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(57) ABSTRACT 

A semiconductor device, a mounting structure thereof, a 
liquid crystal device, and an electronic apparatus having an 
improved bump electrode structure, such that the bump 
electrodes and corresponding electrode terminals can be 
electrically connected through an anisotropic conductive 
?lm Without compromising, or causing deterioration of, the 
electrical characteristics or reliability of the device, even 
When the bump electrodes are formed With a narroW pitch. 
Since the bump electrodes of the semiconductor device are 
tapered inWard from top to bottom, the base portions of 
adjacent bump electrodes are spaced apart from each other 
by Wider gaps than the corresponding upper portions. Thus, 
a large number of conductive particles in the conductive ?lm 
do not gather betWeen adjacent bump electrodes to cause 
short-circuiting therebetWeen. Further, since the upper por 
tions of the bump electrodes are Wider and the opposing 
surface areas of both the bump electrodes and the electrode 
terminals are relatively large, a large number of conductive 
particles are distributed betWeen the bump electrodes and 
the electrode terminals. This ensures that the bump elec 
trodes and the electrode terminals are electrically connected 
in a satisfactory manner. Therefore, With this arrangement, a 
high level of reliability can be achieved, even When the 
bump electrodes are formed in high density. 
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SEMICONDUCTOR DEVICE, SEMICONDUCTOR 
DEVICE MOUNTING STRUCTURE, LIQUID 
CRYSTAL DEVICE, AND ELECTRONIC 

APPARATUS 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to a semiconductor 
device (hereinafter sometimes referred to as an “IC”), a 
mounting structure thereof, a liquid crystal device using the 
mounting structure, and an electronic apparatus using the 
liquid crystal device. 

[0003] 2. Description of the Related Art 

[0004] With either the COG (chip on glass) or COF (chip 
on ?lm) mounting methods, mounting a face-doWn-bonding 
type IC using an ACE (anisotropic conductive ?lm) makes 
it possible to cope With ?ne pitches and to collectively 
connect a plurality of contacts electrically, thus making the 
method suitable for mounting a driving IC on electrode 
terminals formed on a liquid crystal panel or on a ?exible 
Wiring substrate. 

[0005] As shoWn in FIG. 8A, When mounting an IC using 
such an anisotropic conductive ?lm 6, the ?lm is deposited 
on an IC mounting region 9 of a substrate, such as a glass 
or ?exible Wiring substrate. Adriving IC 13‘ is then arranged 
on the surface of this anisotropic conductive ?lm 6. Next, as 
shoWn in FIG. 8B, the driving IC 13‘ is mounted to the 
substrate by thermal compression bonding using a bonding 
head 5. As a result, the resin component of the anisotropic 
conductive ?lm 6 is melted and ?uidiZed. Thereafter, the 
anisotropic conductive ?lm 6 is cured, and then the resin 
component of the anisotropic conductive ?lm 6 is solidi?ed, 
to mount the driving IC 13‘ onto the IC mounting region 9. 
During this step, the bump electrodes 130‘ of the driving IC 
13‘ are electrically connected to electrode terminals 16 on 
the substrate side through conductive particles 60 contained 
in the anisotropic conductive ?lm 6. Here, the number of 
conductive particles 60 positioned betWeen the bump elec 
trodes 130‘ and the electrode terminals 16 greatly in?uences 
the electrical resistance, reliability, etc. 

[0006] In this mounting structure, each bump electrode 
130‘ of the driving IC 13‘ is conventionally formed at a pitch 
of approximately 100 pm, and the shape of the bump 
electrodes 130‘ is straight With a ?xed Width. The surface of 
the bump electrodes 130‘ facing, i.e., opposing, the electrode 
terminals 16 may be curved. 

[0007] HoWever, in a liquid crystal device (e.g., a liquid 
crystal display device), the bump electrodes 130‘ tend to be 
arranged in higher density as the number of pixels increases, 
Which causes a problem that makes it dif?cult, if not 
impossible, to even use conventional bump electrodes 130‘ 
in liquid crystal devices. That is, When the bump electrode 
density is increased such that the pitch of the bump elec 
trodes 130‘ is approximately 40 pm, conductive particles 60 
Will gather in high density betWeen adjacent bump elec 
trodes 130‘ When the anisotropic conductive ?lm 6 is melted, 
causing short-circuiting betWeen bump electrodes 130‘. On 
the other hand, When the bump electrodes 130‘ are made 
narroWer in Width, the number of conductive particles 60 
betWeen the bump electrodes 130‘ and the electrode termi 
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nals 16 Will decrease, impairing the electrical characteristics 
(e.g., resistivity, etc.) and reliability of the device. 

SUMMARY OF THE INVENTION 

[0008] Objects of the Invention 

[0009] Therefore, it is an object of the present invention to 
overcome the aforementioned problems. 

[0010] It is another object of the invention to provide an IC 
and a mounting structure thereof With an improved bump 
electrode structure, Whereby the bump electrodes are elec 
trically connected to electrode terminals on a substrate 
through an anisotropic conductive ?lm Without compromis 
ing, or causing deterioration of, the electrical characteristics 
or reliability, even When the bump electrodes are formed 
With a narroW (e.g., small) pitch. 

[0011] It is further object of the invention to provide a 
liquid crystal device employing such an IC or mounting 
structure thereof. 

[0012] It is yet another object of the invention to provide 
an electronic apparatus employing such an IC or mounting 
structure thereof. 

[0013] To achieve the above objects, one aspect of the 
invention provides a semiconductor device comprising a 
?rst substrate, and a plurality of electrodes, each having a 
base portion formed on the ?rst substrate and an upper 
portion, and each adapted to be electrically connected to a 
corresponding electrode terminal on a second substrate 
through an anisotropic conductive ?lm containing conduc 
tive particles. In accordance With the invention, the base 
portion of each electrode has a cross-sectional Width that is 
substantially less than the cross-sectional Width of the upper 
portion facing the corresponding electrode terminal to the 
base portion. 

[0014] When the semiconductor device of the present 
invention is mounted to a substrate through an anisotropic 
conductive ?lm to electrically connect the electrode termi 
nals on the second substrate and the bump electrodes on the 
semiconductor device side, the resin component of the 
anisotropic conductive ?lm is melted and the conductive 
particles Will ?oW from the inner areas betWeen the semi 
conductor device and the substrate toWard the outer periph 
ery. Because the base portions of the bump electrodes are 
made narroWer, there are Wide gaps betWeen the base 
portions of adjacent bump electrodes even When such elec 
trodes are formed in high density. Thus, When the anisotro 
pic conductive ?lm is melted and the conductive particles 
?oW from the inner area betWeen the semiconductor device 
and the substrate toWard the outer periphery of semiconduc 
tor device, a large number of conductive particles do not 
gather betWeen adjacent bump electrodes, so that the con 
ductive particles do not cause short-circuiting betWeen the 
bump electrodes. Further, although the bump electrodes are 
made narroWer at the base portion, the upper portions 
thereof facing the electrode terminals of the substrate are 
Wider, such that the area of the surface of each bump 
electrodes Which faces a corresponding electrode terminal is 
large. Thus, a large number of conductive particles exist 
betWeen the bump electrodes and the electrode terminals, so 
that a satisfactory electrical connection is effected betWeen 
the bump electrodes and the electrode terminals. Thus, even 
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if the bump electrodes of the semiconductor device are 
formed in high density, it is possible to achieve a high level 
of reliability. 

[0015] The semiconductor and semiconductor mounting 
structure of the present invention is applicable to various 
types of semiconductor devices. In a liquid crystal device, 
the semiconductor device of the present invention is effec 
tively mounted on either one of the substrates forming a 
liquid crystal panel or on a Wiring substrate electrically 
connected to the liquid crystal panel. When such a liquid 
crystal device is used as a display device for an electronic 
apparatus, such as a mobile telephone, a higher display 
quality can be achieved Without compromising reliablity. By 
utiliZing a semiconductor device of the present invention, 
Which permits a higher density arrangement of bump elec 
trodes Without short circuiting the device, the number of 
display pixels in the liquid crystal device can be increased to 
increase display quality. Although a large number of con 
ductive particles do not gather betWeen bump electrodes to 
create short circuiting problems, a large number of such 
particles are secured betWeen the bump electrodes and the 
electrode terminals, thereby making it possible to effect 
satisfactory electrical connection betWeen the bump elec 
trodes and the electrode terminals. 

[0016] The invention also provides a method of manufac 
turing a semiconductor device. The method comprises form 
ing a plurality of electrodes on a surface of a semiconductor 
substrate, applying a photosensitive resist layer to the sur 
face of the semiconductor, exposing the photosensitive resist 
layer to light through an exposure mask having a plurality of 
shielding portions, each aligned With a respective one of the 
plurality of electrodes, creating a plurality of openings in the 
photosensitive resist layer, each opening being aligned With 
a corresponding one of the plurality of electrodes and having 
a reversed-taper shape, ?lling the plurality of openings With 
an electrode plating material; and removing the photosen 
sitive resist layer. 

[0017] Other objects and attainments together With a fuller 
understanding of the invention Will become apparent and 
appreciated by referring to the folloWing description and 
claims taken in conjunction With the accompanying draW 
1ngs. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0018] In the draWings, Wherein like reference symbols 
refer to like parts: 

[0019] FIG. 1 is a perspective vieW of a liquid crystal 
device, constructed according to embodiments of the inven 
tion; 
[0020] FIG. 2 is an exploded, perspective vieW of the 
liquid crystal device shoWn in FIG. 1; 

[0021] FIG. 3A is a plan vieW shoWing the surface of a 
driving IC, including an arrangement of bump electrodes 
formed thereon, according to embodiments of the invention; 

[0022] FIG. 3B is a sectional vieW taken along the line 
X-X‘ of FIG. 3A; 

[0023] FIGS. 4A through 4C are sectional vieWs shoWing 
the process for mounting a driving IC of the type shoWn in 
FIGS. 3A and 3B onto a second transparent substrate Which 
may constitute a liquid crystal panel; 

[0024] FIGS. 5A through 5E are sectional vieWs shoWing 
the method of forming the bump electrodes of a driving IC 
of the type shoWn in FIGS. 3A and 3B; 
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[0025] FIGS. 6A and 6B are sectional vieWs shoWing the 
main parts of a mobile telephone (electronic apparatus) 
having a liquid crystal device constructed according to 
embodiments of the invention; 

[0026] FIG. 7 is a perspective vieW of a mobile telephone 
(electronic apparatus) having a liquid crystal device con 
structed according to embodiments of the invention; and 

[0027] FIGS. 8A through 8C are sectional vieWs shoWing 
the process for mounting a conventional IC on a substrate. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0028] Embodiments of the present invention Will be 
described With reference to the accompanying draWings. 

[0029] General Construction 

[0030] FIG. 1 is a perspective vieW shoWing a passive 
matrix type liquid crystal device, and FIG. 2 is an exploded, 
perspective vieW thereof In FIGS. 1 and 2, a liquid crystal 
device 10 includes a ?rst transparent substrate 1 and a 
second transparent substrate, each of Which can be formed, 
for example, by a transparent glass. A seal material 3 is 
formed on one of these substrates by printing or the like, and 
the ?rst and second transparent substrates 1 and 2 are 
secured to each other, With the seal material 3 placed 
therebetWeen. In the gap (e.g., cell gap) betWeen the ?rst and 
second transparent substrates 1 and 2, a liquid crystal sealing 
region 40 de?ned by the seal material 3 has liquid crystals 
41 sealed therein. A polariZing plate 4a is attached to the 
outer surface of the ?rst transparent substrate 1 by adhesive 
or the like, and another polariZing plate 4b is attached to the 
outer surface of the second transparent substrate 2 by 
adhesive or the like. 

[0031] Because the second transparent substrate 2 is larger 
than the ?rst transparent substrate 1, a part of the second 
transparent substrate 2 protrudes from the loWer edge of the 
?rst transparent substrate 1 When the ?rst transparent sub 
strate 1 is superimposed on the second transparent substrate 
2, as shoWn in FIG. 2. Formed on this protruding portion is 
an IC mounting region 9, Where a driving IC 13, Which is a 
semiconductor device, is COG-mounted by face doWn bond 
ing. Such mounting, Which Will be described in more detail 
beloW, is effected by placing an anisotropic conductive ?lm 
betWeen the second transparent substrate 2 and the driving 
IC 13 and thermal compression bonding them together. As 
a result, the bump electrodes of the driving IC 13 are 
electrically connected to the electrode terminals of the IC 
mounting region 9 of the second transparent substrate 2 via 
the anisotropic conductive ?lm. 

[0032] Also, on the second transparent substrate 2, input 
terminals 12 are formed beloW the IC mounting region 9, 
and a ?exible printed circuit board (not shoWn) is connected 
to these input terminals 12 by heat sealing or the like. 

[0033] Further, although not shoWn in detail in FIGS. 1 
and 2, on the inner surface of the ?rst transparent substrate 
1, there is formed an electrode pattern (thin ?lm pattern) 
consisting of a plurality of stripe-shaped electrodes extend 
ing horiZontally inside the liquid crystal sealing region 40, 
and a Wiring pattern for connecting the stripe-shaped elec 
trodes to each terminal outside the liquid crystal sealing 
region 40. This electrode pattern is formed of a transparent 
ITO (indium tin oxide) ?lm or the like. An electrode pattern 
(thin ?lm pattern) and Wiring pattern are also formed on the 
inner surface of the second transparent substrate 2. In this 
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case, the electrode pattern (thin ?lm pattern) consists of a 
plurality of stripe-shaped electrodes extending vertically 
inside the liquid crystal sealing region 40, With the Wiring 
pattern connecting the stripe-shaped electrodes to the IC 
mounting region 9 or the like outside the liquid crystal 
sealing region 40. This electrode pattern is also formed of a 
transparent ITO ?lm or the like. 

[0034] When the ?rst transparent substrate 1 and the 
second transparent substrate 2, constructed as described 
above, are bonded together as shoWn in FIG. 1 to form a 
panel (e.g., a liquid crystal panel) While effecting electrical 
connection at speci?ed positions, the stripe-shaped elec 
trodes of the ?rst transparent substrate 1 and the stripe 
shaped electrodes of the second transparent substrate 2 
intersect With each other to thereby form pixels. Further, in 
the gap betWeen the ?rst transparent substrate 1 and the 
second transparent substrate 2, liquid crystals 41 are sealed 
in the liquid crystal sealing region 40. Thus, When driving 
poWer and a driving signal are supplied to the driving IC 13, 
the driving IC 13 applies voltage to a desired stripe-shaped 
electrode in accordance With the driving signal to control the 
orientation of the liquid crystals 41 for each pixel, so that a 
desired image is displayed on the liquid crystal device 10. 

[0035] Mounting Structure for Driving IC 13 

[0036] FIG. 3A is a plan vieW shoWing the surface of the 
driving IC 13 Which is mounted on the second transparent 
substrate 2, and FIG. 3B is a sectional vieW taken along the 
line X-X‘ in FIG. 3A. FIGS. 4A through 4C are diagrams 
shoWing the process by Which the driving IC 13 is mounted 
on the substrate. 

[0037] In the liquid crystal device 10 shoWn in FIGS. 1 
and 2, a large number of Wiring pattern ends are gathered in 
the IC mounting region 9. These ends, e.g., the forWard end 
portions of the Wiring pattern, constitute electrode terminals 
16. One Way to improve the display quality of the liquid 
crystal device 10 is to increase the number of pixels. This 
results in an increase in the number of stripe-shaped elec 
trodes formed in the liquid crystal panel, and further results 
in a high density arrangement of the electrode terminals 16 
(see FIG. 4). 
[0038] Thus, as shoWn in FIG. 3A, the plurality of bump 
electrodes 130 formed on a mounting surface 13a of the 
driving IC 13 Will also be disposed at a higher density, as the 
number of pixels of the liquid crystal device 10 increases. 
That is, the bump electrodes 130 are formed With a narroWer 
pitch along the chip sides 13b, for example, With a pitch of 
approximately 40 pm. The upper surface of each bump 
electrode 130 is rectangular in shape and has a Width of 
approximately 15 to 20 pm, so that upper portions 131 of 
adjacent bump electrodes 130 are separated from each other 
by a small gap of approximately 20 pm to 25 pm. 

[0039] Here, as shoWn in FIG. 3B, the Width of the base 
portions 132 of the bump electrodes 130 of the driving IC 13 
are narroWer than that of the upper portions 131 that face the 
electrode terminals 16 of the second transparent substrate 2. 
More speci?cally, the Width of the base portions 132 is about 
10 to 15 pm. Thus, While the upper portions 131 of adjacent 
bump electrodes 130 are spaced apart from each other by 
narroW gaps of 20 pm to 25 pm, the base portions 132 
thereof are spaced apart from each other by Wider gaps of 
about 25 to 30 pm. 

[0040] The IC mounting structure of this embodiment Will 
be described by describing the process of mounting the 
driving IC 13 constructed as described above. 
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[0041] When mounting the driving IC 13 of this embodi 
ment on the mounting region 9 of the second transparent 
substrate 2, the anisotropic conductive ?lm 6 is ?rst depos 
ited on the IC mounting region 9 of the second transparent 
substrate 2, as shoWn in FIG. 4A. Then the driving IC 13 is 
arranged on the surface of this anisotropic conductive ?lm 6, 
With the bump electrodes 130 facing doWnWard for face 
doWn bonding. In this anisotropic conductive ?lm 6, con 
ductive particles 60 that are formed in a metallic ?lm on the 
surface of plastic balls are dispersed in a thermosetting resin. 
Next, as shoWn in FIG. 4B, the driving IC 13 is heat-bonded 
onto the second substrate 2 using a bonding head 5. As a 
result, the resin component of the anisotropic conductive 
?lm 6 is melted. 

[0042] In the next step, shoWn in FIG. 4C, the melted 
anisotropic conductive ?lm 6 is ?uidiZed and cured, and then 
the resin component of the anisotropic conductive ?lm 6 is 
solidi?ed, to securely mount the driving IC 13 onto the IC 
mounting region 9 and to electrically connect the bump 
electrodes 130 of the driving IC 13 to the electrode terminals 
16 on the substrate side through the conductive particles 60 
contained in the anisotropic conductive ?lm 6. 

[0043] When the driving IC 13 is mounted in this Way, the 
resin component of the anisotropic conductive ?lm 6 is 
melted, and, as indicated by the arroWs A in FIG. 3A, the 
resin component and the conductive particles 60 betWeen the 
driving IC 13 and the second transparent substrate 2 Will 
?oW from an inner area of the driving IC 13 toWard an outer 
periphery thereof through the gaps betWeen the bump elec 
trodes 130. In this embodiment, the base portions 132 of the 
bump electrodes 130 of the driving IC 13 are tapered and 
relatively thin, as shoWn in FIG. 3B and FIGS. 4A through 
4C, so that even if the bump electrodes 130 are formed in 
high density, the base portions 132 of the adjacent bump 
electrodes 130 are spaced apart from each other by Wider 
gaps than the corresponding upper portions 131. These 
Wider gaps at the base portions 132 act as channels through 
Which the resin component and the conductive particles 60 
of the anisotropic conductive ?lm 6 pass to prevent large 
numbers of conductive particles 60 from collecting betWeen 
adjacent bump electrodes 130 and short-circuiting the bump 
electrodes 130. While the narroWer base portions 132 of 
bump electrodes prevent or at least minimiZe short-circuit 
ing, the Wider upper portions 131 improve the electrical 
connection betWeen the bump electrodes and corresponding 
electrode terminals 16. The Wider upper portion 132 of each 
bump electrode provides more surface area facing the elec 
trode terminals 16 Whose corresponding facing surfaces 
have like-sized surface areas. As a result, a large number of 
conductive particles 60 collect betWeen the facing surfaces 
of the bump electrodes 130 and the electrode terminals 16, 
so that the bump electrodes 130 and the electrode terminals 
16 are electrically connected to each other in a satisfactory 
manner. Thus, With this arrangement, it is possible to 
achieve a high level of reliability, even if the bump elec 
trodes 130 of the driving IC 13 are formed in high density. 

[0044] Method of Producing Bump Electrodes 130 of 
Driving IC 13 

[0045] Regarding the method of producing the driving IC 
13 used in this mounting structure, the process for forming 
the bump electrodes 130 Will be described With reference to 
FIGS. 5A through 5E, Which are sectional vieWs shoWing 
the process for forming bump electrodes 130. 

[0046] First, as shoWn in FIG. 5A, electrodes 136 are 
formed on the surface of a semiconductor substrate 135 
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forming the driving IC 13. Then, as shown in FIG. 5B, 21 
photosensitive resist 150 is applied. This photosensitive 
resist 150 is a negative type. Thus, When the photosensitive 
resist 150 is exposed to light through an exposure mask 151, 
only the regions of the photosensitive resist 150 Which are 
covered With shielding portions 152 of the exposure mask 
151 are removed in the etching (development) process, as 
shoWn in FIG. SC. 

[0047] When forming the resist 150 in such a speci?ed or 
predetermined pattern, the light applied is also diffused in 
the horiZontal direction in the exposure process shoWn in 
FIG. 5B, so that the boundary betWeen the non-exposed 
portion 155 and the exposed portion 156 exhibits a reverse 
tapered shape. Thus, as shoWn in FIG. 5C, the side Wall of 
the opening portions 157 of the resist 150 exhibits a reverse 
tapered shape. 
[0048] After thus forming the resist 150 in a speci?ed or 
predetermined pattern, the surface of the electrodes 136 is 
plated. As a result, as shoWn in FIG. 5D, plating 135 is 
effected on the surface side of the electrodes 136 in such a 
Way as to ?ll the opening portions 157 of the resist 150. 

[0049] Thus, When the resist 150 is removed after the 
plating, bump electrodes 130 are formed With the base 
portions 132 narroWer than the upper portions 131 thereof, 
as shoWn in FIG. SE. 

[0050] Example of Mounting in Electronic Apparatus 

[0051] FIG. 7 shoWs a mobile telephone 30 Which is an 
example of one type of electronic apparatus Which may 
embody a liquid crystal device constructed in accordance 
With the present invention. The liquid crystal device of the 
present invention is also applicable to other electronic 
apparatuses, such as mobile information terminals, elec 
tronic organiZers, or video camera ?nders. 

[0052] The mobile telephone 30 comprises various com 
ponents such as an antenna 31, a speaker 32, a liquid crystal 
device 10, a key pad 33 and a microphone 34, accommo 
dated in an outer case 36 that serves as the housing. Also 
provided in the case 36 is a control circuit board 37 on Which 
a control circuit to control the operation of the above 
components is mounted. The liquid crystal device 10 is of 
the type shoWn in FIG. 1. 

[0053] In this mobile telephone 30, signals input through 
the key pad 33 and the microphone 34, reception data 
received by the antenna 31, etc. are input to the control 
circuit on the control circuit board 37. The control circuit 
displays images such as numbers, characters, patterns, etc. in 
accordance With various items of input data, and further 
receives reception data from the antenna 31. 

[0054] FIGS. 6A and 6B are sectional vieWs shoWing the 
main parts of a mobile telephone 100 (electronic apparatus) 
in Which the liquid crystal device 10 is mounted in accor 
dance With this embodiment of the invention. 

[0055] In mobile telephone 100, shoWn in FIGS. 6A and 
6B, a transparent light guide plate 19 of acrylic resin or 
polycarbonate is superimposed on the ?rst transparent sub 
strate 1 side of the liquid crystal device 10, and a ?exible 
Wiring substrate 120 is draWn out from betWeen a light guide 
plate 19 and the second transparent substrate 2 and is 
electrically and mechanically connected to a printed circuit 
board 90 Which forms the circuit board of the mobile 
telephone 100 main body. Adjacent to a side (or end portion) 
of the light guide plate 19, there is arranged a backlight light 
emitting device 50 for emitting light toWard the end portion 
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(light incident portion) of the light guide plate 19. An LED 
or the like is used as this backlight light emitting device 50, 
and is mounted on the printed circuit board 90. While in this 
embodiment the backlight device 50 is mounted on the 
printed circuit board 90, device 50 can also be mounted on 
the ?exible Wiring substrate 120 at any position Which 
alloWs incident light to fall on the light guide plate 19. 
Further, it is also possible to mount device 50 on a sub 
substrate Which is separate from the printed circuit board 90. 
Here, the liquid crystal device 10 is fastened to the light 
guide plate 19 by a double-sided tape or the like and 
restrained by frame 110. Further, the light guide plate 19 
secures the liquid crystal device 10 and integrally holds the 
printed circuit board 90 by, for example, engaging With it. 
The light guide plate 19 is also fastened to the frame 110 of 
the mobile telephone 100. A glass cover 111 is placed on the 
second transparent substrate 2 side. 

[0056] Other Embodiments 

[0057] While in the above-described embodiments the 
driving IC 13 is COG-mounted on the second transparent 
substrate 2 Which may constitute the liquid crystal panel, the 
driving IC 13 may also be COF-mounted on the ?exible 
Wiring substrate Which is electrically connected to the liquid 
crystal panel. Even in the latter case, the driving IC 13 may 
be mounted on the ?exible Wiring substrate through the 
anisotropic conductive ?lm 6 instead of the second trans 
parent substrate 2, in the mounting process described With 
reference to FIGS. 4A through 4C. 

[0058] Advantages 

[0059] As described above, in the present invention, the 
bump electrodes of the IC are tapered toWard the base 
portions, so that, even When the bump electrodes are formed 
in high density, the base portions of the adjacent bump 
electrodes are spaced apart from each other by Wide gaps. 
Thus, When the anisotropic conductive ?lm is melted and 
?uidiZed, during the mounting of the IC to the substrate via 
the anisotropic conductive ?lm, a large number of conduc 
tive particles do not gather betWeen adjacent bump elec 
trodes. Instead, most of the conductive particles that Would 
otherWise gather betWeen adjacent bump electrodes ?oW out 
through the Wider gaps betWeen the bump electrode bases 
and collect at the periphery of the IC substrate. As a result, 
the conductive particles do not cause short-circuiting 
betWeen the bump electrodes. Furthermore, since the upper 
portions of the bump electrodes are Wider and the opposing 
surface areas of both the bump electrodes and the electrode 
terminals are relatively large, a higher density and hence a 
relatively large number of conductive particles become 
positioned betWeen the bump electrodes and the electrode 
terminals. This ensures that the bump electrodes and the 
electrode terminals are electrically connected in a satisfac 
tory manner. Therefore, it is possible to achieve a high level 
of reliability even When the bump electrodes of the IC are 
formed in high density. 

[0060] While the invention has been described in conjunc 
tion With several speci?c embodiments, many further alter 
natives, modi?cations, variations and applications Will be 
apparent to those skilled in the art in light of the foregoing 
description. Thus, the invention described herein is intended 
to embrace all such alternatives, modi?cations,, variations 
and applications as may fall Within the spirit and scope of the 
appended claims. 



US 2002/0100974 A1 

What is claimed is: 
1. A semiconductor device, comprising: 

a ?rst substrate; and 

a plurality of electrodes, each having a base portion 
formed on the ?rst substrate and an upper portion, and 
each adapted to be electrically connected to a corre 
sponding electrode terminal on a second substrate 
through an anisotropic conductive ?lm containing con 
ductive particles; 

Wherein the base portion of each electrode has a 
cross-sectional Width that is substantially less than 
the cross-sectional Width of the upper portion facing 
the corresponding electrode terminal to the base 
portion. 

2. The semiconductor device of claim 1, Wherein each 
electrode has a reverse-taper structure, such that the cross 
sectional Width of each electrode decreases linearly from the 
upper portion. 

3. The semiconductor device of claim 1, Wherein each 
electrode has an upper surface facing a surface of the 
corresponding electrode terminal, each upper surface having 
a Width of betWeen about 15 pm and about 20 pm. 

4. The semiconductor device of claim 2, Wherein the 
conductive particles have a relatively high density of distri 
bution betWeen facing surfaces of the electrodes and the 
electrode terminals and at an outer periphery of the ?rst 
substrate and have a relatively loW density of distribution 
betWeen adjacent electrodes. 

5. The semiconductor device of claim 1, Wherein the 
upper portions of adjacent electrodes are separated from 
each other by a gap of betWeen about 20 pm and about 25 
pm. 

6. A semiconductor device mounting structure, compris 
mg: 

a semiconductor device including a ?rst substrate and a 
plurality of electrodes, each having a base portion 
formed on the ?rst substrate and an upper portion; and 

a second substrate having a plurality of electrode termi 
nals formed thereon, each electrode terminal being 
electrically connected to a corresponding one of the 
electrodes through an anisotropic conductive ?lm con 
taining conductive particles; 

Wherein the base portion of each electrode has a 
cross-sectional Width that is substantially less than 
the cross-sectional Width of the upper portion facing 
the corresponding electrode terminal. 

7. The semiconductor device mounting structure of claim 
6, Wherein each electrode has a reverse-taper structure, such 
that the cross-sectional Width of each electrode decreases 
linearly from the upper portion to the base portion. 

8. The semiconductor device mounting structure of claim 
6, Wherein each electrode has an upper surface facing a 
surface of the corresponding electrode terminal, each upper 
surface having a Width of betWeen about 15 pm and about 20 
pm. 

9. The semiconductor device mounting structure of claim 
6, Wherein the conductive particles have a relatively high 
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density of distribution betWeen facing surfaces of the elec 
trodes and the electrode terminals and at an outer periphery 
of the ?rst substrate and have a relatively loW density of 
distribution betWeen adjacent electrodes. 

10. The semiconductor device mounting structure of 
claim 6, Wherein the upper portions of adjacent electrodes 
are separated from each other by a gap of betWeen about 20 
pm and about 25 pm. 

11. A liquid crystal device, comprising: 

a pair of transparent substrates having liquid crystals 
sealed therebetWeen to form a liquid crystal panel; and 

a semiconductor device, comprising: 

a ?rst substrate and a plurality of electrodes, each 
having a base portion formed on the ?rst substrate 
and an upper portion; and 

a second substrate having a plurality of electrode 
terminals formed thereon, each electrode terminal 
being electrically connected to a corresponding one 
of the electrodes through an anisotropic conductive 
?lm containing conductive particles; 

Wherein the base portion of each electrode has a 
cross-sectional Width that is substantially less than 
the cross-sectional Width of the upper portion 
facing the corresponding electrode terminal; and 

Wherein the semiconductor device is mounted on one 
of the pair of transparent substrates or a Wiring 
substrate electrically connected to the liquid crys 
tal panel. 

12. The liquid crystal device of claim 11, Wherein the 
semiconductor device is mounted on a protruding portion of 
one of the pair of transparent substrates. 

13. An electronic apparatus comprising the liquid crystal 
device of claim 12. 

14. A method of manufacturing a semiconductor device, 
comprising: 

forming a plurality of electrodes on a surface of a semi 
conductor substrate; 

applying a photosensitive resist layer to the surface of the 
semiconductor; 

eXposing the photosensitive resist layer to light through an 
eXposure mask having a plurality of shielding portions, 
each aligned With a respective one of the plurality of 
electrodes; 

creating a plurality of openings in the photosensitive resist 
layer, each opening being aligned With a corresponding 
one of the plurality of electrodes and having a reversed 
taper shape; 

?lling the plurality of openings With an electrode plating 
material; and 

removing the photosensitive resist layer. 


