereby achieving sufficient connec 
tion stability after a semiconductor chip is mounted thereon. 
0017. Furthermore, it is another object of the present 
invention to provide a circuit board that is provided with 
bumps having a shape Suitable for connection with electrode 
pads of a semiconductor chip. 
0018. Furthermore, it is still another object of the present 
invention to provide a method for manufacturing a circuit 
board, capable of allowing the above-described favorable 
bumps to be formed easily and also allowing the bumps 
having a sufficient area to be formed reliably on the respective 
wiring layers even when the positioning accuracy of an open 
ing pattern formed on a photoresist relative to the wiring 
layers is low. 
0019. A circuit board according to the present invention 
includes: an insulating Substrate; a plurality of wiring layers 
arranged on the insulating Substrate; and bumps formed on 
the wiring layers, respectively. The bump is provided across a 
longitudinal direction of a corresponding one of the wiring 
layers So as to extend over regions on both sides of the wiring 
layer above the insulating Substrate, and a cross sectional 
shape of the bump taken in a width direction of the wiring 
layer is such that a central portion is higher than portions on 
both sides of the central portion. 
0020. Furthermore, a circuit board according to another 
aspect of the present invention includes: an insulating Sub 
strate; a plurality of wiring layers arranged on the insulating 
Substrate; and bumps formed on the wiring layers, respec 
tively, wherein the bump is provided across a longitudinal 
direction of a corresponding one of the wiring layers so as to 
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extend over regions on both sides of the wiring layer above the 
insulating Substrate, and an upper Surface of the bump is flat. 
0021. Furthermore, the present invention provides a 
method for manufacturing a circuit board, including: arrang 
ing a plurality of wiring layers on an insulating Substrate; 
forming a photoresist on a Surface of the insulating Substrate 
on which the plurality of wiring layers are provided; forming 
an opening on the photoresist so that each of the wiring layers 
is partially exposed in the opening, the opening being pro 
vided across the wiring layers so as to extend over regions on 
both sides of the wiring layers; and plating a metal on the 
exposed portions of the wiring layers through the opening of 
the photoresist, thereby forming bumps on the wiring layers, 
respectively. 
0022. These and other advantages of the present invention 
will become apparent to those skilled in the art upon reading 
and understanding the following detailed description with 
reference to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0023 FIG. 1 is a perspective view showing a part of a tape 
carrier Substrate according to Embodiment 1. 
0024 FIG. 2A is a plan view showing another part of the 
tape carrier substrate shown in FIG. 1, FIG. 2B is a cross 
sectional front view of the same, and FIG. 2C is a cross 
sectional view taken along the line A-A in FIG. 2B. 
(0025 FIGS. 3A1 to 3F1 are plan views showing a part of 
a film Substrate in a series of major processes in a method of 
manufacturing a tape carrier substrate according to Embodi 
ment 2, and FIGS. 3A2 to 3F2 are enlarged cross-sectional 
views of FIGS. 3A1 to 3F1, respectively. 
0026 FIG. 4 is a plan view showing an example of a 
semiconductor chip. 
0027 FIG. 5 is a plan view showing a film substrate on 
which wiring layers are formed, which is used for manufac 
turing a tape carrier Substrate. 
0028 FIG. 6 is a plan view showing a region for mounting 
a semiconductor chip in one example of a tape carrier Sub 
strate manufactured by the method according to Embodiment 
2. 
0029 FIG. 7 is a plan view showing a region for mounting 
a semiconductor chip in another example of a tape carrier 
substrate manufactured by the method according to Embodi 
ment 2. 
0030 FIG. 8 is a plan view showing one example of an 
exposure mask according to Embodiment 2. 
0031 FIG.9 is a plan view showing a tape carrier substrate 
on which wiring layers according to a modified example of 
Embodiment 2 are formed. 
0032 FIG. 10A is a plan view illustrating an exposing 
process using an exposure mask according to another 
example of Embodiment 2, and FIG. 10B is an enlarged 
cross-sectional view of the same. 
0033 FIG. 11 is a plan view showing a tape carrier sub 
strate according to Embodiment 3. 
0034 FIG. 12 is a cross-sectional view showing a semi 
conductor device according to Embodiment 4. 
0035 FIGS. 13A and 13B are cross-sectional views illus 
trating another example of a method for manufacturing a 
semiconductor device, according to Embodiment 4. 
0036 FIG. 14 is a cross-sectional view showing a part of a 
conventional COF package module. 
0037 FIGS. 15A1 to 15F1 are plan views showing a part 
of a film Substrate in a series of major processes in a conven 
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tional method of manufacturing a tape carrier Substrate, and 
FIGS. 15A2 to 15F2 are cross-sectional views of FIGS. 15A1 
to 15F1, respectively. 
0038 FIGS. 16A and 16B are cross-sectional views show 
ing a part of a tape carrier Substrate manufactured by the 
processes shown in FIGS. 15A1 to 15F1 and FIGS. 15A2 to 
1SF2. 
0039 FIG. 17 is a cross-sectional view showing the state 
where a semiconductor chip is mounted on the tape carrier 
substrate shown in FIGS. 16A and 16B. 
0040 FIG. 18 is a plan view showing apart of a tape carrier 
Substrate to explain a problem in the processes illustrated in 
FIGS. 15A1 to 15F1 and FIGS. 15A2 to 15F2. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0041. In the circuit board according to the present inven 
tion, the bump is provided across alongitudinal direction of a 
corresponding one of the wiring layers so as to extend over 
regions on both sides of the wiring layer above the insulating 
substrate. With this configuration, each of the bumps is joined 
not only to the upper surface but also to both the side surfaces 
of the corresponding wiring layer, which allows the bump to 
exhibit sufficient stability against the force applied in the 
lateral direction. 
0042 Preferably, the bump is in contact with a surface of 
the insulating substrate on both the sides of the wiring layer. 
Still further, it is preferable that a cross sectional shape of the 
bump taken in a longitudinal direction of the wiring layer is 
substantially rectangular. Still further, it is preferable that the 
wiring layers and the bumps are plated with a metal that is 
different from materials of the wiring layers and the bumps. 
Still further, it is preferable that the bump extends across the 
wiring layer in a direction perpendicular to the longitudinal 
direction of the wiring layer. Still further, it is preferable that 
each of the wiring layers has a region narrower than a remain 
ing region at a leading end portion, and the bump is formed in 
the narrower region. 
0043. In the method for manufacturing a circuit board 
according to the present invention, a photoresist is formed on 
an entire Surface of an insulating Substrate on which a plural 
ity of wiring layers are arranged, and then, an opening is 
formed on the photoresist So as to be a slit-shaped pattern that 
is provided across the wiring layers so that the regions on both 
sides of the wiring layers are exposed in the opening. A metal 
is plated on portions of the wiring layers exposed in the 
slit-shaped pattern to form bumps on the respective wiring 
layers. 
0044 According to this method, the above-described 
favorable bumps can beformed easily, and besides, the bumps 
having a Sufficient area can be formed reliably on the respec 
tive wiring layers even when the positioning accuracy of the 
opening pattern formed on the photoresist relative to the 
wiring layers is low. 
0045. In the above-described method of the present inven 

tion, the opening may be formed so as to extend across the 
plurality of wiring layers. Furthermore, in the step of forming 
the opening on the photoresist, the photoresist is exposed to 
light using either an exposure mask having a light-transmit 
ting region including a portion that extends in a direction 
along which the plurality of wiring layers are arranged or an 
exposure mask having a light-shielding region including a 
portion that extends in a direction along which the plurality of 
wiring layers are arranged. Furthermore, it is preferable that a 
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longitudinal direction of the light-transmitting region of the 
exposure mask or the light-shielding region of the exposure 
mask is orthogonal to a longitudinal direction of the wiring 
layers. Preferably, the plating is electroplating. 
0046. In the above-described method of the present inven 
tion, it is preferable that the wiring layers arranged along a 
shorter side direction of a semiconductor-chip mounting por 
tion are wider than the wiring layers arranged along a longer 
side direction of the semiconductor-chip mounting portion, 
and the opening formed on the photoresist is formed so as to 
have a continuous shape in a portion along alonger side of the 
semiconductor-chip mounting portion and a discrete shape 
including separate openings in a portion along a shorter side 
of the semiconductor-chip mounting portion. With this con 
figuration, the positional relationship between the bumps 
formed on the wiring layers arranged along the shorter side 
direction of the semiconductor-chip mounting portion and the 
bumps formed on the wiring layers arranged along the longer 
side direction of the semiconductor-chip mounting portion 
can be kept constant even when the positioning accuracy of 
the exposure mask is low. 
0047. Furthermore, it is preferable that each of the wiring 
layers has a region narrower than a remaining region at a 
leading end portion, and the bump is formed in the narrower 
region. 
0048. It is possible to provide a semiconductor device 
including a circuit board having any one of the above-men 
tioned configurations and a semiconductor chip mounted on 
the circuit board, wherein electrode pads of the semiconduc 
tor chip are connected to the wiring layers via the bumps, 
respectively. Each of the electrode pads of the semiconductor 
chip may be configured so that an insulating film formed on a 
Surface of the semiconductor chip is located at a perforated 
bottom of the electrode pad. 
0049. A semiconductor device can be manufactured by: 
mounting a semiconductor chip on a circuit board having any 
one of the above-mentioned configurations; and connecting 
electrode pads of the semiconductor chip to the bumps, 
thereby achieving connection between the electrode pads of 
the semiconductor chip and the wiring layers via the bumps. 
In this case, it is preferable that, when connecting the bump to 
the electrode pad, an oxide film formed on the electrode pad 
of the semiconductor chip is broken with the bump, thereby 
achieving electrical connection between the bump and an 
inner portion of the electrode pad that is not oxidized. Fur 
thermore, it is preferable that a region of the wiring layers on 
which the bumps are formed is provided with an encapsula 
tion resin, and thereafter, the semiconductor chip is mounted 
on the circuit board and the electrode pads of the semicon 
ductor chip are connected to the bumps. Furthermore, when 
the electrode pads of the semiconductor chip are connected to 
the bumps, ultrasonic energy preferably is applied to portions 
where the electrode pads are in contact with the bumps while 
pressing the electrode pads and the bumps against each other. 
0050 Hereinafter, embodiments of the present invention 
will be described specifically with reference to the accompa 
nying drawings. While the embodiments described below are 
directed to examples where a tape carrier Substrate is used, the 
technical idea of each embodiment also is applicable when 
other circuit boards are used. 

EMBODIMENT 1 

0051. The configuration of a tape carrier substrate accord 
ing to Embodiment 1 of the present invention will be 
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described with reference to FIG. 1 and FIGS 2A to 2C. FIG. 
1 is a perspective view showing a part of the tape carrier 
substrate. FIG. 2A is a plan view showing a part of the tape 
carrier, FIG. 2B is a cross-sectional front view of the same, 
and FIG. 2C is a cross-sectional view taken along the line A-A 
in FIG. 2B. 
0052. As shown in FIG. 1, a plurality of wiring layers 2 are 
arranged in order on a film Substrate 1, and a bump is formed 
on each wiring layer 2. As shown in FIG. 2A, the planer shape 
of the bump 3 is such that the bump 3 extends across the 
wiring layer 2 over regions on both sides of the wiring layer 2. 
On the other hand, the cross sectional shape of the bump 3 
taken in the width direction of the wiring layer 2 is such that 
the bump 3 isjoined to an upper Surface and both side Surfaces 
of the wiring layer 2 and a central portion is higher than 
portions on both sides of the central portion, as shown in FIG. 
2C. The bump 3 is in contact with the film substrate 1 on both 
the sides of the wiring layer 2. The cross sectional shape of the 
bump 3 taken in the longitudinal direction of the wiring layer 
2 is substantially rectangular, as shown in FIG. 2B. 
0053. By forming the bump 3 in the above-described 
shape, the bump 3 can be held on the wiring layer 2 with 
strength sufficient for practical use. That is, since the bump 3 
is joined not only to the upper surface but also to both the side 
surfaces of the wiring layer 2, the bump 3 exhibits sufficient 
stability against the force applied in the lateral direction. 
0054 Moreover, since the bump 3 has an upper surface 
with the protruding central portion instead of the flat upper 
surface, the bump 3 is suitable for connection to an electrode 
pad of a semiconductor chip. First, even if there is a displace 
ment in positioning between the bump 3 and the electrode 
pad, the bump 3 is less prone to be in contact with an incorrect 
electrode pad adjacent to the electrode pad to which the bump 
actually is to be connected, as compared with the case where 
the bump 3 has a flat upper Surface. Second, when connecting 
the bump 3 to the electrode pad, an oxide film formed on the 
electrode pad can be broken easily with the upper surface of 
the bump 3 having the protruding central portion, thereby 
achieving favorable electrical connection to an inner portion 
of the electrode pad that is not oxidized. Thirdly, when con 
necting the bump 3 to the electrode pad in the state where a 
resin layer intervenes between the semiconductor chip and 
the tape carrier Substrate, the resin layer can be displaced 
easily with the head of the bump 3. 
0055. It is not necessary to form the bump 3 so as to be in 
contact with the film substrate 1 on both the sides of the 
wiring layer 2 in order to obtain the above-described effects. 
However, the bump 3 with such a configuration can be held on 
the wiring layer 2 most stably against the force applied in the 
lateral direction. Also, it is not necessary that the cross sec 
tional shape of the bump 3 taken in the longitudinal direction 
of the wiring layer 2 is Substantially rectangular. However, 
according to Such a configuration, the bump 3 is connected to 
the electrode pad of the semiconductor chip most favorably 
and besides, the bump 3 can be produced easily. 
0056. As shown in FIG. 2C, the thickness of the bump 3 as 
measured from the upper Surface of the wiring layer 2 is 
greater than the thickness of the bump 3 as measured from 
each side surface of the wiring layer 2 in the transverse 
direction. Although forming the bump 3 in this shape is not 
necessary, such a configuration is effective in Suppressing the 
occurrence of a short circuit between the wiring layer 2 and 
the semiconductor chip due to curling or the like of the tape 
carrier Substrate and also in avoiding the occurrence of a short 
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circuit with a bump 3 formed on a wiring layer 2 adjacent 
thereto. The bump 3 can be formed into this shape by the 
method including a plating process as described later. 
0057. As a material of the film substrate 1, polyimide, 
which is a generally used material, can be used. An insulating 
film made of PET, PEI, or the like also may be used as the film 
Substrate 1, depending on other conditions. Generally, the 
wiring layers 2 are formed using copper so as to have a 
thickness in the range from 3 to 20 Lum. If necessary, an epoxy 
adhesive may intervene between the film substrate 1 and the 
wiring layers 2. 
0058. The thickness of the bumps 3 generally is in the 
range from 3 to 20m. As a material of the bumps 3, copper can 
be used, for example. When the bumps 3 are formed using 
copper, it is preferable that the bumps 3 and the wiring layers 
2 are plated with a metal. For example, the bumps 3 and the 
wiring layers 2 may be plated with nickel to form a nickel 
inner layer and then plated with gold to form a gold outer 
layer. Alternatively, the bumps 3 and the wiring layers 2 may 
be plated with tin, (nickel-palladium), only nickel, or only 
gold. When the bumps 3 and the wiring layers 2 are plated 
with a metal, no plated metal layer is provided between the 
bumps 3 and the wiring layers 2. On the other hand, when the 
bumps 3 are not plated with a metal, gold or nickel is used as 
a material of the bumps 3 and a plated nickel layer is provided 
between the bumps 3 and the wiring layers 2. 

EMBODIMENT 2 

0059 A method for manufacturing a tape carrier substrate 
according to Embodiment 2 of the present invention will be 
described with reference to FIGS. 3A1 to 3F1 and FIGS. 3A2 
to 3F2. FIGS. 3A1 to 3F1 illustrate a series of major processes 
of forming bumps on a tape carrier Substrate, and each shows 
a plan view of a region for mounting a semiconductor chip on 
a film substrate. FIGS. 3A2 to 3F2 are enlarged cross-sec 
tional views of FIGS. 3A1 to 3F1, respectively. Each of the 
cross-sectional views is taken along the line B-B in FIG.3A1. 
0060 First, a film substrate 1 on which a plurality of 
wiring layers 2 are arranged in order as shown in FIG. 3A1 is 
provided. On an entire surface of the film substrate 1, a 
photoresist 4 is formed as shown in FIG.3B1. Next, as shown 
in FIG.3C1, an exposure mask 5 for forming bumps is placed 
above the photoresist 4 so as to oppose the photoresist 4. A 
light-transmitting region 5a of the exposure mask 5 has a 
continuous slit shape that extends across the plurality of wir 
ing layers 2 in the direction along which the wiring layers 2 
are arranged in order. 
0061. By exposing the photoresist 4 through the light 
transmitting region 5a of the exposure mask 5 and then devel 
oping the photoresist 4, an opening as a slit-shaped pattern 4a 
extending across the plurality of wiring layers 2 is formed on 
the photoresist 4. As a result, the wiring layers 2 are partially 
exposed in the slit-shaped pattern 4a. Next, a metal is plated 
on the exposed portions of the wiring layers 2 through the 
slit-shaped pattern 4a to form bumps 3 as shown in FIG.3E1. 
Then, by removing the photoresist 4, the tape carrier Substrate 
6 provided with the wiring layers 2 on which the bumps 3 are 
formed is obtained, as shown in FIG. 3F1. 
0062. As described above, by plating the metal on the 
exposed portions of the wiring layers 2 through the slit 
shaped patterns 4a, the bumps 3 having the shape as shown in 
FIGS. 2A to 2C can be formed easily. In the process shown in 
FIG.3E1, not only upper surfaces but also side surfaces of the 
wiring layers 2 are exposed and the exposed surfaces of the 
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wiring layers 2 entirely are plated with a metal. This enables 
easy formation of the bumps 3. 
0063. It is not necessary that the slit-shaped pattern 4a of 
the photoresist 4 is formed so as to be a continuous pattern 
extending across the plurality of wiring layers 2 as shown in 
FIG. 3D1. That is, a pattern in which discrete openings 
respectively corresponding to the plurality of wiring layers 2 
are formed may be used, as long as each of the openings 
includes at least predetermined regions on both sides of the 
corresponding wiring layer 2. However, the continuous slit 
shaped pattern extending across the plurality of wiring layers 
2 can be formed easily because the light-transmitting region 
5a of the exposure mask.5 may have a continuous slit shape as 
shown in FIG. 3C1. As long as the slit-shaped pattern 4a 
extends over regions on both sides of the respective wiring 
layers 2, no problem occurs if the longitudinal direction of the 
slit-shaped pattern 4a makes some angle to the wiring layers 
2. However, it is most reasonable that the longitudinal direc 
tion of the slit-shaped pattern 4a is orthogonal to the longi 
tudinal direction of the wiring layers 2. 
0064 Moreover, the accuracy of the positioning of the 
bumps 3 relative to the wiring layers. 2 can be ensured easily 
by forming the slit-shaped pattern 4a on the photoresist 4 and 
then plating a metal on the wiring layers 2. The reason for this 
is as follows. When the displacement of the slit-shaped pat 
tern 4a relative to the wiring layers 2 is within an allowable 
range, each of the wiring layers 2 has intersection with the 
slit-shaped pattern 4a so as to be exposed therefrom. The 
metal coating formed by plating grows on the upper surface 
and side surfaces of each wiring layer 2. Thus, even if there is 
a displacement of the slit-shaped pattern 4a, the bumps 3 are 
formed into a constant shape and size, thereby allowing the 
bumps 3 satisfying the predetermined conditions to be 
obtained. Therefore, the position adjustment of the exposure 
mask 5 can be carried out easily because the strict positioning 
accuracy of the exposure mask 5 is not required. 
0065. In the case where the bumps 3 are formed using 
copper, the metal plating can be carried out as an electroplat 
ing using copper Sulfate as a plating solution by applying a 
current of 0.3 to 5 A/dm. The electroplating is suitable for 
forming the bumps 3 so as to have a cross sectional shape as 
shown in FIG. 2C and a sufficient thickness. 
0066. Hereinafter, solution to various problems occurring 
due to the displacement of the exposure mask 5 in the method 
according to the present embodiment will be described. First, 
a positional relationship between electrode pads of a semi 
conductor chip and the wiring layers 2 of the tape carrier 
Substrate 6 will be described with reference to FIG. 4 to FIG. 
6 

0067 FIG. 4 is a plan view showing an example of a 
semiconductor chip. FIG. 4 shows the arrangement of elec 
trode pads formed on a surface of the semiconductor chip 7. 
The electrode pads arranged along the longer side direction of 
the semiconductor chip 7 bear reference numeral 8a, while 
the electrode pads arranged along the shorter side direction of 
the semiconductor chip 7 bear reference numeral 8b. There 
are more electrode pads 8a than the electrode pads 8b, and 
these electrode pads 8a are arranged more densely than the 
electrode pads 8b. C1 indicates the center of the semiconduc 
tor chip 7 (hereinafter referred to as “semiconductor chip 
center'). D is a distance between an inner edge line of the 
electrode pads and the semiconductor chip center C1. S1 is a 
distance between an inner edge line of the electrode pads 8a 
and an outer side edge of the electrode pad 8b arranged closest 
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to the electrode pads 8a. L1 is a length of the electrode pads 
8a, and W1 is a width of the electrode pads 8a. 
0068 FIG. 5 is a plan view showing a part of a film sub 
strate 1 on which wiring layers 2 are formed, which is used for 
manufacturing the tape carrier Substrate. C2 indicates the 
center of a region for mounting the semiconductor chip 7 
(hereinafter referred to as “semiconductor chip-mounting 
region center”). d is a distance between an inner edge line of 
the wiring layers 2 arranged along the longer side of the film 
Substrate 1 and the semiconductor chip-mounting-region cen 
ter C2. 
0069 FIG. 6 is a plan view showing a part of a region for 
mounting a semiconductor chip in the tape carrier Substrate 6 
provided with the wiring layers 2 on which the bumps 3 are 
formed according to the method according to the present 
embodiment. FIG. 6 shows the bumps 3 obtained in the state 
where there is no displacement of the exposure mask 5 in FIG. 
3C1 relative to the wiring layers 2. L2 is a length of the bumps 
3, and W2 is a width of the bumps 3. 
0070 Considering a displacement of the exposure mask 5 
in the longitudinal direction of the wiring layers 2, it is pref 
erable that the distanced between the semiconductor chip 
mounting-region center C2 and the wiring layers 2 is shorter 
than the distance D between the semiconductor chip center 
C1 and the electrode pads 8a. Also, it is preferable that the 
length L2 of the bumps 3 is longer than the length L1 of the 
electrode pads 8a. According to this configuration, even if the 
displacement of the exposure mask 5 results in the displace 
ment of the formed bumps 3 in the longitudinal direction of 
the wiring layers 2, the portion where each of the bumps 3 
opposes the corresponding electrode pad 8a still can have a 
Sufficient area. 
(0071. Similarly to FIG. 6, FIG. 7 is a plan view showing a 
part of a region for mounting a semiconductor chip in the tape 
carrier substrate 6 provided with the wiring layers 2 on which 
the bumps 3 are formed according to the method according to 
the present embodiment. FIG. 7 shows the bumps 3 obtained 
in the state where the exposure mask 5 in FIG. 3C1 is dis 
placed relative to the wiring layers 2 in the short-side direc 
tion of the film substrate 1. S2 is a space between an inner 
edge line of the bumps 3 formed on the wiring layers 2 
arranged along the longer side direction of the film Substrate 
1 and an outer side edge of the bump 3 on the wiring layer 2 
that is arranged along the shorter side of the film substrate 1 
and closest to the longer side of the film substrate 1. 
0072. In the state shown in FIG. 7, although the bumps 3 
satisfy all the designed sizes, the space S2 differs in size from 
the space S1 shown in FIG. 4 owing to the displacement of the 
exposure mask 5 relative to the wiring layers 2. That is, when 
the exposure mask 5 is displaced in the short-side direction of 
the film substrate 1, the positions of the bumps 3 move in the 
longitudinal direction of the wiring layers 2 on the wiring 
layers 2 arranged along the longer side of the film Substrate 1, 
whereas the positions of the bumps 3 do not move on the 
wiring layers 2 arranged along the shorter side of the film 
substrate 1. Solution to this problem is shown in FIGS. 8 and 
9 
0073 FIG. 8 shows an exposure mask 9 having a different 
mask pattern from the exposure mask 5 used in the process 
shown in FIG. 3C1. In this exposure mask 9, light-transmit 
ting regions 9a provided in portions corresponding to the 
portions along the longer sides of a film Substrate are formed 
as continuous openings, while light-transmitting regions 9b 
provided in portions corresponding to the portions along the 
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shorter sides of a film substrate are formed as discrete open 
ings. When using this exposure mask 9, a film substrate 1 
having wiring layers 10a and 10b formed as shown in FIG.9 
is used. In this film substrate 1, the wiring layers 10barranged 
along the shorter side are wider than the wiring layers 10a 
arranged along the longer side. 
0.074 By forming opening patterns on a photoresist using 
the above-described exposure mask 9 and then plating a metal 
on the wiring layers 10a and 10b through the opening pat 
terns, the bumps 3 with the designed size can be obtained and 
the space S2 shown in FIG. 7 can be made equal in size to the 
space S1 shown in FIG. 4. That is, when the exposure mask 9 
shown in FIG. 8 is displaced in the short-side direction of the 
film Substrate 1, then, on the wiring layers 10barranged along 
the shorter side of the film substrate 1, the light-transmitting 
regions 9b of the exposure mask 9 move in the width direction 
so that the positions of the formed bumps 3 move as shown in 
FIG. 9. However, since the wiring layers 10b are wide, the 
bumps 3 having the predetermined size can beformed as long 
as the amount of the movement is within an allowable range. 
The amount in which the positions of the formed bumps 3 
move on the wiring layers 10b is equal to the amount in which 
the positions of the bumps 3 move in the longitudinal direc 
tion of the wiring layers 10a on the wiring layers 10a arranged 
along the longer side of the film substrate 1. As a result, the 
space S2 can be made equal in size to the space S1. 
0075 FIGS. 10A and 10B show processes corresponding 
to those shown in FIG. 3C1, which are carried out using an 
exposure mask 11 having anther configuration. The exposure 
mask 11 is configured so that a light-shielding region 11a is 
formed at a portion corresponding to the light-transmitting 
region 5a of the exposure mask 5 shown in FIG. 3C1. This 
exposure mask 11 can be used when the photoresist 4 is a 
negative photoresist. Other conditions for this exposure mask 
11 are the same as those for the exposure mask 5 shown in 
FIG.3C. 

EMBODIMENT 3 

0076. The configuration of a tape carrier substrate accord 
ing to Embodiment 3 and a method for manufacturing the 
same will be described with reference to FIG. 11. In the 
present embodiment, each wiring layer 12 formed on a film 
Substrate 1 is formed so that a leading end portion 12a is 
narrower than a base portion 12b. The reason for this is as 
follows. 

0077. During the formation of the bumps 3 by the electro 
plating as shown in FIG. 3E1, a copper layer formed by the 
electroplating also grows in the width direction of each wiring 
layer 2. Thus, short circuits may occur between copper layers 
growing from adjacent wiring layers 2 in the width direction. 
However, the attempt to expand the space between the adja 
cent wiring layers 2 to avoid the occurrence of Such short 
circuits results in the decrease in the packaging density of the 
wiring layers 2, which renders the downsizing of a semicon 
ductor device difficult. 

0078. On this account, by forming the leading end portion 
12a of each of the wiring layers 2 so as to be narrower than the 
base portion 12b with the bumps 3 formed on the narrow 
leading end portions as in the present embodiment, it 
becomes possible to reduce the risk that short circuits might 
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occur between copper layers growing from adjacent wiring 
layers 12 in the width direction. 

EMBODIMENT 4 

0079 A semiconductor device according to Embodiment 
4 and a method for manufacturing the same will be described 
with reference to FIG. 12. In a tape carrier substrate 6, bumps 
3 are formed on a plurality of wiring layers 2 arranged on a 
film substrate 1, and the bumps 3 have a shape as shown in 
FIGS. 2A to 2C, as in the above-described embodiments. That 
is, each of the bumps 3 is provided across the corresponding 
wiring layer 2 so as to extend over regions on both sides of the 
wiring layer 2, and the cross sectional shape of the bump 3 
taken in the width direction of the wiring layer 2 is such that 
the bump 3 isjoined to an upper Surface and both side Surfaces 
of the wiring layer 2. Furthermore, the cross sectional shape 
of the bump 3 taken in the width direction of the wiring layer 
2 is such that a central portion is higher than portions on both 
sides of the central portion. In a semiconductor chip 21 
mounted on the tape carrier substrate 6, electrode pads 27 of 
the semiconductor chip 21 are connected to the bumps 3, and 
the space between the tape carrier substrate 6 and the semi 
conductor chip 21 are filled with an encapsulation resin 22. 
0080 A semiconductor device of the present embodiment 

is manufactured by placing the semiconductor chip 21 on the 
tape carrier substrate 6 manufactured by the method accord 
ing to the above-described embodiments and then pressing 
the semiconductor chip 21 with a bonding tool 13. Preferably, 
ultrasonic energy is applied to the semiconductor chip 21 via 
the bonding tool 13. This allow a head having a protruding 
central portion of each bump 3 to vibrate in the state where the 
head is in contact with an oxide film on a surface of the 
corresponding electrode pad 27, thereby enhancing the effect 
of breaking the oxide film. 
I0081. Also, it is possible to mount the tape carrier sub 
strate 6 on the semiconductor chip 21 by the method shown in 
FIGS. 13A and 13B. More specifically, a region of the tape 
carrier substrate 6 where the bumps 3 are formed is provided 
with an encapsulation resin 14, as shown in FIG. 13A. Sub 
sequently, the semiconductor chip 21 is placed so as to oppose 
the tape carrier Substrate 6 and then, the semiconductor chip 
21 and the tape carrier Substrate 6 are pressed against each 
other so that the bumps 3 are in contact with the electrode pads 
27, respectively, as shown in FIG. 13B. During the process 
shown in FIG. 13B, the upper surfaces with a protruding 
central portion of the bumps 3 effectively displace the encap 
sulation resin 14 to both sides, thereby allowing the bumps 3 
to be brought into contact with the electrode pads 27 easily. 
I0082. The invention may be embodied in other forms 
without departing from the spirit or essential characteristics 
thereof The embodiments disclosed in this application are 
to-be considered in all respects as illustrative and not limiting. 
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 equiva 
lency of the claims are intended to be embraced therein. 

1-20. (canceled) 
21. A semiconductor device comprising: 
a circuit board having an insulating Substrate, a plurality of 

wiring layers arranged on the insulating Substrate, and 
bumps formed on the wiring layers respectively, the 
bump being provided across alongitudinal direction of a 
corresponding one of the wiring layers So as to extend 
over regions on both sides of the wiring layer and contact 
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a Surface of the insulating Substrate, with a cross sec 
tional shape of the bump taken in a width direction of the 
wiring layer being Such that a central portion is higher 
than both side portions and an upper Surface has a 
rounded shape; and 

a semiconductor chip mounted on the circuit board, 
wherein electrode pads of the semiconductor chip are con 

nected to the wiring layers via the bumps. 
22. The semiconductor device according to claim 21, 

wherein an oxide film is formed on a surface of each of the 
electrode pads of the semiconductor chip, and the bump is 
connected to the electrode pad through a broken area of the 
oxide film. 

23. The semiconductor device according to claim 21, 
wherein a cross sectional shape of the bump taken in a lon 
gitudinal direction of the wiring layer is Substantially rectan 
gular. 

24. The semiconductor device according to claim 21, 
wherein the wiring layers and the bumps are plated with a 
metal that is different from materials of the wiring layers and 
the bumps. 

25. The semiconductor device according to claim 21, 
wherein the bump extends across the wiring layer in a direc 
tion perpendicular to the longitudinal direction of the wiring 
layer. 

26. The semiconductor device according to claim 21, 
wherein each of the wiring layers has a narrow region, and the 
bump is formed in the narrow region. 

27. The semiconductor device according to claim 21 
wherein at least a part of the central portion of the upper 
surface of the bump is flat. 

28. The semiconductor device according to claim 27, 
wherein an oxide film is formed on a surface of each of the 
electrode pads of the semiconductor chip, and the bump is 
connected to the electrode pad through a broken area of the 
oxide film. 

29. The semiconductor device according to claim 27, 
wherein a cross sectional shape of the bump taken in a lon 
gitudinal direction of the wiring layer is Substantially rectan 
gular. 

30. The semiconductor device according to claim 27, 
wherein the wiring layers and the bumps are plated with a 
metal that is different from materials of the wiring layers and 
the bumps. 
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31. The semiconductor device according to claim 27, 
wherein the bump extends across the wiring layer in a direc 
tion perpendicular to the longitudinal direction of the wiring 
layer. 

32. The semiconductor device according to claim 27, 
wherein each of the wiring layers has a narrow region, and the 
bump is formed in the narrow region. 

33. The semiconductor device according to claim 21, 
wherein no stepped portion is formed between an upper Sur 
face and a side edge of the wiring layer. 

34. The semiconductor device according to claim 27, 
wherein no stepped portion is formed between an upper Sur 
face and a side edge of the wiring layer. 

35. A semiconductor device comprising: 
a circuit board having an insulating Substrate, a plurality of 

wiring layers arranged on the insulating Substrate, and 
bumps formed on the wiring layers respectively, the 
bump being provided across alongitudinal direction of a 
corresponding one of the wiring layers So as to extend 
over regions on both sides of the wiring layer and contact 
a Surface of the insulating Substrate, with a cross Sec 
tional shape of the bump taken in a width direction of the 
wiring layer being such that a thickness of the bump 
from the upper Surface of the wiring layer is larger than 
a thickness of the bump from the side face of the wiring 
layer; and 

a semiconductor chip mounted on the circuit board, 
wherein electrode pads of the semiconductor chip are con 

nected to the wiring layers via the bumps. 
36. A semiconductor device comprising: 
a circuit board having an insulating Substrate, a plurality of 

wiring layers arranged on the insulating Substrate, and 
bumps formed on the wiring layers respectively, an 
upper Surface of the wiring layer being flat, and the bump 
being provided across a longitudinal direction of a cor 
responding on of the wiring layers so as to extend over 
regions on both sides of the wiring layer and contact a 
Surface of the insulating Substrate, with a cross sectional 
shape of the bump taken in a width direction of the 
wiring layer being Such that a central portion is higher 
than both side portions; and 

a semiconductor chip mounted on the circuit board, 
wherein electrode pads of the semiconductor chip are con 

nected to the wiring layers via the bumps. 
c c c c c 


